MOLDI NG AND METHOD FOR PRODUCI NG THE SAME, AND CATALYST AND METHOD FOR
PRODUCI NG THE SAME BACKGROUND OF THE | NVENTI ON 5Fi-el d of the Invention
[ 0001] The present invention relates to a nolding (or a nol ded
article) useful, for exanple, as catalysts, catalyst carriers, adsorbents,
desi ccants, noisture 1l0absorbents and the Iike, and a nethod for producing
the sane; a catalyst for the production of an unsaturated al dehyde and an
unsat urated carboxylic acid; a nethod for produci ng an unsaturated al dehyde
and an unsat ur at edMCEDDBRYAND METHODSFOR PROBUCANG! YBE; saMEataNyst for the
15production of nethacrylic acid, and a nethod for producing nethacrylic
acid using this catatysALYOESEND pHEDRODf FORePRebateHc ATHE[ §Q92] 20It has
hitherto been known that it is effective to use, as a catal yst, a conpl ex
oxi de contai ni ng nol ybdenum bi snuth, iron, nickel and cobalt when an
unsat urated al dehyde and an unsaturated carboxylic acid are produced by
vapor - phase catal yti c oxi datBr@raEOUNDOQH e, I2hiEmudy| ene, tertiary buty
al cohol or the like with -1-
5 Field of the Invention
[0001]
The present invention relates to a molding (or a
molded article) useful, for example, as catalysts,
catalyst carriers, adsorbents, desiccants, molsture
10 absorbents and the like, and a method for producing the

same; a catalyst for the production of an unsaturated

aldehyde and an unsaturated carboxylic acid; a method for

producing an unsaturated aldehyde and an unsaturated

carboxylic acid using this catalyst; a catalyst for the

15 production of methacrylic acid, and a method for

producing methacrylic acid using this catalyst.

Description of the Related Art
f0002]

20 It has hitherto been known that it is effective to
use, as a catalyst, a complex oxide containing molybdenum,
bismuth, iron, nickel and cobalt when an unsaturated
aldehyde and an unsaturated carboxylic acid are produced
by vapor-phase catalytic oxidation of propylene,

25 isobutylene, tertiary butyl alcchol or the like with



nol ecul ar oxygen (see Patent Reference 1 which is nentioned bel ow).

Mol di ngs having a columar or cylindrical shape 5have been used as th
catal yst as descri bed above or catalyst carrier. These nol di ngs have
commonly been used for the catalyst reaction in a fixed bed reactor,

generally used in the method in which a reaction tube is packed with
nol dings as the catalysts or catal yst 10carriers and a gas is passed

t hrough the reaction tube. [0004] However, when a reaction tube is

e

and

packed wi t h oolesmdarooxygemdrsiesalPaimeindi Rgs eanethca Jasshishpassed t hrough
the reaction tube, a pressure difference between 15an inlet port and
outl et port eoenthenedabkilow)t.ube, i.e. a pressure |oss arises. An increase
in the pressure difference nay cause a problem such as deterioration of
selectivity dioocwohé objective product. [0005] 20Therefore, the present

i nventors previously devel oped a nol ding having a shape in which col umar

an

portions are joinedolldiagsphrnalihyg woundusaal- siraped ierikdn eabpeat eri al
predeterm ned intervals along an axial direction of the coil-shaped

cyl i ndriscal

tater bakn? nsedasst @heolcee alllye tpaebldemcsutikcaasbavier essure | oss

[ 0003]

at

by -2- contriving the shape of a catal yst nolding (see Patent Reference 1
whi ch is nentcoeaegshelawrier. These moldings have commonly been used

10

15

20

25

for the catalyst reaction in a fixed bed reactor, and
generally used in the method in which a reaction tube ig
packed with moldings as the catalysts or catalyst
carriers and a gas 1s passed through the reaction tube.
[0004]

However, when a reaction tube is packed with
columnar or cylindrical moldings and a gas is passed
through the reaction tube, a pressure difference between
an inlet port and an outlet port of the reaction tube,
i.e. a pressure loss arises. An increase in the pressure
difference may cause a problem such as deterioration of
selectivity of the objective product.

[0005]

Therefore, the present inventors previously
developed a molding having a shape in which columnar
portions are joined to a spirally wound coil-shaped
cylindrical material at predetermined intervals along an
axial direction of the coil-shaped cylindrical material

80 as to solve the problem such as a pressure loss by



[ 0006] This nol ding has an advantage that the pressure 5drop can be
mnimzed even if such nol dings are packed into an apparatus such as a
fixed bed reactor or any other type of vessel in any direction at random
However, the nolding had a problemthat it is likely to be collapsed during
extrusion nolding, particularly cutting 10i mredi ately after being nol ded
owng to its structure. There was al so a fear of the breakage of the
nol di ng, when an apparatus such as a fixed bed reactor or any other type of
vessel such ssngriden éhet shepes qfackesdbailtylstt e Lddlgi nigse Weitemt! eads to

the pressure 15l oss. [0007] Pat ent Reference 1: Japanese Unexam ned
Pat ent Publ i Eatficoenckokaiwhilkd i200RnLL866 below) . Pat ent Reference
2: Japanese Unexam ned Patent 20Publication (Kokai) No. 2008-201130 SUMVARY
OF THE | NVENTIO@Y€&[10008] Therefore, a main object of the

present invention 25is to provide a nolding having a high strength as well
as -3- a nethod fohiprodiding hhe samedvahitakhemuhditngheapsessarenal | er
pressure | oss when such nol di ngs are packed into an apparatus such as a
fixed bed redebpr can ey mdhhiern zieypeveh desselch ard dalse \sitieC pariledi Ng i S
less likely to 5 coll apse or breake even during cutting step in the
production priatessnobpihe atnlsdistgh ard apddkiedy Helde mmlcicilg®d /ig vari ous
cont ai ners.
other type of vessel in any direction at random. However,
the molding had a problem that it is likely to be
collapsed during extrusion molding, particularly cutting
10 immediately after being molded owing to its structure.
There was also a fear of the breakage of the
molding, when an apparatus such as a fixed bed reactor or
any other type of vessel such as a reaction tube is
packed with the moldings, which leads to the pressure
15 loss.
[0007]
Patent Reference 1: Japanese Unexamined Patent
Publication (Kokai) No. 2007-117866

Patent Reference 2: Japanese Unexamined Patent

20 Publication (Kokai) No. 2008-201130

SUMMARY OF THE INVENTION
[0008]
Therefore, a main object of the present invention

25 is to provide a molding having a high strength as well as



Anot her object of the present invention is to provide a catal yst, made of
t he above nentioned nol ding, 10for the production of an unsaturated
al dehyde and an unsaturated carboxylic acid; and also to provide a nethod
capabl e of producing an unsaturated al dehyde and an unsaturated carboxylic
acid in a satisfactory yield. A further object of the present invention is
to 15provide a catal yst, nmade of the above nentioned nolding, for the
production of nethacrylic acid; and also to provide a nethod capabl e of
met hacryl i ¢ acimgtihwda foat psdeicang yihel dame)06a]i c20 Tod dings eafusiesvent or s
have intensively studied so as to achieve the above objects, thus |eading
to new findi sgelilkat priegsure dase wheneismcim ndildgagar eres @ okach iaftowhi ch
nol di ng includes a plurality of columar portions with adjacent two
col umar por enoproeatgs?2Sdickpesed &tixadp bede trernitoed ormberyvalthand a bri dge
portion -4- which joins the adjacent columar portions to each other,
since throughvpel es aedsefjeniangs adse fwhrinkd movter nghd selteisse 1dkeflgcecof t he
nol di ng, a pressure |loss |leads to being mnim zed; and al so since the
mol di ngshas aoc3dapkiecivenbretikengiienowurd nigo ciutts iskyr wetew én e nol ding is
|l ess likely to be collapsed even if a just nolded article is cut into the
mol di ng i megiratieky iaht eroacssl difnghst &l ddfigeh aeidaplaesk ke tihaduct ri al
producti on of

moldings into various containers.

Another object of the present invention is to
provide a catalyst, made of the above mentioned molding,

10 for the production of an unsaturated aldehyde and an
unsaturated carboxylic acid; and also to provide a method
capable of producing an unsaturated aldehyde and an
unsaturated carboxylic acid in a satisfactory yield.

A further object of the present invention is to

15 provide a catalyst, made of the above mentioned molding,
for the production of methacrylic acid; and also to
provide a method capable of methacrylic acid in a
satisfactory yield.

[0009]

20 The present inventors have intensively studied so
as to achieve the above objects, thus leading to new
findings that, in the case wherein moldings are used each
of which molding includes a plurality of columnar
portions with adjacent two columnar portions being

25 disposed at a predetermined interval and a bridge portion



t he nol di ngs; and furthernore, since the breakage is 10m nim zed even if an
apparatus such as a fixed bed reactor or any other type of vessel is packed
with the noldings, there would not lead to a risk in increasing of the
pressure | oss. Al so, the present inventors have found that an 15unsaturated
al dehyde and an unsaturated carboxylic acid are produced in a satisfactory
yi el d, based on the above findings, by using a catalyst for the production
of the unsaturated al dehyde and the unsaturated carboxylic acid, the
cat al yst bei wipigiidg odfrst rdeabdecernt icolethnml gomrgi20andocenchi nithgra
specific conpl ex oxide (or conmpound oxide) as a catal yst conponent, and

al so that nesshaceyitheougti dolesproducpenimgs saki Shaokdr pveirefcttei n t he sane
manner as described above by using a catalyst for the production of

nmet hacryl i ¢ &eitdret barcatcal p$t thei mgldade , 250brekeuakolessentadsedonol di ng
and containing a -5- heteropoly acid conpound conprising at |east
phosphorus aheimg yhacémimeds andabdlsystitaepahentnolancgt has the present

i nventi on has been conpleted. [0010] 5That is, the nolding according to the
pr esent 5 nvesifdi cienthataehetihz edring thati tist stackides , atpeumalidiygof (at

| east two, for exanple two, three, four, five or six) columar portions

di sposed wit Asaflelseadtikene gapbeardlhnipdge pokhi AFS acdaltomolMiiegh i s

di sposed at 10l east each ends in longitudinal directions of adjacent two
col umar por tiradslef isacdtplintal thy oblddhymamepattie0Rs afespeati vely, and
each of which joins the adjacent columar portions to each other at their
ends; and al seldiekhudespt hvbigh Bakesesutheundddchy ibheproduction of

the moldings; and furthermore, since the breakage is

10 minimized even if an apparatusg such as a fixed bed
reactor or any other type cof vessel isg packed with the
moldings, there would not lead to a risk in increasing of
the pressure loss.

Also, the present inventors have found that an

15 unsaturated aldehyde and an unsaturated carboxylic acid
are produced in a satisfactory yield, based on the above
findings, by using a catalyst for the production of the
unsaturated aldehyde and the unsaturated carboxylic acid,
the catalyst being made of the above mentioned molding

20 and containing a specific complex oxide {(or compound
oxide) as a catalyst component, and also that methacrylic
acid is produced in a satisfactory vyield in the same
manner as described above by using a catalyst for the
production of methacrylic acid, the catalyst being made

25 of the above mentioned molding and containing a



15plurality of columar portions and openings fornmed on a peripheral
surface of the nolding by gaps between the adjacent columar portions.

In other words, the above nentioned nol ding according to the present
invention is characterized in 20that it includes: at least two
circular portions each of which defines each of the above nentioned through
hol es and adj acent two of which are separated from each other by a
predescri bed distance in a nolding direction of the 25nol ding, and -6-

at | east twohetskeuepalypectidorsnpeundotowpirélsing kocaeedtbphwephotrhss
separated circular portions and each of which is connected, at its both
ends, to theasdpawdtbdeniucalsan pettilystsoompancasichanfl thescitheul ar
portions 5are divided into the above nmentioned bridge portions and the
above nenti opedsgap dsveoatded bpst beenwooagilatedt. col utmar portions and the
brige portions to which the adjacent columar portions are connected. It is
noted that tHeoplodrality of columar portions are preferably 10forned

equi angl arly around the peripheral surface of the nol ding. The

met hod fsor produci Mpaa tel dihg actdidpngctortiiegptesent pmeeahion incl udes:
usi ng an extrusion nol ding machi ne including a 15first die which has a
plurality of igreavesnods(ahatreasbrtived fier texanmilte insudelr@ee, four, five
or six) its outer peripheral surface and a ring-shaped or cylindrical
second di e i plulrkehtiherf i(ast 1dbeti swhbi t fod andmphiechwhas tarpkyr &bty of
grooves (at |east two, for exanple two, 20three, four, five or six) onits
inner periphgige sur 8d&e, columnar portions disposed with at least one

gap; and bridge portions each of which is disposed at
10 least each ends in longitudinal directions of adjacent
two columnar porticns of said plurality of columnar
portions respectively, and each of which joins the
adjacent columnar portions to each other at their ends;
and also includes through holes surrounded by the
15 plurality of columnar porticons and openings formed on a
peripheral surface of the molding by gaps between the
adjacent columnar portions.
In other words, the above mentioned molding
according to the present invention is characterized in
20 that it includes:
at least two circular portions each of which
defines each of the above mentioned through holes and
adjacent two of which are separated from each other by a
predescribed distance in a molding direction of the

25 molding, and



and form ng the nolding by repeating: (i) rotating at |east one
of the first and second dies froma position where the grooves of the first
and 25t he grooves of the second dies are |laid one upon another -7- to a
next position where the grooves of the first and the grooves of the second
dies are | aid one upon another position so as to formthe bridge portion;
(i1) then, stopping the rotation of one of the 5first and second dies and
form ng the columar portions; and (iii) rotating at | east one of
the first and secoat deestagabncbouanpospbronombeeachhefgwhovksisf the
first and the grooves of the second dies are |aid one 10upon another to
formthe furtbeatbd dgewpent thns. separatedheiechimrapopaibnenandheabhhave
been extruded through the extrusion nolding nmachine are cut into a
predet er mi nedfl ehgth tsvckodnagtthe hei dge porhi ends, The gheovepadhtedch of
the dies are preferably 15formed equi angl arly around the periphery surface,
t he nunber otithalgiropwesiok thethakstadheofayhbectheusamepastabndi fferent

fromthat of the second die. [0011] The catal yst for the production of an
unsat ur gt ed 2@al debydedandtantussabuiat @dneacherybireédgel goetibhe and
the above mentioned gap is formed by the two adjacent
columnar portions and the brige portionsg to which the
adjacent columnar portions are connected. It is noted
that the plurality of columnar portions are preferably
10 formed equianglarly around the peripheral surface of the
molding.
The method for producing a molding according to the
present invention includes:
using an extrusion molding machine including a
15 first die which has a plurality of grooves on {at least
two, for example two, three, four, five or six) its outer
peripheral surface and a ring-shaped or cylindrical
second die in which the first die is fitted and which has
a plurality of grooves (at least two, for example two,
20 three, four, five or gix) on its inner peripheral surface,
and
forming the molding by repeating:
(i) rotating at least one of the first and second
dies from a position where the grooves of the first and

25 the grooves of the second dies are laid one upon another



present invention includes the follow ng enbodi nents: (1) A catal yst
for the production of the unsaturated al dehyde and the unsaturated
carboxylic acid characterized in that: 25the catalyst is made of a nol ding
which includes a -8- plurality of columar portions disposed with at | east
one gap; and bridge portions each of which is disposed at |east each ends
in longitudinal directions of adjacent two columar portions of said
plurality of columar 5portions respectively, and each of which joins the
adj acent col twenar ngoitt icoss tioneatieret tde gtrobveisr oéndde dndsél sodi nbokudes

t hrough hol es surrounded by the plurality of columar portions and openi ngs
formed on a gericpker alf thef secocold thesnalrél Agiby ogapsipoat wmen hilre

10adj acent col ummar portions, and a catal yst component of the

catal yst i s @osdnpbex soxiade twhifohrnc ahisalord dgien paddibnon to at | east

nmol ybdenum bisnmuth and iron, nickel and/or cobalt; (2) The catal yst for

t he production of ghil5uriseh uratedpahdetyderanst hon uns abiie abedtisar boxyl i c
acid according to enbodi nent (1), wherein the conplex oxide is represented
by the fsol | ofiingtgeandr akchbarindias( bhd Woahiihbe dace Bgpxmhs wWhereiionkt, Bi
and Fe represents nol ybdenum bisnmuth and 20iron, respectively, A
represents niagkel and/or cobalt, B represents an elenment selected from
manganese, zinc, calcium nagnesium tin and |ead, C represents an el enent
sel ected from phosphetys, r&os0ing assenégst t Ghd USE Ubhe t BDNESE g ant i nony,

silicon, alum num titanium 25zirconiumand cerium D represents an
el enent sel egkednd dies again to a position where the grooves of the
first and the grooves of the second dies are laid one
10 upon another to form the further bridge portions.
The columnar portions which have been extruded
through the extrusion molding machine are cut into a
predetermined length including the bridge portions.
The grooves of each of the dies are preferably
15 formed equianglarly around the periphery surface, the
number of the grooves of the first die may be the same as
or different from that of the second die.
[0011]
The catalyst for the production of an unsaturated
20 aldehyde and an unsaturated carboxylic acid of the
present invention includes the following embodiments:
(1) A catalyst for the production of the
unsaturated aldehyde and the unsaturated carboxylic acid

characterized in that:

25 the catalyst is made of a molding which includes a



-9- frompotassium rubidium cesiumand thallium 0 < bl0, 0 < c10, 1di0,
0el0, 0f10 and 0 < g 2 when a = 12, and X is a value determ ned by the

oxi dation state of each elenent; 5(3) The catalyst for the production of an
unsat urat ed al dehyde and an unsaturated carboxylic acid according to

enbodi ment (1) or (2), wherein the conplex oxide is obtained by firing (or
cal cining) a precursor thereof under an atnosphere of nol ecul ar oxygen-
10cont ai ni ng gas and then subjecting to a heat treatnment in the presence of
a reduci ng suhistranidey of columidyr Fretdats yetspiosred he tir edudast ofhean
unsat urated al dehyde and an unsaturated carboxylic acid according to

enbodi nents @3p,; wner dimidgee chantiiog sl Fewdr atfi emiich dar diegometd att 300 C to
600 C; (5) The catal yst for the production of an unsaturated

al dehyde and laasunsaiclr ared dar Doogitmdaciad adoecdiingd o fertogdicmnt (3) or
(4), wherein the heat treatnent is carried out at 200 Cto 600 C, and 20(6)
The cat al yst ther ddiempraodgetritdonef o aaishtpinatead tal dehyedd wamdizan

unsat urated carboxylic acid according to any one enbodi nents of (3) to (5),

wher ei nst he redudiong subsl-andedls a aepeidid ofeleaictd jfoiem hytdr ogen,
ammoni a, carbon nonoxi de, a hydrocarbon having 251 to 6 carbon atons, an
al cohol havi pgijhdemntd cedrhomr pltiomt A cath Audehyde hading ehdsg 6

carbon atons and an ami ne having 1 to 6 carbon atons. [0012]
and also includes through holes surrounded by the
plurality of columnar portions and openings formed on a
peripheral surface of the molding by gaps between the
10 adjacent columnar portions, and
a catalyst component of the catalyst is a complex
oxide which contains, in addition to at least molybdenum,
bismuth and iron, nickel and/or cobalt;
(2} The catalyst for the production of an
15 unsaturated aldehyde and an unsaturated carboxylic acid
according to embodiment (1), wherein the complex oxide is
repregented by the following general formula (I):
MoaBipFe AgBeCeDgOx (T}
wherein Mo, Bi and Fe represents moclybdenum, bismuth and
20 iron, respectively, A represents nickel and/or cobalt, B
represents an element selected from manganese, zinc,
calcium, magnesium, tin and lead, C represents an element
selected from phosphorus, boron, arsenic, tellurium,
tungsten, antimony, silicon, aluminum, titanium,

25 zirconium and cerium, D represgents an element selected



In the nmethod for producing an unsaturated al dehyde 5and an unsaturated
carboxylic acid according to the present invention, a conpound sel ected
from propyl ene, isobutylene and tertiary butyl alcohol and nol ecul ar oxygen
are subjected to vapor-phase catalytic oxidation in the presence of the
catal yst according to any one of 10enbodi nents (1) to (6). [0013]

The catal yst for the production of nethacrylic acid of the present

i nvention includes the foll owi ng enbodi nents: 15(1) A catalyst for the
producti on offreet Pateglsiicmaciribicdiamac tesiized and tthatl lium, 0 thé catldl,yst
is made of a nolding which includes a plurality of columar portions

di sposed witly at o €astd,one<gaps afd Br iSdge partt,i Ons ¢ach 16f ankdi Ch<i g

di sposed at 20l east each ends in |longitudinal directions of adjacent two
col ummar por i énshefn sai=d 12|, ukald Xy ief acvllmeadeperioers bespaet i vel y, and
each of which joins the adjacent columar portions to each other at their
ends; and al saidatliedes tbiteouwdh cheheslememnaynded by the 25plurality of

col umar portions and openings forned on a peripheral surface of the

mol di ngsby gaps bet(agenThdéecathbgent el tihwaprpattt bas, oAnsn a

catal yst conmponent conprises a heteropoly acid conpound containing at |east

phosphor us angsamiuybdedusrldetivide The eat angsiturencdheagbetydticoncal
met hacrylic acid according to enbodiment (1), wherein the heteropoly acid

conpound f ur beebredniaices ewddddimemt atL)| @ast(20ne whier@d iof tde Sompari
sel ected from potassium rubidium cesiumand thallium and at |east one
kind of oxide is obtained by firing (or calcining) a precursor
thereof under an atmosphere of molecular oxygen-
10 containing gas and then subjecting to a heat treatment in
the presence of a reducing substance;

{(4) The catalyst for the production of an
unsaturated aldehyde and an unsaturated carboxylic acid
according to embodiments (3}, wherein the firing

15 operation is carried out at 300 °C to 600 °C;

(5) The catalyst for the production of an
unsaturated aldehyde and an unsaturated carboxylic acid
according to embodiment (3) or (4), wherein the heat
treatment is carried out at 200 °C to 600 °C; and

20 (6} The catalyst for the production of an
unsaturated aldehyde and an unsaturated carboxylic acid
according to any one embodiments of (3} to (5), wherein
the reducing substance is a compound selected from
hydrogen, ammonia, carbon monoxide, a hydrocarbon having

25 1 to 6 carbon atoms, an alcohol having 1 to 6 carbon



10an el enment selected from copper, arsenic, antinony, boron, silver,
bi smuth, iron, cobalt, zinc, |lanthanumand cerium (Il11) The catal yst for
t he production of methacrylic acid according to enbodinent (1) or (I11),
15wherein the heteropoly acid conpound is obtainable by first firing of a
precursor thereof under an atnosphere of non-oxidizing gas at 400 C to 500
C and second firing under an atnosphere of an oxidizing gas at 300 C to 400
00; and 20(1V) The catalyst for the production of nethacrylic acid
accordi ng toatbksorafil hldehgdeehavihg heter 6pobybani dtocmspanddans
obtainable by first firing of a precursor thereof under an atnosphere of an
oxi di zi ng gaamathe3BvCntjo1400 € andbsecandmEiri ng under an 25at nosphere of
a non-oxidizing gas at 400 Cto 500 C. - 12 - [0014] In the nethod for
produci ng netlhaceylic acid of the present invention, at |east one kind of a
conpound sel ected from net hacrol ei n, isobutyl al dehyde, isobutane 5and
i sobutyric acid, anfl shkesakbacdoXygepradecsul) ant adskhouvaped- phdskryde
catal ytic oxidation in the presence of the catal yst according to any one of
enbodi est ns ghyi &6 (h¥htulB0%8] cAechoxging keithaceokding eb the present
i nvention,
present invention, a compound selected from propylene,
isobutylene and tertiary butyl alcohol and molecular
oxygen are subjected to vapor-phase catalytic oxidation
in the presence of the catalyst according to any one of
10 embodiments (1) to (6).
[0013]
The catalyst for the production of methacrylic acid
of the present invention includes the following
embodiments:
15 (I) A catalyst for the production of methacrylic
acld, characterized in that
the catalyst is made of a molding which includes a
plurality of columnar portions disposed with at least one
gap; and bridge portions each of which is disposed at
20 least each ends in longitudinal directions of adjacent
two columnar portions of said plurality of columnar
portions respectively, and each of which joing the
adjacent columnar pertions to each cother at their ends;

and also includes through holes surrounded by the

25 plurality of columnar portions and openings formed on a

- 11 -



10si nce the through hol es and openings are forned over the entire nolding,
it is possible to exert the effect of mnimzing the pressure drop even if
such nol di ngs are packed into an apparatus such as a fixed bed reactor or
any ot her kind of vessel. Al so, such noldings are easily 15provi ded by an
extrusi on nol ding nethod. Furthernore, according to the nolding of the
present invention, since the adjacent columar portions are joined to each
ot her by the bridge portion, the strength of the nolding is inproved.
Theref ore, i perdpl@pedsisblrdaice exerthet helefihgcbyt kapst hetmeledi ngpe are | ess
likely to be coll apsed when the nol dings are produced by cutting its
precurror i maedeateaky cafluenaex pousiionsof asudch precursor, and are also | ess
|ikely to be broken when they are packed into an apparatus such as a fixed
bed 25reactor or anmycethéyski pdmpbneassebmpuibBeasaaheeaebipony- at3d- tube.
Therefore, the noldings of the present invention are useful as catalysts,
catal yst car coepsunddsetieitd ngdesi deast:s phaRipdbwi:@ ahsiomaaRicsiean;t he

| i ke. 5Particularly, the noldings can efficiently show high catalytic

perfornmgnces when they ariesusgtadgst heocatiadysisaastibe eatal yst carriers.
In addition, the catalyst for the production of an unsaturated al dehyde and

an unsat ur at eetback9iyki acad dcctPdiingh tios ehmde iakenthg ™0l dinkg<as wRAt i oned
above and contains the conpl ex oxide containing at |east nolybdenum

bi smut h, ironeteirekel yagd igokampoasida reatakyston@BReReManadd@sint, hatef f ect
capabl e of producing an unsaturated al dehyde and an unsaturated carboxylic
acid in a 15sabisel aakokynyl elfd aby cliBRievizPeiplase ¢abm Yotes@ihdat i on
| rubidium, cesium and thallium, and at least one kind of
10 an element selected from copper, arsenic, antimony, boron,
gilver, bismuth, iron, cobkalt, zinc, lanthanum and
cerium;
(ITI) The catalyst for the production of
methacrylic acid according to embodiment (I} or (II),
15 wherein the heteropoly acid compound is obtainable by
first firing of a precursor thereof under an atmosphere
of non-oxidizing gas at 400 °C to 500 °C and second
firing under an atmosphere of an oxidizing gas at 300 °C
to 400 °C; and
20 (IV) The catalyst for the production of
methacrylic acid according to (I} or (II), wherein the
heteropoly acid compound is obtainable by first firing of
a precursor therecof under an atmosphere of an oxidizing

gas at 300 °C to 400 °C and second firing under an

25 atmosphere of a non-oxidizing gas at 400 °C to 500 °C.



of a conmpound sel ected from propyl ene, isobutylene and tertiary butyl

al cohol with nol ecul ar oxygen. Furthernore, the catalyst for the
production of nethacrylic acid, which is made of the nolding as above
20menti oned and contains a catal yst conponent made of a heteropol yoxi de
containing at |east phosphorus and nol ybdenum has the effect capabl e of
produci ng nethacrylic acid in a satisfactory yield by the vapor- phase
catal ytic oxidation of at |east one kind of a 25conpound sel ected from

met hacr ol ei n,[oiogabut yl al dehyde, - 14 - isobutane and isobutyric acid with
nmol ecul ar oxygen. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0016] 5Fig. 1(a) is a
schematic front vi @&w the methotiedotrhatrodusicdg weehaamgldcr eaddvioéwthe thi s
enbodi mrent are the sane as the front view) which shows one enbodi nent of

t he nol di ng @fretskatpriesent iomy et Arasandne §ind( bE as congpoheid@t i ¢ pl an
view of the nolding of Fig. 1(a) when it 10is viewed fromits above.

Fig. 2(a) issalschednfironsaeitharaloleiely talemtglangeheaeX- Xddoweaok Fig.
1(b), and Fig. 2(h) is a schematic sectional view taken along the Y-Y line

of Fig. 51(b) ardd gsobultyrd cSekedt aad mllecdlew Oxiygen Beleduialctkda side
view and a rear viewin this enbodinment are the sane as the front view)

whi ch shows arotBeorephedienesai aaf thike osmladitn@nofint keepaseRindan\eenthen.
Fig. 4 (a) is a schematic enlarged sectional view showi ng one exanple of an
extrudi ng boretRARkItORCBr@Ing to any one of embodiemtns (I) to (IV).
[0015]
According to the molding of the present invention,
10 since the through holes and openings are formed over the
entire molding, it is possible to exert the effect of
minimizing the pressure drop even if such moldings are
packed into an apparatus such as a fixed bed reactor or
any other kind of vessel. Also, such moldings are easily
15 provided by an extrusion molding method.
Furthermore, according to the molding of the
present invention, since the adjacent columnar portions
are joined to each other by the bridge portion, the
strength of the molding is improved. Therefore, it is
20 possible to exert the effect that the moldings are less
likely to be collapsed when the moldings are produced by
cutting its precurror immediately after extrusion of such
precursor, and are also less likely to be broken when

they are packed into an apparatus such as a fixed bed

25 reactor or any other kind of vessel such as a reaction

- 13 -



20extrusi on nol di ng machi ne for the production of the nolding of the
present invention, and Fig. 4(b) is a schematic sectional view show ng the
extrusion nol ding machi ne of Fig. 4(a). Fig. 5is a graph for
expl ai ni ng operations which 25forma nol ding by repeating rotation and
stopping of any - 15 - one of the first and second dies using the
extrusi on nol di ng machine shown in Fig. 4. Fig. 6 is an explanatory view
for explaining cutting positions of the nolding extruded through an
5ext rusi on myiudieng nachi ne. Fig. 7 (a) is a schematic enl arged
sectional view show ng another exanple of an extruding bore portion in an
ext rusi on nol di ng Faelieferktor theempilddugsi ofi dhet peresendi ngvehttiba present
invention, and Fig. 7(h) is a 10schematic sectional view show ng the
extrusi on nokdiengsedcli ae cohthilgsti(akatalyst chxrgielEa) adsoaxbecitenati c

front view showing still further enbodi nent of the nolding of the present
i nvention, andesEicgan®@h) med s&useheamabirbeplitan avidewhef 1tike .15nmol di ng of Fig.
8(a) when it is viewed fromits above. Fig. 9 is a schemtic

enl arged vi ewasttdwulg radry, exheudiond iboce caor Wid diknan yexthows iagrhol di ng
machi ne for the production of the nolding showmm in Fig. 8. Fig. 10 is a
graph for exphaianivid coperdgoroances ehe20ftbie areddicdg aldy thepeat i ng
rotation and stopping of any one of the first and second dies using an
|e:;<t r uSi on nokaitag ygaehione tiel ebtinglstidesirai e@t.r udi ng bore portion shown in
7 In addition, the catalyst for the production of an
unsaturated aldehyde and an unsaturated carboxylic acid,

10 which is made of the molding as mentioned above and
contains the complex oxide containing at least molybdenum,
bismuth, iron, nickel and cobalt as a catalyst component,
has the effect capable of producing an unsaturated
aldehyde and an unsaturated carboxylic acid in a

15 satisfactory yield by the vapor-phase catalytic oxidation
of a compound selected from propylene, isobutylene and
tertiary butyl alcohol with molecular oxygen.

Furthermore, the catalyst for the production of
methacrylic acid, which is made of the molding as above

20 mentioned and contains a catalyst component made of a
hetercopolyoxide containing at least phosphorus and
molybdenum, has the effect capable of producing
methacrylic acid in a satisfactory yield by the vapor-

phase catalytic oxidation of at least one kind of a

25 compound selected from methacrelein, isobutylaldehyde,



Fig. 11(a) is a schematic plan view of catal ysts 25produced in Conparative
Exanple 2 or 3 when it is viewed - 16 - fromits above, and Fig. 11(b) is
a schematic front view showing the catalyst of Fig. 11(a). Fig. 12 is a

schematic enl arged sectional view showng a still further exanple of an
extrudi ng bore 5portion in an extrusion nolding machine for the production
of the nolding of the present invention. Fig. 13 is a graph for

expl ai ni ng operations which forma nolding by repeating rotation and
st oppi ng of ampbortenef afidr stsobmdysecond idi @5 tis imod eclid aex brargieon nol di ng
10machi ne shown in Fig. 12. Fig. 14(a) is a schematic plan view show ng a
still 40 further enbodi nent of the nolding of the present i nvention
when it is viewed fromits above, and Fig. 14(b) is a schematic front view
of the nolding of Fig. 1BRAEX) DERCRIPIIONS OF Seite MRAWINES ar ged secti ona
view showing a still further exanple of an extruding bore portion in an
ext rusi on nolidiong]machi ne for the production of the nolding of the present
i nvention.
5 Fig. 1{(a) 1is a schematic front view (it is noted
that a side view and a rear view in this embodiment are
the same as the front view) which shows one embodiment of
the molding of the present invention, and Fig. 1(b) is a
schematic plan view of the molding of Fig. 1{a) when it
10 is viewed from its above.
Fig. 2(a) 1s a schematic sectional view taken along
the X-X line of Fig. 1(b}), and Fig. 2(b) is a schematic
sectional view taken along the Y-Y line of Fig. 1{(b).
Fig. 3 is a schematic front view (it 1s noted that
15 a side view and a rear view in this embodiment are the
same as the front view} which shows another embodiment of
the molding of the present invention.
Fig. 4 (a) is a schematic enlarged secticnal view
showing one example of an extruding bore portion in an
20 extrusion molding machine for the production of the
molding of the present invention, and Fig. 4(b) is a
schematic sectional view showing the extrusion molding
machine of Fig. 4(a).

Fig. 5 is a graph for explaining operations which

25 form a molding by repeating rotation and stopping of any



20 Fig. 16 is a graph for explaining operations which forma nolding by

repeating rotation and stopping of any one of first and second di es using

t he extrusion nol ding machi ne shown in Fig. 15. Fig. 17(a)
a schematic plan view showing a still 25further enbodi nent in the nolding
of the present - 17 - i nvention when it is viewed fromits above, and

Fig. 17(b)

Is a schematic front view of the nolding of Fig. 17(a).

Description of Reference Nunerals 5 10: Ml ding, 11: Bridge portion,
Col umar por bnenofl8heTHiowgh amgl eecond dies using the extrusion

10

15

20

25

molding machine shown in Fig. 4.

Fig. 6 is an explanatory view for explaining
cutting positions of the molding extruded through an
extrusion molding machine.

Fig. 7 (a) is a schematic enlarged sectiocnal view
showing another example of an extruding bore portion in
an extrusion molding machine for the production of the
molding of the present invention, and Fig. 7(b) is a
schematic sectional view showing the extrusion molding
machine of Fig. 7(a}.

Fig. 8{a) is a schematic front view showing still
further embodiment of the molding of the present
invention, and Fig. 8(b) is a schematic plan view of the
molding of Fig. 8(a) when it is viewed from its above.

Fig. 92 is a sgchematic enlarged view showing an
extruding bore portion in an extrusion molding machine
for the production of the molding shown in Fig. 8.

Fig. 10 is a graph for explaining operations which
form a molding by repeating rotation and stopping of any
one of the first and second dies using an extrusion
molding machine which includes an extruding bore portion
shown in Fig. 9.

Fig. 11(a) is a schematic plan view of catalysts

produced in Comparative Example 2 or 3 when it is viewed

12:

i's



14: Openi ngl5: Mol ding 16: Bridge portion 17:Col umar portion 18:
Openi ngl9: Through hole 10 20: Extrusion nolding nachine 21:First die
G oove of first die

10

15

20
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from its above, and Fig. 11(b) is a schematic front view
showing the catalyst of Fig. 11(a).

Fig. 12 is a schematic enlarged sectional view
showing a still further example of an extruding bore
portion in an extrusion molding machine for the
production of the molding of the present invention.

Fig. 13 is a graph for explaining operations which
form a molding by repeating rotation and stopping of any
one of first and second dies using the extrusion molding
machine shown in Fig. 12.

Fig. 14 (a) 1is a schematic plan view showing a st%ll
further embodiment of the molding of the present =
invention when it is viewed from itgs above, and Fig.

14 (b} is a schematic front view of the molding of Fig.
14 (a).

Fig. 15 is a schematic enlarged sectional view
showing a still furthexr example of an extruding bore
portion in an extrusion molding machine for the
production of the molding of the present inventiomn.

Fig. 16 is a graph for explaining operations which
form a molding by repeating rotation and stopping of any
one of first and second dies using the extrusion molding
machine shown in Fig. 15.

Fig. 17(a) is a schematic plan view showing a still

further embodiment in the molding of the present

21a:



22: Second die
Rot ati on axis 23b: Motor 24: Cutting unit 25: Flow path 15
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22a: G oove of second die 23: Rotating unit 23a:

invention when it is viewed from its above, and Fig.

17 (b)

17 (a) .

1C:

12:

14:

16:

18;

20:

2la:

22a:

23a:

24 :

26:

27

28:

29a:

30a:

40:

42

44

53:

[0017]

is a schematic front view of the molding of Fig.

Degcription of Reference Numerals

Molding, 11: Bridge portion,

Columnar portion 13: Through hole
Opening 15: Molding

Bridge portion 17: Columnar portion
Opening 19: Through hole

Extrusion molding machine 21: First die
Groove of first die 22: Second die
Groove of second die 23: Rotating unit
Rotation axis 23b: Motor

Cutting unit 25: Flow path

First die 26a: Groove of first die
Second die 27a: Groove of second die
Molding 29: First die

Groove of first die 30: Second die
Groove of second die 31: Molding
Through hole 41: Molding
Columnar portion 43: Through hole
Bridge portion 45: Opening
Through hole 54: Opening

DETATLED DESCRIPTION OF THE INVENTION



26: First die 26a: G oove of first die 27: Second die 27a: G oove of

second di e

10

15

20
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28: Ml ding 29: First die 29a:

Molding

The molding according to the present invention will
be described below with referene to the accompanying
drawings. Fig. 1l(a) is a schematic side view which shows
one embodiment of the molding of the present invention,
and Fig. 1(b) is a schematic plan view of the molding of
Fig. 1(a). Fig. 2(a) is a schematic sectional view taken
along the X-X line of Fig. 1(b), and Fig. 2{(b) 1is a
schematic sectional view taken along the Y-Y line of Fig.
1(b).
f0018]

The molding of the present invention 10 shown in
Figs. 1(a} and 1(b) and Figs. 2(a) and 2{(b} shows a shape
gsuch that it includes a plurality of columnar portions
(for example four columnar portions) 12 disposed with a
predetermined gap between adjacent two colummar portions;
bridge portions 11 each of which is provided at each ends
in longitudinal directions of the plurality of columnar
portions 12 and joins the adjacent columnar portions to
each other; and a through hole 13 surrounded by the
plurality of columnar portions 12 in the longitudinal
directions of the columnar portions 12 (i.e. the
extruding direction of the molding 10 described
hereinafter}) and openings 14 formed on a peripheral

surface (i.e. the direction perpendicular to the



G oove of first die 30: Second die 30a: Goove of second die 31: Ml ding
20 40: Through hole 41: Mdlding 42: Columar portion 43:

extruding direction of the molding 10 described
hereinafter) by a gap between the plurality of columnar
pertions 12,

f0019]

5 In this embodiment, four columnar portions 12 are
arranged at equal intervals between adjacent two columnar
potions to form a square pillar and define a through hole
13 surrounded by the columnar portions. The bridge
portions 11 are wound so as to cross all of the columnar

10 portions 12 and the adjacent columnar portions 12 are
joined to each other whereby, the bridge portions 12
substantially form a circular portion mentioned above.

In other words, the cirluar portion is divided into the
four bridge portions 11 by the four columnar portions 12.

15 Between the adjacent columnar portiong 12 and 12, an
aperture 14 having a width corresponding to a gap
therebetween is formed, and the bridge portions 11 are
located above and under the opening 14 respectively.

The gap between ceolumnar portions 12 and 12 as used

20 herein, i.e. a width W of the opening 14 as shown is not
particularly limited since it varies depending on the
size of the molding, but is usually in the range from
about 0.1 mm to 49 mm, and preferably from about 1 mm to
28 mm.

25 [0020]



Thr ough hol e

44: Bridge portion 45: Opening 53: Through hole 54:

Openi ng 25 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0017]
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The cross-sectional shape of the columnar portion
12 is not limited to a circle and may be any shape. For
example, it may be a semicircle, a triangle, a sgquare or
the like.

The cross-sectional shape of the bridge portion 11
is not particularly limited to a circle and may be any
shape. For example, it may be a semicircle, a circle, a
triangle, a square or the like. The size (or thickness)
thereof is not particularly limited as long as it can
join the adjacent columnar portions 12 and 12 to each
other with a high strength when wound.

[0021]

The number of the columnar portions 12 is not
limited to four as shown in Fig. 1, and may be from three
to nine. More preferably, the number is an odd number.
For example, Figs. 8(a) and 8(b) show other embodiment of
the present invention in which five columnar portiong 17
are arranged at equal intervals and are joined to each
other at the bridge portions 16. Even in the case of
such a molding, it is possible to foxrm openings 18 on a
peripheral surface and the through holes 19 on an upper

and lower surfaces, respectively.

It is not absolutely necessary to form a gap

between every adjacent two columnar portiong 12. For



- 18 - Ml ding The nol ding according to the present invention will be
descri bed below with referene to the acconpanying drawings. Fig. 1(a) is a
schemati c side view which shows 5one enbodi nent of the nolding of the
present invention, and Fig. 1(b) is a schematic plan view of the nolding of
Fig. 1(a). Fig. 2(a) is a schematic sectional view taken along the X-X Iine
of Fig. 1(b), and Fig. 2(b) is a schematic sectional view taken along the
Y-Y line of Fig. 101(b). [0018] The nol di ng of the present .invention
10 shown i n Ekgmplé(arhandap(bpryakd Eigdeafapnandafbrhshowbea shape such
that it includes a plurality of columar portions 15(for exanple four
col utmar por teénshat2pdicsposedl@i mhyabpr gdénedninedaghpobbeweentadpacent
two col unmar portions; bridge portions 11 each of which is provided at each
ends in | ongktgdpnal directions of the plurality of colummar portions 12
and joins the adjacent columar portions to 20each other; and a through
hol e 13 surroundedTby léegphuvdl thyg oblomhamporpdohi das (12el nthhe
| ongi tudi nal directions of the columar portions 12 (i.e. the extruding
di recti 6n of hehghhobdi ngelficddsnyi hed is from about 1 mm to 50 mm,
and preferably from about 3 mm to 30 mm, and the diameter
of the columnar portion 12 is from about 0.2 mm to 24 mm,
and preferably from about 1 mm to 14 mm when taking the
strength of the molding into consideration. The outer
10 diameter D1 of the molding 10 is from about 1 mm to 50 mwm,
and preferably from about 3 mm to 30 mm, and the inner
diameter of the molding 10 (i.e. the diameter D2 of the
through hole 13) ig from about 0.1 mm to 49 mm, and
preferably from about 1 mm to 28 mm. It is noted that D2
15 is preferably from 90 % to 10 % of D1, and more
preferably from 30 %to 80 % of DI1.
[0022]
In the case of the molding 10 shown in Fig. 1 and
Fig. 2, although the columnar portions 12 are provided so
20 that a portion of each columnar portion outwardly
projects from the outer periphery of the bridge portion
11, the columnar portion may be provided so that a
portion thereof inwardly projects from the inner

periphery of the bridge portion 11.

25 [0023]

- 22 -



herei nafter) and openings 14 fornmed on a peripheral 25surface (i.e. the
direction perpendicular to the - 19 - extruding direction of the nolding
10 described hereinafter) by a gap between the plurality of col ummar
portions 12. [0019] 5In this enbodi ment, four columar portions 12 are

arranged at equal

interval s between adjacent two columar potions to forma

square pillar and define a through hole 13 surrounded by the col umar
portions. The bridge portions 11 are wound so as to cross all of the

col umar 10porti on3nlfhandasbechdiheendldbhgnhar showhi dnsFi1g. at eandi ned to
each ot her whereby, the bridge portions 12 substantially forma circular
portion nment Foged2abaveholighother bvwhdde, pbheionsl uaraperpronidsddavi ded
into the four bridge portions 11 by the four colummar portions 12.

15Bet ween t heoaHj an@nt o€othanaslpanbiropsri2cand212thanbapagtupertdohavi ng a
wi dth corresponding to a gap therebetween is forned, and the bridge
portions 11 BiemhgchBtefgrebodedand undecehberopentng &4lumspecpoveliyn The
gap between col umar portions 12 and 12 as used 20herein, i.e. a width W of
t he opepi ng 14, asnshawhtisnneb pathlénaarlaslsnbwﬁdlﬁlneg i &, varmes
dependi ng on the size of the nol ding, but is usually in the range from
about 0.1 mMtRe#9wBWusandrpief 186l gobkEoBLabELt potmutorB8 BHiage[ 0020]

portions 11 in the present invention in one or a

plurality of stages at intervals in the longitudinal

direction of the columnar portion 12.

10 [0024]

As described above, the molding of the present

invention has a feature in its shape, and therefore the

kind and composition of a melding material constituting

the molding are not particularly limited and may be

15 appropriately selected according to an application of the

molding.

For example, when the molding of the present

invention is usged as catalysts, it is possible to use a

metal hydroxide such as aluminum hydroxide {gibbsite,

20 bayerite, boehmite, pseudo-boehmite) and magnesium

hydroxide; a metal oxide such as active alumina (x-, x-,

Y~

&-, p-, n-, pseudo y-, B-alumina, etc.); o-alumina;

silica; titania (rutile, anatase, brookite); a zeolite; a

complex metal oxide containing molybdenum, cobalt and

25 bismuth as main components; a heteropoly acid comprising

- 23 -



- 20 -
limted to
semcircle,

the bridge portion 11 is not particularly limted to a circle and may be

any shape.

The cross-sectional shape of the columar portion 12 is not

a circle and may be any shape. For exanple, it may be a

a triangle, a square or the like. 5The cross-sectional shape of

For exanple, it may be a semcircle, a circle, a triangle,

a

square or the like. The size (or thickness) thereof is not particularly
limted as long as it can 10join the adjacent columar portions 12 and 12
to each ot hemoWbleaulj ghastdeagt hhabphonasndnd[ 6021] ikhe andbeheof the
columar portions 12 is not limted to four as shown in Fig. 1, and may be
1Bireni ne. More preferably, the nunber is an odd nunber. For
gs. 8(a) and 8(h) show other enbodi ment of the present invention
in which five col usRRen pRetmoODS8idd af etherphgednat iggeationt ££vaksdand are
joined to each other at the bridge portions 16. Even in the case of 20 such
I kel 8apasskbl eateikosm openkngss28b08 8opacephenatasurface and

the through holes 19 on an upper and | ower surfaces, respectively. It

not absgl ut ehyanegessakychoakoraraigapcdbbatineenepvalymadincrptirb¥0de
columar portions 12. For - 21 - exanple, the gap may be at |east one,

the other colympBEipertbepsrieMByobEmioknegsbadeapbenies) Wahout a gap.

fromthree
exanpl e, Fi

a nol di ng,

The | ength
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of the columar portion 12 (i.e. the
magnesium hydroxide; a metal oxide such as active alumina

{x-, -, y-, -, p-, n-, pseudo y-, &-alumina, etc.), o-
alumina, silica, titania (rutile, anatase, brookite),
zirconia and ceria; silica-alumina, magnesia spinel,
calcia spinel, aluminum titanate, magnesium aluminum
titanate, a zeolite, and the like.

When the molding of the present invention is used
as adsorbents, desiccants and moisture absorbents, it is
possible to use activated carbon, silica gel, active
alumina (x-, x-, y-, &-, p-, n-, pseudo y-, 6-alumina),
silica-alumina, a zeolite, smectite, apatite and
diatomaceous earth.

The molding of the present invention can also be
formed by using, in addition to the above mentioned
molding materials, various plastic materials.

[0025]

The molding of the present invention can be used as

the catalysts, the catalyst carriers, the adsorbents, the

desiccants and the moisture absorbents. In particular,

- 24 -
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5hei ght of the nolding 10) is fromabout 1 nmto 50 nm and preferably from
about 3 nmto 30 nm and the dianeter of the columar portion 12 is from
about 0.2 nmmto 24 mm and preferably fromabout 1 mmto 14 mm when taki ng
the strength of the nolding into consideration. The outer 10di aneter D1 of
the nolding 10 is fromabout 1 mMmmto 50 nmm and preferably from about 3 nm
to 30 mm and the inner dianmeter of the nolding 10 (i.e. the dianmeter D2 of
the through hole 13) is fromabout 0.1 nmto 49 nm and preferably from
about 1 nmm t eh28 wiee hmbldinget ed that pbsibisiprehedabl ysf nepd98s96heo 10
96- of D1, and nore preferably from30 to 80 96 of D . [0022] In the
case of the nakdiggtiOoshaie catkilgstlmaddaFifgr Zarabuboughathetcol umar
portions 12 are provided so 20that a portion of each columar portion
outwardly pregeetsohrontt he pub€erpedi pbengeoththewhiildgpaprihgonntd, the
columar portion may be provided so that a portion thereof inwardly
projects from treacikbresupdr aphar Yigkdt bedbiedgeopobti enhdt. t2pp0023] - 22 -
In the case of the nolding 10 shown in Fig. 1 and Fig. 2, although the

bridge porti easstl,ane prew dgedmatrebeflicendseolitting zaolivAnar paetion 12,
the bridge portions 11 may be provided at the center of the col umar

portion 512, eifficaddi bicebrtiongoth endspraseshownventhibg. 3In!stiéher words,
it is also possible to provide the bridge portions 11 in the present

i nvention i nyeREsQr sanpkUtall hv16fingkades tak phteewtl Snvanthen eagi t udi nal
direction of the columar portion 12. 10[0024F
minimize the pressure drop even with being packed in any
direction at random, and also has a high strength, it is
10 possible to efficiently exhibit catalytic performances
even if a reaction tube is packed with the moldings in a
fixed bed reactor.
[0026]
The molding of the present invention having the
15 shape described above can be produced, for example, by
the production method of the present invention which is
described in detail below, but the method for producing a
molding of the present invention is not limited thereto.
It is noted that the molding of the present
20 invention can also be fired, if necessary, after forming
by the below-described production method of the present
invention.
[0027]
Method for Producing Molding

25 The molding of the present invention can be

- 25 -



As descri bed above, the nolding of the present invention has a feature in
its shape, and therefore the kind and conposition of a nolding materi al
constituting the nolding are not particularly limted and nay be
15appropriately selected according to an application of the nol ding.

For exanpl e, when the nolding of the present invention is used as
catalysts, it is possible to use a netal hydroxi de such as al um num

hydr oxi de (gi bbsite, 20bayerite, boehmte, pseudo-boehmte) and nagnesi um
hydr oxi de; apretialcedxi dersesiangdeacbiyvanakutiros iox- moKding- mefihpodpin 11-,
pseudo y-, 9-alumna, etc.); a-alumna; silica; titania (rutile, anatase,
brookite); awhgah temoddionpimexerdtzdl iexieteradetiaiusiing Bml whdemstoncobal t
and 25bi smuth as main conponents; a heteropoly acid conprising - 23 -

mol ybdenum wadadingmupktdpeorins lamd rivhe. Ifiker a@ned bheihicke plbenltihe
nmol di ng of the present invention is used as catal yst carriers, it is

possi bl e to usegaomrtal obhydwoxude s el iphetaldistiifbes , Manld ke riakum num
hydr oxi de (gi bbsite, bayerite, boehmte, pseudo-boehmte) and nagnesi um
hydr oxi de; ask@pald oxi dglsuahiaslackicvadalue fathed ik the £fi%=t Bie,q-.
pseudo y-, e-alumna, etc.), a-alumna, silica, titania (rutile, anatase,
brookite), HavingCanipauaadi€er bF, ofidoved- anuAiRa i niReNeed phrael , cal cia
spinel, alum numtitanate, nmagnesium alum numtitanate, a zeolite, and the
li ke. s\heaceheninkdirageat ite Prasedh bRVERLRHiING YICENIS one
adsor bents, desiccants and npisture absorbents, it is 15possiblé to use

‘activated caphomnesiflirea gl s@elonde adldM Nanf X- exKrusYon BoildPng d-.
~pseudo y-, O-alumna), silica-alumna, a zeolite, snectite, apatite and

g:g;oggceousm@@hba-and the extrlR8 k@189 nef nbl@ iPesRRY 1RVeRligon can

10 method will be described in detail with reference to the
accompanying drawings, but the molding method of the
present invention is not limited to the method as a
matter of course.

