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MOLDI NG AND METHOD FOR PRODUCI NG THE SAME, AND
CATALYST AND METHOD FOR PRODUCI NG THE SAME BACKGROUND
OF THE INVENTION 5 Field of the Invention [00011 The
present invention relates to a nolding (or a nolded
article) useful, for exanple, as catalysts, catalyst
carriers, adsorbents, desiccants, noisture 10
absorbents and the like, and a nethod for producing

the Sa”ﬁbaﬁlgﬁtgﬁéshEEﬁgntPBprﬁgﬁﬁbkgg 9hE28aME, AND

unsaturate d de and an unsat ur at carboxylic

acid; a WEEFQ‘HL?QE' Aﬂbogﬁ%hpg 2BRUBRBbHLANEd TRiEIgRY e
and an unsaturafé carboxylic acid using this
catal yst; a catalyst for the 15 production of

met hacrylic acid, and a nmethod for producing

nmet hacrylic acid ' E%Bﬁi t I ption of
the Related Art [%1{ :‘t?]%]géﬁ/ ijflﬁér 0 I\Lieen known
that, it,i ffective to_use, as a catalyst, a conplex
oxiaEtdle‘:”lcdoncfsfa;?t |eng%‘?r§/tbjb°el}lum bi smuth, iron, nickel
and %ﬁﬁglt when an unsaturated al dehyde and an
unsaturat ed carboxylic acid are produced by

! Sobut y1 ST SRS BT GHATE The Mg hleT 2

;rerlq}qlgﬁléigc%l.é:‘a%eﬁy q.lesne sle,e c::alE een}Eam%e]fee ,r ea{]sc ecailta §Irsc t'[]s ,i S
catalyst carriers, adsorbents, desiccants, moisture
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

production of methacrylic acid, and a method for

producing methacrylic acid using this catalyst.

Description of the Related Art
(0002}

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

isobutylene, tertiary butyl alcohol or the like with



[ 0003] Mbl di ngs having a columar or cylindrical shape
5 have been used as the catal yst as descri bed above or
catal yst carrier. These nol di ngs have conmonly been
used for the catalyst reaction in a fixed bed
reactor, and generally used in the nethod in which a
reaction tube is packed with noldings as the
catalysts or catalyst 10 carriers and a gas is passed

thr j_.on 1 .
reactl on {éu éﬁgcge%\%a%é qf;urmar oes cy%ﬁ%} ?lcsal
noh@ E%l i s passed through the reaction
t ube, a pressure ifference between 15 an inlet port

and[ gutlet port of the reaction tube, i.e. a
pressure | oss arises. An increase in the pressure
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weggéﬁégjd¥%h\ﬂoldlngs 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

S0 as to solve the problem such as a pressure loss by
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[0006] This nolding has an advantage that the pressure
5 drop can be mnimzed even if such noldings 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 10 i mredi ately after bei ng nol ded

OWagh 140 4] %tﬂeu%hiég:{%n éJfT%rc%t"ﬂ%rsaé $ 1 RAr (e tBiftent

br eakage of °t he en an "apparatus such as a

fi @g(%e%qmree Ctai isa%g&tvim%e%%el ) vessel such as

a reaction tube I's packe mol'di ngs, whi ch
l e oled the pressure 15 loss. [0007] Patent
Ref'erence 1: Japanese Unexam ned Patent Publication

Unexcarm na it 60 R s S g ek ST Prevsure
200820430 2 el ﬁ%}-T%§é4ﬁ£?wgégﬂlﬂé¥g¥ﬂg1.are packed

Therefore, & maln o C prese I v i on

'az i&%o"g&‘” ggaf'{gl'rsd@x%ﬁaa‘g 9 A U Ohed \Cﬁ%ébnzgfodélﬁ%ﬁy

e producing the sane,
i o T oD R R R bR orfovever,
ort%Eyn%h%%%g had a problem that it is likely to be
collapsed during extrusion molding, particularly cutting
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
loss.
[0007]
Patent Reference 1: Japanese Unexamined Patent
Publication (Kokai) No. 2007-117866

Patent Reference 2: Japanese Unexamined Patent

Publication (Kokai) No. 2008-201130

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

is to provide a molding having a high strength as well as
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type of vessel, and also which nolding is less likely
to 5 collapse or breake even during cutting step in
the production process of the nol dings and packi ng
the noldings into various containers. Another object
of the present invention is to provide a catalyst,
made of the above nentioned nolding, 10 for the
producti on of an unsat ur at ed al dehyde and an

ungatn%q:?l%%d £6 I é%‘é'tﬁjre thedl SRR A1 %é:mses a

tho capab e pro ing an unsaturated alde

an@p%ﬂlﬁ%”% %s%&%dlggrbgféhh%uﬁﬁ %dﬂ&l%ﬁ%gntlo ¥4 into

obj ect e present IS to

ragJ %éb‘l‘?cp%u%a %'clﬁS‘a Ea%‘ix% 29 gha) \éf/cloqe%tr' other

| € production o nmet hac I Cc aci

t I
"ntgrele h é»%%%’;‘a&%%&% ot "%&#ﬁéhé%ééeéﬁ% sy oo

! :
lﬂégﬁé%&%eo didaods % dél.‘rﬁgff%uﬁc%wn%?.#%ﬁ&?ﬂ%
mh I
PGPS IeR, 8%%’%'5%1”% ) OB SR hachi it il
mnth dj cent tmo cql unnarnﬁprtlons bei ng 25 di sposed
V\,h i&l Ch@ it TAT -GN A Sor i dge portion 4
h t t

other |  EPREERE, PRIGR tholes ”%""r%s‘e’e%r n' %@?srne"lfo%?r%esd

ver n
over Lhe. entine surface of the ol ding 2 RESRY Solding,

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
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.

[o009]

The present inventors have intensively studied so
as to achieve the above cbjects, 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

disposed at a predetermined interval and a bridge portion
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bei ng m nim zed; and al so since the nolding has a 5
sufficient strength owing to its structure, the
nolding is less likely to be collapsed even if a just
nol ded article is cut into the nolding i mediately
after a nolding step, which enables the inductria
production of the noldings; and furthernore, since
the breakage is 10 minimzed even if an apparatus such

?ﬂ%PS% tﬂ§a§% L &bt 301 QhREF bYPEiShsVESS€hchSother,
o

pac e ngs, there would not lead to a

ri sk bl 10EL rggﬂfés %oun SHEE LPSSfofhsl: o8B the

presen i AVen ave at an 15 unsaturated

al dg aQQr@Qc% ftyﬁétﬁglﬁg§§9x% gfeéguge #bEs leads to

pro uce actory yi ed on the above

ndi t f
i

gg;gggg%%f%ﬁ SerehBEn CaLEhYSLoDELDOS PROE Bl ! NEn8DAYEAing

di Ag 9-and talnlng a specl |c conpl ex

ox1 e {98 CPmRaLy hto°%§dsélfspg §3LGLYS L £ COMPABEholded

and* 3| acry roduce

f
333§§t§§| et CaLCAﬁﬁ?ygﬁ RSy B g 15 s o
t
ggd@% a%ﬂéf%ﬁ n%ﬁa&“é%é% %%nﬁﬁé”Qnﬁﬁgﬁrgégoﬁraﬁﬁctlon of

arning a
DRt SEhS AU EERELE, sl OO oo
and 1K1 £08 ePLESER! ah YR QRuD5uBRPs 8 R §hRTpea
reactor or any other type of vessel is packed with the
moldings, there would not lead to a risk in increasing of
the pressure loss.

Alsc, the present inventors have found that an
ungaturated 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
and containing a specific complex oxide (or compound
oxide) as a catalyst component, and also that methacrylic
acid is produced in a satisfactory yield in the same
manner as described above by using a catalyst for the

production of methacrylic acid, the catalyst being made

of the above mentioned molding and containing a
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[0010] 5 That is, the nolding according to the
present invention is characterized in that it
includes a plurality of (at |east two, for exanple
two, three, four, five or six) columar portions

di sposed with at |east one gap; and bridge portions
each of which is disposed at 10 | east each ends in

| ongi tudi nal directions of adjacent two col umar

pordd %\%1};} aéé%icffl éﬁlﬁ%%#ﬂ%%o 4N aPOidd P Sphosphorus

respecti

eac ch jolns the adjacent

| j | : .
coa) %@é;@ﬂf 4 aea%‘%ééi%ﬁ{r r%@&ﬁéﬁt?% ti®Rg th

al so |né?

ough h ded by the 15

Mlgfgéé tof.&gﬁ rhé§w%%éﬁﬁ%?§gkgg i ngs formed on

at
a ‘peripheral surtrace O

y gaps between

t he 05&% cent columar portions. In other words, the
abobe nti oned nol ding according to the present

T o oIt AEAENAD 2 Q%L o' 8L R
ool D B R LRE R SR oL 0o 5

a

of

are separaté romeacn o

FEETOE 060 OIS LG, TEL Bl £0 80 PALEE rour,

(v~ Tol trm ofti bns each

ichis .| ted bet th ted cli
o APLETL 5 OOFFRp R R0 LIS FERBLELET, EHE o oot one

ends,

gap}cgéggbff géaéggtions each of which is disposed at

least each ends in longitudinal directions of adjacent
two columnar portions 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
plurality of columnar portions 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
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

molding, and
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circular portios so that each of the circular portions
5 are divided into the above nentioned bridge portions
and the above nmentioned gap is formed by the two

adj acent columar portions and the brige portions to
whi ch the adjacent colummar portions are connect ed.

It is noted that the plurality of columar portions
are preferably 10 forned equi anglarly around the

per | pher al, St 06,08 Sof il dagidhe SELROSE "Bhicn s

produci ng a noldi ng accor e  presen
| nehOd R PSR e Bl T¥ A BLANTRL Pp00e TBAS! 8Ra cacn
915 B (5 FeTRLec 80 of LT AURACSNG, 1 PRy goparacen
g sleped SLreYLinghl 6Ly 286N OLfy! 030 £t - csons
01 oRYE % Bl 8204 e ShoRROPBLE b0 BB Borcsons ana
oot oty Tt ored amh LECoRaod By Fpaprdo a8jdbent
b SALEag SR1CEn8 15 6L 8 by eme
R L e

anot her osition.so as_to formthe bridge portion;
that tﬁ% pluralfty of columnar portiogs gre preferably

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
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,
three, four, five or six) on its inner peripheral surface,
and

forming the meolding by repeating:

(i) rotating at least one of the first and second
dies from a position where the grooves of the first and

the grooves of the second dies are laid one upon another
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(ii) then, stopping the rotation of one of the 5 first
and second dies and form ng the col umar portions;

and (iii) rotating at |east one of the first and
second 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 formthe further bridge
portions. The columar portions which have been

eXtE&d;dneDE@p[?cysgdftf&? ‘Fl)fé Sﬁl@é‘ JPLG0g SRChhDer -8t and the

cut 1nto term ne ength I ncludi ng the bridge
T 0, t |

o oty SR M e, FA00 Zhe  TEHE e (gon amother

per.i u h u r s of the

fi r%c%)&e{%r?raéé ?)&egt%% g%rrrrg gﬁgg bP{%I%% (rgjéﬁtp&sr om t hat

of the _Seﬁo d dhen [QQL tgg;etg%t c%s:%ht:{?q{ df'%®mne of the

productioh of an ursatu and an

oF LS B PO fa s PSS ALANED, bsons

the‘$ oduction of the wunsaturated al dehyde and the
uns rat ed carboxylic acid characterlzed in that:

(he et vt . ol L8 Sy o

'dF?%%%%Efa?%%)e%%a%g%g%%d%@@%#?%ﬁﬁeaﬁg|eh "LE.ES of che

dlrgc}ggngngfthgjggggﬁes of the second dies are laid one
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
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
aldehyde and an unsaturated carboxylic acid of the
present invention includes the following embodiments:

(1) A catalyst for the producticn of the
unsaturated aldehyde and the unsaturated carboxylic acid
characterized in that:

the catalyst is made of a molding which includes a
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two colummar portions of said plurality of columar 5
portions respectively, and each of which joins the

adj acent columar portions to each other at their
ends; and al so includes through hol es surrounded by
the plurality of columar portions and openi ngs
formed on a peripheral surface of the nolding by gaps
bet ween the 10 adj acent columar portions, and a

I
ﬁﬂ.t Ch&% nw%lmnéﬁep&@éféﬂétdiép@sé@mm a@X&est one

In additiion to at |east nol ybdenum

Cat ysté’i?g proégtkﬂo@é]dé hc@f)%ﬂlcﬂ 2) s TEsposed at

ucti on an 15 unsat ur at e

:éniwbodl ment a{kﬁws%ereli&ﬁﬁ conp 16%%% Y ia‘gsﬁoé&ljé'@ent
NQ&%?%AC %ﬁ%xﬂ;&%\lﬁer & neEF\E-ll %ffrfa% @ﬁ:(éélumnar

el L, B G otk ol’#&’?bja?ms phe
repicﬁieégrﬁz %ﬂmtpgﬂlc§{$eadr@% P ept esen S t;lllé]fr ends;

m rragneS| um  tin an

e IRt 26T BELRAL ANANEIRNAIS, BOO0undL ekg»ucthe
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‘igs'%fm a4 of ﬁ%ﬁaoolodw{bag G daredh ne

VAl M5t AL 0BG Y L0

a aceﬁk

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
unsaturated aldehyde and an unsaturated carboxylic acid
according to embodiment (1), wherein the complex oxide is
represented by the following general formula (I):

MOaBipFecAgBeCeDgOx (T)
wherein Mo, Bi and Fe represents 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
selected from phosphorus, boron, arsenic, tellurium,
tungsten, antimony, silicon, aluminum, titanium,

zirconium and cerium, D represents an element selected
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oxi dation state of each elenent; 5 (3) The catal yst
for the production of an unsaturated al dehyde and an
unsat urated carboxylic acid according to enmbodi nent
(1) or (2), wherein the conplex oxide is obtained by
firing (or calcining) a precursor thereof under an
at nosphere of nol ecul ar oxygen 10 contai ning gas and
then subjecting to a heat treatnment in the presence

of A-LdYciNgs SRSt ADSLA: f) J& %@ﬁ;%&z%laég%iﬁﬁ? 0 < b <10,

producti'on of an "unsaturated a

unspturated; garpoxyhig agi dy acgordi gy 6°seﬁb§diﬂ‘9£ﬁéto <g

(3), wherein the firing 15 operation 1s carried out a

300 & tondls G 145)ard 0% CAL AL V5L E0! aL DRI RUHCHY One

of an unsaturated al'dehyde and an unsat ur at ed

Car&?ﬁéﬁoﬁ%@até%?" L9 L Pefrlipodi ment (3) or (4),

wher el e heat "treafnent 1S carfied out at 200 C to

600 G anf, 20 k) cglgh%ylgﬁtta'fgﬁt el ?%%u%rt‘lg;%c%fg%n"f

an unsat ur‘at ed al € and an unsaturated carboxylic

aCi&hsé%ﬁ%%ﬁg@g%#&b Q%%Sgg?eggqgﬁgggﬁéagéd(g%r%§¥%g%%dacid

wher'ein e reducl ance |Is a comnpoun

fro a nia, car nmonexi de,. a_hydrocar bon
e o by e el BRL SERP comPrail RAS1ORbrex
6 carbon - at o n, a

AR o ou 4B e USRIV BE NI o0 & SRpORcr
thereof under an atmosphere of molecular oxygen-
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
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

(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

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

- 10 -
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In the nethod for producing an unsaturated al dehyde 5
and an unsaturated carboxylic acid according to the
present invention, a conpound sel ected from propyl ene,
i sobutyl ene 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 10 enbodinents (1) to (6). [0013] The

CatAlnd T LISRAdUGLY Mg Of EBLEACLYbLE BEbfls 8ha an

I
the present i nvention iInc es the follow ng

ool B2, {1 o s BUALYR!sfghe Do product] on o
'S

crylic characterized I n that the catal yst
2Pf a nol ding which includes a plurality of
col umnar” portions disposed with at | east one gap; and

D110 DO S SRS P Sk S 3PE oL 20 e hacenyae
o4 LA E05 Lo BB b L1 SSLUIAL 1 cne
o SEESLELATERL 88 4 Mepb B, SRk PLUPLa ot rt ok Eopytene.
0% G ShLE Yad LEPLUTEY"pRETL) 200805 RRATHBSSC e
Oy SR RohE ki cr Al FE TS RLUREE 9L PR ERadeson
in the presence of the catalyst according to any one of
embodiments (1) to (6).
[0013]

The catalyst for the production of methacrylic acid
of the present invention includes the following
embodiments:

(I) A catalyst for the production of methacrylic
acid, 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
least each ends in longitudinal directions of adjacent
two columnar portions of said plurality of columnar
portions respectively, and each of which jeoins the
adjacent columnar portions to each other at their ends;
and also includes through holes surrounded by the

plurality of c¢olumnar portions and openings formed on a

- 11 -
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conpound contai ning at | east phosphorus and

nmol ybdenunmt 5 (I1) The catal yst for the production of
nmet hacrylic acid according to enbodi nent (1), wherein
the heteropoly acid conmpound further contains
vanadium at |east one kind of an el enent selected
frompotassium rubidium cesiumand thallium and at
| east one kind of 10 an el enent sel ected from copper,

fph@lrgi arﬁ%@@r@f]’thé%c‘ffcﬁiﬁil?)?ﬁ%bsriqlégﬁween the

?g a ;, zinc, anum and gerlu L ¥ i d

o BT E BRG] 1)U LR (e

o ped, ARt e MR ot s
- axi di zi : 0 0 | 4

Lo D Bt A SR 008 e,

ot hatr y1 6 e THRERGAIRG (HY (PSP (e EARer i n ©he

e RLORELY PEL L EDTPRUISL 2OU SRS R L 151, (AL Din e
oxi.dizin as_at .300 C to.400 C and second firing.
ndT R A A EPBF TORCST dr O F ds” BPegbEnC ¢
L0, 905G ns o WP AL L1l B 100, LRS00 s,
oneruinj:] iL?[II, acecsol n?ugrgd thallium, and at least one kind of
an element selected from copper, arsenic, antimony, boron,
silver, bismuth, iron, cobalt, zinc, lanthanum and
cerium;

(III) The catalyst for the production of
methacrylic acid according to embodiment (I) or (II},
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

(IV) The catalyst for the preoduction of
methacrylic acid according to (I) or (II), wherein the
heteropoly acid compound is cobtainable by first firing of
a precursor thereof under an atmosphere of an oxidizing

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

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

- 12 -
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sel ected from net hacrol ei n, isobutylal dehyde,

i sobutane 5 and isobutyric acid, and nol ecul ar oxygen
are subjected to vapor-phase catalytic oxidation in
the presence of the <catalyst according to any one of
enbodientns (1) to (1V). [0015] According to the
nmol di ng of the present invention, 10 since the

t hrough hol es and openings are forned over the entire
nnlgb@g4]it is possible to exert the effect of
mnimzing the pressure drop even if such noldings are

packed 'n%%egﬁiaﬁgéﬁ$é“fof“ﬁPo%?cfn&'%8ﬁh§8?gi§é°£8&d of the

any i nd of veSse suc I Nngs are

s¢tgsggtp£9¥é999 20 EhcboLan. pobdl g etBAdoun

&7 TOF e Accor a ing of "the

'”VSé‘i E‘edskﬁ&gtrhg&%gkﬁﬁgﬂéfICgEHHH@ Q?&éh?ﬁé #LEputane

ned 0 eac ge po R

?Brp% Ffetfifentt ?heéé?g2§£8¥ﬁ%irTﬁgﬁﬁoﬁé$ﬁssEg?iected
or ot CEE RS P%ﬁ??|ﬁaQ?#aQ%$e8ﬁF§§Fg?e ' bg?érgfﬁnce of the
o BRCBIBRENRRERT: FohoarEY pabRent: APB® §aeg§gsr4#55¥¥ (1)
sucE 8§ ﬁ fixed bed 25 reactor or any other kind of
vessBP120Uch as a reaction - 13 tube. Therefore, the

| d f th { f
Cat al yor SCEETaI Bt Coat 7F He o4 op Bepé Bréefle snvention,

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 meoldings are easily
provided by an extrusion molding method.

Furthermore, according to the molding of the
present invention, since the adjacent columnar portions
are joined tc each other by the bridge portion, the
strength of the molding is improved. Therefore, it is
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 alsc less likely to be broken when
they are packed into an apparatus such as a fixed bed

reactor or any other kind of vessel such as a reaction

- 13 -
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desi ccants, noisture absorbents and the like. 5

Particularly, the noldings can efficiently show high

catal ytic perfornmances when they are used as the

catal ysts or the catalyst carriers. In addition, the

catal yst for the production of an wunsaturated

al dehyde and an unsaturated carboxylic acid, 10 which

is made of the nol ding as nmentioned above and contai ns
&gﬁplex oxi de contai ning at |east nolybdenum

blsnu , iron, nickel and cobalt as a catal yst

EEr R S A Rene o
aci %élég%légégi XSV'SAQaP% ke ? ?ng? Qagorbents,

cata Yt a a” tofrpoun m
t

htﬁgﬁﬁfé% AFr anaé”?za”ﬁ%ﬁgﬁéééérX?ﬁéﬁ%%t§#§§f°fo
e R as@yabseéeiaﬁﬁféﬁ%?s% g%ﬁﬁcégﬁgi gREH Rign

t t
A s e Sﬁasﬁuﬁf g
the effect capabl e of duci n et hacrylic acid in a
satF3F §¥%?§ Febie 9aFﬂgY§5pggrrbﬁ5§e catal ytic

dat f I t 25
el cot ed TR GHIEEFORr of BF oA FSbBEE o AT dERp Bt oouctjon of an

o S0 A SRRV 82! LD PO UL B GE ¢ acia,

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
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
mentioned and contains a catalyst component made of a
heteropolyoxide containing at least phosphorus and
molybdenum, has the effect capable of producing
methacrylic acid in a satisfactory yield by the wvapor-
phase catalytic oxidation of at least one kind of a

compound selected from methacrolein, isobutylaldehyde,
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5 Fig. 1(a) is a schematic front view (it is noted

that a side view and a rear viewin this enbodi nent

are the sanme as the front view which shows one

enbodi mrent of the nolding of the present invention,

and Fig. 1(b) is a schematic plan view of the nol ding

of Fig. 1(a) when it 10 is viewed fromits above.

Fig. 2(a) is a schenatic sectional view taken al ong

t he, Fi and. ki g+ +R(
scnbhaPrEafle Bhact ootk tic TRl P BRular, quvgen.
Fig. 1(b). Fig. 3is a schematic front view (it is

noted that 15 a side view and a rear viewin this

enbodi nent are S f Lan [ h

shows another eﬁggangﬁgcgip&?ﬁm 69 Hﬁ Bg%WEEbg

pre? nvention. Fig. 4 (a) is a schenatlc enl ar ged

sec |ona view showi ng one exanple of an extruding

bore portion i 0,e n ! hi,ng fqr

t he produ%%?onf&$Ptﬁ% %ﬁ%&g@ ¢ Egﬁgegen (F€ 38 noted
i nv

vt oEehof RE8E nELE ?ﬁ@’%nrﬁ%rd Pig Fhc
an Bhe 380 ey SRRoFaRRy BherloeliPho Raba: poR ERgodinent of
di ek i”ﬁﬁgéiﬁﬁysﬁiFﬁgiBﬁggﬁﬁﬁdﬁﬁge iﬁﬁningﬂiﬁﬁgPﬁlib) is a
CuSpHEmBbls PbAE BRetnBtnoht, Y EkEF uaRAT LAY oRgR) afiben it

is viewed from its above.

S¢ enatlﬁ secti
p

ﬁg Spggallme nt are

Fig. 2(a) is a schematic sectional view taken along
the X-X line of Fig. 1(b), and Fig. 2(b) 1s a schematic
sectional view taken along the Y-Y line of Fig. 1(b}.

Fig. 3 is 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 another embodiment of
the molding cf the present invention.

Fig. 4 (a) is a schematic enlarged sectional view
showing one example of an extruding bore portion in an
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

form a molding by repeating rotation and stopping of any

- 15 -
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5 extrusion nolding machine. Fig. 7 (a) is a schematic
enl arged sectional view show ng another exanple of an
extrudi ng bore portion in an extrusion nolding
machi ne for the production of the nvolding of the
present invention, and Fig. 7(b) is a 10 schematic
sectional view showi ng the extrusion nolding nachine
of Fig. 7(a). Fig. 8(a) is a schematic front view

Sho&ﬁ@goﬁtéﬁé.fiyéEhgﬁdegpegﬁaeaigggyghﬁgnPhgiQQtQﬁsion

the present invention, and Fig Is”a schematic

Pl 3o Ya iy ohalRendSoBA B0 PP 9, B(2) when it is

vi ewed m above. " F is a schematic enlarged

. h - , H 1 i l ¥
LTRGBS LT, fespinie

extrusion e production o

ol i@@iﬁ O%%sig%g%g'og'tﬁ%gmg%g%%é Qx9£aﬁgdfeﬁ6§ugh an

expl al ni n erations whic m a nol di ng

repgg{%ﬁ ié@é@%égngngaéﬁggging of any one of the

firs s USImg an extrusion nolding

chown i n B4 b T ofS A(aSEbNELE0RRRRFRRE pilbionay view

shown in a sc

f l d in.Co ; : .
T R TR T O B

of B SRody 35 BTRRL 64 bR KGR, pRP Eh AL BRURELELBE ene

&nPar
secthfnal Ve SoVing R ShiLheL4h! NSha®palP! 5 81 20 .
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. 9 is a schematic enlarged view showing an
extruding bore portion in an extrusion meolding 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. 11i(a) is a schematic plan view of catalysts

produced in Comparative Example 2 or 3 when it is viewed

- 16 -
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5 portion in an extrusion nol ding machine for the
production of the nolding of the present invention.
Fig. 13 is a graph for expl aining operations which
forma nolding by repeating rotation and stoppi ng of
any one of first and second dies using the extrusion
nmol ding 10 machine shown in Fig. 12. Fig. 14(a) is a

schematic plan view showing a still further
enb??bﬂefﬁsosbébg nghg'?Qggf%ihﬁ)piSSSnBchéHHEQE'QQOnt view
s viewed fromit ove, and Fig 4(b) is a

h f t f Fi 15 14
S°F$%@%%§9.éﬁ§ cHRaLuBt bECPIY A%l DS wrew
showi ng ap gk i 'izf%té"eécﬁéfﬁgpié Qﬂlﬁﬁﬂéétgaéwsnmr@lew

pOftIOﬂ |n h extrusion e for

pTOQH%ng QfSEEf%"?bgtﬂgroéxéHﬁlgr85‘399& emf.ml fg- péPe

graph fTor “expl ai ninhg operations

form gt98%1d'159a9ye!c€98éaaﬂggagaﬁhgomaeﬂq?gt BRI pgof

any and secon I esTusi ng e extrusion

ol di ng. PRCI B8 ShevAchBs b OorLoncFhgesdfta) plsntion.