[0028]

15 Fig. 4(a) is a gchematic enlarged gsectional view
showing one example of the extruding bore portion in an
extrusion molding machine for the production of a molding
of the present invention, and Fig. 4(b) is a schematic
sectional view showing the extrusion molding machine of

20 Fig. 4(a).

The extrusion molding machine 20 shown in Fig. 4
includes a first die 21 having two grooves 2la on its
outer peripheral surface, and a ring-shaped or

cylindrical second die 22 fitted in the first die 21,

25 having a plurality of grooves 22a on its inner peripheral
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20f ornmed by using, in addition to the above nentioned nolding material s,
various plastic materials. [0025] The nol di ng of the present
invention can be used as the catalysts, the catalyst carriers, the
adsorbents, the 25desiccants and the noisture absorbents. In particular, -
24 - when the noldings of the present invention is used as the catal ysts
or the catalyst nedia for various catalyst reaction, it is preferred to use
them whil e packing into a reactor such as a fixed bed reactor or other type
5vessel, in wuewaafe .nospeeifechlie, ubbthzaheofiipéttiteetieand aheording to
the present invention. In other words, since the noldings of the present

i nventi on cagedcndridde tlze apeeswure odr @mtev an fwicklt lseirniggeacifedHen any
direction at random and also has a high strength, it is 10possible to
efficiently extirhisiccatallyting pechdnearoes rever iskater edetticonhieu lfd riss
packed with the noldings in a fixed bed reactor. [0026] The nol ding of the
present invemdieorrihdw fdtike linthaptcdexendediaborve &an thatprmoduced, for
exanpl e, by the production nethod of the present invention which is

descri bed i nmdaiding keltewiahuti st RenmEheaisier epretideidnghacwmitdigigcetst he
present invention is not limted thereto. It is noted that the nolding of
the present 21a of the first die 21 and grooves 22a of the second die

22.
[oo29]
There ig no particular limitation as to dimensions
10 of the first die 21 and the grooves 2la thereof, and also

as to dimensions of the second die 22 and the grooves 22a
thereof. For example, the outer diameter of the first
die 21 is from about 0.3 mm to 48 mm, and preferably from
about 2.0 mm to 29 mm, and the depth of the arooves 2la
15 as R is from about 0.1 mm to 12 mm, and preferably from
about 0.5 mm to 7 mm. The outer diameter of the second
die 22 is from about 1 mm to 150 mm, and preferably from
about 2 mm to 100 mm, and the inner diameter is from
about 0.3 mm to 48 mm, and preferably from about 2.0 mm
20 to 29 mm. The depth of the grooves 22a as R is from
about 0.1 mm to 12 mm, and preferably from about 0.5 mm
to 7 mm. Herein, R means a curvature radius (the same
shall be appled hereinafter). It is noted that in the
embodiment shown in Fig. 4, the number of the grooves 22a

25 is four and that of the grooves 2la is two, but such



20i nvention can also be fired, if necessary, after formng by the

bel ow descri bed production nmethod of the present invention. [0027] Method
for Produci ng Mol di ng 25The nol ding of the present invention can be - 25 -
produced, for exanple, by an extrusion nolding nethod in which a nolding
material is extruded using an extrusion nolding machine including a first
die having a plurality of grooves on its outer peripheral surface, and a
ri ng- 5shaped or cylindrical second die fitted in the first die, having a
plurality of ngmpeves agre s ilimertegerticplkarcdl, s dabe whinbe nsepdattieg
rotati on and stopping of any one of the first and second dies. This

ext rusi on nolgioeyeretZied azdd thiee gextovesl @2anelrél rgpprepriiaeeldsed in said
10nethod will be described in detail with reference to the acconpanyi ng

dr awi ngs, busetlleetmd,diregpeetthioe 1of, tltegrddsentta mhentumbeirs ofotthlkei mMted to
the nethod as a matter of course. [0028] 15Fig. 4(a) is a schematic

enl ar ged secticdmainar @wrshionisng2ond ehanmplod difngt e éxt widiarigeldar e porti on
in an extrusion nolding machi ne for the production of a nolding of the
present 5 nveriiog,] and Fig. 4(b) is a schematic sectional view show ng the
extrusi on nol di ng machi ne of 20Fig. 4(a). The extrusi on nol di ng
machi ne 20 shown i mhei g¢xt4usiehudeddanky machdne 20 Havichert Wacgudewes 21a
on its outer peripheral surface, and a ring-shaped or cylindrical second

die 22 fitteddtatties nist 2di €c2l ro22tdvigndhe [Hidsdl idiye ofl .gropyves 22a on
its inner peripheral - 26 -
rotation unit 23 is not particularly limited and, for
example, a conventional rotation unit such as a motor may
10 be employed. Specifically, in the embodiment shown in
Fig. 4, the first die 21 is rotated by rotationally
driving a rotation axis 23a fixed to the first die 21
using a motor 23b. In this case, when each of the two
grooves 21la of the first die 21 is joined tocgether {or
15 aligned) with any one of the four groovesg 22a of the
second die 22, the columnar portions 12 are formed of the
molding material extruded through the respective grooves.
When the two grooves 21a of the first die 21 shift from
the four grooves 22a of the second die 22, the bridge
20 portions 11 are formed of the molding material extruded
cnly through the two grooves 2la of the first die 21.
[0031]
To the contrary to the embodiment shown in Fig. 4,

when the rotation unit 23 rotates the second die 22, the

25 columnar portions 12 are formed of the molding material
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surface. Specifically, both the first die 21 and the second die 22 are
nmounted onto a front surface of the extrusion nolding nmachine 20 in the
state where the first die 21 is fitted into the second die 22, so that a 5
nol ding material is continuously extruded through grooves 2la of the first
die 21 and grooves 22a of the second die 22. [0029] There is no particular
limtation as to di nensions 10of the first die 21 and the grooves 2la
thereof, and al so as to dinensions of the second die 22 and the grooves 22a
t her eof . For eectanplee, thiveugit ehedigaweters aflat e frhesttidise Aliel 21f marh about
0.3 mMmto 48 mm and preferably fromabout 2.0 nrmto 29 nm and the depth
of the grooveshe?baibigas pRritdchisomlabaet forhedmotfo th2 maldand paeterabl y
fromabout 0.5 nmto 7 mm The outer dianeter of the second die 22 is from
about 1 mMmt extxOded tardusheterablirpcieemaboutt 2hemskeohdl diw 2and t he
inner dianeter is fromabout 0.3 mnrmto 48 nm and preferably from about 2.0
mm 20t o 29 mmn the deptiltehtt kelditeyesn p2atd®nRdfS theomcahertr0. 1 mMmto 12
nm and preferably fromabout 0.5 mMmto 7 nmm Herein, R means a curvature
radi us @t he pareishalll pecappled hHemardabhenh ikners peetigtet-Bat in the
enbodi nent shown in Fig. 4, the nunber of the grooves 22a 25is four and

that of the guedwes 2liad.s itWghebihroueh hodé -13)nwiehs aredget limted to
such, and the nunbers of the grooves 2la and the grooves 22a are
appropri at el poselieet ed,. respectively, according to the nunber of the
columar portions 12 of the nolding to be obtained. 5[0030]
[0032]
The extruding operation of a molding material used

10 for forming the molding 10 using the extrusion molding
machine 20 as shown in Fig. 4 is carried out, for example,
in the following sequences (i) to (iv):

(i) while extruding the molding material through
grooveg 2la and 22a of the first die 21 and second die 22,

15 the first die 21 1s rotated by 180 degrees from the
position M where the grooves 2la and 22a are aligned with
each other to the next position N where the grooves 21a
and 22a of the first and second dies 21 and 22 are
aligned with each other to form the bridge portions;

20 (ii) then, the rotation of the first and second
dies 21 and 22 is stopped at the position N to form the
columnar portions;

(1iii) the first die 21 is rotated again by 180

degrees from the position N to the original position M to

25 form the bridge portions; and



The extrusion nol di ng machine 20 further includes a rotation unit 23 for
rotating the first die 21. This rotation unit 23 is not particularly
limted and, for exanple, a conventional rotation unit such as a notor may
10be enpl oyed. Specifically, in the enbodi nent shown in Fig. 4, the first
die 21 is rotated by rotationally driving a rotation axis 23a fixed to the
first die 21 using a notor 23b. In this case, when each of the two grooves
2la of the first die 21 is joined together (or 15aligned) with any one of
t he four grooves 22avdf tihensecohadrdizt?2@n dhetivel fiimat podtsensnd?2 are
formed of the nolding material extruded through the respective grooves.
When t he twoddeeovesa?dia2af atthehkl petidien?2¥ dki ktcobped tthe fhaur tireooves
22a of the second die 22, the bridge 20portions 11 are forned of the
nol di ng mat eckalumexstr pded ionlsy 12hr ough the two grooves 2la of the first die

21. [0031] To the contrary to the enbodi mrent shown in Fig. 4,
when the rotdbioeaajunit 23 rotates the second die 22, the 25col umar
portions 12 are formed of the nolding material - 28 - extruded through the

grooves 521la of theTher abotteeméhtandethexbi-udgagpepkiransoht atre forned of
the nol ding material extruded through the grooves 22a of the second die 22.

I n the resul rapkafeliditdd cothakiugn yoffoiriie teel thandingpart.i on 12 protrudes
inward on an inner peripheral surface (i.e. in the through hole 13) of the

bridge portion 11. rlg032] shb&sext adbngoapahpt berwekna tiel dionaingt eri al
used 10for form ng the nolding 10 using the extrusion nolding machi ne 20 as

.shown in Figtifhel Sneathieec@lichOkhngianplte thien rliketf elileowiing sequesces (i)
to (iv); (i) while extruding the nolding material through grooves
21a and 22a ghgsbhenbiwssh &e@a?lonRthipeerR¢edne t3& molding time and
10 the rotation angle with respect to Comparative Examples 1
and 4 described hereinafter.

The above-described operationg of rotation and
stopping in the present invention can be carried out, for
example, by sequential control. Herein, the rotation

15 stopping time of the first die 21 can be adjusted
according to the length of the aimed columnar portions 12.
[0034]
When the bridge portions 11 are formed, the
rotation speed of the first die 21 is important. When
20 the rotation speed is lower than the extrusion rate of
the molding material through the molding machine 20, the
bridge portions 11 may form a spiral. Therefore, the
rotation speed of the first die 21 is usually 2 times or
more, and preferably from 4 times to 10 times as the

25 extrusion rate of the molding material. The extrusion
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15the first die 21 is rotated by 180 degrees fromthe position M where the
grooves 2la and 22a are aligned with each other to the next position N
where the grooves 2la and 22a of the first and second dies 21 and 22 are
aligned with each other to formthe bridge portions; 20(ii) then, the
rotation of the first and second dies 21 and 22 is stopped at the position
N to formthe columar portions; (iii1) the first die 21 is
rotated again by 180 degrees fromthe position Nto the original position M
to 25form t heahei dgetpher mbadsnhgamedter291- is usuallfi ¥xotmhenmmi/faénr obat i on
of the first and second dies 21 and 22 at the position Mis stopped to form
t he col umar 2pooti angmizd, R6A3ZkedERrababofeonenti angdiextoudi ngooperati ons
are repeated to continuously formthe nolding 10. Fig. 5 shows a

rel ati onshi pmhgindaen $heh mbbehbdohi spe@fdi & hehs of ahé ons avighe Of the first
die 21. Fig. 5 also shows a rel ationship between the nolding tinme and 10t he
rotati on angkase blf respethgt @heorpabati veeEranpl es 1 and 4 descri bed

herei nafter. The above-descri bed operations of rotation and stopping in the
present si nvernipgg]jcan be carried out, for exanple, by sequential control.
Herein, the rotation 15stopping tine of the first die 21 can be adjusted
The extrusion molding machine 20 also includes a
cutting unit 24 for cutting the molding material extruded
through the first and second dies 21 and 22. The
moldings 10 are continuocusly obtained by cutting thus
10 extruded molding material into a predetermined length
using the cutting unit 24.
There 1s no particular limitation on the cutting
unit 24 and, for example, a conventionally known cutting
unit such as a cutter knife or a wire rod (a piano wire,
15 etc.) stretched across two guide rollers may be employed.
The cutting unit 24 may be driven by a motor so as
to cross a front surface of an extruding bore of the dies
21 and 22, and preferably to cross a front surface of the
dies 21 and 22 while being in contact with or in
20 proximity to such surface.
[0036]
Regarding the cutting position of the molding
extruded continuously, for example, the molding 10 as

shown in Figs. 1 and 2 is cut at the positions X1, X2,

25 X3, ...... where the bridge portion 11 is divided into
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according to the length of the ainmed columar portions 12. [0034] Wen the
bridge portions 11 are forned, the rotation speed of the first die 21 is

i nportant. When 20t he rotation speed is |ower than the extrusion rate of
the nol ding material through the nolding nachine 20, the bridge portions 11
may forma spiral. Therefore, the rotation speed of the first die 21 is
usually 2 times or nore, and preferably from4 tines to 10 tines as the
25extrusion rate of the nolding material. The extrusion - 30 - rate of the
nol di ng mat ettivad pagtgs @al Isjrcfvmoml Frivgl.mién stoo a2, G0 rempmEcrt, i vandy pgioefer abl y
from10 mmmn to 1,000 mimn. Such rotation speed is the sane as that in
the case of ibatiglgiengairitd osisc dnd atice 122 at5@@B35ends in thHee extrusion
nol di ng machi ne 20 al so includes a cutting unit 24 for cutting the nol ding
mat eri al ext rluted tiudriowagh dilkecftiiost ceind e caildnthaes pditarcths?22.2 . Thehaol di ngs
10 are continuously obtained by cutting thus 10extruded nol ding materi al
into a predetermwnad ingrighltagsithg texe ragittnglidricdt i24 of the mbierieég.s no
particular limtation on the cutting unit 24 and, for exanple, a

convent isonal I Krowoted thag whish Sieh mas ddeutase s eroiFigy Wi dsrod (a
piano wire, 15etc.) stretched across two guide rollers nmay be enpl oyed.

The cutting wri the2dutay nedl,drihee mdlyiidg gl B0 ;g e TSP ifgient xgurface
of an extruding bore of the dies 21 and 22, and preferably to cross a front

surface of thediteen?buvandt22hehidssilt€idig xian contact with or in
[0037]
The extrusion molding machine for the production of
10 the molding in the present invention may be provided with
a flow rate contreol valve (not shown) so as to control
the molding speed of the molding material to be extruded
through the grcoves 2l1a and the grooves 22a.
[0038]
15 Figs. 7(a) and 7(b) show another example of the
method for producing the molding of the present invention.
As shown in the drawings, in this embodiment, the grooves
2la of the first die 21 and the grooves 22a of the second
die 22 are formed in the same number (four). Therefore,
20 in the extruding operation, any one of first die 21 and
the second die 22 in sequences (i) and (iii) may be
rotated by 90 degrees. The other points are the same as
in the above embodiment. It is noted that the sgame
symbols or references are used in Figs. 7(a) and 7(b) for

25 the same constituent members as in Figs. 4(a) and 4 (b),



20proximty to such surface. [0036] Regardi ng the cutting position
of the nolding extruded continuously, for exanple, the nolding 10 as shown
in Figs. 1 and 2 is cut at the positions Xl, X2, 25X3, where the bridge
portion 11 is divided into - 31 - tw parts as shown in Fig. 6 so as to
respectively formbridge portions 11 and 11 at both ends in the

| ongi tudinal direction of the columar portions 12. The arrow Y indicates
the extrusion direction of the nolding. 5It is noted that when the nol ding
as shown i n EBErgl r&peg ittd viee delstaiiped onshareolotiingeday be cut at the
position X1 and then cut at the position X3. [0037] The extrusion nol ding
machi ne for tlle@3pdoducti on of 10the nolding in the present invention may be
provided with a flow rate control valve (not shown) so as to control the
mol di ng speed of tFaemabdidiggmahesi abthdnkd éxtruded theopghrthetgr e@ves
2la and the grooves 22a. [0038] 15Figs. 7(a) and 7(b) show anot her exanple
of the net hodollamnprogecicignishe 2nalidipagedl wilte pr @3ede tiehwe RekogaphAs shown
in the drawings, in this enbodi nent, the grooves 2la of the first die 21

and thesgroowes 222 ofrithe peeeidndi @122aahe dffokmadn A st beovamednurber
(four). Therefore, 20in the extruding operation, any one of first die 21

and the secopdt@i €nd? iih $BGUEBEES ttidinand diieck iRy JFe thet ahegahy £90
degrees. The other points are the sane as
of columnar portions 12 and joins the adjacent columnar
portions to each other, and also includes through holes
13 surrounded by a plurality of columnar portions 12 in

10 the longitudinal direction of the columnar portion 12,
and openings 14 formed on a peripheral surface (i.e. a
surface which is around the extrusion direction of the
molding 10 described hereinafter) by gaps between the
plurality of columnar portions 12.

15 Since the molding has a proper strength and a
surface area which larger than that of a catalyst
produced by the conventional production method when used
as the catalyst, a pressure loss decreases when such
moldings are packed into a fixed bed multi-tubular

20 reactor or any other kind of vessel, and the molding has
excellent catalytic activity.

[0040]
The molding of the present invention can be

preferably used not only as catalysts for the production

25 of an unsaturated aldehyde and an unsaturated carboxylic
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in the above enbodinent. It is noted that the sanme synbols or references
are used in Figs. 7(a) and 7(h) for 25the sane constituent nenbers as in
Figs. 4(a) and 4(b), - 32 - and repetitive descriptions are omtted.

[ 0039] The nol di ng thus obtained includes the plurality of columar
portions 12 disposed with a predeterm ned gap, 5 and the bridge portions 11
each of which is provided at both ends in the |ongitudinal direction of the
plurality of columar portions 12 and joins the adjacent columar portions
to each ot hepcidndndl sbtel peoddesithr otighehbbesylicsaciduddedrbped plurality
of columar portions 12 in 10 the |ongitudinal direction of the columar
portion 12, aedoepebungsaltd ber nedadgsaspeciephéyak suetaceofs. exr a surface
which is around the extrusion direction of the nolding 10 descri bed

herei naft er) chyadaps betrwdemrst Herplkheapbrbduet ioal vifnathpdeneopnsidi2, 15Si nce
the nol ding has a proper strength and a surface area which | arger than that
of a cat al ysther pducedthiynt bé eeppeithnenakipeoditk prodethddnwbenlysed as
the catal yst, a pressure | oss decreases when such nol dings are packed into
a fixedsbed ddkhilotuveihahe?Ot@acpebdoctany. efhear skinntieaficveasel thand t he
nol di ng has excellent catalytic activity. [0040] The nol di ng of
the present pavanckedncad Bedpoekarabkfousetgnelf anhputasatayakysts for the

production 250f an unsaturated al dehyde and an unsaturated carboxylic - 33
- acid and tkeophaadcbirforetbsemkhask¥birhiag efdasaeithgdether, the
production of dimethylether, dehydration of ethylbenzene,
selective hydrogenation, oxidation, denitrification,
10 hydrodesulfurization and the like.
[0041]
Catalyst for the Production of Unsaturated Aldehyde and
Unsaturated Carboxylic Acid
Production of Catalyst
15 The catalyst for the production of an unsaturated
aldehyde and an unsaturated carboxylic acid according to
the present invention is made of the molding including
the plurality of columnar portions disposed with at least
one gap; and the bridge portion which is disposed at
20 least both ends of the adjacent columnar portiong in the
longitudinal direction of the plurality of columnar
portions, and joins the adjacent columnar portiong to
each other; and alsc including the through holes

surrounded by the plurality of columnar portionsg, and the

25 openings formed on a peripheral surface by the gaps
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bel ow, but al so as catal ysts, catal yst precursors or catalyst carriers for
t he production of ethyl ene oxide, the production of propylene oxide, the
production of 1,2- 5dichloroethane, the production of a synthetic gas, the
production of hydrogen, reform ng of a natural gas, reform ng of kerosene,
reform ng of dinmethylether, the production of dinethylether, dehydration of
et hyl benzene, sel ective hydrogenation, oxidation, denitrification,
10hydr odesul furization and the |like. [0041] Catalyst for the Production of
Unsat ur at ed Akdebyde taerdcbisatarapedtCanboxyheceAni d Praodlgskbon of Catal yst
15The catal yst for the production of an unsaturated al dehyde and an
unsat ur at ed eamboxghitciackdcaapied ngitie whecpr esentinsveniiybdensmpade of
the nol ding including the plurality of columar portions disposed with at

| east one gapisandht haedbdirdge apoinddspehseblescdnppasedsat 20least both
ends of the adjacent columar portions in the |longitudinal direction of the
plurality of cembusrabxpdet mags coafdinokensmehesaditaeenthaeal mangbdpatii ons to
each other; and also including the through hol es surrounded by the
plurality of rgeehurhaenfaohtroansndamdyt hen2aepenicsgs ekamped, oniakper i pheral
surface by the gaps - 34 - between the columar portions; wherein a

catal yst conpenent,i podageiRhexudiiddemihicelicant ahag 17Rky bgenwe biigeut h

and iron as indispensabl e conponents. This conplex oxide may contain
el ement s ot hgpothan nol ybdenum 5bisnmuth and iron and may contain, for
exanpl e, nickel, cobalt, potassiumrubidium cesium thalliumand the |iKke.
2[0042] Preferred examples of the complex oxide can be
: represented by the following general formula (I}:
10 MoaBipFeAqBeC:DgOx (I)
wherein Mo, Bi and Fe represent molybdenum, bismuth and
iron, respectively, A represents nickel and/or cobalt, B
represents an element selected from manganese, zinc,
calcium, magnesium, tin and lead, C represents an element
15 selected from phosphorus, boron, arsenic, tellurium,
tungsten, antimony, gilicon, aluminum, titanium,
zirconium and cerium, D represents an element selected
from potassium, rubidium, cesium and thallium, 0 < b £ 10,
0 <c €10, L=d=£10, 1L £e <10, 1 £f £ 10and 1 < g
20 < 2 when a = 12, and X is a value determined by the
oxidation state of each element.
[0043]
Among the complex oxides, those with the following

compositions (excluding oxygen atom) are preferably used:

25 Mo12Big.1.sFep 5.5C05.10CS0 . 01-1 (I-1)
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Preferred exanples of the conpl ex oxide can be represented by the foll ow ng
general fornmula (I): 10MbaBi bFecAdBeCeDgOx (1) wherein My, H and Fe
represent nol ybdenum bismuth and iron, respectively, A represents nickel
and/ or cobalt, B represents an el enent selected from nmanganese, zinc,
calcium magnesium tin and | ead, C represents an el ement 15selected from
phosphorus, boron, arsenic, tellurium tungsten, antinony, silicon,

al umi num titanium zirconiumand cerium D represents an el enent sel ected
from potassi um ruliogiBim | cBsd wcand sbhak |sKym-.0 < bl10, 0 < (®) 1d10,

1le10, 1f10 and 1g 202 when a = 12, and X is a value determ ned by the

oxi dati on state of Meadi. el erent_-NLOQ4ShH, .--Si,. . AMNgG. 1 he confl-ex oxi des,
those with the foll owi ng conmpositions (excluding oxygen atom are

preferably uged4425Mo12Bi 0. 1 5Fe0. 5- 5Co05- 10Cs0. 01-1 - 35 -
Mb12Bi 0. 1_5Fe0. 5- 5C05- 100Sh0. i -sKo 01-1(1-2)
Mb12Bi 0. 1- 5Feo. 5- She5x3@Shaletiadsi 0£1%5740c8talyE0044bmpsunhdyw odEt eheal S of
t he catal yst, compounds of the
5 respective elements contained in the catalyst, for

example, oxide, nitrate, sulfate, carbonate, hydroxide,

oxXo acid and an ammonium salt thereof, halide, and the

like are usually used in the proportion satisfying a

desired atomic ratio.

10 For example, molybdenum trioxide, molybdic acid,
ammonium paramolybdate and the like can be used as a
molybdenum compound, bismuth oxide, bismuth nitrate,
bismuth sulfate and the like can be used as a bismuth
compound, and iron{III) nitrate, iron(III) sulfate and

15 iron{ITI) chloride, and the like can be used as an ilron
compound, respectively.

[0045]
The catalyst precursgor prepared from the above raw
materials of the catalyst is fired {(or calcined) under a

20 molecular oxygen-containing gas, and then subjected to a

heat treatment in the presence of a reducing substance.
This catalyst precursor can be usually prepared by
mixing raw materials of the catalyst in water to obtain

an agueous seolution or an agueous slurry and drying the

25 aqueous solution or the adgqueous slurry.
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5respective elenents contained in the catalyst, for exanple, oxide,

nitrate, sulfate, carbonate, hydroxide, oxo acid and an anmoni um salt
thereof, halide, and the like are usually used in the proportion satisfying
a desired atomc ratio. 10For exanple, nolybdenumtrioxide, nolybdic acid,
ammoni um par anol ybdate and the |ike can be used as a nol ybdenum conpound,

bi smuth oxide, bisnuth nitrate, bisnmuth sulfate and the |ike can be used as
a bisnmuth conpound, and iron(lll) nitrate, iron(lll) sulfate and
15iron(l11) chloridke amgihbeopbeketdan henubedcasrandi van, caapound,
respectively. [0045] The catal yst precursor prepared fromthe above
raw mat eri al exahpllee ©&t akysy &S khietadr(ob dakcitped) dupder a AQuml ecul ar
oxygen-cont ai ni ng gas, and then subjected to a heat treatnment in the

presence of aypeddeises, subsbargedryer, a Ehbshcatrgkystngr etdr $@kecan be
usually prepared by mxing raw materials of the catalyst in water to obtain
an aqueous sgbgizispn or an aqueous slurry and drying the 25aqueous sol ution
or the aqueous slurry. - 36 - The drying operation can be carried

out, for exanple, byeushRglgsknpadetrsarberthipeddayeie asdeumetiype dryer,
a spray dryer, a flash dryer and the like. [0046] 5The catal yst precursor

obt ai ned abowgdes &in' edmbRgEETAN o3t BDERNCLE 10 8xPBkACUbAtaining gas. .
oxygen-cont ai ni ng gas. The concentration of nolecular oxygen in"this gas is

usual |y fromrhe¥ebocdR %Y ovobmic12re 1R bR akhy ihr emiL0ghst @525 % by
vol une. 10As a nol ecul ar oxygen source, air or pure oxygenis

usually from 1 % to 30 % by volume, and preferably from

10 % to 25 % by volume.

10 As a molecular oxygden source, alr or pure oxygen is
usually used and is optionally used as the molecular
oxygen-containing gas after diluting with nitrogen,
carbon dioxide, water, helium or argon.

The firing temperature is usually from 300 °C to

15 600 °C, and preferably from 400 °C to 550 °C. The firing
time is usgually from 5 minutes to 40 hours, and
preferably from 1 hour to 20 hours.

[0047]
In the present invention, the catalyst obtained by

20 the above firing operation is subjected to a heat
treatment in the presence of a reducing substance
(hereinafter, the heat treatment in the presence of the
reducing substance is sometimes simply referred to be a
reduction treatment). It is possible to effectively

25 improve activity of the catalyst by such a reduction
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usually used and is optionally used as the nol ecul ar oxygen-contai ni ng gas
after diluting with nitrogen, carbon dioxide, water, heliumor argon. The
firing tenperature is usually from300 C to 15600 00, and preferably from
400 00 to 550 C. The firing tinme is usually fromb5 mnutes to 40 hours, and
preferably from1 hour to 20 hours. [0047] In the present invention, the
cat al yst obtai ned by 20t he above firing operation is subjected to a heat
treatment in the presence of a reducing substance (hereinafter, the heat
treat ment inttketpeasence of the reducing substance is sonetines sinply
referred to be a reduction treatnent). It is possible to effectively
25i nprove act[bedBy of the catal yst by such a reduction - 37 - treatnent.
[ 0048] Exanpl es of the reduci ng substance include hydrogen, ammoni a,
carbon nonoxi de, axhygileeavlionhecamreadlucingl suietaalcde Hyed udan hydraeeand t he
| i ke, and two or nore kinds of these reducing substances can be optionally
used. Her ei namhbaihydracachomontie dal, cahalydrolke raloaehyte aarehbhe ag ne
preferably respectively have about 1 to 6 carbon atonms, and exanples of the
hydr ocasbon mndktgeecanaal bphaki andOhyndr Qaaehorsids teld a3 mRkarendet baEne,
propane, n-butane,
these reducing substances can be opticnally used. Herein,
the hydrocarbon, the alcohel, the aldehyde and the amine
preferably respectively have about 1 to 6 carbon atoms,
and examples of the hydrocarbon include an aliphatic
10 hydrocarbons such as methane, ethane, propane, n-butane,
isobutane and the like; an unsaturated aliphatic
hydrocarbons such as ethylene, propylene, a-butylene, -
butylene, isobutylene and the like; benzene and the like.
Examples of the alcohol include a saturated aliphatic
15 alcohols such as methyl alcohol, ethyl alcchol, n-propyl
alcohol, iscpropyl alcohel, n-butyl alcohel, isobutyl
alcohol, secondary butyl alcochol, tertiary butyl alcohol
and the like; an unsaturated aliphatic alcochols such as
allyl alcohol, crotyl alcohol, metallyl alcchol and the
20 like; phenol and the like.
Examples of the aldehyde include a saturated
aliphatic aldehydes such as formaldehyde, acetaldehyde,
propionaldehyde, n-butylaldehyde, isobutylaldehyde and

the like; and an unsaturated aliphatic aldehydes such as

25 acrolein, crotonaldehyde, methacrolein and the like.



i sobutane and the |ike; an unsaturated aliphatic hydrocarbons such as

et hyl ene, propyl ene, a-butylene, pbutylene, isobutylene and the I|ike;
benzene and the |ike. Exanples of the al cohol include a saturated aliphatic
15al cohol s such as nethyl al cohol, ethyl alcohol, n-propyl alcohol,

i sopropyl al cohol, n-butyl alcohol, isobutyl alcohol, secondary butyl

al cohol, tertiary butyl alcohol and the |ike; an unsaturated aliphatic

al cohol s such as allyl alcohol, crotyl alcohol, netallyl alcohol and the
20l i ke; phen&xaapdethefl ithe amine inExadel es seftutraced e@dhiyptetiiacl ude a
saturated aliphatic al dehydes such as formal dehyde, acetal dehyde,

pr opi onal dehypté nes- lsuicyl alsdeteyrde,l amsoleyt Wiaeddyndeismd tthe reithe;laaricthean
unsaturated aliphatic al dehydes such as 25acrol ei n, crotonal dehyde,

met hacr ol ei neahglihe nlei, k €lieth38 aminkx anplies hef aitiecaringe tihecllite ;aan
saturated aliphatic am nes such as nethyl am ne, di nethyl am ne,

trimet hyl am nesaetirpted ad ipthattiy badines, suchetlzy laamyviardnd  t he |1 ke; an
unsaturated aliphatic am nes such as allylamne, 5diallylamne and the

i ke; ami|inaiandytlbeikniekand @049]1ikke medudticomrid edlemike.s usual |y
carried out by subjecting the catalyst to a heat treatnent under an

at nospher e offoa4gas containing the above reduci ng 10subst ance. The
concentration of the reducing substance in this gas is usually fromO0.1 %
to 50 % by vol une, Tpeeferaklcy ohr efedchehe 3@ Ushy 1Vgl uarriadd ol@r &y

preferably from3 %to 30% by volune, and the reducing substance may be
15diluted w shbhebha@en theaik@R 1¢iseXitde a WRber triReltnéft under an
- atmosphere of a gas containing the above reducing

10 substance.

The concentration of the reducing substance in this
gas is usually from 0.1 % to 50 % by volume, preferably
from 1 % to 50 % by volume, and more preferably from 3 %
to 30% by volume, and the reducing substance may be

15 diluted with nitrogen, carbon dioxide, water, helium,
argon or the like so as to adijust to the concentration
within the above range. The molecular oxygen may be
allowed to exist as long as the effects of the reduction
treatment are not impaired, but may be usually absent.

20 [0050]

The temperature of the reduction treatment is
usually from 200 °C to 600 °C, and preferably from 300 °C
to 500 °C. The time of the reduction treatment is
usually from 5 minutes to 20 hours, and preferably from

25 30 minutes to 10 hours.
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argon or the like so as to adjust to the concentration within the above
range. The nol ecul ar oxygen may be allowed to exist as long as the effects
of the reduction treatnment are not inpaired, but nay be usually absent.

20[ 0050] The tenperature of the reduction treatnment is usually from
200 Cto 600 C, and preferably from300 Cto 500 C. The tine of the
reduction treatnent is usually from5 mnutes to 20 hours, and preferably
from 2530 mnutes to 10 hours. - 39 - The reduction treatnent is
preferably carri edToet rediuce ipas sineg taegds icoptraiferatply cedudiedg ositibst ance
t hrough vessel such as a tube or a box after charging the catalyst in the
vessel . Duri mipitilee peedlici en geseaiomertinibighe gastudiisghandged sfrcem t he vesse
may al so be recycled. It is also possible that after a reaction tube for
vapor - phase c¢atrauphl vessiedatsivath s packéeed wirt b tloe efitalry sthaand righe he
reduction treatnment of the catalysts is carried out by passing a gas
cont ai ni ng t bateéduti 1 t0subsisaede thupigh the redottdont ubeatibet,
vapor - phase catal ytic oxidation is subsequently carried out. [0051] Mass

| oss of sthe cakalgpst dischsualddy faksetrd vidiselghayhe lsedied ireitvidledt. ment
and it is considered that 15such mass | oss arises since the catalyst |oses
its lattice oxygenIitThe sas® pessibill @hkt AFeker ablrealcta®drO d»e96ct0 6 96,

and nore preferably from0.1 1 to 5 96. Wen the reducti on excessively
proceeds andvhids-theseRsstalytic oxidation is packed with the
catalyst and the reduction treatment of the catalysts is
carried out by passing a gas containing the reducing
10 substance through the reaction tube, the vapor-phase
catalytic oxidation is subsequently carried out.
[0051]
Mass loss of the catalyst is usually observed
through the reduction treatment and it 1s considered that
15 gsuch mass loss arises since the catalyst loses its
lattice oxygen. The mass loss ratio is preferably from
0.056 % to 6 %, and more preferably from 0.1 % to 5 %.
When the reduction excessively proceeds and thus the mass
loss excessively increases, the catalytic activity
20 sometimes deteriorates, on the contrary. In this case,
the mass loss ratio may be decreased by firing the
molecular oxygen-containing gas again under the
atmosphere of the molecular oxygen-containing gas. It is
noted that the mass loss ratio is determined by the

25 following equation.
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| oss excessively increases, the catalytic activity 20soneti nes
deteriorates, on the contrary. In this case, the nass loss ratio may be
decreased by firing the nol ecul ar oxygen-contai ning gas agai n under the

at nosphere of the nol ecul ar oxygen-containing gas. It is noted that the
mass loss ratio is determ ned by the 25foll owi ng equation. - 40 - [0052]
Mass loss ratio (%9 = [(nass of catal yst before reduction treatnent - mass
of catalyst after reduction treatnment)/(nmass of catal yst before reduction
treatnent)] 3%085Q0 [ 0053] In the case of the reduction treatnment, a
reduci ng substance per se and/or a deconposition product derived fromthe
reduci ng subst anceMsesgelibgesraetai (%Onki l (hheslBcatakyiysaf befotrhe
reduction treatnent depending on the kind of the reduci ng substance to be
used and heatetibeatipRntreandichitonsmakie sifckatedwisni agtkappedsctabher
measuring the mass of the remai ni ng substances on/in the catal yst, the mass
after the reduebitent)gdhaest ofayahallstabedbaktedelyceibly aetiangehne ] mass
of the remai ni ng substances fromthe mass of the catal yst containing the
remai ni gg sukstignces. Since a nmain substance of the remaining substances is
typically carbon, for exanple, the mass may be determ ned by neasuring am
amount of 20tielalzjcarbon (TC). [0054] It is noted that the catal yst
of the present invention nay be nolded at the stage of a catal yst precursor

or after firing thencahal ¥skePb@CHMEOked@btion treatment, a reducing
substance per se and/or a decomposition product derived
from the reducing substance sometimes remain on/in the
io0 catalyst after the reduction treatment depending on the
kind of the reducing substance to be used and heat
treatment conditions. In such remaining happens, after
measuring the mass of the remaining substances on/in the
catalyst, the mass after the reduction treatment may be
15 calculated by subtracting the mass of the remaining
substances from the mass of the catalyst containing the
remaining substances. Since a main substance of the
remaining substances is typically carbon, for example,
the mass may be determined by measuring am amount of
20 total carbon (TC}.
[0054]
It is noted that the catalyst of the present
invention may be molded at the stage of a catalyst
precursor or after firing the catalyst precursor, or

25 after carrying cut the reduction treatment of the
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25after carrying out the reduction treatnent of the - 41 - catalyst
precursor. [0055] Production of Unsaturated Al dehyde and Unsat urated
Carboxylic Acid 5Acrolein and acrylic acid can be produced in a good yield
by the vapor-phase catal ytic oxidation of propylene with nol ecul ar oxygen
usi ng the above nentioned catal yst. Al so, nethacrolein and nethacrylic acid
can be produced in a good yield by the vapor-phase catal ytic oxidation of
10i sobutyl ene and/or tertiary butyl alcohol with nolecul ar oxygen. [0056]
The vapor - phaseatgkal priecugxodat i on reaction is usually carried out by
packing a fixed bed nmulti-tubular 15reactor with a catalyst and feeing a
raw gas cont adinesg a raw conpound sel ected from propyl ene, isobutyl ene and
tertiary butyl al cohol, and nol ecul ar oxygen. Al so the reaction can be
carried out produtkibti a€dubedtotrakedoRlAghaed. a2GAURshEuaakl y used as a

nol ecul ar oxygen source, and the raw gas contains, as conponents other than
the raw conpeur@oaRdith@chal ecul ar oxygen, nitrogen, carbon dioxide, carbon
nonoxi de, steam and/or the |ike. [0057] 25The reaction tenperature is
usual ' ysfrom 250 Cak@olein and acrylic acid can be produced in a good

vield by the vapor-phase catalytic oxidation of propylene

with molecular oxygen using the above mentioned catalyst.

Also, methacrolein and methacrylic acid can be produced

in a good yield by the vapor-phase catalytic oxidation of

10 isobutylene and/or tertiary butyl alcohol with molecular

oxygen.
[o056]

The vapor-phase catalytic oxidation reaction is
usually carried out by packing a fixed bed multi-tubular

15 reactor with a catalyst and feeing a raw gas containing a
raw compound selected from propylene, isobutylene and
tertiary butyl alcohol, and molecular oxygen. Also the
reaction can be carried out in a fluidized bed or a
moving bed.

20 | Air is usually used as a molecular oxygen source,
and the raw gas containsg, as components other than the
raw compound and the molecular oxygen, nitrogen, carbon
dioxide, carbon monoxide, steam and/or the like.

[0057]

25 The reaction temperature is usually from 250 °C to



- 42 - 400 C, and the reaction pressure may be a reduced pressure but is
usual ly from 100 kPa to 500 kPa. The anmount of the nol ecul ar oxygen is
usually from1l to 3 nol per nol of the raw conpound. The space velocity SV
of 5the raw gas is usually from 500/ hour to 5,000/ hour in ternms of the
standard tenperature pressure (STP). [0058] Catal yst Made of

Het er opol yoxi de for the Production of Methacrylic Acid 10Production of

Cat al yst The catal yst for the production of nethacrylic acid
accordi ng to40le °gr,esext thevesticonons paecsatakysbhyniee aofreduneldi ng whi ch
includes a plurality of columar portions disposed with at |east one gap;
and bri dge poreicensecach i1k5ualawiiyclirios diogpaFedtat sleakPabothhends in

| ongi tudi nal directions of a plurality of adjacent columar portions, and
joins the adpacent odl thramoferiilans okggeachsotlsen]l 1gndrnhi ¢htrodi mglal so
i ncl udes through holes surrounded by the plurality of colummar portions,
and openi ngsp2ef acnedfonha paw pbapalunsurf ate gpatbevabbdityg by af gap

bet ween the adj acent col umar portions; wherein a catal yst conponent is
made of sa het@reopaky gasl dsCapalng cepmasriorgoat: lteast, oplogaphaer i and

nol ybdenum and the heteropoly acid conpound nmay al so be a free heteropoly
25acid or a sekinsobfathet erepdkydacetpethe ugat plrgstsure43 sTP)conponent s
preferably made of an acidic salt (partially neutralized salt) of the

het eropol y aqipgdssand nore preferably made of an acidic salt of Keggin type
het er opoly aci d. 5[ 0059] More preferably, the above nentioned

het eropol y acihdag@rpowadeobrt e teabpbysoxfivet Fer ¢ort pdduvanad bh at
| east one kind of an el enent sel ected from potassi um rubidium cesium and

thal i um (whivelthagrHarel nafiger 10sonetinmes referred to as an X el enent) and
at | east one

10 Production of Catalyst
The catalyst for the production of methacrylic acid

according to the pregsent invention is a catalyst made of
a molding which includes a plurality of columnar portions
disposed with at least one gap; and bridge portions each

15 of which is disposed at least both ends in longitudinal
directions of a plurality of adjacent columnar portions,
and joins the adjacent columnar portions to each other;
and which moding also includes through holes surrounded
by the plurality of columnar portions, and openings

20 formed on a peripheral surface of the molding by a gap
between the adjacent columnar portions; wherein a
catalyst component is made of a heteropoly acid compound
containing at least phosphorus and molybdenum, and the
heteropoly acid compound may also be a free heteropoly

25 acid or a salt of a heteropoly acid. The catalyst
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kind of an elenent selected from copper, arsenic, antinony, boron, silver,
bi smuth, iron, cobalt, zinc, |anthanum and cerium (which is hereinafter
sonetinmes referred to as a Y elenent). Usually, a catalyst 15containing 3
atons or |ess of each phosphorus, vanadium the X elenment and the Y el enent
based on 12 nol ybdenum atons is preferably used. [0060] As the raw materi al
of the above nentioned catal yst, 20conpounds containing the respective
el enents which are to be contained in the catal yst, for exanple, an oxo
aci d, an oxolkampongntoxisdpredemafrlat made odr bonarddia kpditoXipdetialhgl i de
and the like of the respective elenents are usually used in anmounts which
satisfy a desieugdadtiesidc s231tat iod. thedheteropoly akdd,eranpherea phosphoric
acid, a phosphate or the | ke is used as a compound contai ni ng phosphorus; a
nol ybdi ¢ aci ¢redemabyjlydakele aimahnybdédim exilde ofa Keoloymderwe chl ori de or
the like is used as a conpound 5cont ai ni ng nol ybdenum and a vanadi ¢ aci d,
a vanadat e, aevamagiolm exiide, a vanadiumchloride or the like is used as a
conmpound cont ai ni ng vanadi um Furthernore, an oxide, a nitrate, a
car bonatse, a [logdedxi de, a halide or the like is used as a conpound
containing the X elenent, and an 10oxo acid, an oxolate, nitrate, a
carbonate, a hydroxbge, paeliarbiie yor thheabbke mentsededshhateespound
containing the Y el enent.

acid compound of the catalyst further contains vanadium,

at least one kind of an element selected from potassium,
rubidium, cesium and thallium (which is hereinafter

10 sometimes referred to as an X element) and at least one
kind of an element selected from copper, arsenic,
antimony, boron, silver, bismuth, iron, cobalt, zinc,
lanthanum and cerium (which is hereinafter sometimes
referred to as a Y element). Usually, a catalyst

15 containing 3 atoms or less of each phosphorus, vanadium,
the X element and the Y element based on 12 molybdenum
atoms is preferably used.
[0060]

As the raw material of the above mentioned catalyst,

20 compounds containing the respective elements which are to
be contained in the catalyst, for example, an oxo acid,
an oxolate, an oxide, a nitrate, a carbonate, a hydroxide,
a halide and the like of the respective elements are
usually used in amounts which satisfy a desired atomic

25 ratio.



[0061] In the present invention, the raw materials of the 15catal yst are

mxed in water so as to obtain an agqueous m xture containing the raw
materials of the catalyst, and after drying the aqueous m xture, a

first-stage firing is carried out under an oxidizing gas atnosphere at a
Such a drying operation is 20preferably carried

predet erm ned tenperature.
out by spray drying using a spray dryer. After such drying, the resultant

dried product nay be nolded into a predeterm ned shape as descri bed

her ei nafter,

fol | oled byampferst- phagehbiricngcidl t er phvispbiye att Bhesuch

drying, the dried product may 25be subjected to a heat treatnent

(pre-firing) lkeolisoweed- a45a- copompkidicegtandifhgr phesphiorsis; stage firing.

Al ternatively, after drying, the dried product may be nol ded, followed by a

heat treat mrenblipdect acidg) aamsliindbiter, & msilybtiagenf oxiidg., Bpon carrying

out such nol ding, the dried 5product may be nol ded into a col umar shape,

a

spheri cal shapéybdenungchiapdder ctrhehki Rékesiisguaedokdi ag camgoiuhdnecessary.

When the dried product

300 C. [0062fahtdismebkedel, va whaaddmmagheoud da xicutdeCcQnikal disngsad

anmoni um radi cal (or ion) is obtained by using an 15ammoni um conpound as

the raw mat esisala @oniphendat@nstining vanadium. Furthermore, an oxide,

10

15

20

25

a nitrate, a carbonate, a hydroxide, a halide or the like
is used as a compound containing the X element, and an
oxo acid, an oxoclate, nitrate, a carbonate, a hydroxide,
a halide or the like is used as a compound contailning the
Y element.

{0061]

In the present invention, the raw materials of the
catalyst are mixed in water so as to obtain an aqueous
mixture containing the raw materials of the catalyst, and
after drying the agqueous mixture, a first-stage firing is
carried out under an oxidizing gas atmosphere at a
predetermined temperature. Such a drying operation is
preferably carried out by spray drying using a spray
dryer. After such drying, the resultant dried product
may be molded into a predetermined shape as described
hereinafter, followed by a first-stage firing.
Alternatively, after such drying, the dried product may

be subjected to a heat treatment (pre-firing), followed

- 45 -

is subjected to the heat treatnment (pre-firing),
such heat tresahtraihing poéfiedablyn;cand edvanbdinderian at rasplkdete, ol an
10oxi di zi ng gas or a non-oxidizing gas at a tenperature of about 180 Cto



and/ or addi ng ammoni a and/or an ammonium salt as the raw material, the
obt ai ned aqueous m xture is nolded after subjecting to the heat treatnent,
or the obtained aqueous m xture is subjected to the heat treatnment after
nol di ng. 20According to these preparations, it is possible to forma
structure of a Keggin type heteropoly acid salt during the heat treatnent,
and the Keggin type heteropoly acid salt thus obtained becones particularly
preferred subject to be fired according to the present invention. 25[0063]

- 46 - by Imolidhegraese murtheentfi omgt aedttagye thierialmpy e Adriydmg tdperlat,i on,
a first-stage firing operation is carried out under an atnosphere of an

oxi di zi ng gasfatera dqaryechet, e itien ed iteehparcatudte matyhér od deelyp eEdtluwed S

rai sed 5to a predeterm ned tenperature under an atnosphere of a

non- oxi di zi n@pygas heent airkiangentprigdet-aridingd amouturaheratrdrstandaifken a
second-stage firing operation is carried out under an atnosphere of a

non- oxi di zi nFigdsigat @ppnedeteyihgeduteppenainuldingt tRepassell e to produce
a 10catal yst for the production of methacrylic acid in a satisfactory yield

of met hacryl ipggoaict Wwiahh ban mexereld dmtcCatl Aoisindair ehape by epHarirgout a
series of the above nentioned nolding, firing, tenperature raising and

firing operatghepe, OHARAshape or TR @aikd ZigiGhgdas rdSed rgn atile 1 £
first-stage firing operation is a gas containing an oxidizing substance and

is typicallyne@epgen- CRREAI 0hadagasd ?@ddhbe Qxygepnjeeneantbathen is
usual ly fromabout 1 %to 30 9,5- by volune. 20Air and pure oxygen are

usual Iy usednast! R Re@eR SYPHCE iahaAr e Rl oRald Y rddtdeed Wid h an inert
.gas. The oxidizing gas used in the first-stage firing operation nay

optionally copl¥eradly orri@dlOuldo By WP ndBinelrd &t afd preferably
0.5 96 to 5 %by volune of 25npisture. - 47 -
10 oxidizing gas or a non-oxidizing gas at a temperature of
about 180 °C to 300 °C,
[0062]
It is effective when an aqueous mixture containing
an ammonium radical (or ion) is obtained by using an
15 ammonium ccmpound as the raw material of the catalyst
and/or adding ammonia and/or an ammonium salt as the raw
material, the obtained aqueous mixture is molded after
subjecting to the heat treatment, or the obtained agueous
mixture is subjected to the heat treatment after molding.
20 According to these preparations, it is possible to form a
structure of a Keggin type heteropoly acid salt during
the heat treatment, and the Keggin type heteropoly acid
salt thus obtained becomes particularly preferred subject

to be fired according to the present invention.

25 [0063]
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[ 0065] The tenperature of the first-stage firing operation is from
300 Cto 400 C, and preferably from360 Cto 400 C. Wen the tenperature of
the first-stage firing 5is | ower than 300 00, the resultant catalyst
sonetimes shows insufficient activity. In contrast, when the tenperature is
hi gher than 400 C, since the catalyst is likely to be deconposed and
sintered, the resultant catalyst sonetinmes shows insufficient activity.

10[ 0066] After the first-stage firing operation, the tenperature is raised
to 420 00 or hi ghefnunder parsatibtpsphentioh, aafibtrroxhdi abpgegdsydéogt ai ning a
predet erm ned anmount of water. The non-oxidizing gas as 15used herein is a
gas whi ch doegemat: isuhstarttiraltl-gtaget diriay opetdiatiog sebsbamiedsoak as
oxygen or the |ike, and exanpl es thereof include inert gases such as

ni trogen, caubderdiaoxiedeoshpeleremofangomxdidd ztilneg lgalkke atThe content of water
in the non-oxidizing gas is from0.1 %to 10 % 20by vol une, and preferably
fromO0.5 1 tered¥kymidledmeendhenttilre  cahicent-hies teegertitamre0it Uebygedol une,
the resultant catal yst sonetimes shows insufficient activity. [0067]

After the tempenapukeetiesmitedpekaipedntudesetidad- adbatagepheiengfoper ation
is carried out under an atnosphere - 48 - of a non-oxidizing gas at a

pr edet er m negohedpedzunhg. ghlke coarpenhdhe & @ireldhe e3fdeRrd- sagetf bEi ng
operation is from400 Cto 500 C, and preferably from420 Cto

water, and then a second-stage firing operation is
carried out under an atmosphere of a non-oxidizing gas at
a predetermined temperature. It is possible to produce a

10 catalyst for the production of methacrylic acid in a
satisfactory yield of methacrylic acid with an excellent
catalyst lifetime by carrying out a series of the above
mentioned molding, firing, temperature raising and firing
operations.

15 [00&4]

The oxidizing gas used in the first-stage firing
operation is a gas containing an oxidizing substance and
is typically an oxygen-containing gas, and the oxygen
concentration is usually from about 1 % to 30 % by volume.

20 Ajr and pure oxygen are usually used as the oxygen source
and aré optionally diluted with an inert gas. The
oxidizing gas used in the first-stage firing operation
may optionally contain 0.1 % to 10 % by volume of

moisture, and preferably 0.5 % to 5 % by volume of

25 moisture.
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450 C. When the tenperature of the second-stage firing 5is |ower than 400
C, the resultant catal yst sonetinmes shows insufficient activity. In
contrast, when the tenperature is higher than 500 00, since the catalyst is
| i kely to be deconposed and sintered, the resultant catal yst sonetines
shows insufficient activity. 10[0068] The non-oxi di zing gas used in
the second-stage firing operation is a gas which does not substantially
contain an oxidi zing substance such as oxygen, simlarly to the above, and
t he non-oxi difgzeAglgas used in the 15second-stage firing nmay contain water
or needs contain no water. \Wen water is contained, the content of water is
usual ly from 0.1 96htot&fip8Gabyreobfimeheafdrptebérngkl fifriom Opbr&sionSby
vol une. [0069] 20Each of firing times is appropriately adjusted and is
usual |y fromigbautmlibourct @c2@ckhodrcs. afide ptreffpenailyr € roal SikNgeCi M@ i S
usually fromabout 0.5 hours to 10 hours. It is preferred to carry out the
firing operatioonscor wWhent enpetatperatarsi of oper Alrsu-whage 25f1wgv ng, as
an at nosphere gas upon such operation, a gas - 49 - which is to be used in
such operati as. 1dhersegaancecoct hehki krebuitage kiatiangsepevakicamessi ng the
oxi di zing gas and the second-stage firing using the non-oxidizing gas may
be reversed. shb@R70hsBreductngnaet iMetthacr yhi eoRerdst, when the

temperature is higher than 400 °C, since the catalyst is

likely to be decomposed and sintered, the resultant

catalyst sometimeg shows insufficient activity.

10 [0066]
After the first-stage firing operation, the

temperature is raised to 420 °C or higher under an

atmosphere of a non-oxidizing gas containing a

predetermined amount of water. The non-oxidizing gas as

15 used herein is a gas which does not substantially contain

an oxidizing substance such as oxygen or the like, and

examples thereof include inert gases such as nitrogen,

carbon dioxide, helium, argon and the like. The content

of water in the non-oxidizing gas is from 0.1 % to 10 %

20 by volume, and preferably from 0.5 % to 5 % by volume.
When the content is less than 0.1 % by volume, the
resultant catalyst sometimes shows insufficient activity.
[0067]

After the temperature rising operation, a second-

25 stage firing operation is carried out under an atmosphere
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Met hacrylic acid can be produced in a satisfactory yield by vapor-phase
catalytic oxidation of at |east one kind of a conpound selected from

met hacr ol ei n, 10i sobutyl al dehyde, isobutane and isobutyric acid with

nmol ecul ar oxygen using the catal yst made of the heteropoly acid. [0071]

Met hacrylic acid is usually produced by packing a 15fi xed bed pol ycyclic
reactor wth the above nentioned catal yst and feeding a raw gas contai ni ng
a raw conpound and oxygen into the fixed bed reactor. Al so, the reaction
can be carri ed aunonnoaifiigidigzedsbed er paedevemyibed. tAmperstuseal |y used
as an oxygen source, and 20the raw gas may contain, as conponents ot her

t han t he r awThemeuwpdrandrexpdenhenisecogen stegebdn rdngx cgeratappons

nonoxi de, steam and the |ike. [0072] When net hacrolein is
used as the rfawmmaber iral Lot Be25Ceaatidoprieseusbalyl ¥ roar #i2eéd °cutounder t he
conditions of - 50 - the concentration of nethacrolein in a rawgas of 1 %

to 10% by vohswoepect. hewnehathe ate@petaouygent t chaesbacndl etagef firing5, the
space vel ocity of 500/ hour to 5000/ hour (STP basis), the reaction

t enper atsure ok 2b@e€ thadb5Q 06 Sand thke reeadtibon phesdyse eometimBa to 0.3
MPa. Methacrolein as the raw material needs not to be a high purity
product, andshesexagplFEicdentackicakripfoduth gasteastai whag oréhacrol ein

can al so be used which gas is obtained by the vapor phase catal ytic
reaction of i@mpebdtylenes HAQAR3lr than 500 °C, since the catalyst is
likely to be decomposed and sintered, the resultant
catalyst sometimes shows insufficient activity.
10 [0068]

The non-oxidizing gas used in the second-stage
firing operation is a gas which does not substantially
contain an oxidizing substance such as oxygen, similarly
to the above, and the non-oxidizing gas used in the

15 gecond-stage firing may contain water or needs contain no

water. When water is contained, the content of water is

d@

usuwally from 0.1 to 10 % by volume, and preferably from

o\?

0.5 to 5 % by volume.
[0069]

20 Each of firing times is appropriately adjusted and
is usually from about 1 hour to 20 hours. The
temperature raising time is usually from about 0.5 hours
to 10 hours. Tt is preferred to carry out the firing

operations or the temperature raising operation while

25 flowing, as an atmosphere gas upon such coperation, a gas
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Al so, when isobutene is used as the raw material, the reaction is usually
carried out under the conditions of the concentration of isobutane in the
raw gas of 1 % 15to 85% by vol une, the steam concentration in the raw gas
of 3 %to 30 %by volune, the nolar ratio of oxygen to isobutene of 0.05 to
4, the space velocity of 400/h to 5000/ h (STP basis), the reaction rate of
250 Cto 400 C and the reaction pressure of 0.1 MPa to 1 MPa. Wen 20

i sobutyric acid or isobutylal dehyde are used as the raw material, neatly

t he sane reawhich dendict bensisasl timosechs egewhénomet hEoe obegmenseused as the
raw material are enployed. [0074] 25Al um num Titanat e- Based Crystal Mol di ng
- b1 - theTHé rotl-dicageoff itrthagp pesentt iiony estingn the axdolidiing whisch
includes a plurality of columar portions disposed with at |east one gap;
and a bri dgeapdr then swkibak -issadies fdsddgatusliegs theotnbnepdd dir ihgngiatudi nal
directions of 5the pl plurality of ural columar portions, and joins

adj acent col megabepaet/ceed.o each ot her; and al so which includes through
hol es surrounded by the plurality of columar portions, and openings forned
on a pesi pherfalo7edrf ace by a gap between the adjacent col umar portions;

10t he nol di ng containing an alum numtitanate crystal. [0075] In the
present inveptrcanctibe ool dictdpaceptidicninagd he al um num titanat e- based
crystal is produced by firing a nolding of a raw m xture which contains an

al um num 15sour ce mewHetrgndcaatitiagaunpsopirogupedden, aapdtlibgakawriy Xt ure
may further contain a magnesi um source powder and a silicon source powder.

The phrase "g¢@gta ByNgapbrabusiseudatal Frdice dhagied ieny sifalkt mears that an
-al um num titanate-based crystal phase exists in a crystal phase
kind of a compound selected from methacrolein,

10 isobutylaldehyde, isobutane and isobutyric acid with
molecular oxygden using the catalyst made of the
heteropoly acid.

[0071]
Methacrylic acid is usually produced by packing a

15 fixed bed polycyclic reactor with the above mentioned
catalyst and feeding a raw gasgs containing a raw compound
and oxygen into.the fixed bed reactor. Alsoc, the
reaction can be carried out in a fluidized bed or a
moving bed. Air is usually used as an oxygen source, and

20 the raw gas may contain, as components other than the raw
compound and oxygen, nitrogen, carbon dioxide, carbon
monoxide, steam and the 1like.