I'c plan view show ng-a S urt

T e ahan TN R AR g i

i nvention

f h
1T agBE ISRt b BB Yol e ) B8cBbiflfor any

one of first and second dies using the extrusion molding
machine shown in Fig. 12.

Fig. l14(a) is a schematic plan view showing a still
further embodiment of the molding of the present
invention when it is viewed from its above, and Fig.

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

Fig. 15 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. 16 is a graph for explaining operatiocns 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

- 17 -
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5 10: Ml ding, 11: Bridge portion, 12: Col umar
portion 13: Through hole 14: Qpening 15: Ml ding 16:
Bridge portion 17: Columar portion 18: Opening 19:
Thr ough hol e 10 20: Extrusion nol ding machi ne 21:
First die 2la: Goove of first die 22: Second die
22a. Groove of second die 23: Rotating unit 23a:
Rotation axis 23b: Mdtor 24: Cutting unit 25: Flow

patbnééggﬁo F%ﬁé%}gtelg6 1e$§80§foﬂf1£5r§509%d afd: Flg

Second oove o second di e

son” Phove B “chemia G £Fat Yer 20 t§§°ﬁ§9d9rh§o §5n7e-

hoI ? Mol di ng 42: Col umar portion 43: Through hole
E i dge portion 45: Qpening 53: Through hol e 54:

Cpenlng 25 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[0017] - HBSCRBPEHPR CTnRehBrenny MeBeFaifg to the

pre |nv tion wil]_ be described bel ow with
refiﬁ?ene e $Jnlé9_acco ahyi ﬂ:'b“ SR OEi g, 1(a) is a
SChefati Co8] (Gnyt Yo XISl ShOYs 13, Through hole

14: Opening 15: Molding

16: Bridge portion 17: Columnar portion

18: Opening 19: Through hole

20: Extrusion molding machine 21: First die
2la: Groove of first die 22: Second die
22a: Groove of second die 23: Rotating unit
23a: Rotaticn axis 23b: Motor

24: Cutting unit 25: Flow path

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

2%a: CGroove of first die 30: Second die
30a: Groove of second die 31: Molding

40: Through hole 41: Molding

42: Columnar portion 43; Through hole
44 : Bridge portion 45: Opening

53: Through hole 54: Opening

DETAILED DESCRIPTION OF THE INVENTION

[0017]
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5 one enbodi nrent 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 line of Fig. 1(b),
and Fig. 2(b) is a schematic sectional view taken
along the Y-Y line of Fig. 10 1(b). [00181 The
nol di ng of the present invention 10 shown in Figs.
1(a%ofﬁ§ &(b) and Figs. 2(a) and 2(b) shows a shape
suc includes a plurality of columar portions

15 (for ei‘fi‘%%é}éﬂ?ﬁé d&E?Egilgf{l%g%tEg@s%régeﬂicsﬁﬁégﬂtion will

with a prede en a

col ygngr BQEL%anﬁe%oBrgggﬁ.nggkgﬂg g AENaQLNMBLEY 1 ng

IS provi Qea 2t eac ongi |na direc

T e s A o
EQ{%ﬁ%g?ﬂﬁgﬁ%%gﬁﬁ“§§°gﬁgf%89¥a%§??53¥ﬁ orhPelk, iBwgntion.
Sfr22$i%ﬁég?fﬁéepﬁéfé?”éh%%aéégﬁpa%§§v1ﬁéﬁé¥ éﬁﬁewylding of
(e e”é”%fkéé‘lﬁ%%%)ﬁ&%‘. P e ST view caken
Eéﬁ% RAPLERs Byraliag BE haen ?ﬁ§9plapg|?%§\2$?b> is a
C0|ugﬂemat98rééggio%§l ngwglaken along the Y-Y line of Fig.
1(b).
[0018]
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
such 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

- 19 -



10

15

20

25

5 1n this enbodi nent, four columar portions 12 are
arranged at equal intervals between adjacent two
columar potions to forma square pillar and define a
t hrough hole 13 surrounded by the col ummar portions.
The bridge portions 11 are wound so as to cross al

of the columar 10 portions 12 and the adjacent
columar portions 12 are joined to each other

Mheé§P¥ud£H Q££98€189r5k09ﬁ 1aolayﬂ§t@ata@gh¥lgean1a

circu tron nenti oned ove her words he

ci rhyar ; Hg;&ggv b i yhgeq, LoLay bee bRUERELY9BE columnar

portions unnar porttons 12

Bet gg Eﬁg ﬁgjacent colunnar portions 12 and 12, an
ape ure aving a width corresponding to a gap
therﬁggg en is fornmed, and the bridge portions 11 are
| oc bove and under the opening 14 respectively.

The gap bfﬁmgg Cgm8§$%m§§g %ﬁﬂ% éél@ﬁﬂa%z 8§ty§ﬁg 12 are

20 herein € openi ng

I I d
S BPLanBROILEVLALLY LELLEG) 8! BER, Lhnvan,gR AEPEnd B81umnar
range, from

abo ?tioﬂﬁ1F8 gagmnﬁ]sggafﬁogbignk angTﬁg%gggabl h&%&”h hele

o e bR BB sl i e e

exa ﬁgiphﬁe??yarg %oﬁgglgbrggetoacggggngaf of 2HEALE1umnar
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.
Between the adjacent columnar portions 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 columnar portions 12 and 12 as used
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.

[0020]
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5 The cross-sectional shape of the bridge portion 11
is not particularly limted to a circle and may be any
shape. For exanple, it nay be a semicircle, a circle,
a triangle, a square or the like. The size (or

thi ckness) thereof is not particularly limted as
long as it can 10 join the adjacent columar portions
12 and 12 to each other with a high strength when

wound. [ORpl] . ngsngaéﬁaoﬁaltg§ﬁﬁglB%U@hepebﬁhgﬁarlgortion

is not i Wlte our h

f t f b
r°o dH%E [Iﬂtglg.ggo %(bc?LEB&% 3@? %“&Xn%’% F@;‘F"Qﬁ% For
h d f mh

o Bk IEY ek U AR TRt D o

|nt?£ga&§ %nd are joined to each other at the bridge
por 1 ons E " Even in the case of 20 such a nolding, it

b f h |
Lo Poce onfiet fxbBRTBERRELAAT HHaBE Br RRE BBEMGC portion 11
I f bsol
ng?iés§P§ PRTRIFhIARTE, L iBi s haeh BoerTeart iRy proany
12. F
e HFAPEACtFOhetaoLe ol buTRY DR of (UAFEHEF IFong Sotele. a

dt h oth t t Th
0T ERE=bEnBrmar Sabarh.ar  Shel Lake | g 8Dze [ I8k Eifilness)

”D'gkgge%g)1ESnLE°gh%%9%51arT"’Elmlgeﬁnhs 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. B(a) and 8(b) show other embodiment of
the present invention in which five columnar porticons 17
are arranged at equal intervals and are joined tc each
other at the bridge porticons 16. Even in the case of
such a molding, it is possible to form 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 portions 12. For
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and preferably fromabout 3 mrmto 30 nm and the

di anmeter of the columar portion 12 is from about 0.2
mmto 24 nm and preferably fromabout 1 nmto 14 mm
when taking the strength of the nolding into

consi deration. The outer 10 dianmeter D of the nol ding
10 is fromabout 1 nmto 50 nm and preferably from
about 3 MfMmto 30 mm and the inner dianeter of the

I aget
gg)gk %%nf%%%d%égqmgﬁnwtd§%9£%%§éa%%§ p%géggg% §9h§r

fr ﬁﬁﬁﬁ Ltpd S fht# without
pre erably lerJom 90 %/08%%1’%%1; g%fj%%ggnﬁg?%?éeg ¢ withou

qgagny from30 %0 80 %of DL. [0022] In the case
of th Iding 10 shown in Fig. 1 and Fig. 2,

| t hough 4 jd 20
al thoug ]?§ £&4 6%522%%peﬁ 'é%@uﬂ&éf‘?o%{ﬂ%h £4l FP.e. the

that a por ummar port out war d

S%g%%ﬁtfipn%%Qng#&%% pf61p¥§rfr8$ L%Supridﬂ to 50 mm,

e col unmar~ portTion nay be provided so

tha;né- P&Eé 1§h$£§ﬂfa Qyer gl ¥ P 8J§6t mfrgﬂ?ogg%]alameter

i nnere Pertphery’ o Fidge por Ton 1

22 of thgﬁggfse%gghégg d%digg O SORMLLIC PO 92 dmEd 24 mm,

Fig:=2 e portions 1 are provi

SR T S

ggg%gnar Eﬁrtfoghgnégldiggaggkélggnégdgggplgﬂqs’Tﬁgsouter
diameter D1 of the molding 10 is from about 1 mm to 50 mm,
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) is from about 0.1 mm to 49 mm, and
preferably from about 1 mm tc 28 mm. It is noted that D2
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
that a porticn of each columnar portion outwardly
projects from the outer periphery of the bridge portion
11, the columnar portion may be provided so that a
pertion thereof inwardly projects from the inner
periphery of the bridge portion 11.

[0023]
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other words, it is also possible to provide the bridge
portions 11 in the present invention in one or a
plurality of stages at intervals in the |ongitudina
direction of the columar portion 12. 10 [0024] As
descri bed above, the nolding of the present invention
has a feature in its shape, and therefore the kind
and conposition of a nnlding mat eri al constituting

the nol difg Lol A5 i hd “1Geghéfﬁ MRYrPE. 1P ang

approprlately se ecte accordi ng t an app catlon of

theFlﬁnlg'ngltﬁgh ﬁxéﬂplﬁrl gc %PflgﬁgdiFgafé ﬁP8v1ded at

pr ese€ I nvent 0 i s used a sts

r%%seﬂ%g i {BlglE BALCEG 1112, 0 BELBLE oo

ayer

pSEFP sé &gd n@ﬁé”?épgggfgfigﬁé gofﬁ%ﬁgr portion

Ive a

r| 12psg¥ ?H%%lg%ndgaseéh gﬁ&ﬁfte? Sﬂgﬂhn nggigg; In

tltania b¥ 00 zeo

BB ake °X‘ﬂ%%ﬁ%o%ézwgs%;é?gszéﬂ%vf&@-asﬁeaﬂgidee

(R CRHEEERHE, LIS pRR e
CSEDLeLIUETLL O 3 USEd el VR FRGT Ehclbukas
Corgi{?éééf’nng L& 8 unTnQEmeXE"{Sé' gs

[0024]

As described above, the molding of the present
invention hag a feature in its shape, and therefore the
kind and composition of a molding material constituting
the molding are not particularly limited and may be
appropriately selected according to an application of the
molding.

For example, when the molding of the present
invention is used as catalysts, it is possible to use a
metal hydroxide such as aluminum hydroxide (gibbsite,
bayerite, boehmite, pseudo-boehmite) and magnesium
hydroxide; a metal oxide such as active alumina (¥x-, K-,
vy-. 8-, p-, n-, pseudo y-, B-alumina, etc.); «w-alumina;
silica; titania (rutile, anatase, brookite); a zeolite; a
complex metal oxide containing molybdenum, cobalt and

bigmuth ag main components; a heteropoly acid comprising
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(gi bbsite, bayerite, boehmte, pseudo-boehmte) and
magnesi um hydroxi de; a netal oxi de such as active
alumna (x-, K-, Y-, s-, p-, g-, pseudo y-,
O-alumna, etc.), a- alumna, silica, titania (rutile,
anat ase, brookite), 10 zirconia and ceri a;
silica-alum na, nmagnesia spinel, calcia spinel

alum numtitanate, magnesi um alum num titanate, a
zeol L t I g pr n
it i, fatadfon REDELAGLAR EhATCHL L0RCRT £RETEne
nnlftu e absorbents, it is 15 possible to use

actlva ed carbon silica gel, active alumna (x-, X-,

S|I|ca aﬁw seug$ %% gngh%n%ngg%%%t% FeeqRion is used
di af Th d £t
VARt Tore iﬁggFésrb%rgzgn#oiﬁgagﬁﬁlgi?ﬁégsﬁﬁgaad??tal

|dL ous

abo e nentioned
bl aSTESRATe FRFE. SF o598 tahar |ﬂvﬁé 17 tﬁiuﬁ%sgsnPydr°dee
i nventjon, can be used as at al
ot F9P8S1 R0 BRusrEenT corhi€8: pidhinahPEngake) raha
noi sture abso bgnts In partic E
ol BFHGSS DR RESHPRARRT RrUBHELof<ide  Sianags: ALive alumina
catal ysts or the_catal yst nedia for var ou catalys%
reab¥ion¥ i tVTs Pref@rred t oPEERIPhEm iuﬁéeﬁrnﬁ c.), a-
into. a, reactor such as a f|? EFid reactor ot h

t ypleniBRsefilifayi BhFaRido Ect PGB ﬁ??ruEﬁ?P ﬁte

of the . .
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 (y-, x-, y-, d-, p-, n-, pseudo y-, 9-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,
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effects according.to the present invention. In other
wor ds, since the noldings of the present invention can
mnimze 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
catal ytic perfornmances even if a reaction tube is
packed with the noldings in a fixed bed reactor.

[ 00g nThggggbgﬁgg Qfokh%h@r %@En&nﬁﬁﬂghepo%a&'n%s%@?as the

15 shape ribe above can e produce exanpl e

by ch'ES %ggu‘&!}:' %8”?%@3‘19’%% Fn%%] 18 u?za‘r‘l\‘:%%t 'c%glyst

escri be t t he met ho

forrﬁ&%@!%g” ﬁeregon' t?:%r%dt s s S‘E?Je | | W % %g.c'k?lng into

not i'S noted at t

{eaPLEsent 20, LAVt LoB;oan fa0 e th gega i her type

necessary, er formn

Vet RGP g?loau%rnaftwgﬁa% SECHg él%%aoﬁ%?*ﬁgf the
b d

Byeiﬁ?ex %ﬁ%”tsh%%%.”ﬁae%fehgae.s%r% “”%m% & BPbEnex

WMeH |senr§¥du

acRPRaS nStidEngrE 1P a”Oﬁxﬁf%%é'logesﬁ%?aﬁﬁv%n%en ean
O ORYESR Y2l HhooH Bt gkt (055 PGP 1n any
dledlrectlon at random, and alsoc has a high strength, it is
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
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
invention can also be fired, if necessary, after forming
by the below-described production method of the present
invention.

[0027]

Method for Producing Molding

The molding of the present invention can be
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having a plurality of grooves on its inner periphera
surface while repeating rotation and stopping of any
one of the first and second dies. This extrusion

nol ding nethod and the extrusion nol di ng machi ne used
in said 10 nethod will be described in detail with
reference to the acconpanying draw ngs, but the
nol di ng method of the present invention is not

i mES:%ﬁu&%d; h &0e te@cgﬂlg?%t { %Ect G J]Cilgl%‘z%thod in

IS a SC sect1 on virew

ShOWnE% O3 4 AT em%ftegl%.le)itsr ‘égc' %d%‘&r 5&9%;'[ ggﬁ gz‘ trusion

extrusi on no i né for

wol% %1n%fm%%§1Bfe§%%HudQ %.%QTS%n%l %af%ﬁy 5§fﬁra11ty

schena SEctonar Vi ew s e “ext I s
grg%%%:2§n2&t§ﬁ%wEE% pé&%bhfl%ﬁhgﬁ&%%% L@ ring-
G ebghat i s, S&%é?m%fﬁza U S e e
22 Lol SalsatiEy’ s §F°6’3F| pf?%? it l%é’%lrué’%:rlflté}cﬁ?ral
SpeC|f|caII . t he f.irst
di e SH5LEFE %‘B&ﬁ? deBRAG 129 F8 §8Ff§‘ S‘ftQPﬁ’emg St any one
it the B3 Toco Al £A590 G2FRe. sBBbfd=tF BussonsHolding
that e moed i ”%&%&'u%'lo'ns ol Mg M 2 Ui Y0 saia
t hr BEGROG: 88veL e :
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 methed as a
matter of course.
[0028]

Fig. 4{a) is a schematic enlarged sectional 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
sectiocnal view showing the extrusion molding machine of
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,

having a plurality of grooves 22a on its inner peripheral
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2la of the first die 21 and grooves 22a of the second
die 22. [00291 There is no particular limtation as

to dimensions 10 of the first die 21 and the grooves
2l1a thereof, and also as to dinensions of the second
die 22 and the grooves 22a thereof. For exanple, the
outer diameter of the first die 21 is fromabout 0.3
mmto 48 nm and preferably from about 2.0 nmto 29

mm stﬂQggﬁfgﬁmd%é%P%?néfg%grﬂc‘%’ Stﬁ%l""f j}?sesdBei §1f£ga‘5the

abou préferabl y Trom about

T B8l TS 0ULE" ol TR L1 306000408 22 che

rom-abou nm ~and préfera f
b : .the.i [ [ .
abodt 6o Pa i raER b 2P AR bl Foarnelie s Ghe firet

tq.29 .. The depth_of th 2 [

o eaBbut "0 Chad S50 W RRGCRPoRaFaBry. PPofatof
0.5 to 7 . [ R t di
(i nBTa4b8 CSFr BT SppreltREReLALY: & ?‘:uf“f% EPnsrh guooves
th ' h di it in Fig. 4,.t .
t ho23PoBleEhs28 138t Biroad BRG BRAPVSF ERE Bfobisostgnd die
IS % , but such - 27 nunbers are not limted to
such;y "and the nunbers of the grooves 2la and the
grog¥§§ﬁ§2a are appropriately selected, respectively,

acc to the nunber of the colunmmar portions 12

of the noldin o be obtained. 5_[0030
Ther &s no particular lgmgta{ion as to dimensions

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 grooves 2la
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
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

is four and that of the grooves 2la is two, but such
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The extrusion nol ding machine 20 further includes a
rotation unit 23 for rotating the first die 21. This
rotation unit 23 is not particularly Iimted and, for
exanpl e, a conventional rotation unit such as a notor
may 10 be 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

firﬁhmgg§ﬁ2$reuﬁb@gl§quE t%sguck %EESt %Sﬁﬂﬁ@@%% of the

eac e two grooves Irst die 21 is

] o1 BedolRaCbhgr A8l che ru80ed bl BianyaReceliathe,

grooves second olunna

porgbgggt%ﬁﬂgE%ﬁ E%ﬁ@eq tgﬁco@ﬁh gcggn%h%hh%hber of the

extru he respéctive gro

ar °8§S:’i§m§%‘} g&&ﬁ?mfs' "1§t ¢ %h%lgﬁblidﬁ'h framet %gtfatq_&‘fed.

gr ooves & Second die 2 brldge
por ti, ggg}ll are formed of the nolding nmateri al
extru only through the two grooves 2la of the

first diengl. exkogglé T%o}ﬁ?n&ﬁﬂgr?ﬁ%et%Pa?ﬁrther %nféudes a

enbodinen?gshomn ero 176N uni

B KU RN R A R T I et

o LR BHELS8.20nh albelafsH AE co

extruded.through the grooves of the _second die 2

I ERETPAEAI kT HBPERAS Lo TREPLROR BF L d Sl gy MC5oT may

R %”UQSSC‘&Y@;?N” a0 LR0°L.B8aL ROGE Anown 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 2la of the first die 21 is joined tecgether (or
aligned) with any one of the four grooves 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 2la of the first die 21 shift from
the four grooves 22a of the second die 22, the bridge
portions 11 are formed of the molding material extruded
only 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

columnar portiocns 12 are formed of the molding material
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surface (i.e. in the through hole 13) of the bridge
portion 11. [00321 The extrudi ng operation of a

nol ding material used 10 for form ng the nolding 10
usi ng the extrusion nolding machine 20 as shown in
Fig. 4 is carried out, for exanple, in the follow ng
sequences (i) to (iv): (i) while extruding the nolding
mat eri al through grooves 2la and 22a of the first die

21 204 386000 Joh? cnel Bebo e Ak de BL ISt dted o) ana

egrees 1rom osition wher e € grooves

2la t?gd b%ﬁl%\%%; g’é@tth'%%%d 1\f|‘fi tal}e %e‘&t I&%rz écth%f }r{%ﬁ. éﬂ?ﬁ &ateri al

position € grooves 21a  and

oSSR SRR R0 A, U RPN .

to 0 t'hen,” t

B A i L

t s (Liyi) the first di 1. t at ed in b
PO P8BS bak el hoEnposrtg R 3 Rk et
iti M t 25 f t he bri [ ; d - 2
(I VPUERERS (RerotBt FOF GroeHer PPOR did Shcond Didge
21 and, 22 at .the position Mis stopped to formthe

col Bff&tCFortticons 12. [0033] 5 The above nenti oned

extrudin9 operations are
[0032

The extruding operation of a molding material used
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
grooves 2la and 22a of the first die 21 and second die 22,
the first die 21 is 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 2la
and 22a cof the first and second dies 21 and 22 are
aligned with each other to form the bridge portions;

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

(iii) the first die 21 is rotated again by 180
degrees from the position N to the original position M to

form the bridge porticns; and
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repeated to continuously formthe nolding 10. Fig. 5
shows a relationship between the nolding tine and the
rotation angle of the first die 21. Fig. 5 also shows
a relationship between the nolding tine and 10 the
rotation angle with respect to Conparative Exanples 1
and 4 described hereinafter. The above-descri bed
operations of rotation and stopping in the present

nvention 439 DengAl TER0 Obtar 1k ofXEHB! £LrbY ana second

sequentlal contr Herein e rotation 15 stopping

”HF-L%E :22 Hzir %‘2 die tgé g%‘%ﬁlﬁo?ldhu%e%to%g‘eﬁr[ o%ﬁ’%ﬂ’ the

the eng e al nme ["ummar ‘portions

Whe s 11 are forned, the rotation
speggﬁnﬁng%eg%?Fgghglga21 is inmportant. Wien 20 the

rotgbbgg speed is lower than the extrusion rate of the
I'ng terlal t hrough t he nDIdlng machi ne 20, the

bri dge portionsoll fRkclgraya ﬁggugﬁa?ﬁyrghftg%e

rotatlon Sp€e I|rs d|e
4 t 10 t
e PBe8reRuEcoREPEi Btttk ﬁgwdkﬁé i L

3§LQFFL°Pro 28 shBbs ?Er%njaéan%hf§Lﬁaagﬁaonbﬁewsgﬁﬁng
f 00 S
| < PR ARG "Lhel RabaPh o anoths o tof PP At g o 21 Fig- S

Secgﬂgodg o%%'asr ggﬁlknship between the molding time and

the rotation angle with respect to Comparative Examples 1
and 4 described hereinafter.

The above-described operations of rotation and
stopping in the present invention can be carried out, for
example, by sequential control. Herein, the rotation
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
the rotation speed is lower than the extrusion rate of
the molding material through the molding machine 20, the
bridge porticns 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

extrusion rate of the molding material. The extrusion
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The extrusion nol ding machine 20 al so i ncludes a
cutting unit 24 for cutting the nolding nateri al
extruded through the first and second dies 21 and 22.
The nol dings 10 are continuously obtained by cutting
thus 10 extruded nolding material into a predeterm ned
l ength wusing the cutting unit 24. There is no
particular limtation on the cutting wunit 24 and, for

exagple, OEn?-?QVE‘BtlBQ Bg h&tﬁgﬁ?(g Gyt Us‘ﬂl%llgn'onﬁluﬁ_gnfn?min to

a cutter e or rero prano wr

stret %%dmﬁ%‘iﬁs %ﬁﬁng%'e‘}f% %'1 e"f%oﬂiakiob% 2?&1&1‘%%% 000

The éutting uni't en’ by SO0 as

croméaégrong sir e g{, ag%%aryglgg xﬁoéstEﬁaE“ 6 the

pre Cross a surfa

e dLes 2} gad 22 Wi e%%hagﬁdgsg?m act with'or

20 proximty to ace Regar di ng t he
CUtﬁng EOSItIOﬂ of the nolding extruded
contrnaously, for exanple, the nolding 10 as shown in

R R S S

For fCBHRRObRAE: 2RoRET: Fhxkie, Cut BB AR T

R A L

rglgbgg §9FS IgrgoE%%t&g%%u y talneddbygcu%tag% thus
extruded molding material into a predetermined length
using the cutting unit 24.

There is 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,
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 crogs a front surface of the
dies 21 and 22 while being in contact with or in
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,

where the bridge portion 11 is divided into
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to be obtained, the nolding may be cut at the position
X1 and then cut at the position X3. [0037) The
extrusi on nol di ng machi ne for the production of 10
the nmolding in the present invention nmay be provided
with a flowrate control valve (not shown) so as to
control the nolding speed of the nolding material to
be extruded through the grooves 2la and the grooves

22a, WEOBQ?%S 12 5hdSm %@klgn 7R ghew Q@Q%E%&lvely form

exanpl e £hé" et hod u0|ng t he nol

t hebB‘iﬁ%%S&no‘xf&‘i%%' 99 2 130 %2!‘; b'ortl. Y AW N9

this é nment, the grooves e first |e 21

i""ﬂd Eg&%&%ﬁi 243 %fguio?z oEcE dcoﬁ%%n%{oﬁetl%%. The

_ nunber rﬁgua _ )
Cx U BSlkaRs SRE 035 Sleilf it B B el roraing.
rot a;teq by 2R 40gargespel h%p%t GRS %g%wglhﬁhrg T3 is
fzg‘% b hgb%%%re? nE afe&ﬁ&gn%%ws £ B2, fgpivion xa
4
om £fgarheposls) “FnEnrRaEny HRy 38{;%;8”?,12{3@3
the&@Pg&ﬁllty of columar portions 12 disposed with a

pre i ned gap, 5 and the bridge portions 11 each

of whi ch Iﬁ p%%%%%s%o%?moldlng machine for the production of

the molding in the present invention may be provided with
a flow rate control valve (not shown) so as to control
the melding speed of the molding material to be extruded
through the grooves 2la and the grooves 22a.

[0038]

Figs. 7{a) and 7(b) show another example of the
method for producing the melding 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,
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 same
symbols or references are used in Figs. 7(a) and 7(b) for

the same constituent members as in Figs. 4(a) and 4 (b),
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both ends in the longitudinal direction of the
plurality of columar portions 12 and joins the

adj acent columar portions to each other, and al so

i ncl udes through holes 13 surrounded by a plurality
of columar portions 12 in 10 the |ongitudina
direction of the columar portion 12 and openi ngs 14
formed on a peripheral surface (i. surface which
IS u r [ 0 gl ding 10
des%&?bg% %g?g?ﬁéfPEFEQéghEgﬁk %gFmég%@?ﬁe plurality
of gbg ar portions 12. 15 Since the nolding has a
proper strength and a surface area which larger than

that of ag ﬁétﬂhigkn pEﬂggcgthXn%Eeiﬁg?uﬁgglgﬂglplurality of

production net en use

pfeéé%ﬁ@F§QZEB eqcgases WhEn Sugh. B 4 Bs AFE RICked oop

into a reac any o
cars §I.CSZ§ eBYBoFBESHP TholAbRaPh Br rna pPEgUAfed at

f d
car Gpyb Anig thEhg SaieEP b 132 o 2 PhtaPE, shegLuratity
debyde, and t boxylic - 33 acid and
?hee%¥s§uﬁﬁva%”8$9ﬁ$9ﬁ%?ﬁ§|Pe ndPi B Ebp BAaacRBFoRp Lumnar
but_al t tal
cat BF5EEoRE, FRoPatRoPtPRE: prluelRen b LUfRg| SREouh holes

SﬁkgﬁcﬁP%Egaﬁagguﬁé'8?eﬁvs€ié?%£ﬁ£?c funRsoBorEdams 12 in

0o 2 SXHéhféhglgﬁélnaT direction of the columnar portion 12,

15

20

25

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.

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

[0040]

The molding of the present invention can be

preferably used not only as catalysts for the production

of an unsaturated aldehyde and an unsaturated carboxylic
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production of hydrogen, reformng of a natural gas,
reform ng of kerosene, reform ng of dinmethylether, the
producti on of dinethylether, dehydration of

et hyl benzene, selective hydrogenation, oxidation,
denitrification, 10 hydrodesul furization and the Iike.
[0041] Catalyst for the Production of Unsaturated

Al dehyde and Unsaturated Carboxylic Acid Production

of &oialyah f ggogehea tOEO&eEHSCB?qucgb 8 BEs8Ribed

unsat urate e an an unsatura car oxy I C

aClgef OrQhEga?QaIEEe E§§2EEs'n¥§EBi rER4esBks or

t he fng I'nc ural it co ummar
LA RSO oL 0ol P2 B e g
08, LTGRO o g LB .o

j of g amsrgg#ﬁgs £RLUBNaG, ARG Ll 0gs EOSV§@8Q59gh§ES the

and™alrso roug ol és oun

e BLAGEL 1t 25 FOLIRR PELELSBSCCoBd 6y dg o
Cm%%ﬁ%§¥£%%%a%§%wmﬁaﬁﬁ%ﬁ%%,tm
7ol 0SB 0n LR THLBR, L RR, oS L ASREREDSAOLE, appyapensene.
Cgﬂgé}%ggpggog§g%§gén ﬁ?eagfgggga%ggntrgenlg 1¥§¥ation,
hydrodesulfurization and the like.
[0041]
Catalyst for the Production of Unsaturated Aldehyde and
Unsaturated Carboxylic Acid
Production of Catalyst
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 peortion which is disposed at
least both ends of the adjacent columnar porticns in the
longitudinal direction of the plurality of columnar
portions, and joins the adjacent columnar portions to
each other; and also including the through holes

surrounded by the plurality of columnar portions, and the

openings formed on a peripheral surface by the gaps
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cobalt, potassiumrubidium cesium thalliumand the

like. [0042] Preferred exanples of the conpl ex oxide

can be represented by the follow ng general formula

(1): 10 MoaBi bFecAdBeCfDgOx (1) wherein M, Bi and Fe
represent nol ybdenum bisnmuth and iron, respectively,

A represents nickel and/or cobalt, B represents an

el enent sel ected from manganese, zinc, calcium

magHes| ' , sepharainehergnti 8t
TROBESUE) LhD B0.kAR0. oyl ERhES C0hgxBichoRREk 13
tyngéﬁﬁgneﬁgtEQDQYCoﬁbE#EOBXiaEuahgeﬂlthEQEhH”hPég?ggnum,

zi rcontum and ceri um represents an el enent se

0L BRI (LU eGSR LA S0 i
oy FREPTex: aki M Raf Fortai A1d1Enbiicd KERUE (HLA)BbIEEdenun,

oxXl datl on Ssta eac enen
h i h i f ' .
nSBARLEY 881 8550 AMAORaYt LAnkREg! o5 e S Blpepey, icken,

d: Mp12Bi 9.1 -5Fen. 5-5C05-10Cs0. 01; = -3 .
VDISHP LS. cBEEBSLUNer TRARATN: sRESHRNY [hagpiud) and’Ene Like.
Nbli&'g%l-SFeo.s-SNis-lCSbCll_SSio.l_sTIo.oi-l (1-3)

[ 00 ? raw materials of the catal yst, conpounds of

the 5 regpective,element s copt gl ned i Lhe aha ush ve
represented by the following general formula (I):
MOaBipFecAaBeCeDg0x (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
selected from phosphorus, boron, arsenic, tellurium,
tungsten, antimony, silicon, aluminum, titanium,
zirconium and cerium, D represents an element selected
from potassium, rubidium, cesium and thallium, 0 < b £ 10,
0 <cc 10, 1<£d£10, 1 €£€e <10, 1 £ f<£10and 1 =g
£ 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:

Me12Big.1-sFe¢.5-5C05-10CS0 . 01-1 (I-1}
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exanpl e, oxide, nitrate, sulfate, carbonate,

hydr oxi de, oxo acid and an ammoni um salt thereof,
halide, and the 1like are usually used in the
proportion satisfying a desired atomc ratio. 10 For
exanpl e, nol ybdenum tri oxi de, nolybdic acid, anmonium
par anol ybdate and the |i ke can be used as a

nol ybdenum conpound, bi snmuth oxide, bismuth nitrate,

bi snut h fate a the~li k an be used as a bi smyth
conpoundﬁﬁgﬁ Effah(PITTC%nggﬁéTS?$8ﬁfIII) sulfatgqgng)

15 iron(l zhl ord de, d the |i can-,be used as ,an

i ron co#%%%ﬁ%?Jf%t%e%fﬁ%%??ﬁ%[bﬁ%@Tlfﬁé°€é?alyst (33
pregg6§@1 prepared fromthe above raw nmaterials of

the catalyst is fired (or calcined) under a 20

oL Soul A O VASTLORL AU L NG O EUEalDED SUBLESLASS'8E the

a heat treatnen presence

CueAARgE ISR EL Sl PLEE 08 £ BECUSVRLl Vo

prepar XIng raw nat erl

wat er btain., an_agueous sol ption or_an agueous .
o NG (P Te TRECESE S SRRt D SRrBingfel T aroxie,

S| g an SIS, PRSLELEONERTAL g e
oo AL Bk LBS L0 Eha S-SR B B
OPLGL P 3PV 8 LALES.

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 ke used as a bismuth
compound, and iron{III) nitrate, iron(III) sulfate and
iron({III) chloride, and the like can be used as an iron
compound, respectively.

[0045]

The catalyst precursor prepared from the above raw
materials of the catalyst is fired (or calcined) under a
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 aqueous solution or an aqueocus slurry and drying the

aqueous solution or the agueous slurry.
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under an at nosphere of a nol ecul ar oxygen-cont ai ni ng
gas. The concentration of nol ecular oxygen in this
gas is wusually from1l 'i to 30 1 by volune, and
preferably from 10 %to 25 1 by volune. 10 As a

nol ecul ar oxygen source, air or pure oxygen is

usual ly used and is optionally used as the nol ecul ar
oxygen-contai ning gas after diluting with nitrogen,

tnféﬁf Gy Fope ?%%irné‘%”o%é&%%;@%?%%%f ot ot
prelerably froma00,C 10,880 € Thg fiting atilp i§ arun
2 bu y

usud Forms M Tt €5 10 rs, and*~preferab

from1 hour to 20 hours 0047 he.presen .

| VETRT OREYThe SoRTSG CBhTA! nhdt DTN oOEY FE BpgyEhe Like.
firk Q égeration IS subjected to a heat treatnent in

t he @ tence of a reduci ng substance (hereinafter,

Lo eat h SoULERY 0 BEcr S5t oL LSl Ot rea

reduction_treat e tg. Ié IS po séb e to eféegtivel gg as.

| T POUEE R SFRGTRRCT RO LR MO LEC YA O RCT CHERERORLAS 9

it SRR e O SS B O 22 Ol L0 TodkElnce o

2 WLOPR 0P o g1 cOhSl: o 8,8 SE1 05 420 2010 e rom
10 % to 25 % by volume.

As a molecular oxygen source, air 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
600 °C, and preferably from 400 °C to 550 °C. The firing
time is usually from 5 minutes to 40 hours, and
preferably from 1 hour to 20 hours.

[0047]

In the present invention, the catalyst obtained by
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
reducticon treatment). It is possible to effectively

improve activity of the catalyst by such a reduction
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t hese reduci ng substances can be optionally used.
Herein, the hydrocarbon, the al cohol, the al dehyde
and the am ne preferably respectively have about 1 to
6 carbon atonms, and exanples of the hydrocarbon

i nclude an aliphatic 10 hydrocarbons such as net hane,
et hane, propane, n-butane, isobutane and the |ike; an
unsaturated aliphatic hydrocarbons such as ethyl ene,

pr fﬂﬁ -butyl ene, p- butylene, isobutylene and
g@%é e%tghzene and the like. Exanples of the

aIc&%&% ncl ude a saturated aliphatic 15 al cohols such
ﬁ al cohol, ethyl al cohol, n-propyl alcohol,

R e Ll nrhﬁgtly%%@ffggog%b%égﬁaﬁgco o Ph&Q gézarogen,
;£Fy+n‘6‘$coh é‘iﬁ?o}@?ﬁ% %AFQ"’M $+£?tl'98+to§ Cflff‘ pol, an
¥ ﬁ%m%&i”@l@%?%%t@ae iﬁ%ha% Eiacny dbers Jeipas of

f I d d h d
ﬁsbﬂi’%ﬁ”eiwa%ﬂ\i Jeﬂgi?(%ﬂﬁ{"?ﬁ% fegRe be aBERRES  Reegdy Herein,

t ed .al i phat d
acr%h Ehyéﬁhié qgége %éa %%? t?%?%ﬁ%fﬁaﬁy%ﬂea??kﬁhe amine
f th t ted
- %wafns’ﬁ%@%%ﬁ% P TS b, £ o ek R aRpReatoms.
t | th dieth
Lt | By o L R a]%r%%#e /LT o ahiekaEic

an1n%§ such as all¥lan1ne diallylam ne and the

||Q@y %ﬁﬁ??@@ﬁ%ﬂﬂu ¢m§$lm§;hane, ethane, propane, n-butane,

isobutane and the like; an unsaturated aliphatic
hydrocarbons such as ethylene, propylene, «-butylene, B-
butylene, isobutylene and the like; benzene and the like.
Examples of the alcohol include a saturated aliphatic
alcohols such as methyl alcohol, ethyl alcohel, n-propyl
alcohol, isopropyl alcohol, n-butyl alcohol, isobutyl
alcohol, secondary butyl alcohol, tertiary butyl alcohel
and the like; an unsaturated aliphatic alcohols such as
allyl alcohol, crotyl alcohol, metallyl alcohol and the
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

acrolein, crotonaldehyde, methacrolein and the like.
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[0049] The reduction treatnment is usually carried out
by subjecting the catalyst to a heat treatnent under
an atnosphere of a gas containing the above reducing
10 substance. The concentration of the reducing
substance in this gas is usually from0.1 %to 50 %
by volune, preferably froml %to 50 1 by volune, and
nore preferably from3 % to 30% by vol une, and the

r educd o SURsE ange mn@%&él&aé u %%f&éﬁtapﬂ%uc

carbon “di oxi de, water, helium argon or the likKe so

as 4o Uédc}f % d hee iﬁ@t ' )H‘ hhihde APONEhylamine,
range. ecular oxygen nay e owed to exi st

as e f h r nend

notél a| re bﬁéﬁ%f%e rllf_{eua y a sieagr?l né éel%%0050] Fike; an

IPSHERELAL g thpldes S Sieid o ralanal fpn iyl Y
R R R e T S

f'ro
mrwg to 10 hours. - 39 The reductlon treatnent is
preferably carried out whi | e passing a gas contai ni ng

a reduci ng, s xﬁs&@ thr[eaq-.ng vtess§l sstfa}‘;{‘l #u&e &t by

a box after ar gi ng rtl a ys es8e

Durd g dhe Lo ded | o A1 e ”ecptecyg?tt'“euggastn%gehuﬁ@eerd an
atmosphere of a gas containing the above reducing
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
diluted with nitrogen, carbon dioxide, water, helium,
argon or the like so as to adjust 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, bﬁt may be usually absent.
[c050]

The temperature of the reduction treatment is
usually f£rom 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

30 minuteg to 10 hours.
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It is also possible that after a reaction tube for
vapor - phase catal ytic oxidation is packed with the
catal yst and the reduction treatnent of the catal ysts
is carried out by passing a gas containing the
reduci ng 10 substance through the reaction tube, the
vapor - phase catalytic oxidation is subsequently
carried out. [00511 Mass | oss of the catalyst is

usual 1y GRReiuefh e 04d e e UC L A BALTRALAME out

it is conS|dere mass “| 0ss aril ses since

o i'ﬁé?%%@%i%sydafsf é@t‘élﬁ@f&? er%dokm At
pr “?: %ro%\tyl'%/ vfersoégl C{Y ta %1 %f‘ ocrharglngr the

e FTB.SS ){ 0SS

excessli y proceeds an

th t 0
SR A e e@a&% BT o0 reapnent
o ocs%;s A T, Wl M e
atnnsphe

ot od A @mﬁk’is%%b%s%en 1A Gt pdve for
th 25 f || t 0. [0052
rati .a@OmOP OS[W RO Dt o PR (T the
“Z%: t (a;ﬁs g al'{;g{ after %Eﬁ# org}? catalysts is

treMrmng
carrie out by pa551ng a gas containing the reducing

substance through the reaction tube, the vapor-phase
catalytic oxidation is subsequently carried out.
[0051]

| Mags losg of the catalyst is usually observed
through the reduction treatment and it is considered that
such mass lose arises since the catalyst loses its
lattice oxygen. The mass loss ratio is preferably from
0.05 % to 6 %, and more preferably from 0.1 % to 5 %.
When the reduction excessively proceeds and thus the mass
loss excessgively increases, the catalytic activity
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

following equation.
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[0053] In the case of the reduction treatnent, a
reduci ng substance per se and/or a deconposition
product derived fromthe reducing substance sonetines
remain on/in the 10 catalyst after the reduction
treatment depending on the kind of the reducing
substance to be used and heat treatnent conditions.
In such remai ni ng happens, after measuring the nass
of[%%% remai ni ng substances on/in the catalyst, the
mass af?er the reduction treatnent may be 15

| cul b b A h f N
caloul o e 3B FAGLT " TR 0 B ore
e R R Y e
I t b t i ned b g
o 3TLer, B T O 5L DR ARAR N e

t hat tQF catal yst of the present invention may be
mordédlat the stage of a catalyst precursor or after
firﬂn the catal yst precursor, or 25 after carrying
out 2lreduction treatnent of the - 41 cat al yst

precur sor.. 00551 Praoduction of Unsaturated Al dehyde .
and Unsatr CasEr l?&x;ﬂ%ec RAUF I R (e TSy @ Teducing

aczylic acid can be produced jn a good . .
ubstance per se and/or a decomposition product derived

from the reducing substance sometimes remain on/in the
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
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
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

after carrying out the reduction treatment of the
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yield by the vapor-phase catal ytic oxidation of

propyl ene w th nol ecul ar oxygen using the above

nmenti oned catal yst. Al so, nethacrolein and

nmet hacrylic acid can be produced in a good yield by

t he vapor-phase catal ytic oxidation of 10 isobutylene
and/or tertiary butyl alcohol wth nol ecular oxygen.

[ 00561 The vapor-phase catal ytic oxidation reaction is

ﬁEFQkQXK%S{E?ggTEQBrpy packi ng a fixed bed

tir-t reactor wwth a catal yst and feeing a
raw,g g]containing a raw conpound sel ected from
propylene, isobutylene and tertiary butyl alcohol,

S0y B SR Byl ash OB B0, CABHG g

carrie

AiEaEEoQ%E@E'XC agd as a nol ecul ar oxygen source, and
thé raw gas confai ns, as conmponents other than the

2 comgund, 208 LIA, JRLESHL 2L, 9 0ER bl HEBAERLG in o sood
155526083 B TaflE-ERBL EAGHSIREE B T E Phopyicns
R R L T RERALE G R S
SoRRELY BEBBRbebloteRha BRE Rk dhot I8 OO e
5095“8“5058 giggglggughgnvapor—phase catalytic oxidation of
isobutylene and/or tertiary butyl alcchol with molecular
oxygen.
[0056]

The vapor-phase catalytic oxidation reaction is
usually carried out by packing a fixed bed multi-tubular
reactor with a catalyst and feeing a raw gas containing a
raw compound selected from propylene, iscbutylene and
tertiary butyl alcohol, and molecular oxygen. Alsc the
reaction can be carried out in a fluidized bed or a
moving bed.

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

[0057]

The reaction temperature is usually from 250 °C to
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ternms of the standard tenperature pressure (STP)

[ 00581 Catal yst Made of Heteropol yoxide for the
Production of Methacrylic Acid 10 Production of

Catal yst The catal yst for the production of

nmet hacrylic acid according to the present invention
is a catalyst made of a nolding which includes a
plurality of columar portions disposed with at | east
on aps a b g Lan 5 i gh

o $p8ses B e EeRR Lo cBrasplre rnl BY) S rbAuced

?F&ééﬁ?{’é Bu Q'Héﬁé% g%ﬁdh@SeEF aCPLUBBA kpa. The
po

tirons olns t adj acent co unnar pOTtIOﬂS to

e %ﬁo&ﬁ@eéf t m&%%gpﬁ #Q?g?hSQS gfﬁnkgﬁﬂughto 3 mol

es surroun |ty O
oL SPSLOREPAVOGRe LA S0 RSy o o
oLy s FEap LT e, %ahthconﬁg"E?QSBtpbﬁr i

acrarnngBunae iy AHrage, FOREPY dkuRl; %Ssﬁstﬁg B8 o
43

é% ﬂf a heteropoly acid. The catalyst -
coi@ 3 is preferably made of an acidic salt

(PELLLRLLY a8y LR 2ot 3ol ot sl EpeLEoBEN ARV, or

YR8 nDEL et ROhY; ot d- 5 [0059]
Production of Catalyst

The catalyst for the production of methacrylic acid

according to the present 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
of which is disposed at least both ends in longitudinal
directions of a plurality of adjacent columnar portions,
and joins the adjacent columnar portions toc each other;
and which moding also includes through holes éurrounded
by the plurality of columnar portions, and openings
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
c¢ontaining at least phosphorus and molybdenum, and the

heteropoly acid compound may alsoc be a free heteropoly

acid or a salt of a heteropcly acid. The catalyst
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More preferably, the above nentioned heteropoly acid
conpound of the catalyst further contains vanadi um

at |l east one kind of an el enent selected from
potassium rubidium cesiumand thallium (which is
herei nafter 10 sonetines referred to as an X el enent)
and at |east one kind of an elenent selected from
copper, arsenic, antinony, boron, silver, bismuth,

'reamﬁeﬁgﬁktis PQferhﬁﬂghaQHH1BEdaﬁeabHH&EWEhih Wﬁartlally

her el ter so tlnes ferred to as a Y el enent

eacﬁhkﬁalﬁ £at ghygy ég EHEtﬁbEbﬁgpéﬁg H?dor hﬁsﬁo$g

osp orus, vanadl um the

EPSE%ngéf m%geléfnghyggﬁ HG?s?EQ”BF'iegggng9BEV

e rawma eria

neﬂékgggggggtgkxat 20 conpounds contai ning the

respec | enenfs which are to be contained in the
caﬁ@bggg for exanple, an oxo acid, an oxolate, an
oxi de nitrate a carbonate, a hydroxide, a halide

o0 T S BLoERREEIoEL VS B STRALE Ay, HEEL by
L?Zéﬁﬂaéaéé?ugﬁeogxﬁﬁg! Eapdafo B P b pothateaRearAPAG um-
oty RERt BRF B ChorfoRLRIATENFERrAEelr TFRR PrEgSSium.
RO, RIS A TR T R .
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
containing 3 atoms or less of each phosphorus, wvanadium,
the X element and the Y element based on 12 molybdenum
atoms ig preferably used.
[0060]
As the raw material of the above mentioned catalyst,

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

ratio.
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vanadi um oxi de, a vanadiumchloride or the like is
used as a conpound containi ng vanadi um Furt hernore,
an oxide, a nitrate, a carbonate, a hydroxide, a
halide or the like is used as a conpound cont ai ni ng
the X elenent, and an 10 oxo acid, an oxol ate,
nitrate, a carbonate, a hydroxide, a halide or the
like is used as a conpound containing the Y elenent.

[00611 I pokhexBmpIent ai BYeRbheRict Be ikawy h%%. Eieo%r the
the 15 catalyst are mXed in water so as tain an

aqueaus s Hssku 5% GO RLALBLRG EB%c%ﬁ\ngigi %‘ho%#ﬁﬁo%st .he

catalyst, and after drying the aque

f'h%&y%b@&eaE&H'”Q b%ly%%%%bed aOth glg%ﬁ%huﬁﬁc&ﬁﬁg zing

gas aftnosphere at a predeterm ne rmaanﬂe Such a

dr ¥bAgHARENA LA oks a0 Qr eher 2:1&&4 qar % qut b%oﬁgﬁa%a

drying using a spray ryer ter su rylng,

reEBhEQEhlﬂgd EEQQHEE % H&B%ﬁ?@ a a vanadate, a

predeternin pe as descri erelna

fobhﬂ%ﬁgumyoﬁ Lrst-§ gﬁgﬁl&hr HQOréh% %aEB%GHXR af%ehsed

suc ryrng, e'dried pro subjec
L (A
Ao ShAkR0 o IRt SNSRI, IOVISae or e 1iks
JiErers s OuHB"ssnﬁsﬂé 15, B 5 EleRRhEL " oo
ShQQS’aglaPhgﬁlgﬁglate, nitrate, a carbonate, a hydroxide,

a halide or the like is used ag a compound containing 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 agueous mixture, a first-stage firing is
carried out under an oxidizing gas atmosphere at a
pPredetermined 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
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shape, a ring-shape or the Iike using a nolding aid if
necessary. Wien the dried product is subjected to the
heat treatment (pre-firing), such heat treatnent is

preferably carried out under an atnosphere of an 10

oxi di zing gas or a non-oxidizing gas at a tenperature
of about 180 Cto 300 C. [00621 It is effective when
an aqueous m xture contai ning an amoni um radical (or

: . ! . . pm U '
| og), hélﬁ?h@??@ﬁ %%r#ﬁ%?%&?gF;§F% ”%Hﬁhﬁggpg%ﬁ@e%iatlvely,

the’ raw nat nd/or a

STERRLP SE9LAS 200 THRRAT, 38t o Bk v

the o n 'S no

Zgggegthggtt régﬁmgﬁ@téFESgkg??%gggénﬁthQPBQE”%QrFt-stage

ous m Xtur I'S subyecte e reat men
o L5L§ 08LCLn 20 AU, 0558, 81001 AL OBBr e
"L ERRREL Vo8 feoBbtad k%o bSoBEghall SR s Bilerica:
o TR L T S IR
SPBLEREEY, | MRS O USH LhEaabe ey Bitlecca, co che
out _under an atnpsphere of an oxidizing gas_at a_ |
orB8et of FFAEHeDEnyEPaT bLE P e henotRE PEAperAcAFEeRL 1o
raisep 9 19 a predelerined Lenperaiure pnder an.,
oxidizing gas or a non-oxidizing gas at a temperature of
about 180 °C to 300 °C,
[0062]

It is effective when an agqueous mixture containing
an ammonium radical (or ion) is obtained by using an
ammonium compcocund as the raw material of the catalyst
and/or adding ammonia and/or an ammonium salt as the raw
material, the obtained aguecus mixture is molded after
subjecting to the heat treatment, or the obtained aqueous
mixture is subjected to the heat treatment after molding.
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.