[0072]
When methacrolein is used as the raw material, the

25 reaction is usually carried out under the conditions of



20constituti

ng the nolding, and the alum numtitanate-based crystal phase

may be, for exanple, an alum numtitanate crystal phase, a magnesi um
alum numtitanate crystal phase and/or the |like, and al so nay contain other
crystal phases. 25[0076] - 52 - The above nentioned nol di ng

contai ns at

| east titanium and al um num el enents and soneti nes cont ai ns,

in

addition to these el enents, nmagnesium and silicon. Furthernore, the nolding
may contain elenents other than 5titanium alum num nmagnesi um and silicon

and al so may tentcaineerftaia texanplfe metihseamilenn timngs trew, gaer ioddml Sodioum

iron and the

powder cont ailéd hyn viclemregw thieX tnarie ru sedt iion dthexjygesenio imatenRidran cis a

l'i ke. [0077] Al um num Source Powder 10The al um num source

powder of a conpound whi ch contains al um num el enment constituting the
mol di ng. Examyd as tef St,hehal wpanwmvedurcde v @fd e o/mehirde ca spawdéiouaf an

alumna (alu

m num oxi de, Al 203). The 15crystal form of alum na incl udes,

for exanple, (BTFYpasipeudbhey reppe.idn termer@ thiee ofa 25ppec Rd wEe, o type,

X type and K type, and al so may be anorphous. [0078] The al um num source
powder used iahd htepresestti c20ipheenriuren omy .he Mpapawern .af Mpaconpound which

is converted

10

15

20

25

Methacrolein as the raw material needs not to be a high
purity product, and for example, a reaction product gas
containing methacrolein can also be used which gas is
obtained by the vapor phase catalytic reaction of
isobutylene.

[0073]

Also, when isobutene ig used as the raw material,
the reaction is usually carried out under the conditions
of the concentration of isobutane in the raw gas of 1 %
to 85% by volume, the steam concentration in the raw gas

cof 3

o\®

to 30 % by volume, the molar ratio of oxygen to
isobutene of 0.05 to 4, the space velocity of 400/h to
5000/h (8TP basis), the reaction rate of 250 °C to 400 °C
and the reaction pressure of 0.1 MPa to 1 MPa. When
isobutyric acid or isobutylaldehyde are used as the raw
material, neatly the same reaction conditions as those
used when methacrolein is used as the raw material are
employed.

[0074]

Aluminum Titanate-Based Crystal Molding
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into alumna by firing alone in air. Exanples of such conpound include an
al um num salt, an al um num al koxi de, an al um num hydr oxi de, netallic

al umi num and the like. [0079] 25The alum numsalt may be an al um num
inorganic salt - 53 - wth an inorganic acid, or an alum num organic salt
wi th an organic acid. Specific exanples of the alum numinorganic salt

i nclude al um num nitrates such as alum numnitrate, 5alum num ammoni um
nitrate and the |ike; alum num carbonates such as al um num ammoni um
carbonate and t he [Mhkemcdldinignoth chkoprdesnandntreetlioke 1 sSpeoflddéngxanpl es
of the al um num organic salt i nclude al um num oxal ate, al um num
acetate, al umivich Lostledat @ paluEiligm lodc tatleymnalruportihonau datseposed t he

| i ke. [0080] Speci fi c exanpl es of the al um num al koxi de i ncl ude

al um num i sopriemoxitda.eaaitutngu faet; hexidde, ralidgen porseebuttXicte isal um num
tert-butoxide and the |ike. 15[0081] The al um num hydr oxi de may be,
for exanpl e, ddgpalsed BEMlREGTOvcdd Wnds arncnysigdltudipe ls ddlreas iginldbsitt e
type, bayerite type, norstrandite type, boehmte type or pseudo boehmte

type, amd al shenpy BREuaE 1dAR RIFOUSad0@lciimmaA Mdtdends. and joinkhe
anor phous al um num hydr oxi de al so i ncludes, for exanple, alum num

hydrol yzate ebjaiceed Ry 1hyeel Fbﬁ_&go@z@ agUeruh eheli;0rndf ad swatericsol ubl e
al um num conmpound such as an alum num salt, an al um num al koxi de or the
includes through holes surrounded by the plurality of
columnar portions, and openings formed on a peripheral
surface by a gap between the adjacent columnar portions;
10 the molding containing an aluminum titanate crystal.
[0075]
In the present invention, the molding containing
the aluminum titanate-based crystal is produced by firing
a molding of a raw mixture which contains an aluminum
15 source powder and a titanium source powder, and the raw
mixture may further contain a magnesium source powder and
a silicon source powder. The phrase “containing an
aluminum titanate-based crystal” means that an aluminum
titanate-based crystal phase exists in a crystal phase
20 constituting the molding, and the aluminum titanate-based
crystal phase may be, for example, an aluminum titanate
crystal phase, a magnesium aluminum titanate crystal
phase and/or the like, and also may contain other crystal

phases.

25 {o076]



25l i ke. - 54 - [0082] In the present invention, as the alum num
source powder, one kind thereof may be used al one, and also two or nore
ki nds thereof may be used in conbination. 5[0083] Anong t hese
powders, an alum na powder is preferably used as the al um num source
powder. The al um num source powder can contain a trace conponent which is
derived fromthe raw material thereof or 10inevitably contained in the
manuf act uri ng process. [0084] There is no particular limtation on
the particle di anetite efcviee raniiomaed solddaogpowtérings ekl lyasitt s
possi ble to use an al um num source powder having a 15particle dianeter
cor r espondi ng itt@ra wro laune -dlaseichvou mlleatentes  Eerd entega mefs SOHteDms),, in
nmeasured by the laser diffraction nmethod, within a range from0.1 pmto 100
pm and pref erdatiltylcir o khesd @ le@thepros , Wrernyridsa yoardricclsd dicaret er of t he
al um num source powder is nore than 100 20pm for exanple, water hol ding
capacity of trhetalarmanem Shis e lghwee magetceriterial es danenset amledi ngasuch as
granul ation or extrusion, and thus it becomes difficult to nold. In
contrasts when tidhe ypar taleing ring MeisehdsSi ure $hd Ran i&ch pind tEhecpasger i s
likely to float in a vapor 25phase, and thus it becones difficult to handle
the powder. <dufrain,| @85lexample, zirconium, tungsten, cerium, sodium,
iron and the like.
[0077]
Aluminum Source Powder
10 The aluminum source powder contained in the raw
mixture used in the present invention is a powder of a
compound which contains aluminum element constituting the
molding. Examples of the aluminum source powder include
a powder of an alumina (aluminum oxide, Al,0;). The
15 crystal form of alumina includes, for example, v type,
pseudo vy type, & type, © type, o type, p type, n type, X
type and x type, and alsoc may be amorphous.
[0078]
The aluminum source powder used in the present
20 invention may be a power of a compound which is converted
into alumina by firing alone in air. Examples of such
compound include an aluminum salt, an aluminum alkoxide,
an aluminum hydroxide, metallic aluminum and the like.

[0079]

25 The aluminum salt may be an aluminum inorganic salt



The al um num source powder used in the present invention may have a
singl e-nodal particle dianmeter distribution, a bi-nodal particle dianeter
distribution, 5or a particle dianeter peak nore than that described above
as long as the al um num source powder satisfies the above nentioned range
of the particle dianeter. [0086] As the al um num source powder which
sati sfies the 10above nentioned range of the particle dianeter, a
comercially avail abl e product may be used as it is, or an al um num source
powder sati stiithg anhe natrges irericicdnedr ange lominmen pagkndlce sdilanetieh may be
obt ai ned by subjecting a conmercially avail able al um num source 15powder to
a treatnment suchrgsandemaicidt.i on, cracking, classification, screening,
granul ation or the like. [0087] Titanium Source Powder The titanium source
powder contai ned i BpthefiaweZAnoityr efi sha pawtébhuol iacegsmidndadhi ch
contains a titaniumelenent constituting the nolding and the conpound
i ncl udes, fornexade elusipowderitaef tielst @tictimaeX iademibmmpliesaek ,t he titani um
oxide include titaniumIV) 25oxide, titaniunm(l11) oxide, titanium(ll) oxide
and thes 56zaluminum ammonium nitrate and the like; aluminum

carbonates such as aluminum ammonium carbonate and the

like; aluminum chlorides and the 1like.

Specific examples of the aluminum organic salt
include aluminum oxalate, aluminum acetate, aluminum

10 stearate, aluminum lactate, aluminum laurate and the like.
[0080]

Specific examples of the aluminum alkoxide include
aluminum isopropoxide, aluminum ethoxide, aluminum sec-
butoxide, aluminum tert-butoxide and the like.

15 [0081]

The aluminum hydroxide may be, for example, an
aluminum hydroxide with a crystal type such as gibbsite
type, bayerite type, norstrandite type, boehmite type or
pseudo boehmite type, and also may be an amorphous

20 aluminum hydroxide.

The amorphous aluminum hydroxide also includes, for
example, aluminum hydrolyzate obtained by hydrolyzing an
aqueous scolution of a water-soluble aluminum compound

such ag an aluminum salt, an aluminum alkoxide or the

25 like.
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| i ke. Anbng these titaniumoxides, titaniunm(lV) oxide is preferably used.
Exanpl es of the titanium(lV) oxide include titaniumlV) oxides with crystal
types such as anatase 5type, rutile type, brookite type and the |ike, and
the titanium1V) oxide may al so be anorphous titaniun(lV) oxide. Anobng
these titanium(IV) oxides, anatase or rutile type titanium(IV) is nore
preferably. [0088] 10The titanium source powder used in the present
invention may al so be a powder of a conpound which is converted into
titania (titd@océloxide) by firing alone in air. Exanples of such conpound
include a titaniumsalt, 15a titanium al koxide, a titanium hydroxide, a
titaniumnitride, antkchanpusssukfidesnnetal | re thtanlumiane sberkeke.
[ 0089] Specific exanples of the titaniumsalt include 20titanium
trichl ori de, powtam, uoneekiachitherdef tmatabeunged) adohki, dend aflaoi awpl V)
sulfate and the |ike. Specific exanples of the titanium al koxi de
i ncl ude titabzunplk¥) kehhexictercbift aayuiel s ede tiho xiothdi nhittiam . un{ | V)
t-but oxi de, titaniun(lV) isobutoxide,
5 [0083]
Among these powders, an alumina powder is
preferably used as the aluminum source powder. The
aluminum source powder can contain a trace component
which is derived from the raw material thereof or
10 inevitably contained in the manufacturing process.
[0084]
There 1s no particular limitation on the particle
diameter of the aluminum source powder. Usually, it is
possible to use an aluminum source powder having a
15 particle diameter corresponding to a volume-based
cumulative percentage of 50% (D50), measured by the laser
diffraction method, within a range from 0.1 um to 100 um,
and preferably from 1 um tc 60 um, When the particle
diameter of the aluminum scource powder ig more than 100
20 um, for example, water holding capacity of the aluminum
source powder deteriorates in wet molding such as
granulation or extrusion, and thus it becomes difficult
to mold. In contrast, when the particle diameter is less

than 0.1 um, the powder is likely to flecat in a vapor

25 phase, and thus it becomes difficult to handle the powder.



25titaniun{1V) n-propoxide, titaniunm(lV) tetraisopropoxide, - 57 - chelete

conpounds thereof and the |ike. [0090] In the present invention
as the titaniumsource powder, one kind thereof may be used al one, and two
or 5nore kinds thereof may be used in conbination. [0091] Anong t he

titani um source powders, the titanium oxide powder is preferably used, and
titanium(lV) oxide powder is nore preferably used. The titanium source
10powder can contain a trace conponent which is derived fromthe raw
mat eri al therl@®85dr inevitably contained in the manufacturing process.
[0092] There is no particular limtation on the particle 15di aneter of the
titani um source povither alusuialumy soutrces poesisirbluseido imseha toirtegenirm sour ce
powder having a particle diameter corresponding to a vol une-based
cunul ati ve pemvemtdge afayd08vEeDs0 ), i mpasurceth lbyatritd dlas eriagieftfarract | on
met hod, within a range from0.5 pmto 25 pm 20It is preferred to use a
titani um sourdde tpdvwaher dngvian gpiDFdAs 1t fanrtd dlan gl shmeqrar] Jdmdrd R jpn, And
thus, it is possible to effectively suppress nucleus of alum numtitanate
gener at &d at orard@ardurcileg diiametgrs @eak o rfed rhard a0 fegeiredss] st ructure
of a alum numtitanate-based 25crystal. Formation of nore honbgeneous
structure of ablaee as long as the aluminum source powder satisfies the
above mentioned range of the particle diameter.
[0086]
As the aluminum source powder which satisfies the
10 above mentioned range of the particle diameter, a
commercially available product may be used as it is, or
an aluminum scource powder satisfying the above mentioned
range of the particle diameter may be obtained by
subjecting a commercially available aluminum source
15 powder to a treatment such as comminution, cracking,
classification, screening, granulation or the like.
[0087]
Titanium Source Powder
The titanium source powder contained in the raw
20 mixture is a powder of a compound which contains a
titanium element comnstituting the molding and the
compound includes, for example, a powder of titanium
oxide.

Examples of the titanium oxide include titanium(IV)

25 oxide, titanium(III) oxide, titanium{(II) oxide and the



- 58 - alumnumtitanate-based crystal contributes to reduce scatter in
heat resistance and nmechani cal strength. The titanium source powder
sonetimes exhibits a bi-nodal particle dianmeter distribution. Wen using
the titani um 5source powder which exhibits the bi-nodal particle dianeter
distribution, the particle dianeter of particles which forma peak at a

| arger particle dianmeter, nmeasured by the |aser diffraction nethod, is
preferably within a range from20 pmto 50 pm 10[ 0093] The node

di amet er neadutked bfmbhg kaser dithnaomi oridethodiofnthe (i) abkidesaur ce
powder is not particularly limted and may be within a range from0.3 pmto
60 pm [0094prEFAraillar ustd.o of the content of the al um num source powder
in terms of Al203 (alumna) to that of the titanium source powder in termns
of TiO2 (titania) iExatipdesawinmthieurtd tas ipiefTenalkiyt dadjinstiedien t hin a range
from35:65 to 45:55, and nore preferably from40:60 to 45:55. 20It is
advant ageous ttilatn itirg TV aeixicie sofwictnuangitell igiipe Alsinag tbidaazadee rapi dly
proceeds when the titanium source powder is excessively used relative to

t he al us numtsgier, c eurdnee tid, hir ddre tabavgd aitge .t HO09%e ,2%vRones um
Source Powder - 59 - The raw m xture nmay contain a nmagnesi um source

powder. The REAGRESINNINGUIGE ROWIE, &1$R HROWIRIrHouk GARReHAL WRijch
contai ns a magnesi um el enment constituting the nol ding, and such powder

i ncl udes, foxaxanpl Bmohf bRddet toBahoua (ROWEKiaksBEAGEhae( BRINESI UM
oxi de, MO,

rutile type titanium(IV) is more preferably.

{0088]

10 The titanium source powder used in the present
invention may also be a powder of a compound which is
converted into titania (titanium oxide} by firing alone
in air.

Examples of such compound include a titanium salt,

15 a titanium alkoxide, a titanium hydroxide, a titanium

nitride, a titanium sulfide, metallic titanium and the

like.
[0089]
Specific examples of the titanium salt include
20 titanium trichloride, titanium tetrachloride,

titanium(IV}) sulfide, titanium(IV) sulfate and the like.
Specific examples of the titanium alkoxide include

titanium(IV) ethoxide, titanium{(IV) methoxide,

titanium{IV) t-butoxide, titanium(IV) isobutoxide,

25 titanium(IV) n-propoxide, titanium(IV) tetraisopropoxide,
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a powder of a compound which is converted into nagnesia by firing in air.
Exanpl es of the latter include a magnesium salt, a magnesi um al koxi de, a
magnesi um hydr oxi de, a magnesiumnitride, netallic nagnesium and 10t he

| i ke. [0096] Specific exanples of the magnesium salt include nagnesium

chl ori de, magnesi um perchl ori de, magnesi um phosphate, magnesi um
pyrophosphat e, magnesi um oxal ate, 15magnesiumnitrate, nagnesi um carbonat e,

rragnesi um acet at e,

magnesi um sul fat e, magnesium citrate, magnesium | actate,

magnesi um st chcdede wagpesign Sdleiregpifabad mhgnddikem nmyri st ate, magnesi um

gl uconat e, nagnes

um di net hacryl ate, magnesi um benzoate and the |ike.

20[ 0097] Spedioftic®lexanpl es of the magnesi um al koxi de i ncl ude magnesi um

nmet hoxi de, nagnesi
contains the alum
magnesi um - 60 -

um et hoxi de and the |ike. [0098] Wen the raw m xture
Fumcheupece s2hpoutdernttibe , t Btanhemts aandempewderecand t he
source powder, a nolar ratio of the alum num source

powder in temposdel, Ab2@3 kialdunihreak oifo makye bel Liaridu plsoier, C angoweler orn t er ns

of TiA2 (titania)

in the raw m xture is preferably adjusted within a range

from 35565 t mode: Eindsantiereiof magf ecablsed namcdGMattd o4l: 55. [ 0099]

foos1]

oxide

Among the titanium source powders, the titanium

powder is preferably used, and titanium(IV) oxide

powder is more preferably used. The titanium source

10 powder can contain a trace component which is derived

from the raw material thereof or inevitably contained in

the manufacturing process.

[0092]

There is no particular limitation on the particle

15 diameter of the titanium source powder. Usually, it is

possible to use a titanium source powder having a

particle diameter corresponding to a volume-based

cumulative percentage of 50% (D50), measured by the laser

diffraction method, within a range from 0.5 pm to 25 um.

20 It is

preferred to use a titanium source powder having

D50 within a range from 1 pm to 20 um. And thus, it is

possible to effectively suppress nucleus of aluminum

titanate generated at random during firing so as to form

more homogeneous structure of a aluminum titanate-based

25 crystal. Formation of more homogeneous structure of the



It is also possible to use, as the nmagnesi um source powder, a powder of a
conpound whi ch serves both as a nagnesi um source and as an al um num source.
Exanpl es of 10such compound i ncl ude magnesi a spi nel (MAI 204). Wen the
powder of the conpound, which serves both as a magnesi um source and as an
al um num source, is used as the nagnesi um source powder, a nolar ratio of
the total of the alum num source powder in terns of Al 203 (alumna) in 15in
the raw m xture and the Al conponent in terns of Al 203 (alum na) contained
in the powderlofminme tompomie-Waiseld setywéeslbobhtas batergites ireduseur ce and
as an alum num source to the titanium source powder in terns of Ti2
(titania) is spreterabny hadjtustsd swatlvien aadr aregaatrioml?2@3Frehygttic 4Bhé&5, and
nore preferably from40:60 to 45:55. [0100] In the present

i nvention, agittheimgsesirae poudes poweermeanexdiibd tisher @df- madylbe used

al one, and two or nore kinds thereof may be used in conbination. The
25magnesi um geutde lpoddemetar cdetaiibuiibhacewnenpaaenyg théltitambiveh is
derived fromthe raw material thereof or inevitably contained in the

manuf actsur i ngowreee powde@l Ohli chhesd iid to thar biicwmodially phirtiitcati on on t he
particle 5dianmeter of the magnesi um source powder. Usually, it is possible
to use a MagEdsindmes0dniee ri®dntabnh)atiheg parpdkiliec ke aticaret &F gartesperdi ng
to a vol unme-based cunul ati ve percentage of 50% (D50), neasured by a | aser
diffracti on metieddfownt Bi peak atge 1aeHed. papiikq 3@ ipmMe tEQDSteakurleg
magnesi um source powder is preferably within a range from3 pmto 20 pm
and thus nor eyheiegeageus dstfrueltienohe HBEgNESI WhedlctBbnyMutiithanake- based
icrystal can be fornmed. Formation of the honbgeneous structure contributes
to reductionrehgenevrenness i theal rpesi stance 15and nechani cal strength.

10 [0093]

The mode diameter measured by the laser diffraction
method of the titanium source powder is not particularly
limited and may be within a range from 0.3 pm to 60 um.
[0094]

15 A molar ratioc of the content of the aluminum source
powder in terms of Al,;0; (alumina) to that of the
titanium source powder in terms of TiO, (titania) in the
raw mixture is preferably adjusted within a range from
35:65 to 45:55, and more preferably from 40:60 Lo 45:55.

20 It is advantageous that the reaction of conversion into
aluminum titanate rapidly proceeds when the titanium
source powder is excessively used relative to the
aluminum source powder within the above range.

[0095]

25 Magnesium Source Powder
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[0102] A nmolar ratio of the content of the nagnesi um source powder
interms of MJO (magnesia) in the raw m xture to the total of the anpunt of
t he al um num source 20powder in terns of Al 203 (alum na) and that of the
titani um source powder in ternms of TiQ2 (titania) is preferably fromO0.03
to 0.15, and nore preferably from0.03 to 0.12. It is possible to inprove
mechani cal strength and heat resistance of the nolding by adjusting 25the
content of the magnesi um source powder within the - 62 - above range.
[0103] Silicon Soullthe PewderixEhgresimayc oordaunce powhes icontsaures i n the raw
5m xture is a powder of a conpound which forns a silicic acid gl ass phase
conposed mai mowder .anTheumaguastinasatiebaspdwdeyst al at polsdeconteated into a
conposite. It is possible to inprove heat resistance of the nolding by
m xi ng the nulaipagna twhitdhe cirltadings &c inthgyleasisinp kdsment) dovatyltes iofy t he
silicon source powder include powders of silicon oxides (silica) such as
silicon di oxitde neilldicwn pRERDX U ardvddre dndendd=01@4]r Exangilld,cdm sour ce
powder nay be a powder of a 15conpound which is converted into silica
(3102) by firagitdivmito a powder of magnesia (magnesium oxide, MgO),

a powder of a compound which is converted into magnesia

by firing in air. Examples of the latter include a

magnesium salt, a magnesium alkoxide, a magnesium

hydroxide, a magnesium nitride, metallic magnesium and

10 the like.

[0096]

Specific examples of the magnesium salt include
magnesium chloride, magnesium perchloride, magnesium
phosphate, magnesium pyrophosphate, magnesium oxalate,

15 magnesium nitrate, magnesium carbonate, magnesium acetate,
magnesium sulfate, magnesium citrate, magnesium lactate,
magnesium stearate, magnesium salicylate, magnesium
myristate, magnesium gluconate, magnesium dimethacrylate,
magnesium benzoate and the like.

20 [0097]

Specific examples of the magnesium alkoxide include
magnesium methoxide, magnesium ethoxide and the like,

[0098]

When the raw mixture contains the aluminum source

25 powder, the titanium source powder and the magnesium



Exanpl es of such conmpound include silicic acid, silicon carbide, silicon
nitride, silicon sulfide, silicon tetrachloride, silicon acetate, sodium
silicate, 20sodiumorthosilicate, silicone resin, feldspar, glass frit,
glass fiber and the |like. Anong these conpounds, the feldspar and the gl ass
frit are preferably used, and the glass frit is nore preferably used in
view of ease of the industrial availability and stable conposition. The
25gl ass frit means flaky or powdered gl ass obtained by - 63 - comm nution
of gl ass. It siosirales popdefrer pedicilaruset ias cifthehsi kiloon nsouscarpewder, a
powder nmade of a m xture of the feldspar and the glass frit. [0105] 5When
the gl ass fricbwideruded tetriesefhai,dg Galumsinh) (or tdef oritetniom) gmoixte of 700
C or higher are preferably used in view of further inprovenent of heat

resi stance obowderr dsultieants il dilmg. (tht&héapr ésenhei neenhinturéhesyi el d
point of the glass frit is defined as the 10tenperature (C) at which the
expansi on of prefeglhisy bijustkdpsiiandrt bemraniye $homnkagest ker asf: sstart s
when neasuring expansion of the glass frit froma | ow tenperature using
Ther no echaangamofealprzge rabVEy) £ ricthl @6): 6bSito 4% :pessi bl e to use, as the

gl ass which forns the glass frit, common silicic acid glass containing
silicic acid[99®2) as a nmain conponent (50 % by nass or nore in al
conponents). Simlarly to the comon silicic acid glass, the glass which

forms the glass frirt Ay agest poksiBdas cot Mgk, CarpehRentnagnekytimnachpit203) ,
sodi um oxi de (Na20), potassium oxi de (K20), calcium oxide (Ca0O), nagnesia

(My0), and t hewddke. aTRRwaleds WAl ehinfcRiiR Wi @l assviis oty agoat ai n Zr 02
'so as to inprove hot water resistance of the glass per se. 25[0107] - 64 -
magnesium source and as an aluminum source. Examples of
10 such compound include magnesia spinel (MgAl,0,). When the
powder of the compound, which serves both as a magnesium
source and as an aluminum source, 1s used as the
magnesium source powder, a molar ratio of the total of
the aluminum source powder in terms of Al,0, (alumina) in
15 in the raw mixture and the Al component in terms of Al,O,
(alumina) contained in the powder of the compound which
serves both as a magnesium source and as an aluminum
source to the titanium source powder in terms of TiQ;
(titania) is preferably adjusted within a range from
20 35:65 to 45:55, and more preferably from 40:60 to 45:55.
[0100]
In the present invention, as the magnesium source
powder, one kind thereof may be used alone, and two or

more kinds thereof may be used in combination. The

25 magnesium source powder can contain a trace component



In the present invention, as the silicon source powder, one kind thereof
may be used alone, and two or nore kinds thereof may be used in

conbi nati on. The silicon source powder can contain a trace conponent which
5is derived fromthe raw material or inevitably contained in the

manuf acturi ng process. [0108] There is no particular Iimtation on
the particle diameter of the silicon source powder. Usually, it is
10possible to use a silicon source powder having a particle dianeter

cor r espondi nghtieha isoldgnme-visals éd cou minlea triawe mperecerila géeat oF0 % D50) ,
measured by the laser diffraction nethod, within a range from0.5 pmto 30
pm A sili coinsesttad lyoweert aiawidnd nDEGewniamut aa tnarige; romeksl5pmto 20 pm
is preferably used, and thus the filling ratio of the nolding of the raw
m xture can Helionproved to obtain a fired body having hi gher nmechani cal
strength and heat resistance. [0109] 20When the raw m xture contains the
al um num sour ce pomiete tlkerno tpamtumudeawlce Ipoadert iand chhehsl pbaetdcieur ce
powder, a nolar ratio of the alum num source powder in terns of Al 203

(al um na&) todibeaettietakifuHheo waer eRAWEe s dutdee otivdelr . Ti CRubtiyania)isn the
raw m xture is preferably 25adjusted within a range from 35:65 to 45: 55,

and nore - 6possipilef eakise B aRehesGnt dARRd poivaml aaviialyg @ of the
content of the magnesi um source powder in terns of MgO (nagnesia) in the

raw m xture parthe lteotalameft cirh e calrieip@isRUILee Pl eina -balsigrs of Al 203

(alum na) and 5the titanium source powder in terns of TiQ2 (titania) is
cumulative percentage of 50% (D50), measured by a laser
diffraction method, within a range from 0.5 um to 30 um.

10 D50 of the magnesium source powder is preferably within a
range from 3 um to 20 um, and thus more homogeneous
structure of a magnesium aluminum titanate-based crystal
can be formed. Formation of the homogeneous structure
contributes to reduction of unevenness in heat resistance

15 and mechanical strength.

[0102]

A molar ratio of the content of the magnesium
source powder in terms of MgO {(magnesia) in the raw
mixture to the total of the amount of the aluminum source

20 powder in terms of Al,;0; {(alumina) and that of the
titanium source powder in terms of TiQ, {(titania) is
preferably from 0.03 to 0.15, and more preferably from
0.03 to 0.12. It is possible to improve mechanical
strength and heat resistance of the molding by adjusting

25 the content of the magnesium source powder within the



preferably adjusted within a range fromO0.03 to 0.15, and nore preferably
from0.03 to 0.12. [0110] In the present invention, the content of the
10silicon source powder in inorganic conponents contained in the raw

m xture is adjusted to 5 % by mass or |less, and preferably 4 9s by mass or

| ess, so as to obtain a nolding having satisfactory mechani cal strength and
heat resistance. The content of the silicon source powder in 15the

i norgani ¢ conponents contained in the raw m xture is preferably adjusted to
2 96- by massbarveraisgigelhe i norgani ¢ conponents contained in the raw

m xture are conpounds which contain elenments which constitute the nolding,
and are typi calldogit he al um num source powder, 20the titanium source powder,
t he magnesi um source powder and the silicon source powder. Wien additives
(such as por eifldgsmGcager’t Sowdigiders, |ubricants, plasticizers, dispersing
agents, etc.) contained in the raw m xture contain i norgani c conponents,
such inorgani ¢ conporeRtis 1258 &ctirge patidededorndaamddd rcamieertawof the
silicon - 66 - source powder in the inorganic conponents contained in the
raw mxtsure inSxtRire tikan pRELY IS PndRER Wk Rfmdw BIScic
satisfactory nmechani cal strength and heat resistance nmay not be obtai ned.

5[ 0111] acidhen M Mo P MAINS, 0T a3l Wilvdimeo Wikt rkewder ,
the titani um source powder, the nagnesium source powder and the silicon

source pOWd?bas%dﬂﬂﬁ?sﬂéﬂiﬂb(Hétdahﬁéﬂﬂéd“ﬂﬂ6HNHTE%M§BM¥¥éJ niteipgs of
Al 203 (alum na) 10and the titanium source powder in terns of TiQ2 (titania)

in the raw mpdswi®lleS Hf 8h@r@lley IRAUSIRE Wdid & BRI dITPMPB LS to
45: 55, and nore preferably from40:60 to 45:55. A nolar ratio of "the

fg\r,lvtent of t b 1RGN R MARKILL RAM&hd L8R fciMG1EBRINERIA. i n the
10 Examples of the silicon source powder include powders of
silicon oxides (silica) such as silicon dioxide, silicon
monoxide and the like.
[0104]
The silicon source powder may be a powder of a
15 compound which is converted into silica (8i0;) by firing
in air.

Examples of such compound include silicic acid,
silicon carbide, gilicon nitride, silicon sulfide,
silicon tetrachloride, silicon acetate, sodium silicate,

20 sodium orthosilicate, silicone resin, feldspar, glass
frit, glass fiber and the like. Among these compounds,
the feldspar and the glass frit are preferably used, and
the glass frit is more preferably used in view of ease of

the industrial availability and stable composition. The

25 glass frit means flaky or powdered glass obtained by



15m xture to the total of the al um num source powder in terns of Al 203
(alumna) and the titanium source powder in terns of TiQ2 (titania) is
preferably adjusted within a range from0.03 to 0.15, and nore preferably
fromO0.03 to 0.12. 20[0112] In the present invention, simlarly to
t he conpl ex oxide such as the above nentioned magnesi a spinel (MAl 204), a
conpound containing two or nore netallic el enents as conponents thereof
anong titanium alum num 25silicon and magnesi um can be used as the raw
powder. |n - c®mhminuthios cdseglaists.cafitbéscahsbdprefiethatl suchseonpeund is
the sane as a m xture obtained by m xing the respective netal source
conpounds. Baded soi iswoh soonsied goatdean, zeaciwvdeantente aff tshenialtwmenwd sour ce
material, the titanium 5source material, the magnesi um source material and
the silicon st deldspar and $hedjgistsed fad tt.hat a nolar ratio of the
al um num source powder in terns of A 203 to the titanium source powder in
ternms of Ti OXolestthe raw m xture is within a range from 35:65 to 45:55, and
a 10 nolar ratio of the nagnesium source powder in ternms of MgOto the
total ofs the al um WhensahecglpewdEriitn itseuEedol thlo2@3 hard hghe tiikad um
source powder in terns of TiO2 in the raw m xture is within a range from
0.03 to 0. 15.(dr0HEIpriathen awaiint Wie 7y °¢o’iraihl glddmaremgridranata yand
magnesi um al um numtitanate per se and, for exanple, when magnesi um
al umi num ti t aEaide ins vieed oFS fairGeRSt kel caRAROREN et e IfAMNBXOFr €,
magnesi um al um numtitanate corresponds to a raw material which serves as a
titani um 20S @it @esas tah talmdTdiwy SOUhCehangrageat Magpestughsounee. [0114]
~Por e- For mi ng Agent

yvield point of the glass frit is defined as the

10 temperature (°C) at which the expansion of the glass frit
stops and then the shrinkage thereof starts when
measuring expansion of the glass frit from a low
temperature using Thermo Mechanical Analyzer (TMA).

[0106]

15 It is possible to use, as the glass which forms the
glass frit, common silicic acid glass containing silicic
acid (8i0;) as a main component (50 % by mass or more in
all components). Similarly to the common silicic acid
glass, the glass which forms the glass frit may contain,

20 as other components, alumina (Al,0:;), sodium oxide (Na,0),
potassium oxide (K;0), calcium oxide (CaQ), magnesia
(MgO), and the like. The glass which forms the glass
frit may contain Zr0O, so as to improve hot water

resistance of the glass per se.

25 [0107]



The raw m xture can contain a pore-formng agent. In the present invention,
there is no particular 25limtation on the particle dianmeter of the
pore-formng - 68 - agent. Usually, it is possible to use a pore-formng
agent having a particle dianeter corresponding to a vol une-based cunul ative
per cent age of 50% (D50), neasured by the laser diffraction nmethod, within a
range from 10 5pmto 50 pm [0115] There is no particular limtation on the
kind of the pore-form ng agent (constituent nmaterial), and exanpl es thereof
i ncl ude resins suchnasha pekgenhylierentdochQpalyphepyliénepnaspolrygeet hyl

met hacryl ate and the |ike, and hollow particles of these resins; a

wat er - absor bippgdeesi rsies kdhdashe rpaltt maly dediusedsallonef, ancr assl orked
acrylic acid polynmer, a nodified polyal kyl ene oxi de, a crosslinked

i sobut yl ene- malrel &iadky dhicteofomalyy iver uaked Lot hemrbiket iphant Thased
materials such as starch, nuts shell, walnuts shell, corn, corn starch and
the |ike; cashanceat ebudlce Poeideas cgimpanteiand theds kempthentoweiter m ng
agent may be one which can serve as an inorgani c conponent contained in the
raw m xtsur e, igndieZQexanghenm ther eefv mitlkude lalodmif@viekiaw keads.inkd ani a
hol | ow beads, hollow glass particles and the |ike. As the pore-formng

agent, a comigy ¢hal hanaaicktalliggpieduelsscan be used as it is, or those
obt ai ned by appropriately screening the commercially avail abl e product may
be used. 25[ QbiGlg]- 69 -

There is no particular limitation on the particle
diameter of the silicon source powder. Usually, it is

10 possible to use a silicon source powder having a particle
diameter corresponding to a volume-based cumulative
percentage of 50% (D50), measured by the laser
diffraction method, within a range from 0.5 pm to 30 upm.
A silicon gource powder having D50 within a range from 1

15 um to 20 um is preferably used, and thus the filling
ratio of the molding of the raw mixture can be improved
to obtain a fired body having higher mechanical strength
and heat resistance.

[0109]

20 When the raw mixture contains the aluminum source
powder, the titanium source powder and the silicon source
powder, a molar ratio of the aluminum source powder in
terms of Al;0; (alumina} to the titanium source powder in
termg of TiO, (titania) in the raw mixture is preferably

25 adjusted within a range from 35:65 to 45:55, and more



The content of the pore-form ng agent contained in the raw m xture is
usually fromO0.1 parts to 50 parts by mass, and preferably fromO0.2 parts
to 25 parts by mass, based on the total anount (100 parts by mass) of the
5al um num source powder, the titanium source powder, the nmagnesi um source
powder and the silicon source powder. Wien the content of pore-formng
agent is less than 0.1 parts by nmass, pores are not fornmed and thus the

ef fect of adding the pore-form ng agent cannot be obtained. In 10contrast,
when t he conpesiteatbNgr €xbar @iong cagent si:S5nor 2 hbaarS5Papaot sfbyhenss, the
strength of the resultant nolding decreases. [0117] In the present

i nvention, thentawtmoft the ragorisdum B@urte dplowdicruninsadres pawtie©, the
titani um source powder, the nagnesium source powder, the silicon source
powder, and t(hagpesaahorim rHhecagant mikedrepticonald roama i degd to obtain a
nmol ding, and then the nolding is fired so as to obtain a nol ding containing
a magnesi um 20 gk miufl Botuirican Rasaeh ekeydisalof FA1d7-@lumina) #Asdthe
machi ne which is used for nolding the raw m xture, for exanple, an

extrusi gn nokdieng ifashuRe siotrése ghowliten ithe saxls’ bF anojoldingnok)the raw
m xture is 25carried out, for exanple an additive may be added, in - 70 -

addition to b&@f@@a@alfyoraraj@%t@@emmhtl@l tEhe-ahe Mpdntiioe.03S4eh oad_cb t ol
i ncl udes a bi nder, 'ubricant agent and plasticizer, a dlsper5|ng agent, a

sol vent and h@@el@&%fe&g;g§r&kogﬁmeOQthEOWQQt|oned bi nder includes
cel l ul oses such as nethyl cellul ose, carboxynmethyl cellul ose, sodium

car boxymet hyljpgglphul ose and the Iike; al cohols such as a polyvinyl alcohol
-and the like; salts such as lignine sulfonate and the |ike; waxes such as a

paraffin wax, a 10fiCreer b%te%lemn%n%&ta% H&%el Iclé@ate@ﬁd dehemopl asti ¢
resins such as an EVA, a pol yethyl ene, | iquid pol ymer, an engi neering

pl asti g pand %H@L1ldolflescﬁ'}c%%eg trh%riaf?;%‘%ﬁct CRD ARG iHriHsHaldy 20

parts by nass or |ess,
in the raw mixture is adjusted to 5 % by mass or less,

and preferably 4 % by mass or less, so as to obtain a
molding having satisfactory mechanical strength and heat
resistance. The content of the silicon source powder in
15 the inorganic components contained in the raw mixture is
preferably adjusted to 2 % by mass or more. The
inorganic components contained in the raw mixture are
compounds which contain elements which constitute the
molding, and are typically the aluminum source powder,
20 the titanium source powder, the magnesium source powder
and the silicon source powder. When additives (such as
pore-forming agents, binders, lubricants, plasticizers,
dispersing agents, etc.) contained in the raw mixture

contain inorganic components, such inorganic components

25 are also included. When the content of the silicon



and preferably 15 parts by nass or |ess based on the 15total mass of the
al um num source powder, the titani um source powder, the magnesi um source
powder and the silicon source powder. [0117-4] The above nenti oned

| ubricant agent and pl asticizer 20includes al cohols such as glycerin;

hi gher fatty acids such as caplyric acid, lauric acid, palmtic acid,
alginic acid, oleic acid, stearic acid and the |like; and netal stearates
such as al um num stearate and the |ike. An anmount of the |ubricant agent
and pl asti ci zeurte pewdeadded the dsvakby it cpapbschy smasstaninkedssn and

preferably - 71 - in a range from1l part to 5 parts by nass based on the
total nmass oftheheaal niktumesdsr aerpowten, 5t ke bl masisumrs desee thander  t he
magnesi um sour ce powder and the silicon source powder. 5[0117-5] The

above nenti obgdmdissperaitigfagentry mekhdes canokgarngtacinasl el as nitric
acid, hydrochloric acid, sulfuric acid and the |ike; organic acids such as
oxal i c aci d, reistisitanael dayageti beaobdaimeld.c acid, lactic acid 10and the

| i ke; al cohols such as nethanol, ethanol, propanol and the |ike;
surfactants qughias an ammoni um pol ycar boxyl ate, a pol yoxyal kyl ene al kyl
ether and the |ike. An anmount of the dispersing agent to be added is

usually 20 parts byhemssher rh@stixdndeptehernabky the allbiangesbues2 parts
to 8 parts by mass based on the total mass of the al um num source powder

the titani umpsedese RAVWIEH tahReMTRGNESUFosler e theWdRgnaRd ulih@osirkkcon
source powder. [0117-6]

powder and the silicon source powder, a molar ratio of

the aluminum scurce powder in terms of Al,;0, (alumina)

10 and the titanium source powder in terms of TiO; (titania)
in the raw mixture is preferably adjusted within a range
from 35:65 to 45:55, and more preferably from 40:60 to
45:55. A molar ratio of the content of the magnesium
source powder in terms of MgO (magnesia) in the raw

15 mixture to the total of the aluminum source powder in
terms of Al,0; {(alumina) and the titanium gource powder
in terms of TiO, (titania) is preferably adjusted within
a range from 0.03 to 0.15, and more preferably from 0.03
to 0.12,

20 [0112]

In the present invention, similarly to the complex
oxide such as the above mentioned magnesia spinel
(MgAl,04), a compound containing two or more metallic

elements as components thereof among titanium, aluminum,

25 silicon and magnesium can be used as the raw powder. 1In



20The above nentioned sol vent includes al cohols such as nethanol, ethanol,
but anol, propanol and the like; glycols such as propyl ene glycol, a
pol ypropyl ene gl ycol, ethylene glycol and the like; and water.
Particularly, water is preferable and ion-exchanged water is nore
25preferable due to the inclusion of less inpurities. An - 72 - anount of
the solvent to be used is usually in a range from 10 parts to 100 parts by
mass, and preferably in a range from20 parts to 80 parts by nass based on
the total nmasdief cebke,alitmcanmbsouote ipewedr thile shichapompobsduicetpoewder ,
t he magnesi um source powder and the silicon source powder. [0117-7] The raw
m Xt ure can bemebtai reoiblyurexiobtalaedkbgaciinghgt hbeakrespeomiseumetapowder ,
the titani um source 10powder, the nmagnesi um source powder and the silicon
sour ce powdespuand tbepoptidenal Bpseé-doraoucly agesidandtide, abave nenti oned
various additives. [0117-8] The tenperature at which the nolding is fired
i s 15usual | ycb2@ent ef hhghealumdndmpreletrabmpt:3A61C ahehitghanivand usual |y
1700 C or lower and preferably 1600 00 or |lower. The tenperature raising
rati o ug to kbearter magetresper dher daghegaimpasured! anlktydial ted, that it is
usually in a range from1l Chr to 500 Chr. In 20the case wherein the
silicon soureglpewdekouscesadtedial is adjusted so that a molar ratio

of the aluminum source powder in terms of Al,0; to the

titanium source powder in terms of TiO, in the raw

mixture is within a range from 35:65 to 45:55, and a

10 molar ratio of the magnesium source powder in terms of
Mg0O to the total of the aluminum source powder in terms
of Al,0; and the titanium source powder in terms of TiO;
in the raw mixture is within a range from 0.03 to 0.15.

[0113])

15 The raw mixture may contain aluminum titanate and
magnesium aluminum titanate per se and, for example, when
magnesium aluminum titanate is used as a constituent
component of the raw mixture, magnesium aluminum titanate
corresponds to a raw material which serves as a titanium

20 source, as an aluminum source and as a magnesium source.

[0114]
Pore-Forming Agent
The raw mixture can contain a pore-forming agent.

In the present invention, there is no particular

25 limitation on the particle diameter of the pore-forming



tenperature keeping step in a range from 1100 C to 1300 C for at | east
three hours before firing i s advantageous since such step accel erates
melting and diffusion of the silicon source powder. The firing step
25conprises a step of calcining (or degreasing) in which - 73 - the

bi nder, the pore-form ng agent and the |ike are renoved by burning them
The degreasing is typically perfornmed during the tenperature raising term
(for exanple, in a range from150 Cto 600 C) leading to the 5firing

t enper at ur e. agenthe Ueyeedgi ngtsteppothéblenperatare parsiigrspeed is
preferably suppressed as nuch as possible. [0117-9] The firing is carried
out in the amgieert hatvimsp e parifor] ear igmarsph ere refs polnidimooXxygen parti al
pressure is lower for the purpose of noderate burning. Depending on the

ki nds and t hercaisimeg bagteido cofmutliag iateu menuwarsagec @ fpewder(Dstohe  ndazmireid
source powder, the magnesi um source powder, the silicon source powder,

bi nder, the por ehelSherem kg ffgentt iamd ntdrédd, kevithie fal rdamgyemdy-dae 10arri ed
out in an inert gas such as nitrogen, argon or the like or in a reducing
gas sucls as qar hen smomaxi de, hydrogen or the |like. Alternatively, the
firing may be carried out in an atnosphere of which steam partial pressure
is |lowered. Z0Q1QK17-10] The firing is carried out in a usual firing
furnace such as a tube-type electric furnace, a box-type electric furnace,
a tunnel -type furnatereaikaho phiarniedlhe 1466 tad idBnC conahe haald g f urnace,

a shaft furnace, a

the pore-forming agent (constituent material), and
examples thereof include resins such as a polyethylene, a

10 polypropylene, a polymethyl methacrylate and the like,
and hollow particles of these resins; a water-absorbing
resins such as a partial sodium salt of a crosslinked
acrylic acid polymer, a modified polyalkylene oxide, a
crosslinked isobutylene-maleic anhydride copolymer and

15 the like; plant-based materials such as starch, nuts
shell, walnuts shell, corn, corn starch and the like;
carbon materials such as graphite and the like. The
pore-forming agent may be one which can serve as an
inorganic component contained in the raw mixture, and

20 examples thereof include alumina hollow beads, titania
hollow beads, hollow glass particles and the like. As
the pore-forming agent, a commercially available product
can be used as it is, or those obtained by appropriately
screening the commercially available product may be used.

25 [0116]



25reverberatory furnace, a rotary furnace, a roller hearth - 74 - type
furnace or the like. The firing nay be carried out batch-w se or
continuously. The firing nay be of a stationary type or a fluid type.
[0117-11] 5The firing is carried out for a period which is sufficient for
the molding of the raw m xture to transit to the alum numtitanate based
crystal. The period depends on the anount of the raw m xture, the type of
the furnace, the firing tenperature, the firing atnosphere 10 and the |iKke,
and usual ly in a r&hge condentOofi nhiee patre -Zdrivdmos agentt kentranined as

descri bed above, the nolding can be obtai ned which conprises al um num
titanate basethecmpst alixasire ma mseaiigndron [0Q11Hat?]s ToAGEodimg oy t he
present invention, the nolding that is characterized in that its total pore
volume is 0. hadd,g a0rd meferandyi tfrdmo@al2 mpaxitsuncpase paadisu®yi ssakspm or
nore according to the pore volune neasurenent by the nercury penetration
met hod, is prefedalire th20[t@th] amount (Tve meirdsngyoimalshe prfeseyt | nvention
has a pressure resisting strength of 5 daN or nore, and a ratio of the
pressur & resiaShintigusd reengide elowaia| dinkg diefmriemheatime towdat, athea
nmol di ng obt ai ned by heating the nolding at 251200 C for 2 hours foll owed by

imredi atel y pidgneRg dih@ourte powtilrdiai@ ivheraiiari cain &diaid@lpdwelgier at ure,
and then drying the nolding satisfies the inequality (1) shown bel ow, and

al so a rati oveeny aHeatdoemt egrelds ?:cﬂ:@t—&dlfmitrf@;e AYeRES Ul We@s 3iHarY ostir engt hs
of the respective noldings satisfies
parts by mass, pores are not formed and thus the effect
of adding the pore-forming agent cannot be obtained. In
10 contrast, when the content of pore-forming agent is more
than 50 parts by mass, the strength of the resultant
molding decreases.
[0117]
In the present invention, the raw mixture
15 containing the aluminum source powder, the titanium
source powder, the magnesium source powder, the silicon
source powder, and the pore-forming agent used optionally
are molded to obtain a molding, and then the molding is
fired so as to obtain a molding containing a magnesium
20 aluminum titanate-based crystal.
(0117-2]
As the machine which is used for molding the raw
mixture, for example, an extrusion molding machine is

used. When the extrusion molding of the raw mixture is

25 carried out, for example an additive may be added, in
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5the inequality (2) shown bel ow. CSa/CSb0.4(1) CvVcSai C1csb2.5(2) wherein
CSa denotes a pressure resisting strength of a nol ding obtained by putting
the nolding in water at a 10normal tenperature imrediately after heating
the nolding at 1200 C for 2 hours, followed by drying; CSb denotes a
pressure resisting strength of a porous ceram c nol di ng before heating;
Cllcs, denotes a variation coefficient of a pressure resisting strength of
a nol di ng obtained by 15putting the nolding in water at a normal
t enper at ur e exddediiatelty ahiee polreatfiorgitiye agehdi, ngoathe2®@0€ moxtrkour s,
foll owed by drying; and CVcsb denotes a variation coefficient of a pressure
resi sting stseagt hdofitd vieornows udercarl bimdedi, ng lelarieaheabigegt 286H0119]
Cat al yst for Production of Ethylene Oxide The nol di ng of the present
i nvention caplbetduiitzehl,y ausedpassd ngabaleyst, @aswileenfomnnthehpr adueti on of
et hyl ene oxide. That is, a catalyst including said 25catal yst carrier and
silver supporfved7en]said catalyst - 76 - carrier (which catalyst is,
herei nafter, sonetinmes referred to as an ethyl ene oxide catal yst) can
efficiently exhibi tha bBbghkecataktyshegeblioterncacladekhakliilosegapabhe of
efficiently producing ethyl ene oxide. 5[0120]
as methyl cellulose, carboxymethyl cellulose, sodium
carboxymethyl cellulose and the like; alcohols such as a
polyvinyl alcohol and the like; salts such as lignine
sulfonate and the like; waxes such as a paraffin wax, a
10 microcrystalline wax and the like; and thermoplastic
regsins such as an EVA, a polyethylene, a ligquid peclymer,
an engineering plastic and the like. An amount of the
binder to be added is usually 20 parts by mass or less,
and preferably 15 parts by mass or less based on the
15 total mass of the aluminum source powder, the titanium
source powder, the magnesium source powder and the
silicon source powder.
{0117-4]
The above mentioned lubricant agent and plasticizer
20 includes alcohols such as glycerin; higher fatty acids
such as caplyric acid, lauric acid, palmitic acid,
alginic acid, oleic acid, stearic acid and the like; and
metal stearates such as aluminum stearate and the like.

An amount of the lubricant agent and plasticizer to be

25 added is usually 10 parts by mass or less, and preferably



There is no particular limtation on a carrier material which fornms the
catal yst carrier, and for exanple porous refractory materials such as

alum na, silicon carbide, titania, zirconia, nagnesia and the |ike 10can be
used. Preferably, the catalyst carrier may contain a-alumna as its main
conponent. Specifically, a-alumna may account for 90 96 by weight or nore
of the total weight of the carrier material. The catal yst carrier can
contain silica. When 15silica is included, the content of silica is usually
fromO0.01 96itoal@a@gebyfrwei ghiparpr ébeBalpay tir iy absYdiases @nbyhwei ght,
and nore preferably from0.2 96 to 3 96 by wei ght based on the total weight
of the cat al ysttadamaiser ofattérel allurd@uil 2bjlurce powdElre cder itetcamdteri al such
as alum na may contain sodium The content of sodiumin the catalyst
carrier is peelecabppwdel,9Ghay magnglst uvar sloesse Ppowelers aold ithe oxi de
(Na20). When the content of sodiumin the catalyst 25carrier is nore than

t he above ramgaicenneeuackhagictrdeirt.e - 77 - on a surface of the catal yst
carrier increases, an ethylene oxide catalyst having a sufficient catal ytic
activity may [matt7be]obt ai ned. [0122] 51t is preferred that the catal yst
carrier has water absorption of nore than 10 96- in view of ease of

i mpregnation wth gheakadbyst meafponedt disipkyerngaageher ahenugegponent

described hereinafter, and the like). The higher the water absorption of

the catal yst inorganic acids such as nitric acid, hydrochloric acid,
sulfuric acid and the like; organic acids such as oxalic
acid, citric acid, acetic acid, malic acid, lactic acid

10 and the like; alcohols such as methancl, ethanol,
propancl and the like; surfactants such as an ammonium
polycarboxylate, a polyoxyalkylene alkyl ether and the
like. An amount of the disgpersing agent to be added is
usually 20 parts by mass or less, and preferably in a

15 range from 2 parts to 8 parts by mass based on the total
mass of the aluminum source powder, the titanium source
powder, the magnesium source powder and the silicon
source powder.

[0117-6]

20 The above mentioned solvent includes alcohols such
as methanol, ethanol, butanol, propanol and the like;
glycols such as propylene glycol, a polypropylene glycol,
ethylene glycol and the like; and water. Particularly,
water is preferable and ion-exchanged water is more

25 preferable due to the inclusion of less impurities. An
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10carrier, the better it is. The water absorption is nore preferably 20 96
or nore, and still nore preferably 30 96 or nore. Wen the water absorption
of the catalyst carrier is too high, since the catalyst strength nmay
decrease, the upper limt is usually 80 %or |ess, and 15preferably 70 96
or less. [0123] It is preferred that the catalyst carrier includes
0.05 nlL/g or nore of pores having a pore radius of 0.3 pmor nore according
to the measurenment of a pore volunme by 20the nercury penetrati on nethod.
When t he vol ameuot pdr édechavilngnd por eer adeds ief uBudlpm oan aoreangs | ess
than 0.05 nL/g, a sufficient catalytic activity may not be obtained. [0124]
It is preferifednt hat phlrescaballpst paats by hassa 2bspecefiecadlyf aceaar ea of
0.01 n2/g to 10 n2/g according - 78 - to the nmeasurenment of a specific
surface arearhygehérpit cogearadsappiBicopasitsgbe paisst baekkodn The specific
surface area is nore preferably from0.1 n2/g to 5 n2/g. Wien the specific
surface areatetalheaegat alfysheCalimghuins sbhess phaded., Othalkdtasiinae it may
beconme difficult to support a sufficient anbunt of a catal yst conponent

(silver s accebefatopot@aponeht desteished Beugiceapoeerantd keel | ke) and

al so an efficiency of contact between active sites of an ethyl ene oxide
catal yst andsaldasnl@duricegpbi@err.oduction of ethyl ene oxide decreases, the
catalytic activity tends to becone insufficient. In contrast, when the
specific surflaaevarrga of the catalyst carrier is nore than 10 nR/g, since
remar kabl e successi ve oxidation of the produced ethyl ene oxide arises, the

The raw mixture can be obtained by mixing (or
kneading) the aluminum source powder, the titanium source
10 powder, the magnesium source powder and the silicon
source powder, and the optional pore-forming agent and
the above mentioned various additives.
[0117-8]
The temperature at which the molding is fired is
15 usually 1200 °C or higher, and preferably 1300 °C or
higher, and usually 1700 °C or lower and preferably
1600 °C or lower. The temperature raising ratio up to
the firing temperature is not particularly limited, but
it ig usually in a range from 1 °C/hr to 500 °C/hr. In
20 the case wherein the sgilicon source powder is usged, a
temperature keeping step in a range from 1100 °C to
1300 °C for at least three hours before firing is
advantageous since such step accelerates melting and
diffusion of the silicon source powder. The firing step

25 comprises a step of calcining (or degreasing)} in which



15sel ectivity may deteriorate. [0125) The et hyl ene oxi de catalyst is
obt ai ned by supporting silver as a catal yst conponent on the catal yst
carrier. 20A supported anmount of silver is preferably from1 96 to 50 96 by
wei ght based on the total weight of the catal yst. The supported amount is
nore preferably from5 96 to 25 % by weight, and still nore preferably from
8 wto 20 % by wei ght. \Wen the supported anount of silver 25is less than 1
96 by weight, a sufficient catalytic - 79 - activity may not be obtained.