[0063]
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non- oxi di zi ng gas containing a predeterm ned anmount of
wat er, and then a second-stage firing operation is
carried out under an atnosphere of a non-oxidizing gas
at a predeterm ned tenperature. It is possible to
produce a 10 catal yst for the production of

nmet hacrylic acid in a satisfactory yield of
methacrylic acid with an excellent catalyst lifetine

by Ca”)"];}g & éseéﬂteslr?ﬂﬁeﬂ&?or?boé.’@tef'er?fé e drying

nol di ng, ring, tenperature ralsing an ring

OPELAL 1 ONSsn 15, [ L0 - %@Xﬁﬁﬂg% 9 ate68 18 dfried out

first-stage firing operation Is cont ai ni ng an

OXi, gl NGy UNSHANGE AD bt | 20 | IRLERL g s at @

oxygen contalnln gas, t he ‘oxygen

oﬁ&sé@étl.é/rrﬁ{r?é'ﬁatp suaﬁ%/é)ugtghds/ﬂa lix% erdCuflis raised

pure oxygen are gen source

OXId§ rﬁ%&dé%@%ﬁyvéﬁl¢%é§%|rs @nuﬁ@ tagagtmg- h?re cf a

g gas used. -Stage firing op I on

ITDI £ uﬁéeﬁnﬂ% rﬁesfa{era ?gt%llﬁ%/ft%o%r/%/g%%/g% doé'P"‘i%t of
wolsture 0065]_ The tgggera%ure

fi rsat St ag-m:}lt-frl1 n% aOpera I|m})n 7 om 300° @fath% JCs

d f bl
PR ARy a2, C%fe%@%h?ﬁ.%fg P Gigizing gas at

300 %rec?eterretr?ﬂ!let néetggéxa;.tyéxt'e.so@ I:Lnse possible to produce a

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. |

[0064]

The oxidizing gas used in the first-stage firing
cperation 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.
Air and pure oxygen are usually used as the oxygen socurce
and are 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 % te 5 % by volume of

moisture.
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shows insufficient activity. In contrast, when the
tenperature is higher than 400 C, since the catal yst
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 C or

hi gher under an atnosphere of a non-oxidizing gas
con duing a predet er mi ned anmount of water. The
non- OXIJIZIng gas as 15 used herein is a gas which

does not ﬁyg%%éﬁéyﬁéo& CINN m@gl%i&gé@gfﬁpﬁé%@ratlon

such as oxyge and ‘exa es thereof

'n9£§ﬂf nefdo a@%%ﬁ ?gke T%ﬁéggfgfergﬁi O Gho¥6flesc to

hel gon and ntent of water In

Lo AR G W St bl oo %’Z’S%‘% tiring
Whe | h
Wen, Lhe SRER A0 %oﬁét . %%%”s%o‘%%g?ﬁ%u diTet! BBnetines
t t Af t th t
235%%‘2%&% gg%%h%nt Act{y Zgéﬁ?ﬂo fl.rfﬁg&%f%elfda |Qﬁ"hen the
t t h 8
bt o e efaom%ﬂﬁeilr%? *sih e%?% ﬁfz Egguﬁi%

C Waen_ t he t t f the d f 5
s %taeémﬁaﬁg BLee%  FuSvastieRhE CaTar, o ke ros

[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
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 aé nitrogen,
carbon dioxide, helium, argon and the like. The content
of water in the non-oxidizing gas is from 0.1 % to 10 %
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-

stage firing operation is carried out under an atmosphere
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shows insufficient activity. In contrast, when the
tenperature is higher than 500 C, since the catal yst
is likely to be deconposed and sintered, the
resultant catalyst sonetinmes 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, dﬁéﬁ”& c.lii’zntl% %%@ 200y 6pr 888 L 11 HOA- OXhPE b Blre .

gas used In t e 15 d-stage firing may contain

wat-fle Qg @ﬁ S GPOtSE N RO sdRLRE- s Vg ﬂ@%fﬁ?'éperatlon is

contalne e content of water is Uusually TfromO0.1 %

to Elo n@?afo %6g§,5g d°@re£1?§a]?f¥fé{'£’ﬂlyof§om §9050¢ to

by vor Each o Iring tifres i1s

appy gﬁ&gt e'%é@ﬁ%%@g&ae&y%@'ﬂ% femBaUtade firing

hour D hours tenperature raising tine is

USUfélyowéanﬁgguiog 5ch°Hﬁ§ réguigaﬂeuéétaigstssomet1mes

preferred to carry out thé firing operation

tenperal urﬁsu?kfé{]gnepgééﬂﬁg Whi 4.2 golsnth.Lagé/\i‘. NAh&y t?rﬁb

atnnsd%ere gas upon suc Lti I on, 49  whi

o et TSkt iy i, SRRt
gggﬂ]'g,gfgg°”§%§§g§m£gé'? 3383’ B9t DAY Bb8lant
catalyst sometimes shows insufficient activity.
[0068]

The non-oxidizing gas used in the second-stage
firing cperation 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
second-stage firing may contain water or needs contain no
water. When water is contained, the content of water is
usually from 0.1 % to 10 % by volume, and preferably from
0.5 % to 5 % by volume.

[0069]

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. It is preferred to carry out the firing

operations or the temperature raising operation while

flowing, as an atmosphere gas upon such operation, a gas
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Production of Methacrylic Acid Methacrylic acid can be
produced in a satisfactory vyield by vapor-phase

catal ytic oxidation of at |east one kind of a
conmpound sel ected from net hacrol ein, 10

i sobutyl al dehyde, i sobutane and isobutyric acid with
nmol ecul ar oxygen using the catal yst nade of the

het eropoly acid. [0071] Methacrylic acid is usually

j d
pfqﬁ:k’fﬁ:g g%oggcﬁée %?g%e}é £hxgds Q@gaemcy%é dEQd e of

catal yst and feeding a raw

gastlgg Nf2L0L ”Q%é‘clqé a%tf?ﬁ@ Oﬁggraé‘i‘gn O ¥ Qﬁgntﬁé Ockigiz ing gas

fi xed bed reac reacti on c e carried

out +$y é'gégbﬁ&dsP§€ eOFifin Méfﬂ Eﬁ% ﬁ%ﬁ bRidizing gas

usua used as an en SOU € raw gas

mdgnéglpe sa8sgQnponent s other than the raw
conp

nd”and oxygen, nitrogen, carbon dioxide, carbon
nDnE bgg steam and the |ike. [0072] Wen nethacrol ein
%s the raw material, the 25 reaction is

usug g?%ei%%e%¥o Fﬁacr EQeAgggdltlons of - 50 the

concen eln fmarawgas of 1 %to

10% by v the. nol ar .ratio_of ox
nethacroﬁg?ﬂga%¥yﬁl?oa%ldtﬁ%no%% gg?ty of satisfactory

200/ oY% L9 20000kt STELDORLE) LT BACDECH: romt cne
preﬁfﬁéeogfaoé%mggﬁné selec@gg'from methacrolein,
isobutylaldehyde, isobutane and isobutyric acid with
molecular oxygen using the catalyst made of the
heteropoly acid,
[0071]

Methacrylic acid is usually produced by packing a
fixed bed polycyclic reactor with the above mentioned
catalyst and feeding a raw gas containing a raw compound
and oxygen intc the fixed bed reactor. Also, the
reaction can be carried out in a fluidized bed or a
moving bed. Air is usually used as an oxygen source, and
the raw gas may contain, as components other than the raw
compound and oxygen, nitrogen, carbon dioxide, carbon
monoxide, steam and the like.

[0D072]

When methacrolein is used as the raw material, the

reaction is usually carried out under the conditions of
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Met hacrolein as the raw material needs not to be a
high purity product, and for exanple, a reaction
product gas containing nethacrolein can al so be used
which gas is obtained by the vapor phase catal ytic
reaction of 10 isobutylene. [00731 Also, when

i sobutene is used as the raw material, the reaction is
usually carried out under the conditions of the

'%g%}(% xoattic?rﬁbélf qﬁ@tl’la{]cf'gfe{x?\’\irgaé Pg.w 48 dP1 s to
0 y@y ume o e steam conce r?tlon IP e raw |
gi‘ilgdé% % ‘9%12%@68% /e%ﬂég oﬁfé’#’%?%%f@ P & daspggrotetn
ZSOOA%O‘{[ 8%’ ?f'%)an%p%%e reac s%% %f%@ﬁ)?}‘é&%f%&iﬁ@&g hour
Lo (‘sal\ffgsa 1%62&(&. Sxoga(%é/{c!)r? é‘&%r\Trg %(tﬁf%bgé Y2, 068YL§ 350 oc

al e use raw eri al e sane
fi S T o B et 70 7 Syl o'y’e"“??)%f%

MR iR 1 L%?%B@i?e “rt e Frith e iy t%hl?%ha high
'W”féw“%t % Rl e o S S%L%”?S%ﬂis EfStuct gas
S B 0S APRA iE

thalned by the vapor phase catalytic reaction of
isobutylene.
[0073]

Also, 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 %
to 85% by volume, the steam concentration in the raw gas
of 3 % to 30 % by volume, the melar 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 °C to 400 °C
and the reacticon 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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adj acent columar portions to each other; and al so

whi ch includes through hol es surrounded by the
plurality of columar portions, and openi ngs fornmed
on a peripheral surface by a gap between the adjacent
col umar portions; 10 the nol ding containing an
alumnumtitanate crystal. [0075] In the present

i nvention, the nolding containing the alum num

titanate- ﬁ,@%%f Y3d Be | nPIOMEER Wl ddih £5 a molding

nol di ng o ram1n1 ture alns an a unlnum 15

S o WLy "H?iu&é‘g & %&9&‘ Sé?f”&?lmﬁ‘gz?rlaoéf‘goﬁé‘edlsposed

m Xtur a magnesium sour

DOWQ QQQ 15%5'llﬁgr%%ﬁfrgﬁdpgmggh%%e oPPI?élwhlch %s

COﬂ alnlng an anat e crys

; :aélslac%%'% Dt PR o %f ol PR heP RS dhkgteions o
t e .al u

b
eXé%EﬁEP %ﬁ%%+ ah$¥|$§% t%P S@§¥a$°%§%%€?yaggd j8ins
| tit t d/ h .
T R 30RRS| SOLAEGRE ROBTHOBE e SASRL ?ﬁeeﬁ‘ﬁé‘@% "ad§ whicn

[0076]. - .52 _The ab ti oned
|eaJsI%<111f<?%%n'flaﬂﬁ$ HFLFT nE T AT SRR S R FRbLLY of
cont magnes

ddi t to th | t
and S PTBh PO PR S, RHRLRE g ﬁm%%yoraommlpheral

:Lgsn%#q?%%:ﬁ)g;%tggggo‘ggél tggltné aaéjac @cgfgtgrelgr portions;

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
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
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.

[c076]
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contain, for exanple, zirconium tungsten, cerium
sodium iron and the like. [0077] Al um num Source
Powder 10 The al um num source powder contained in the
raw m xture used in the present invention is a powder
of a conpound which contains al um num el enent
constituting the nolding. Exanples of the al um num
source powder include a powder of an alum na

(a|U”inunTﬂgjéﬁbvé“ﬁgﬁﬁloH@§ ﬂéﬂ&{ﬂét@$négiﬁéoét least

alum na includes, for exanple, y type, pseudo y type,

5 tﬁ%@én£hﬁy§ﬁa &4 Pﬁumpeiﬁﬂgmtg i¥B@Cso %%ti%@@ 888t Kins, in

type, and al so may be anor phous 0078 e al um num

SO%&&&l@P eEo“éﬁQsé”e%£§Cﬁ£§§eﬁé EQsig%GQﬁ&OE12F¥oH?

a power a conpound I'S CO vert Into um na

|nc$ﬁ£éﬂg&ﬁ% Q€ ﬁﬂthé ?E%gnﬁé Sc8£t§9ﬁh 188%H9§”9tner than

ude an a uh1nun1sa n a un1nun1a| OoXI

[00 ?&%% anuHEtﬁé$%gsqunéH&n§f?gcgﬂeahakglso may

un1nuh1sa be an al um n

| NOLGANL £y S a%ér exéﬁ?l :%199oh98$9a9hﬁgéﬁéﬂ 8ér§Pm sodium,

al uni num of ganr c"sa an organrc

exafggg ﬁﬁ EQ fiﬂg1nun1|norgan|c salt include

alun1nun1n|tra es such as alumnumnitrate, 5 al um num
annPgbnynltrate and the |ike; al um num

Aluminum Source Powder

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
crystal form of alumina includes, for example, y type,
pseudo vy type, & type, 8 type, o type, p type, n tvpe, x
type and x type, and also may be amorphous.

[0078]

The aluminum source powder used in the present
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.
[00792]

The aluminum salt may be an aluminum inorganic salt
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car bonat es such as al um num anmoni um car bonate and t he
i ke; alum numchlorides and the Iike. Specific
exanpl es of the alum numorganic salt include

al um num oxal ate, al um num acetate, al um num 10
stearate, alumnum|lactate, alumnumlaurate and the
like. [00801 Specific exanples of the al um num
alkoxide i ncl ude aluninun1isopropoxide aluninum

th% #g}ﬁﬁg} € ut oxi ; ;

ert- utOXI i QT % S%SQ?G% 11 T %%?%ﬁn?alt with
gfor example, an alun1nun1hydroxide

mﬁ?% a:%ﬁaﬁ?%l §§pé such as gibbsite type, bayerite

type, ”Or%é@ﬂjié Sl e0osi e 1105, §ihnic salt

boehm te e an anorp ous

R DB, 10 St
obt.aj gec iy 4 he(rgrgl £ing %@an% & g Oie SPLEL | 000 Aum

wat et i as-an al um num

e. or

fS'c)%azﬁb%aE%%" %&“%%eﬁ %%an'anam'a%n%%% “Ghthphe and che

G AL IS B e 2o, 20
ConblnatlégEleic eéngles of the aluminum organic salt
include aluminum oxalate, aluminum acetate, aluminum
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.

[c081]

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
aluminum hydroxide.

The amorphous aluminum hydroxide also includes, for
example, aluminum hydrolyzate obtained by hydrolyzing an
agqueous solution of a water-soluble aluminum compound
such as an aluminum salt, an aluminum alkoxide or the

like.
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Among 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 10 inevitably
contai ned in the manufacturing process. [00841 There
is no particular limtation on the particle dianeter
of the alum num source powder. Usually, it is
pos?bg%g]to use an al um num source powder having a 15
particle dianeter corresponding to a vol une-based

cumul ati v p@ﬁ&ﬁ%%éﬁg?ggﬁég%%éﬁéﬁ)’ageéﬁérgﬂuﬂ¥nﬁﬁesource

| aser diffract a range fromO.1 pm

Egéﬁgg?gp] o) nggﬁgfgﬁég%ggLﬁQg}ﬂepHEEQ §90931 ¥h Nalso two

Icl e  dianet ér e al Um num sour ce’ powder

'S 8PT$3£%?Q%%§9aﬁg%?E$ffﬂé%eéénﬁééd Yﬁt§6m99hgkﬂggé

capaci NUM Source powder deteriora
in !@6 gglding such as granul ation or extrusion, and
t hu |? econes difficult to npld. In contrast, when

the partigle dianmeter _is.|less %h 1P @% wder
o 1 Tel yEiEnd ) SIP0F PeToster o8 Bhatida DR eRE BF!
becone dif;#cult tg hgﬁdlg then‘gowcler.r - b5 eLOO&ﬁ%ﬁ
TheP5F IRT HonY sBtrde® Potder “H8BH TR PRETBFRRKTST -
inveftion may have a single-nndaltgarticgeaggagg%egnent
di sTtFBEE BN o4 6F - ROUAFT pSPRi CPREAT Bt F P
di strlDutiona 5. oL aa-partigle, di,ANELer : RRak, IDLE ¢ Ban
inevitably contained in the manufacturing process.
[0084]

There is no particular limitation on the particle
diameter of the aluminum source powder. Usually, it is
possible to use an aluminum source powder having a
particle diameter corresponding to a volume-based
cumulative percentage of 50% (DS0), measured by the laser
diffraction method, within a range from 0.1 pm to 100 pm,
and preferably from 1 pm to 60 um. When the particle
diameter of the aluminum source powder is more than 100
pm, 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 c¢ontrast, when the particle diameter is less

than 0.1 pm, the powder is likely to float in a vapeor

phase, and thus it becomes difficult to handle the powder.
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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 satisfies
the 10 above nentioned range of the particle

di aneter, a comercially available product may be
used as it is, or an alum num source powder
satisfying the above nentioned range of the particle
di a 6§$]nay be obtained by subjecting a comercially
avai l ablTe al um num source 15 powder to a treatnent

such o SO QLM CEAFH Do LPSSLEACEN O pregen:
oL e RS %A L8 U SRR W SORL R0

e EeE Barob o L HAEET pRFEIRAR L AHSlOF ABLELTBuc ion,

: : de. £ ih . . d .

 nPhdb BT aHT L TTO58e orah ToTt oAat HifG ggrgsiped

titani ] id dthe -.56 like. Ampng.th e

{1 ST U %, HORS ' £7 - BP uRCR ToN: Betree BraReFaprpioties the
. _Ex I f.the titapi I ' i,ncl

o TR TR SRTCRsTORR GryEhal PTHEE SLBhUE ahat ase

5 tY8386futile type, brookite type and the |ike, and

t he

As the aluminum source powder which satigsfies the
above mentioned range of the particle diameter, a
commercially available product may be used as it is, or
an aluminum source powder satisfying the above mentioned
range of the particle diameter may be obtained by
subjecting a commercially available aluminum source
powder to a treatment such as comminution, cracking,
clasgification, screening, granulation or the like.
[0087]
Titanium Source Powder

The titanium source powder contained in the raw
mixture is a powder of a compound which contains a
titanium element constituting the molding and the
compound includes, for example, a powder of titanium
oxide 

Examples of the titanium oxide include titanium(IV)

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

- 56 =~



10

15

20

25

titaniunm(lV) oxide may al so be anorphous titaniun(lV)
oxi de. Anong these titaniun(lV) oxides, anatase or
rutile type titanium(lV) is nore preferably. [0088]
10 The titanium source powder used in the present
invention may al so be a powder of a conpound which is
converted into titania (titaniumoxide) by firing
alone in air. Exanples of such conpound include a

titapum %ﬁﬁ\lox}q tt]r?esae L 14 eacl}l&‘%%%%j ’th;a[ﬂnﬁ?{iw oxide is

hydroxi de, anium ni ani'um su

o EEp &%?2‘3. um sal t | nel ude - 20 ¢1 tani um
LLI?PLS“?%%éi (e SRR, iR Witk

Ui tah %%ﬁv?rfwﬁfh%ﬂ SRt ﬁ?%k??%”ﬁ%ﬁ%ox.asﬁl 2s anatase
ORIV 2P o 2 e "B D14 o8 e
anc CHSTHREEY) [Gi83 TAY (R seﬁa?ltaée%%‘?ﬁ%%ﬁ% bhE=gEophay

al ot 8 AR RS S R i e By AR 95

CO”PLQEiéOQype titanium(IV) is more preferably.
[c088]

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,
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
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)} isocbutoxide,

titanium(IV) n-propoxide, titanium(IV) tetraisopropoxide,
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[ 00911 Anong the titanium source powders, the titanium
oxi de powder is preferably used, and titaniun(lV)

oxi de powder is nore preferably used. The titanium
source 10 powder can contain a trace conmponent which
Is derived fromthe raw material thereof or

i nevitably contained in the manufacturing process.
[0092) There is no particular limtation on the

pafé}{x?iéte 1§orﬁﬂ:@1’fi‘?&§?ﬁ?&ré8€ Lh&aphum spurce powder.
Usual 'y, 1t I's possible to use a titani umsource
pom@§69 ?ving a particle dianmeter corresponding to a

vol une- based cumul ative percentage of 50% (D50),

nmeasur ed ﬂé{oglggp%f%%é%d%ﬁé%%x??é@tbﬁ ’tﬂéﬂiﬁnasource

range from is preferred to use

P e T S8 Pl OPREE A Y, nP Mo B8, [ 28%ewo ox

ef fn‘%‘&"’}‘é‘lé{?é“&%?ééf W&%eﬂé.gée Iy ngt:iztu%{:fgﬁt.e |

generated at randonmdurihg firirng so as to form nore

ho ?@QEPUS structure of a alum numtitanate-based 25
al ™

cry Formati on of nore honbgeneous structure of

o reauce SR TN RQREE RoVdRER B rt RhpEEum

e and anica

t h. Th titani ' .
SxITBRIS BORehobtl - BEFTRELE Wafer SP3d SEPTEOR(BY) oxide
When using. t he ti;aniyn15bfourcedpowﬁ$r N ich exhibits
thep%w_%dJa$ l'B%??IE:F% eraply used. e lcanium source

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
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 pum to 25 um.
It is preferred to use a titanium source powder having
D50 within a range from 1 um to 20 pum. 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

crystal. Formation of more homogeneocus structure of the
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di aneter distribution, the particle dianmeter of
particles which forma peak at a |l arger particle

di aneter, neasured by the |aser diffraction nethod,
is preferably within a range from20 pmto 50 pm 10
[0093] The node di aneter neasured by the |aser
diffraction nethod of the titanium source powder is

not particularly limted and may be within a range
O G Bl 91:%9 eélbaéQ&%}yééaf eah@hrsa&ég 9& Fb8uce
content of t um num sour ce in terms of

A12§§a£@éﬂnlﬂaﬁe£€ti@éﬁsﬁ n&@e ﬂ&'&é8haﬂlé99r§€réﬂﬁgﬁr The

in terns of TiO2 Itanl a raw m xture i s

gﬁ@@i& aQé&?éSd?era%*ysﬁ? % %£H1b§gs6§ bP-mogal

nDre pre :55. 20 It
RS (Ve t
' heniposaisydbes e 000 Lon o lpsal A ot

sougggr@ggggwdéé gERSLYEL X oL ebAliNgal obhE o

al um num sour ce above range

Séé%”&§?9££8u€? ertheo&ﬁrgyg%%a&ﬂ&%é£g£eogagart1cles

con aln a rragneS| um sourt € nmagnesli

u¥ﬁfbﬁofgﬁﬁ é ga£o§€e£ f% Onsﬁ&?@#Q?e“ﬁ#%ﬁeter measured

arns a nagn 'um el enren 'ng
. d'dg' e aPQSSH031PP¥Qe£1' ncy e hocahgor egré‘EBL bi(ljg "yPthin a

o]y a_ powder— o nagn Si I Om oX
My %ange from 20 uym to 50 pm.
[0093]

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

A molar ratio 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 to 45:55.
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 socurce powder within the above range.

[0095]

Magnesium Source Powder
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a powder of a conpound which is converted into
magnesia by firing in air. Exanples of the latter
include a nagnesium salt, a nmagnesium al koxi de, a
magnesi um hydroxi de, a magnesiumnitride, netallic
magnesi um and 10 the |ike. [0096] Specific exanples
of the magnesium salt include nagnesium chloride,
magnesi um perchl ori de, magnesi um phosphate, magnesi um

pyrOphOSpﬁﬂéera@ﬁﬁf§§ufg1ﬂéﬁl@$§ta£§ Hog0estdMim source

nitrate, nmagnesium carbonate, magnesi um a eta e,
9?@§&@P“S“@Hé“ JBRONGS | d S d e TBUNES
ac rragnesnlf‘alﬂn st ear at e, & &%"gc? um sal | c%er of a

naga@ﬁp y?“Nﬁiéﬂa&SntQ?ﬂQe%gﬁE%ﬂéHEQHaéf mgﬁgnééhggltutlng

di met hacryl ate magnesi um ate and t

Ing?%é £$Tﬁi£ ¢ §%&”Puﬁ%xﬁéwégf fﬁ@f&éé&”’ﬁb?oékgﬁ le, in

de rragn si um net magnesi um et hoxi

5 tf“%éaf€1on[989§]3 &Qrtgf %%ﬁﬁg%f% & Qéfﬁﬂso§98 MgO),

al um num sour ce powder , source po

and, aﬁ'sw@wé'gnaorﬁgougguwﬁfcﬂoweemg ppLa" s £l Ruhessa

the um num sour ce 'nterns

T ldg}m()?f%u{lﬁ %H.a he%}éﬁ'ﬁpslo% e I |n tercr?ué)e a

raw-m ure IS pre erar}
TR R LR S
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.
[00928]

When the raw mixture contains the aluminum source

25 powder, the titanium source powder and the magnesium
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[0099) It is also possible to use, as the nagnesium
source powder, a powder of a conpound which serves
both as a nagnesium source and as an al um num sour ce.
Exanpl es of 10 such conmpound i ncl ude magnesi a spi ne
(MgAl 204) . When the powder of the conpound, which
serves both as a nagnesium source and as an al um num
source, is used as the magnesium source powder, a

mol go,F&d i §b§ﬁefhe tﬁ%f%r ?tigeoﬁl £ YRS PHGR Esource

pomder interns of umna) In 15 1n the raw
m nﬂnta@ifé &P”@PQﬁnQa“gmﬁﬁﬁgstgftﬁ%29§ta ium source
(aI n1na cont al ned hé powder t he conpoun

Lﬁé\udéﬁ“’r‘?%@ﬂﬁé‘ 36 Bi JRONSS R S0UNE 13l £§Irr?ﬂcture is

num source to the tltanl um source po
f hia.
il bilen et a el bl e gt s
Oﬁé‘%é‘loet rd2e P01 [9%819146”66h€op{<§5€§‘t  nvent { on,

FURY SOUT & , oné Kind thereof may
Eggggﬁlone and two or nore kinds thereof nay be
use conbi nati on. The 25 nmagnesi um sour ce powder

t t
??gnfgﬂea#g 5 rgcedﬁggﬁgg %ft%ruslheV|tgﬁ?léaggégfﬁgdsource
th factu 11 Th
park P oy 19 TrHRA T Bt cromRe . terd Securd BPh of o

the na nesi um sour ce wder . al it is
Igesf’um source alqg as an af m:l. am source. Examples of

such compound include magnesia spinel (MgAl,04). When the
powder of the compound, which serves both as a magnesium
source and as an aluminum source, is used as the
magnesium source powder, a molar ratio of the total of
the aluminum source powder in terms of Al,0; (alumina) in
in the raw mixture and the Al component in terms of Al;O;
(alumina) contained in the powder of the compound which
serves both ag a magnesium source and as an aluminum
source to the titanium source powder in terms of TiO;
(titania) is preferably adjusted within a range from
35:65 to 45:55, and more preferably from 40:60C 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

magnesium source powder can contain a trace component
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possi bl e to use a magnesi um source powder having a
particle dianeter corresponding to a vol une-based
curmul ati ve percentage of 50% (D50), neasured by a

| aser diffraction nmethod, within a range fromO0.5 pm
to 30 pm 10 D50 of the magnesi um source powder is
preferably within a range from3 pmto 20 pm and

t hus nore honpbgeneous structure of a magnesi um

a'UH%PHH“iét38ﬁ£§%§a§§9mCEM§t95w fidPePeal OLAEHeor or

Format 1 on onbgeneous structure contributes to

red é+9€ B UQSH?%ES?gl%glﬁﬁét §ﬁak§&@a£§n?1§ﬁaegss.

ani cal stren ratio o
cont pf the nagnesi um source powder in terms of
fnagne3|a) in the raw mxture to the total of the
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A1203 (alumna) nrum source
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diffraction method, within a range from 0.5 um to 30 pm.
D50 of the magnesium source powder is preferably within a
range from 3 pm to 20 uym, and thus more homogenecus
structure of a magnesium aluminum titanate-based crystal
can be formed. Formation of the homogeneous structure
contributes to reduction of unevenness in heat resistance
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
powder in terms of Al,Q; (alumina) and that of the
titanium source powder in terms of TiO, (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

the content of the magnesium source powder within the
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acid gl ass phase conposed mainly of an al um num
titanate- based crystal to be converted into a
conposite. It is possible to inprove heat resistance
of the nolding by mxing the nolding with the silicic
acid gl ass phase. 10 Exanples of the silicon source
powder include powders of silicon oxides (silica)
such as silicon dioxide, silicon nopnoxide and the
I|k %ng 1 The silicon source powder may be a powder
of 2 q conp dund which is converted into silica (Si a2)

Fbibgg in air. Exanples of such conpound include
SI| crc acid S|I|con carbide, silicon nitride,

Silj cgﬁ % c% ? éggn tetrachloride, sil!con

ace 20 sodiumorthosilicate,
S|I|cone {e3|n felds ass., frit

l fib
the. 11k Tt el Pabig Afloe: fenrdt 888t oFhe (RE-

f d frit
?ro?@f’ﬁ?‘é¥%r%\%ﬁ?p%‘§‘é‘gefn°€ £vFaredlty gpfcl B8imb al siticic
i ndust ai avai | ab|I|t¥ and st abl g gposit#on" The £Panate-
gl a%%l rft3RRaRR PP akY B?Sﬁ‘év\ﬂ%i% \ 2ot AP hBEM LY L

gg comi nut i on ofbg also preferreg to Tt 1
age thesketiton oﬁ?B‘éeBBﬁﬂeimta %oﬁﬂ‘&?"ﬁﬁ B oflh 18

t th dth I f
\T%)éﬁg%ﬁﬁb{f £ 1PPTOTS Tiedh renbstende: i hhel Bpading by

mixing the molding with the silicic acid glass phase.
Examples of the silicon source powder include powders of
silicon oxides (gilica) such as siliceon dioxide, silicon
monoxide and the like.

[0104]

The silicon scurce powder may be a powder of a
compound which is converted into silica (SiO;) by firing
in air.

Examples of such compound include silicic acid,
silicon carbide, silicon nitride, silicon sulfide,
gilicon tetrachloride, silicon acetate, sodium silicate,
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 easge of
the industrial availability and stable composition. The

glass frit means flaky or powdered glass obtained by
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(or deformation) point of 700 C or higher are
preferably wused in view of further inprovenent of
heat resistance of the resultant nolding. In the
present invention, the yield point of the glass frit
is defined as the 10 tenperature (C) at which the
expansion of the glass frit stops and then the
shrinkage thereof starts when measuring expansi on of

Mocreh Iﬁ'ﬁli’l‘%nmy gi%sr%/m I om%ﬁdjéﬁéﬁéﬁpﬂg b @8

to uUse, sfflégﬁ 8&&§ée“g¢&&e£°f93 Bﬁgerg#éﬁé éf'é ﬂlxture of

common sSiITrcic acid Ss coht ai IClIC

(5584, 8538004 PuRgIOAREDI S50y muss o rore 1

conpone e common silicic acid
glaf Pe gl ass which forns the glass frit may
contalrn,” 20 as ot her conponents al um na (A1203),

L7 i Mo PLEE LB HR L s
st T S gmwﬁe R
Sourts BBWELT" ShorRF HRCT nbPEET M beOhsBHLAl RELSCance of
o140 B TRCE KLDMR LTl B b e e e
taaimpte i iRig i
temperature (°C) at which the expansion of the glass frit
stops and then the shrinkage therecf starts when
measuring expansion of the glass frit from a low
temperature using Thermo Mechanical Analyzer (TMA).
[0106]

It is possible to use, as the glass which forms the
glass frit, common silicic acid glass containing silicic
acid (Si0;) 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,
as other components, alumina {Al,0;), scodium oxide (Nay0),
potassium oxide (K,0), calcium oxide (CaO), magnesia
{MgO), and the like. The glass which forms the glass
frit may contain ZrO; so as to improve hot water

resistance of the glass per se.

[0107]
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in the manufacturing process. (01081 There is no
particular limtation on the particle dianeter of the
silicon source powder. Usually, it is 10 possible to
use a silicon source powder having a particle

di aneter corresponding to a vol une-based cunul ative
percent age of 50% (D50), neasured by the | aser
diffraction nmet hod, within a range fromO0.5 pmto 30

pm ﬂC@Ee g@neomé 9a£>5 Mmc raa fce

from].l mnto pmis pnaera y use andt

f I h '
: #éﬁrovedéﬁg %é @thé fnﬁ% bo%;Sﬁé&méﬂbﬁ%gag?aagwo or

aln aftire avi ng

We@ﬂ@ﬁ%@my R0kbor 30, NEat LS $LaB6EN: LOLOGL  2fhe

e raw m ure contal ns um num source

pom@ iicégeséuégglﬁ%%égyrggnpgggg%h Q £P§c§ Lbﬁﬁgnent which

source al uni hum So

Sou%géd%ﬁhdég Pﬁo& %ﬁ%éggy(ﬁagg}ngitégli?gvitéﬁfyugbntalned

m Xt .ur |s re 25 ad usted within a range from
35:85 T i%ggg,a ﬁ %%gepro 55 preferably from 40: 60
to 4@ ?% A nolar ratio of the content of the

h&E7 % sour ce powder in ternms of MJO (magnesia) in
the rawr?xturet()the t ot al num

he |
ponder | RS Tt RATSHE ¢ SHAT nbd TSI SOR Rt F R GRF Lole

Souélam gggeéf Qhéeél 1g£nng§réélégQég} Si‘Jsually, it is

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 pym to 30 pm.
A silicon source powder having D50 within a range from 1
pm 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]

When the raw mixture contains the aluminum source
powder, the titanium source powder and the silicon source
powder, a molar ratico of the aluminum source powder in
terms of Al.0; (alumina) to 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 adjusted within a range from0.03 to 0. 15,
and nore preferably fromO0.03 to 0.12. [0110] In the
present invention, the content of the 10 silicon
source powder in inorganic conmponents contained in
the raw m xture is adjusted to 5 % by mass or |ess,
and preferably 4 1 by nass or less, so as to obtain a
nDIding havi ng sati sfactory nechani cal strength and

ef&é@?”ﬁ:‘?om The. ONLEN 5 0bs L hgy %ﬁéla@r}ca&gx‘t{ ©* the

nor gani ¢ conponents cont al ne

S Sl S L iy s g8

Contr{ﬂaf [ £5) CORPOROS, W, £0: G201 £ ntﬁtepsetﬁ 881 Ehe

1'ng, are p cal
S8 RAWES" ang

wd h
the qgﬂ%@ﬁﬂ%$§%€$é%§%%ﬁﬁetﬁ g%t ﬁgfg 1€oA source

1t1 -
b| n ‘?stl %‘r’t“ﬁa‘ﬁ?gl\:/g%lé ‘?%?z%?s g{ﬁ?s%émgn%@a gen%ma) is
t d th t {
oS é‘ﬁw‘ﬁwém Sonpohenss SxSa e Q? §8"b%1s, ana
|ncluded VE tf ont ent f th@ %|ICOH -
souPTE® Pt TR TP ho g% n'g hent s cont a| ned in
t he raM/ xture is nore than 5 % by mass or |ess than

2 940 sati sfactory nmechani cal strength and

heat reS|st nce nmay not, be obtai ne 111
e present 1nvent£on, ghe cégtenl of the

silicon source powder in inorganic components contained
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
the inorganic components contained in the raw mixture ig
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,
the titanium source powder, the magnesium source powder
and the gilicon 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

are alsoc included. When the content of the gilicon
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When the raw m xture contains the al um num source
powder, the titanium source powder, the nagnesi um
source powder and the silicon source powder, a nolar
ratio of the al um num source powder in ternms of Al2(3
(alumna) 10 and the titanium source powder in terns
of TiA2 (titania) in the raw mxture is preferably
adjusted within a range from 35:65 to 45:55, and nore

preé@ﬁﬁ@é¥p5ﬁ§§}49h69héOiné?%ééicAbHHﬁ@ﬁeﬁeéieoﬂﬁagﬂgd in

content of" the magnesium source powder In ternms O

i i t 1 ) t f
twgg;l{ﬁ@ék@%mtwe D& h¥e 1onah¥E u%%%?m%%%()%? #Ls8fthan 2 %

al um num source pomder In terns

e a _powt :
(Tﬁ(gw(r@l sand.fhesLit A ;&gﬁﬂgnggafowfén th LeaMReQf

ahia? IS pre justed wt a range

f 0] , bly f 0.03
0 1500 Y BRI Y o S i Vary o

t he GP ex oxide such as the above nentioned
naghe3|a spinel (MAl 204), a conpound contai ning two

or nmore netallic figgﬁg%??g%n8§%%8fﬁgt§héh&i&ﬂingﬂnggurce

titani um “araninum Nagnesi um can
used i s

Ui L1 LEAEL Al oL  ERECpabhe 8 ource
T e LS L Ll T L RGBS Bk g gt o
cont.ent ff t he algginun1so rce. m erialb t it% iuqba
S CHEF celvmtaFn ar ST TE RAGHRE  H SotPEeofutbrda G Toa)
the.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 MgQO (magnesia) in the raw
mixture to the total of the aluminum source powder in
terms of Al;0; (alumina) and the titanium source 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.
[0112]

In the present invention, similarly to the complex
oxide such as the above mentioned magnesia spinel
(Mgal;0,.), a compound containing two or more metallic

elementg as components thereof among titanium, aluminum,

silicon and magnesium can be used as the raw powder. In
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silicon source material is adjusted so that a nol ar
ratio of the alum num source powder in terns of A1203
to the titaniumsource powder in terns of TiQ2 in the
raw mxture is within a range from 35:65 to 45: 55,
and a 10 nolar ratio of the magnesi um source powder in
terms of MO to the total of the al um num source
powder in terns of A1203 and the titani um source

pov@gs '%g@r oéaglkgl%éﬁs{%@r%q%ﬂ%ﬁ(tgﬁ&ﬁ'éorwg&!ﬂh@ is the

a range 3'to 15 The raw mXxture

mays S0 ta?é naq'!lﬁgll. c%f)tt_m& %%W%@@@é%&@% metal

tltana e per se an exanp magnesi

%\Pﬁ'@é téé c?ﬁr?dés lﬁ%%%da%na Q:'ilrc‘tdog'}éq_@eractq'mpneé'gch
ure

e raw m magne3| um al um num t1 tanat

Cor &?@@A}g Sof O e T ARG ?&u:‘.@é Gl SELYE a%hél titanium

tltanl O 'source, as an alum num SOUTCG an

SR ROy [%*éﬁr%%gl?%gﬁﬂﬁg%%%%?%e@%lr% the
i nvent i On her e jes no art |%¢l| ar

unﬁﬁé‘.ﬁ% Trfe fb%’f?ml teq §pfhat a molar ratio
t
POt AR indl AR RN %ﬂ p“a?%'r%ﬁgg SRLisr £h0che
di t based | t
of GHoAT EB) SOWESS (PREEDy LR NeS FRE fE df+¢* St e raw

et L M A A AR9E TS0 oS PYA 185 50 s 55,

and a
molar ratio of the magnesium source powder in terms of
MgO 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]

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
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

limitation on the particle diameter of the pore-forming
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[0115) There is no particular limtation on the kind

of

the pore-form ng agent (constituent material), and

exanpl es thereof include resins such as a

pol
et

yet hyl ene, a 10 pol ypropyl ene, a pol ynet hyl
hacryl ate and the |ike, and holl ow particles of

these resins; a water-absorbing resins such as a

par
pol

tial sodiumsalt of a crosslinked acrylic acid
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cont ent
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nigg §€||£m1beads, hol | ow gl ass particles and the
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ned by appropriately screening the comrercially

e contarnéd in

i ] l1y f .
rashe SO Eoat 0 Ao boonperPubds SaPRaPdl b, Bk

nmass
of

powde

d the tot
£oF IR ot

{?p£g§ylene, a polymethyl methacrylate and the like,

b
TR

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

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

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 ag it is, or those obtained by appropriately

DS BT int RUeRT AR, anbedur bhvlene

screening the commercially available product may be used.

[0116]
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magnesi um sour ce powder and the silicon source powder.
When the content of pore-formng agent is |ess than
0.1 parts by nass, pores are not formed and thus the
effect of adding the pore-form ng agent cannot be
obtained. In 10 contrast, when the content of
pore-form ng agent is nore than 50 parts by nass, the
strength of the resultant nolding decreases. [01171

[0 the prReniohMentdONpd g F Ve ity Sadént contained in

ontalnlng he al um num source po titanl um

SOUlee fﬁwwﬁixt&Pémgégﬁ %%f%sgygﬁeop?gg ftstES 50 parts by

silicon ~source ore- agent

thggagﬁtel%gcsdéyef@éfbwl fiz?gmt@ 2 gbﬁg }Emfdgngy mass,

red so as tain a
SO S BT LAY % e saa o
A ol S i T e S e
! AR i AT LB SROTRLE e
it i AR O?U%W%aﬁ?r%@%%ta%%latS%%:Qs??%jléfel%{ﬁ 0.1
o P R e O o R o LA, b e herec
of adding the pore-forming agent cannot be obtained. 1In
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
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
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

carried out, for example an additive may be added, in
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as nethyl cellul ose, carboxynmethyl cellul ose, sodium
carboxynet hyl cellul ose and the |ike; alcohols such as
a polyvinyl alcohol and the like; salts such as
lignine sulfonate and the |ike; waxes such as a
paraffin wax, a 10 mcrocrystalline wax and the |ike;
and thernoplastic resins such as an EVA a

pol yet hyl ene, a liquid polyner, an engineering

ccdbit TR e AR iV g WG e
ool B R e Somﬁlé?&?‘ﬂ% *Pea e

SRR RS e P RreA i dhne 1ike.

| ub t,.agent and plasticizer 20 includes alcohols
suchkggpd%gberin hi gher fatty acids such as caplyric

= i e g e

L 25:7 H%%ﬁ?gyiﬁl re??eﬁosa%u G %bgvez ?Yf efléjsgadﬂedog Lum
Grdamand O CHIESeS and Hhe HRL S ELER i/%ns’lt‘%% as a

toh?al mass of th a#;@?fg r(%ﬁnogrceces%ﬁ%éu edél?th 1gn1ne

SI|I urce owder 0 5
te an&)the 11ke[ axes]such as a paraffin wax, a

microcrystalline wax and the like; and thermoplastic
resins such as an EVA, a polyethylene, a liguid polymer,
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
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
includes alcohols such as glycerin; higher fatty acids
such ag 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

added is usually 10 parts by mass or less, and preferably
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The above nentioned di spersing agent includes

i norgani ¢ acids such as nitric acid, hydrochloric
acid, sulfuric acid and the Iike; organic acids such
as oxalic acid, citric acid, acetic acid, malic acid,
lactic acid 10 and the |ike; al cohols such as

nmet hanol , et hanol, propanol and the |ike; surfactants
such as an anmoni um pol ycar boxyl ate, a

o The! Fes A e o0 Rd /7 Rl bR e e
. 1 .
Prams s i of SRR RSGAR otk L Sld Wfrantun
nasssou(}fcet g')\?\od«%ew e %ﬁir?ees ip.gl)(\'d&ﬁlrcl;é1 gnw)l\c%»scié?lm the
source p er,” 't he magmesi um source p er an he

sil 'i(‘ﬂrbo saurce %Véj“? e‘r.[ 0117-6] 20 The above
menti-oned solvent i ncludes al cohols such as nethanol,

eth gl,,_%ut anol, propanol and the like; glycols such
as %ﬁ'pyl ne glycol, a polypropylene glycol, ethylene

l'ycol he 1ike: and . Particularly, .
P ot ondifl dREHE SHBCIGh PR Y Sl AT des

preferabl e due to the.inclusion of |less . inpurities. An.

2 TGRSR GRGHE SHGBM® (10 T QAGEG o ARG G doid,
ran from 10 parts to 10 arts by, mass, . and ,
or CRAGHAF [P R JaS b0 FRITE G RO ] oxalic
nass.%?sed on the , total nmass of the:ﬁluninu Zgurce

powfE+ (TG i & AT APt T AT et Un e acid

sourc owder and th
anéaéhe ike; alcgaols such as methanol, ethanol,

propancl and the like; surfactants such as an ammonium
pelycarboxylate, a polyoxyalkylene alkyl ether and the
like. An amount of the dispersing agent tc be added is
usually 20 parts by mass or less, and preferably in a
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
scurce powder.

[0117-6]

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

preferable due to the inclusion of less impurities. BAn
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sil
be

i con source powder. [0117-7] The raw m xture can
obt ai ned by m xing (or kneading) the alum num

source powder, the titanium source 10 powder, the
magnesi um sour ce powder and the silicon source
powder, and the optional pore-form ng agent and the
above nentioned various additives. [0117-8] The
tenperature at which the nolding is fired is 15

U5 Ul e 00 t%&fﬁ&xgé;g%,t@% RIS 8T 8Dl ¥edX00, Gifra range

hi gher’,

16

t he ?ring enpera

but
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€ case rern I'con source powder 1s
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di f
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Sour ce powder.

step, 25 coq?rises a §$e of calcining (or degreasing)
%ﬁ'e

THT -SSP CT RS

renoved by burning them The degreasing

r, the pore-form ng agent and

the |ike afe
S &%&ﬁ?ﬁﬂ y performed during the tenperature raising

ter

m (for_, exanpl e, range fr.om 150 to f&%hé?(

| eadi ng t0% He*'% r?%’f'!f%gt%% QW RS ¢ Egr easi g

step, th

kneadfhg) the aluminum source powder, the titanium source
powder, the magnesium source powder and the silicon
gource powder, and the optional pore-forming agent and
the above mentioned various additives.

[0117-8]

The temperature at which the molding is fired is
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 is usually in a range from 1 °C/hr to 500 °C/hr. 1In
the case wherein the silicon source powder is ﬁsed, 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

comprises a step of calcining (or degreasing} in which
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tenperature raising speed is preferably suppressed as
much as possible. [0117-9] The firing is carried out
in the anbi ent atnosphere 10 or an at nosphere of

whi ch oxygen partial pressure is |lower for the purpose
of noderate burning. Depending on the kinds and the
using ratio of the alum num source powder, the
titani um source powder, the nagnesium source powder,
thel Iy feolullfkﬁg ;P@%@ei;erﬁ?iﬁ@eé A€ Rer end 51 {0 M pg

=
agent an ring nﬁi be carried out in
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such as a tube-type electric

f I f

fa:%}glgng at%%‘gé( }%?Sageg urt%laecéigd}aeca% é%of/vav hea |ng
e ugxgegg%aiy{@ Foeda 2o | FHEEOELBLY ¥ LHE0BCEY a0
or th ke ﬂ%rlng may be carried out batch-w se
orrgbq?|?| e firing may be of a stationary

typ f|UId type. [0117-11] 5 The firing is
carfq]g@'g%]t for a period which is

The firing is carried out in the ambient atmosgphere
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-
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.
[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

reverberatory furnace, a rotary furnace, a roller hearth
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sufficient for the nolding of the raw m xture to
transit to the alumnumtitanate based crystal. The
period depends on the anmobunt of the raw m xture, the
type of the furnace, the firing tenperature, the
firing atnosphere 10 and the like, and usually in a
range from 10 mnutes to 24 hours. In the manner as
descri bed above, the nolding can be obtained which

CoMIS 8. ALY IATAAL S DRIET 161 B2l BN o
TSN AR i | S SPRIE 8 b e

| ocal _ maxi mum pore radj us. . iS or nore according
to T P Lo i e

asuremnent “the nercury

penﬁf%ﬁ'}iﬁi nmet hod, is preferable. 20 [0118] The
nol o he present invention has a pressure

s 1Ee' oLy 0ust AL, o S AN OF O Crof T AR Spflen e
o 8 ok b i BRLGL A8, 58 Bf PER UL £ NEranae
[ di gt el fti fh - 75 | di [ L.
T HRHLE b et
es e l.nequal l snown el ow, an al SO a
r atFP IR LB a’f@%%@%’é‘?%%&eﬂ% B?Wt'ﬁjeXB‘PE‘E,SUF%e type of the

resisting strengths, of ther ctive no

| d
CahOrmae 5 (e F Hot §EPe5s Eokbwnhel bt 119 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 component.

[0117-12]

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

20 [0118]

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

25 1200 °C for 2 hours followed by immediately putting the
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CSa/CSb Z 0.4 (1) Cvcsa/Cvcsb < 2.5 (2) wherein CSa
denotes a pressure resisting strength of a nvolding
obtai ned by putting the nolding in water at a 10
normal tenperature inmediately after heating the

nol ding at 1200 C for 2 hours, followed by drying;
CSb denotes a pressure resisting strength of a porous
ceram c nolding before heating;, CVcsa denotes a

Va&b@ﬁhﬁ@ Q%Q@%%%Eeﬁk @fn%rmﬁﬁe%%%?%ﬂé%ﬁfﬂ” %%d then drying
strength~of a nol di ng obtai ned 5 putting the

Mok fenNGoh B4 %%t@tsfé '%O'E‘Fl@t 1&1%%1%&%%} @1) BRAAHRIbwW, ana

after heating the nol |ng a C for 2 hours,

fOEP%Weg QﬁtQFyo@gva@qgtgggsgo%%QQEQ%n%SV%E'@Heogressure
lcilent o

coe a pressure resisting strength

b
SRS R R A t%f ApRcdde BRI satistics
ofthge @E?ﬁ%ﬁ&t&nW%nt'ﬁEw%a% % .Suitably used as a

catalys arrier for e pro uction of et hyl ene

oxi de. TEgé/ bep 8 gatal yst including S?%p 25 catal yst
carrier ver supported on said catalyst - 76

carrier yeat al I's, hereinaftef,, sonetines
referred tS“ZE e et%yFene oxi de catal&%%) can

oA LR el R P B S -
oxh%ﬁding %alned by putting the molding in water at a
normal temperature immediately after heating the molding
at 1200 °C for 2 hours, followed by drying; CSb denotes a
pressure resgsisting strength of a porous ceramic molding
before heating; CVcesa denotes a variation coefficient of a
pressure resisting strength of a molding obtained by
putting the molding in water at a normal temperature
immediately after heating the molding at 1200°C for 2
hours, followed by drying; and CVggy denotes a variation
coefficient of a pressure resisting strength of a porous
ceramic molding before heating.
[0119]
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

catalyst carrier and silver supported on said catalyst
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There is no particular limtation on a carrier
material which forns the catalyst carrier, and for
exanpl e porous refractory materials such as al um na
silicon carbide, titania, zirconia, nagnesia and the
like 10 can be used. Preferably, the catal yst carrier
may contain a-alumna as its nmain conponent.
Specifically, a-alumna may account for 90 1 by

mEig?%gg& Cata% Sly%%tal Welghl afr ehe %@H@ﬂ@hes

St carrlér can contain silica.
Wh 15 I I t I
us%%fw %Iio Iﬁ%aa'séf'n?: 9%% %ﬁl‘“ﬂ%”%%%ls’r%?;ﬁggfy' )
fro %. f
'E;lf;& Yb)‘?x\ﬁé'%ﬁt §ed %‘tlgflyteg% gfl%f wel gL rsgnthat
th t al L,
mﬁgfﬁgfcé@@w %%F&#I%a%‘ﬁefoa%%éﬁ e R i
gtent of sodiumin the catal yst carrier IS
O+ QBIy 0.5 1 by weight or less in ternms of its

R =R

R e X T A

MG ERMERE AN LW B it e

ha%£%¥égh carbide, titania, zirconia, magnesia and the like
can be used. Preferably, the catalyst carrier may
contain «-alumina as its main component. Specifically,
a-alumina may account for 90 % by weight or more of the
total weight of the carrier material.

The catalyst carrier can contain silica. When
gilica is included, the content of silica is usually from
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.