I n contrast, thieebinkdersupper porg-deoming sgemte ankdanhe0 1hkeweirght , si nce
aggregation of silver arises, the catalytic activity nmay deteriorate. It is
not ed that t memswgpobletiusnlivigr thesual The edegtrsasnnghiescaypiyggilgarrier in
the formof nmetallic silver, and the supported anount is the weight in
terns of met gkliforsielivauringl26k Theperbltadeotradwimor ttiemg diflower on t he
catal yst 10carrier is not particularly limted, and for exanple, it is
possi bl e to emphgyea et bodangewdirom aseatrdl yst soar ricer lieaddmguglat tihet o
contact with or inpregnated with a silver solution prepared by dissolving a
silver salt, fardngveemperpaume .or Ia shévéegeeapiex &tep, pthper sol vent.
15The concentration of silver of the silver solution and the nunber of the
contact or inpmegratuer roestmenitpeedy ike papFeepblyt elyppielseeledsso that a

predet ermi ned anmount of silver is finally supported on the catalyst
carrier. [0l1&dkh as possible.
[0117-9]
The firing is carried out in the ambient atmosphere
10 or an atmosphere of which oxygen partial pressure is
lower for the purpose of moderate burning. Depending on
the kinds and the using ratio of the aluminum source
powder, the titanium source powder, the magnesium source
powder, the silicon source powder, binder, the pore-
15 forming agent and the like, the firing may be carried out
in an inert gas such as nitrogen, argon or the like or in
a reducing gas such as carbon monoxide, hydrogen or the
like. Alternatively, the firing may be carried out in an
atmosphere of which steam partial pressure is lowered.
20 [0117-10]
The firing is carried out in a usual firing furnace
such as a tube-type electric furnace, a box-type electric
furnace, a tunnel-type furnace, a far infrared furnace, a

microwave heating furnace, a shaft furnace, a

25 reverberatory furnace, a rotary furnace, a roller hearth



201t is preferred that the ethyl ene oxide catalyst further contains one or
nore ki nds of accel erator conponents selected fromthe group consisting of
rare earth netals, magnesium rheniumand alkali nmetal in view of the

i nprovenent in the catal yst performances. Wen 25t he et hyl ene oxide

catal yst contains an alkali nmetal (for - 80 - exanple, lithium sodium
potassium rubidium cesium and the |ike), an advantage capabl e of
suppressing i sonerization of ethylene oxide as the side reaction from

ari sing in thepeagornpleasercdathal ke .oxTdat Edbning Beyhpéenarriedl sot

obtai ned. [0128] Rhenium and an al kali netal are preferable as the

accel erat or tetptnrentse amd conefieuaivlsé yal kdhe Mmbtrahg magl bdecpohassi um
rubi di um and cesium and the nost 10preferable alkali metal is cesium

Sul fur, thal btamiomelrybdgmemort angdtdd, tgipeom um and the |i ke can be used
in conbination as an auxiliary accelerator. Particularly, when rheniumis
used as the decaal7enafjor conponent, these auxiliary accelerators are
suitably used in conbination. 15[0129] Since the contents of the
accel er gt or conponght &ndinhbeiauxblirdeyl accelferatoperdoy depenrdiigg on the
ki nd, combi nation and difference in physical properties of the catalyst

carrier, thegso@fftiedkestmEyrbehappoapiingt elfy t2@s elsechectained are thensit
particularly limted. For exanple, the content of rheniumnay be preferably

from 10 ppm te 20Q06 1lpponyn \WRitghiat came s e eekar abirief peridd ppmto
10000 ppm by weight in terns of nmetal, based on the total weight of the

catal yst. |ndepenagsbn the cadiuert oFf the r2hakkaltur®Et ahd T yipjeeloar alpley from

10 ppmto 20000 ppm by
furnace, the firing temperature, the firing atmosphere

10 and the like, and usually in a range from 10 minutes to
24 hours. In the manner as described above, the molding
can be obtained which comprises aluminum titanate based
crystal as a main compeonent.
[0117-12]

15 According to the present invention, the molding
that i1s characterized in that its total pore volume is
0.1 mL/g or more, and its local maximum pore radius is 1
pm or more according to the pore volume measurement by
the mercury penetration method, is preferable.

20 [o118]

The molding of the present invention has a pressure
resisting strength of 5 daN or more, and a ratio of the
pressure resisting strength of a molding before heating
to that of a molding cobtained by heating the molding at

25 1200 °C for 2 hours followed by immediately putting the



- 81 - weight, and nore preferably from15 ppmto 10000 ppm by wei ght in
ternms of netal, based on the total weight of the catal yst. Wen the alkal
netal to be contained as the accel erator conmponent is sodium and the
catal yst 5carrier also contains sodium it is desirable that the total
content of sodiumis adjusted within the above range. [0130] In order to
i ncorporate the accel erator conponent 10and the auxiliary accelerator, for
exanple simlarly to the silver incorporation, it is possible to enploy a
met hod i n whinodangatial yetecarti er nicsmaloggmp eirattoreonteact tivienh dorying
i npregnated with a solution prepared by dissolving a salt, a conpound or a
conpl ex cont &hei nglisdgsiseed séliesenhs iimegupddper (90| vt Weilow,i snd
herei nafter sonmetines referred to as a "solution containing an accel erator
conponent andlskeal irké'ip. ofpeorrdatchonncoefdiatients bife theeatresstarien whi ch
the catalyst carrier is brought into contact with or inpregnated with 20t he
sol uti on contraisiisigngn saceakehat of ¢chepoeepecandet e ldikgsnapnthefdppl ied to
the catal yst carrier before supporting silver, or may be carried out
si mul t adeouslktrewitlkegsappant i(2g sihowar bedowray be applied to the catal yst
carrier after supporting silver. Usually, it is 25preferred that the
treatnment is carriedagasb- 282.4 sinultaneously WiYh supporting silver. It
is noted that when rheniumis used as the accel erator conponent and al so
t he above nenti onedvadiXciar ¥ aceelerator is use¢kzjn conbination, it is
preferred in view of the catalytic

wherein CSa denotes a pressure resisting strength of a

molding obtained by putting the molding in water at a

10 normal temperature immediately after heating the molding
at 1200 °C for 2 hours, followed by drying; CSb denotes a
pressure resisting strength of a porous ceramic molding
before heating; CVes: denotes a variation coefficient of a
pressure resisting strength of a molding obtained by

15 putting the molding in water at a normal temperature
immediately after heating the molding at 1200°C for 2
hours, followed by drying; and CVeyq denotes a variation
coefficient of a pressure resisting strength of a porous
ceramic molding before heating.

20 fo119]
Catalyst for Production of Ethylene Oxide

The molding of the present invention can be

suitably used as a catalyst carrier for the production of
ethylene oxide. That is, a catalyst including said

25 catalyst carrier and silver supported on said catalyst



S5activity that the auxiliary accelerator is included (the catalyst carrier
is brought into contact with or inpregnated with the auxiliary accel erator
sol ution) before supporting silver or simnmultaneously with supporting
silver, so that silver is supported on at 10l east a portion of the catalyst
carrier, to which rheniumis then incorporated (the catalyst carrier is
brought into contact with or inpregnated with a rhenium solution). [0131]
When rheniumis used as the accel erator conponent, 15exanples of the salt,
t he conpoundgcathreecortphéxhandtbigski ke, bachicefitairni sgmeheémesm whi ch can
be used for the preparation of a solution containing an accel erator
conponent andeffherkdkéo ael ade eahylieneumxsidket catiehvas)aceheni um hal i de, an
oxyr henium halide, a rhenate, a 20perrhenate, an oxide of rhenium an acid
of rheni um aerdftikechitke. cAbmibgtt hetdghacpernienaperiterpaater, abbe tand
ammoni um perrhenate is nore preferable. On the other hand, when an al kal
metal is usedtass capablehefaec€lieiahalycpmpdnenhyg exammkas okitilke salt,

t he 25conpound and t he conpl ex, each containing the alkali - 83 - netal
whi ch can be [0oged]for the preparation of solution containing an accel erator
conponent and the like include nitrate, hydroxide, halide, carbonate,

bi carbonate and oxzhate &ar hexphatecudb@132hitation on a carrier

material which forms the catalyst carrier, and for
example porous refractory materials such as alumina,
silicon carbide, titania, zirconia, magnesia and the like

10 can be used. Preferably, the catalyst carrier may
contain o-alumina as its main component. Specifically,
o-alumina may account for 90 % by weight or more of the
total weight of the carrier material.

The catalyst carrier can contain silica. When

15 silica is included, the content of silica is usually from

oP

0.01 to 10 % by weight, preferably from 0.1 % to 5 % by
weight, and more preferably from 0.2 % to 3 % by weight
based on the total weight of the catalyst carrier
material,

20 f[0121]

The carrier material such as alumina may contain
sodium. The content of sodium in the catalyst carrier is
preferably 0.5 % by weight or less in terms of itg oxide

(Na,0) . When the content of sodium in the catalyst

25 carrier is more than the above range, since a basic gite
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The solution containing an accel erator conponent and the |ike can be
prepared as to each elenent which is used as the accel erator conponent or
the auxiliary accelerator, and then the catalyst carrier is brought 10into
contact with or inpregnated with each solution containing an accel erator
component and the like in series. It is preferred that a solution
contai ning an accel erator conponent and the like in which a plurality of
el ements are allowed to exist in one solvent is used. 15It is nore
preferred that el eneftiset ofbehasedtat(yshecarcieer ahoregsaponant or the
auxiliary accelerator are incorporated into a silver solution and the
cat al yst carethyleseborigat canbdysonhacing dhsof fiapergnatedliywtibh al l
toget her of silver, the accel erator conponent and the 20auxiliary
accel erator. af0i83ty may notfbeecbsaanygd.the et hyl ene oxi de catal yst may be
subjected to a firing treatnment if necessary. The firing treatnment may be
appropri atel yocarkied out, for exanple, 25according to the conventional
method in the stage where a - 84 - carrier material has been nolded into a
carriershaving a speciéi prehapeedothat the shaibywbecaraiearhherwhasrbeen
brought into contact with or inpregnated wwth the silver solution or the
sol ution conkBkBkpgian aecabeeathanSconponantiandotheakekes [0134] Met hod
for Producing Ethylene Oxide In the nmethod for produci ng ethyl ene oxide,
ethyl ene is supieghediba ¥aparapbasglgatabyhpenextdakionetQusing a
nol ecul ar oxygen-contai ning gas in the presence

accelerator component described hereinafter, and the

like}. The higher the water absorption of the catalyst
10 carrier, the better it is. The water absorption is more
preferably 20 % or more, and still more preferably 30 %
or more. When the water absorption of the catalyst
carrier is too high, since the catalyst strength may
decrease, the upper limit is usually 80 % or less, and
15 preferably 70 % or less.
[0123]
It is preferred that the catalyst carrier includes
0.05 mL/g or more of pores having a pore radius of 0.3 um
or more according to the measurement of a pore volume by
20 the mercury penetration method. When the volume of pores
having a pore radius of 0.3 um or more is less than 0.05
mL/g, a sufficient catalytic activity may not be obtained.
[0124]

It is preferred that the catalyst carrier has a

25 specific surface area of 0.01 m*/g to 10 m?/g according



of the ethyl ene oxide catalyst. Since the ethylene oxide catalyst mnim zes
pressure |l oss and has not only a large surface area but also a noderate
strength when it is used for the vapor phase catalytic oxidation reaction
whi | e 15bei ng packed into a reactor such as a fixed bed reactor or a
reaction vessel, it can exhibit high catal yst performances and is capable
of efficiently producing ethylene oxide. [0135] 20The net hod for producing
et hyl ene oxi de can be carried out according to the conventional nethod
except for use ahet heasulghment oXi despatalfyst suafidcehareeabyi bhecondi ti ons
are not particularly limted. For exanple, the reaction tenperature can be
usual | y adj ustiedogenhhedsarpSiangeifigdm P5An€ tmetB6A.C Thadspeefrably from
200 C - 85 - to 300C, the reaction pressure can be usually adjusted wthin
a range fronmsOrifgtenRBGeto i40mogkc pREfeanthlyr €fremabl.y fof g 40 kKgh'oh2G to 30
kg/ cn2G and the space velocity can be usually adjusted wthin a range from
1000 5hr-1 t@had0@beheptciSik) suatidcpr etrenablty theonrr360€ shr cartrae8008 hr-1
(STP). It is possible to use, as the raw gas to be brought into contact
with the catakgst thiar cexanpf gg, as gase Wit Chagobéedms @ibf%ehdt 5680 by vol une
of ethylene, 1 %to 20% by vol une of oxygen, 0 to 20% by vol une of

10car boni ¢ agu@pgas GOokuEErbkaendi axicde)r afdat kathalarceompoagninert gas
(nitrogen, argon, steamand the |ike) and | ower hydrocarbons (nethane,

et hane and theilkke),, aabd1aksecimycapahant AetcppBetione@eppafhyrvobuge of a
hal i de such as ethyl ene dichloride, diphenyl chloride and the 15like as a

reaction inhichiet 9 keAS addnalieeubal e®fY@eRncyOBEaCBnNRA ciabetaklen 0Xygen and
Qxygen-enriched air and the |ike are usually used.
active sites of an ethylene oxide catalyst and a gas

10 during the production of ethylene oxide decreases, the
catalytic activity tends to become insufficient. In
contrast, when the specific surface area of the catalyst
carrier is more than 10 mz/g, since remarkable successive
oxidation of the produced ethylene oxide arises, the

15 selectivity may deteriorate.

[0125]

The ethylene oxide catalyst is obtained by
supporting silver as a catalyst component on the catalyst
carrier.

20 A supported amount of silver is preferably from 1 %
to 50 % by weight based on the total weight of the
catalyst. The supported amount is more preferably from
5 % to 25 % by weight, and still more preferably from 8 %
to 20 % by weight. When the supported amount of silver

25 is less than 1 % by weight, a sufficient catalytic

- 79 -



[0136] Catalyst | for Production of Synthetic Gas 20The catal yst for the
production of a synthetic gas of the present invention includes a plurality
of columar portions disposed with at | east one gap; and bridge portions
whi ch are di sposed at |east both ends in |ongitudinal directions of
plurality of adjacent columar 25portions, and joins the adjacent col umar
portions to - 86 - each other; and al so includes through holes surrounded
by the plurality of columar portions, and openings fornmed on a peri pheral
surface by aagapvbéstweery tios ddj abaatinedl.unhar cpottashs; whae nbédi ng
containing alum na as a 5mai n conponent, nickel being supported thereon.

A syntheti c gapproattibg efburitents! yopeodhesd 5By subyngetigbtcatrdhngst for the
production of the synthetic gas of the present invention so as to produce a
synt heti c gasggtegaiidsh of silvAyx asedeer ¢he, chltalyydichekitdvgay msya m xed
gas contai ni ng hydrogen and carbon nonoxide and is industrially produced,
for exanpl e, deyeaxistrasim.r efdr itk ngotefihbda t SBhaethpddrtad auloether nal
reform ng met hod (ATR 15net hod), or a conbined reform ng nethod thereof
usi ng ashydr asashay ewdktas omethaneagadyshalcaraliegadn RS feaphtia and t he
like as a raw material. In the reform ng nmethod, when the hydrocarbon is
met hane, a mneedlgds edlvaini agdhyteogeppatt cdabhemn20menaxedeeisymt heti c
gas) is obtained by the reaction (steamreform ng reaction) of the
foll owi ng fodmulkarmt) of metallic silver.

[0126]
The method of supporting silver on the catalyst

10 carrier i1s not particularly limited, and for example, it
is possible to employ a method in which a catalyst
carrier 1s brought into contact with or impregnated with
a silver solution prepared by dissolving a silver salt, a
silver compound or a silver complex in a proper solvent.

15 The concentration of silver of the silver solution and
the number of the contact or impregnation treatments may
be appropriately selected so that a predetermined amount
of silver is finally supported on the catalyst carrier.
[0127]

20 It is preferred that the ethylene oxide catalyst
further contains one or more kinds of accelerator
components selected from the group consisting of rare
earth metals, magnesium, rhenium and alkali metal in view
of the improvement in the catalyst performances. When

25 the ethylene oxide catalyst contains an alkali metal (for



CH4 + H20 , CO + 3H2(1) The resultant synthetic gas is utilized
as a raw gas for the production of industrial hydrogen, ammoni a,
25met hanol , hydrocarbon liquid fuel (GIL), dinmethylether, a - 87 - mddle-
and high-calorie gas for and city gas, and the like. [0138] In the present
invention, the catalyst carrier is 5nade of a porous refractory materi al
containing alum na as a mai n conponent, and preferably, 90 % by wei ght or
nore of the total weight of the catalyst carrier material is alum na.
Herei n, the exgwspak,phasbioh,thedabun pathesbemysedbadivne pasnuwenponent
of the catalyst carrier is 1lOpreferably at |east one kind of x type, K
type, p typeand tipelikkelypen pdeadobayget ypeabbet ppesubptrypeiagdt ype. [0139]
The catal yst carrier (nmolding) preferably contains 0.1 %to 30 96 by wei ght
of cal cium i hsbeemszatioxri dé &bh¢a6he Skilblke merehpr efideabkyctabnl €asih a
portion of calciumin this catalyst carrier forns a conpound together with
al um na. Accardishghyini thesvppegi bhestocstuppyesds caibanibnomtpreci pitating
on a surface of the catal yst. Exanples of the conpound forned from cal ci um
20and abum nathplthe dat allyst obarined.i ncl ude various cal ci um al um nates
(for exanple, Ca0.6Al 203 (hibonite), Ca0.2Al 203, CaO Al 203, and the like).
[0128]
Rhenium and an alkali metal are preferable as the
accelerator component, and preferable alkali metals
include potassium, rubidium and cesium, and the most
10 preferable alkali metal igs cesium. Sulfur, thallium,
molybdenum, tungsten, chromium and the like can be used
in combination as an auxiliary accelerator. Particularly,
when rhenium is used as the accelerator component, these
auxiliary accelerators are suitably used in combination.
15 [0129]
Since the contents of the accelerator component and
the auxiliary accelerator vary depending on the kind,
combination and difference in physical properties of the
catalyst carrier, the contents may be appropriately
20 selected and are not particularly limited. For example,
the content of rhenium may be preferably from 10 ppm to
20000 ppm by weight, and more preferably from 30 ppm to
10000 ppm by weight in terms of metal, based on the total
weight of the catalyst. In contrast, the content of the

25 alkali metal is preferably from 10 ppm to 20000 ppm by



[ 0140] In the catalyst carrier (nolding), the alum na as
25t he mai n conponent of the catalyst carrier material - 88 - sonetines
cont ai ns sodi um However, the content of sodiumin the catalyst carrier is
preferably 0.5 96 by weight or less in terns of oxide (Na20). Wen the
content of sodiumin the catalyst carrier is nore than 5the above range,
since the nunber of a basic site on a surface of the catalyst carrier
i ncreases, sufficient catalytic activity may not be obtai ned upon using as
t he catal yst wefight1] ah@l mors prefferablly tfham e ppat d&loy $10004r pper by
(rmol ding) has a total pore volunme of 0.20 nL/g or nore and includes a pore
vol ume of 0. @&&ightgior teorme off peted  hdeiseg cadithse ¢bte.l0vepmhor offor e
according to the pore vol unme nmeasurenent by the nmercury penetration nethod.
15When t he t ohal cpordyeal.unB@hes tkssalkahiOm@0abitg be tbetpoinedvasune of
t he pores having a pore radius of 0.01 pmor nore is |less than 0.05 nl/g,
sufficient ca&hal peceleactitwirt yomppneot: be sbddumednd G@hé?2lca2@Ilyestcat al yst
carrier (nmolding) preferably has a BET surface area of 1 n2/g or nore
accordi Bg t ochheisprasiseresntalinag spediui, c isurifadesdredlley thhe mikker ogen
adsorption single point nethod. More preferably, the BET surface area is
from2 nR/g tetddlcotentWeen sblde uBET s25sdifsacel arieaiof thike abatval yst
carrier is less than 1 n2/g, - 89 -

range.

[0130]
In order to incorporate the accelerator component

10 and the auxiliary accelerator, for example similarly to
the silver incorporation, it is possibkle to employ a
method in which a catalyst carrier is brought into
contact with or impregnated with a solution prepared by
dissolving a salt, a compound or a complex containing

15 desired elements in a proper solvent (which is
hereinafter sometimes referred to as a “solution
containing an accelerator component and the like”). Upon
such incorporation, the treatment in which the catalyst
carrier is brought into contact with or impregnated with

20 the solution containing an accelerator component and the
like may be applied to the catalyst carrier before
supporting silver, or may be carried out simultaneously
with supporting silver, or may be applied to the catalyst
carrier after supporting silver. Usually, it is

25 preferred that the treatment is carried out



since it may becone difficult to support a sufficient anmount of a catal yst
conponent (nickel and the |like) and also efficiency of contact between

active sites of the catalyst and a raw material during the production of a
5synthetic gas decreases, catalytic activity tends to becone insufficient.

[ 0143] The catal yst for the production of the synthetic gas
according to the present invention is obtained by 10supporting nickel as a
catal yst conmponent on the catal yst carrier described above. The

support ed anmsanmtiltbnebokel wdtpr ebippabitynir smlOel . 961t t Ds SNCVED byhakei ght
based on the total weight of the catalyst. The supporting amount of nickel
is nore 15pr ghenabhgnfinomis %Used 48 $hé byce@eghtpracdmgpbnentnand
preferably from2 '16 to 30 % by wei ght. When the supporting anount of

ni ckel is | esdsbhahelabo¥ebpentightd sukfilidaent acakdkybitoradti vsked day not
be obtained. In contrast, when the supporting anount of nickel is nore

20t han 50 96cbybwebghtn, sinced saggeégaticdn iaf vikokelf ahesestadgtakytic
activity may deteriorate. The supported nickel usually exists on the

cat al yst car ecetvinyt haatoteobuad laxkrge achetkebtoxi de) inanddelde (shpporti ng
anount is the weight in terns of nmetallic nickel. 25[0144] - 90 -

The met hod otasuppert cagrikekel dRrotigRtCahabysbntakti fithsomot particularly
limted, and for exanple, it is possible to enploy a nethod in which the

catal yst cariimgtegnabeaughthi ghe eomrtadhry bcelerspbegratedivnih 5a nickel
solution prepared by dissolving a salt, a
before supporting silver or simultaneously with
supporting silver, so that silver is supported on at
10 least a portion of the catalyst carrier, to which rhenium
is then incorporated (the catalyst carrier is brought
into contact with or impregnated with a rhenium golution).
[0131]
When rhenium is used as the accelerator component,
15 examples of the salt, the compound, the complex and the
like, each containing rhenium which can be used for the
preparation of a solution containing an accelerator
component and the like include a rhenium salt such as a
rhenium halide, an oxyrhenium halide, a rhenate, a
20 perrhenate, an oxide of rhenium, an acid of rhenium and
the like. Among these, a perrhenate is preferable and
ammonium perrhenate is more preferable.
On the other hand, when an alkali metal is used as

the accelerator component, examples of the salt, the

25 compound and the complex, each containing the alkali



conpound or a conplex of nickel (nickel nitrate and the like) in a proper
sol vent. The concentration of nickel of the nickel solution and the nunber
of the contact or inpregnation treatnents nmay be appropriately selected so
10t hat a predeterm ned anmount of nickel is finally supported on the

catal yst carrier. For exanple, when the catalyst carrier is brought into
contact with or inpregnated with a solution of nickel nitrate, nickel can
be converted into a nickel oxide by subjecting to drying 15and firing

t hereafter, métagcebsahycapObé45fised for khei prprefetied biiakoflhéicat al yst
for the production of a synthetic gas according to the present invention
further contabnsaanphgt enuarcgedapaebenentmpencas 20tiothacieéaseinhéudat al ytic
activity. It is particularly preferred to contain, as the platinum group
el ement, onendtrabee kiddsexaticel BaRntis, sebebbedtkr obmithebgnaup eadsi sting
of rhodium ruthenium iridium palladiumand platinum 25The content of

t he platinuncgaddpeekam®biyliataot - 91 - particularly limted, and is
preferably from0.1 96 to 10 96 by wei ght based on the total weight of the
catal ysts. [0I46k28n order to incorporate the platinumgroup elenent, 5for
exanple, simlarly to nickel, it is possible to enploy a nethod in which a
catal yst carrier ighbregghtibat ecaentachgwehhaetelopaegpatempvhbita

pl ati num group el enent containing solution prepared by dissolving a salt, a
conpound or angogBkexikentahnvBgpeephi-ed ekerBntschneaek@ptopdicholixkent .
Upon such incorporataion, the treatnent in which the catalyst carrier is

brought intoyugent ast twWet AceelefpEegNabaGowehR bie chpkakiurYMighqup el ement
-containing solution may be applied to the catalyst carrier before

supporting nhekehergtoayabf €Aehi edeOdhtischULEaReQNSHY Wrblighupporting
ni ckel, or may be applied
10 into contact with or impregnated with each soclution
containing an accelerator component and the like in
series. It is preferred that a solution containing an
accelerator component and the like in which a plurality
of elements are allowed to exist in one solvent is used.
15 It is more preferred that elements to be used as the
accelerator component or the auxiliary accelerator are
incorporated into a silver solution and the catalyst
carrier 1s brought into contact with or impregnated with
all together of silver, the accelerator component and the
20 auxiliary accelerator.
[0133]
If necessary, the ethylene oxide catalyst may be
subjected to a firing treatment if necessary. The firing

treatment may be appropriately carried out, for example,

25 according to the conventional method in the stage where a



to the catalyst carrier after supporting nickel. Usually, it is preferred
that the treatnent is carried out sinmultaneously with supporting nickel.
[0147] 20When a plurality of platinumgroup elenents are used, it is also
possi bl e that a platinumgroup el enment containing solution is prepared by
every element and the carrier is sequentially brought into contact with or

i npregnated with each platinumgroup el enent containing 25sol ution.

However, it is preferred to use a platinum- 92 - group el enment contai ni ng
sol ution in whirehetrhaaflemialli tysobeenemeidedariatal kowed rtierekiagtinignaone
solvent. It is nore preferred that platinumgroup elenments are incorporated
i nto the nickplecsdligt istimpand crhenc ahal wsiatec atheirer ai sabrdeghthaisntbeenont act
with or inpregnated with nickel and the plurality of platinum group

el ements. broughtt iisitdesiongectthati t0 c36 iopregne teld wWiehsahpostiddepl at i num
group element exist in the depth region within 1 mmfroma surface of the
cat al yst car sicdutiient loer fetiemsoflutGan exinde,ind nigy dhoxictde leraaoret al . [ 0148]

| f necessary, the catalyst for the production of the synthetic gas
accordi g tocoheopeeserind mhentliée .nmay be subjected to a firing treatnent.
The firing treatnment 15may be appropriately carried out, for exanple,
accordi ng to {ohe4gonventi onal nethod in the stage where the carrier

mat eri al has been nolded into the catal yst carrier having a specific shape,
or in the st #eghoderfert re odalcdnys Ettgilener okdsiebeen brought into contact
with or inpregnated 20wi th the nickel solution or the platinum group

el enent - In the method for producing ethylene oxide,
| ethylene is subjected to vapor phase catalytic oxidation

10 using a molecular oxygen-containing gas in the presence
of the ethylene oxide catalyst. Since the ethylene oxide
catalyst minimizes pressure loss and has not only a large
surface area but alsc a moderate strength when it is used
for the vapor phase catalytic oxidation reaction while

i5 being packed into a reactor such as a fixed bed reactor
or a reaction vessel, it can exhibit high catalyst
performances and is capable of efficiently producing
ethylene oxide.

{0135]

20 The method for producing ethylene oxide can be
carried out according to the conventional method except
for use of the ethylene oxide catalyst, and the reaction
conditions are not particularly limited. For example,
the reaction temperature can be usually adjusted within a

25 range from 150 °C to 350 °C, and preferably from 200 °C



contai ning solution. [0149] Method for Producing Synthetic Gas

According to the nethod for producing the synthetic 25gas of the present
invention, a synthetic gas (m xed gas - 93 - containing carbon nonoxi de
and hydrogen) is obtained by reacting a hydrocarbon with steamin the
presence of the catalyst for the production of the synthetic gas according
to the present invention. For exanple, when 5 the hydrocarbon is nethane,
carbon nonoxi de and hydrogen are produced by the steamreform ng reaction
as shown in the3abede fbenukactipn prspecikéi cahebbnugualhi afijcanede

enpl oyed in the nethod for producing the synthetic gas of the present

i nvention i swhohipaat krantar Eyohi o kedca$s | omgt A Oag/ ant’d,s aadt echni que based
on the steamreformng reaction of the above forrmula (1), and includes, for
exanpl e, thepsteanabefof nbngloekbpdn’ed heo aan dtderurel, meforhiengpaeehod, or

t he conbi ned reform ng nethod thereof. Wth any techni que bei ng enpl oyed,

t he catal ystvabbottiheapr bduatiablof atihessyat hethengasrahgehérpnesentd
invention mnimzes the pressure | oss, and has not only a | arge surface
area but al shrad medenaie S EngdTewheind tpisfarsast f of réhes produecti e of the

synthetic gas while being packed into a reactor or a reaction vessel, it
can 20exhi bi sobbghrCat@nest. peef osnposesbandtbsugapabketnt ehwi ghentby
produci ng synthetic gas. [0150] Hydr ocarbon rmay be appropriately

sel ected fropeopeoughtt MaLer coRtQcki RUShf tRE EREalyaUp ebrmekiapee, ekhane,
25pr opane, butane and naphtha according to the conposition - 94 -

[+

gas which contains 0.5 % to 50% by volume of ethylene,

\U

1 % to 20% by volume of oxygen, 0 to 20% by volume of

10 carbonic acid gas (or carbon dioxide} and the balance of
an inert gas (nitrogen, argon, steam and the like) and
lower hydrocarbons (methane, ethane and the like), and
also may contain 0.1 ppm to 50 ppm by volume of a halide
such as ethylene dichloride, diphenyl chloride and the

i5 like as a reaction inhibitor. As a molecular oxygen-
containing gas, alr, oxygen and oxygen-enriched air and
the like are usually used.
[0136]
Catalyst I for Production of Synthetic Gas

20 The catalyst for the production of a synthetic gas
of the present invention includes a plurality of columnar
portions disposed with at least one gap; and bridge
portions which are disposed at least both ends in
longitudinal directions of plurality of adjacent columnar

25 portions, and joins the adjacent columnar portions to

-~ 86 -



of the synthetic gas to be produced (a ratio of carbon nonoxide to

hydr ogen) and are not particularly limted. For exanple, it is possible to
use met hane gas, natural gas (usually containing nethane as a nain
conponent), LPG 5(usually containing propane or pentane as a main
conponent), naphtha or the like. [0151] The nethod for producing the
synthetic gas of the present invention can be carried out according to the
10conventional nethod except for use of the catalyst for the production of
a synt heti c gashaotbed; ngntioaihe pnededesi hhentgbnhodad theroeadedony
conditions are not particularly limted. For exanple, when the steam

ref orm ng nmethedpilarapptiredf acheathangpbutnave,typé dperavgsr fomyedhe used
as a reactor. The reaction tenperature can be usually adjusted within a
range from 46 & perigher&l andfpcefbyabl gaproatseénCthe 4dP8Cenand t he
reaction pressure can be usually adjusted within a range from 10 bar to 70
bar, and pretelahhyrfpoptibnbar tR8t mobihgr codbhahnthg atamihanassacarried
out with a fixed bed reaction system the space velocity can be usually

adj ust ed wi t fiaAinacoapgaeht omMi10RO1hpeinoshpPpPOOtbd- théBSEBH, and preferably
from 2000 hr-1 to 8000 hr-1 (STP). [0152] 25Catalyst Il for Production of

Synthetic Gas - 95a-syntheticTh&snehfli g efribeeptegeptoduveatbpn can be
suitably used as a catalyst carrier for the production of a synthetic gas.

That is, a cakahysthbnehudipgrareat sh¥spreautteen(snl dhagyyaontaisi ng
magnesi a spinel as 5a main conponent and ni ckel supported on the catal yst
gas of the present invention so as to produce a synthetic
gas.
10 [0137]

As used herein, the synthetic gas is a mixed gas
containing hydrogen and carbon monoxide and is
industrially produced, for example, by a steam reforming
method (SR method), an autothermal reforming method (ATR

1s method), or a combined reforming method thereof using a
hydrocarbon such as methane gas, natural gas, LPG,
naphtha and the like as a raw material.

In the reforming method, when the hydrocarbon is
methane, a mixed gas containing hydrogen and carbon

20 monoxide {synthetic gas) is obtained by the reaction
(steam reforming reaction) of the following formula (1):

CH4 + H20 -» CC + 3HZ2 (1)

The resultant synthetic gas is utilized as a raw
gas for the production of industrial hydrogen, ammonia,

25 methanol, hydrocarbon liquid fuel (GTL), dimethylether, a



carrier (which is hereinafter sonetines referred to as a synthetic gas
catalyst) can efficiently exhibits high catal yst performances and is
capabl e of efficiently producing a synthetic gas. 10[0153] In the
present invention, the catalyst carrier is mude of a porous refractory

mat eri al containing nagnesi a spinel as a nmain conponent. Specifically, it
is preferable that 90 96 by weight or nore of the total 15wei ght of the
catal yst carrier material is nmagnesia spinel. Herein, magnesia spinel

(MyAl 204) t ombédlsedand bhhehreaborbapoaenfoofanfieccay abyst zadrile may
contain any one or both of nmagnesium oxide (MyO and a-alum na (a-Al 203).
20[ 0154] likeSimlarly to the above, it is preferred that the catal yst
carrier has a total pore volunme of 0.20 nL/g or nore, and al so has a pore
vol une of 0.0818&] g or nore of pores having a pore radius of 0.01 pm or
nore accordi ng 25to the pore vol une neasurenment by the nercury penetration
- 96 - nethod. [OL&5the preseht isvenefenyetht¢ hattdhgstacareiehassl n/ g
or nore of a specific surface area according to the neasurenent 5of the
specifig surhage afea pyrbhe nefrageoaradsatpriab songhenpogndloeined. Mre
preferably, the specific surface area is from2 n2/g to 100 n2/g. Wen the
specific surgace maen obmpbrensdlrard psefessblhanod BPby, wsighe ot may
beconme difficult to support a sufficient 10anount of a catal yst conponent
(nickel and mbeel bkephéntotal weight of the catalyst carrier material

is alumina. Herein, the crystal phase of the alumina to
be used as the main component of the catalyst carrier is
10 preferably at least one kind of x type, x type, p type, n
type, v type, pseudo y type, d& type, © type and o type.
[0139]
The catalyst carrier (molding) preferably contains

0.1

a0

to 30 % by weight of calcium in terms of oxide

15 (Ca0). 8till more preferably, at least a portion of
calcium in this catalyst carrier forms a compound
together with alumina. Accordingly, it is possible to
suppress carbon from precipitating on a surface of the
catalyst. Examples of the compound formed from calcium

20 and alumina in the catalyst carrier include various
calcium aluminates (for example, Ca0-6A1203 (hibonite),
Ca0-2A1203, Ca0-Al203, and the like).
[0140]

In the catalyst carrier (melding), the alumina as

25 the main component of the catalyst carrier material



al so efficiency of contact between the active sites of the catal yst and the
raw material during the production of the synthetic gas decreases,
catalytic activity tends to becone insufficient. 15[0156] The catal yst of
the present invention is the carrier described above which supports nickel
as a catalyst conponent. Simlarly to the above, the supported amount of
nickel is preferably from0.1 %to 2050 % by wei ght based on the total
wei ght of the catal yst. The supported anount of nickel is nore preferably
froml %to 40mesgbyerecghtaiandsstiibin. nofievgref eridit yedmtom2 96t o 30 % by
wei ght. The others are the sane as those of the above- 25descri bed catal yst
| for the predditimonnotheheasyht’het tarri®¥ is gasfep@bb¥] 0Cat &l gt | for
t he Production of Hydrogen The nol ding of the present invention can be
5suitably usedigbtaotaflakgstincaermer ofopxtile pNed0¢ti ofhed tiyalr ogen. That
is, a catalyst conprising the catalyst carrier (nolding) which contains
al um na as acoatancospopedtuandnathkeastabpetotanirdkel iandoaepthtnnum gr oup
el enent supported on the catalyst carrier (which catalyst 10is hereinafter
soneti mes retkRer adotre asangat akyatef ahet hampeedott bobaet chgdregen)acan
efficiently exhibit high catal yst performances and is capabl e of
Ffficiently pueddeengfhytdeoganaicehchsriisediackuekesel budndctibatl i ke.
01581

catalytic activity may not be obtained upon using as the
catalyst.
[0141]

10 It is preferable that the catalyst carrier
(molding) has a total pore volume of 0.20 mL/g or more
and includes a pore volume of 0.05 mL/g or more of pores
having radius of 0.01 um or more according to the pore
volume measurement by the mercury penetration method.

15 When the total pore volume is less than 0.20 mL/g or the
pore volume of the pores having a pore radius of 0.01 um
or more is less than 0.05 mL/g, sufficient catalytic
activity may not be obtained.

[0142]

20 The catalyst carrier (molding) preferably has a BET
surface area of 1 m®’/g or more according to the
measurement of a specific surface area by the nitrogen
adsorption single point method. More preferably, the BET
surface area is from 2 m’/g to 300 m’/g. When the BET

25 surface area of the catalyst carrier is less than 1 nﬁ/g,



15There has hitherto been used, as hydrogen, hydrogen-rich reforned gas
whici is obtained by using various hydrocarbons such as nethane gas,
natural gas (city gas), propane gas, LPG GIL synthetic liquid fuel, |ight
oil, heavy oil, kerosene, naphtha and the |like as 20raw materials, and
reform ng these hydrocarbons by the steamreform ng nethod (SR nethod), the
autot hermal reform ng nethod (ATR nethod), or the conbi ned reform ng nethod
thereof in the presence of a catalyst. Wen nethane is used as the raw
mat eri al , sushnaehydroggnbecone 28t £f bevkt gassuppobtadnedffioterikanpl e, by
carrying out - 98 - the steamreformng reaction represented by the
formula (1) showntbefow tatabyaf ncamppredt gésickehyandgeheahikear dod
nonoxi de, and optionally subjecting the m xed gas to a CO conversion
reacti on repagsentefiibyetbe 66rouhaast2pshwmanbetbwwe Colites HHOCChae 3H2( 1)
CO + H20C®2 H2(2) [0159] The catalyst carrier is made of a porous
refractory lOambeysal andnbarawngaakuirahadasiagnaha pooponendtn afdait is
preferable that the amount of alumna is 9096- by weight or nore of the
total weightsphthBeicagyakystceansee; oatelyalic Hetévhtyt hendsystal phase of
alum na to be used as the main conponent of the catalyst carrier is
15pr ef er abl ypesemer inpuefkendatof x type, K type, p type, q type, y type,
pseudo y type, 5 type, O type and a type. [0160]

[0143]

The catalyst for the production of the synthetic
gas according to the present invention is obtained by
10 supporting nickel as a catalyst component on the catalyst
carrier described above.
The supported amount of nickel is preferably from
0.1 % to 50 % by weight based on the total weight of the

catalyst. The supporting amount of nickel is more

oQ

15 preferably from 1 % to 40 by weight, and still more

L)

preferably from 2 % to 30

o

by weight. When the
supporting amount of nickel is less than 0.1 % by weight,
sufficient catalytic activity may not be obtained. In
contrast, when the supporting amount of nickel is more

20 than 50 % by weight, since aggregation of nickel arises,
catalytic activity may deteriorate. The supported nickel
usually exists on the catalyst carrier in the form of an
oxide (nickel oxide), and the supporting amount is the

weight in terms of metallic nickel.

25 [0144]



The alum na as the main conponent of the catalyst carrier materi al
sonetinmes contains sodium and the 20content of sodiumin the catalyst
carrier is preferably 0.5 96 by weight or less in ternms of oxide (Na20).
When the content of sodiumin the catalyst carrier is nore than the above
range, since basic sites on a surface of the catalyst carrier increases,
sufficient catalytic 25activity may not be obtained when used as the
catalyst. - 99 - [0161] It is preferred that the catalyst carrier has a

| ocal maxi mum por eThadinashofi Of 08dpporvingonéckahdoa tbheutatavegspore vol une
of 0.10 nL/g or nore according to 5the neasurenent of the pore vol une by
the nmercury peneteat iionnoet bedtivhéaripelintcabdpaandufopoegamplieusits | ess
than 0.001 pmor the cunul ative pore volune is less than 0.10 ni/g,
sufficient cabapptibdbaet twi eypiray aotiebbodbtiai RRdchl0h8163talyst It is
preferred that the catalyst carrier has a BET specific surface area of 1
nR/ g or norecacededi hg beotbRtmeasur eornkcof wibk BETimpeeghkeeguwiane area
by the nitrogen adsorption single point nethod. More preferably, 15the BET
speci fi e surfanecRegasbiution graphgetiob3d00inRbyviyen thetBEL specific
surface area of the catalyst carrier is less than 1 n2/g, it may becone
difficult tocsuppanti arsuf tbepesk amodntkell ancakalysttegiponaat chai ckel or

pl ati num group el enent) and al so an efficiency
like) in a proper solvent. The concentration of nickel
of the nickel solution and the number of the contact or
impregnation treatments may be appropriately selected so
10 that a predetermined amount of nickel ig finally
supported on the catalyst carrier. For example, when the
catalyst carrier is brought into contact with or
impregnated with a solution of nickel nitrate, nickel can
be converted into a nickel oxide by subjecting to drying
15 and firing thereafter, i1f necessary.
[0145]

It is preferred that the catalyst for the
production of a synthetic gas according to the present
invention further contains a platinum group element so as

20 to increase the catalytic activity. It is particularly
preferred to contain, as the platinum group element, one
or more kinds of elements selected from the group
consisting of rhodium, ruthenium, iridium, palladium and
platinum.

25 The content of the platinum group element is not



200f contact between the active sites of a catalyst and the raw materi al
during the production of hydrogen nmay decrease, so that catalytic activity
tends to becone insufficient. [0163] 25The catal yst for the production of
hydrogen is - 100 - obtained by supporting at |east one of nickel and

pl ati num group el enents as a catal yst conmponent on the catal yst carrier
descri bed above. The supported anount of nickel is preferably from52 %to
60 % by wei ght based on the total weight of the catalyst. The supporting
anmount of nipketicslante pieieedbl gnfrbdm préfevadDy % bymwei ght, tand stil
nore preferably from8 %to 30 % by wei ght. Wen the supporting anmount of
nickel 1s |es8 thap 286 oyt weaghsl, odOshef toteht wehght ydbEcthet tatdyyaay not
be obtained. In contrast, when the supporting anount of nickel is nore than
60 % by wei ght1461 nce aggregation of nickel arises, catalytic activity may
deteriorate. The supported nickel usually exists on the catalyst carrier in
the form of an 150xhderderckel inxbeedraaadthdepsappait egranpual ewi@nt j oned
above is a weight in ternms of nickel oxide. [0164] The net hod of

supportgng nfckeéxamplée cahalyslyvcabrheekes, not parpoesinrkytbi mted, and
for exanple, it 20is possible to enploy a nethod in which a catal yst
carrier is bg@publ Anheteeat agtwmith ar chopiegpatedrietrhis brought

into contact with or impregnated with a platinum group

element containing solution prepared by dissolving a salt,

a compound or a complex containing desired elements in a

10 proper solvent. Upon such incorporataion, the treatment
in which the catalyst carrier is brought into contact
with or impregnated with the platinum group element
containing solution may be applied to the catalyst
carrier before supporting nickel, or may be carried out

15 gsimultaneously with supporting nickel, or may be applied
to the catalyst carrier after supporting nickel. Usually,
it is preferred that the treatment is carried out
simultaneously with supporting nickel.

[0147]

20 When a plurality of platinum group elements are
used, it is also possible that a platinum group element
containing solution is prepared by every element and the
carrier is sequentially brought into contact with or

impregnated with each platinum group element containing

25 solution. However, it is preferred to use a platinum



a nickel solution prepared by dissolving a salt, a conmpound or a conpl ex of
ni ckel (nickel nitrate and the like) in a proper solvent. The concentration
of nickel 25of the nickel solution and the nunber of the contact or - 101 -
i npregnation treatnent may be appropriately selected so that a

predet erm ned amount of nickel is finally supported on the catalyst
carrier. For exanple, when the catalyst carrier is brought into contact
with or 5inpregnated with a solution of nickel nitrate, nickel nitrate can
be convertedgroup @lekeht oxdueabyionptsohatign diyi wigi @ndclie rphgranl kel
nitrate. [0165] The platinumgroup el enents are preferably one or 10nore

ki nds of el enEn¢besehiestade fabbovdd go oemisondn stnagselvemodi um irsut heni um
pal | adi um and plati num More preferably, two or nore kinds of the platinum
group el ememcoregyréfensed tiacopbindtuwongrdie ebatemts odré he plati num
group elenment is 15preferably fromO0.05 %to 20 % by wei ght based on the
total weightindotperzetal iisto The wbrkentsoluthen phadi tiun ghioupyet ement i s
nore preferably fromO0.05 %to 15 % by weight, and still nore preferably
from0.4 % tea?rfebyisebabighihentd heostuporteeh asb uitpHéghdeedl @i tmum
20group element is less than 0.05 % by weight, sufficient catalytic

activity mayniekebeandt @hdeslutdl CONt 6aSH1attein t fEoSy PPDEREMEs anount  of
the platinumgroup elenment is nore than 20 % by wei ght, since aggregation

of the platinum groupi €l @s@ntedrtises, cCat abyiheracsf Vihy SRypeboed eri or at e.
When two or nore kinds of the platinum- 102 -
platinum group element exist in the depth region within 1
mm from a surface of the catalyst carrier in the form of
10 an oxide, a hydroxide or a metal.
[0148]

If necessary, the catalyst for the production of
the synthetic gas according to the present invention may
be subjected to a firing treatment. The firing treatment

i5 may be appropriately carried out, for example, according
to the conventional method in the stage where the carrier
material has been molded into the catalyst carrier having
a specific shape, or in the state where the catalyst
carrier has been brought into contact with or impregnated
20 with the nickel solution or the platinum group element-
containing solution.
[0149]
Method for Producing Synthetic Gas

According to the method for producing the synthetic

25 gas of the present invention, a synthetic gas (mixed gas



group elenments are used, the total supported anount may be within the above
range. It is noted that the supported plati numgroup el enent usually exists
on the carrier in the formof an oxide, a hydroxide or a netal, 5and the
supported anmount is a weight in ternms of netal. [0166] The net hod of
supporting the platinumelenment on the carrier is not particularly limted,
and for exanple, it is possible to enploy a nethod in which a catal yst
10carrier is brought into contact with or inpregnated with a plati num group
el enent conteadniagnsod utioropreperetddyand sspdvogenh sal chtalnedpoond or a
conpl ex containing a desired elenent in a proper solvent, simlarly to

ni ckel . Whenr¢awt ong narley&irodsriobn phath nsvegmoip eheneréseace dbusies, it is
al so possible that a platinumgroup el enment containing solution is prepared
by every el ecepalped fde cherpeodiustSeguent tlad | yybrloeight gat o contact with
or inpregnated with each platinum group el enent-containing solution. It is
preferred toatseraipyatonting gpoepe2Del enent icont &ay rexssigdlut,i avhdm whi ch a
plurality of elenents are allowed to exist in one solvent. [0167]

When bosh nickel hadtoddebeh at & uatiganep ehehent manex Sdp pand eldydsodde

catal yst conponents, it is also possible 25that the nickel containing

sol uti on andatdeppbahc¢adnby 40S stegtonpfeleiRGt reant boni g sSiabwihi DN

descri bed above are prepared separately and the catal yst carrier is

sequent i al | ytie oalghte | fbOmEDAt ATt , WA Iepadci iy egraireidnw twhieacegolbd i on.
However, it is preferred that a
employed in the method for producing the synthetic gas of
the present invention is not particularly limited as long
10 as it is a technique based on the steam reforming
reaction of the above formula (1), and includeg, for
example, the steam reforming method, the autothermal
reforming method, or the combined reforming method
thereof. With any technique being employed, the catalyst
15 for the production of the synthetic gas of the present
invention minimizes the pressure loss, and has not only a
large surface area but alsc a moderate strength when it
is used for the production of the synthetic gas while
being packed intc a reactor or a reaction vessel, it can
20 exhibit high catalyst performances and is capable of
efficiently producing synthetic gas.
[0150]
Hydrocarbon may be appropriately selected from one,

or two or more kinds from the group of methane, ethane,

25 propane, butane and naphtha according to the composition
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5sol ution containing both nickel and the platinumgroup elenent is prepared
and the catalyst carrier is brought into contact wwth or inpregnated with
all of nickel and a platinumgroup el enent together. [0168] 10lIf necessary,
the catal yst for the production of hydrogen may be subjected to a firing
treatnment. The firing treatnment nay be appropriately carried out, for
exanpl e, according to the conventional nethod in the stage where the

catal yst carrier material has been nolded 15into the carrier having the
above speci fof shapsyniohetictdes statlee ibeodutdd Carraeiohat deevordr ought
into contact with or inpregnated with the nickel solution, the platinum
group el emrentorontd@e ntoghgdtogenn andtdee sowbut pant tontar hy nimi ck&l and t he
pl ati num group el enent. 20[ 0169] Method for Produci ng Hydrogen

Accor di ng t oFdhesxamtihba, f bt ps odoes Higl dyds oges , mat fysks ogag poma tsraef or ned
by reacting the hydrocarbon with steamin the presence of the catalyst for
t he product i @as 25efuhyly ogent &on fsg t e olidat nad dyas bgedempehenef proed gas -
104 - as hydrogen. For exanple, when the hydrocarbon is nethane, a

hydr ogegs- ri chuged DI yecogasitOnd apAdPane adbbope DX A& 4 Sm@piwduced by the
steamreform ng reaction as shown in the above fornmula (1). A specific
techni que Swhbposant pe eaphoyedot nchdelmeéhod for produci ng hydrogen of
the present invention is not particularly limted as long as it is a

t echni que bagedson the steamreform ng reaction of the above fornula (1),
and includes for exanple, the steamreform ng nethod, the autothernal

~10reforming met hodrh®rmé figod OfdE NeLod et Did fige "BjOketic gas of the

H present invention can be carried out according to the

10 conventional method except for use of the catalyst for
the production of a gynthetic gas according to the
present invention, and the reaction conditions are not
particularly limited. For example, when the steam
reforming method is applied, a heating furnace type

15 reactor may be used as a reactor. The reaction
temperature can be usually adjusted within a range from
400 °C to 1200 °C, and preferably from 500 °C to 1100°C,
and the reaction pressure can be usually adjusted within
a range from 10 bar to 70 bar, and preferably from 15 bar

20 to 60 bar. When the reaction is carried out with a fixed
bed reaction system, the space velocity can be usually
adjusted within a range from 1000 hr'* to 10000 hr™' (STP),
and preferably from 2000 hr* to 8000 hr* (STP).
[0152]

25 Catalyst IT for Production of Synthetic Gas

~ 9L .



thereof. Even if any technique is enployed, the catalyst for the production
of hydrogen m nim zes the pressure |oss, and has not only a | arge surface
area but also a noderate strength when it is used for the production of a
15synthetic gas while being packed into a reactor or a reaction vessel, it
can exhibit high catal yst performances and is capable of efficiently
produci ng hydrogen for a fuel cell. [0170] 20The hydrocarbon is not
particularly limted, and for exanple, it is possible to use a nethane gas,
a natural gas (usughéymecddiagnofigthet pbaaecats anvenniconpanené), a propane
gas, LPG (usually containing propane and pentane as mai n conponents),
liquid fuel 26sgabhgsiuzed by &Ttathilght obakribeagyrothe keodsenton-ocfils5 -
napht ha and the |ike. As the hydrocarbon, one kind thereof nmay be used

al one, or twe eynfibeeiki gds.t MBteofisnya e tuskedst nioonddveg in. [0171] 5The
met hod for producing hydrogen can be carried out according to the

convent i onal caebhpdtexaepietrhamnol ienhydeonaabnningsmaghes edspynesi ag t he
catal yst for the production of hydrogen. Therefore, the reaction conditions
are notspartacubanl gompoherd whannt brelObygpoeaehoonderer chedlgabove is
reforned. For exanple, when the steamreformng nmethod is applied, a
heati ng furnagertgpe (wRaeholsi Bedsetdatisetheoneatias. réberreactbons a
tenperature can be usually adjusted within a range from 400 C to 1200 00,

and preferabkynthegib0§a€& data1¥300 Eanasdribeeheagt EQRiPLESSHEGhCAN be
usual ly adjusted within a range from 10 bar to 70 bar, and preferably from

15 bar to 60chesaiy¥bepet-herhgaebkoBantisisackpadleubrbyraitixadibed reaction
'system the space velocity can be usually adjusted within a range from 1000
producing a synthetic gas.
10 [0153]
In the present invention, the catalyst carrier is
made of a porous refractory material containing magnesia
spinel as a main component. Specifically, it is
preferable that 90 % by weight or more of the total
15 weight of the catalyst carrier material is magnesia
spinel. Herein, magnesia gpinel (Mghl,0,) to be uged as
the main component of the catalyst carrier may contain
any one or both of magnesium oxide (Mg0O) and o-alumina
(ct-Al,0,) .
20 [0154]
Similarly to the above, it is preferred that the
catalyst carrier has a total pore volume of 0.20 mL/g or
more, and also has a pore volume of 0.05 mL/g or more of
pores having a pore radius of 0.01 pm or more according

25 to the pore volume measurement by the mercury penetration
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20hr-1 to 10000 hr-1 (STP), and preferably from 2000 hr-1 to 8000 hr-1
(STP). [0172] In the nethod for producing hydrogen, it is possible
to optionally carry out a treatnment of 25decreasi ng carbon nonoxi de after
reacting the hydrocarbon - 106 - wth steam as described above.
Accordingly, it is possible to further increase the concentration of

hydr ogen and to suppress poi soning of an electrode for a fuel cell. The
treatment of decreasing carbon nonoxi de 5includes, in addition to the CO
conversi on reachédn of the formula (2), a treatnent of adsorbing and
separating carbon nonoxi de by a PSA (pressure swi ng adsorption) apparatus
packed with &mlagkorbent. [0173] 10Catalyst Il for Production of Hydrogen
The nol di ng according to the present invention can be suitably used as a
catal yst carrier fbr ifeppebecedovhat tiydrogeniedHaasis, ma catameste

i ncluding the catalyst carrier (nolding) containing magnesia spinel as a
mai N 15conponénd , spedi fiic| sasfaoaeandéanackerdand pdbathauregsovpnehienent s
supported on the catalyst carrier (which is hereinafter sonetines referred
to as ascat abfsthéospebef peoduefaoa atehydyogea)ntanogéhi sdeotrbyiexhi bit
hi gh catal yst performances and is capable of efficiently 20produci ng

hydr ogen usedifigleapbiet sethoand Mdre |phefefldiid] the specific

surface area is from 2 w’/g to 100 wm’/g. When the
specific surface area of the carrier is less than 1 m/g,
since it may become difficult to support a sufficient

10 amount of a catalyst component (nickel and the like) and
also efficiency of contact between the active sites of
the catalyst and the raw material during the production
of the synthetic gas decreases, catalytic activity tends
to become insufficient.

15 [0156]

The catalyst of the present invention is the

carrier described above which supports nickel as a
catalyst component. Similarly to the above, the
supported amount of nickel is preferably from 0.1 % to

20 50 % by weight based on the total weight of the catalyst.
The supported amount of nickel is more preferably from
1 % to 40 % by weight, and still more preferably from 2 %
to 30 % by weight.