[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 its oxide

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

carrier is more than the above range, since a basic site
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absorption of nore than 10 % in view of ease of

i npregnation with a catal yst conponent (silver,

accel erator conponent described hereinafter, and the
i ke). The higher the water absorption of the catalyst
10 carrier, the better it is. The water absorption is
nore preferably 20 % or nore, and still nore
preferably 30 % or nore. Wen the water absorption of

thgncgtﬁh¥§5cecgﬁrkﬁé Eﬁth??sgiggrfﬁggcgnEQ%a%@%§|¥§ﬂ
strengt h may  ~decr€ase, the“upper [imt 1s usually 80
% I d. 1 : 0 i
R S T R
m./ . f L0 di f 0.3

or Abre Ko Bt nt 5% RBERZRER, Eon " oF & pore vol ume

by[ég éie mercury penetration nmethod. \Wen the vol une
of ¢ having a pore radius of 0.3 pmor nore is

e BB RrRSA T T PSRRI vacer

R M T N ety

e AN T L R

RGOS L o E TR SETErd S R B S A Lea i e

8?#&%gapis?gelg%ahégaghg'8%tg%/gbsgkgggohto¥a¥hgeggg§1yst
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
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
the mercury penetration method. When the volume of pores
having a pore radius of 0.3 pym 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

specific surface area of 0.01 m?/g to 10 m?/g according
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support a sufficient amount of a catal yst conponent
(silver, accel erator conponent described hereinafter,
and the like) and also an efficiency of contact
between active sites of an ethyl ene oxi de catal yst
and a gas 10 during the production of ethyl ene oxide
decreases, the catalytic activity tends to becone
insufficient. In contrast, when the specific surface

areg phol REAGALBMUAL ofALT EBLLS1I0LE R %Qeggéﬁhce

st nce remar € successive ™ OoXl atlon O e pr

LB BT G PETLECHAA, t opec
AR I o G

S'hﬁ%n %ﬁF %Sggr%blysg%? c% gr EO %Oto b%aﬂ%’%@ %%&%qer is

melg € alyst he su
STough, LRalCHEoR, 6B o Bt B o
b e e APBEEES ATV O oY cafl! SRghian:
aﬁﬁaﬁ? ??tnefse%ﬁ%%t§3”%5%§%asﬁghEengﬁEs%pﬁéé%éggﬁtgﬁ and
g T
usyal EXeeé&%%% 37 LhC RRLINS! o524k Bhely ke ahd T o
during the production of ethylene oxide decreases, the
catalytic activity tends toc become insufficient. In
contrast, when the specific surface area of the catalyst
carrier is more than 10 m?/g, since remarkable successive
oxidation of the produced ethylene oxide arises, the
gselectivity may deteriorate.
[0125]

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

A supported amount of silver is preferably from 1 %
to 50 % by weight based on the total weight of the
catalyst. The supported amcount 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

is less than 1 % by weight, a sufficient catalytic
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nmetallic silver, and the supported anount is the
weight in terns of netallic silver. [0126] The nethod
of supporting silver on the catalyst 10 carrier is not
particularly limted, and for exanple, it s possible
to enploy a method in which a catalyst carrier is
brought into contact with or inpregnated with a
silver sol ution prepared by dissolving a silver salt,
2 ASLLYSEyCAZDOUBE Bb BLELI%ER COMR E¥ntfodc PAREh the
sol vent The concentration of silver e silver
SO ughe cQRt ac
in%#ggﬁgfgg ?bggpge%?sﬁﬁg% t gnaggrgpF ?3%3 seleépgg

20abbPbqachbAIBkeL 080 AUOUAL, fhes Fg¥§;y&§8f%g@p§xty may

on t e cata carrier.

prS{e%EEQréEét the £1 r%t?é‘& \%é@e é\l%?érté&réi‘f{r?r

contarns one or nore KindS of accelera conponents

ScLeEhed, EATLLICCA D £BSH SN 0L:L8" §n BRE! Boum of

eni um an metal 1'n view

25mggslaggygVEﬂsgklae nga 2LBEY3 PRSI GES MR sgne

e€ne 0 contai As an a
nmet al _(for I|th|un1 sodi um pot assi um
ruﬁldlgﬁ?scgglﬂﬁfaigﬁa Fﬁévﬁlke) an advant age capabl e

gyggie53|ng i sonerization of ethylene oxide as the
Slé ction from arising in the vapor phase

Catalytl%hgxkgghggnogfsgpggg¥kggesaivegs8noghalgggalyst
carrier is not particularly limited, and for example, it
is pogsible to employ a method in which a catalyst
carrier is brought into contact with or impregnated with
a sgsilver scolution prepared by dissolving a silver salt, a
silver compound or a silver complex in a proper solvent,
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]

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

the ethylene oxide catalyst contains an alkali metal {(for
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[0128] Rhenium and an alkali nmetal are preferable as
the accel erator conponent, and preferable alkal
netals include potassium rubidiumand cesium and
the nost 10 preferable alkali netal is cesium Sulfur,
thallium nol ybdenum tungsten, chromumand the |ike
can be used in conbination as an auxiliary
accelerator. Particularly, when rheniumis used as

thgxggﬁigerﬁ&ghiﬁﬁqugaﬁym,gg%%gsséﬁﬁtlEﬁ%&dium,lgesium,

acce atérs are suitab u I'n conbi nati on

gggaag ﬁﬁgniﬁkgpe CANLANLS +af et %agggﬁgle%&ag%%@@%%m

e auxiTiary accelerator v pen on thé

kiggbmggggg%ggbLg@ %gggﬁ%kgeﬁﬁqgg 5@ F %SQQ@e reaction from

proper St carrier, e contents may

PeRSRRLARL LR S 90789 s A3z el el Y

For- exa rneni-um may be

preferably from, 1 m_t. 20000 ppm by wei ght, and
noF§%E?8P§réﬁ|? Fgo%§§65%89rto 10000 ppm by weight in
te&gﬁ gﬁ netal, based on the total weight of the

gst .

cat : In contrast, the content of the 25 al kal

T BRI b B 5 R s B ene

DY g, SEhEr g, 2R e

conbaiad a5, LIs, eCel Ay sampoeilyl o ol e

de%&%%gggbagagl&g i metal is 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.
[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
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

alkali metal is preferably from 10 ppm tec 20000 ppm by
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total content of sodiumis adjusted within the above
range. [0130] In order to incorporate the accel erator
conmponent 10 and the auxiliary accelerator, for

exanple simlarly to the silver incorporation, it is
possible to enploy a nethod in which a catal yst

carrier is brought into contact with or inpregnated

with a solution prepared by dissolving a salt, a

copReuRgd, 0 | B%e#aDLAk B BYohd 14e3hhed LhomRbt $pm b
inag grgbe%ngoﬁgg%tﬁ?ﬁgich Fg %greﬁnaé?er gonetine§pm o
ref,esbed ¢ " 50! HEl | Bngran 268! FeabPl of
co&%gﬁggtagngéfﬁg ??kgkyggboﬁgg%§C% inc%rporation,b?heO
tr [ [ e t ; {ef.igb

i nfBECEAr D=k et HA2 EUELY £BER Pho BePEBERIned as
co I Qi el [.COQRO ..an h i

po HapR- g A= PRE " EhBhBnto 18, PER R Srlt erg sBFaTRE:
silyer., or rLrie simqul tan i
SuSBEFpRgadEb, apntan et fotlus  TY 43T B Trbp1l khar che
carrier after supporti.ng si.lver.. I LtoLs 2

o EPERFeaOREPTL RE PPodtiont ReiusteR.isiih thganove
sinuhtgneously with supporting silver. It is noted

t haf"9%®hen rheniumis used as the accel erator

cogg&gﬁit and al so the above nentioned auxiliary

ac tor is used in conmbination, it is preferred

0 view of the.catalyiie 2 activiby LIaLILS 8y bhdohent

and the auxiliary accelerator, for example similarly to
the silver incorporation, it is possible to employ a
method in which a catalyst carrier is brought intc
contact with or impregnated with a solution prepared by
dissolving a salt, a compound or a complex containing
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
the solution containing an accelerator component and the
like may be applied to the catalyst carrier befcre

supporting silver, or may be carried out simultanecusly

with supporting silver, or may be applied to the catalyst

carrier after supporting silver. Usually, it is

preferred that the treatment is carried out
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catalyst carrier is brought into contact with or

i npregnated with the auxiliary accel erator sol ution)
bef ore 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 inpregnated with a

fhsn'Hﬁkgﬂ'%hsan)w1t%0%%§§o¥@% @?ﬂb#?“'slesfg ﬁéﬁégethat

accel era exa | €5 of "the sa

e Of‘j”mg \Aﬁ%@ﬁ Co”p' 5 useg ﬁ: c‘éﬁer%%%@ o h%‘n;é‘n%g and

opih o g%%;@%pﬁs@% S B s i
oxFAEEBPRFRERY UGE &R BEFAoererndl JACHhGT (RS Fepalyeic
PORPANAEY FERfoFBepAERGLABTY. " SLRE S Ror hani L i, (che
XGABPLYSb CPREiSE #%e?vﬁé%‘cc& i %?S%FSL

s iﬁp%%%tn%h%' ”?@53& e AU 1SN, Ps e EGRER T g i om

accel erator npgnent .and the |ike_include nltr te

hyHFSQFGesuRQPF&éngbgﬁ 3%t OF FiERLoReCHsdy Wiskhl at e

carboxyl ate. 5 ,[013
supp%rtlng 51Ever,]so that silver is supported on at

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 solution).
[0131]

When rhenium is used as the accelerator component,
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
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

compound and the complex, each containing the alkali
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The sol ution containing an accel erator conponent and
the like can be prepared as to each elenent which is
used as the accel erator conponent or the auxiliary
accel erator, and then the catalyst carrier is brought
10 into contact with or inpregnated with each solution
contai ning an accel erator conponent and the like in
series. It is preferred that a solution containing an

acﬁgkﬁﬂabﬂ&cﬁoe gnﬁgtuggg Ehe khke phBpUhhel o of solution

plurality o ments are allowed to exi st in one

SobéﬁﬂaihgngSSQ-aééeh%r'%ogoE%m Lakeir edat halk 6LigEeItR1ude
to t he

e use s the "accelerator onponent or

ot AR andi RSBy Pof1akyr BRBHoRREE, BhRaRrRrgtd and

gfp&gigt%LEgrggxpggEggnated with all together of

vVer, € acce ator conponent and the 20
aUﬁbhgaiy accel erator. [0133] If necessary, the
et iy oxi de catal yst may be subjected to a firing

treat ”EU&F%{?SC%%%%“ %-onya‘& G 99 o rc%%%gg@brn%ém%gment

appropri a Fred ou or eXanpl’€, accor

to_t ti I thod _i th t - .
PPt e Ea P R b BER PRSP GedS: 0 SR Fr B T 10
D euRBSops, EhE RS 1AL PR TERS oy Sha POt bR Y

t he sihver sol uti.on.or % e sol ution containin

ac

REFE §F8F°§108H80ﬁgﬁp § CREALYRE Carrier 1% Qought

into contact with or impregnated with each sclution
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.
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 is brought into contact with or impregnated with
all together of silver, the accelerator component and the
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,

according to the conventional metheod in the stage where a
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[0134] Method for Producing Ethylene Oxide In the

nmet hod for producing ethylene oxide, ethylene is

subj ected to vapor phase catalytic oxidation 10 using
a nol ecul ar oxygen-containing gas in the presence of
the ethyl ene oxide catal yst. Since the ethyl ene oxide
catal yst m nim zes pressure | oss and has not only a

| arge surface area but al so a noderate strength when

itch%rﬁ%?ﬁﬂm%%Elﬁﬁeh%%p%%eﬁpﬁﬁﬂdﬁﬁt@HfU & @%6hd3ld0having a

reaction e 15 being packed into a reactor such as

ex%?é%QfE ﬁ%%%%toBr Qh 1RGN WHeSSels dalrrG3F has been

tal yst perfornances and is capabl e of

ﬁ;%k%gﬁ?lttl X.nQr 0 Q’:%‘Ht@t% t %tﬁﬂ e %??r%?na[t%hs @]1 £ Qh-@" &ilver

produ0|ng et hyl ene o carried

°“Eo§%%9 g%hy t%%f&ﬂ?&ﬂ“éo gﬁ%&.%ﬂEéﬂérféHr

use o ene oxil de cata t he reaction

cogghgo%gita% n%%epar&;cularly Ilnlted For exanpl e,

the reaction erature can be usually adjusted
%&g g 25 range from150 Cto 350 C, and preferably
fré G0 c 85 to 3000C, the reaction pressure can be

F%&ééda?ﬁ‘fftp%re Sind PR PR ee To 50

23{ st oa ™ CRin TSt g srorge d ey R et -

(ST@:y’lenl?ad i esfu rJ"’le%ltyedf rt%mv?é%%% ri)rhalset %atalytlc oxidatiecn
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 also a moderate strength when it is used
for the vapor phase catalytic oxidation reaction while
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]

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

range from 150 °C to 350 °C, and preferably from 200 °C
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8000 hr-1 (STP) . It is possible to use, as the raw
gas to be brought into contact with the catal yst, for
exanple, a gas which contains 0.5 %to 50% by vol une
of ethylene, 1 %to 20% by vol une of oxygen, 0 to 20%
by vol une of 10 carbonic acid gas (or carbon dioxi de)
and the bal ance of an inert gas (nitrogen, argon,
steam and the Iike) and | ower hydrocarbons (nethane,

gg@@ngoggg tPﬁelkggltlﬁ lPE@E@BrQHXaﬁOB%ﬁhPuQI%ypBHBhgted

urme™ o0 such as e

di&E{;ﬂ&hdsnﬁgggEG% 5Bl REYigeand, 1 g@&hﬂ&e B

reacti on ecul ar cdntail ni ng
roBbEapS 88in" 1, B5YOR% S0 V50 Fo e B Gnd s e
ﬁ?ﬂsf% Sﬁénzg%Tﬂﬁgggﬁgséﬁauﬁ PEd 5 RLAnEl haggeyErn 1000
Dl 5 Mo oo (SEPET el var ehearst ) it o 4F RE

%5&&3?{% of(r‘l'%%’] aceht L8 BHRAF 038" bé?ﬁ%sﬁ??s°%aej 5PHs a8 to

th dj t Tl - 6

angeaPbaueRE: S858 PARGAGH HOPBs tB8: FaaAAYA Ey foFnExanple,
pl it f t f d
b nSae ok GReraRtanrraeshy 2058 hErvaEN ”EsosSFEBga?ne:

col ummar Egrtlons t he nDIdlng contalnln al um n

5 fraf ntCofBEnBYt VORHERePLLERY eQUpBoFPea h?Vegﬁaume of

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
alsc may contain 0.1 ppm to 50 ppm by volume of a halide
such as ethylene dichloride, diphenyl chloride and the
like as a reaction inhibitor. As a molecular oxygen-
containing gas, air, oxygen and oxygen-enriched air and
the like are usually used.
[0136]
Catalyst I for Precduction of Synthetic Gas

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

portions, and joins the adjacent columnar portions to
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A synthetic gas can be efficiently produced by using
the catalyst for the production of the synthetic gas
of the present invention so as to produce a synthetic
gas. 10 [0137] As used herein, the synthetic gas is a
m xed gas containing hydrogen and carbon nonoxi de and
is industrially produced, for exanple, by a steam
reform ng nethod (SR nethod), an autothernal

reEQEE‘BQh@?thgﬂd(éigolgnEQEE%@)thQBu%hpﬁgﬁb@e%urrounded by

reformng met thereof using a hydrocarbon such as
”EEBéngl%al 1% B‘:falcog na'rP?ortr:l%I%t ha nnd g sk %ormed
as a raw material. I'n the reformng net od when 7t

hy%hoga h%ra%ﬁ%ﬁ? ced éeg %é%e%%%%%!@hggadjacent

roge car nonoxi d ynthetic gas) Is
?E%@F“ﬁﬁagyﬁgg?aﬁﬁﬁqék?%)%%h%%%br%h%%@l%qeéfgﬁ%tEP%a
f oL UshBEhe QL“%%k%%gﬁéer.a%“h? A

25 et haﬂoggnmagwsagggn ggl eyt g&g roguced by

di met hyl et re

for,q3 Ehtey 93%1.,20d Lge ‘?:odh%{ %]n 3 tt & Sc%%ttlc
pg, ¥ éﬁ”

I NVen t he catal’yst carri O0rous

re&ééck%r%h%a%%éb%htcg%%%h%H% %Eygkn%o produce a synthetic

gas.
[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
method), or a combined reforming method therecof 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
monoxide (synthetic gas) is obtained by the reaction
(steam reforming reaction) of the following formula (1):

CH4 + H20 - CO + 3H2 (1)

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

methanol, hydrocarbon liquid fuel (GTL), dimethylether, a
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as a main conponent, and preferably, 90 9 by wei ght or
nore of the total weight of the catalyst carrier
material 1is alumna. Herein, the crystal phase of the
alum na to be used as the nain conponent of the
catalyst carrier is 10 preferably at |east one kind of
X type, Ktype, p type, n type, y type, pseudo y
type, 6 type, e type and a type. [0139] The catal yst
Caﬁ&&&ieﬁnahé'HQ%hDESESEQQ'§§§0@B§'Qﬁd B4ty %yh8, 3Qné’the
by wei ght of rumin of oxide 15 {cac»

mog e preferably, at |least a portion of caIC|un1|n
this catalyst carrier fornms a conpound together with
al ygypay Accordingly, it is possible to suppress
carbon ;ron1precipitating on a surface of the

catal yst nEEﬁgp ?és%ﬂttQﬁv§H€EBH”dtﬁ8rﬁﬁgaﬁggE‘EQESEH?‘is

20 and a un1na e catalyst carrier ncltude various

(ArRasTDE) 4TBAZHAS 53R CRAR Bps R Rl FRE SR papo atumina
01404 %ﬁlﬁﬂéPﬁﬁéﬁh%éke%ﬁﬁr#ﬁ%ﬁ%ggé?XPié YaBy; eTehE or

Conggg%f AB c800R! L ETRLEO0EALAS SadLy tngamgr t%erial

ent ~of |un1|n St carr
prefer 0 b wei.ght _or e
T LERE N R RE T

uRBeRo8R aPbhrcar PeCpHogRent oF LS Bt

preferably at least one kind of x type, k type, p type, n

a ysEhSarrier is

type, v type, pseudo y type, 3 type, © type and o type.
[0139]

The catalyst carrier (molding) preferably contains
0.1 % to 30 % by weight of calcium in terms of oxide
(CaO) . Still 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
and alumina in the catalyst carrier include various
calcium aluminates (for example, Ca0O-6A1203 (hibonite},
CaC-2A1203, CaQ-Al203, and the like).
[0140]

In the catalyst carrier (molding), the alumina as

the main component of the catalyst carrier material
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surface of the catalyst carrier increases, sufficient
catal ytic activity may not be obtai ned upon using as
the catalyst. [01411 10 It is preferable that the
catalyst carrier (nolding) has a total pore vol une of
0.20 nL/g or nore and includes a pore volune of 0.05
m./g or nore of pores having radius of 0.01 pmor
nore according to the pore volunme neasurenent by the

FBHE¥1HEF6EEﬁEh9Hs”§%§99m 15H8w efhetﬁgt@$?98ﬁ€

ume is |ess nm./g or e pore vol ume o

thSoBQE 1gaggggcgaﬁ9§§Fréng§e9f ? E}eEEE %& re kSpy

| ess 't ficient ca tic |v ity

%FgghtberE%ggngﬁ-t%9$é2L§E$Qlaae<&aae yStwﬁgﬁatﬁé/

ng) prefrera as a sur f'ace rea 0

Surgg&snecsergoagﬁe shEncRARTGIRNEAOL 53,5080 LGS cnan

ce area orption

d f
”‘:%E?— a?ff‘bf 5%5%”%%4%' EHS B?b&%“s%? apasgR sl O =
t
|t EREfeRst Bt f#??%sF?SFE%éu%p%?t15%5%%F:sf %ﬁffibq%%t
SR OLB, SRESLYSY, GRPRRE e EEAELA BkC L) s cne
of tg ﬁtalyst and a raw material during the .
prsa e&yg 'og a 5 synthetic gas decreases, catalytic
acti i tends to
[0¥4&¥

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 pum cor mcre according to the pore
volume measurement by the mercury penetration method.
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 ocbtained.

[0142]

The catalyst carrier (melding) 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

surface area of the catalyst carrier is less than 1 mz/g,
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beconme insufficient. [0143) The catal yst for the
production of the synthetic gas according to the
present invention is obtained by 10 supporting nicke
as a catal yst conponent on the catalyst carrier
descri bed above. The supported anount of nickel is
preferably from 0.1 %to 50 % by wei ght based on the
total weight of the catalyst. The supporting anount

Ofsfﬁggeit'ﬁa?DFgc&éepafﬁfi?grab%&°?h§pd§E0a49u%@@Elent

wel g and s nore pre om2 %to 30 % by

éﬂgﬁniv%fn t9&ta§§89°§%¢§8méﬂ?unh18£ pi gkal the h?ﬁ@) and

t han Icient catalytic activit

naglggt $E189§§#9685 éBntggE:ﬁgﬁ&gsﬂgggtﬁbg.§E999rbfn9he

anoun IS nore y wel ght Sl nce

GIPRERRLLENARk, 0 SK8 nAELRGSL AGRUALYLRE BELLMLLYORMY: a

e Suppor Sua exl sts on

h .
B R e e
C nlgkel 25 [0144] - 90 The nethod

of r
ofggﬁﬁﬁgrfp 8%ﬁﬁSkSF on the catalyst carrier is not

a&é. SLarly limted, and for exanple, it is possible
h% y a nethod in mhich the catalyst carrier is

brouSht LA OeSPRLIEL WLLPCRL bIBARIPALECOM LheSeunetic
gas according to the present invention is obtained by
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
preferably from 1 % to 40 % by weight, and still more
preferably from 2 % to 30 % 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
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.

[C144]
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conmpound or a conplex of nickel (nickel nitrate and
the Ilike) in a proper solvent. The concentration of
ni ckel of the nickel solution and the nunber of the
contact or inpregnation treatnents may be
appropriately selected so 10 that a predeterm ned
anount of nickel is finally supported on the catalyst
carrier. For exanple, when the catalyst carrier is

br ought Tﬂ%qﬁggﬁ$?céf“éﬁ?g&fﬁ%%ﬁﬁff@ﬁéiegn“tﬁg Batalyst

solutio nitra can e converted

'”éQrﬁlgtCKQ' %'ﬁ&r?¥cﬁf§£fgtiﬂﬂifgg9r¥h§9f%§ 8R4mple, it

flrlng erea necess

prf%ﬁéésgiﬁféttéhgm g %S%?EﬂédtEsen§£89“8hé08a9£195t

I C gas accor I nvent

f“££P§£e£°ﬂéa£P§u$h?'%ﬁkB“Hbﬁ#SHE ?HﬁHEBE ?889§gﬁ$téa with

I NCr ease e Ca act I'S par

o Shr R fofRRAEh Pr%%%%%ﬁt@ B BEPARERGR %ﬁgﬁgﬁoup
e puRR B, & 285 Tk oitS Pk Fg?‘dﬁﬁ?#é?ghg% the
pri?ﬁ?gbff’s frBRPEST 99E8eb" o6 By 3%%%15%35%‘0 55 pickel

fﬁ%glb Fﬁi gyfﬁéﬁlépéubh |5 ?In g gg% Egntact or

X mlar '
€ anBregnatlonatLZaggegkgkggy be éprSE%HQ 81§ selected so

that a predetermined amount of nickel is 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
and firing thereafter, if 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
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.

The content of the platinum group element is not
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enploy a nmethod in which a catalyst carrier is brought
into contact with or inpregnated with a plati num group
el enment contai ni ng sol ution prepared by dissolving a
salt, a conmpound or a conpl ex containing desired

el enents in a 10 proper solvent. Upon such

i ncorporataion, the treatnent in which the catal yst
carrier is brought into contact wth or inpregnated

é@ﬁébguf %”ﬂﬂhQEQ&P §h§n§§tpr89@£abmgn9réﬂlutnoa to

e appli to the catalyst “carrier before
SUPQOth ?éﬁ@lb QEa"BY Pﬁeceéfésdréygh@5of the catalyst.
S|nulta ous supporting nic be
apgt F to the catalyst carrier after supporting
ni cke Usually, it is preferred that the treatnent

is Car;igg @ﬁaersth1ﬁ@§§§g§g em%ﬁ?,éf&@?ﬁﬁhngr?béEghement

[0147] en a plurali um group-e nts
a{?or“ {e | §1 4 $Qr gsébbh?ckgi‘t f’t‘tpgéthHH’;Ew“Qo
enen ai ning so tron’is prépa
I d I
ST R o T oo TS RIS gt

o SHEB: cEAThRL Ty ghsssf?'ﬁﬁ%q'egﬂagwygapae@wélfmm
COB Bheh 0% SRLHL LSS’ Dot e BECREER! by oy & sae
rﬁégs:g@séﬁéaesﬁ:%a%ﬂ@pﬂ%ﬁagf@“ngéﬁﬁ?f%ﬁgﬁ3%%4:%mgt in =
5 carrier L9 brouohy Lot Gontact wiLh of ) M eonalement
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
simultaneously 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]

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

sclution. However, it is preferred to use a platinum
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ni ckel and the plurality of platinumgroup el enents.

It is desired that 60 % or nore of the supported

pl ati num group el enent exist in the depth region
within 1 mmfroma surface of the catalyst carrier in
the formof 10 an oxide, a hydroxide or a netal.
[0148] |If necessary, the catalyst for the production
of the synthetic gas according to the present

i LY P&&gﬁ Ot SRYnt b@ﬁ@i&&%@%&&@ﬁhrm Owhi ERT PRAL %ﬂbsmy

treat nent appropriately carried

f °5f %f‘é’?ﬁé%s a&fghgifgweaotéhsxfgwﬁ Héa%)oif@éﬁed ift is

the S ere e carrler nmateria een nol ded
Bii %&?é%%eﬁ%ﬁw Lot oareydicgcatae. o
! Cﬁé’{?%%g% e§OThAS! ¢ ﬁ%l{?f&ei”%fg‘é%ﬁdanao{;%t BatBeyst

on or I'Aum group el ene

SPTTRETTE A Sibié%%fﬂta %%%é‘il?ﬂg?%rﬁtﬂ sifrer SikEhRgea wien
SyPLFRET oot rERtal ey "SotP TR bup Rtk oy eflents.
ronox! dey 00 WL 0028) Lo OF) %,Pcs%erﬂ%geosecghegseppmed
SR LR UERE BN BIECERE PhYS tﬁﬁﬁtﬁéoé §khnpfalop gitnin 1
ﬁy%$g5£ %rgcg&? Qcéso tﬁgngAta CQ?QQéngnaEHe form of

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
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
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

gas of the present invention, a synthetic gas (mixed gas
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are produced by the steamreform ng reacti on as shown
in the above fornmula (1) . A specific technique which
can be enployed in the nmethod for producing the
synthetic gas of the present invention is not
particularly limted as long 10 as it is a technique
based on the steamreform ng reaction of the above
formula (1), and includes, for exanple, the steam

or R %9b°%2§%$§%9%€?%H§'h¥%€§§ P "G pbaagned py
tef%&éggg%bg'ﬂ§%§88£95 wi@ﬁ §@é$&yﬁﬁ &ﬁe gfeégﬁce of the

prooduc e synt etic gas o e pres

ion%/f@éi)?%]t ML MEEESH DG OLESTUGE LRSSsyALHBRS AL

arge sur e area but al

Sté?ﬁ&% ﬁ\geﬁ]o V\#]h? eﬁrggggtf J‘(.)l[.LVélqgl ﬁOduﬁ‘gf Oélcéalﬁgf@e when

syn erng pac I'nfo a react

ncFES arEEaERen Lo RRCERRELT TR T Ry ——
nellSagRs, LOTSOL L gcorpon iRy be EgEgp L AL
iéi?%%t%a@? oY, %5? moreﬁ?% aBPPLAPELALEbIN in

WO or nds

na%%?h%%%%o?%?ﬁﬁl%w?ﬂé cpb S|Jt| one‘ieé*ﬁiea&l% a'ﬂgmh can be

synthetic.gas to be carho
y f% S g

olﬂyﬁP%g@ﬁgﬁﬁﬁdgaF ﬁ8%8%599|gﬂ?a?nghEtlc gas of
ga@le REEPERt SALSRLLoRI 19 Doht BRRERG eFhEnb BbEad as long

D SOTponent). LG8 (usugl LY BRD* BLOLRS BEORRRESCT

reaction of the above formula (1), and includes, for

example, the steam reforming method, the autothermal
reforming method, or the combined reforming method
thereof. With any technique being employed, the catalyst
for the production of the synthetic gas of the present
invention minimizes the pressure loss, and has not only a
large surface area but also a moderate strength when it
is used for the production of the synthetic gas while
being packed into a reactor or a reaction vessel, it can
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,

propane, butane and naphtha according to the composition
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conmponent), naphtha or the |ike. [0151) The method for
produci ng the synthetic gas of the present invention
can be carried out according to the 10 conventiona
nmet hod except for use of the catalyst for the
production of a synthetic gas according to the

present invention, and the reaction conditions are not
particularly limted. For exanple, when the steam

LB IS IFLSEL o QEPLb ol B RaLAES LU pags b¥Peaifon
 SERESALAN SR BEUHP b LSS0 KDDL By OFocea

1100, or gt AL LoBF GRS B SRoUAC SO P REBRTLAY, pcecen
PUSLST PR LT 9 A0SRl ST EchERbgY. oo
e e R L

' SIBS0N oA BR00 R e (FIEL (0157) | 70 Catalvet

thf resent invention can be suitably used as a
cat% ?% carrier for the production of a synthetic

02, ok She e B IELRL Ehg oGRLALYL S8LTLE cne

COPPnENt ANeALEss! caHPRY £8E, 904" B 2ta¥aing to the
conventional method except for use of the catalyst for
the production of a synthetic 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
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
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]

Catalyst II for Production of Synthetic Gas
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carrier (which is hereinafter sonetines referred to as
a synthetic gas catalyst) can efficiently exhibits
high catal yst performances and i s capabl e of
efficiently producing a synthetic gas. 10 [0153] In
the present invention, the catalyst carrier is made
of a porous refractory material containi ng nagnesi a
spinel as a nmain conponent. Specifically, it is

bref ef abuge [M81a iy "6 LY HE! OPLs O TBEPOAE 1 LRCCAR!Be 15

wei ght of the catatyst carr naterla I S magnesl a

Spé@ ab%ﬁrgégd QEQQe?é@?ffﬁgeéa%%?égzgg} EﬁebﬁrHaﬁgtlon of

In corrponen € Ca yst carrier

Cog YR8 A o IR (0

| tedea el ect e, Lhal %§;31n§?tggxéalﬁfégaﬁé%ngglg ggaagl as

pore Vol nor e _ as a pore
&m@%ﬁ%%%ﬁﬁwww%%%MMt
rerkou S | UBEEE o He pPafEFFE FoRERTHEE kePrraedise 2= =
BB o LB AR, PSR S0 FEAEL
niééggfnsgdggégérggnces and is capable of efficiently
producing a synthetic gas.
[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
weight of the catalyst carrier material is magnesia
spinel. Herein, magnesia spinel (MgAl;0,) to be used as
the main component of the catalyst carrier may contain
any one or both of magnesium oxide (Mg0) and o-alumina
(cr-Ala05) .