The others are the same as those of the above-

25 described catalyst I for the production of the synthetic



In the present invention, the catalyst carrier is nade of a porous
refractory material containing magnesia spinel (MJAl 204) as a nmain
conponent, and specifically, 25magnesia spinel nmay account for 90% by

wei ght or nore of - 107 - the total weight of the catalyst carrier
material. Such a carrier may contain any one or both magnesi um oxi de (MO
and a-al um na a- Al 203). The others are the sane as those of

the catalyst | 5for the production of hydrogen described above. [0175]

Di net hyl et hegadef ormi ng Cat al yst The nol di ng according to the present
invention can be suitably used as a catalyst carrier for reformng

10di met hyl et hex57That is, a catalyst including the catalyst carrier
(rmol di ng) containing alumna as a main conponent, and copper supported on
t he catal ystCateIver {whitchths hes@umaiserosotpdrogsnreferred to as a

di nret hyl ether reform ng catal yst) can efficiently high 15catal yst
performances and iBh<apsbdm@foeftheirddont efoveningomdi et yd et her. [0176]
D nethyl ether is used for the steamreformng reaction represented by the
reacti on forgm @sbBhouwededOva 204 ogerdercarthen fow tiyelrpeadbonioscwmas to

produce vari ous
hydrogen. That is, a catalyst comprising the catalyst
carrier (molding) which contains alumina as a main
component and at least one of nickel and a platinum group
element supported on the catalyst carrier (which catalyst

10 is hereinafter sometimes referred to as catalyst for the
production of hydrogen) can efficiently exhibit high
catalyst performances and is capable of efficiently
producing hydrogen which is used a fuel cell and the like.
{0158]

15 There has hitherto been used, as hydrogen,
hydrogen-rich reformed gas whici is obtained by using
various hydrocarbons such as methane gas, natural gas
{(city gas), propane gas, LPG, GTL synthetic ligquid fuel,
light oil, heavy oil, kerosene, naphtha and the like as

20 raw materials, and reforming these hydrocarbons by the
steam reforming method (SR method), the autothermal
reforming method (ATR method), or the combined reforming
method thereof in the presence of a catalyst. When
methane is used as the raw material, such a hydrogen-rich

25 reformed gas is obtained, for example, by carrying out



raw gases such as industrial hydrogen, anmonia, nethanol and the |ike, and
al so to produce a hydrogen-containing gas used as hydrogen for a fuel cell.
Advant ages of use of dinethylether as the raw 25hydrocarbon is that a

desul furization treatnent is not - 108 - necessary, and it is easy to
handl e (storage, transportation, etc.) since dinethylether is liquid at a
normal tenperature or it is liquefied at a normal tenperature under a | ower
pressure as in the case of 5propane. CH3OCH3 + H202CH3OH(1) CH3OH + H203112
+ CO2(2) [01rY Shtteamcatafystimarresrticn nexker of e rat b rigu st ree f f@aotwlray
10material containing alumna as a main conponent, and specifically,

al um na may @C)catintwi dse BOO G dyolnes Ohta onixwt egad dhehtdtaderweaght of the
catal yst carrier material. Herein, the crystal phase of alumna to be used
as the mai n corpaneninotidde aad abysiorEl Ty esub Feqr igridd ynionsd Iy nore
kinds of x type, Ktype, p type, p type, y type, pseudo y type, 5 type, 19
type and a ttypes O lod)veNaibmaradid tthon Srepired antcadmioneittie ofodinelcarri er
materi al sonetimes contains sodium The content of

5 (2) shown below:
CHy + H0 - CO + 3H; (1)
CO + HyO - CO; + Hp (2}
[0159]

The catalyst carrier is made of a porous refractory
10 material containing alumina as a main component, and it
is preferable that the amount of alumina is 20% by weight
or more of the total weight of the catalyst carrier
material. Herein, the crystal phase of alumina to be
used as the main component of the catalyst carrier is
15 preferably one or more kinds of x type, k type, p type, 1
type, v type, pseudo vy type, & type, © type and o type.
[0160]
The alumina as the main component of the catalyst
carrier material sometimes contains sodium, and the
20 content of sodium in the catalyst carrier is preferably
0.5 % by weight or less in terms of oxide (Nay0). When
the content of sodium in the catalyst carrier is more
than the above range, since basic sites on a surface of
the catalyst carrier increases, sufficient catalytic

25 activity may not be obtained when used as the catalyst.



20sodiumin the catalyst carrier is preferably 0.5 96 by wei ght or

ternms of oxide (Na20). Wien the content of sodiumin the catalyst carr
is nore than the above range, since basic sites on a surface of the
catal yst carrier increases, a catalyst having sufficient 25catal ytic

activity may not be obtained. - 109 - [0179] It is preferred that the

catal yst carrier has a |ocal maxi num pore radius of 0.001 pmor nore,

currul ati ve pore volume of 0.10 nL/g or

of the pore Volame by the nercury penetration nethod. \Wen the | ocal
maxi mum pore radius is less than 0.001 pmor the cunul ative pore volune is
| ess than 0.10 nl/1x sufgretentedatledtytiloe acdtadfyt neyrnotr deaobi ai ned.

The catal yst carrier (nmolding) preferably has a BET surface
area of 1 nPlgcTr M8 Emat God ek Ngad bud hef neaser emendr afiotde specafic surface
area by the nitrogen adsorption single point nethod. Mre preferably,
BET 15surf aceuriBar ive fore 2vaRige t oFf 3001 02D/ g Wemmbhe Bfdosdtfiqceo area of
the catalyst carrier is less than 1 n2/g, since it may becone difficu
supportsa sufhé chensudement Of @héapaby stoTanPanenthé cagpelirand the |ike)
and al so efficiency of contact between active sites of the 20catal yst and a
raw mat eri al pshdt Ag-ibe Reodbiet | e theibRgemonha ok gasdidecr eases,
catalytic activity tends to becone insufficient. [0181]
di met hyl et hef s red 9 i ieh cat @by Stmi Sr obhai f&fu Dyt 268 UpPsE L OBuRePPEr as a
catal yst conmponent on the catal yst

10[ 0180]

10

15

20

25

less than 0.10 mL/g, sufficient catalytic activity may
not be obtained.
[01l62]

Tt is preferred that the catalyst carrier has a BET
specific surface area of 1 m®/g or more according to the
measurement of the BET specific surface area by the
nitrogen adsorption single point method. More preferably,
the BET specific surface area is from 2 m?/g to 300 m’/g.
When the BET specific surface area of the catalyst
carrier is less than 1 mz/g, it may become difficult to
gsupport a sufficient amount of a catalyst component
(nickel or platinum group element) and also an efficiency
of contact between the active sites of a catalyst and the
raw material during the production of hydrogen may
decrease, so that catalytic activity tends to become
insufficient.

[0163]

The catalyst for the production of hydrogen is

- 100 -
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- 110 - carrier described above. The supporting anount of copper is
preferably from1l to 50 96 by wei ght based on the total weight of the

catal yst. The supported anount of copper is nore preferably from2 96 to 25
96 by wei ght. 5Wien the supporting anount of copper is less than 1 96 by
wei ght, sufficient catalytic activity may not be obtained. In contrast,
when t he supported anmount of copper is nore than 50 96 by wei ght, catalytic
activity may decrease. The support copper usually exists on the catalyst
carrier 10i rohtwidat newfsuppelt ing coppergsamhe hef support edidnount is the
weight in terns of nmetallic copper. [0182] The net hod of supporting
copper on thelx@ialy sirog ré mmaést nacs parcacal wet yodnponad, emdcdor
exanple, it 15is possible to enploy a nethod in which the catalyst carrier

i s brought icHtalgowt adrmideh descrjreafynebtedz Wi th a copper sol ution prepared
by di ssolving a copper salt or a copper conpound in a proper solvent. The
concentration of cEpperumdorttet coppert sof utidrelands three ferdiery ofrdrhe
20contact or inpregnation treatnent nay be appropriately selected so that a
predet e m ned anouMdo o lepppetghis hasad | gn stippord el ore idiet caf atlyst

carrier. It is possible to use, as the copper conpound, a water-soluble
salt of an orgafigstaci Chalchpp®redppeamount of nickel is more

o@

preferably from 5 % to 40 by weight, and still more

e

preferably from 8 % to 30 by weight. When the
supporting amount of nickel is less than 2% by weight,
10 sufficient catalytiec activity may not be obtained. In
contrast, when the supporting amount of nickel is more
than 60 % by weight, since aggregation of nickel arises,
catalytic activity may deteriorate. The supported nickel
usually exists on the catalyst carrier in the form of an
15 oxide (nickel oxide), and the supported amount mentioned
above is a weight in terms of nickel oxide.
[0164]
The method of supporting nickel on the catalyst
carrier is not particularly limited, and for example, it
20 is possible to employ a method in which a catalyst
carrier is brought into contact with or impregnated with
a nickel solution prepared by dissolving a salt, a
compound or a complex of nickel (nickel nitrate and the
like) in a proper solvent. The concentration of nickel

25 of the nickel solution and the number of the contact or
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25acetate; and a water-soluble salt of an inorganic acid, such as copper
chloride, copper sulfate, copper nitrate and the like. [0183] It is
preferable that the dinmethylether reformng 5 catalyst further contains at
| east any one kind of zinc, alum num chrom um and boron so as to increase

catalytic activity. The content of zinc, alum num chrom um and
boron is not particularly limted, and it is preferably from101 1 to 50 96
by wei ght based on the total weight of the catalyst. [0184] I n order

t 0 i ncor por atmpa¢ghaastn anyeameeki ndapfbei aeprapunkpahy shieried smd boron,
for exanple, 15simlarly to copper, it is possible to enploy a nethod in
whi ch the catbhysd predéeermsndd cagbint ndd wockattiwi fhnatlynpregnated with
a solution containing at |east any one kind of zinc, alum num chrom um and
boron preparedebyrdéedsohvilng aeasalyst acaonpeunnd Kor axconplex Wit dilrd ng 20a
desired elenment in a proper solvent. In such nethod, the treatnent in which
t he catal ystczalyet tsrbienght bndoghoniacd svhbaot wiphegnated with each
el enent - cont ai ni ng sol ution descri bed above may be applied to the catal yst
carri ersbef ofepsedppatéd ngi chppesolotitayoben2Skal rhetratd, shhvkséaneous| y
W th supporting copper, or may - 112 -

nitrate can be converted into nickel oxide by optionally

drying and firing nickel nitrate.
[0165]
The platinum group elements are preferably one or
10 more kinds of elements selected from the group consisting
of rhodium, ruthenium, palladium and platinum. More
preferably, two or more kinds of the platinum group
elements may be used in combination.
The content of the platinum group element is
15 preferably from 0.05 % to 20 % by weight based on the
total weight of the catalyst. The content of the

Q

platinum group element is more preferably from 0.05 % to
15 % by weight, and still more preferably from 0.1 % to
2 % by weight. When the supported amount of the platinum

20 group element is less than 0.05 % by weight, sufficient
catalytic activity may not be obtained. In contrast,
when the supporting amount of the platinum group element
is more than 20 % by weight, since aggregation of the

platinum group element arises, catalytic activity may

25 deteriorate. When two or more kinds of the platinum
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be applied to the catalyst carrier after supporting copper. Usually, it is
preferred that the treatnment is carried out sinultaneously with supporting
copper. [0185] 5Wen a plurality of elenments are used, it is also possible
that an el enent-containing solution is prepared by every el enent and the
catal yst carrier is sequentially brought into contact with or inpregnated
with each el enent-containing solution. However, it is preferred to 10use an
el enent - contai ning solution in which such a plurality of elenents are

al l owed to exdsip ielomwntsylaventusad, | Sheoretpr efupped-edhatmaint esst any one
ki nd of zinc, alum num chrom um and boron is incorporated in the above
menti oned copperitsiolutilom sl ¢ hearopt al Y&t icamoited ithatlSher ought into
contact with or inpregnated with all of copper as well as zinc, alum num
chrom um ancsipmparted QdB6] itdm nec@gs ax yemdiite whueet hy | etdeers raf drhe ng

catal yst may be subjected to a firing treatnent. The firing 20 treatnent
may be appr ozttt yicarhe efboutof fat exatpl g laptorxdidey ¢ 4 e=tal,
conventional nmethod in the stage where the catalyst carrier nmaterial has
been not ded amd cclideswepadtysd dasunteridayivngdite bboverspeset fuetshape, or
in the state where the catal yst carrier has been brought 25into contact
with or inprepgnedled with the copper solution - 113 - or at |east any one
ki nd of zinc, alumnum chrom um and boron. [0187] Method for Producing

Hydr ogen Cont ai ni nghdGase HAsE a5 fli Ngppert hey nEidasl £ ornymn agdumiarg: aorhydr ogen
cont ai ni ng gas, a hydrogen containing gas (m xed gas contai ni ng carbon
di oxi de and hyslr@gen e siHbidt NESh- Oy BTy el el hydied hesr wtdmsteam i n
t-he presence of the dinmethylether reform ng catal yst described above, and
it is possible to employ a method in which a catalyst
10 carrier is brought into contact with or impregnated with
a platinum group element containing solution prepared by
digsolving a salt, a compound or a complex containing a
desired element in a proper solvent, similarly to nickel.
When two or more kinds of platinum group elements are
15 used, it is also possible that a platinum group element
containing solution is prepared by every element and the
carrier is sequentially brought into contact with or
impregnated with each platinum group element-containing
solution. It is preferred to use a platinum group
20 element containing solution in which a plurality of
elements are allowed to exist in one solvent.
[0167]
When both nickel and the platinum group element are

supported ag the catalyst components, it is also possible

25 that the nickel containing solution and the platinum
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10car bon di oxi de and hydrogen are produced by the steamreform ng reaction
as shown in the above formulas (1) and (2). The specific techni que which
can be enployed in the nethod for producing the hydrogen containing gas is
not particularly limted as long as it is a technique based 150on the steam
reform ng reaction of the above fornmulas (1) and (2), and may be
appropriately carried out according to the conventional nethod. The

di met hyl et her reform ng catal yst mnim zes the pressure | oss and has not
only a | ar gegsoup eckerera bottalsing swieraxte disengidd wisove ta2di s used
for the production of the hydrogen containing gas in the state of being
packed i nt o prepmctdrsepavatrebctand vessstaltstcamexiebiis hi gh cat al yst
performances and is capable of efficiently produci ng a hydrogen contai ni ng
gas. 25[01883equditiallfhercejitodifios qsmodchct ngltiheohytnmgematosnd ai ni ng gas
can be carried out according to the conventional nethod except for use of

t he cat al ystwaide okt ingsd but hren pr ekertvdarmvent iien pravfe el émet iaon
conditions are not Sparticularly limted. For exanple, when the steam
reformmng nmegdngt icn appht£thirg hesth ngi dkk haed tyipe peacimimigraged as the
reactor. The reaction tenperature can be usually adjusted within a range

from 100 C t@lfdhiC, i ancropLifed abhy trondtdl st ocdXXI &3 bndbitdegHOr eacti on
pressure can be adjusted to a normal pressure. \Wen the reaction is carried

out by a fixbgcdesbieact i Wil YSt elptsenSPed ew vieh o£1 1 Yo £ afi diee Lisawad |
adjusted within a range from 10 hr-1 to 1000000 hr-1 (STP), and preferably

from 100 hr-di14d©id@0Prdip le(Sddht 25§HA8EE . It is noted that a ratio
(H20/ DVE) of steam and dinethylether (DVE) to be fed to a reaction tube is

from1l to 20[poaagh preferably from3 to 10 in ternms of a nolar ratio.
20[ 0190]

10 If necessary, the catalyst for the production of
hydrogen may be subjected to a firing treatment. The
firing treatment may be appropriately carried out, for
example, according to the conventional method in the
stage where the catalyst carrier material has been molded

15 into the carrier having the above specific shape, or in
the state where the carrier has been brought into contact
with or impregnated with the nickel solution, the
platinum group element containing solution or the
solution containing nickel and the platinum group element.

20 [0169]

Method for Producing Hydrogen
According to the method for producing hydrogen, a
hydrocarbon is reformed by reacting the hydrocarbon with

steam in the presence of the catalyst for the preduction

25 of hydrogen so as to obtain a hydrogen-rich reformed gas
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Cat al yst for

producti on of dinethylether of the present

a plurality
25bri dge por
| ongi t udi nal

Producti on of Di nethyl et her The catal yst for the

of columar portions disposed with at | east one gap; and
tions which are disposed at |east both ends in - 115 -

directions of the plurality of adjacent columar portions,
joins the adjacent colummar portions to each other; and al so including

t hrough hol e surrounded by the plurality of columar portions, and 5
openi ng for nesl oydeopeni pifeonalexsumflace wWira tdep Hystrwesrbiore i@dj acent
tions; the nolding containing alum na as a main conponent and
al so cont ai menghané | ca ydregemenesh une Bbomehtgad tcost possnd | @ tloon

col utmar por

efficiently

producti on chonbxieddyl et pesdacedridy nighd ost dem preSemingvesdaiomod oaas t he

production of dinethylether. [0191] As shown in the formula shown bel ow,

produce di et hyl ether 10by using the catalyst for the

di met hyl et heghdaf CH2 GO ) abbsver Belooeta byl t he Adedpedriatiicon ecdadiguen of
met hanol (CH2OH) in the presence of the catalyst for the production of
di met hys et hewhi QCH2HGH Cat31 dvdd 204 | $hé 0dOhoR20Fde saddhystgf or the

production of dinethylether of the present

invention is a nolding including

and

invention contains alun na as a

mai N conponemydréeti 68 tise ProOxeéfe Ohveahtiidbmuls amslt | SatslahlyrIepresent ed
by the chem cal forrmula (1): Al202.nH20 [0 5 n 5 0.5](1)

10

15

20

25

limited as long as it is a technique based on the steam
reforming reaction of the above formula (1), and includes
for example, the steam reforming method, the autothermal
reforming method, or the combined reforming method
thereof. Even if any technique is employed, the catalyst
for the production of hydrogen minimizes the pressure
loss, and has not only a large surface area but alsoc a
moderate strength when it is used for the production of a
synthetic gas while being packed into a reactor or a
reaction vessel, it can exhibit high catalyst
performances and is capable of efficiently producing
hydrogen for a fuel cell.
[0170]

The hydrocarbon is not particularly limited, and
for example, it is possible to use a methane gas, a
natural gas (usually containing methane as a main
component), a propane gas, LPG (usually containing
propane and pentane as main components), liquid fuel

synthesized by GTL, light oil, heavy o0il, kerosene,
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25and an active alum na having a crystal structures such as - 116 - xf Y,
nor the like is used. The active alumna nmay include a crystal structure
other than x, y and n, for exanple, the crystal structures such as K, 6, p
or the like. 5The content of alumnumin the catalyst for the production of
di met hyl et her of the present invention is usually 80 % by wei ght or nore,
and preferably 90 96 by weight or nore in ternms of an oxide (Al 200 based on
the entire catal yst for the production of dinethylether. 10[0193]

The cat al ystndpinthdeapd odioet 1 0ke of Al rnetchHieirreradeoor dinmgg Kimd he present
invention contains silica. By containing silica, it is possible to suppress
t he BET spectheresiirfagecbarescdrabodecreastwg ahenotdektadal yis¢rdsdf s

subj ected to a high tenperature and high pressure steam atnosphere during

t he reacti omay be usdfieinomweiinatisnlica in the catalyst for the
production of dinethylether of the present invention is preferably 0.5
parts by wei ght7py nore, and nore 20preferably 0.8 parts by weight or nore
in ternms of 5i.02, based on 100 parts by weight in terms of A 203. Wen the
contentsof silica Tise l®sishédafot heredayindg dngerogonvedsilon edradedn na i nto
al um num hydr oxi de proceeds under a high tenperature and high pressure

st eam 25at nosphes€candiidusot fige BEdneprei dbhel suetace exeepofthhe thdl7 -
catal yst for the production of dinmethylether tends to decrease. In
contrast, they@rdéSafifoRaisi edtermednbyatsongothéheatppest!| fotttied the
content of silica. However, since no further inprovenent of the effect of
suppr essi ng Hrodeet £a8Cof My dLoBEl. Sprtdid ol face maa ican be expected
even if silica is excessively incorporated, the upper limt of silica is

usual ly 10 pash&iYoMei ghé ﬁét'ﬁéﬁti@ﬂﬂa@lﬁfEiﬁ?£¥d2wﬁéﬁt§h§y wei ght or
less in terns of 5i02, based on 100 parts by weight of alumna in terns
10 hydrocarbon described above is reformed. For example,
when the steam reforming method is applied, a heating
furnace type reactor is used as the reactor. The
reaction temperature can be usually adjusted within a
range from 400 °C to 1200 °C, and preferably from 500 °C
15 to 1100 °C, and the reaction pressure can be usually
adjusted within a range from 10 bar to 70 bar, and
preferably from 15 bar to 60 bar. When the reaction is

carried out by a fixed bed reaction system, the space

velocity can be usually adjusted within a range from 1000

1

20 hr™* to 10000 hr™' (STP), and preferably from 2000 hr ' to
8000 hr™* (STP).
[0172]
In the method for producing hydrogen, it is
possible to opticnally carry out a treatment of
25 decreasing carbon monoxide after reacting the hydrocarbon
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10of Al 203 from an econom cal point of view [0194] There is no
particular limtation on a silica source when silica is incorporated into
the catal yst for the production of dinethylether of the present invention.
15For exanple, a silica sol liquid such as an acidic silica sol, a neutral
silica sol and the like, a silica powder, and a silicon al koxide such as
tetraethyl orthosilicate and the |like can be used. Anong these silica
sources, those free fromnetals other than al um num and nmagnesi um 20ar e
particul ar| wirlefsread.a§ 0395} ribed abdhe. catcalopstinfdry ,t i& @soduct i on of

di et hyl et her of the present invention contains magnesi um el enent.

Accor di ngl y,podsidebones hosshdrt elnaresse ytloetcdime2Sdetivetr atfi on reacti on of
nmet hanol at an excellent reaction - 118 - rate over a long tine. The
magnesi um ellgnigeaondad nes supdtes < gted yetidorof hen prbelictodn fofr a

di met hyl et her of the present invention is usually in the form of magnesium
oxi de (MyO B4 961 The Ttenteri taferithe fregresasmhrg] ermiiion monlvericiat al yst
for the production of dinmethylether of the present invention is fromO0.01
parts t® 1. 2ipaEridedy Wweigiditand torichered efaberdtam tdetppst sof o 0. 6
parts 10by weight in ternms of My, based on 100 parts by weight of alum na

in terms of AML0BerMiten (dhe, contemtmdnt hef ne@neshd Limg edededdpasat ass t han
t he above range, the addition effect of the magnesi um el enent decreases and

thus it my Qecsse nonestddlsy to ssh f (sendhye ey el addSipei sieact i on rate
when subjected to the reaction for a long tine. In contrast, when the
content of tdiparatus packed with an adsorbent.
| [0173]
10 Catalyst II for Production of Hydrogen
The molding according to the present invention can
be suitably used as a catalyst carrier for the production
of hydrogen. That is, a catalyst including the catalyst
carrier {(molding) containing magnesia spinel as a main
15 component, and at least one of nickel and platinum group
elements supported on the catalyst carrier (which is
hereinafter sometimes referred to as a catalyst for the
production of hydrogen) can efficiently exhibit high
catalyst performances and is capable of efficiently
20 producing hydrogen used for a fuel cell and the like.
[0174]
In the present invention, the catalyst carrier is
made of a porous refractory material containing magnesia
spinel (MgAl,04) as a main component, and specifically,

25 magnesia spinel may account for 90% by weight or more of
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magnesi um el enent is nore than the above range, the reaction rate at the
beginning (initial stage) of the reaction tends to decrease and thus it may
beconme 20di sadvant ageous in efficiently producing dinmethylether. [0197]
There is no particular limtation on a nagnesi um source when nagnesi um
elenment is incorporated into the catalyst for the production of
di net hyl et her of the 25present invention. For exanple, it is possible to
use a - 119 - powder of, in addition to various nagnesium salts such as
magnesi um sutiat syt adagnesihum at etk eca talnetsi carni ¢ atet e meghesiSwoh
chl ori de, magnesi um hydroxi de and the |ike, and magnesi um oxi de and the
like. 5[0198) carrier Ty cabmtystn dmy die qor cooich | magnds damedthidet her of
the present invention may contain a nmetallic elenents other than al um num
and magnesi ufifg® praeXanpheuming amt Algo;¢eri um zirconium zinc and the like
as long as the 10 effects of the present invention are not inpaired. The
metallic el enment iBhaisedys caord atiedsame tde flosse of f arhoxdaites 1§91 90|
The catal yst for the production of dinethylether of 15the present invention
usual | ys cont genstiseodbtdudt i de ehohyiroefel). ddsSlyededlgbiteor | ess in terns
of oxide (Na20) based on the entire catalyst and, ideally, it is preferred
that the catpbysd] does not substantially contain sodium (0 by weight). Wen
t he content of

Dimethylether Reforming Catalyst

The molding according to the present invention can
be suitably used as a catalyst carrier for reforming
10 dimethylether. That is, a catalyst including the
catalyst carrier (molding) containing alumina as a main
component, and copper supported on the catalyst carrier
{which is hereinafter sometimes referred to as a
dimethylether reforming catalyst) can efficiently high
15 catalyst performances and is capable of efficiently
reforming dimethylether.
[0176]
Dimethylether is used for the steam reforming
reaction represented by the reaction formulas shown below
20 together with a raw hydrocarbon, so as to produce various
raw gases such as industrial hydrogen, ammonia, methanol
and the like, and also to produce a hydrogen-containing
gas used as hydrogen for a fuel cell.
Advantages of use of dimethylether as the raw

25 hydrocarbon is that a desulfurization treatment is not
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20sodiumis nore than 0.01 by weight, the reaction rate tends to decrease.
[ 0200] The catal yst for the production of dinethylether of the present
invention preferably has a BET specific 25surface area of 100 n2/g or nore,
and usually 300 n2/g or - 120 - less, before use. In the catal yst
for the production of dinethylether of the present invention, the

cunul ative volune of pores having a pore radius of 1.8 nmto 100 pmis
usually 0.3 5¢cnB/g or nore and usually 3.0 cnB/g or less. The cunul ative
vol unme of poesessaing andoie iadeasy ofo ldndhe t cd@@ayen preferably
accounts for about 10 9,5 to 60 % and nore preferably about 15 PE, - to
500f that oftpongsotteaiingna ¢ore) radics dfmdtldy mther 100 higuild|D204 |

The catal yst for the production of dinethylether of the present invention
can be producednal otempemptere byr aitrei dhoigqyebied Ht | i motthyl absor bi ng a
solution (preferably an aqueous solution) containing a silica 15source and
a magnesi um sauseen tute @andat ki hower ecuesoure fad | onethdycawd dofig and
further firing the precursor, or

5 propane.
CH;0CH; + H:0 - 2CH;0H (1)
CH;0H + HyO - 3H, + CO» {2)
[0177]

The catalyst carrier is made of a porous refractory
10 material containing alumina as a main component, and
specifically, alumina may account for %0% by weight or
more of the total weight of the catalyst carrier material.
Herein, the crystal phase of alumina to be used as the
main component of the catalyst carrier is preferably one
15 or more kinds of ¥ type, x type, p type, n type, vy type,
pseudo vy type, & type, € type and o type.
[0178]
Alumina which is a main component of the carrier
material sometimes contains sodium. The content of
20 sodium in the catalyst carrier is preferably 0.5 % by
weight or less in terms of oxide (Na,0). When the
content of sodium in the catalyst carrier is more than
the above range, since basic sites on a surface of the

catalyst carrier increases, a catalyst having sufficient

25 catalytic activity may not be obtained.
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a nethod ii) of mxing a silica source, a nmagnesi um source and an al um na
precursor as a powder in advance, followed by nolding and further firing.
In any nmethod, 20there is no particular limtation on the alunm na
precursor. Those obtained by the conventionally known nethod rmay be used,
and al so commercially avail abl e al um num hydr oxi de and al um num hydr oxi de
oxi de may be used. Upon firing, there is no particular limtation as 25to
firing conditions. The firing tenperature is usually - 121 - adjusted from
about 400 C [@l24l00 C and the firing tinme is usually adjusted from2 hours
to 24 hours, and the firing operation is usually carried out in an air

at nosphere. 5[0202% is preflaradit thetthoche )gatial wideratduatr thes & um na
precursor absorbs the solution, it is possible to enploy a manner to

i npregnat e thecasl wEstEmn geolrs aradd id dHed sod utpromormdoe comtd tde al um na
precursor with the 10solution using a spray. In the nethod i), when the
sol uti on condwahull axgitdepsited | GAl ENRIrcE ANUO the/ qregn esdren sowe@ing @dsor bed
by the alum na precursor, a solution containing both the silica source and
t he magnesi Wheé aLeurByee oS ethe Ofore SO L E otthal ménguiye silica
15source and a solution containing the magnesi um source may be separately
absorbed. A pééteatidbl thetihd@. MMHe0 dHe lickal0mapaintunt Wotd wddiigt ed and,
for exanple, a unit for stirring power such as a m xer may be enpl oyed, or
a unit for mingsyhihen COND NDUiH NGr Stigd @smal Atide nByrdber@len®l dDyed.

The nethod i) and the nethod ii) can also be appropriately used in

conbi nation pégs £10dn exa®l gL/ @f t el M xiegr opecoiythe scticacgousge and the
‘magnesi um source as a powder wth the alum na precursor, a solution of the
250t her of ther shdisE-sptkge and t he nmagnesi um source may

10 [0180]

The catalyst carrier (molding) preferably has a BET
surface area of 1 m*/g or more according to the
measurement of the specific surface area by the nitrogen
adsorption single point method. More preferably, the BET

15 gurface area is from 2 mz/g to 300 nﬁ/g. When the BET
surface area of the catalyst carrier is less than 1 m/g,
since it may become difficult to support a sufficient
amount of a catalyst component (copper and the like) and
also efficiency of contact between active sites of the

20 catalyst and a raw material during the production of a
hydrogen containing gas decreases, catalytic activity
tends to become insufficient.

[o181]
The dimethylether reforming catalyst is obtained by

25 supporting copper as a catalyst component on the catalyst
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- 122 - be absorbed by the resultant m xture. [0203] The nethod for
produci ng the catalyst of the present inventionis not limted to the above
nmet hods and 5can al so be produced by a nmethod of nol ding the al um na
precursor, firing the resultant nolding followed by providing the silica
source and the magnesi um source. [0204] Method for Produci ng D nethyl et her
10According to the nmethod for produci ng di nethyl ether of the present
i nvention, dinmethylether is obtained by the dehydration reaction of
met hanol i n ¢@her preshroeridied oaat al i Soppbrd ipgodoctingn odff copper
di et hyl et her of the present invention, and is produced by the dehydration
15reacti on ass ghawerablhefabwvie ¥ dranB @ ¥ By wespecidased emhrilgpe whi ch
can be enployed in the nethod for producing dinmethylether of the present
i nvention i scowdl paigioulal |hhe icatseldy sis. | Ohg asipporiteda ameciti gffie based on
t he dehydration reaction of the above fornula (1), and 20may be
appropri at elgomesr i of nbite groof«ialgl t of tdme Tohventd Hrialbymetdigrht .
Specifically, a nethanol gas generated by vaporizing net hanol nay be
broughts i nt ailgantidsd sugdottine adradyst @ comtedy diatiewe ridant iDre by
tenperature. Since the catalyst of the present invention 25m nimzes the
pressure | 0Sge gtk hasufPic oty @at@l@eic d@SBivity may not be obtained.
In contrast, when the supported amount of copper is more
than 50 % by weight, catalytic activity may decrease.
The support copper usually exists on the catalyst carrier
10 in the form of metallic copper, and the supported amount
ige the weight in terms of metallic copper.
[0182]
The method of supporting copper on the catalyst
carrier is not particularly limited, and for example, it
15 is possible to employ a method in which the catalyst
carrier is brought into contact with or impregnated with
a copper solution prepared by dissolving a copper salt or
a copper compound in a proper solvent. The concentration
of copper of the copper solution and the number of the
20 contact or impregnation treatment may be appropriately
selected so that a predetermined amount of copper is
finally supported on the catalyst carrier.
It is possible to use, as the copper compound, a

water-soluble salt of an organic acid such as copper

25 acetate; and a water-soluble salt of an inorganic acid,
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surface area but also a noderate strength when it is used for the
production of dinethylether while being packed into a reactor and a
reaction vessel, it can exhibit high catal yst performances and is capable
of efficiently 5produci ng dinethylether. [0205] The nethanol gas may be a
pure net hanol gas conposed entirely of nethanol, but may contain water
(steam) or an al cohol other than nmethanol, such as 10et hanol or

i sopropanol . The content of methanol relative to the total of nethanol and
the water amlictheasl cghwir i chluswadd y Gtpdébyswelgie, ocropme e, ndndcitpy ef er abl y
95 % by weight or nore. The nethanol gas is usually used after diluting

w th an i nerdan@ashesuctkas nitrogen (N2), argon 15or helium Methanol is
usual | y vaporized by an evaporator before the reaction. [0206] Upon
t he dehydrati@m3ikacti on of nethanol, the reaction tenperature is usually
250 C or higher, 20preferably 270 C or higher, and usually 450 C or | ower,
preferably 400 C art |iowegrefldwnlyleaciian e Shimea: hnal e tese 1l eqrefiwimnigicon t he
tenperature, but is usually 1 x 105 Pa or nore and usually 50 x 105 Pa or

| ess, psef eradtyl B3O xEUHGhda osntelss 2[00 anil28he kind of dhes,
dehydration reaction of nmethanol is usually carried out using a fixed bed
react or suchaBsminutu) téhtsthlilraf®aséoin @ncad hto ghasc housd Yespare: el ocity

(GHSV) of nmethanol is usually 500 h-1 or nore and 150000 11-1 or 5l ess.
activity.
The content of zinc, aluminum, chromium and boron
is not particularly limited, and it is preferably from

10 1 % to 50 % by weight based on the total weight of the

catalyst.
[0184]

In order to incorporate at least any one kind of
zinc, aluminum, chromium and boron, for example,

15 similarly to copper, it is possible to employ a method in
which the catalyst carrier is brought into contact with
or impregnated with a solution containing at least any
one kind of zinc, aluminum, chromium and boron prepared
by dissolving a salt, a compound or a complex containing

20 a desired element in a proper solvent. In such method,
the ﬁreatment in which the catalyst carrier is brought
into contact with or impregnated with each element-
containing solution described above may be applied to the
catalyst carrier before supporting copper, or may be

25 carried out simultaneously with supporting copper, or may
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D net hyl et her obtained by the reaction can be used as it is, but may be
optionally purified by the conventional nethod such as distillation. [0208]
10Met hod for Produci ng Et hyl benzene Dehydrogen Catal yst The nol di ng
of the present invention can be suitably used as a catalyst carrier for the
et hyl benzene dehydrogenation reaction. That is, a catalyst having a

catal yst carrier (nolding) containing alumna as a main 15conponent, and
iron supported on the catalyst carrier (which is hereinafter sonetines
referred to ks appktdy| tbhenzenecalehydytogmr ciatal 3Bty r caupmdftigient |y exhi bit
hi gh catal yst perfornmances and is capable of efficiently accelerating the
et hyl benzenecoabgmr ofematlilgn rieadts gref2Gr@20%hat the tTeateemgl benzene
dehydr ogenati on reacti on neans, for exanple, a reaction which produces
styrene by tdeerdiedy drogestatu braneact 1wnwiofh etlypdienzenecagpary. a cat al yst or
the like, as shown in the follow ng fornula: 25C6H5C2H5C6H5C2H3 + H2 - 113
kJ/mol (1) - 0@B85] [0210] The catalyst carrier is made of a porous
refractory material containing alumna as a nain conponent and,

specifigal |l y, al uilnen ryplhocolity faf Q0wérys waereghisat, Sioriss gflddie t ot al
wei ght of the catalyst carrier material. Herein, the crystal phase of

alum na to hsosssiasl asthidte amiel eosponenitainide selat ot Tarprasarad
preferably one or nore kinds selected fromx type, x type, p type, q type,

y type, pseuslp ¢vdiypesléménpeand thypecatuiype. cdfD2dlls sequentialby
considered that alum na as a catalyst carrier usually has acidic sites and

t heref ore acsehefiat emnps esdptdat iwitiofon DFPONeLESUSwEtbséRsce and the
-Tenoval of the carbonaceous substance by the water gas reaction
element-containing solution. However, it is preferred to
10 use an element-containing solution in which such a
plurality of elements are allowed to exist in one solvent.
It is more preferred that at least any one kind of zinc,
aluminum, chromium and boron 1s incorporated in the above
mentioned copper solution and the catalyst carrier is
15 brought into contact with or impregnated with all of
copper as well as zinc, aluminum, chromium and boromn.
[0186]
If necessary, the dimethylether reforming catalyst
may be subjected to a firing treatment. The firing
20 treatment may be appropriately carried out, for example,
according to the conventional method in the stage where
the catalyst carrier material has been molded into the
catalyst carrier having the above specific shape, or in
the state where the catalyst carrier has been brought

25 into contact with or impregnated with the copper solution
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15with steamis insufficient. Therefore, it is preferred to neutralize the
acidic sites by adding a basic substance to an alumna carrier, followed by
a heat treatnent. The alumina carrier nay be reformed with the basic
20subst ance before or after nolding. Wien reformng is carried out before
nol di ng, an alum na powder is m xed the basic substance and kneadi ng the
m xture, followed by nolding and further the heat treatnent. Wen reformng
is carried out after nolding, an alum na nol ding nay be 25i npregnated with
t he basic subsstainckesst tdmey e bosd cof 4P6 - akubbtuncechsosuppeandd on
the alumna nolding, followed by a heat treatnent. These operations may be
appropri atellyosmhect ed according to the | evel of water solubility of the
basi ¢ substance to be used. 5[0212] Exanpl es of the basic substance
used for refprMTly al um na include an alkali nmetal conpound, an al kali
earth netal conpound,a rare earth netal conmpound and the like. Lithium
sodi um pot asstlumd afol cCesddne Tagn  Beduseeh aonteeidlad kedhs netal , nmagnesi um
cal cium strontium and barium can be used as the alkali earth netal, and
| ant hansim cer i umzasebidiend i ke dan ethusedias piwiuaimey eartiymetal |
respectively. [0213] 15The supported anount of the basic substance is from
0.5 96 to 20:&bcdinivey odpds, anchpiedgs@abtyntaomidg g6 (wwixdd §bs by wei ght,
when all conponents are expressed in ternms of oxides. [0214]
containing carbon dioxide and hydrogen) is obtained by
reacting dimethylether with steam in the presence of the
dimethylether reforming catalyst described above, and
10 carbon dioxide and hydrogen are produced by the steam
reforming reaction as shown in the above formulas (1) and
(2). The specific technigue which can be employed in the
method for producing the hydrogen containing gas is not
particularly limited as long as it is a technique based
15 on the steam reforming reaction of the above formulas (1)
and (2), and may be appropriately carried out according
to the conventional method. The dimethylether reforming
catalyst minimizes the pressure loss and has not only a
large surface area but also a moderate strength when it
20 iz used for the production of the hydrogen containing gas
in the state of being packed into a reactor or a reaction
vessel, it can exhibit high catalyst performances and is
capable of efficiently producing a hydrogen containing

gas.

25 [0188]
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20The nmol ding of the carrier containing the basic substance is then fined
at a tenperature within a range from300 Cto 1000 C, and preferably from
350 Cto 800 C. [0215] 25An iron conpound is supported on the alumna - 127
- molding as the catalyst carrier containing the basic substance, foll owed
by a heat treatnment. As the iron conpound, iron chloride, iron nitrate,
iron hydroxide, iron sulfate and the |ike are used. These conpounds are
5supported on the above alum na nolded article in the formof an agueous
sol uti on by an i npPlegratimed nbehaguyoduchippi moe nerdwoeber compriayimet hod,

foll owed by drying and further firing to obtain a final catalyst. The
firing tenpeyasucailetberpieparat i ancofdihe fo nghe cabrvgstiomsallOpr ef erably
within a range from500 Cto 1000 C, and nore preferably from 600 C to 900
C. [0216] method hexseppofdedusanont tloé caonlyst tdecetdishdena eniee
dehydrogen catalyst is preferably from5 96 to 15 96 by 15wei ght, and nore
preferably fpoexén®6iovdicdonpyamdi giv reateios obnditdomsleafdEe23), based
on the total weight of the catal yst. Wen the supported anmount of iron is

| ess than 5 Sé&rbycukaghy, 1duffedi erforcat:alniliec, adtdrvitthe neanot be
obtained. In contrast, when the supported anount of 20iron is nore than 15
% by wei ght , resdbahyihdg cCmnechodi iy amyltedr easkeaf 023 7furnace type It is
preferred that at | east any one kind of oxides of Cs, My, Ba and La is
further supppssdetopnighesed as the reactor. The reaction temperature

can be usually adjusted within a range from 100 °C to
700 °C, and preferably from 150 °C to 600 °C, and the

10 reaction pressure can be adjusted to a normal pressure.
When the reaction is carried out by a fixed bed reaction
system, the space velocity can be usually adjusted within
a range from 10 hr' to 1000000 hr' (STP), and preferably
from 100 hr' to 10000 hr™* (STP).

15 [0189]
It is noted that a ratio (H,0/DME) of steam and
dimethylether (DME) to be fed to a reaction tube is from
1 to 20, and preferably from 3 to 10 in terms of a molar
ratio.
20 [0190]
Catalyst for Production of Dimethylether
The catalyst for the production of dimethylether of
the present invention is a molding including a plurality
of columnar portions disposed with at least one gap; and

25 bridge portions which are disposed at least both ends in
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25et hyl benzene dehydrogen catal yst so as to increase the - 128 -

catalytic activity. The content of the oxide of Cs, My, Ba, La and the like
is not particularly limted, but is preferably from1 96 to 6 96 by wei ght,
and nore preferably from2 %to 5 % by weight, based on the total weight of
5the catal yst. [0218] At | east any one kind of oxides of Cs, My, Ba
and La nmay be supported before supporting an iron conpound, sinultaneously
Wi th supporting the iron conpound, or 10after supporting the iron conpound.
[0219] lorwherudi md Urdid e ot ofnel efrertis prherakiedy ¢f adjaded: possi bl e
that an el enent containing solution is prepared by every el enent and the
cat al yst cargelimiasr seoreintng) |and Sphrioughthe Mdj smertactowtdmor | npr egnat ed
wi th each el enent-containing solution. However, it is preferred to use an
el ement cont@dminohs otateach | oclvdr charidiea pdarabe Tydioig etlemanls farke al | owed
to exist in one solvent. It is also preferred that at | east any one kind of
oxi des of Cssufidnddih Iandcha plurdlcdrpos it @l urtar therabove, iamh conpound
solution and the catalyst carrier is brought into contact with or

i mpr egnmt ed oy rad | £ @fmddneonh r peoigosl angrfdxee axy desgap Kstwddy Ba and
La together. [0220] 25It is preferred that the ethyl benzene dehydrogen -
129 - cat ajlystadpscent oesl uimdt Npe PoEEs | atthelsmeOld DndO0dopra ntimpre and a
currul ative pore volume of 0.10 nL/g or nore according to the nmeasurenent of

the pore volamimiya tde dafigin Yodmehsisnat | nd neldodcoemihe $0rata maxi num
pore 5 radius is less than 0.001 pmor the cumul ative pore volunme is |ess
t__han 0.10 mdey $uhddcdSnim calahasitt ¢ activity may not be obtai ned.
- It is possible to efficiently produce dimethylether
10 by using the catalyst for the production of dimethylether
according to the present invention for the production of
dimethylether.
[0191]
As shown in the formula shown below, dimethylether
15 (CH;0CH;) is produced by the dehydration reaction of
methanol (CH;0H) in the presence of the catalyst for the
production of dimethylether.
2CH,0H - CH;0CH; + HO0 {I)
[0192]
20 The catalyst for the production of dimethylether of
the present invention contains alumina as a main
component. Alumina is an oxide of aluminum and is
usually represented by the chemical formula (1):
A1,0;nH;0 [0 £ n £ 0.5] (1)

25 and an active alumina having a crystal structures such as
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[ 0221] The et hyl benzene dehydrogen catal yst preferably has 10a BET specific
surface area of 0.1 n2/g or nore, and nore preferably fromO0.5 n2/g to 300
n2/ g according to the neasurenent of the BET specific surface area by the
ni trogen adsorption single point nethod. When the BET specific surface area
of the catalyst carrier is less 15than 0.1 n2/g, it may becones difficult
to support a sufficient amount of a catal yst conponent (iron conpound) and
al so efficiency of contact between active sites of a catalyst and a raw

mat eri al duni.ngrt he qr dthestliidre afs stsadkene Thec peddes, adarralypt mavactivity
tends to becone 20insufficient. [0222] Production of Styrene

Accor di ng t ardieadeetsh oo fsira preodusi ngrestorreare, tistryneney isdbt.aifmed by t he
dehydr ogenati on reacti on of 25ethyl benzene diluted with steamin the
presence of dxwenple3CGhe etymddienzene deteydrogen acatgl Vst @escrildzed above,
and is produced by the dehydrogenation reaction as shown in the above
formula (1).1iKe. specific technique which can be enployed in the nethod for
produci ng styrene is not Sparticularly limted as long as it is a techni que
based on the dehydnegenattiaait remcliumnraim tire @bovwe faryald &Edd )theand may be
appropriately carried out according to the conventional nethod. Since the
et hyl benzeng eyl age o £ ad iy e thad zeS tie jpreassur el dwsst o dms not
only a

Q

usually 80 % by weight or more, and preferably 90 % by
weight or more in terms of an oxide (Al;0;) based on the
entire catalyst for the production of dimethylether.

10 [0193]

The catalyst for the production of dimethylether
according to the present invention contains silica. By
containing silica, it is possible to suppress the BET
specific surface area from decreasing when the catalyst

15 is subjected to a high temperature and high pressure
steam atmosphere during the reaction.

The content of gilica in the catalyst for the
production of dimethylether of the present invention is
preferably 0.5 parts by weight or more, and more

20 preferably 0.8 parts by weight or more in terms of S10,,
bagsed on 100 parts by weight in terms of Al;O0;. When the
content of silica is less than the above range,
conversion of alumina into aluminum hydroxide proceeds
under a high temperature and high pressure steam

25 atmosphere and thus the BET specific surface area of the
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10l arge surface area but also a noderate strength when it is used for the
production of styrene while being packed into a reactor or a reaction
vessel, it can exhibit high catalyst perfornmances and is capabl e of
efficiently producing styrene. 15[0223] The net hod for producing
styrene can be carried out according to the conventional nethod except for
use of the ethyl benzene dehydrogen catal yst, and the reaction conditions
are not particularly limted. For exanple, 20when the dehydrogenation
reaction is cpplies fof itdes dewiidbivn ealttdime thybsthers térds eaxtor. The
reaction tenperature can be usually adjusted within a range from400 Cto
800 C, and piefmrahty fImomwoslGaGtt,o theGeClsamd e tricadiiron iprigsgure can be
usual ly adjusted within 25a range fromO to 1 MPa, and preferably from
0.001 MPa tof tI3d uppdr Sliveer dhethe quomkdmurdy sphaoea velHoeictvwer(LHSV) can
be usually adjusted within a range from0.1 11-1 to 2.0 if', and preferably
fromO.2 if'simcd. o Ifhudthe 02 rSlemati cof STé ERjfaft st asmpiIdd s angl
et hyl benzene (EB) to be fed to a reaction tube is preferably from1.0 to
20. 0, ahd nmu edgrwdesably (HomRT pacilBid surfareasanda acamllae ratio.
[ 0225] 10In such a manner, when the ethyl benzene dehydrogen catal yst is
used, styrenexsadtd® @fdh ci®ndllyi g ot cedd s hrdil ghi rydetpord O226] tiet hod
for Producing Catalyst for Selective Hydrogenation
upper limit of silica is usually 10 parts by weight or
less, and preferably 2 parts by weight or less in terms
of $i0,, based on 100 parts by weight of alumina in terms
10 of Al,0; from an economical point of view.
[0194]
There is no particular limitation on a silica
source when silica is incorporated into the catalyst for
the production of dimethylether of the present invention.
15 For example, a silica sol liquid such as an acidic silica
sol, a neutral silica sol and the like, a silica powder,
and a silicon alkoxide such as tetraethyl orthosilicate
and the like can be used. Among these silica sources,
those free from metals other than aluminum and magnesium
20 are particularly preferred.
[0195]
The catalyst for the production of dimethylether of
the present invention contains magnesium element.

Accordingly, it becomes possible to carry out the

25 dehydration reaction of methanol at an excellent reaction
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15The nol di ng according to the present invention can be suitably used as a
catalyst carrier for the selective hydrogenation reaction. That is, a

catal yst including the catalyst carrier (nolding) containing alumna as a
mai n conponent, and pal | adi um supported on the catal yst 20carrier (which is
herei nafter sonetines referred to as a sel ective hydrogenation catal yst)
can efficiently exhibit high catal yst performances and is capabl e of
efficiently accelerating the sel ective hydrogenation reaction. [0227] 25The
catal yst carrar dwernmlelwig at oz ouSheemeguiesiypm el3ment meindrEiialed
containing alum na as a main conponent and, specifically, alum na may
account for 990 tye wetghtysr foretlod pheduotbdn wef ghimethy hetlvet abfy/ st
carrier material. Herein, the crystal phase of alum na to be used as the
5mai n conponet wfeddrec catatysionars i wsuaklpref erlad| Foomeo Hrmagpmes kimds
selected fromx type, Ic type, p type, q type, y type, pseudo y type, 6
type, O typecxintk a{Ny@e. [0228] It is preferred that the catal yst carrier
has a 10l ocal maxi mum pore radius of 0.001 pmor nore and a cunul ative pore
vol une ®»f 0.[1®L9dY g or nore according to the measurenent of the pore vol une
by the nmercury penetration nethod. Wien the | ocal maxi mum pore radius is

| ess than 0.001 prrisnd:driteerctimt athey endiptes Moh lseemeantl Siesishd han 0. 10 nl/ g,
sufficient catalytic activity may not be obtained. [0229] It is
preferred t hadtdhestcatat visthe carddect has of BEmspieglidttesusf ackearea of 0.1

n2/ g or nore according to 20t he nmeasurenment of the BET specific surface

area by the present invention is from 0.01 parts to 1.2 parts by

| weight, and more preferably from 0.1 parts to 0.6 parts

10 by weight in terms of Mg, based on 100 parts by weight of
alumina in terms of Al;0;. When the content of the
magnesium element is less than the above range, the
addition effect of the magnesium element decreases and
thus it may become impossible to sufficiently maintain

15 the reaction rate when subjected to the reaction for a
long time. In contrast, when the content of the
magnesium element is more than the above range, the
reaction rate at the beginning (initial stage) of the
reaction tends to decrease and thus it may become

20 disadvantageous in efficiently producing dimethylether.
[0197]

There is no particular limitation on a magnesium

source when magnesium element is incorporated into the
catalyst for the production of dimethylether of the

25 present invention. For example, it is possible to use a
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ni trogen adsorption single point nethod. When the BET specific surface area
of the carrier is less than 0.1 n2/g, since it may becone difficult to
support a sufficient amount of a catal yst component (palladium and 25al so
efficiency of contact between active sites of the - 133 - catalyst and the
raw material decreases during the purification of olefin conmpounds,
catalytic activity tends to becone insufficient. [0230] 5The sel ective

hydr ogenati on catal yst is obtai ned by supporting palladiumas a catal yst
conponent orpdvdexcarfl yisn additieyn descrabechisbrane Then ssppos ted-lamaunt  of
palladiumis preferably from0.01 %to 5 % by weight in terns of netallic
pal | adi um bes\resiun eulidtad, wegies hfofacdie tat algwies Wemitmeatsapport ed
anount of palladiumis |less than 0.01 % by weight, sufficient catalytic
activity nmaymagtedoeurobtialoweitie | mapmts agt , hydmeosigpond nghanolkt, afnd
palladiumis nore than 5 % by weight, catalytic activity nmay decrease. The
supported patdqoksiad Sasirde |andxilst S1idret he catal yst carrier in the form of
a nmetal, and the supported amount is the weight in terns of the netal.

[ 0231] ghe npitwal] of supporting palladiumon the catal yst 20carrier is not
particularly limted, and for exanple, it is possible to enploy a nmethod in
whi ch the cat al ystTit@ardd exlys: f@atigitie | ptedwont @actofv dimerhy priegnatfed wi t h
a palladium solution prepared by dissolving a palladiumsalt, a palladium
conpound or the pi&sent) Bnpswpten 2hspl ventaid oh | owesl bic ae headént s eat nent
(drying and firing)

other than aluminum and magnesium, for example, titanium,
cerium, zirconium, zinc and the like as long as the
10 effects of the present invention are not impaired. The
metallic element is usually contained in the form of an
oxide.
[0199]
The catalyst for the production of dimethylether of
15 the present invention usually contains sodium in the
amount of 0.01 % by weight or less in terms of oxide
(Na,0) based on the entire catalyst and, ideally, it is
preferred that the catalyst does not substantially

=]

contain sodium (0 % by weight). When the content of
20 sodium is more than 0.01 % by weight, the reaction rate
tends to decrease.
[0200]
The catalyst for the production of dimethylether of

the present invention preferably has a BET specific

25 surface area of 100 m’/g or more, and usually 300 m’/g or
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- 134 - and a reduction treatnent. The heat treatnent is usually carried
out in air, and the reduction treatnent is usually carried out with
hydrogen in a vapor phase while heating. The concentration of palladi um of
t he pal | adi um 5sol uti on and the nunber of the contact or inpregnation
treatment may be appropriately selected so that a predeterm ned anount of
palladiumis finally supported. It is possible to use, as the palladi um
conmpound, water-soluble salts of organic acids, such as palladi um

10acet at e; ambswatlertewd ubde. salts of inorganic acids, such as palladium
chl oride, palladium sodiumchloride, palladiumsulfate, palladiumnitrate,

t etrachl or opal | adatre,thdi ot torlodi tanfmme tpalpradiugh iamhel omtglwbe 8wt s of
pal | adi um dinitropol yamm ne pal | adi uns 15and the |ike. [0232] Purification
of A efin ConpovinslspoiysSet elatveret Hyy ogenatunonl Accor draigatsd aheamishod f or
purifying ol efin 20conpounds, al kynes (hydrocarbons of acetyl ene series),
whi ch are hilgadingirs giarat st hyslro ar bmreconpalitisiexi stuswprlily 0 sl |
anount in ol efin conpounds obtai ned by steam cracki ng of naphtha, and

di ol efims aren’yel eat mealey amynegendtyed .ion cfiggpoeseace. of Théie sel ective
25hydr ogenati on catal yst descri bed above. - 135 - [0233] The olefin
conmpound i ncdwleBa el hy | eseumdrepypenes andy huf enepotderadioly | ehet dhased

hydr ocar bon i ncl udes acetyl ene, nethyl acetyl ene and et hyl acetyl ene, and the

Q o

to 100 um preferably accounts for about 10 % to 60 %, and
more preferably about 15 % to 50 % of that of pores
having a pore radius of 1.8 nm to 100 um.