[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 um or more according

to the pore volume measurement by the mercury penetration

- 96 -



10

15

20

25

single point nethod. More preferably, the specific
surface area is from2 n2/g to 100 n2/g. Wen the
specific surface area of the carrier is less than 1
n2/g, since it may becone difficult to support a
sufficient 10 anpbunt of a catal yst conmponent (nicke
and the like) and also efficiency of contact between
the active sites of the catalyst and the raw materia
duyfd dhe production of the synthetic gas decreases,
catalytic activity tends to becone insufficient. 15
[Oﬁ§§§5The catal yst of the present invention is the
carrier descri bed above which supports nickel as a

catal ysty g%fﬁfé‘%?rrséﬁ“ El‘['i‘éé Yeh& #er Y astfgrf{gb/oor more

supporte nickel 1s preferably trom to

20, 50, % by el gt based opcinectotal uet ghingl ukhEurenent

al'y e suppor anoun 'S nore

0 8% A0 fSEEIE 3t a0 B W5LORL, nB0RosLY LaBBEBeion
05 SR B IoRE L' MR R RS i Sl
B R S T T
usggegfffccgﬁ%%ggé §9é£i§£ {QL Lhe producti o ofyay 1 m’/g,
since it may become difficult to support a sufficient
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.
fols6]

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
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-

described catalyst I for the production of the synthetic
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hydrogen. That is, a catal yst conprising the catal yst
carrier (nolding) which contains alumna as a nmain
conmponent and at | east one of nickel and a platinum
group elenent supported on the catal yst carrier
(which catalyst 10 is hereinafter sonetines referred
to as catalyst for the production of hydrogen) can
efficiently exhibit high catalyst performnces and is
|l e of efficiently producing hydrogen which is
used a fuel cell and the like. [0158] 15 There has
hif@fg§ been used, as hydrogen, hydrogen-rich
refornmed gas whici is obtained by using various

T S AT

1 gt Oidye NE3KY: 01 ¢ KEKLSGHEEP 0! Bgn b
ese

as 20 raM/na eri a orm ng rocar bons

Eﬂﬁﬁh abﬁ%e@s?éf L%ngﬁgfthgdfé§$§ Egggthéhﬁfﬂductlon of
et % TR o R e

el B S et LS o A B

iSRS Bl L, g
R L e e

(Zishhg@eggégtér 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]

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 liquid fuel,
light oil, heavy oil, kerosene, naphtha and the like as
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

reformed gas is obtained, for example, by carrying out
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CH4 + 2Ol CO + 3H2 (1) CO + HRO -. C02 + H2 (2)
[0159] The catalyst carrier is nade of a porous
refractory 10 material containing alum na as a nain
conmponent, and it 1is preferable that the anount of
alumna is 90% by weight or nore of the total weight
of the catalyst carrier material. Herein, the crystal
phase of alumna to be used as the main conponent of

traé%’g? r&ﬂgf 'feéétf&ﬁffé YeREQ Oby "PhE formula
k|n ty pe p type, type, y type,

type p €o h
sﬂb&%?ﬁ léﬁ Q@ ob&%iﬂ £ O?Q ﬁ'é&@ afy ?&@Q&eﬁt&nd

na as i A~ conponent carrier

ey op| £0Ri 04

ofé%EP uﬁﬁ%ﬁg%%e cd%gﬁ gépg%ﬁgg% gﬁ P? 0.5 ngas

) 58 £LbRul
H?é%ggéfc nv %%%#% %%%@%h alyé$9%%§$?%$ bgvﬁnre uha

the a range, since basic sites on a surface
?EP%% “carrier increases, sufficient

catalytl IVI not be obtal d when used as

the cata Félga¥HF i's preferﬂgd that the

cat al yst arr h ocal maxi mum pQre radi us of
O 001 pn¢§ ef‘gﬁﬁ a héunulative pér vol une of

t g or nore according to 5 the neasurenent of
th Ob%? vol une by the mercury

The catalyst carrier is made of a porous refractory
material containing alumina as a main component, and it
is preferable that the amount of alumina is 90% 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 or more kinds of X type, K type, p type, N
type, vy type, pseudo y type, & type, O type and o type.
[0160]

The alumina as the main component of the catalyst
carrier material sometimes contains sodium, and the
content of 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, sufficient catalytic

activity may not be obtained when used as the catalyst.
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penetration nmethod. When the | ocal maxi mum pore radius
is less than 0.001 pmor the cunul ative pore volune is
| ess than 0.10 nL/g, sufficient catalytic activity nay
not be obtained. 10 [0162) It is preferred that the
catalyst carrier has a BET specific surface area of 1
nm2/ g or nore according to the neasurenent of the BET
specific surface area by the nitrogen adsorption

Si §&$1Point met hod. More preferably, 15 the BET
specritc surface area is from2 n2/g to 300 n2/g.

When theIIthjfTEé gﬁ%%%#iéﬁﬁt?etﬁé e Pli1{0e LAl ¥Sthas a

carrier 't may becone difficult
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onen I nUm group elenent) and al so
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¢ oBB= o By udr h MiskBec ohEt ReBPE: B ERY e Breargsy nay

not be obtained.

[0162]

It is preferred that the catalyst carrier has a BET
gpecific 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 m’/g, it may become difficult to
support 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
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catal yst. The supporting anmount of nickel is nore
preferably from5 1 to 40 1 by weight, and still nore
preferably from8 %to 30 % by wei ght. Wen the
supporting anount of nickel is |less than 2% by wei ght,
10 sufficient catalytic activity nmay not be obtai ned.
In contrast, when the supporting anmount of nickel is
nore than 60 1 by weight, since aggregation of nicke

ar L5693 ne&Q$€k +ﬁﬁof€£?¥'$y f@&sgeéﬁé'gfaﬁfckgheand

supported ni usualtTy exists on the catal yst
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supp ort unt nention ve IS a

te%é??f% %e cé? '3@sc£9&§él B€e nethod of supportlng

ni c carrier 1s not particularly
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a nethod in a ca carrier I nto

or t%‘:é%% h%‘)é%oﬁ'“'%’.iﬁﬁgiﬁég?@” SR ofrhatal FOLGhLoDE che

conmpoun

coml e B el LAl diale 3 Al e par o
SR P, L KoL g o o
FeLSEHELLaRy AUEL B RGP B MR Skl 1
coﬁQEE?rﬁxgﬂnﬁ%ggnFﬁg%:é%%%@ aa%{ eggssﬁﬁgrg%toln&glght
nlgggklgiéggtgataiytlc 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
oxide (nickel oxide}, and the supported amount mentioned
above is a weight in terms of nic¢kel oxide.
[0164]

The method of supporting nickel on the catalyst
carrier is not particularly limited, and for example, it
is possible to employ a method in which a catalyst
carrier is brought into contact with or impregnated with
a nickel solution prepared by disseclving a salt, a
compound or a complex of nickel (nickel nitrate and the

like) in a proper soclvent. The concentration of nickel

of the nickel solution and the number of the contact or
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nitrate can be converted into nickel oxide by
optionally drying and firing nickel nitrate. [01651
The platinum group el enments are preferably one or 10
nore kinds of elenments selected fromthe group

consi sting of rhodium ruthenium palladium and
platinum Mre preferably, two or nore kinds of the
pl ati num group elenments may be used.in conbi nation.
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o inettd 2 TLES TRERot A Telnfi ted amount may - be
{ié%the above range. It is noted that the
L d pl ati num group el enent usuaIIy exi sts on the
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Ofmgggaﬂinds 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
preferably from 0.05 % to 20 % by weight based on the
total weight of the catalyst. The content of the
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
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

deteriorate. When two or more kinds of the platinum
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[0166] The nethod of supporting the platinum el enent
on the carrier is not particularly limted, and for
exanple, it is possible to enploy a method in which a
catalyst 10 carrier is brought into contact with or

i npregnated with a platinumgroup el enment containing
sol ution prepared by dissolving a salt, a conpound or
a conplex containing a desired elenment in a proper

S%ﬂ%ef’érﬁ%@é'é{r Q Hhgkelne Qlta@pgarapae KbRHS may

i num group e nents are 15 used |s a
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I num grou enent  cont ai ni ng s Ion In

s&?‘gnaélt% g é§%€n|cﬁ%:8¥§%h%hlgxté%m%3n?nﬁ9tal'
enent are supported as the catalyst
ﬁ%gﬂgL it is also possible 25 that the nicke

Ef’gtré‘h? Pnctr o < v bl TS Puppaufl hent. on
o SheT 4 SEE 2 St LU LBV BLS! ShabSrer, gyanne,
w41 PR SELALon, HOuprer, Ll kool Shied ek gy e
carrier is brought into contact with or impregnated with
a platinum group element containing solution prepared by
dissolving 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
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
element containing solution in which a plurality of
elements are allowed to exist in one solvent.
[0167]
When beoth nickel and the platinum group element are
supported as the catalyst components, it is also possible

that the nickel containing solution and the platinum
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el enent is prepared and the catal yst carrier is
brought into contact with or inpregnated with all of
nickel and a platinumgroup elenment together. [0168]
10 I f necessary, the catalyst for the production of
hydrogen may be subjected to a firing treatnment. The
firing treatnent nay be appropriately carried out, for
exanpl e, according to the conventional nmethod in the

orp JEl %‘%%?%fﬁ%%‘?%’éﬁ%% ST e e
E_Bﬁ"eénn%l"%dn't% PR S A R
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when t he dro ar

h d F
Y r"a‘g t%‘a? agﬁ oF C:H'nE%?%IF% g'.g‘:lst obfgl cr)n%n%leel and a

035@1 nDnOXIdeW%f roduced the steam reformng

P T RV TR het 3oV  ormul a (1). A

spf0|f|c techni que 5 mhlch can be enployed in the
or producing

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
into the carrier having the above gpecific shape, or in
the state where the carrier has been brought into contact
with or impregnated with the nickel sclution, the
platinum group element containing solution or the
solution containing nickel and the platinum group element.
[D168]

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 production

of hydrogen so as to obtain a hydrogen-rich reformed gas
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hydrogen of the present invention is not particularly
limted as long as it is a technique based on the
steam reformng reaction of the above formula (1),
and includes for exanple, the steamreform ng nethod,
the autothermal 10 reform ng nmethod, or the conbined
reform ng nethod thereof. Even if any technique is
enpl oyed, the catalyst for the production of hydrogen

f%rﬁégiP%a buEﬁﬁs%&%mﬂﬁ§swdﬁﬂptﬂﬁ§tﬁ%&d¥ﬂﬁbdﬁ|nge

t also a noderate strength when it is

t
gelng packed ﬁ%é?%é?ﬂcghéﬁ fbﬂé&ﬁa@ % é'@oﬂ@élﬂfhéec?rbon

reactor or ction vessel
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for exanple, 1t 1's possl to use a
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used al one, or

Ki d b
{ﬁﬁﬂ}ﬂﬁl ?Fcffﬁ%ITPD%h%h%Q 7 t %{%o D oducgnﬁsfgcludes

hyggggggaﬁp ePetﬁgrééggm 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 also 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.
[0170Q]

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 oil, kerosene,
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out according to the conventional nethod except that
the hydrocarbon is refornmed by using the catal yst for
the production of hydrogen. Therefore, the reaction
conditions are not particularly |imted when the 10
hydr ocar bon descri bed above is refornmed. For exanple,
when the steamreformng nmethod is applied, a heating
furnace type reactor is used as the reactor. The

AL, IR U ASSnA ah aisnied  n
R T

referabl on11 I bar. When the reaction is
cg}r (f(ﬁ%e oﬁﬁ& %? q?eactlon system the space

Bgﬁ} y can be usuaIIy adjusted wthin a range from
éH hr-1 to 10000 hr-l (STP), and preferably from

2000 1 d 080 B ST A U e o
SrTH SR (1o 1B ?%%ri*?%%%é S8 G R R A€ e
RS SRR bl r A e v
SUBRLESS Bl SSp G RLaBT, clsetiie dorn il
'“&',#Qfélora; :93'Aaé’“p;&{@&a?%’fxg{éé nh&ackhen of
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
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
hr* to 10000 hr! (8TP), and preferably from 2000 hr™' to
8000 hr™* (STP).
[0172]
In the method for producing hydrogen, it is
possible to optionally carry ocut a treatment of

decreasing carbon monoxide after reacting the hydrocarbon
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the formula (2), a treatnent of adsorbing and
separating carbon nonoxide by a PSA (pressure sw ng
adsorption) apparatus packed with an adsorbent.
[01731 10 Catalyst Il for Production of Hydrogen The
nol di ng according to the present invention can be
suitably used as a catalyst carrier for the production
of hydrogen. That is, a catalyst including the
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AraLus tﬁ’?ec}g%%ewja‘)sht%s%d%‘?r ?fétcat alyst | 5 for

thFOf7r3o]duct| on of hydrogen described above.

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 ig, 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 (MgAhl,0,) as a main component, and specifically,

25 magnesia spinel may account for 90% by weight or more of
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[01751 Dinethylether Reformng Catal yst The nol di ng
according to the present invention can be suitably
used as a catalyst carrier for reformng 10

di methyl ether. That is, a catalyst including the
catal yst carrier (nolding) containing alumna as a
mai N conponent, and copper supported on the catal yst
carrier (which is hereinafter sonetinmes referred to
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be suitably used as a catalyst carrier for reforming
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
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
together with a raw hydrocarbon, so as to produce various
raw gases such as industrial hydrogen, ammonia, methancl
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

hydrocarbon is that a desulfurization treatment is not
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CH3OCH3 + H20 -. 2CH3OH (1) CH3OH + H20 -. 3H2 + Q02
(2) [0177] The catalyst carrier is nmade of a porous
refractory 10 material containing alum na as a nain
conponent, and specifically, alum na may account for
90% by wei ght or nore of the total weight of the
catal yst carrier material. Herein, the crystal phase
of alumina to be used as the nmain conponent of the
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curmul at i ¥8%or'e bf* 0- 10 nl/g or fore accor di ng
(ﬁ§a4¥F neasurenent of the pore volune by the nercury

The catalyst carrier is made of a porous refractory
material containing alumina as a main component, and
specifically, alumina may account for 90% 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 cof the catalyst carrier is preferably one
or more kinds of x type, X type, p type, n type, Yy type,
pseudo v type, 3 type, € type and o type.

[c178]

Alumina which is a main component of the carrier
material sometimes contains sodium. The content of
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

catalytic activity may not be obtained.
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penetration nmethod. When the | ocal maxi mum pore radius
is less than 0.001 pmor the cunul ative pore volune is
| ess than 0.10 nL/g, sufficient catalytic activity nay
not be obtained. 10 [0180] The catalyst carrier

(rmol ding) preferably has a BET surface area of 1 nR/g
or nore according to the neasurenent of the specific
surface area by the nitrogen adsorption single point
nef&ppg]hbre preferably, the BET 15 surface area is
from2 n2/g to 300 n2/g. Wien the BET surface area of

the cat a_ftysfdsl fcfxltécflﬁexttr%é Li8sS éljti@ncz}t (D ctPEErlas a

may becone 0 Support a sufficient  anount
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[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
surface area is from 2 m?/g to 300 m®°/g. When the BET
surface area of the catalyst carrier is less than 1 mz/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
catalyst and a raw material during the production of a
hydrogen containing gas decreases, catalytic activity
tends to become insufficient.

[0181]

The dimethylether reforming catalyst is obtained by

supporting copper as a catalyst component on the catalyst
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wei ght, sufficient catalytic activity may not be
obtai ned. In contrast, when the supported anount of
copper is nore than 50 % by weight, catalytic
activity may decrease. The support copper usually
exi sts on the catalyst carrier 10 in the form of
nmetal lic copper, and the supported anount is the
meight in ternms of nmetallic copper. [0182] The nethod
he t [ |
artl Cl%qrar#égi e d‘:ﬂfglvé Th %h#%brt%‘l@r a%un% ¥ copper

and for exa
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in the form of metallic copper, and the supported amount
is 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
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
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

acetate; and a water-soluble salt of an inorganic acid,
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al um 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 from 10 1 %to 50 % by wei ght based
on the total weight of the catalyst. [0184] In order
to incorporate at |east any one kind of zinc,

al um num chrom um and boron, for exanple, 15
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i er_bef ' - ' i
o LFTEL LB, A SRRl L R fongoeat ety
112 be.applied to the catal yst carrier after
sUbporYI ™G copper. Usually, it is preferred that the
treat ne is carried_ out siQ%#taneouslgh

C

supporti ?ﬁﬁﬁﬁ?t ?%J%%ECS um 1 rmum I%Ihm and boron

_ ena plurarity of
elfgmggg Sgﬁiigﬁﬁgri§ ifmf%gg, and it is preferably from

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,
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 dissclving a salt, a compound or a complex containing
a desired element in a proper solvent. In such method,
the treatment 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

carried out simultaneously with supporting copper, or may
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possi bl e that an el enment-containing solution is
prepared by every elenent and the catalyst carrier is
sequentially brought into contact with or inpregnated
with each elenent-containing solution. However, it is
preferred to 10 use an el ement-containing solution in
whi ch such a pIuraIity of el emrents are allowed to
exi st in one solvent. is nore preferred that at

'Q@ét ]]e@i/ s fec ki g oéaza @%Pﬂé‘f‘”&f@@fo% APng

bor on I ncor porated I n ove nentloned copper

S0} c% et | ?%Jarie.l. at;gl gl éﬁ?érva'étlﬁre# Scl'g)% Qrlgted deéht is

cont i"fpregnat copper as

neceete ! S S LR o Ry VA Rt Blng COPORE

be g#ggﬁcted to a firing treatnent. The firing 20
E nent may be appropriately carried out, for

trea
exanpl e, cghrgi@lg? y)ghgf C@fg&@ﬁwnﬂerﬁég %e 188150

st age vvhere t"carrrer nmaterila

gg%%$$+% %h%%at an %fé%%% %ﬁ%gimgﬁgeggﬁﬁggg a? ?repared
e BT DDA AT R BT aEh  efhenciansy

5503 S50 KL B TP, B Th B PR b0
gqgéaln%ggcgﬁgagnlngoégigglég.trﬁ%ﬁg¥g¥¥jIé”lé”ﬁ%%Jéfgéd to
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 is incorporated in the above
mentioned copper solution and the catalyst carrier is
brought into contact with or impregnated with all of
copper as well as zinc, aluminum, chromium and boromn.
[o1l86]

If necessary, the dimethylether reforming catalyst
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 into the
catalyst carrier having the above specific shape, or in

the state where the catalyst carrier has been brought

into contact with or impregnated with the copper solution
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cont ai ni ng gas, a hydrogen containing gas (m xed gas
cont ai ni ng car bon di oxi de and hydrogen) is obtained by
reacting dinethylether with steamin the presence of
the dinethylether reform ng catal yst descri bed above,
and 10 carbon di oxi de and hydrogen are produced by the
steam reformng reaction as shown in the above
fornulas (1) and (2). The specific technique whi ch

t hed t
h;a/%? ogen ~on %’egn' EOﬁgeklIH@ QP ZII?(‘E pé.g%l‘ﬂ gﬁromlum and

'S hot  patti y ITmted
as it is a technlque based 15 on the st eam
re ormng reaction of the above fornmulas (1) and (2),
anﬂxg?¥ be appropriately carried out according to the
%onal met hod. The di net hyl et her reform ng

R e T i
cont ai niF %%%fr?sae Fo gt et B i Gkt {540
i R L BT cea%%%ﬁﬂnﬁfxé"%?f orkRe o
A TOLT o BRI RE: Eho ) PEQERT BN of noRb= 1088 bv
oo CAB e Y LEERCT YRR BESR <L abhbr BT RGoPEe RS the

present. i nvention, _and the reaction condlg?ﬁns are not

£ FHREFRYIGF ST | Tof PERLNEoF 2 ER KRBT eI RREAPERABPEE M 21d

carbon dioxide and hydrogen are produced by the steam
reforming reaction as shown in the above formulas (1) and
(2). The specific technique 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
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
is 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.

[0188]
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reformng nmethod is applied, a heating furnace type
reactor is used as the reactor. The reaction
tenperature can be usually adjusted within a range
from100 Cto 700 C, and preferably from 150 C to 600
C, and the 10 reaction pressure can be adjusted to a
normal pressure. Wen the reaction is carried out by
a fixed bed reaction system the space velocity can

be al de A t NG f r
2000000 THe b g edk (Prola,iigNORe | RpEdH] cdntfining

1000 b ol U1l 6kl rhrogot g ot gh o
fromlﬁ%Jﬁg@PE U{@Sr'&swg* ﬁ% ; gﬁ&ge%ggs%mg' ¥o the
Cﬁé?% éﬁtff %9988t'85d°£?%”?B%EY&SE“86n§E€18§Ba5¥§tnot

e pro ron bf e present
N %%?%Vo LB, kg 2 e oo,
o TEERESRR AR, U, 5 FEBEECA e e
PLECSLESY O GERACRA! enfOhUHRL PO Peg E0lbd Hdfperaure
N T R
on780per|pheral géiggfyb¥r gfgong“%o 600 °C, and the
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).
[0189]
It is noted that a ratio (H,O0/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.
[01s0]
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

bridge portiong which are disposed at least both ends in
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t he adj acent colummar portions; the nolding containing
al um na as a main conponent and al so containing silica
and a magnesiumelenent. It is possible to efficiently
produce di nethylether 10 by using the catal yst for
the production of dinethylether according to the
present invention for the production of

di met hyl et her. [0191] As shown in the forrmula shown

be%&§$iéaa§ﬁ§y'&1Pset1§§sneth %%iﬁg}§9U8€dﬁé¥aEéﬁt

atiron reaction o

i TR 2 REELSEE R ﬁg%ﬁécﬁﬁﬁpgaiéé%%?)CB?ETB%

JP€183éatgséa£$fo£H8rpfQHaCAiga 9£c9ﬁaE£5yLﬁLBsghoﬁole

present “Tnventi on cohta f
SRR AT B Sy LS AL a0 e, ane

ﬁ§%§%3£§§’§y5?35 %?LUS% ?ééhég%?”Qu?9a9§§%¥e%?5§?]gésreen

t i | .
trEue LfS1b el Fa1itar bRiE 1G] BRe"RY104PE' H8hcRining
t he cr¥stal structures suc

Tha1d8

he ikee-&
3h2hosh HELH! EanoBoRatg, 3198, Bhpl REpuhb Birtca

and a magnesium element.

It is possible to efficiently produce dimethylether
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
(CH;OCH;)} is produced by the dehydration reaction of
methanol (CH;O0H) in the presence of the catalyst for the
production of dimethylether.

2CH;0H - CH3;0CH; + H;0 (I)

[0192]

The catalyst for the production cf 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):

Al,03'nH0 [0 £ n £ 0.5] (1)

and an active alumina having a crystal structures such as
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production of dinethylether of the present invention
is wusually 80 % by weight or nore, and preferably 90
% by weight or nore in terns of an oxide (A1203)
based on the entire catalyst for the production of

di met hyl et her. 10 [01931 The catal yst for the
production of dinethylether according to the present
invention contains silica. By containing silica, it

;%’p $|&t9h§ pﬁgSﬁetﬁge&ETTﬁ%énfe SHRGE afAR

ea3|ng en t catal yst 15 i s subjected to a

hi gil1 & @%eéaé Qfd QtﬁgtﬁféséHﬁé fﬁ”&atvnéﬁ&eﬁ? for

duri ng content o Int

Caéﬁé {h%hgryQEQFUSE#Qth%eQ'QEEHYASthraof tﬁ? the

pr se |hven ion'Ts aits by el
orypLe, and nore 20 preferably 0.8 parts by melght or
nore Th terns of Si02, based on 100 parts by wei ght

in terms,of AL2OS. . Ven 1H§1n&8n£§n ch§t$i§§t'§o£e§ﬁe

5 o)
than t he OVE Tange, conve S on al um na

PRl S e gesthe MEcteg BLILCLETIR g 1o

SPEEALF S 0 1888 W0eeil Yoo REBkeA) 306 by

CULIZRE o5 EoTERRRR VA phEE! PhAR, Bodkl o cne

OB LS SRRl BL LRSHELESSh ok AURRLEDSLOCS.
[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
is subjected to a high temperature and high pressure
steam atmosphere during the reaction.