10 [0201]

The catalyst for the production of dimethylether of

the present invention can be produced, for example, by a
method i) of sufficiently absorbing a solution
(preferably an aqueous solution) containing a silica

15 source and a magnesium source into an alumina precursor,
followed by molding and further firing the precursor, or
a method ii) of mixing a silica source, a magnesium
source and an alumina precursor as a powder in advance,
followed by molding and further firing. In any method,

20 there is no particular limitation on the alumina
precursor. Those obtained by the conventionally known
method may be used, and also commercially available
aluminum hydroxide and aluminum hydroxide oxide may be
used. Upon firing, there is no particular limitation as

25 to firing conditions. The firing temperature is usually
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5di ol efin includes propadi ene and but adi ene. [0234] A specific
techni que which can be enployed in the nethod for purifying the olefin
conpounds is not particularly limted as long as it is based on the
10hydr ogenation reaction of the reaction fornula described hereinafter, and
may be appropriately carried out according to the conventional nethod. The
sel ecti ve hydrogenation catalyst mnimzes the pressure | oss and has not
only a large surface area but also a noderate 15strength when it is used in
t he net hod fadjpatedyfngmtiiecoteddd eOnMpouhddo whi | andeting packed tine a
reactor or a reaction vessel, it can exhibit high catal yst performnces and
i s capabl e ofsehfugleptiyjpsredyfngmby henoyi g thehaces yl @nd- blased
hydr ocarbons and the 20di ol ef ins through the sel ective hydrogenati on.
[0235] The neihodgfopepatidyi hg tEeadlef carcbapoontdsizamnbeicarri ed out
according to the conventional nethod except for use of the selective
hydr ogenat i oat6asphysé. 25Regarding the reaction conditions, a vapor phase
reaction - 136 - and a |iquid phase reaction are exenplified. Regarding
t he vaper phasgoreaction, a front-end systemand a tail-end system are
exenplified. The classification will be shown bel ow. 5[0236] The reaction
formul as of the setgecth&emethod i), in order that the alumina
precursor absorbs the solution, it is possible to employ
a manner to impregnate the alumina precursor with the
solution or to coat the alumina precursor with the
10 solution using a spray. In the method i), when the
solution containing the silica source and the magnesium
source is absorbed by the alumina precursor, a solution
containing both the gilica source and the magnesium
source may be used, or a solution containing the silica
is gsource and a solution containing the magnesium source may
be separately absorbed. A mixing unit in the method ii)
is not particularly limited and, for example, a unit for
stirring power such as a mixer may be employed, or a unit
for mixing while comminuting such as a mill may be
20 employed,
The method i) and the method ii) can also be
appropriately used in combination and, for example, after
mixing one of the silica source and the magnesium source

as a powder with the alumina precursor, a solution of the

25 other of the gilica source and the magnesium source may
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hydr ogenati on of acetyl ene, propadi ene and net hyl acetylene in a m xed
ol efin of ethylene and propyl ene are shown bel ow (vapor phase reaction,

front- 10end system). (Acetylene) CH2 + Hy C2H4 (Met hyl acetyl ene) C3H4 +
H2 -? 03H6 (Propadiene) C3H4 + H2 -?

be absorbed by the resultant mixture.
{0203]
The method for producing the catalyst of the
present invention is not limited to the above methods and
5 can also be produced by a method of molding the alumina
precursor, firing the resultant molding followed by
providing the silica source and the magnesium source.
[0204]
Method for Producing Dimethylether
10 According to the method for producing dimethylether
of the present invention, dimethylether is obtained by
the dehydration reaction of methanol in the presence of
the catalyst for the production of dimethylether of the
present invention, and is produced by the dehydration
15 reaction as shown in the above formula (I). A specific
technique which can be employed in the method for
producing dimethylether of the present invention is not
particularly limited as long as it is a technique based
on the dehydration reaction of the above formula (I), and
20 may be appropriately carried out according to the
conventional method. Specifically, a methanol gas
generated by vaporizing methanol may be brought into
contact with the catalyst at a dehydration reaction
temperature. Since the catalyst of the present invention

25 minimizes the pressure losgss and has not only a large
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C3H6 A fixed bed flow reactor is used as a reactor. It 15is usually
preferred that the reaction tenperature is from50 Cto 150 00, the
reaction pressure is from0.5 MPa to 4 MPa, and the gas hourly space
velocity (GHSV) is from4000 11-1 to 8000 h-1. [0237] 20The reaction for
the sel ective hydrogenation of acetylene in ethylene to ethylene after the
separation of ethylene frompropylene is a vapor phase reaction of the
tail-end system A fixed bed flow reactor is used as a
reacti on 25appafatesardd bt sled |y prddmsrredittengtihevheactt ors -ugly -
tenperature is from20 Cto 150 C, the reaction pressure is from0.1 MPa to
3 MPa, the dasr hthe | yropactei ael o i d yngtGHRAS ther fwlom @ 0889itg Ipacke3500 h- 1,
and the nolar ratio of hydrogen/acetylyene to be fed to a 5reaction tube is
from1l. 0 to ik 4 (@23Btdheandtatteoactomiesseal, the cahesthMeit high
hydr ogenati on through the vapor phase reaction or the liquid phase reaction
of propadi enm taaidy stetpyt Boetyhere hod nipropydiehe af eeBfid Ddhiolys:
(Met hyl acetyl ene) C3H4 + Hy -? C3H6 ( Propadi ene)C3H4 4- Hy -> C3H6
5 producing dimethylether.
[0205]
The methanol gas may be a pure methanol gas

composed entirely of methanol, but may contain water

{steam} or an alcohol other than methancl, such as

10 ethanol or isopropanocl. The content of methanol relative
to the total of methanol and the water and the alcochol is
usually 90 % by weight or more, and preferably 95 % by
weight or more. The methanol gas is usually used after
diluting with an inert gas such as nitrogen (N;}, argon

is or helium. Methanol is usually vaporized by an
evaporator before the reaction.

[0206]
Upon the dehydration reaction of methanol, the
reaction temperature is usually 250 °C or higher,

20 preferably 270 °C or higher, and usually 450 °C or lower,
preferably 400 °C or lower. The reaction pressure varies
depending on the temperature, but is usually 1 x 10° Pa
or more and usually 50 x 10° Pa or less, preferably 30 x

10° Pa or less.

25 [0207]
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In the case of the vapor phase reaction, it is usually preferred that the
reaction tenperature is from 1550 Cto 120 00, the reaction pressure is
fromO0.4 MPa to 3 MPa, the gas hourly space velocity (GHSV) is from 1000
h-1 to 3000 h-1, and the nolar ratio (hydrogen to be fed to reaction
tube)/ (propadi ene + nethyl acetylene) is 3.0 or less. 20ln the case of the
| i qui d phase reaction, it is usually preferred that the reaction
tenperature is from20 Cto 40 C, the reaction pressure is from2 MPa to 7
MPa, the |iquid hdihd Wedpaten Vighrociaac (s ietthamD. s Msulally 10 h-1,
and the nolar ratio (hydrogen to be fed to 25reaction tube)/(propadi ene +
met hyl acet yl@neyied S0 wsing 1:88fixed dozd fOR3Y)r Theckhehect imelti-
hydr ogenati on reaction formul as through the sel ective hydrogenati on of
but adi ene andiBetdry | weat ydeneand Hut agres lamdr Thespacgide hastey r 6883V)on of
dienes in cracked gasoline are as follows. (Butadiene)C4H6 + H2C4118
( Et hyl acet ylehe)edandP UHuAud 1 ke bedch | ow meaet andi 350860 RS @zr eacti on
lO0apparatus. It is usually preferred that the reaction tenperature is from
40 C t e 150 Xgsd he reaction pressure is froml MPa to 7 MPa, the liquid
hourly space velocity (LHSV) is from0.1 1Cl to 10 If', and the vol une
rati o (hydrogen t @ibe=tiled dithgweatttiainddibe) /(e qreabtvmwm can be used
as it is, but may be optionally purified by the
conventional method such as distillation.
[0208]
10 Method for Producing Ethylbenzene Dehydrogen Catalyst
The molding of the present invention can be
suitably used as a catalyst carrier for the ethylbenzene
dehydrogenation reaction. That is, a catalyst having a
catalyst carrier (molding) containing alumina as a main
15 component, and iron supported on the catalyst carrier
(which is hereinafter sometimes referred to as an
ethylbenzene dehydrogen catalyst) can efficiently exhibit
high catalyst performances and is capable of efficiently
accelerating the ethylbenzene dehydrogenation reaction.
20 [0209]
The ethylbenzene dehydrogenation reaction means,
for example, a reaction which produces styrene by the
dehydrogenation reaction of ethylbenzene using a catalyst

or the like, as shown in the following formula:

25 CeHsC3Hy — CgHsCoHs + H — 113 kJ/mOl (I)
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15material) is from50 to 350. [0240] Method for Producing Oxidation

Cat al yst The nol di ng of the present invention can be suitably used
as a catalyst carrier for the oxidation 20reaction. A catalyst including
the catalyst carrier containing alumna as a main conponent, and a platinum
group el ement supported on the catalyst carrier (which is hereinafter
sonetines referred to as an oxidation catalyst) can efficiently exhibit

hi gh catal yst 25perfornmances and is capable of efficiently accelerating -
139 - the okdziat) on reaction. [0241] The catal yst carrier is made
of the porous refractory material containing alumna as a main 5conponent
and, specifically,Tisd watwl ey @oooimt formbl: 96 by pergid woffrorteownf the
total weight of the catalyst carrier material. Herein, a crystal form of

al um na to heatseth hscdites 1ed iy conmpohentaofa tieic at@hystecaran®r can be one
or nore kinds of crystal forns selected from 10boehmte type, pseudo

boehm te typepedity@elly, typPomina tyPe, adcdyude, fyr types pgeusDglyt type, 6
type, O type and a type. [0242] It is preferred that the catal yst carrier
has a s more of the total weight of the catalyst carrier material.
Herein, the crystal phase of alumina to be used as the
main component of the catalyst carrier is preferably one
or more kinds selected from x type, x type, p type, n
tvype, v type, pseudo vy type, & type, O type and « type.
10 [0211]

It is considered that alumina as a catalyst carrier
usually has acidic sites and therefore accelerates
precipitation of a carbonaceous substance and the removal
of the carbonaceous substance by the water gas reaction

15 with steam is insufficient. Therefore, it is preferred
to neutralize the acidic sites by adding a basic
substance to an alumina carrier, followed by a heat
treatment.

The alumina carrier may be reformed with the basic

20 substance before or after molding. When reforming is
carried out before molding, an alumina powder is mixed
the basic substance and kneading the mixture, followed by
molding and further the heat treatment. When reforming
is carried out after molding, an alumina molding may be

25 impregnated with the basic substance so that the basic
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15l ocal mexi num pore radius of 0.001 pmor nore and the cunul ative pore
volunme of 0.10 nm./g or nore in the neasurenent of the pore volune by the
mercury penetration nethod. Wien the [ ocal maximum pore radius is |ess than
0.001 umor the cunul ative pore volune is |less than 0.10 20nL/g, sufficient
catalytic activity may not be obtained. [0243] It is preferred that the
catal yst carrier has a BET specific surface area of 0.1 n2/g or nore in the
measur enent of the BET specific surface area by the 25nitrogen adsorption
si ngl e poi ntswettmikce -id 4Qupported onWies ahenBET wpbtifg c Sulfaeed area of
the catalyst carrier is less than 0.1 nR/g, since it may becone difficult
to support apu fhedtentreaouatt of Thecat alpestatdamzoment Hepl at i num group

el enents) and al so efficiency 5of contact between active sites of a

cat al yst ancapprapt it €1y abe Hect @i sescoudimg tdetloxi tatebnotleedguosi ti on of
an exhaust gas, catalytic activity tends to becone insufficient. [0244]
10The oxi datsehulesl ftySbE | Shelbbas hedsliys sapporte rige augddit | num group el enent
on the catalyst carrier described above. The platinumgroup elenent is a
netal sel ectpgefzpm rut henium rhodium palladium osmum iridium and

pl ati num and a catal yst obtained by supporting palladium 15is particularly
preferred. [0245] Exampledhef stipasdeic ammpntawie padd@di oim st prefey abl y
fromO0.01 %to 50 1 by weight, preferably from0.01 1 to 40 1 by weight,
and nore prejipi@bhy {neMude Odn lalwal) Hetal compound, an alkali earth

metal compound,a rare earth metal compound and the like.

Lithium, sodium, potassium and cesium can be used as the
10 alkali metal, magnesium, calcium, strontium and barium

can be used as the alkali earth metal, and lanthanum,

cerium and the like can be used as the rare earth metal,

respectively.
[0213]

15 The supported amount of the basic substance is from
0.5 % to 20 % by weight, and preferably from 1.0 % to

10 % by weight, when all components are expressed in
terms of oxides.
[0214]

20 The molding of the carrier containing the basic
substance is then fined at a temperature within a range
from 300 °C to 1000 °C, and preferably from 350 °C to
800 ©°C.

[0215]

25 An iron compound ig supported on the alumina
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20by weight, in terns of netallic palladium based on the total weight of
the catal yst. Wien the supported anmount of palladiumis |ess than 0.01 96
by weight, sufficient catalytic activity may not be obtained. In contrast,
when the supporting amount of palladiumis nore than 50 % 25by wei ght,
catalytic activity nmay decrease. The - 141 - supported pall adi umusually
exists on the catalyst carrier in the formof a netal, and the supported
anount is the weight in terns of nmetal. The supported anmount of the other
pl ati num gr aupl@lemens tiny ddeahestr | ygatheesanentamnimattlod padiadi um

[ 0246] The net hod of supporting palladiumon the catalyst carrier is
not parti cul auibytande | eflohholwed by exailghe, tréatmepossidd eHeo iampl oy a

met hod in which the catalyst 10carrier is brought into contact with or

i npregnat ed gdigpo@ndal 1 asth ush 5ot 1dlé pni poepal eta by, dlssol vydgoaidga) | adi um
salt or a palladiumconpound in a proper solvent, foll owed by a heat

treat ment (diyomgsabeaté rang)tiaadl ské egbset iead! r eaigmntcomperari®atardta eat nent
is usually 15carried out in air, and the reduction treatnment is usually

carri edsout iphohyes 0geNthe dHyePoslphass mbidedheatidye Thetkonegenhration
of pall adium of the palladium solution and the nunber of the contact or

| Mpregnat i onot r 23t ARGECHBYs HEuBDER OBy | &4 el sipBehest ety Seethad, aa
20pr edet ermi ned anmount of palladiumis finally supported. It is

possible to g5pin§ hbensdal badh UsHERPPRYFELA AL 6T 1 &RtAbe &) isgoindrganic
acids, such as palTadium acetate; and water-soluble salts of inorganic

acids, such pgrpaélagi Hinghtorégeainahl agdham sedhvpnehl arnidesiAZapal | adi um
:sylfate, pall adiumnitrate, - 142 -
o temperature in the preparation of the final catalyst is
10 preferably within a range from 500 °C tc 1000 °C, and
more preferably from 600 °C to 900 °C.
[0216]
The supported amount of iron in the ethylbenzene
dehydrogen catalyst is preferably from 5 % to 15 % by
15 weight, and more preferably from 6 %to 10 % by weight in
terms of an oxide (Fe,;0;), based on the total weight of
the catalyst. When the supported amount of iron is less
than 5 % by weight, sufficient catalytic activity may not
be obtained. In contrast, when the supported amount of
20 iron is more than 15 % by weight, catalytic activity may
decrease.
[0217]
It is preferred that at least any one kind of

oxides of Cs, Mg, Ba and La is further supported on the

25 ethylbenzene dehydrogen catalyst so as to increase the
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tetrachl oropal | adate, dichl orodi am ne palladium am ne conplex salts of
pal | adi um and di nitropol yam ne pal | adi uns. [0247] 5Oxi dati ve Deconposition
Met hod of Various Exhaust Gases According to the oxidative
deconposition net hod of various exhaust gases, such exhaust gases are

oxi datively deconposed in the presence of the oxidation catalyst described
above under the coexi stence of oxygen. 10[ 0248] A specific technique which
can be enployed in the oxidative deconposition nethod is not particularly
limted as |longabgtld astbabed. oTHehe cotietat iofe tdec @qicl tdforTsr,edigt,i ons of
t he respective reaction 15fornul as descri bed hereinafter, and may be
appropri at el ya card | £6d otlie aTtios dl Hond1O Hdret Lomvent ¥ ohahi ted hdoit The

oxi dation catalyst mnimzes the pressure | oss and has not only a | arge
surface areapbefepdiSDy af fidel at ecSt6 engbh whbght | 415d useck | pré hrerad@at i ve
deconposi tion 20nmet hod of vari ous exhaust gases in the state of being

packed into feaRtDr$ ©6 %eAChy OfeVEISSLIBased cantexhtbtal highyeatat yst
performances and i s capabl e of oxidatively deconposing vari ous exhaust
gases wsth sghdséaeippycefficiency. 25[0249] - 143 - Oxidative
Deconposi ti on Method of Gaseous Fl uorine-Contai ni ng Conpound According to
t he oxidativepglegpnposition nmethod of

At least any one kind of oxides of Cs, Mg, Ba and
La may be supported before supporting an iron compound,
simultaneously with supporting the iron compound, or

10 after supporting the iron compound.
[0219]

When a plurality of elements are used, it is also
possible that an element containing solution is prepared
by every element and the catalyst carrier is sequentially

15 brought into contact with or impregnated with each
element-containing solution. However, it is preferred to
use an element containing solution in which the plurality
of elements are allowed to exist in one sclvent. It is
also preferred that at least any one kind of oxides of Cg,

20 Mg, Ba and La is incorporated into the above iron
compound solution and the catalyst carrier is brought
into contact with or impregnated with all of the iron
compound and the oxides of Cs, Mg, Ba and La together,.
[0220]

25 It is preferred that the ethylbenzene dehydrogen
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a gaseous fluorine-containing conpound, the gaseous 5fluorine-containing
conpound as a m xture of one, or two or nore kinds selected from perfluoro
conpounds and Freons are oxidatively deconposed in the presence of the

oxi dation catal yst descri bed above under the coexistence of oxygen.

10[ 0250] The gaseous fl uorine-containing conpound includes Freons,
and conpounds call ed perfluoro conpounds as a general termfor nitrogen
fluoride, carbon fluoride, sulfur fluoride, hydrocarbon fluoride and the
i ke. 15Fr eorstalestdilstdhaan ghokca htoaat mos phetre cradiud roin ¥a@@ougn or

manuf acturing facilities, particularly sem conductor manufacturing sites,
regar dl ess afotdearndne erunt hat i ¥ goorse avel weelsaf | ¥ el § aolt Oy sot awarels gl obal
war m ng. Al so, the perfluoro conpound, which is often 20used in the etching
or cl eani ng g¢eeesding nts erihe anckueh oememn ub A ctue | poré acolune dsy tiss a | arge
gl obal warm ng potential which is at [east 1000 tinmes |larger than that of
carbon di oximercangd pdreserasien iesyhdd gh Wiessithd illocdlhataxdirachaoge of t he
perfluoro conpound into atnospheric 25air is restricted in near future as
in the sase gddile is 1¥dss thrOMSO0Thet eot stiad seuhbapi bl eord hat t he
deconposition of the perfluoro conpounds are nore difficult as conpared

Wi th Freons.vdD2bd]iSThess eaigdhon, formu)qs ohf £ heioxt dedtyeyeleeonposi tion
of nethane tetrafluoride, ethane hexafluoride or propane octafluoride in a

gaseous fl uogdbevLont@ayi AGL Cloapebtdiaeda m xture of one, or two or nore
ki nds sel ected from pertluoro conpounds and
‘ [0221]
The ethylbenzene dehydrogen catalyst preferably has
10 a BET specific surface area of 0.1 m’/g or more, and more
preferably from 0.5 m’/g to 300 m®/g according to the
measurement of the BET specific surface area by the
nitrogen adsorption single point method. When the BET
specific surface area of the catalyst carrier is less
15 than 0.1 m?/g, it may becomes difficult to support a
sufficient amount of a catalyst component (iron compound)
and also efficiency of contact between active sites of a
catalyst and a raw material during the production of
styrene decreases, catalytic activity tends to become
20 insufficient.
{0222]
Production of Styrene
According to the method for producing styrene,
styrene isg obtained by the dehydrogenation reaction of

25 ethylbenzene diluted with steam in the presence of the
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10Freons are shown bel ow. (Deconposition of nethane tetrafluoride) CF4 +
2H20CO2 + 4HF (Deconposition of ethane hexafluoride) C2F6 + 1/202 + 3H20 ->
2002 + 6HF 15(Deconposition of propane octafluoride) C3F6 + 02 + 4H203CO2 +
8HF The reaction apparatus is not particularly limted, and a fl ow
type reactor (a fluidized bed, a fixed bed) or a batch reactor, preferably
a fixed bed flow reactor 20which is not of a nulti-tube type is used. It is
usually preferred that the reaction tenperature is from300 Cto 1000 C,
and pref er abtyhyibene0e Gleby9009€n thbaleatt dencpiksduakovs, f and s nor nal
pressure to 1 MPa, and the gas hourly space velocity (GHSV) is from 50000
| CI or 25| espyodndedrkyethél gehydnmpgfation tead®DO0 &s| shown4bn-th¢ 0252]
The concentration of the fluorine-containing compound contained in a
reacti on gasabsverébemabhy (ad} ustled smedi G heatolimme orhidgsscarWien t he
5concentration of the fluorine-containing conpound is nore than 3 96- by
vol une, the eoptepédainobhesmptbbdr Abtrypadfusieg soyBeB6 by wmotune or | ess
by adding a dilution gas such as air or nitrogen. This is because an
adver sesi nf | pancecusaekerlédibadcatalygaty &ef eti e mheachhiéquélObased
concentration of fluorine-containing conpound contained in the reaction gas
exceeds 3 96ohytkel Asrydtogaddtiboonreaxygen andthat eboaeefomoipofaied into
the reaction gas. An anmount of oxygen is not particularly limted as |ong
as oxygen i satdeflaiynbanappbuptiseqlir edribdedoouer aceartidng to the
conventional method. Since the ethylbenzene dehydrogen
catalyst minimizes the pressure loss and has not only a
10 large surface area but also a moderate strength when it
is used for the production of styrene while being packed
into a reactor or a reaction vessel, it can exhibkit high
catalyst performances and is capable of efficiently
producing styrene.
15 [0223]
The method for producing styrene can be carried out
according to the conventional method except for use of
the ethylbenzene dehydrogen catalyst, and the reaction
conditions are not particularly limited. For example,
20 when the dehydrogenation reaction is applied, a fixed bed
flow reactor ig used as the reactor. The reaction
temperature can be usually adjusted within a range from
400 °C to 800 °C, and preferably from 500 °C to 700 °C,

and the reaction pressure can be usually adjusted within

25 a range from 0 to 1 MPa, and preferably from 0.001 MPa to
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150f the perfluoro conmpound into carbon di oxi de and carbon nonoxi de, and
air is the nost desirabl e oxygen source. Water not only functions as
a conmponent which is required to discharge hal ogen produced during the
deconposition reaction out of the catalyst systemin the 20f orm of hydrogen
fluoride, but also functions to suppress alum numin alumna from escapi ng
fromthe catal yst systemin the formof alum numfluoride. Wen the anopunt
of water is the sane as or nore than the amount and such amount is 10 times
or | ess the ambuMpPaof Ted dgienRbdoniminesbace thelocdnt altftHYas,carhdie i s, for
exanple, from- 146 - 4 nol to 40 nol per nol of CF4, from6 nol to 60 nol
per nol of G2E6alby &dponsBedowitbiBOanmphnger froh 6f 1BFE8tosat.i0shatt ory
results can be obtained. [0253] 5Met hod for Oxidative Conposition of
Exhaust Gas &natprafagataybdnoibnoxi He' ard 1HEdihoyen The oxi dative
deconposi tion nethod of an exhaust gas contai ning carbon nonoxi de and
hydrogen is ¢appaed out in the presence of the oxidation catalyst described
10above under the coexistence of oxygen. [0254] Various gasses have
recently been usedaipathe semigpBuctostaanuiaTkirang pthpebsnzand
conmbusti bl e gases such as CO and Hy are often di scharged during such
15process. Singg €0 be @ecgofbustrbhetgan andei $sapseferably from 1.0
to 20.0, and more preferably from 2.0 to 18.0 in terms of
a molar ratio.
[0225]
10 In such a manner, when the ethylbenzene dehydrogen
catalyst is used, styrene can be efficiently produced in
a high yield.
[0226]
Method for Producing Catalyst for Selective Hydrogenation
15 The molding according to the present invention can
‘be suitably used as a catalyst carrier for the selective
hydrogenation reaction. That is, a catalyst including
the catalyst carrier (molding) containing alumina as a
main component, and palladium supported on the catalyst
20 carrier {(which is hereinafter sometimes referrxed to as a
selective hydrogenation catalyst) can efficiently exhibit
high catalyst performances and is capable of efficiently
accelerating the selective hydrogenation reaction.

[0227]

25 The catalyst carrier is made of a porous refractory
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harnful to the human body because of its strong toxicity, a treatnent is
requi red before releasing the gas containing the sane into atnospheric air.
Since H2 is not a harnful gas but a conbustible gas simlarly to CO 20a
treatment is required. [0255] According to the oxidative

deconposi tion nethod of an exhaust gas contai ning carbon nonoxi de and

hydr ogen, by bringing a gas containing CO and H2 to be treated into
25contact with the oxidation catalyst under the coexistence - 147 - of
oxygen, CO amtéPiah ¢hetgnsite dbutimates aresoxichmpohdyt tdedr eacti on
shown in the formulas bel ow. The reaction fornulas of the oxidative
deconposi t i aspad i £aeHDhy nosbxh tea atdly hyck ogen fortdhe Sexhausiglyasor
cont ai ni ng carbon nonoxi de and hydrogen are as follows. (Deconposition of
carbon nonoxhetey €O tthd/ 20@a]l WEXgliDesbnpsi tavalpét hydroden)mdePial -

1/ 202 -) H20 The reaction apparatus is not particularly limted, and
a flow type neaeins fhéubgygesl beithsé i xedabed)nartdbabehusedciorthereferably
a fixed bed flow type reactor which is not of a nmulti-tube type is used. It

is usuaply hbpiefesmpgenéhatot hehe eagth Dyst esReraétr £sipréferabDpnone
tenperature to 300 C, the reaction pressure is froma
cr more kinds selected from x type, x type, p type, 1
type, v type, pseudo y type, O type, 6 type and o type.
[0228]
It is preferred that the catalyst carrier has a
10 local maximum pore radius of 0.001 pm or more and a
cumulative pore volume of 0.10 mL/g or more according to
the measurement of the pore volume by the mercury
penetration method. When the local maximum pore radius
is less than 0.001 pm and the cumulative pore volume is
15 less than 0.10 mL/g, sufficient catalytic activity may
not be obtained.
[0229]
It is preferred that the catalyst carrier has a BET
specific surface area cof 0.1 mz/g or more according to
20 the measurement of the BET specific surface area by the
nitrogen adsorption single point method. When the BET
specific surface area of the carrier is less than 0.1
m’/g, since it may become difficult to support a

sufficient amount of a catalyst component {palladium) and

25 also efficiency of contact between active sites of the
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normal pressure to 1 MPa, and the gas hourly space velocity (GHSV) is from
1 h-1 to 20000 h-1. [0256] 20l n the oxidative deconposition nethod of an
exhaust gas containing carbon nonoxi de and hydrogen, the oxidation of CO
and H2 with the oxidation catal yst described above is carried out under the
coexi stence of oxygen. It is preferred to add oxygen to the gas to be
2btreated in an anmount which is the sane as that required - 148 - to
oxi dize CO and H2 contained in the exhaust gas, preferably about tw ce such
amount. The emichlyon aid oxlygeraw am her cal riedreutehydnr kimgtiaeér with the
exhaust gas. 5[0257] Oxidative Deconposition Method of Exhaust Gas
Cont ai ni ng \hatfi@gant cbapouncospoinds, neBu Yyt Acedat evity The
oxi dati ve deconposition nmethod of an exhaust gas containing a volatile
or gani ¢ conpoeids stis hb@some 1buffichertate is carried out in the presence
of the oxidation catal yst descri bed above under the coexistence of oxygen.
[ 0258] Since[¢d®oexhaust gas containing a volatile organic 15conpound such
as n-butyl acetate which is discharged in the filmformng process of a
conpoung seni conduri®rsélective hydrogenation catalyst is obtained by
supporting palladium as a catalyst component on the
catalyst carrier described above. The supported amount
of palladium is preferably from 0.01 % to 5 % by weight
in terms of metallic palladium, based on the total weight
10 of the catalyst. When the supported amount of palladium
is less than 0.01 % by weight, sufficient catalytic
activity may not be obtained. In contrast, the
supporting amount of palladium is more than 5 % by weight,
catalytic activity may decrease. The supported palladium
i5 usually exists on the catalyst carrier in the form of a
metal, and the supported amount is the weight in terms of
the metal.
{0231]
The method of supporting palladium on the catalyst
20 carrier is not particularly limited, and for example, it
is possible to employ a method in which the catalyst
carrier is brought into contact with or impregnated with
a palladium solution prepared by dissolving a palladium

salt, a palladium compound or the like in a proper

25 solvent, followed by a heat treatment (drying and firing)
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the sem conductor industry may cause poi soning when persons inhale a vapor
havi ng a high concentration of such organic conpound, and also the volatile
organi ¢ 20conpound is a conbustible gas which forns an expl osive m xed gas
and is likely to be charged with static electricity leading to an ignition
risk, and therefore a treatnent of such gas is required for the oxidative
deconposition. 25[0259] - 149 - According to the oxidative deconposition
nmet hod of an exhaust gas containing a volatile organi c conpound such as

n- butyl acet ahé, abyehucndong tirebemeant. acthai hdat hereatdaht ohscasahysy under
t he coexi stence of oxygen, 5n-butyl acetate in the gas to be treated is
oxi di zed i nt eagatibdnodiroxindaiand anet ehebyctie tieacttirea takntha sf or nul a shown
bel ow. The reaction formula of the oxidative deconposition of

n-butyl acet abealnyt karexbausiatgas teoridirdiges dnleveapbr @hesgamhd teonpound
such as n-butyl acetate is shown bel ow. (Deconposition of n-butyl acetate)

CH200004H9 +h80260062 +Thd-d3Rcdheracachi 60 pppAsAi e ©8 Ohe pallagiharly
limted, 15and a flow type reactor (fluidized bed, fixed bed) or a batch

reactor 5 pregenaklynaahliowhey pembeacb@ thli ednitscitobrofimpr@gnaicitunbe type
is used. It is usually preferred that the reaction tenperature is from 200

00 to 400 C tpeakeeabl ¥a358eCaloprdpldiatclife sk@aelled so that a
predetermined amount of palladium is finally supported.
It is possible to use, as the palladium compound, water-
soluble salts of organic acids, such as palladium
10 acetate; and water-soluble salts of inorganic acids, such
as palladium chloride, palladium sodium chloride,
palladium sulfate, palladium nitrate,
tetrachloropalladate, dichlorodiammine palladium, ammine
complex salts of palladium, dinitropolyammine palladiums
15 and the like.
[0232]
Purification of Olefin Compounds by Selective
Hydrogenation
According to the method for purifying olefin
20 compounds, alkynes (hydrocarbons of acetylene series),
which are highly unsaturated hydrocarbon compounds
existing in a small amount in olefin compounds obtained
by steam cracking of naphtha, and dioclefins are
selectively hydrogenated in the presence of the selective

25 hydrogenation catalyst described above.
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20 pressure is froma normal pressure to 1 MPa, and the gas hourly space
velocity (GHSV) is from 100 h-1 to 1000 h-1. [0260] The conponent of the
exhaust gas which can be treated includes, in addition to n-butyl
acetate, n- 25octane, ethyl lactate, tetrahydrofuran and the like in - 150
- the sem conductor industry. Each of these conponent is liquid at a
nornmal tenperature, and can be treated according to the present invention
in the other fields as long as it is an organic conmpound which is liquid at
a 5normal tehpeErdrure. [0261] Oxidative Deconposition Method of Exhaust Gas
Cont ai ni ng Organic Metal Conpound The oxi dative deconposition nethod of an
exhaust 10gas contEhieidie &in orgeghendret md 1wdag ettty ienearpiraol datte i Nt he
presence of the oxidation catal yst described above under the coexi stence of
oxygen. [ 02644 Iutdes | edled | HPepy Deessiessod opdpotuthdidsemt Tadelict or s,
particularly MOCVD (netal organic chem cal vapor deposition) and other CVD

(chem cal vapestphase, orowhi{lachey €fd ¥ ot iIdEDost ty Détle progassies in the
sem conductor industry, regarding an exhaust gas containing an organic

netal conpoudtbefLh ikscThdshapaeshaDénonnhdeplieasiénd, process using an
organic netal conpound as a reaction raw material, it is not confirned
of ten whet he[g®ganot the liquid raw nmaterials, the solid raw

A gpecific technique which can be employed in the
method for purifying the olefin compounds is not
particularly limited as long as it is based on the

10 hydrogenation reaction of the reaction formula described
hereinafter, and may be appropriately carried out
according to the conventional method. The selective
hydrogenation catalyst minimizes the pressure loss and
has not only a large surface area but also a moderate

15 strength when it is used in the method for purifying the
olefin compounds while being packed into a reactor or a
reaction vessel, it can exhibit high catalyst
performances and is capable of efficiently purifying by
removing the acetylene-based hydrocarbons and the

20 diclefins through the selective hydrogenation.

[0235]

The method for purifying the olefin compounds can
be carried out according to the conventional method
except for use of the selective hydrogenation catalyst.

25 Regarding the reaction conditions, a vapor phase reaction
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materials and the organic solvents to be used as the solvents of those raw
mat eri als have highly toxic or 25safety. Therefore, after using such
materials, it has - 151 - been necessary that the exhaust gas descri bed
above is subjected to a purification treatnment before release into

at nospheric air. [0263] 5The oxidation catal yst perforns a purification
treatnent by the oxidative deconposition of a harnful gas containing an
organi ¢ netal conpound under the coexistence of oxygen, and there is no
particul ar lamdtatlioguibd pivesergesedicioetste congophif idhe ®dgkatdiory
10cat al yst can al so sol ve probl ens such as upsizing of an apparatus, a
post - t r eat netihe ofapor ghisasdi nepd i domn d astdonanendi ghsesrergyd costaikquired
to maintain the conmbustion state as seen in a wet nethod and a combustion
met hod whi chenéreysoasmonty asedol hf 1d@. purtie icClatd sarf itaegaitoremti 115net hod of
the organic netal conpouds. [0264] Oxidative Deconposition Method of
Exhaust Gas £lodinai séDgw Ni t rogen- Cont ai ni ng Gas such as Ammoni a or Ami ne
According to the oxidative deconposition nethod of 20an exhaust gas
contai ngng a[meigpgen-contai ning gas such as amonia or an am ne, the

oxi dative deconposition is carried out in the presence of the oxidation
catal yst descri bedreboveasiiiler themeDexi of etice oé1oxtypen. [0265] 25The
reaction apparatus is not particularly limted, - 152 -

hydrogenation of acetylene, propadiene and
methylacetylene in a mixed olefin of ethylene and

propylene are shown below (vapor phase reaction, front-

10 end system).
(Acetylene) C,H, + Ho - CzH,
{(Methylacetylene) C3Hy + Hz — CiHg
(Propadiene) CsHy + Hy — CiHg

A fixed bed flow reactor is used as a reactor. It

15 is usually preferred that the reaction temperature is
from 50 °C to 150 °C, the reaction pressure is from 0.5
MPa to 4 MPa, and the gas hourly space velocity (GHSV) is
from 4000 h™* to 8000 h™'.

[0237]

20 The reaction for the selective hydrogenation of
acetylene in ethylene to ethylene after the separation of
ethylene from propylene is a vapor phase reaction of the
tail-end system.

A fixed bed flow reactor is used as a reaction

25 apparatus. It is usually preferred that the reaction
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and a flow type reactor (fluidized bed, fixed bed) or a batch reactor,
preferably a fixed bed flow type reactor which is not of a nmulti-tubul ar
type is used. It is usually preferred that the reaction tenperature is from
5150 Cto 500 C, preferably 200 Cto 400 C, the reaction pressure is froma
normal pressure to 1 MPa, and the gas hourly space velocity (GHSV) is from
100 11-1 to 50000 if', and preferably from 1000 11-1 to 30000 11-1. [0266]
10The oxidation catal yst can be used to deodorize, in addition to a

ni trogen- contahpergtgas ssciras 20Mbhi 2o ok5@n°@ni tlee werexbaust gas
containing a volatile organic conpound (VOC) such as al cohols, al dehydes,
ket ones, hydsoeasboasianfircarboh Mbaoxe de, MPayr exanphe, haur BX hapste 159as
cont ai ni ng anmoni a and am nes which is discharged fromgeneral factories
and homes unekelodhey cOeREgl eheef odm oxgoenh *Waen3ehe bxi datddorcteat al yst i s
used to deodorize exhaust gas containing 1 96 by volunme or |less, preferably
0.1 % by volmnraprriaess of aydrdgogtaeconlpene ngo e ofipdnenta and 1 96 by
vol une or |ess, preferably 0.1by volune or less of the other volatile

or gani cs conpeedct Conpoueat 55 themelffects ®fothe present invention can be
sufficiently exerted. [0267] 250xi dative Deconposition Mthod of

Oxygen- Excesspyest 153 - Exhaust Gas Contai ni ng Hydrocarbon

According to the oxidative deconposition nethod of an oxygen-excessive
exhaust gas cont ai Tehé 0r@ady tb CBE ANl asNo £XtlaeISEe JaSt SHWeh as a conbustion
exhaust gas, which

hydrogenation through the vapor phase reaction or the

ligquid phase reaction of propadiene and methylacetylene

190 in propylene are as follows:
(Methylacetylene) C3Hy + Hy — CiHg
(Propadiene) CiHy + Hy - C3Hg

In the case of the vapor phase reaction, it is

usually preferred that the reaction temperature is from

15 50 °C to 120 °C, the reaction pressure is from 0.4 MPa to
3 MPa, the gas hourly space velocity (GHSV) is from 1000
h'! to 3000 h'', and the molar ratio (hydrogen to be fed
to reaction tube)/(propadiene + methylacetylene} is 3.0
or less.

20 In the case of the liquid phase reaction, it is
usually preferred that the reaction temperature is from
20 °C to 40 °C, the reaction pressure is from 2 MPa to 7
MPa, the liquid hourly space velocity (LHSV) is from 0.1
h™' to 10 h'', and the molar ratio (hydrogen to be fed to

25 reaction tube)/ (propadiene + methylacetylene) is 3.0 or
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5contai ns a hydrocarbon and al so contains oxygen in an anount nore
excessi ve than an anount required for conplete oxidation of a reducing
substance, is oxidatively deconposed in the presence of the oxidation
cat al yst descri bed above under the coexistence of oxygen. 10[0268] The
oxygen- excessi ve exhaust gas containing the hydrocarbon is discharged, for
exanpl e, fromthermal power stations or various factories and such exhaust
gas exerts an adverse influence on the human body and 15environnment, and
therefore a pegsfication treatnent of such gas is required. For
exanpl e, the hydrocarbon is harnful since it may cause acute neurol ogic
synptons or ¢e®H] c synptons such as sick house syndronme when persons

i nhal e a vapor 20of the hydrocarbon. Methane which is a hydrocarbon having
t he sinplest structhy esebeet Hvedmbmseeredt Bot gsesc t iwol #echuled he gl obal
war m ng. [0269] According to the oxidative deconposition

met hod of 25t hecwly geile ex€BsSt iree exdtisd e gaisi ciond &1 i thgd hwntks caad bon, - 154
- by bringing an exhaust gas such as a combustion exhaust gas, which
contai ns a hytinptasdopl amnd &h Sioutné A dusd OXlyg €N dnbi @ NplaAD: Nt e A®E Lo1XCESSi Ve
than an anmount required for conplete oxidation of a reducing substance,
Sinto contacéf wWiildnddeiwxtdatkon sasalyse descsasbedlaboye under the

coexi stence of oxygen, the hydrocarbon in the
(Butadiene) C4Hg + Hy - C4Hyg
(Ethylacetylene) CaqHs + Hz - C Hg
A fixed bed flow reactor is used as a reaction
10 apparatus. It is usually preferred that the reaction
temperature is from 40 °C to 150 °C, the reaction
pressure is from 1 MPa to 7 MPa, the liquid hourly space
velocity (LHSV) is from 0.1 h™* to 10 h™', and the volume
ratio (hydrogen to be fed to reaction tube}/(liquid raw
15 material) is f£rom 50 to 350.
[0240]
Method for Producing Oxidation Catalyst
The molding of the present invention can be
suitably used as a catalyst carrier for the oxidation
20 reaction. A catalyst including the catalyst carrier
containing alumina as a main component, and a platinum
group element supported on the catalyst carrier (which is
hereinafter sometimes referred to as an oxidation

catalyst) can efficiently exhibit high catalyst

25 performances and is capable of efficiently accelerating
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gas to be treated is oxidized by the reaction of the fornula shown bel ow
(Deconposi tion of hydrocarbon) 10CH m+ (n + 1/4m 02n002 + 1/2nH20

When the gas to be treated is nethane, the reaction schene is as foll ows:
(Deconposition of nethane) CH4 + 202 -+ CO2 4' 2H20 15The reaction
apparatus is not particularly limted, and a flow type reactor (fluidized
bed, fixed bed) or batch reactor, preferably a fixed bed flow type reactor
which is not of a multi-tubular type is used. It is usually preferred that
t he reacti onclienmper@tien i seddtoi®20200 C to 350 C, the reaction pressure is
froma normal pressure to 1 MPa, and the gas hourly space velocity (GHSV)
is from1000[dds®2F to 10000 11-1. [0270] When t he
concentration of oxygen in the gas to be 25treated is remarkably low in the
oxi dati ve deconposiid afatalbpdt -car®idwdi Ofmddre @k ygen-wxeessi ve exhaust gas
contai ning a hydrocarbon, the reaction rate decreased, and therefore it is
preferred thoéfexygery exdsdsiad ¢het£ONTRNtH BitDia | $s 296matnnore by vol une
and an anount of such oxygen is 5 5tinmes or nore as an oxi dation equi val ent
of a regluci ngo ndUchasi i by I prasbenina hde gesounbhefot h®o %
concentration of oxygen in the exhaust gas is not sufficiently high, a
predeternineﬂyaw@y@ﬁt0$raﬁér@3afb@hai%@ﬂainw@ﬂy@@o@f the catalyst

carrier material. Herein, a crystal form of alumina to
be used as the main component of the catalyst carrier can
be one or more kinds of crystal forms selected from

10 boehmite type, pseudc boehmite type, ¥ type, x type, p

type, 1n tvpe, v type, pseudo vy type, d type, € type and «

type.
[0242]

It is preferred that the catalyst carrier has a

15 local maximum pore radius of 0.001 um or more and the

cumulative pore volume of 0.10 mL/g or more in the
measurement of the pore volume by the mercury penetration
method. When the local maximum pore radius is lesg than
0.001 pm or the cumulative pore volume is less than (.10
20 mL/g, sufficient catalytic activity may not be obtained.
[0243]
It is preferred that the catalyst carrier has a BET
specific surface.area of 0.1 m°/g or more in the
measurement of the BET specific surface area by the

25 nitrogen adsorption single point method.
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10[ 0271] Met hod for Producing N trogen Oxi de Renovi ng Catal yst The
nol di ng according to the present invention can be suitably used as a

catal yst carrier for the nitrogen oxide renoving reaction. That is, a

catal yst including 15the catalyst carrier (nolding) containing alumna as a
mai n conponent, and a plati num group el enent supported on the catal yst
carrier (which is hereinafter sonetines referred to as a nitrogen oxide
renovi ng catal yst) can efficiently exhibit high catal yst performances and

i s 20capabl e of efWhehetihé yBRTCeber Afiagsthtacxi dedd oof reaet caralyd9272] The
catalyst carrier is made of a porous refractory material containing alum na
as a main copgpopest asdle2bsprenf ocal hi/galsimed imynaacdoodmnd or 90 96- by
wei ght or - 156 - nore of the total weight of the catal yst carrier
material . HeaeEhicaler ¥st ahpport af sakvithantcaneutisedfaa theabpsn
conponent of the catalyst carrier can be one or nore kinds of crystal forns

sel ected frogbRpbieat XplidPenuy §t¥PP, eDeh¥pes) pagadalyot ypeickehype and 5
type. [0273] It is preferred that the catalyst carrier has a
5 of contact between active sites of a catalyst and a raw
material decreases during the oxidation decomposition of
an exhaust gas, catalytic activity tends to become
insufficient.
{0244]

10 The oxidation catalyst is obtained by supporting a
platinum group element on the catalyst carrier described
above. The platinum group element is a metal selected
from ruthenium, rhodium, palladium, osmium, iridium and
platinum, and a catalyst obtained by supporting palladium

15 is particularly preferred.

[0245]

The supported amount of palladium is preferably

from 0.01 % to 50 % by weight, preferably from 0.01 % to

o

40 % by weight, and more preferably from 0.01 % to 20
20 by weight, in terms of metallic palladium, based on the
total weight of the catalyst. When the supported amount
of palladium is less than 0.01 % by weight, sufficient
catalytic activity may not be obtained. In contrast,

when the supporting amount of palladium is more than 50 %

25 by weight, catalytic activity may decrease. The
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| ocal maxi mum pore radius of 0.001 pmor nore and a cumul ative pore vol une
of 0.10 nL/g or nore according to 10the neasurenent of the pore vol une by
the nercury penetration nethod. Wen the | ocal maxi mum pore radius is |ess
than 0.001 pmor the cunul ative pore volune is less than 0.10 niL/g,
sufficient catalytic activity may not be obtained. 15[0274] It is
preferred that the catalyst carrier has a BET specific surface area of 100
n2/ g or nore according to the nmeasurenent of the BET specific surface area
by the nitrogeproadsed ppabhadiwmglesypol hy et dod. o20Mbencatel BET specific
surface area of the catalyst carrier is less than 100 n2/g, since it may
becone difficattiéo snppstfarsudfiximeotanoand ohe aswapatysd aooponent
(platinum group elenments) and al so efficiency of contact between active
sites of theigatidyséigqneg iherebhstodgeataXi deria duppedwlsingas of
decreases, catalytic - 157 - activity tends to becone insufficient. [0275]

The nit rogentl@él@l@hé@npngn@rat@pr éSenbhai med bhe suepolyi tige asphat i num
group elenment on the catal yst 5carrier described above. The platinum group

el enentsi s aggetRdt Sef ggagﬂaai@m rut henium (Ru), rhodium (Rh), palladium
(Pd), osmum (GCs), iridium(lr) and platinum (Pt), and the catal yst carrier
obt ai ned by sgpperting palladiumis particularly preferred. 10[0276]

The supported anount of palladiumis fromO0.01 %to 10 % by wei ght,

preferably fromO. @ﬁe‘Vmé@néd‘V@bySﬂ?p@mm@ NP ID&&1 G eber elbé yced1deto 3 %
by weight in terns of netallic palladium based on the total weight of the
carrier is not particularly limited and, for example, it
is possible to employ a method in which the catalyst
10 carrier is brought into contact with or impregnated with
a palladium solution prepared by dissolving a palladium
salt or a palladium compound in a proper solvent,
followed by a heat treatment (drying and firing) and a
reduction treatment. The heat treatment is usually
15 carried out in air, and the reduction treatment is
usually carried out with hydrogen in a vapor phase while
heating. The concentration of palladium of the palladium
solution and the number of the contact or impregnation
treatment may be appropriately selected so that a
20 predetermined amount of palladium is finally supported.

It is possible to use, as the palladium compound,
water-soluble salts of organic acids, such as palladium
acetate; and water-soluble salts of inorganic acids, such
as palladium chloride, palladium sodium chloride,

25 palladium sulfate, palladium nitrate,
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15cat al yst. When the supported anmount of palladiumis less than 0.01 % by
wei ght, sufficient catalytic activity may not be obtained. In contrast,
when the supporting amount of palladiumis nore than 10 % by wei ght,
catalytic activity may decrease. The supported pall adi um 20usual |y exi sts
on the carrier in the formof a netal, and the supported anount is a weight
internms of the netal. The supported anmount of the other platinum group

el enent may be nearly the sanme as that of Pd. [0277] 25The net hod of
supporting padtedihieospd hbadata) ydichldb8itamies rperladivrol qoare cul arly
limted, and for exanple, it is possible to enploy a nethod in which the
catal yst carddmplés sHDughdE i Wi Dl adihdiract amd tdiof tropsEgerates With a

pal | adi um sol uti on prepared by dissolving a palladiumb5salt or a palladi um
conpound i n papropRimsol vent, foll owed by a heat treatnment (drying and
firing) and further a reduction treatnent. The heat treatnent is usually
carried out [gpseyy, and the reduction treatnent is usually carried out by
hydrogen in a vapor phase while 10heating. The concentration of palladium

of the pal | agl LBl SOkt heFomPEs 1 BEoRUBEKo@f of ea £0BhACEXREUSBPCEgRAL | ON
treatment may be appropriately selected so that a predeterm ned anount of

pal ladiumis finaldy-sHppested. ché &ﬁi@@@ﬁ@l@e@@nﬁw@iw@ntrﬁ@twwﬂi um
salt or the 15pal |l adi um conpound, water-soluble salts of organic acids,

such as pal | ggi Lon @cehiah €st agdsuBt esnsr! ehgusel §8se8 hpergandst aedéds, such
as pal |l adium chl oride, palladi um sodi um chl oride, palladiumsulfate,

pal | adi um ni&éé&@ﬁ@&@ﬁhkﬁé%@éé@ﬂ@é%f digb| 6% 9dh8EBhNeapal{adi um ammine
20conpl ex salts of palladium 7and dinitropol yanm ne pall adi uns and the
like. described above under the coexistence of oxygen.
10 [0248]
A specific technique which can be employed in the
oxidative decomposition method is not particularly
limited as long as it is based on the oxidative
decomposition reactions of the respective reaction
15 formulas described hereinafter, and may be appropriately
carried out according to the conventional method. The
oxidation catalyst minimizes the pressure loss and has
not only a large surface area but also a moderate
strength when it is used in the oxidative decomposition
20 method of various exhaust gases in the state of being
packed into reactors or reaction vessels, 1t can exhibit
high catalyst performances and is capable of oxidatively
decomposing various exhaust gases with satisfactory
efficiency.

25 [0249]

- 143 -



[0278] The nitrogen oxide renoving catal yst may contain, for
exanple, netallic elenents such as silver, iron, 25copper, zinc, nickel,
manganese, chrom um vanadium - 159 - tungsten and nol ybdenum as | ong as
the effects of the present invention are not inparted. These netallic

el ements are usually contained in the formof oxides. [0279] 5Method for
Renovi ng Nitrogen Oxide in Exhaust Gas According to the nethod for
renovi ng nitrogen oxide in an exhaust gas, nitrogen oxide in the exhaust
gas i s deconprsed: hnd DesovwpdsitibnaMeedodi off ageatusnFlherpnesence of the
ni trogen oxi de renovi ng catal yst 10descri bed above. Exanples of the
reduci ng ageodntéthime asmpoiuad hydrogen, carbon nonoxi de and hydrocarbons
(met hane series hydrocarbons) and the |i ke described above. [0280] 15That
is, according to thecsidingetooxhdeoxeddving detdadoshtiongeatxddeti s
deconposed and renoved by the reaction shown in the fornmulas (I) to (I11)
descri bed behogagebdtist heudtinegesnoxidengesompognaat ahysyadesasi bed above
under the coexli stence of the reducing agent such as 20ammoni a. A specific

techni qge whithogane beortRliayed tombbendeibod eixdaeenposbng, asd tegovi ng
nitrogen oxide is not particularly limted as long as it is a technique

based on thegsehsgti ¥engat abybicciedushi pariehbed ebmpbanfier subas (1) to
(VII'1) described bel ow, and may be
Freons are oxidatively decomposed in the presence of the
oxidation catalyst described above under the coexistence
of oxygen.

10 [0250]

The gaseous fluorine-containing compound includes
Freons, and compounds called perfluorc compounds as a
general term for nitrogen fluoride, carbon fluoride,
sulfur fluoride, hydrocarbon flucoride and the like.

15 Freons are discharged into atmospheric air from
various manufacturing facilities, particularly
semiconductor manufacturing sites, regardless of the
concern that Freons are causative factors towards global
warming. Also, the perfluoro compound, which is often

20 used in the etching or cleaning process in semiconductor
manufacturing facilities, has a large global warming
potential which is at least 1000 times larger than that
of carbon dioxide, and there is a very high possibility
that discharge of the perfluoro compound into atmospheric

25 air is restricted in near future as in the case of the
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25appropriately carried out according to the conventional - 160 - nethod.
The nitrogen oxide renoving catal yst mnim zes the pressure |oss and has
not only a large surface area but also a noderate strength when it is used
in the renmoval of nitrogen oxide in the exhaust gas while being 5packed
into reactors or reaction vessels, it can exhibit high catalyst
performances and is capable of efficiently deconposing and renoving
nitrogen oxide in the exhaust gas. 4NO + 4NH3 + 02 -? 4N2 + 6/120( | )
106NC2 + 8NH3ZdMNZhg 12hE2Q( lils) aN@ot+ tNE2 praPiNld32 Nhat 3HROdelclonpNdtion112 - ?
N2 + 2H20( V) 2NQ24H2 --* N2 -F 4H20(V) 2NO + 2CON2 + 2CQ2(VI) 154N0 +
CHA2N2 + 21420 th&QRdM 1)o2N@orpdiids 7N moRHD £ CRA(M 149 @RSL}ed

The nitrogen oxide in the exhaust gas is nitrogen nonoxide, nitrogen

di oxi de or aymxtpFreotdereof, and the 20concentration thereof is usually
from0.001to 5 1 by volume. It is noted that the exhaust gas contains, in
addition to thesqytrogen oxide, water, carbon dioxide and the Iike.

5 The reaction formulas of the oxidative
decomposition of methane tetrafluoride, ethane
hexafluoride or propane octafluoride in a gaseous
fluorine-containing compound as a mixture of one, or two
or more kinds selected from perfluoro compounds and

10 Freons are shown below:
(Decomposition of methane tetrafluoride)
CF,; + 2H,0 — CO; + 4HF
(Decomposition of ethane hexafluoride)
C,Fs + 1/20; + 3H,O - 2C0; + 6HF
15 (Decomposition of propane octafluoride)
C3Fs + 0O; + 4H,O — 3CO; + 8HF
The reaction apparatus is not particularly limited,
and a flow type reactor {a fluidized bed, a fixed bed) or
a batch reactor, preferably a fixed bed flow reactor

20 which is not of a multi-tube type is used. It is usually
preferred that the reaction temperature is from 300 °C to
1000 °C, and preferably from 400 °C to 900 °C, the
reaction pressure is from a normal pressure to 1 MPa, and
the gas hourly space velocity (GHSV) is from 50000 h™" or

25 less, and preferably from 100 h™' to 10000 h™,
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[ 0282] 25When nitrogen oxide in the exhaust gas is - 161 - deconposed, the
reaction tenperature is usually 100 C or higher, preferably 150 C or

hi gher, and usually 700 C or lower, preferably 600 C or |Iower. The reaction
pressure is usually 1 x 105 Pa or nore and usually 50 x 5105 Pa or |ess,
preferably 30 x 105 Pa or |less. [0283] The deconposition reaction of
the nitrogen oxide in the exhaust gas is usually carried out using a

mul ti-tubular or non-multi-tubular fixed bed reactor. Upon 10 using such
reactor, thergaszhourly space velocity (GHSV) of the exhaust gas containing
nitrogen oxide is usually 100 1-1-1 or nore and 100000 11-1 or |ess. [0284]

Met hod for Producimige Daswtdm et donCatiad ystudbiihe st ngiegcordi ng to
the present invention can be suitably used as a catalyst carrier for the

hydr odesul f ugbgabn g ¢oa€iivdd Thad iSaceicalghysisipedeaiaglyhe catal yst
carrier (nolding) containing alumna as a nmai n conponent, and at | east one,

or two or 200y Eskéddso ol gl .pendsune! 86t Bdsé I omHaWheYl A el ement s and
Goup VIl elenents of the Periodic Table supported on the catal yst carrier

(which ks herghnaht it SONBSE NBSe I £f 865 el 8oABa 2n U85 ULEMPbERE T 08 Gatal yst)
can efficiently exhibit high catal yst performances and i's 25capabl e of
efficiently aeoel eratihpg,bhgndesph UsbZ8Eh€Pation is preferably
adjusted to 3 % by volume or less by adding a dilution
gas such as air or nitrogen. This is because an adverse
influence is exerted on catalyst lifetime when the
10 concentration of fluorine-containing compound contained
in the reaction gas exceeds 3 % by volume. In addition,
oxygen and water are incorporated into the reaction gas.
An amount of oxygen is not particularly limited as long
as oxygen is usged in an amount required to convert carbon
15 of the perfluoro compound into carbon dioxide and carbon
monoxide, and air is the most desirable oxygen source.
Water not only functions as a component which is
required to discharge halogen produced during the
decomposition reaction out of the catalyst system in the
20 form of hydrogen fluoride, but also functions to suppress
aluminum in alumina from escaping from the catalyst
system in the form of aluminum fluoride. When the amount
of water is the same as or more than the amount and such

amount is 10 times or less the amount of halogen

25 contained in the reactant gas, that is, for example, from
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- 162 - reaction. [0285] The catalyst carrier is made of a porous
refractory material containing alumna as a main conponent and,
Sspecifically, alumna nmay account for 90 % by weight or nore of the total
wei ght of the catalyst carrier material. Herein, a crystal formalunna to
be used as the main conponent of the catalyst carrier can be one or nore
ki nds of crystal forns selected fromx type, Ktype, p 10type, q type, y
type, pseudo y type, 6 type and 0 type. [0286] It is preferred that
the catal yst4 aesY ies dasnel Bir spelidi cCByr flace & ewlofcolGO® meylg pse nore
according to the neasurement of the BET specific surface area by the
15ni trogen aatsoref i F.Si bgl €rpai At mokt hods0 mol pevhenlt hE BEf:.specific
surface area of the catalyst carrier is less than 100 n2/g, since
efficiency ofachatactobpt neenloetcae s¢ tastainede catal yst and a sul fur
compound in a petrol eumbased hydrocarbon decreases, 20catalytic activity
tends to becpgesznsufficient. [0287] It is preferred that the catalyst
carrier has a local maxi mum pore radius of 0.001 pmor nore and a
cunul atsve paseny@l BoE 0fidadOveldempss Dfeén ast oEdhagst oGas
Containing Carbon Monoxide and Hydrogen
The oxidative decomposition method of an exhaust
gas containing carbon monoxide and hydrogen is carried
out in the presence of the oxidation catalyst described
10 above under the coexistence of oxygen.
[0254]
vVarious gasses have recently been used in the
semiconductor manufacturing process, and combustible
gases such as CO and H; are often discharged during such
15 process. Since CO is a combustible gas and is also
harmful to the human body because of its strong toxicity,
a treatment is required before releasing the gas
containing the same into atmospheric air. Since H; is
not a harmful gas but a combustible gas similarly to CO,
20 a treatment is required.
[0255]
According to the oxidative decomposition method of
an exhaust gas containing carbon monoxide and hydrogen,

by bringing a gas containing CO and H; to be treated into

25 contact with the oxidation catalyst under the coexistence
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25t he neasurenent of the pore volune by the mercury - 163 - penetration
met hod. When the | ocal maxi num pore radius is |less than 0.001 pmor the
currul ative pore volume is less than 0.10 nlL/g, sufficient catalytic

activity may not be obtained. 5[0288] The desul furization catal yst
i s obtained by supporting at | east one kind of an el enent selected fromthe
G oup VIA elenents and the G oup VIIl elenents of the Periodic Table on the

carrier described above. The 10el enent of the Group VIA of the Periodic
Tabl e is preferablyerr, n&d andeliedtredHa grasc iocomeumre@tsd rmodeybdenum (M)
and tungsten (W, and the catal yst obtained by supporting nol ybdenum ( M)
and/ or tungséend{X§disy petié i eehat1yn peieder r e, tHdef &roupadyibélebenment of
15the Periodic Table is preferably a netal selected fromiron (Fe),

rut heni um (Ru), osrhaintd£Ey i obattuld3o)of ritodiewiddRyveiridium (Ir),

nickel (Ni), palladium (Pd) and platinum (Pt), and the catal yst obtained by

supporting cobebhtpdEp)ianddorcarskel méhb)ids padthedragéy 2Apteéerred.
[ 0289] The supported anount of the G oup VIA el enent of the Periodic

Tabl e i§ fromxla®6t t @a20cO0BYn VBY 9bdxrbdh ehenahl e f anm Ry@boyen 18r&6 by

wei ght, and nore 25preferably from5 96 to 15 96 by weight in ternms of an -
164 - oxideygl egedwsbased on the total weight of the catalyst. Wen the
supported amount of the Goup VIA elenent is 1 % by weight, sufficient

catal ytic activity( heEyohobs DeiORt 3F Nedrbdn wONGX8GE) When the supporting
amount of the
CO + 1/20; — COs3
(Decomposition of hydrogen)
10 Hy + 1/20; - H30
The reaction apparatus is not particularly limited,
and a flow type reactor {fluidized bed, fixed bed) or
batch reactor, preferably a fixed bed flow type reactor
which ig not of a multi-tube type is used. It is usually

15 preferred that the reaction temperature is from room
temperature to 300 °C, the reaction pressure is from a
normal pressure to 1 MPa, and the gas hourly space
velocity (GHSV) is from 1 h™* to 20000 h''.

[0256]

20 In the oxidative decomposition method of an exhaust
gas containing carbon monoxide and hydrogen, the
oxidation of CO and H, with the oxidation catalyst
described above is carried out under the coexistence of
oxygen. It is preferred to add oxygen to the gas to be

25 treated in an amount which is the same as that reguired
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5G oup VIA elenent is nore than 20 % by wei ght, catalytic activity may
decrease. Wien two or nore kinds of the G oup VIA elenents are supported,
the total of each supported anmount may be within the above range and, for
exanpl e, a supported ratio of nolybdenumto tungsten may 10be 1:1.

The supported anmobunt of the Goup VIII elenent of the Periodic Table is
froml %to 10 % by weight, preferably from2 %to 8 % by weight, and nore
preferably 3 %to 7 % by wight in terns of an oxi de, based on the 15total
wei ght of t heocatadyss . CO\hend t e cuported ianolne eofhavs @aoup VI el enent
is less than 1 % by weight, sufficient catalytic activity may not be
obt ai ned. | npeeferalsly abeunttteissappochesmammunt Wie tdvidiGioup ol 1| el ement
is nore than 10 % by weight, catalytic activity 20may decrease. Wen two or
more ki nds obxfgenpcdh|be eterehéd ane sypporied, aihewiohathef eghghst
supporting anount may be within the above range and, for exanple, a
supported raghe.of cobalt to nickel may be 1:1. It is noted
that any one or both of the Goup VIA 25and G oup VIII elenments of the

Peri odig Tablgxemy be - 165 - supported on the catalyst carrier. [0290]
The met hod of supporting the Goup VIA and Goup VIII elenents of the

Peri odi c Tabbgi@at@veabatysposatibAr MBtEolobf pEkhaastachy Conthediagd for
exanple, it is possible to enploy a nethod in which the catalyst carrier is

brought intoygoatact wi§inot toRpegnat edcw &b A-Batyli Adepaepared by
di ssolving a salt or a conpound of nolybdenum tungsten, cobalt and nickel
in a proper 10sol vent, ok ohhoved B¥campeaitisfahdendbd(dEyangeandubtring).
| gas containing a volatile organic compound such as n-
10 butyl acetate is carried out in the presence of the
oxidation catalyst described above under the cdexistence
of oxygen.
[0258]
Since the exhaust gas containing a volatile organic
15 compound such as n-butyl acetate which is discharged in
the film forming process of a compound semiconductor in
the gemiconductor industry may cause poisoning when
persong inhale a vapor having a high concentration of
such organic compound, and also the volatile organic
20 compound is a combustible gas which forms an explosive
mixed gas and is likely to be charged with static
electricity leading to an ignition risk, and therefore a
treatment of such gas is required for the oxidative
decomposition.

25 [0259]
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The sequence of supporting the Goup VIA and Goup VIII elenents, the
concentration of the solution of the Goup VIA and Goup VIIl elenents, and
t he nunber of the contact or inpregnation treatnment nay be appropriately
15sel ected so that a predeterm ned amount of the G oup VIA and G oup VII
elements is finally supported. [0291] Ammoni um nol ybdat e, nol ybdenum
trioxide, nolybdic acid and the |ike can be used as the salt or conpound of
20mol ybdenunm ammoni um par at ungst at e, amoni um net at ugst ate, tungsten

trioxi de, tungsti caecortdimg tdethe kexidat bee usedomsos beisal teohodompound of
tungsten; cobalt nitrate, cobalt acetate, cobalt chloride and the |ike can
be used as the sshhust gaspoontadvhingbal tolabdlai ckehnnet catepuldni ckel

sul fate, nickel chloride, nickel acetate, nickel - 166 - hydrate, nickel
carbonat e angutheakikebaapl bgcesateasbiyhbrsabingr inbopoondaot witkel .
[ 0292] Met hod for Renoving Sul fur Conmpound in Petrol eum Based

S5Hydr ocar bonthe oxidAetondeagalgsthangerhetdef ovexénpenag afsakfgenconpound
in a petrol eum based hydrocarbon, the sulfur conpound in the

petrol eym bagedubydr geathes is dreogpesed padtreapeadibyousihgetihénto
desul furization catal yst 10descri bed above under the coexistence of

hydrogen. [0293bon dioxidBahniSwa8eeobhdi Bget echbeiont badtrher foemiang t he
sul fur compound in the petrol eum based hydrocarbon, the sul fur conpound in
t he petrol eugnbagedely@rocarbon is
The reaction formula of the oxidative decomposition
of n-butyl acetate in the exhaust gas containing a
10 volatile organic compound such as n-butyl acetate is
shown below:
(Decomposition of n-butyl acetate)
CH,COOC,Hy + 80z — 6CO; + 6H0
The reaction apparatus is not particularly limited,
15 and a flow type reactor (fluidized bed, fixed bed) or a
batch reactor, preferably a flow type reactor which is
not of a multi-tube type is used. It is usually
preferred that the reaction temperature is from 200 °C to
400 °C, preferably 250 °C to 350 °C, the reaction
20 pressure is from a normal pressure to 1 MPa, and the gas
hourly space velocity (GHSV) is from 100 h™' to 1000 h™'.
[0260]
The component of the exhaust gas which can be

treated includes, in addition to n-butyl acetate, n-

25 octane, ethyl lactate, tetrahydrofuran and the like in
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15deconposed and renoved by the reaction of the fornula (1) described bel ow
using the desul furization catal yst descri bed above under the coexistence of
hydrogen. A specific technique which can be used in the nmethod of
deconposi ng and renovi ng the sul fur conpound in the 20petrol eum based
hydrocarbon is not particularly limted as long as it is a techni que based
on the fornmula (1) as described bel ow and may be carried out according to

t he conventional nethod. The catal yst for renoving the sul fur conpound in

t he petrol eunhbasedityddocaoboin@datny m ZescH hef priessureonmpsserdndihas not

only a large - 167 - surface area but also a noderate strength when it is
used to renoYeghbé sul & unocwapouadpenatheepesndl eam basedeayddocar bon whil e
bei ng packed into a reactor or a reaction vessel, it can exhibit high

cat al yst 5Speatosoraiggstanthespeapahteinteptioni ént tiedechaposiagdshessul fur
conpound in the petrol eum based hydrocarbon. RRSH + Hy -4 RH + H2S(1)
wherei n R i slenfydgocar benagr ougan 0284dpd A8 whechetsoll égmibaseda
hydr ocarbon, for exanple, a fraction produced in the petrol eumrefining
processsof ansenabl cpnpssaterdistillation apparatus, a vacuumdistillation
apparatus, a thermal deconposition treatnment, a catal ytic cracking
treatment, arbydipgenation treatnment 15or the like of crude oil is
exenplified. [0295]
Oxidative Decomposition Method of Exhaust Gas Containing
Organic Metal Compound
The oxidative decomposition method of an exhaust
10 gas containing an organic metal compound is carried out
in the presence of the oxidation catalyst described above
under the coexistence of oxygen.
[0262]
In the reaction processes of compound
15 semiconductors, particularly MOCVD {(metal organic
chemical vapor deposition) and other CVD (chemical vapor
phase growth, chemical vapor deposition) processes in the
semiconductor industry, regarding an exhaust gas
containing an organic metal compound which is discharged
20 from the reaction process using an organic metal compound
as a reaction raw material, it is not confirmed often
whether or not the liquid raw materials, the solid raw
materials and the organic solvents to be used as the

solvents of those raw materials have highly toxic or

25 safety. Therxefore, after using such materials, it has
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Exanpl es of the sul fur conpound in the petrol eum based hydrocarbon incl ude
thiols such as nethanethiol, ethanethiol, and the |ike; sulfides such as
di met hyl 20sul fide, diethyl sulfide, and the |ike; disulfides such as
di met hyl disulfide, diethyl disulfide, and the like; thiophenes;
benzot hi ophenes; di benzot hi ophenes, benzonapht hot hi ophenes, and the |ike.
[ 0296] 25When the sul fur conpound in the petrol eumbased - 168 -
hydr ocarbon is deconposed, the reaction tenperature is usually 100 C or
hi gher, prefkeabl pe266s&ryr thaghthe arbaustabkhy 666cCibedl sheve peeferably
500 C or lower. The reaction pressure is usually 1 MPa or nore, 5Spreferably
2 MPa or noreupbjadtaduabl § ROrlPacetibessrepietetabk§ols KPaecssel épso
[ 0297] The deconposition reaction of the sulfur conpound in the
pet rol eum basedohptdeotcarbom.i s usually carried out 10using a multi-tubul ar
fixed bed reactor. At that tinme, the liquid hourly space velocity (LHSV) of
t he petrol eufe2ba3ed hydrocarbon containing the sul fur conmpound is usually
0.1 h-1 or nore and 20 h-1 or less, and the feed rate of hydrogen/raw oil
i s usuably 0.01 NmBhaBoridavienlbandlg2B00phirBbrfison bessfiEXAMPhHES [ 0298]
treatment by the oxidative decomposition of a harmful gas
containing an organic metal compound under the
coexigtence of oxygen, and there is no particular
limitation on the organic metal compound. The oxidation
10 catalyst can also solve problems such as upsizing of an
apparatus, a post-treatment of an abscrbing liquid used,
and high energy cost required to maintain the combustion
state as seen in a wet method and a combustion method
which were commonly used in the purification treatment
15 method of the organic metal compouds.
[0264]
Oxidative Decomposition Method of Exhaust Gas Containing
Nitrogen-Containing Gas such as Ammonia or Amine
According to the oxidative decomposition method of
20 an exhaust gas containing a nitrogen-containing gas such
as ammonia or an amine, the oxidative decomposition is
carried out in the presence of the oxidation catalyst
described above under the coexistence of oxygen.

[0265]

25 The reaction apparatus is not particularly limited,
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The present invention will be described 20specifically by way of Exanpl es,
but the present invention is not limted to these Exanples. In the
description in the foll owi ng Exanples, "parts" are by nass and mi/mn
representing a flowrate of a gas is based on the STP unless specifically
mentioned. 25[0299] - 169 - Exanple 1 Ammoni um nol ybdat e

[ (NH4) 6Mb7024. 4H20] (13241 g) was dissolved in 15000 g of warm water, and
the resultant liquid is designated as liquid A Ilron(lll) nitrate

5[ Fe( NG3) 3. &i2dla (5080 type codmttoni tFherkd]Bod NS8) 2. BHRO] ¥43096r (g and
cesiumnitrate (CoNO3) (585 g) were dissolved in 6000 g of warm water, then
to whi ch bi graktdh ni¢aater [ BoXdNB)So GH2O| £ {29 Gogd bow diws®s| metbt@nd t he
resultant liquid is designated as liquid B. 10Wile stirring the liquid A,
the |iquid Bviwash adeledot hef ed ansbt Bstwloubdot ai ypa B¢ vusegd. Sulktsaguent |y, the
slurry was spray-dried to obtain a dried product. A nolding materi al

obt ai ned by ugwa iy 100 partsd byhamasishof rédet fesut ¢ rarnes s offtrot Wit h
2.5 parts by mass of 15antinony trioxide [5b203], 9 parts by mass of a
silica-salumm@ ¢¢bes %HRF-CAO0-1Hte £ emaivtack oo edc byo Sad ot e Cobathien TM K. K ), 32
parts by mass of pure water and 4 parts by mass of nethyl cellul ose was
kneaded by ar&ieaiief poeobhisénia Pashya Mobohay poéesnsd . t20UsHPe, asnd
extrusi on nol di ng machi ne shown in Fig. 4(b) equi pped with dies shown in
Fig. 7 (di angterg®é hously dsgadd: véldeity depsh) of s gfpeweso@lla™* Rol. 3 nm
nunber of grooves 2la: 4, outer dianeter of second die 22: 30 nm inner

di aneter of sesoEndidi, €323 pbedciEblgepir-Bm250boghobues A0 A1, 3 nm nunber
-of grooves 22a: 4), the

[0266]

10 The oxidation catalyst can be used to deodorize, in
addition to a nitrogen-containing gas such as ammonia or
an amine, an exhaust gas containing a volatile organic
compound (VOC) such as alcohols, aldehydes, ketones,
hydrocarbong and carbon monoxide, for example, an exhaust

15 gas containing ammonia and amines which is discharged
from general factories and homes under the coexistence of
oxygen. When the oxidation catalyst is used to deodorize
exhaust gas containing 1 % by volume or less, preferably
0.1 % by volume or less of a nitrogen-containing

20 component, and 1 % by volume or less, preferably 0.1 % by
volume or less of the other volatile organic compound
components, the effects of the present invention can be
sufficiently exerted.

[0267]

25 Oxidative Decomposition Method of Oxygen-Excessive

- 153 -



- 170 - pasty nolding material was supplied into a flow path 25 of the
dies, and then extruded at an extrusion rate of 177 mm m n whil e repeating
the operations of rotating the first die 21 by 180 degrees at a rotational
speed of 60 5rpmusing a notor 23, stopping the die for 1250 nsec and
rotating the die again by 180 degrees at a rotational speed of 60 rpm as
shown in Fig. 5. The nolding obtained imedi ately after nolding was cut
into pieces each having a length of 8 to 9 mMm by a piano wire to 10o0btain
mol di ngs 10 Exloams§ nG&s gContainded] HEteeprebonUsi ng an extrusi on nol di ng
machi ne shown in Fig. 4(b) equipped with dies shown in Fig. 9 (dianeter of
15first die 21': GAdcomdimieptd ofie grobiesidd' decfniodiphen muehieed off gr ooves
21'a: 5, outer dianeter of second die 22': 30 nm inner diameter of second
die 22': 6. 4ammexyhendeptdssivgrenhags2gas EoAt3immgnanbedrotagbonyes
22a': 5), the pasty nolding material obtained in Exanple 1 was 20supplied
into a fl ow patéxRSusf ¢he dsuek,aand ¢debuekionderhatstingaxiruksicn rate of
177 mmMm n while repeating the operations of rotating the first die 21' by
144 degfees abniaiws adilonatospelon odnélalpm osnbginsnokpyge3insanppi ng t he
die for 1250 nsec and rotating the die 25again by 144 degrees at a
rotational speednofméberprreasive l1¥lan ashawsunt Fegquitéd Tbe nol di ng
obtained i medi ately after nolding was cut into pieces each having a | ength
of 8 to 9 mMuadypiePs atiwi bt Lot 0oDbh aredn®l Ay ngsbdbasbeywnisn Fig. B.

oxidatively decomposed in the presence of the oxidation
catalyst described above under the coexistence of oxygen.
10 [0268]

The oxygen-excessive exhaust gas containing the
hydrocarbon is discharged, for example, from thermal
power stations or various factories and such exhaust gas
exerts an adverse influence on the human body and

15 environment, and therefore a purification treatment of
such gas 1s required.

For example, the hydrocarbon is harmful since it
may cause acute neurologic symptoms or chronic symptoms
such as sick house syndrome when persons inhale a vapor

20 of the hydrocarbon. Methane which is a hydrocarbon
having the simplest structure is a greenhouse effect gas
involved in the globkal warming.

[0269]
According to the oxidative decomposition method of

25 the oxygen-excessive exhaust gas containing hydrocarbon,
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5[ 0301] Conparative Exanple 1 Using an extrusion noldi ng machi ne shown in
Fig. 4(b) equipped with dies showmn in Fig. 7 (dianeter of first die 21: 6.4
nm depth of grooves 2la: R 1.3 mm 10nunber of grooves 2la: 4, outer
di aneter of second die 22: 30 mm inner dianeter of second die 22: 6.4 mm
depth of grooves 22a: R 1.3 mm nunber of grooves 22a: 4), the same pasty
nol ding material as in Exanple 1 was supplied into a flow path 25 of the
di es, and then continuously 15extrusion-nolded at an extrusion rate of 177
m m n whi | ebzobtinuong| anrexbauny gae fucktadi @ @émhtstiont ekhanat speed
of 40 rpmusing a notor 23b as indicated by a dotted line in Fig. 5. Then,
t he resul t angaspl dhigh wasntainsnéohpdecesrkaschahdvahgoacbehgihsof 8 to 9 mm
by a 20piano wire in the sane manner as in Exanple 1. [0302] The
nol di ngs obt akpeeni in Bxanpheudt kxasptec@sande Conparahi seolxanple 1 were
dried in a constant-tenperature constant-humdity vessel (30C, 5596-Rh) for
12 25hours andgtibeadffoedcabpbbfe Cokddabibnues soraduting &dBstanodt ain
each nol ded article. The catalyst had a composition (excluding oxygen) of
Mb123i 185b0 Shed. b&aTab€shidbh £R803kiBExaon| eaBalyst described above
under the coexistence of oxygen, the hydrocarbon in the
gas to be treated is oxidized by the reaction of the
formula shown below:
(Decomposition of hydrocarbon)
10 CoHy + {n + 1/4m)0; - nCO, + 1/2mH,0
When the gas to be treated is methane, the reaction
scheme is as follows:
(Decomposition of methane)
CH4 + 205 — COZ + 2H50
15 The reaction apparatus is not particularly limited,
and a flow type reactor (fluidized bed, fixed bed) or
batch reactor, preferably a fixed bed flow type reactor
which is not of a multi-tubular type is used. It is
usually preferred that the reaction temperature is from
20 200 °C to 350 °C, the reaction pressure is from a normal
pressure to 1 MPa, and the gas hourly space velocity
(GHSV) is from 1000 h™* to 10000 h'.
[0270]

When the concentraticn of oxygen in the gas to be

25 treated is remarkably low in the oxidative decomposition
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(a) Production of Catalyst for the Production of Methacrolein and

Met hacrylic Acid Anmoni um nol ybdate [ (NH4) 6MD7024. 41420] (13241 g) was

di ssolved in 15000 g of warmwater and the resultant 10liquid is designated
as aliquid A Ilron(lll) nitrate [Fe(NG3)3.91120] (6060 g), 13096 g of
cobalt nitrate [ Co(NOB)2-6H20] and 585 g of cesiumnitrate (C5NO3) were

di ssolved in 6000 g of warmwater, then into which 2910 g of bismuth
nitrate [Bi (NGB)3.5H20] was di ssol ved, and the 15resultant liquid is

desi gnat ed asethddquf dtliBe oxygen-&hceessterexingusbhegds queonttdAinihe diquid B
was added thereto to obtain a slurry. Subsequently, the slurry was
spray-dri ed hpdobtarion, dthedrpsodilct . rédtavliecngasad eraadl oheénefiede by

m xi ng 100 parts by nass of the 20resultant dried product with 2.5 parts by
mass of antibonystpregedecd SOROB] oxPgpar é8ibys mhsstioé acscéncaadiomi na

fi ber (RFC400-SL, manufactured by Saint-Gobain TMK K ), 32 parts by nass
of pure watetsand drpacts by vassmefana@t iyl aselhtl ofesuals &regderdibysa
kneader to obtain a 25pasty nolding material. - 173 - Usi ng an
extrusi on not dheg GRCHOHE SHOMA GRiFEPicd(BYJubndi&ng. of édiedetengof first
die 21: 6 mm depth of grooves 2la: R 1.5 mm nunber of grooves 2la: 4,

outer di anet eompbneReOBdcHi &s 22 hpQroBurbsneindiAgeyLs . ofwiaecans die 22: 6
nm depth of grooves 22a: R 1.5 mm nunber of grooves 22a: 4), the pasty

nol di ng mat e¢bAtemBsa sUPR! bedokPhenaihl enepakhaddt ofathesdhes, and then
extruded at an extrusion rate of 222 mmmn while repeating the operations

of rotating éﬂ?fi&iéﬁtﬂ%ehzéhPYa1§§§Qe€égh$ﬁ§daém@uﬁ@t@EiQﬂ@|m§?€BQ of 90
rpmusing a notor 23, stopping the die for 1200 nsec and rotating the die

agai n by 180,degfees afvansotational speed of 90 rpm The nol di ng obtai ned
i medi ately after nolding was cut into pieces each having a length of 8 to

9 mm bypa pi 8§971]
Method for Producing Nitrogen Oxide Removing Catalyst
The molding according to the present invention can
be suitably used as a catalyst carrier for the nitrogen
oxide removing reaction. That is, a catalyst including
15 the catalyst carrier {(molding) containing alumina as a
main component, and a platinum group element supported on
the catalyst carrier (which is hereinafter sometimes
referred to as a nitrogen oxide removing catalyst) can
efficiently exhibit high catalyst performances and is
20 capable of efficiently accelerating the oxidation
reaction.
[0272]
The catalyst carrier is made of a porous refractory
material containing alumina as a main component and,

(=]

25 specifically, alumina may account for 90 % by weight or
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15wire to obtain catal yst precursors each having a shape shown in Fig. 1.
[0304] (b) Firing Process The resultant catal yst precursors were fired at
20545 C for 6 hours, and had, after firing, a composition (excluding
oxygen) of M12Ri 0. 96Sb04eFe2. 4C07. 2Cs0433i 2. 20Al 2. 39. to obtain catal yst
raw materials. [0305] (c) Reduction Treatnent 25A gl ass tube was packed
wth the catalyst raw - 174 - materials obtained in the process (b) and a
m xed gas of hydrogen/nitrogen = 5/95 (volune ratio) was fed at a space
velocity of ®dfel €f, thel fonedl Bgightedficthoncateayabntaari8abm@-éopiaB. hours
and further firing in air 5at 350 C for 3 hours to obtain a
reduction-trgateiincatatygstal 0B06h COnpanainget&xhaphee? as the main
component of the catalyst carrier can be one or more
kinds of crystal forms selected from p type, x type, vy
5 type, n type, pseudo vy type, ¥ type and & type.
[0273]
It is preferred that the catalyst carrier has a
local maximum pore radius of 0.001 um or more and a
cumulative pore volume of 0.10 mL/g or more according to
i0 the measurement of the pore volume by the mercury
penetration method. When the local maximum pore radius
is less than 0.001 pym or the cumulative pore volume 1is
less than 0.10 mL/g, sufficient catalytic activity may
not be obtained.
15 [0274]
It is preferred that the catalyst carrier has a BET
specific surface area of 100 m®’/g or more according to
the measurement of the BET specific surface area by the
nitrogen adsorption single point method.
20 When the BET specific surface area of the catalyst
carrier is less than 100 m?/g, since it may become
difficult to support a sufficient amount of a catalyst
component (platinum group elements) and alsco efficiency

of contact between active sites of the catalyst and the

25 nitrogen oxide in the exhaust gas decreases, catalytic
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The sanme pasty nolding material as in Exanple 3 was 10nol ded into a shape
(ring-shape) having an outer dianmeter of 6.4 mm an inner dianeter of 2.3
nmand a | ength 6 nm and including through holes 40 shown in Fig. 11 by
t abl et compaction or extrusion nolding to obtain catalyst precursors.
15Next, the resultant catal yst precursors were subjected to a firing
treatnent and a reduction treatnent in the same manners as in Exanple 3 to
obtain a catal yst (having a ring shape). [0307] 20Exanple 4 (1)
Producti on ofcCaratystefids theb@rouacinenfdichMenhacrol ein and Methacrylic
Acid 4414 g of ammoni um nol ybdate [ (NH4) 6Mb7024. 4H20] was di ssol ved in 5000
g of warmwai@27ahd the resultant 25liquid is designated to a liquid A
Separately, 2020 g - 175 - of iron(lll) nitrate [Fe(NO3)3-9H20], 4366 g of
cobalt nitrate [ CoTiNB)Rt 66867 amildd 9ObemgovingesatainstrasechCaNGSE oer e
di ssolved in 2000 g of warmwater, then to which 970 g of bisnmuth nitrate
[ Bi (NDB) 3- SH2Gppeasibdi sspleeiinandgtbepr esaheénnt ohi ghedcasatigstgnated to a
liquid B. Wiile stirring the liquid A the liquid B was added thereto to
obtai n 8 sl utayrianddébenibbdsabbuery Thes pitatethwsi qugow@p prisemait ciscanveyi ng
dryer to obtain a dried

metal selected from ruthenium (Ru}, rhodium (Rh),

palladium (Pd), osmium (Os), iridium (Ir) and platinum
(Pt), and the catalyst carrier obtained by supporting
palladium is particularly preferred.

10 [0276]

The supported amount of palladium is from 0.01 % to

o

10 % by weight, preferably from 0.05 to 5 % by weight,

and more preferably 0.1 % to 3 % by weight in terms of
metallic palladium, based on the total weight of the

15 catalyst. When the supported amount of palladium is
less than 0.01 % by weight, sufficient catalytic activity
may not be obtained. In contrast, when the supporting
amount of palladium is more than 10 % by weight,
catalytic activity may decrease. The supported palladium

20 usually exists on the carrier in the form of a metal, and
the supported amount is a weight in terms of the metal.
The supported amount of the other platinum group element
may be nearly the same as that of Pd.

[0277]

25 The method of supporting palladium on the catalyst
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10product. A nolding material of the dried product (100 parts by nass)
mxed with 6 parts by mass of a silica-alumna fiber (RFC400-SL,

manuf actured by Saint-Gobain TM K. K. ), 33 parts by mass of pure water and 4
parts by nmass of nethyl cellul ose was kneaded using a kneader to obtain 15a
pasty nol ding material . Usi ng the sane extrusion nol ding machi ne as
in Exanple 3 (dianeter of first die 21: 4.6 mm depth of grooves 2la: R 1.2
nm nunber of grooves 2la: 4, outer dianmeter of second die 22: 30 nm inner
di anet er of @Osetmndislimo22pandtbonbgrtept imbfedr covést @RagxRdle, iy nunber
of grooves 22a: 4), the resultant pasty nolding material was supplied into
a flow path 25 wésdiielai tos, emntoy hemetthodded ehian ex¢rostahysate of 222
nmmn while repeating the operations of rotating the first die 2521 by 180
degrees at acdotiit ol bspegidt oinBd cpntast nglah -od 7tmpregmd oed 28 tist oppi ng
the die for 1250 nsec and rotating again by 180 degrees at a rotational
speed of 90 # pva.llde@ivuwl b gt dih apneph redreldy adesyoad vy avbal bgdivas cut
into pieces each having a length of 8 to 9 mmby a piano 5wire to obtain
catal yst presarsoss dayilpadishapemsdond 1n &igroger[O308¢n€ji) Firing
Process The resultant catalyst precursors were fired at 10525 C for 6
hours. Resul feDiowéd aby Si Sh@s €CtiFr6QtBetON @FVENg 0286 bisbhgh atens, 2.4

iron atonms, 7.2 cobalt atons and 0.48 cesium atons based on 12 nol ybdenum
atons. [0309urther a reduction treatment. The heat treatment is
usually carried out in air, and the reduction treatment
is usually carried out by hydrogen in a vapor phase while
10 heating. The concentration of palladium of the palladium
solution and the number of the contact or impregnation
treatment may be appropriately selected so that a
predetermined amount of palladium is finally supported.
It is possible to use, as the palladium salt or the
15 palladium compound, water-soluble salts of organic acids,
such as palladium acetate; and water-soluble salts of
inorganic acids, such as palladium chloride, palladium
sodium chloride, palladium sulfate, palladium nitrate,
tetrachloropalladate, dichlorodiammine palladium, ammine
20 complex salts of palladium, and dinitropolyammine
palladiums and the like.
[0278]
The nitrogen oxide removing catalyst may contain,
for example, metallic elements such as silver, iron,

25 copper, zinc, nickel, manganese, chromium, vanadium,
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(1i1) Reduction Treatnent 15A gl ass tube was packed with the catal yst
precursor material obtained in the process (ii) and a m xed gas of
hydr ogen/ nitrogen = 5/ 95 (volunme ratio) was fed at a space velocity of 240
11-1 so as to carry out a reduction treatnment at 375 C for 8 hours and
further a firing 20treatnent was carried out in air at 350 C for 3 hours to
obtain a reduction-treated catal yst. [0310] Exanple 5 A
nol di ng material obtained by m xing the dried 25product obtained in Exanpl e
3 (100 partsjungsteR@2apdrnglybdgiiun asf lpongeanatee, eAfparssobf thet hyl
cellulose, 9 parts of a reinforcing fiber and 2.5 parts of antinony
tri oxi de waspkesanedibyent koeasee notobnpantedpasthesmlmlral Weat eri al . Usi ng
an extrusion nol ding machine shown in Fig. 54(b) equi pped with di es shown
in Fig 12 (diemebes afefussslilyec@btabn®@dmm dept hooh gfooxiéde26a: R 0.8
mm nunber of grooves 26a: 6, outer dianmeter of second die 27: 30 nm inner
di aneter of ¢$erond die 27: 5.9 mm depth of grooves 27a: R 0.8 mm nunber
of grooves 27a: 3), the 10resultant pasty nolding material was supplied
into a §l ow patho@5fof Réeodirg, Nhndogbanoexfie udedEahaanteguEusi on
According to the method for removing nitrogen oxide
in an exhaust gas, nitrogen oxide in the exhaust gas is
decompoged and removed with a reducing agent in the
presence of the nitrogen oxide removing catalyst
10 described above.
Examples of the reducing agent include ammonia,
hydrogen, carbon monoxide and hydrocarbons {(methane
series hydrocarbons) and the like described above.
[0280]
15 That is, according to the nitrogen oxide removing
method, nitrogen oxide is decomposed and removed by the
reaction shown in the formulas (I) to (ITII) described
below with the nitrogen oxide removing catalyst described
above under the coexistence of the reducing agent such as
20 ammonia. A specific technique which can be employed in
the method of decomposing and removing nitrogen oxide is
not particularly limited as long as it is a technique
based on the selective catalytic reduction method of the

formulas (I) to (VIII) described below, and may be

25 appropriately carried out according to the conventional
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rate of 177 mmmn while repeating the operations of rotating the first die
26 by 120 degrees at a rotational speed of 60 rpmusing a notor 23,
stopping the die for 151250 nmsec and rotating the die again by 120 degrees
at a rotational speed of 60 rpm as shown in Fig. 13. The nol di ng obtai ned
i mredi ately after nolding was cut into pieces each having a length of 9 to
10 mm by a piano wire to obtain noldings 28 shown in Fig. 14. 20[0311]

The nol di ng 28 according to the present invention 10 shown in Figs. 14(a)
and 14(b) showsheode dhimperivhicgen medivte sregiovigy watarlysdr mignisnidz i sposed
with a predeterm ned gap; and bridge portions 44 each of which 25is

provi ded so fse trgasured htoaslj awénhas choatmanlpoat lange - sd¥Bace &pegach
other at their each side ends of the two adjacent colummar portions 42 in
t heir | ongi timdi nal sdi & ecddonst e andreamdh aksenwht chs i neéddes theough hol es
43 surrounded by the plurality of columar portions in the |ongitudinal

5di recti ons némdhel cof unharoger t boihde 42n (that exBaushegext whislenbdingcti on
of the nolding 28 as described hereinafter) and openings 45 forned on a
peri phesal spadlac® {hte.réficeodsrect redcpeopendiésalar 1o the exhibfliing
direction of the nolding 28 as descri bed 10hereinafter) by a gap between
the adjacenthiy® €ftampat perfoonandds §A312% capable bf é&bisceshodynment,
si x columar portions 42 are arranged at a regular interval so as to form
the through d&behsss #8gSahaovadedihy hheregbunoridpoihi ons. ethaubti dge
portions 44 forma circle to join the columar portions 42 so that any two
adj acent colgswar portions 42 are joined to each other. Between the

“adj acent col umar portions 42 and 42, the opening 45 having a wi dth

4NC + 4NH; + O — 4N, + 6Hz0 (1)

10 6NC, + 8NH; - TN + 12H;0 (1I1)
NO + NO; + 2NH; - 2N, + 3H,0 (ITT)
2NQO + 2H; — N, + 2H30 (IV)
2NO,; + 4H, - N + 4H;0 (V)
2NC + 2C0 - Ny + 2CO; {(VI)

15 4N0O + CHy — 2N, + 2H:C + CO; (VII)
2NO; + CHy — N + Z2H;C + COy (VIII)

[0281]

The nitrogen oxide in the exhaust gas is nitrogen

monoxide, nitrogen dioxide or a mixture thereof, and the

o

20 concentration thereof is usually from 0.001 % to 5 % by

\e

volume. It is noted that the exhaust gas contains, in
addition to the nitrogen oxide, water, carbon dioxide and
the like.

[0282]

25 When nitrogen oxide in the exhaust gas is
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20corresponding to the gap therebetween is formed, and the bridge portions
41 are | ocated above and under the opening 45 respectively. [0313] Exanple
6 25A nolding material obtained by mxing the dried - 179 - product
obtained in Exanple 3 (100 parts) with 32 parts of pure water, 4 parts of
met hyl cellulose, 9 parts of a reinforcing fiber and 2.5 parts of antinony
trioxi de was kneaded by a kneader to obtain a pasty nolding material. 5
Usi ng an extrusion nol ding machine shown in Fig. 4(b) equipped with dies
shown i n Fi gledSngeledet Bre ofeddrsen dienp@ratude nhy wepr hlvflQe otWesr 29a: R
1.3 mm nunber of grooves 29a: 4, outer dianmeter of second die 30: 30 nm

i nner di anetlergledr segeontedilel 3015 6. 94C nog , hidieed Orzsdl vaul pasi§o ndl di ng
material was supplied into a flow path 25 of the dies, and then extruded at
an extrusi ormor ateverf, 1Fre fentaidy Wi ¢ e° € epeal owgr t h&heperestdtoms of rotating
the first die 29 by 180 degrees at a rotational speed of 60 rpmusing a
nmot or 23, stmppsngré hes digudbly 1512500 ec anocharet atridigistusd 1di S0agai n by
180 degrees at a rotational speed of GO rpm as shown in Fig. 16. The

mol di ngs obt ai sredal mredicatss| praffeataint ding ielS eat oirnflespi.eces each havi ng
a length of 8 to 9 mmby a piano wire to obtain noldings 31 shown in Fig.
17. 20[ 0314] k&30l di ng 31 shown in Figs. 17(a) and (b) according to the
present invention has a shape of a cylinder formwhich includes the through
holes 53 in the | ong taskambod t oot i osaofidheotythadei tfdgen dhide in
25extrusion direction of the nolding 31 described - 180 -

the exhaust gas is usually carried out using a multi-
tubular or non-multi-tubular fixed bed reactor. Upon

10 using such reactor, the gas hourly space velocity (GHSV)
of the exhaust gas containing nitrogen oxide is usually
100 h™* or more and 100000 h™' or less.
[0284]
Method for Producing Desulfurization Catalyst

15 The molding according to the present invention can
be suitably used as a catalyst carrier for the
hydrodesulfurization reaction. That is, a catalyst
including the catalyst carrier {(molding} containing
alumina as a main component, and at least one, or two or

20 more kinds of elements selected from Group VIA elements
and Group VIIT elements of the Periodic Table supported
on the catalyst carrier (which is hereinafter sometimes
referred to as a desulfurization catalyst) can
efficiently exhibit high catalyst performances and is

25 capable of efficiently accelerating the desulfurization
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hereinafter), and also the openings 54 forned with a predeterm ned interval
on a peripheral surface of the cylinder (i.e. in the direction

per pendi cular to the extrusion direction of the nolding 28 descri bed
S5hereinafter). [03151 Exanple 7 A nol ding materi al obtai ned by

m xing the dried product obtained in Exanple 3 (100 parts) with 33 parts
10of pure water, 4 parts of nethyl cellulose, 18 parts of a reinforcing
fiber and 2.5 parts of antinony trioxide was kneaded by a kneader to obtain
a pasty nol dregchiterial. The pasty nol ding material was extruded with the
same dies as in Exanple 3 to obtain noldings 10 as shown in 15Fig. 1.

[0316] Exanmplez28s] A nol ding material obtained by mxing the dried
product obtained in Exanple 3 (100 parts) with 33 parts 20of pure water, 4
parts of nethyl celthel oseahysit 6cparisr ofs anade nddraipgrdéuberebvaatdaeader
to obtain a pasty nolding material. The pasty nolding material was extruded
t hrough t he sanerdiescastaimixgnplenBni casvbd anainotdnpgsed® asdshown in
Fig. 1. 25[0317] - 181 - Exanple 9 Cesiumnitrate (38.2 kg), copper(ll)

aQ

nitrates specifically, alumina may account for 90 % by weight or
more of the total weight of the catalyst carrier material.
Herein, a crystal form alumina to be used as the main
component of the catalyst carrier can be one or more
kinds of crystal forms selected from y type, kK type, p
10 type, n type, vy type, pseudo y type, & type and O type.
[0286]

It is preferred that the catalyst carrier has a BET
specific surface area of 100 m’/g or more according to
the measurement of the BET specific surface area by the

15 nitrogen adsorption single point method.

When the BET specific surface area of the catalyst
carrier is less than 100 m®/g, since efficiency of
contact between active sites of the catalyst and a sulfur
compound in a petroleum-based hydrocarbon decreases,

20 catalytic activity tends to become insufficient.
[6287]

It is preferred that the catalyst carrier has a
local maximum pore radius of 0.001 pm or more and a
cumulative pore volume of 0.10 mL/g or more according to

25 the measurement of the pore volume by the mercury
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trihydrate (10.2 kg), 85 % by wei ght phosphoric acid (24.2 kg) and 70 % by
weight nitric acid (25.2 kg) were 5di ssolved in ion-exchange water (224 kg)
heated at 40 C (which liquid is referred to as liquid A). Amopni um

nol ybdate tetrahydrate (297 kg) was dissolved in ion-exchange water (330
kg) heated at 40 C, to which amoni um net avanadate (8.19 kg) was suspended
(this 10liquid is referred to as liquid B). The liquid A was added dropw se
inthe liquid B while stirring, and then antinony trioxide (10.2 kg) was
added, fol | owedebyasion riaghed. a vEeal ddievdssnll ataxipomC fare ¥Aadiow s. The
resultant slurry had pH of 6.3. This slurry was dried by 15a spray dryer.
The content ©f bhaw®nilamn?t @@t enmnot hehe esuht bt 1 de i drpowdenmnoass 12 % by
wei ght. To 100 parts by weight of this dried powder, 4 parts by weight of a
silica-al un has$i btlean (RFCA00E S, swififatent edabylBGaintatobainy TMK K. ), 13
parts by weight of ammoniumnitrate 20and 9 parts by weight of ion-exchange
wat er wer e agdedoandbtdeEnedxture was kneaded to obtain a pasty nol ding

mat eri al . Usi ng an extrusion nol ding machi ne shown in Fig. 4(h)
equi pped withoziges shown in Fig. 7 (dianmeter of 25first die 21. 4.6 nmm
depth of grooves 2la: R 1.2 mm - 182 - nunber of grooves 2la: 4, outer

di anet er of secondrick ei2ul SOrivatianecathhy®et efts obbsatoed die 22: 4.6 mm
dept h of grooves 22a: R 1.2 mm nunber of grooves 22a: 4), the resultant
pasty nol di nguppdetiad sasisappl ond khhd aff dnwebpatht 25ebéctbé fres, and
then extruded at an extrusion rate of 177 mmmn while repeating the

oper ati ons oth&ogadupgvihRecibmnshtdi endlthy dBOufdeyrEESedtmantsot afi ohal
'speed of 60 rpmusing a nmotor 23, stopping the die for 1250 nsec and
rotating thepgdirecagai nabyel8A HrgreasratraddSeointiioanbvapeerhof 60 rpm as
shown in Fig. 5. The

10 element of the Group VIA of the Periodic Table is
preferably a metal selected from chromium (Cr),
molybdenum (Mo) and tungsten (W), and the catalyst
obtained by supporting molybdenum (Mo) and/or tungsten
(W) is particularly preferred. The Group VIII element of

15 the Periodic Table is preferably a metal selected from
iron (Fe), ruthenium (Ru}, osmium (Og), cobalt (Co)},
rhodium (Rh), iridium (Ir}), nickel (Ni), palladium (Pd)
and platinum (Pt), and the catalyst obtained by
supporting cobalt (Co) and/or nickel (Ni) is particularly

20 preferred.

[0289]

The supported amount of the Group VIA element of
the Periodic Table is from 1 % to 20 % by weight,
preferably from 2 % to 18 % by weight, and more

25 preferably from 5 % to 15 % by weight in terms of an
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obtained nol ding imediately after nolding was cut into pieces each having
a length of 8 to 9 mMmmby a piano wire to obtain noldings 10 as shown in
Fig. 1. These noldings 10 were dried at a tenperature of 1590 C and a
hum dity of 30 % RH for 3 hours, and heat- treated sequentially in an air
flow at 220 C for 22 hours and then in an air flow at 250 C for 1 hour to
forma Keggin type heteropoly acid salt. This precursor was heated to 435 C
in a nitrogen gas flow, and then 20mai ntained at that tenperature for 3
hours. Afteroxibddiebenani30dHded nora ¢ rogenl gesidhow f apide t datra bept aci ng
nitrogen with air, the precursor was heated in an air flow at 390 C, and
t hen mai nt ai wieeh at h¢ hahppenped aduoent oo f 3thouEsoufTYEE €bahémy 19 Y000 in
an 25air flow, a catalyst was obtained. - 183 - [0318] Exanple 10
The nol di ngsby Owebglat neslut bii Exanpl eaBalet ke dadedvaty andenpet abere of 90 C
and a humdity of 30 96 RH for 3 5hours, heated to 390 Cin an air flow,
and t hen nuaigbeseddat Irhatoritergar atulien ftite Fupmors i ndf tearoureplatitige ai r
with nitrogen and heating to 435 C, the nol di ngs were nmai ntai ned at that
tenperag ure ¢esud MONrSleéhericoabiagthan 79C, % clay abysgist wecetabyaiaed.
10[ 0319] Conparative Exanple 3 Wth the sane operations as in
Conpar ati ve Zxaipley 2nayheeopbdbag naieai itlo dfr hargllelriavast miealed into a
shape (ring-shape) as shown in Fig. 11 which had an outer

Group VIA elements are supported, the total of each

supported amount may be within the above range and, for
example, a supported ratio of molybdenum to tungsten may
10 be 1:1.
The supported amount of the Group VIII element of
the Periodic Table is from 1 % to 10 % by weight,

preferably from 2 % to 8 % by weight, and more preferably

3

o\@

to 7 % by weight in terms of an oxide, based on the

15 total weight of the catalyst. When the supported amount
of the Group VIII element is less than 1 % by weight,
sufficient catalytic activity may not be obtained. In
contrast, when the supported amcunt of the Group VIII
element is more than 10 % by weight, catalytic activity

20 may decrease. When two or more kinds of Group VIII
elements are supported, the total of each supporting
amount may be within the above range and, for example, a
supported ratio of cobalt to nickel may be 1:1.

It is noted that any cone or both of the Group VIA

25 and Group VIII elements of the Pericdic Table may be
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15di aneter of 6.4 mm an inner dianeter of 2.3 nmand a |length 6 nmas well
as a through hole 40 to obtain a catal yst precursor. Then, the resultant

catal yst precursor was subjected to a firing treatnent and a
reduction treatnent 20in the same manner as in Exanple 4 to obtain a
catal yst (ring-shape). [0320] Conparative Exanple 4 To dried

powder obtained in Exanple 9 (100 parts by 25weight), 4 parts by wei ght of
a silica-alumna fiber - 184 - (RFC400-SL, manufactured by Saint-Gobain TM
K. K ), 13 pastepbytedi ght tbé aatrehiat sarraes.and 9 parts by wei ght of
i on- exchange water were added, and then the m xture was kneaded to obtain a
pasty nol di ngCaBberial. Using an 5extrusi on nol di ng machi ne shown in Fig.
4(b) equipped with dies showmn in Fig. 7 (dianmeter of first die 21. 4.6 nmm
dept h of grooves 2The ®Retih@dmaf suppertofiggtbevésolpaVIa, andt €rodpanet er of
second die 22: 30 nm inner dianmeter of second die 22: 4.6 mm depth of
grooves 22a:V1OR &l28mamntsnafibeheoPegioduesTaRae 4h, at hetpagby nmelkding
material was supplied into a flow path 25 of the dies, and then extruded at
an extrBsionigahetopat?icniamily Minkeedotatii figrt beamplset dcei2l at a
rotational speed of 40 rpmusing a notor 23, as indicated by a dotted line
in 15Fi g. 5.pdhshbleheor espllbgant mekHbdginwaghdéuh theocptetest carrier
is brought into contact with or impregnated with a
solution prepared by dissolving a salt or a compound of
molybdenum, tungsten, cobalt and nickel in a proper
10 solvent, followed by a heat treatment (drying and firing).
The sequence of supporting the Group VIA and Group
VIII elements, the concentration of the solution of the
Group VIA and Group VIII elements, and the number of the
contact or impregnation treatment may be appropriately
15 gselected so that a predetermined amount of the Group VIA
and Group VIII elements is finally supported.
[0291]
Ammonium molybdate, molybdenum trioxide, molybdic
acid and the like can be used as the salt or compound of
20 molybdenum; ammonium paratungstate, ammonium metatugstate,
tungsten trioxide, tungstic acid and the like can be used
as the salt or compound of tungsten; cobalt nitrate,
cobalt acetate, cobalt chloride and the like can be used

as the salt or compound of cobalt; and nickel nitrate,

25 nickel sulfate, nickel chloride, nickel acetate, nickel
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each having a length of 8 to 9 mmby a piano wire. These pieces were dried
at a tenperature of 90 C and a humdity of 30 96 RH for 3 hours, and
heat-treated sequentially in an air flow at 220 C for 22 hours and 20t hen
inan air flowat 250 00 for 1 hour to forma Keggin type heteropoly acid
salt. These precursors were heated to 435 Cin a nitrogen gas flow and then
mai ntai ned at the sanme tenperature for 3 hours. After cooling to 300 Cin a
nitrogen gas flow and replacing nitrogen with 25air, the precursors were
heat ed i n anhydratée ownack8@90cLrbondse -andnghe hehkentanabaedsad ahathe
tenperature for 3 hours. After cooling to 70 Cin an air flow, catalysts
wer e obt ai nesk1f 0321¢oBExanp| ef Inickel. A powder (26.8 parts by nass)
obtained by mixing 2 parts by mass of stearic acid with 100 parts by nass
of a hydraul {@¢222lm na powder at 80C, 42.0 parts by mass of a titanium(1V)
oxi de powder, 15.7 parts by mass of a 10Omagnesi a spinel powder, 3.4 parts
by mass of aigtlasd fortRamdving patfsrbgompssndf inePayrotelihuBasedwer e
m xed. To this m xture, 34 parts of pure water, 0.35 parts of glycerin and
0.2 parss ofHg@rarasibn(C 08, manufactured by NOF CORPORATI ON), and then
the m xture was kneaded to 15obtain a pasty nolding material. Using an
extrusi on nol di ng machidenghpntha théghod(bdr egemppedgwat sutlfes shown in
Fig. 7 (dianeter of first die 21: 7.8 mm depth of grooves 2la: R 1.8 mm
nunber of greemesuRdainda patesclduareaeedohysecoadbdne the sulfur
compound in the petroleum-based hydrocarbon is decomposed
and removed by using the desulfurization catalyst
10 described above under the coexistence of hydrogen.
[0293]
That i1g, according to the method for removing the
sulfur compound in the petroleum-based hydrocarbon, the
sulfur compound in the petroleum-based hydrocarbon is
15 decomposed and removed by the reaction of the formula (I)
described below using the desulfurization catalyst
described above under the coexistence of hydrogen. A
specific technigque which can be used in the method of
decomposing and removing the sulfur compound in the
20 petroleum-based hydrocarbon is not particularly limited
as long as it is a technigue based on the formula (I) as
described below and may be carried out according to the
conventional method. The catalyst for removing the

sulfur compound in the petroleum-based hydrocarbon

25 minimizes the pressure loss and has not only a large
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2022: 11 mm inner dianmeter of second die 22: 7.8 nmm depth of grooves 22a:
R 1.8 mm nunber of grooves 22a: 4), the resultant pasty nolding materi al
was supplied into a flow path 25 of the dies, and then extruded at an
extrusion rate of 154 mmmn while repeating the operations of 25rotating
the first die 21 by 180 degrees at a rotational - 186 - speed of 90 rpm
using a notor 23, stopping the die for 1000 nsec and rotating the die again
by 180 degrees at a rotational speed of 90 rpm as shown in Fig. 5. The

nmol di ng obt adweth¢emakatlely aisera mbdergtoastcengtht vhepi eeess eagdd havi ng
a length of 9 to 11 mmby a piano wire to obtain noldings 10 shown in Fig.
1. Theo resudrantheroddl figs eeneodnd etn athgd 20e Crd beus-hased and t hen
dried at 1250 C for 5 hours to obtain catalyst carriers containing a
magnesi um al uydneea1i9on tenbt - based pagkedl info322teactor ofha nol di ng
obtained in Exanple 11 had a total pore volunme of 0.2 nlL/g and a | ocal

maxi num por ereact ion ofedsdl pmit 1603@8hikkkanpighl@atalyst Using an
extrusi on nol di ng machi ne shown in Figs. 7(a) and 7(h) (dianmeter of first
die 21:54. 6 payfoepiced gndovescapabl® 4f 2efifijchenbey décgmposisg2la: 4,
out er 20di aneter of second die 22: 30 mm inner dianmeter of second die 22:
4.6 mm deptthefsgl boyesorZannd in2thm patnbeeunfbgsedvegdP@aarddn. t he sane
pasty nolding material as in Exanple 5 was supplied into a flow path 25 of
the dies, and themrextrided at Ran exHr@sion rate of (1)

wherein R is a hydrocarbon group.
[0294]

10 As the petroleum-based hydrocarbon, for example, a
fraction produced in the petroleum refining process of a
normal pressure distillation apparatus, a vacuum
distillation apparatus, a thermal decomposition treatment,
a catalytic cracking treatment, a hydrogenation treatment

15 or the like of crude o0il is exemplified.

[0295]

Examples of the sulfur compound in the petroleum-
based hydrocarbon include thiols such as methanethiol,
ethanethiol, and the like; sulfides such ags dimethyl

20 sulfide, diethyl sulfide, and the like; disulfides such
as dimethyl disulfide, diethyl disulfide, and the like;
thiophenes; benzothiophenes; dibenzothiophenes,
benzonaphthothiophenes, and the like.

[0296]

25 When the sulfur compound in the petroleum-based
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25222 mmimn while repeating the operations of rotating the - 187 -
die 21 by 180 degrees at a rotational speed of 100 rpm using a notor
stopping the die for 1000 nmsec and rotating the die again by 180 degr

a rotationa
nol di ng was

speed of 90 rpm The nol ding obtained i medi ately after
cut into pieces each having a length of 8 to 9 nmby a pi

wire to obtain nolding precursors having a shape as shown in Fig. 1.
Mol dability 10Mbl dability of the nol di ngs obtained as descri bed above was
eval uat ed acbpddingront he fletboppagdcer therrgaaction teWperablidéngswhi ch
kept its shape w thout causing collapse when cut imediately after no
whi | e usi ng uspadhy WPe°CsorahiedhtGoogtefahabeus20he’ fobdi hgghbkch was 15
col | apsed when cut imediately after nolding using a piano wire is rated
"Poor". The apgulitgadie €OHOWACi oxr Tabwerl bekbarabD825p0DPOpost Lerwgth Test
20The cut nol di ngs were dropped from an upper end of and in an iron pipe
(havi ng an i Ther rdaamboerpoés80rd mm uandlayl engPh of ong, whi ch st ood

vertically and is provided with a stopper

first
23,
ees at
5
ano
[ 0324]

| di ng

measuring 30 nmin hei ght nade of

a silicbne rpbbéerablyhe Wbaeoremdref &hd pspallgbSobMequent Lyssthe dropped
nol di ngs were subjected to - 188 -

10

15

20

25

preferably 15 MPa or less.
[0297]

The decomposition reaction of the sulfur compound
in the petroleum-based hydrocarbon is usually carried out
uging a multi-tubular fixed bed reactor. At that time,
the liquid hourly space velocity (LHSV) of the petroleum-
based hydrocarbon containing the sulfur compound is
usually 0.1 h™® or more and 20 h™' or less, and the feed
rate of hydrogen/raw oil is usually 0.01 Nm’/m’ or more

and 2000 Nm?/m’ or less.

EXAMPLES
[0298]

The presgent invention will be described
specifically by way of Examples, but the present
invention is not limited to these Examples. In the
description in the following Examples, “parts” are by
mass and ml/min representing a flow rate of a gas is
based on the STP unless specifically mentioned.

[0299]
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sieving so as to separate into a conmm nuted nol ding, a sem -broken nol di ng
and a non-defective nolding, and then evaluation was carried out according
to the proportion of the non-defective nolding. Each proportion of the
5conmi nut ed nol di ng, the seni-broken nolding and the non- defective nol ding
was eval uated according to the followng criteria: Comm nuted nolding: 8
mesh or | ess (-8#) [ proportion (% by nmass) of nol dings which passed
t hrough 10a sieve of 8 nesh (opening: 2.36 nm] Sem - br oken nol di ng:
8 mesh or noExampde4imesh or less (+8# to -4#) [proportion (% by mass) of
nmol di ngs whi ch passed through a sieve of 4 mesh (opening: 4.75 mm), and did
not passed throughfemsneue nélgbdesh ( OWENiNg-OL52H3B] mh}3241 g) was
Non-def ective nol ding: 4 mesh or nore (+4#) [proportion (96 by nass) of
nmol di ngs whi dhsdotivadt ipa3soohrough wasmevatef, Jandshh¢opeaithgany. 75 m) |
The results are shown in Table 1. - 189 - [0326] Table 1 Drop Strength
Mol dability liguid is designated as liquid A. Iron(III) nitrate
5 [Fe (NO3);-9H,01 (6060 g), cobalt nitrate [Co(NO;),-6H0]
{13096 g) and cesium nitrate (CsNO;) (585 g) were
dissolved in 6000 g of warm water, then to which bismuth
nitrate [Bi(NO;);-5H,0] (2910 g) was dissolved, and the
resultant liquid is designated as liquid B.
10 While stirring the liquid A, the ligquid B was added
thereto so as to obtain a slurry. Subsequently, the
slurry was spray-dried to obtain a dried product. A
molding material obtained by mixing 100 parts by mass of
the resultant dried product with 2.5 parts by mass of
15 antimony trioxide {Sb,0;], 9 parts by mass of a silica-
alumina fiber (RFC400-SL, manufactured by Saint-Gobain TM
K.K.), 32 parts by mass of pure water and 4 parts by mass
of methyl cellulose was kneaded by a kneader to obtain a
pasty molding material.
20 Using an extrusion molding machine shown in Fig.
4 (b) equipped with dies shown in Fig. 7 (diameter of
first die 21: 6.4 mm, depth of grooves 2la: R 1.3 mm,
number of grooves 2la: 4, outer diameter of second die

22:; 30 mm, inner diameter of second die 22: 6.4 mm, depth

25 of grooves 22a: R 1.3 mm, number of grooves 22a: 4), the
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+4#(% +8* to -44 (%9 -84(% Exanple 1 Good 78.90 15.12 5.98 Exanple 2 Good
66. 71 22.95 10. 34 Exanple 3 Good 71.34 21.09 7.57

pasty molding material was supplied into a flow path 25
of the dies, and then extruded at an extrusion rate of
177 mm/min while repeating the operations of rotating the
first die 21 by 180 degrees at a rotational speed of 60

5 rpm using a motor 23, stopping the die for 1250 msec and
rotating the die again by 180 degrees at a rotational
speed of 60 rpm, as shown in Fig. 5. The molding
obtained immediately after molding was cut into pieces

each having a length of 8 to 9 mm by a piano wire to

10 obtain moldings 10 shown in Fig. 1.
[0300]
Example 2

Uging an extrusion molding machine shown in Fig.
4 (b) equipped with dies shown in Fig. 9 {(diameter of
15 first die 21': 6.4 mm, depth ¢f grooves 21'a: R 1.3 mm,
number of grooves 21’a: 5, outer diameter of second die
227: 30 mm, inner diameter of second die 22': 6.4 mm, the
depth of grooves 22'a: R 1.3 mm, number of grooves 22a’:
5, thé pasty molding material obtained in Example 1 was
20 supplied into a flow path 25 of the dies, and then
extruded at an extrusion rate of 177 mm/min while
repeating the operations of rotating the first die 21’ by
144 degrees at a rotational speed of 60 rpm using a motor
23, stopping the die for 1250 msec and rotating the die

25 again by 144 degrees at a rotational speed of 60 rpm, as
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Exanple 4 Good 75.95 12.04 12.01 Exanple 5 Good 50.45 18.08 31.47 Exanple 6
Good 55.82 28.78 15.39 Exanple 7 Good 90.22 8.35

shown in Fig. 10. The molding obtained immediately after
molding was cut into pieces each having a length of 8 to
9 mm by a pianc wire to obtain moldings 15 shown in Fig.
8.
5 [0301]

Comparative Example 1

Using an extrusion molding machine shown in Fig.
4 (b) equipped with dies shown in Fig. 7 (diameter of
first die 21: 6.4 mm, depth of grooves 21a: R 1.3 mm,

10 number of grooves 2la: 4, outer diameter of second die
22: 30 mm, inner diameter of second die 22: 6.4 mm, depth
of grooves 22a: R 1.3 mm, number of grooves 22a: 4}, the
game pasty molding material as in Example 1 was supplied
into a flow path 25 of the dies, and then continuously

15 extrusion-molded at an extrusion rate of 177 mm/min while
continuously rotating the first die 21 at a rotational
speed of 40 rpm using a motor 23b as indicated by a
dotted line in Fig. 5. Then, the resultant molding was
cut into pieces each having a length of 8 to 9 mm by a

20 piano wire in the same manner as in Example 1.

[0302]

The moldings obtained in Example 1, Example 2 and
Comparative Example 1 were dried in a constant-
temperature constant-humidity vessel (30°C, 55%Rh) for 12

25 hours and then fired at 550 °C for 6 hours so as to
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1.43 Exanple 8 Good 97.70 1.45 0.85 Exanple 9 Good 96.48 0.10 3.42 Exanple
10 Good 98.91 0.20 0.89 Exanple 11 Good -

obtain each molded article. The catalyst had a
composition {excluding oxygen} of
Mo1:B1i; ¢Sby sFes sCoq . 5CS8p 6.
[0303]
5 Example 3

(a} Production of Catalyst for the Production of
Methacrolein and Methacrylic Acid

Ammonium molybdate [(NHi)¢Mo7024-4H20]1 (13241 g) was
dissolved in 15000 g of warm water and the resultant

10 liquid is designated as a liguid A. Iron({(III) nitrate
[Fe (NO;) 3+ 9H,0] (6060 g), 13096 g of cobalt nitrate
[Co(NO3)2-6HZO] and 585 g of cesium nitrate (CsNO;) were
dissolved in 6000 g of warm water, then into which 2910 g
of bismuth nitrate [Bi(NO;).-5H,0] was dissolved, and the
15 resultant liquid is designated as a ligquid B.

While stirring the liquid A, the liquid B was added
thereto to obtain a slurry. Subsequently, the slurry was
spray-dried to obtain a dried product. A molding
material obtained by mixing 100 parts by mass of the

20 resultant dried product with 2.5 parts by mass of
antimony trioxide [Sb,0:], 9 parts by mass of a silica-
alumina fiber (RFC400-SL, manufactured by Saint-Gobain TM
K.K.), 32 parts by mass of pure water and 4 parts by mass
of methyl cellulose was kneaded by a kneader to obtain a

25 pasty molding material.
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Exanpl e 12 Good 85.88 7.38 6.73 Conparative Exanple 1 Poor 23.60 54.31
22.09 Conparative Exanple 2 96.00 2.54 1.46

Using an extrusion molding machine shown in Fig.
4 (b) and Fig. 7 (diameter of first die 21: 6 mm, depth of
grooves 2la: R 1.5 mm, number of grooves 2la: 4, outer
diameter of second die 22: 30 mm, inner diameter of
5 gecond die 22: 6 mm, depth of grooves 22a: R 1.5 mm,
number of grooves 22a: 4), the pasty molding material was
supplied into a flow path 25 of the dies, and then
extruded at an extrusion rate of 222 mm/min while
repeating the operations of rotating the first die 21 by
10 180 degrees at a rotational speed of 920 rpm using a motor
23, stopping the die for 1200 msec and rotating the die
again by 180 degrees at a rotational speed of 90 rpm.
The molding obtained immediately after molding was cut
into pieces each having a length of 8 to 9 mm by a piano
15 wire to obtain catalyst precursors each having a shape

shown in Fig. 1.

[0304]
(b) Firing Process
The resultant catalyst precursors were fired at
20 545 °C for 6 hours, and had, after firing, a composition

(excluding oxygen) of Moi13Big.9sSbc.asFe2.4C07.2CS0,48512 20A12.39.
to obtain catalyst raw materials.
[0305]

{c) Reduction Treatment

25 A glass tube was packed with the catalyst raw

- 174 -



Conparative Exanple 3 90.86 8.08 1.06 Conparative Exanple 4 Poor 40.78
55.24 3.98 [0327] 5As is apparent fromthe results shown in Table 1, each
of non-spiral noldings obtained in Exanples 1 to 10 has a higher drop
strength than that of each of spiral noldings of Conparative Exanple 1 and
Conparative Exanple 4. 10[0328] - 190 -

materialg obtained in the process (b) and a mixed gas of
hydrogen/nitrogen = 5/95 (volume ratio) was fed at a
space velecity of 240 h™', followed by a reduction
treatment at 345 °C for 8 hours and further firing in air
5 at 350 °C for 3 hours to obtain a reduction-treated
catalyst.
[0306]
Comparative Example 2
The same pasty meolding material as in Example 3 was
io molded into a shape (ring-shape) having an outer diameter
of 6.4 mm, an inner diameter of 2.3 mm and a length 6 mm
and including through holes 40 shown in Fig. 11 by tablet
compaction or extrusion molding to obtain catalyst
precursors.

15 Next, the resultant catalyst precursors were
subjected to a firing treatment and a reduction treatment
in the same manners as in Example 3 to obtain a catalyst
(having a ring shape).

[0307]
20 Example 4
(i) Production of Catalyst for the Production of
Methacrolein and Methacrylic Acid
4414 g of ammonium molybdate [ (NH;) M0O;024-4H,0] was
dissolved in 5000 g of warm water and the resultant

25 liquid is designated to a ligquid A. Separately, 2020 g
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The shapes and the sizes (or dinensions) of the catal ysts obtained in
Exanples 1 to 10 and Conparative Exanples 1 to 4 are as shown in Table 2.
The bul k density shown in Table 2 was neasured by the foll owi ng 5procedure.
1. A 200 m cylinder having an inner dianeter of 36 mmis packed with 60 g
of catal yst weighed accurately. 2. Tapping is carried out 100 tines
on a mat with a height of about 20 nm above the mat. 103. The scal e of the
cylinder is read out and a bulk density is calculated by the equation (2).
Bul k densitycE oghlII{p)hReadteul F¥YONOE -CiLP] (233661910f copb®BRI] Table 2
Shape CQuter dianeter |Inner dianeter Length Cave* Bul k
nitrate [Co(NO;3),'6H,0] and 195 g of cesium nitrate
[CeNO;] were dissolved in 2000 g of warm water, then to
which 970 g of bismuth nitrate [Bi{NO;};-5H0] was
5 dissolved and the resultant liquid is designated to a
liquid B.
While stirring the liquid A, the liquid B was added
thereto to obtain a slurry, and then this slurry was
dried using a pneumatic conveying dryer to obtain a dried
10 product. A molding material of the dried product (100
parts by mass) mixed with 6 parts by mass of a silica-
alumina fiber (RFC400-SL, manufactured by Saint-Gobain TM
K.K.), 33 parts by mass of pure water and 4 parts by mass
of methyl cellulose was kneaded using a kneader to obtain
15 a pasty molding material.
Using the same extrusion molding machine as in
Example 3 (diameter of first die 21: 4.6 mm, depth of
grooves 2la: R 1.2 mm, number of grooves 2la: 4, ocuter
diameter of second die 22: 30 mm, inner diameter of
20 second die 22: 4.6 mm, depth of grcoves 22a: R 1.2 mm,
number of grooves 22a: 4), the resultant pasty molding
material was supplied into a flow path 25 of the dies,
and then extruded at an extrusion rate of 222 mm/min

while repeating the operations of rotating the first die

25 21 by 180 degrees at a rotational speed of 90 rpm using a
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Density [mm] [mm [ [mn] [g/mM] Exanple 1 Non- spiral 8.39 3.54 8.97
3.54 0.94 Exanple 2 Non- spiral

motor 23, stopping the die for 1250 msec and rotating
again by 180 degrees at a rotational speed of 90 rpm.
The molding obtained immediately after molding was cut

into pieces each having a length of 8 to 9 mm by a piano

5 wire to obtain catalyst precursors having a shape shown
in Fig. 1.
[0308]

(ii) Firing Process
The resultant catalyst precursors were fired at
10 525 °C for 6 hours. Resultant catalysts precursors
contained 0.96 bismuth atoms, 2.4 iron atomsg, 7.2 cobalt
atoms and 0.48 cesium atoms based on 12 molybdenum atoms.
[0309]
(1ii) Reduction Treatment
15 A glass tube was packed with the catalyst precursor
material obtained in the process (ii) and a mixed gas of
hydrogen/nitrogen = 5/95 (volume ratio} was fed at a
space velocity of 240 h™ so as to carry out a reduction
treatment at 375 °C for 8 hours and further a firing
20 treatment was carried out in air at 350 °C for 3 hours to
obtain a reduction-treated catalyst.
[0310]
Example 5
A molding material obtained by mixing the dried

25 product obtained in Example 3 (100 parts) with 32 parts
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7.97 3.48 7.92 3.48 0.74 Exanple 3 Non- spiral 8.09 2.70 7.80 2.70 1.00
Exanple 4 Non- spiral 6.45 2.03 8.63

10

15

20

25

of pure water, 4 parts of methyl cellulose, 9 parts of a
reinforcing fiber and 2.5 parts of antimony trioxide was
kneaded by a kneader to obtain a pasty molding material.

Usging an extrusion molding machine shown in Fig.
4 (b) equipped with dies shown in Fig. 12 {(diameter of
first die 26: 5.9 mm, depth of grooves 26a: R 0.8 mm,
number of grooves 26a: 6, outer diameter of second die
27: 30 mm, inner diameter of second die 27: 5.9 mm, depth
of grooves 27a: R 0.8 mm, number of grooves 27a: 3), the
resultant pasty molding material was supplied into a flow
path 25 of the dies, and then extruded at an extrusion
rate of 177 mm/min while repeating the operations of
rotating the first die 26 by 120 degrees at a rotational
speed of 60 rpm using a motor 23, stopping the die for
1250 msec and rotating the die again by 120 degrees at a
rotational speed of 60 rpm, as shown in Fig. 13. The
molding obtained immediately after molding was cut into
pieces each having a length of 9 to 10 mm by a piano wire
to obtain moldings 28 shown in Fig. 14.
[0311]

The molding 28 according to the present invention
10 shown in Figs. 14(a) and 14{b) shows the shape which
includes six columnar portions 42 disposed with a
predetermined gap; and bridge portions 44 each of which

is provided so as to join the adjacent columnar portions
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2.03 0.91 Exanple 5 Non- spiral 6.31 4.98 9.11 4.98 - Exanple 6 Non- spiral
5.13 2.66 10.82 2.66 Exanple 7

to each other at their each side ends of the two adjacent
columnar portions 42 in their longitudinal directions,
and; and also which includes through holes 43 surrounded
by the plurality of columnar portions in the longitudinal
5 directions of the columnar portions 42 (that is, the

extrugion direction of the molding 28 as described
hereinafter) and openings 45 formed on a peripheral
gsurface (i.e. in a direction perpendicular to the
extruding direction of the molding 28 as described

10 hereinafter) by a gap between the adjacent two columnar
portions 42.
[0312]

In this embodiment, six columnar portions 42 are

arranged at a regular interval so as to form the through

15 holes 43 surrounded by the columnar portions. The bridge
portions 44 form a circle to join the columnar portions
42 so that any two adjacent columnar portions 42 are
joined to each other. Between the adjacent columnar
portionsg 42 and 42, the opening 45 having a width

20 corresponding to the gap therebetween is formed, and the
bridge portions 41 are located above and under the
opening 45 respectively.
[0313]
Example 6

25 A molding material obtained by mixing the dried
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Non- spiral 8.19 2.73 7.87 2.73 0.85 Exanple 8 Non- spiral 8.29 2.76 7.43
2.76 0.82 Exanple 9 Non- spiral 6.25

product obtained in Example 3 (100 parts) with 32 parts
of pure water, 4 parts of methyl cellulose, 9 parts of a
reinforcing fiber and 2.5 parts of antimony trioxide was
kneaded by a kneader to obtain a pasty molding material.

5 Using an extrusion meolding machine shown in Fig.
4 (b) equipped with dies shown in Fig. 15 {(diameter of
first die 29: 5.4 mm, depth of grooves 2%a: R 1.3 mm,
number of grooves 29a: 4, outer diameter of second die
30: 30 mm, inner diameter of second die 30: 5.4 mm}, the

10 resultant pasty molding material was supplied into a flow
path 25 of the dies, and then extruded at an extrusion
rate of 177 mm/min while repeating the operations of
rotating the first die 29 by 180 degrees at a rotational
speed of 60 rpm using a motor 23, stopping the die for

15 1250 msec and rotating the die again by 180 degrees at a
rotational speed of 60 rpm, as shown in Fig. 16. The
molding obtained immediately after molding was cut into
pieces each having a length of 8 to 9 mm by a piano wire
to obtain moldings 31 shown in Fig. 17.

20 [0314]

The molding 31 shown in Figs. 17(a) and (b)

according to the present invention has a shape of a
cylinder form which includes the through holes 53 in the
longitudinal direction of the cylinder (i.e. the

25 extrusion direction of the molding 31 described
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1.96 8.26 1.96 0.79 Exanple 10 Non- spiral 6.93 2.18 8.32 2.18 0.91 Exanple

11 Non-

10

15

20

25

spiral 8.52 7.12 9.14 7.12

hereinafter), and also the openings 54 formed with a
predetermined interval on a peripheral surface of the
cylinder (i.e. in the direction perpendicular to the
extrusion direction of the molding 28 described
hereinafter} .
[0315]
Example 7

A molding material obtained by mixing the dried
product obtained in Example 3 (100 parts) with 33 parts
of pure water, 4 parts of methyl cellulose, 18 parts of a
reinforcing fiber and 2.5 parts of antimony trioxide was
kneaded by a kneader to obtain a pasty molding material.
The pasty molding material was extruded with the same
dies as in Example 3 to obtain moldings 10 as shown in
Fig. 1.
[0316]
Example 8

A molding material obtained by mixing the dried
product obtained in Example 3 (100 parts) with 33 parts
of pure water, 4 parts of methyl cellulose and 6 parts of
a reinforcing fiber by a kneader to obtain a pasty
molding material. The pasty molding material was
extruded through the same dies as in Example 3 to obtain
moldings 10 as shown in Fig. 1.

[0317]
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0.82 Exanple 12 Non- spiral 6.47 2.03 8.63 2.03 0.95 Conparative Exanple 1
Spiral 7.91 3.34 5.66 0.76 Conparative Exanple 2

Example 9
Cesium nitrate (38.2 kg), copper(II) nitrate
trihydrate (10.2 kg), 85 % by weight phosphoric acid
(24.2 kg) and 70 % by weight nitric acid (25.2 kg) were
5 dissolved in ion-exchange water (224 kg) heated at 40 °C
(which liquid is referred to as ligquid A). Ammonium
molybdate tetrahydrate (297 kg) was dissolved in ion-
exchange water (330 kg) heated at 40 °C, to which
ammonium metavanadate (8.19 kg) was suspended (this
10 liquid is referred to as liquid B). The liquid A was
added dropwise in the liquid B while stirring, and then
antimony trioxide (10.2 kg) was added, followed by
stirring in a sealed vessel at 120 °C for 17 hours. The
resultant slurry had pH of 6.3. This slurry was dried by
15 a spray dryer. The content of ammonium nitrate in the
resultant dried powder was 12 % by weight. To 100 parts
by weight of this dried powder, 4 parts by weight of a
silica-alumina fiber (RFC400-SL, manufactured by Saint-
Gobain TM K.K.), 13 parts by weight of ammonium nitrate
20 and 9 parts by weight of ion-exchange water were added
and the mixture was kneaded to obtain a pasty molding
material.
Using an extrusion molding machine shown in Fig.
4 (b) equipped with dies shown in Fig. 7 (diameter of

25 first die 21: 4.6 mm, depth of grooves 2la: R 1.2 mm,
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Ring 6.21 2.11 6.22 1.05 Conparative Exanple 3 Ring 5.95 2.15 5.71 0.99
Conparative Exanple 4 Spiral 6.30 2.01

number of grooves 2la: 4, outer diameter of second die
22: 30 mm, inner diameter of second die 22: 4.6 mm, depth
of grooves 22a: R 1.2 mm, number of grooves 22a: 4), the
resultant pasty molding material was supplied into a flow
5 path 25 of the dies, and then extruded at an extrusion
rate of 177 mm/min while repeating the operations of
rotating the first die 21 by 180 degrees at a rotatiomal
speed of 60 rpm using a motor 23, stopping the die for
1250 msec and rotating the die again by 180 degrees at a
10 rotational speed of 60 rpm, as shown in Fig. 5. The
obtained molding immediately after molding was cut into
pieces each having a length of 8 to 9 mm by a pilano wire
to obtain moldings 10 as shown in Fig. 1.
These moldings 10 were dried at a temperature of
15 90 °C and a humidity of 30 % RH for 3 hours, and heat-
treated sequentially in an air flow at 220 °C for 22
hours and then in an air flow at 250 °C for 1 hour to
form a Keggin type heteropoly acid salt. This precursor
was heated to 435 °C in a nitrogen gas flow, and then
20 maintained at that temperature for 3 hours. After
cooling to 300 °C in a nitrogen gas flow, and then
replacing nitrogen with air, the precursor was heated in
an air flow at 390 °C, and then maintained at that
temperature for 3 hours. After cooling to 70 °C in an

25 air flow, a catalyst was cbtained.
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6.22 0.69 *Cave: Opening which is defined by columar portions and bridge
portions connecting columar portions on peripheral surface of nolding
[0330] Evaluation of Activity A glass reaction tube having an inner
dianeter of 18 nmmwas packed with 3.0 ml of the catalyst obtained in
Exanpl e 3, Conparative Exanple 2, Exanple 4 or Conparative Exanple 3
together with 30.0 g of silicon carbide (14 mesh) and a raw gas of
i sobutyl ene, oxygen, 5nitrogen and steamat a nolar ratio of 1:2.2:6.2:2
was fed, and{d3msi the reaction was carried out under the reaction
conditions of a reaction tenperature of 390 C and a space velocity SV of
1750 hr-1 (Stangsrsl flenperature and Pressure (STP)). As to the catalysts
10obt ai ned in Conparative Exanple 2, Exanple 4 and Conparative Exanple 3
were al so carried Mg wsldinddel @ ase:Dfndk aipl BxBupTdes rests tédrde@ shown in
Tabl e 3 bel ow. [0331] 15Table 3
a temperature of 90 °C and a humidity of 30 % RH for 3
5 hours, heated to 390 °C in an air flow, and then
maintained at that temperature for 3 hours. After
replacing air with nitrogen and heating to 435 °C, the
moldings were maintained at that temperature for 4 hours.
After cooling to 70°C, catalysts were obtained.
10 [0319]
Comparative Example 3
With the same operations as in Comparative Example
2, the molding material of Example 4 was molded into a
shape (ring-shape) as shown in Fig. 11 which had an outer
15 diameter of 6.4 mm, an inner diameter of 2.3 mm and a
length 6 mm as well as a through hole 40 to obtain a
catalyst precursor.
Then, the resultant catalyst precursor was
subjected to a firing treatment and a reduction treatment
20 in the same manner as in Example 4 to obtain a catalyst
{(ring-shape) .
[0320]
Comparative Example 4

To dried powder obtained in Example 9 (100 parts by

25 weight), 4 parts by weight of a silica-alumina fiber
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| sobut yl ene Conversion (I) Selectivity to Methacrolein and Methacrylic Acid
() Exanple 3 83.5 84.6 Conparative Exanple 2 81.3 81.4 Exanple 4 93.8 81.1
Conparative Exanple 3 91.2 79.4

(RFC400-81L, manufactured by Saint-Gobain TM K.K.), 13
parts by weight of ammonium nitrate and 9 parts by weight
of ion-exchange water were added, and then the mixture
was kneaded to obtain a pasty molding material. Using an
5 extrusion molding machine shown in Fig. 4 (k) equipped

with dies shown in Fig. 7 (diameter of first die 21: 4.6
mm, depth of grooves 2la: R 1.2 mm, number of grooves
21a: 4, outer diameter of second die 22: 30 mm, inner
diameter of second die 22: 4.6 mm, depth of grooves 22a:

10 R 1.2 mm, number of grooves 22a: 4), the pasty molding
material was supplied into a flow path 25 of the dies,
and then extruded at an extrusion rate of 177 mm/min
while rotating the first die 21 at a rotational speed of
40 rpm using a motor 23, as indicated by a dotted line in

15 Fig. 5. Then, the resultant molding was cut into pieces
each having a length of 8 to 2 mm by a pianc wire. These
pieces were dried at a temperature of 90 °C and a
humidity of 30 % RH for 3 hours, and heat-treated
sequentially in an air flow at 220 °C for 22 hours and

20 then in an air flow at 250 °C for 1 hour to form a Keggin
type heteropoly acid salt. These precursors were heated
to 435 °C in a nitrogen gas flow and then maintained at
the same temperature for 3 hours. After cooling to
300 °C in a nitrogen gas flow and replacing nitrogen with

25 air, the precursors were heated in an air flow at 390 °C
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[ 0332] As is apparent fromthe results shown in Table 3, the
conversion and the selectivity of the catalysts in Exanples 3 and 4 were
greater than those of the catal ysts 20in Conparative Exanples 2 and 3. -
193 - [0333] Measurenent of Pressure Loss Pressure | oss when a
stainl ess steel pipe was packed with the fired nol dings of Exanple 3 and
5Conpar ati ve Exanple 2 was neasured by the foll ow ng procedure. A wre net
was spread over one opening of a stainless steel pipe having an inner

di anet er of &b5dnhso msitoathedeavnehaperemgevditthe popes whohest he ot her
opening was fitted with a rubber stopper which was 10equi pped with a vent
tube and a difiténl cobifeendi ad pressuar abnofkbder Eatapyessuwereetection,
and then the nmeasurenment was carried out. Air was passed through the tube
bef ore packiagtsdhddt he nol dings at a flow rate of 15 L/mn and a pressure
difference fromthe atnospheric 15pressure was neasured, and the resultant
pressure dif{ezenre was taken as a reference value. Subsequently, air was
passed t hrough the tube packed with the noldings in height of 1,380 mmat a
flow rage ofgsthnpi@iniin the sane manner as described above, and a pressure
di fference 20fromthe atnospheric pressure was neasured using the digital

differential pressyurgow@aeneiers padisfeyenges) nopt 25848 en{ AR x bedween the
resultant value and the reference value was taken as a pressure | oss of the

tlgge after paski8gpi hdisEhernBtdhngs. adhe weeH! Ls0aperehown Koks dabke 4. -

hydraulic alumina powder at 80°C, 42.0 parts by mass of a
titanium (IV) oxide powder, 15.7 parts by mass of a

10 magnesia spinel powder, 3.4 parts by mass of a glass frit
and 6.9 parts by mass of methyl cellulose were mixed. To
this mixture, 34 parts of pure water, 0.35 parts of
glycerin and 0.2 parts of Ceramisol {(C-08, manufactured
by NOF CORPORATION}, and then the mixture wag kneaded to

15 obtain a pasty molding material.

Using an extrusion molding machine shown in Fig.

4 (b) equipped with dies shown in Fig. 7 {diameter of
first die 21: 7.8 mm, depth of grooves 2la: R 1.8 mm,
number of grooves 2la: 4, outer diameter of second die

20 22: 11 mm, inner diameter of second die 22: 7.8 mm, depth
of grooves 22a: R 1.8 mm, number of grooves 22a: 4), the
resultant pasty molding material was supplied into a flow
path 25 of the dies, and then extruded at an extrusion

rate of 154 mm/min while repeating the operations of

25 rotating the first die 21 by 180 degrees at a rotational
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[0334] Table 4 AP [mmAg.] Exanple 3 179 Conparative Exanple 2 308 [0335]
(1) Pressure Resistance and Variation Coefficient 5thereof of Ml ding
before Heating Twenty-two nol di ngs were picked up at random fromthe
nol di ngs of Exanple 11 and used as neasurenent sanples. Then, a digital
push-pul | gauge ("Mdel. RX-50", nanufactured by Al KOH ENG NEERI NG CO.,
LTD.) equipped 10with a gauge attachment (nodel nunber: 012B) at the tip of
t he gauge was fixed to an el ectronotive stand ("Mdel. 1307", manufactured
by Al KOH ENGpMERRI NG 900, rprh Tk i i termoiner s di sigopyaisna| tlowedli ¢ of st and  at
the center of alifting platformof the electronotive stand, the lifting
1000 msec and rotating the die again by 180 degrees at a
rotational speed of 90 rpm, as shown in Fig. 5. The
molding obtained immediately after molding was cut into
5 pieces each having a length of 9 to 11 mm by a piano wire
to obtain moldings 10 shown in Fig. 1.
The resultant moldings were dried at 120 °C for 3
hours and then dried at 1250 °C for 5 hours to cbtain
catalyst carriers containing a magnesium aluminum
10 titanate-based crystal.
[0322]
The molding obtained in Example 11 had a total pore
volume of 0.2 mL/g and a local maximum pore radius of 1.4
pm.
15 [0323]
Example 12
Using an extrusion molding machine shown in Figs.
7{a) and 7(b) (diameter of first die 21: 4.6 mm, depth of
grooves 2la: R 1.2 mm, number of grooves 2la: 4, outer
20 diameter of second die 22: 30 mm, inner diameter of
second die 22: 4.6 mm, depth of grooves 22a: R 1.2 mm,
number of grooves 22a: 4), the same pasty molding
material as in Example 5 was supplied into a flow path 25

of the dies, and then extruded at an extrusion rate of

25 222 mm/min while repeating the operations of rotating the
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15platformwith the nolding was lifted at a constant speed of 60 Mmim n so
that the nolding was pressed agai nst the gauge attachnent attached to the
tip of the push-pull gauge, and then a | oad upon the coll apse of the
nol di ng was read out with a peak hol ding function of the push- 20pul

gauge. This neasurenent was carried out as to the twenty-two nol di ngs, and
an average of twenty neasured - 195 - val ues excl udi ng the maxi nrum val ue
and the m ni num val ue was taken as a pressure resistance (strength) CSI, of
t he nol di ngstbedor@ideat i pyg. 160 nidareéys at siandesdidesl aspeadwas BISO

cal cul ated, and the standard devi ati on was 5di vi ded by the pressure

resi stance G8bmofisihg aohdidgs23 o debpphhgetBe valéatbonlcoefhiset eatd CVesb
of the noldings before heating. It is noted that the measurenment was

carried out ﬁ@té@iﬁ@etg@uggeaﬁ%@ﬂﬂnﬁpt1&@ dbgréep at sheopasbepal!l gauge
was pressed in the direction i ch was 10perpendi cul ar to the axi al

direction ofgspleq et dbngrpdhe MRS WdIMBiE Shuhdd fakdidiely aftex 2)
Pressure Resistance and Variation Coefficient thereof of Mdlding after

Heatingsln the1§8A8 WRENELtASntS phecabo¥gchlhavingnayilengtasoe!l di vgs
before heating weré sanpled fromthe nol dings of Exanple 11, and put in a

crucible, and &H%Yt‘&ep%ﬂéi bigevwes ahased h@léﬂn?' g@éeh@swénggeiné\fter
heating the crucible to 1200 Cin air at a rate o 00 C per mnute and

mai ntai ni ng { hat - Lenper ahyig §Qrr2ghoyrs. Then, a 20door of the electric
furnace was opened, the crucible was taken out, and all of the twenty-two

nol di ngs in E@gzgfucible were immedi ately introduced into a stainless steel
beaker containing water at a nornal tenperature. After separating water

using a sieVﬁofagbggigyproper

10 Moldability of the moldings obtained as described

above was evaluated according to the following criteria:
The molding which kept its shape without causing

collapse when cut immediately after molding while using a
piano wire is rated “Good”, whereas the molding which was

15 collapsed when cut immediately after molding using a
piano wire is rated “Poor”. The results are shown in
Table 1 below.
[0325]
Drop Strength Test

20 The cut moldings were dropped from an upper end of
and in an iron pipe (having an inner diameter of 30.0 mm
and a length of 5 m) which stood vertically and is
provided with a stopper measuring 30 mm in height made of
a silicone rubber at the lower end of the pipe.

25 Subsequently, the dropped moldings were subjected to
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250pening, so as to collect noldings, which were dried by a - 196 - hot
air circulating type dryer at 200 C for 3 hours. Then, the pressure
resistance CS, and its variation coefficient C/cs, were respectively
determned in the same manner as in (1) above. The results are shown in
Table S. 5[0336] Table 5 Pressure resistance of nolding before heating, CSb
Vari ation coefficient of pressure resistance of nol ding before heating
sieving so as to separate into a comminuted molding, a
semi-broken molding and a non-defective molding, and then
evaluation was carried out according to the proportion of
the non-defective molding. Each proportion of the
5 comminuted molding, the semi-broken molding and the non-
defective molding was evaluated according to the
following criteria:
Comminuted molding: 8 mesh or less (-8#)
[proportion (% by mass) of moldings which passed through
10 a sieve of 8 mesh (opening: 2.36 mm)]
Semi-broken molding: 8 mesh or more and 4 mesh or
less (+8# to -4#) [proportion (% by mass) of moldings
which passed through a sieve of 4 mesh {opening: 4.75 mm} ,
and did not passed through a sieve of 8 mesh (opening:
15 2.36 mm) ]
Non-defective molding: 4 mesh or more (+4#)
[proportion (% by mass) of moldings which did not pass

through a sieve of 4 mesh (opening: 4.75 mm)]

The results are shown in Table 1.
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CVcsb Pressure resistance of nolding after
coefficient of pressure resistance of nolding after

CVbErn/ CVcsb

10

heat i ng,

CS, Variation
heating Cvcs" CS,/ CSb

[0326]
Table 1
Drop Strength
o +8# to -4#
Moldability +4¢ (%) (%) -8# (%)
]
Example 1 Good 78.90 15.12 5.98
Example 2 Good 66.71 22.95 10.34
Example 3 Good 71..34 21.09 7.57
Example 4 Good 75.95 12.04 12.01
Example 5 Good 50.45 18.08 31.47
Example & Good 55.82 28.78 15.39%
Example 7 Good 90.22 8.35 1.43
Example 8 Good 97.70 1.45 0.85
Example 9 Good 96.48 0.10 3.42
Example 10 Good 98.91 0.20 0.89
Example 11 Good - - -
Bxample 12 Good 85.88 7.38 6.73
Comparative
Poor 23.60 54.31 22.09
Example 1
Comparative
- 96.00 2.54 1.4¢6
Example 2
Comparative
- 90. 86 8.08 1.06
Example 3
Comparative
Poor 40.78 55,24 3.98
Example 4
[0327]

As 1is apparent from the results shown in Table 1,

each of non-spiral moldings obtained in Examples 1 to 10

has a higher drop strength than that of each of spiral

moldings of Comparative Example 1 and Comparative Example

4,

[0328]
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[daN] [I] [daN] [1] 20.04 33.75 27.27 30.64 1.36 0.91 CROSS-REFERENCE TO
RELATED APPLI CATI ONS Under the Paris Convention or any other applicable
10Convention, the present application clainms priorities from Japanese
Patent Application No. 2009-149705 filed on June 24, 2009 (Title of
| nvention: Mlding and Method for Producing the Sanme) as well as Japanese
Pat ent Application No. 2009-277972 filed on Decenber 7, 2009
The shapes and the sizes {or dimensions) of the
catalysts obtained in Examples 1 to 10 and Comparative
Examples 1 to 4 are as shown in Table 2. The bulk
density shown in Table 2 was measured by the following
5 procedure.
1. A 200 ml cylinder having an inner diameter of
36 mm is packed with 60 g of catalyst weighed accurately.
2. Tapping is carried out 100 times on a mat with
a height of about 20 mm above the mat.
10 3. The scale of the cylinder is read out and a

bulk density is calculated by the equation (2).

Bulk density = Weight (g)/Read-out Volume (ml) (2)
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15(Title of
Catal yst and Met hod for

| nventi on:

Mol di ng and Met hod for
Produci ng the Sane),

Produci ng the Sane, and
and the contents of these

applications are incorporated herein by reference thereto in their
1. A nolding characterized

entirety.
in that it

197 -

VWHAT IS CLAIMED | S
includes a plurality of columar portions disposed with at
one 5gap and bridge portions each of which joins adjacent col umar

of the plurality of columar portions to each other at each end in the
| ongi tudi nal [aizerti on of each col ummar potion of the adjacent two col umar
and al so includes through hol es surrounded by 10the plurality of

portions;
col umar

portalehse and openi ngs forned on a peri pheral

surface of the

| east
portions

nol di ng by gaps—between the adjacent-celurmar—portions: 2—A—rethod
for producijng a nol ding with u5|nﬁuﬁﬁfextrﬁ%W%ﬁlrm&@ﬂgﬁl maehiae || nddli ng a
first die which has 15a prapraliitSiagrRtgrqoiiddeberilts outer ' Sty
surface an a ri ng-shaped or rvlunhmﬂral sel@@hd r'phwﬂ whicli™ hel fig/at] gi e
is fitted an E b pas apriuraI ity ,qf droqveg o S nner; pariphey al,
surface, charact rized|ispidedt [t he methqd connr|<es 20f om ng t 0
by repeatlngEmm 5 i )Nerot at|i n ‘ Ieast qQpe of !gafl gnd sqﬁqu
dies from a posi |on wheggimnlat| | east one of the |gr ooves of the first _die
is aligned with a Ieast e of theO%rooves gf t he §qgonc 30 a jnext
posi tion wher@fPat 25| easiraane of°t rodvés ofl the st”di'e j s aligned
with _
Example 4 Non 6.45 2.03 8.63 2.03 0.91
spiral
Example 5 Non- 6.31 4.98 9.11 4.98 -
spiral
Example 6 Non - 5.13 2.66 10.82 2.66 -
gpiral
Example 7 Non.- 8.19 2.73 7.87 2.73 0.85
spiral
Example 8 Non- 8.29 2.76 7.43 2.76 0.82
spiral
Example 9 Non- 6.25 1.96 8.26 1.96 0.79
spiral
Example 10 Non- 6.93 2.18 8.32 2.18 0.91
spiral
Example 11 Non- g.52 7.12 9.14 7.12 0.82
spiral
Example 12 Non - 6.47 2.03 8.63 2.03 0.95
spiral
comparative | o :ral 7.91 3.34 5.66 - 0.76
Example 1
comparative |  ping 6.21 2.11 6.22 - 1.05
Exanple 2
comparative | ping 5.95 2.15 5.71 - 0.99
Example 3
Comparative | oiiral 6.30 2.01 6.22 - 0.69
Example 4
*Cave: Opening which is defined by columnar
portions and bridge portions connecting columnar
5 portions on peripheral surface of molding

[0330]

Evaluation of Activity

A glass reaction tube having an inner diameter of

- 152



- 198 - at |east one of the grooves of the second die so as to formthe
bri dge portions; (i1) then, stopping the rotation of one of the
first and second dies and form ng the columar portions; and

(iii) rotating at | east one of the first and second dies again to a
position wherein at | east one of the grooves of the first die is aligned
with at | east one of the grooves of the second die to formfurther the

bri dge portions. 3. The nmethod for producing the nol ding
accordi ng t a&lmh nvs gharleed ewitzied i whatf t tiee codtmigs t porta omsd whi ch have
been extruded fromthe nolding machine is cut into pieces each having a
predet er m negikdmpnd e whtetipanet 1rke SEtdrep be | ZIgeEpamplens. or 4. A
nol di ng characterized in that it includes a plurality of columar portions
di sposed wi t¢tombat£obie OReagaPe and-dgé ciger poith ohs. @aghodbf sivhicdnj oi ns

adj acent columar portions of the plurality of columar portions to each
ot her at thetdgrionge ends meshheahongi tadi gas of r eedbovglehet hexpgmacent two
columar portions; and also includes through hol es surrounded by the
pluraligy ofnrcoles@araperstens &ndaopsTangsatooned Da2azpertphewas surface
of the nolding by gaps between the adjacent columar portions, and - 199 -
it conprisessaqdal aid nUneh i tROakEa6F YSh ahabasedreegsdat . under the 5. The
nol di ng according to claim4 characterized in that t he nol di ng
conpri si ng the; @ Ioh NEBh& it 28RE eobagede ey 56al tbgpebipinabbe Byofrcing a
raw m xture whi ch contains a alum num source powder and a titani um source

powder, and zng a spacedv@Pbeityabyoopf 1agoappUnt(sehnidRedal um num source
‘powder in ternms of Al 203 to that of the titanium source powder in terns of

Ti in the tap 0l Xt4fe haqWblBhBuRer a898) |1 OMSESIHO Hoxdbysts

6. The nol ding according to claim4 characterized in that _ t he
mol di ngoconmpEy, sk nGefNenabupbarat i bangbfphased eruspak hsaghtainable by
firing a raw m xture i ch contains a al um num source powder, a titanium

source powde $iL1 EQBNBPHN §eyRPRdgH rried ou@ BBl @afh eakio of an
anount of thgogﬁgﬁgﬁun%sour@ pomdgr in tg?ngaof Al 203 to that of the
titanium sourge.p pp1Les s Bfe ThRuifls thee r o XinreabBe W thin a
range fron13é$§% §§d§g?@§, and © an amount of the silicon source
powder contajped. in the raw mxture is 5 %by mass or Iess in inorganic
conponents contained in the raw m xture.

[0331]
15 Table 3
Selectivity to
Isobutylene )
Methacrolein and
Conversion (%) _ .
Methacrylic Acid (%)
Example 3 83.5 84.6
Comparative Example 2 81.3 81l.4
Example 4 93.8 81.1
Comparative Example 3 91.2 79.4
[0332]

As is apparent from the results shown in Table 3,
the conversion and the selectivity of the catalysts in
Examples 3 and 4 were greater than those of the catalysts

20 in Comparative Examples 2 and 3.
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- 200 - 7. The nol ding according to claim4 characterized in

t hat the nol ding conprising the alumnumtitanate based crysta
is obtainable by firing a raw m xture which contains a al um num source
powder, a titanium source powder and a magnesi um source powder,

a nolar ratio of an anount of the al um num source powder in terns of Al 203
to that of the titanium source powder in terns of TiQ2 in the raw m xture
is within a range from 35:65 to 45:55, and a nolar ratio of an
anount of thp3wgnesi um source powder in ternms of MO in the raw m xture to
the total of an anount of the al um num source powder in ternms of Al 203 and
an anount theddumesmaen sofiree:gpgawterLégsterns of TiO2 is in a range from
0.03 to 0.15. 8. The nol ding according to claim4 characteri zed
in that t heprad iy LoPpratsmca tden atlegnunndel gnigte vresed cryst al

is obtainable by firing a raw m xture which contains a al um num source
powder, a tigaddin oLl CendOoRtiesd o IRONES | oin Beunske povated and a silicon
sour ce powder, a nolar ratio of an anount of the al um num source
powder &n t efdmpdfat 293 tont Dat2 ofad heeddtiaad Usy sohe cEBopbuslingi n terns of
TiQ2 in the raw m xture is wthin a range from35:65 to 45:55, and - 201 -
a mol ar ratio-SferamMuntyigfe the WRENEFPAME Aree gavdgleriing erfmem of MO
in the raw m xture to the total of an anmount of the al um num source powder

in terms of N203 sl @@e@ﬂg@lﬁgetlh@viﬁga@humsgwr@gam@u\éerofn25emmss@f Ti o2
isin arange from0.03 to 0.15, and an anount of the silicon

source powders contaj hed bflethSeh oyt the bspd® WhbyeMEs 6thtess based on
‘t'he i norgani c conpoentns contained in the raw m xture. 9. The

mol di ng. accoéﬂ(%\ﬁﬂné &% af M B QM wBL KA AGbBELZ8E0bPethahithewsk! i con source
powder is a powder~o el dspar or glass frit, or a mxture thereof.

10. The,nol ding; A66eT ¢i P 40v2AY £ABeOhng! Al Bgbrhe Qieharagtesized in that
the raw m xture nprises a pore-form ng agent. 11. The nol di ng

accor ding f 0, A0¥0PE RLnGhatlE PotOplfschabaabecteedn) Nahfatnehschatal pore
volure is 0.1 ?g or nore, and 1ts local maxinmunpore radius is 1 pmor

gg[ﬁogccordiang&réggago#%gv%%Fg?ﬁaegﬁg{e@HE &a%tﬁgbg@acyﬁybﬁgﬁegﬁ@tion
) ) g according to any one of clains 5 to 11
characterizeguLQ ﬁQ%&ré Bégﬁ§ﬂéew5€ﬁiEh@nﬁglﬁgnbgeat a flow rate of
15 L/min and a pressure difference from the atmospheric
15 pressure was measured, and the resultant pressure
difference was taken as a reference value. Subsequently,
air was passed through the tube packed with the moldings
in height of 1,380 mm at a flow rate of 15 L/min in the
same manner as described above, and a pressure difference
20 from the atmospheric pressure was measured using the
digital differential pressure manometer. A difference in
pressure (AP) between the resultant value and the
reference value was taken as a pressure loss of the tube

after packing with the moldings. The results are shown

25 in Table 4.
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nmol ding is 5 daN or nore, and the nolding satisfies the follow ng

i nequal ity expressions (1) and (2) : CSa/CSb0.4(1) 2.5(2) - 202 - wherein
CSa is a pressure resistance of the porous ceram c nolding which is

obtai ned by heating at a tenperature of 1200 C for 2 hours followed by

I mmedi ately putting into water at a normal tenperature and drying
thereafter, CSI, is a pressure resistance of the nolding before such
heating, CVcsais a variation coefficient of ratio of CSa, and Cvcsb is a
variation copdiigj ent of ratio of CSbh.

Table 4
AP
[mmAg. ]
Example 3 179
Comparative
308
Example 2
[0335]

(1) Pressure Resistance and Variation Coefficient
5 thereof of Molding before Heating
Twenty-two moldings were picked up at random from
the moldings of Example 11 and used as measurement
samples. Then, a digital push-pull gauge ("Model. RX-507,
manufactured by AIKOH ENGINEERING CO., LTD.} equipped
10 with a gauge attachment (model number: 012B) at the tip
of the gauge was fixed to an electromotive stand (*Model.
13077, manufactured by AIKOH ENGINEERING CO., LTD. After
one molding was allowed to stand at the center of a
lifting platform of the electromotive stand, the lifting
15 platform with the molding was lifted at a constant speed
of 60 mm/min so that the molding was pressed against the
gauge attachment attached to the tip of the push-pull
gauge, and then a load upon the collapse of the molding
was read out with a peak holding function of the push-
20 pull gauge. This measurement was carried out as to the

twenty-two moldings, and an average of twenty measured
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values excluding the maximum value and the minimum value
was taken as a pressure resistance (strength) CS, of the
moldings before heating. Similarly, a standard deviation
was also calculated, and the standard deviation was
divided by the pressure resistance CS, of the moldings to
determine a variation coefficient CVeg of the moldings
before heating. It is noted that the measurement was
carried out while the gauge attachment at the tip of the
push-pull gauge was pressed in the direction which was
perpendicular to the axial direction of the molding. The
results are shown in Table 5.

(2) Pressure Resistance and Variation Coefficient
thereof of Molding after Heating

In the same manner as in the above (1), twenty-two
moldings before heating were sampled from the moldings of
Example 11, and put in a crucible, and then the crucible
was placed in an electric furnace. After heating the
crucible to 1200 °C in air at a rate of 300 °C per wminute
and maintaining that temperature for 2 hours. Then, a
door of the electric furnace was opened, the crucible was
taken out, and all of the twenty-two moldings in the
crucible were immediately introduced into a stainless
steel beaker containing water at a normal temperature.
After separating water using a sieve having a proper

opening, so as to collect moldings, which were dried by a
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hot air circulating type dryer at 200 °C for 3 hours.

Then, the pressure resistance CS, and its variation

coefficient CVega were respectively determined in the same

manner as in (1) above. The results are shown in Table 5.
[0336]
Table 5
Variation Variation
Pressure cecefficient Pressure |coefficient
resistance | of pressure | resistance | of pressure
of molding | resistance |of moclding| resistance CS./ | CVeea/
before of molding after of molding C8y CVesh
heating, before heating, after
C8y heating CS. heating
CVesp CVcga
[daN] [%] {daN] (%]
20.04 33.75 27 .27 30.64 1.36 0.91
CROSS-REFERENCE TO RELATED APPLICATIONS
Under the Paris Convention or any other applicable
Convention, the present application claims priorities

from Japanese Patent Application No.

June 24,

for Producing the Same}

20009

{Title of Invention:

2009-149705 filed on

Molding and Method

ag well as Japanese Patent

Application No. 2009-277972 filed on December 7, 2009

(Title of Invention:

Molding and Method for Producing

the Same, and Catalyst and Method for Producing the Same),
and the contents of these applications are incorporated

herein by reference thereto in their entirety.
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WHAT IS CLAIMED IS

1. A molding characterized in that it includes a
plurality of columnar portions disposed with at least one
gap and bridge portions each of which joins adjacent
columnar portions of the plurality of columnar portions
to each other at each end in the longitudinal direction
of each columnar potion of the adjacent two columnar
portions; and also includes through holes surrounded by
the plurality of columnar portions and openings formed on
a peripheral surface of the molding by gaps between the
adjacent columnar portions.

2. A method for producing a melding with using an
extrusion molding machine including a first die which has
a plurality of grooves on its outer peripheral surface
and a ring-shaped or cylindrical second die in which the
first die is fitted and which has a plurality of grooves
on its inner peripheral surface, characterized in that
the method comprises

forming the molding by repeating:

{i) rotating at least one of the first and second
dies from a position wherein at least one of the grooves
of the first die is aligned with at least one of the
grooves of the second die to a next position wherein at

least one of the grooves of the first die is aligned with
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at least one of the grooves of the second die so as to
form the bridge portions;

(ii} then, stopping the rotation of one of the
first and second dies and forming the columnar portions;

and

{(iii) rotating at least one of the first and
second dies again to a position wherein at least one of the
grooves of the first die is aligned with at least one of
the grooves of the second die to form further the Dbridge
portions. |

3. The method for producing the molding
according to claim 2 characterized in that the columnar
portions which have been extruded from the molding machine
is cut into pieces each having a predetermined length which
includes the bridge portions.

4. A molding characterized in that it includes
a plurality of columnar portions disposed with at least one
gap and bridge portions each of which jeoins adjacent
columnar portions of the plurality of columnar portions
to each other at their one ends in the longitudinal
directions of the adjacent two columnar portions; and also
includes through holes surrounded by the plurality of
columnar portions and openings formed on a peripheral
surface of the molding by gaps between the adjacent columnar

portions, and
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it comprises a aluminum titanate crystal based
crystal.

5. The molding according to claim 4 characterized
in that

the melding comprising the aluminum titanate
based crystal is obtainable by firing a raw mixture which
contains a aluminum source powder and a titanium source
powder, and

amelar ratio of an amount of the aluminum source
powder in terms of Al,0; to that of the titanium source
powder in terms of TiO; in the raw mixture is within a
range from 35:65 to 45:55.

6. The molding according to claim
4 characterized in that

the molding comprising the aluminum titanate
based crystal is obtainable by firing a raw mixture which
contains a aluminum source powder, a titanium source powder
and a silicon source powder,

amolar ratio of an amount ¢of the aluminum source
powder in terms of Al,03 to that of the titanium source
powder in terms of Ti0; in the raw mixture is within a range
from 35:65 to 45:55, and

an amount of the silicon source powder contained
in the raw mixture is 5 % by mass or less in inorganic

components contained in the raw mixture.
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7. The molding according to claim 4
characterized in that

the molding comprising the aluminum titanate
based crystal is obtainable by firing a raw mixture which
contains a aluminum source powder, a titanium source powder
and a magnesium source powder,

amolar ratic of an amount of the aluminum scurce
powder in terms of Al,0; to that of the titanium source  powder
in terms of TiO, in the raw mixture is within a range from
35:65 to 45:55, and

a molar ratio of an amount of the magnesium
source powder in terms of MgQO in the rawmixture to the total
of an amount of the aluminum source powder in terms of Al,0;
and an amount the titanium source powder in terms of TiO,
is in a range from 0.03 to 0.15.

8. The molding accerding to claim
4 characterized in that

the molding comprising the aluminum titanate based

crystal is obtainable by firing a raw mixture which
contains a aluminum source powder, a titanium source powder,
a magnesium source powder and a silicon source powder,

a molar ratio of an amount of the aluminum source
powder in terms of Al,03; to that of the titanium source
powder in terms of Ti0; in the raw mixture is within a

range from 35:65 to 45:55, and
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a molar ratio of an amount of the magnesium
source powder in terms of MgO in the rawmixture to the total
of an amount of the aluminum source powder in terms of Al,0;
and an amount the titanium source powder in terms of TiO;
is in a range from 0.03 to 0.15, and

an amount of the silicon source powder contained
in the raw mixture is 5 % by mass or less based on the
inorganic compoentns contained in the raw mixture.

9. The molding according to claim 6 or 8
characterized in that the silicon source powder is a
powder of feldspar or glass frit, or a mixture thereof.

10. The molding according to any one of claims
5 to 9 characterized in that the raw mixture comprises a
pore-forming agent.

11. The molding according to any one of claims
5 to 10 characterized in that its total pore volume is 0.1
mL/g or more, and its local maximum pore radius is 1 pm or more
according to the pore volume measurement by the mercury
penetration method.

12. The molding according to any one of claims
5 to 11 characterized in that a pressure resistance of the

molding is 5 daN or more, and the molding
satisfies the following inequality expressions {1} and {2):

C8,/CSp, 2 0.4 (1)

CVesa/CVey, £ 2.5 {2)
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wherein CS; 1s a pressure resistance of the porous
ceramic molding which is obtained by heating at a
temperature of 1200 °C for 2 hours followed by
immediately putting into water at a normal temperature
and drying thereafter, CS, is a pressure resistance of
the molding before such heating, CV.ss 15 a variation
coefficient of ratio of CS,, and CV.g is a variation

coefficlent of ratio of CSg.
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