The content of silica in the catalyst for the
production of dimethylether of the present invention is
preferably 0.5 parts by weight or more, and more
preferably 0.8 parts by weight or more in terms of 8iO:,
based on 100 parts by weight in terms of Al.Q;. 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

atmosphere and thus the BET specific surface area of the
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expected even if silica is excessively incorporated,
the wupper Iimt of silicais usually 10 parts by
wei ght or less, and preferably 2 parts by wei ght or
less in ternms of SiO2, based on 100 parts by wei ght
of alumna in ternms 10 of Al1203 from an econom cal
point of view. [0194] There is no particul ar
Iinitation on a silica source when silicais

d| %@%ﬂ(s@ egot nﬁﬂ? L@Po&aé@wﬁt of Oalmééﬁypéeﬂeft teRasf to

her resent 1 nventi on.

0Bl i S le b U Wy I i

neutra I'ca sol I ca

ol 0 SHALECDe P LR oL L e
e S PR SR SRR BT s
A5t RERE LAV A ARV RS L, o
T UL R s o DS EO kb PESA ERCBTRLL e, ene
o RBe SR o EThe! BTFLLNs v b8 AT L8 BERLS 2RO o
O hle Bhadlcton .6l LTELIVLeLhor phur (1 RESIODN corme
(NDC»Slgzycggggd on 100 parts by weight of alumina in terms

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.
For example, a silica sol liguid such as an acidic gilica
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
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

dehydration reaction of methanol at an excellent reaction
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The content of the magnesiumelenent in the catalyst
for the production of dinethylether of the present
invention is fromO0.01 parts to 1.2 parts by weight,
and nore preferably fromO0.1 parts to 0.6 parts 10 by
weight in terns of My, based on 100 parts by wei ght of
alumna in terns of A1203. \Wen the content of the
magnesi um el enent is | ess than the above range, the

adPéEé g &f f§°1019§ £ Dife MRGARS YRl STRN e KL RASESh i@ hed

thus it may becon®e inpossible to sufficiently maintain

151ﬂh@mlf %’E af & VPR ﬁi@dﬂw&m%f&’nt £ LEEmEER é{‘iéeﬂer of
for a longt I n contrast en t e conten

magne geciald regth o} r

reactﬁ%n r%ég at ?%glﬁgg?%nlﬁga%?ﬁl??a ﬁ%tgggﬁ %?hﬁagneSIum
react dOn s to decrease and thus it nmay becone 20
dlsadvan{ eous in efficiently producing

E§%@¥iether [0197] There is no particul ar
on on a nagnesi um source when magnesi um

e' ement e | ot et %fd? é‘trf?%gﬁﬂ?ﬁl&@té‘iéfrﬁén{ Ol ORe

productlon 0 5 present

(y;@;i,ggt ESL aBLes,Llibs BPSTLRLEND PelRg: Aor - L0

pomder N vari ous naghesSium sal f's such
%‘@Sh%“ S“;‘Léf'i“le %eé'Hﬁgﬁgﬁﬁét@% e §§£HE‘
e |mnc esrum hydro
”‘e iéf—f@ é’i‘:‘f m&P ”S%ék‘é“ré’éi{}'ef%&% 5N bhkEs £ol0188barts
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
the reaction rate when subjected to the reaction for a
long time. In contrast, when the content ¢f 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
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

present invention. For example, it is possible to use a
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The catal yst for the production of dinethylether of
the present invention may contain a netallic elenents
ot her than al umi num and magnesi um for exanpl e,
titanium cerium zirconium zinc and the |ike as
long as the 10 effects of the present invention are
not inpaired. The netallic elenent is usually
contained in the formof an oxide. [0199] The

fﬂﬁ@&&éﬁ &P 1he; gapdushiQ 95r96ﬁ§?ﬁ¥§ﬁé§fﬁm0§al%ﬁesuch as

e present invention usually contains”sodiumin

?@%a%{uﬁ' Q&l:%.ﬁg, Weh GhE s Pim | 88t hPet %?%n@éi%i er.trate,

ased on the entire catal yst and, eally,

[ e h S t i b
comm e i hlofiap pnddh arysh RERoRRaeCaRT o P, ana
sadli ' ; . % wei ght, the reaction
rgﬁ%&ﬂ%%ﬁﬁ§0§%1%£2€%28g&e[%g%%] The catal yst for the
prg?ygé'on of di nethylether of the present invention
preterably has a BET specific 25 surface area of 100

/g or fﬁﬁe?% ﬂ%gggfé%ytﬁgq%fgé%cgion'oﬂzgimé lether of

bef ore use: ySt f € production o

O 58 A SLLE flehP R SR St AL AR ATy 1 gpenc

$§€%$$%t§b%gg ﬁ%&%yﬁf%@é{Mﬁ%%gséuﬁpﬁégroéxgﬂﬁfe?ngitanium,
cerium, zirconium, zinc and the like as long as the
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
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
sodium is more than 0.01 % by weight, the reaction rate
tends tc decrease.

[0200]

The catalyst for the preoduction of dimethylether of

the present invention preferably has a BET specific

surface area of 100 mz/g or more, and usually 300 m?’/g or
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cunul ati ve vol unme of pores having a pore radius of 100
nm to 100 pm preferably accounts for about 10 % to 60
% and nore preferably about 15 %to 50 % of that of
pores having a pore radius of 1.8 nmto 100 um 10
[0201] The catal yst for the production of

di net hyl ether of the present invention can be
produced, for exanple, by a nethod i) of sufficiently

absgrbi ngegosel yskon (preferably an aqueous sol ution)
contarning a silica 15 source and a magnesi um source

into an ?hUEhQa E&§YLE0Eor EHE'B%@QuQilgﬁlQEnalﬁE@hylether

further firing the pfecursor, or  a method

nléfngh@ ?kgbgﬁtSQHQQBtlan”agﬂgsbHthé@H@%ev@ﬁ@m@nof pores

al um na precursor as a powd I n advance f ol by
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no part imtation on the alum na precursor.

ThQﬁefeﬁbéﬁ'rﬂ‘c?P by NG GOV %'6’”@&11/3@ s[é"i‘t hed may

and al sO” conmer Cl y avai'l'abl e um num

Qﬁfﬂiﬁgﬁl%dvﬁﬁﬁme”%@ g&@%@xhg%rl % L BSgiuseds 100 nm

partlcu atlon as 25

f
LSuaI ngw%"B? R R o e et el TR
t he f I h

246 £2dgka By SpHR ﬁﬁé%é‘é‘?&??@ﬁ@. SN PehrRe:
ou%a%?n%naabgre ra Eher% 1% 8(%20%0 100 pm.

[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 agueous solution) containing a silica
source and a magnesium source into an alumina precursor,
followed by molding and further firing the precursor, o¥
a method ii) of mixing a gilica source, a magnesium
source and an alumina precursor as a powder in advance,
followed by molding and further firing. In any method,
there is no particular limitation on the alumina
precursor. Those obtained by the conventicnally 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

to firing conditions. The firing temperature is usually
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In the nethod i), in order that the alumna precursor
absorbs the solution, it is possible to enploy a
manner to inpregnate the alum na precursor with the
solution or to coat the alum na precursor with the 10
solution using a spray. In the nmethod i), when the

sol ution containing the silica source and the
magnesi um source i s absorbed by the alum na

prgﬁgﬁégég ?ﬁéﬁ'ahbeE 468”56' bngleetbctgﬁdskhbcﬁlrlng time
source an or

€ magnesi um SOUTCE may be used

So#gthgﬂafg tghﬁhggeﬁhfrghlbcﬂoaéssegrﬁg ﬂquQ and the

utron co heé magnesr um sour ce may

t had
o PREEhe P RERE Wﬁ%M$%%%ﬁ%%P
f { h b I d
or SETGRPEEPor " xi ng. whi | e comm nuti ng sach as & m 11
x g?g 0 enployed The nmethod i) and the nmethod ii)

appropriately used in conblnatlon and,
for exa

and the SEE%T%%&Qgg} zngégngr Sﬁdggaél% i%{I&umna

ft 25 othe f ne
O EFEEUana ABSRABCLPanPROUE 8 myC 19200 bEorBedmP1oY

th | t ant tu The_net hod
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not |limted to the abov

d 5
D BRLEEORy Ok hbr ABRCot BROPARG B seens Hith e

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
source 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
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

other of the silica source and the magnesium source may
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precursor, firing the resultant nolding foll owed by
providing the silica source and the nagnesi um source.

[ 0204] Met hod for Producing D nmethyl ether 10 According
to the nmethod for producing dinethylether of the
present invention, dinmethylether is obtained by the
dehydration reaction of nmethanol in the presence of
the catalyst for the production of dinethylether of

ge BLESEALLBYCRhEOResATUaRE Rigdueed by the

dratron eacti on as shown 1 n the above formula
(Iloﬁé?ipecific t echni que whi ch can be enpl oyed in
th od for produci ng di nethyl ether of the present

. ot . S yl ! .
0V e" ol mBthagbRok REPRLCYan EhEPHaRan 880080 chi
th b f | 1) b i
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t al t t dehyd i ti t i
ChEiehbEror, hrthg shesdsrutepen moHBY Felitned B2

€.l d, t | | -

P BRoHiiRgob s Ridarar soutPenatn Ty magntE iyl fo s
the production of dinethylether while being packed
i ntl8284feactor and a reaction vessel, it can exhibit

of Prerem %S paromsarity TRt

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
reaction as shown in the above foxrmula (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 technigue based
on the dehydration reaction of the above formula (I), and
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

minimizes the pressure loss and has not only a large
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[ 02051 The net hanol gas may be a pure nethanol gas
conposed entirely of nethanol, but may contain water
(steam) or an al cohol other than nethanol, such as 10
et hanol or isopropanol. The content of nethano
relative to the total of nethanol and the water and
the al cohol is wusually 90 % by wei ght or nore, and
preferably 95 % by weight or nore. The nethanol gas

iSstPQééyaffgd?@EtQisodélH&&@Qa@étgtﬁgn Bﬁr%h8ﬁ51§U§B used
as nitrogen (N2), argon 15 or helium Mt hanol is

USH@{'thafPé%%gglgﬂ 8f dfﬁéﬁﬂ%@é@ﬁe?e&9i§etBgln? packed

reaction Upon t he ration reaction o

IE@SO& réggtofe%gragl §é§gg§%ﬁt%ﬁ }geuwahax 3§ﬁ191t high

I gher pre and usual 'y

reac‘?af% OYEL ForRLALELAbhy 400 gﬁgglgo%effmelemy

SSUTG varil es pen g on t

e , ly 1 x 105 Pa or nore and
§§P$§&£gﬁgxd?ﬁétéglggﬂggés, preferably 30 x 105 Pa
hg&g 25 [ 02071 - 124 The dehydration reaction of

ano is usually carried out using a fixed bed

o B AT b R Pl

5090@@%58 CREfr8 9 & OggghanOIPrbut|8§§ contain water
(steam) or an alcchol other than methanol, such as
ethanol cor isopropanol. The content of methanol relative
to the total of methanol and the water and the alcohol 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
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,
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.

[0207]
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Di et hyl et her obtained by the reaction can be used as
it is, but may be optionally purified by the
conventional method such as distillation. [02081 10
Met hod for Produci ng Et hyl benzene Dehydrogen Catal yst
The nol ding of the present invention can be suitably
used as a catalyst carrier for the ethyl benzene
dehydrogenation reaction. That is, a catalyst having a

cat al ystﬁ@f&éﬁ%dl(avgi ) NGd 2 CONGAT B e Bh4HH 131 8Susually

mai n 15 conponent iron supported on the catal yst

n
COLLkFleq (Wi Cllsl g ST FLAGE! 6L SPURLETRSsLEh ekt od hiLei-

as an e enzen ydrogen cafalyst) can

ef éﬁ%+f££ | Yo gXDLPi ta?a;i ghe C@%gl ¥ShrP§ %gaganmoeméyi $GHSV)

capabl'e of " effrcrent accelerating t et hyl benzene

de(Eé( &E@Qﬁ%(%i 0fg rSQ’&%i 9\2 50 gOh{10%?,91.noIJ%e 2B IsRRBeeRET or
dehydrogenation reactioh neans, or exanple, a
ge %ion whi ch produces styrene by the

eny

rbgenati on reacti on of ethyl benzene using a
cat 8 ot Bl g LT RPN RS L QR e b, voea
| 8505981 kTRl AL GRRSLS o 2008 B pnorovs
SOP T RRRRASRRL uF EBSopEler Ser @ BT REr AR of the
ca}g&gg} carrier material.
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
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.
[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:

C5H5C2H5 — CsHsCzH;:, + Hz - 113 kJ/mol (I)
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Herein, the crystal phase of alumna to be used as the
mai n conponent of the catalyst carrier is preferably
one or nore kinds selected fromX type, Ktype, p

type, q type, y type, pseudo y type, b type, 6 type
and a type. 10 [0211] It is considered that alum na as
a catalyst carrier wusually has acidic sites and
therefore accelerates precipitation of a carbonaceous
sugéégﬁ e and the renoval of the carbonaceous

e by the water gas reaction 15 with steamis

su
e B A8 B e JREARLEE frous sesracrory

neutrali g by adding a

CrBaFABARL TREVRRONHasRaRRer ohg Ba T oM RelE R

r ePBPRRACRE Y eart %%Eﬁguﬁg%i%%s%ﬁﬁ%f A 2’ raghe or

PRPERe 0% BhEofeuety “eagrh: B ThE Ehe g;igr (Sading A hacerial .

BRI RS AL, B St o, oo

t he basi c substanc e basic

Su@éﬂ&nEQmPQn§ %t@g oﬁa%ﬁéygpuﬁﬁﬁglﬁgl&% Ereferably one

apBFoBPFS: 3?191%@2 E%h@‘g%%ﬁc EER g e ne Iaver §t hwgter "

SO|tl;7?3|el,l tyy t?ffpet,h%s%?lsdloc Ysu%tea}n%e tty% be uscey%e %n[cp %tl%]ype.
[0211]

Tt 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
with steam is insufficient. Therefore, it is preferred
to neutralize the acidic sites by adding a basic
gubstance to an alumina carrier, followed by a heat
treatment.

The alumina carrier may be reformed with the basic
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

impregnated with the basic substance so that the basic
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Exanpl es of the basic substance used for reformng

al um na include an al kali netal conpound, an al kal
earth netal conmpound,a rare earth nmetal conpound and
the like. Lithium sodium potassium and cesium can
be used as the 10 al kali netal, magnesium cal cium
strontium and barium can be used as the alkali earth
metal, and | anthanum ceriumand the |ike can be used

as su%%t & Y téﬁggi%trade% cfneSbQFeCtdl\(ﬁt{JXIa IL'Q%T r% 1%olm%wed

supporte anmount asl ¢ substance

bﬁzg W"r{é%t"‘@r%@tﬂe%d Prake aBgéérB'i;?LBhé Qlag’ 30 10 1

wheén onen re expresse terms

con gr%%§:1atthe%.%fg']sel Cte r@oqid}. §otthc; h:ef* Ceﬁ.rerc}}eefl.r of water

ning asic ance

te r r.e wWithin a.r e t % C and
pre%pg‘rgﬁ %fyror#: (?at%g% Sng{s%rgr%mlt% b%Z n iron
qﬁﬁéﬂﬂ is supported on the alumna - 127 nolding
atal yst carrier containing the basic

as

substanc f ol.l owe a heat tr tQEH}

conmpound, almé)r}ec,snl %r % |a|’sd'r$ %% G rdc%ze%rkgar ormlng
|ro sulfaLe d the like .are d These

e 1 A St e o Lgfﬁéah carth

the K%l compound,a rare earth metal compound and the like.

Lithium, sodium, potassgium and cesium can be used as the
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]

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]

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 °cC.

[0215]

An iron compound is supported on the alumina
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of an aqueous solution by an inpregnating nethod, a

di ppi ng nethod or a spray nethod, followed by drying
and further firing to obtain a final catalyst. The
firing tenperature in the preparation of the fina
catalyst is 10 preferably within a range from500 Cto
1000 C, and nore preferably from 600 Cto 900 C

[ 02161 The supported anount of iron in the

o Bihengens Hanon CeL b e Al d 10
10 s%%:?ﬁta\g?aeﬁhtf dﬂﬁ)tv}e R, A r@%ttmi:']%ea en'32 ps Rasedron

ont WEI g 0 t he "catalyst.

PR G A, Enddrdbe P oy iutrmég{a{ege%o t aﬁ?ﬁﬁinde'
COINRS AR 1 SRS AU P! FALLOBBIRR are

v Wei g Ca i°cactivity may ease.
[02171 It i referred that, at. | east . ki nd _of
o eagbaste I FrE e B Pl AR AN Y e £omm

P, 0, S S AP SR W -

o 0583 o e B R, RS Mg ans

C ] oo T, AR {08}
temperature in the preparation of the final catalyst is
preferably within a range from 500 °C to 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
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
iron is more than 15 % by weight, catalytic activity may
decrease.

[0217]

It is preferred that at least any one kind of

oxides of Cg, Mg, Ba and La is further supported on the

ethylbenzene dehydrogen catalyst so as to increase the
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[0218] At |east any one kind of oxides of Cs, My, Ba
and La nmay be supported before supporting an iron
compound, simultaneously with supporting the iron
conmpound, or 10 after supporting the iron conpound.
[0219] When a plurality of elenents are used, it is

al so possible that an el enent containing solution is
prepared by every elenent and the catal yst carrier is

seggggig?ggyafgzvgggﬁggfhéné&hf@ﬂﬁa&f.ﬁﬁéhofide of Cs, Mg,

i mpregn enment - cont ai ni ng sol ut1 on.

Ho A . . - .

sofft: 5 PRAEPELTERE' TR PG, P3FeaPuTpElp AR LR 4o
I [ [ I R f

2 EPUBEchIBXERbel § 8VE03E! Bl wblicht  GhOpRLE BrEtdraniy

e '. ¢ .

sorPloR InCe Rt B asdBhe,, BRBH YR, LR coRAT BNIGne of

coptact_with or inpregnated with all of the iron

COE%SUHS%%%HS?heISEing of CQ{ My, Ba and Laltogether.

[Oﬁagﬁ 55 It is preferred that the ethyl benzene

dehy 8len 129 catal yst has a | ocal maxi num pore

(045 Oh 0 4P eSO UL EVE OB, 2a ano
TS B BhehicBd Br Yo BB ISR B kg ompouna,
Al o1k ane80815 30 el Q0E BT Ohg! MRS TALNBRAE or
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
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 solvent. It is
also preferred that at least any one kind of oxides of Cs,
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]

It is preferred that the ethylbenzene dehydrogen
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volune is less than 0.10 nL/g, sufficient catalytic
activity may not be obtained. [0221] The et hyl benzene
dehydrogen catal yst preferably has 10 a BET specific
surface area of 0.1 n2/g or nore, and nore preferably
fromO0.5 n2/g to 300 nk/g according to the

nmeasurenent of the BET specific surface area by the
nitrogen adsorption single point nethod. Wen the BET

ig%g%ggg,&%gh%%f g\’ 31,2a 10T abGrRR RIS tr Bl ¥F i0S d08S$m or

it may becone ifficult to support

£fici . P
a4 mote é?l'de %tn é:%g'l?lslio%tt el?)fﬁ %io‘i%t YASmeC YPINAY oftl [PBr more

comnpoun ency of contact betweén

CPECEBRE Y she HMEANAN 2 TN WAL Y0 the

th ion o yrene decreases, catal ytic

pr Bt Ehr e a R RBsdRe no sk KE deRad farimm Pore
GeRFaagern Tome shedt o B 19 W Rylp e e, e
Qe ot - Ay S bbb o hovait i o f Moy
FOAR ) Mo (AR que whi ch can be
enq#ﬁ%ﬁﬂ in the nethod for producing styrene is not 5

par arly limted as long as it is a technique

based The ethylbenzene dehydrogen catalyst preferably has

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
than 0.1 m?/g, it may becomes difficult to support a
gufficient amount of a catalyst component (iron compound)
and alsoc efficiency of contact between active sites of a
catalyst and a raw material during the production of
styrene decreases, catalytic activity tends to become
insufficient.
[0222]
Production of Styrene

According to the method for producing styrene,
styrene is obtained by the dehydrogenation reaction of

ethylbenzene diluted with steam in the presence of the
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on the dehydrogenation reaction of the above formula
('), and may be appropriately carried out according
to the conventional nethod. Since the ethyl benzene
dehydrogen catalyst mnimzes the pressure | oss and
has not only a 10 | 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

re@?h&?ﬁeﬁ%éﬁ%'&eh&d&% eﬁxEh%hﬁy@kgﬁes%%ﬁ%bHShbove, and is

perfor mances an capabl e of éefficiently producing

Stﬁ&%ﬁﬁcedlé Q%%3he£?ﬁrgg%gg@lgﬂrr@%@@%%hn%ss%hb%%ﬁln the

e carri out ing to the conventiona

Ca%ﬁg@e@fs%ﬁglfagf( 1yse ehe LpecgEhy! Pseﬁﬁﬂ&ugehnﬁeﬁgsan be

e reaction COﬂdI trons are not

ALLESLAH X L G B ra o AR IR 1a not

deﬁy enafion reaction is a ed bed flow

%%&%Echia%ﬁ l%%l%@% %a&%% aghgtrQQp%!Q%chnlque based

erature~c gSual y “adj Quted withi’n a range

fro”‘ﬁépgﬁgh&éx%%%ngtaﬁﬁpr% %&ﬁT%PB* CHTYC Al (1)

action pressure can be usual Ty adj usted

0] 2 SRk e . Bl o o
\rlglﬁ:ogll t 0613\1{) We%%[ %92 ggﬁ%lﬁl ¥hgdégﬁgﬁger aépénflgh%drogen
st é:griha(]lg ?m “E'[Zrﬁ% g:i'}é'kd: :3.'51.1rreatI ss( Scl I\A %@s (Hot only a

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 exhibit high
catalyst performances and is capable of efficiently
producing styrene.

[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,
when the dehydrogenation reaction is applied, a fixed bed
flow reactor is 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

a range from 0 to 1 MPa, and preferably from 0.001 MPa to
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(EB) to be fed to a reaction tube is preferably from
1.0 to 20.0, and nore preferably from2.0 to 18.0 in
terms of a nolar ratio. [0225] 10 In such a manner,
when t he et hyl benzene dehydrogen catalyst is used,
styrene can be efficiently produced in a high yield.
[0226] Method for Producing Catal yst for Selective
Hydr ogenati on 15 The nol di ng according to the present

inﬁ?FtM9Q.Caﬂthl§ .fébﬁ&uygfdsﬁéc@-§@1@éY§gh9ﬁﬂ$VFrcan be

for 'The sel ective “hydrogenati on reaction. at is, a

Cahghxiaxiaabugkea Ji08:6abakysteCaibine Mt ding)2.0 h?,
alning a

con umna aS a main conmponent, and pal |l adi um

SUpRAr bed (00 BNG §aLAI Yob RO Gar oy yiwhi ch s

herern er sonetimes referred to as a selective

hy?ggggiation catal yst) can efficiently exhibit high
y

cat performances and is capable of efficiently

accel oray g, B SeloBE) 8 cUILaReNBIN Af Gk benzene

[0227] 5% carrier 1s nade of a porous

reﬂﬁggg%%gﬁghFﬁgﬁg,n%F%%%%'i NG NG FLAUPRAAY From 1.0

mai specifically, alumna may account

for 9Q % by wei ght or I t ot g I1ghty qf, t8ms of
caFQI%QFOCa?PIe Ot &5 F?%b%&}EE%? t'? g%ﬁé%al phase
of alug%ha to . be used as the 5 nmain conponent of the

-

catfal *& is preferably one
[0225]

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

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
carrier (which is hereinafter sometimes referred to as a
selective hydrogenation catalyst) can efficiently exhibit
high catalyst performances and is capable of efficiently
accelerating the selective hydrogenation reaction.

(0227}

The catalyst carrier is made of a porous refractory
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or nore kinds selected fromx type, x type, p type, fl
type, y type, pseudo y type, 6 type, O type and a
type. [0228] It is preferred that the catal yst
carrier has a 10 local maximum pore radius of 0.001
pmor nore and a cunulative pore volune of 0.10 nl/g
or nore according to the neasurenent of the pore

vol une by the mercury penetration nethod. Wen the

T L N N

ISP TR 5, Y KRl N Bt o
SSHRFITRY M BT Rl S B, macori
e A

gﬁk%ﬁgLF%%Pg% ﬁﬁgg%nt%elcpggﬁgStSE%&%iE% g%ygﬂ%&%&%yl one

Tt a surfrcreént "amoun catalys

t |l adi d I ffici f
2§ﬁ AP betRBa SELETEen CEOTR THES 135 TeR aly SPSHa
t r ial d duri h i £ [ f
ol GH PR cOmbatiias PUERER) It o PRet Vit ot Ehad FE ek d vPe-
in% fiicient. [0230] 5 The selective hydrogenation
catggﬁgﬁ i s obtained by

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
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 1is
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 of 0.1 m?’/g or more according to
the measurement of the BET specific surface area by the
nitrogen adsorption single peint methcd. 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

also efficiency of contact between active gites of the
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supporting palladiumas a catal yst conponent on the
catal yst carrier described above. The supported anount
of palladiumis preferably from0.01 1 to 5 % by
weight in ternms of nmetallic palladium based on the
total weight 10 of the catal yst. \Wen the supported
anount of palladium is less than 0.01 % by wei ght,
sufficient catalytic activity may not be obtained. In

COB&Egﬁgﬁgt Qﬁd?Eﬁ?%&%”ﬂaﬁH‘HQﬁ gbcpabbadiy &ﬁ?mﬂh%

t han catal'ytic activity nay decrease.

Igﬁgfgg?85E§9npék'8§%gﬁh aéwgapa by Bkahoeon Lhesvicy

carrier e for fretf a

suggg?g EO 8|§Pgﬂﬁfggaggk in terns of the netal.

supporting pal ladiumon the
20 carrler is not particularly limted, and
exaLpI it is possible to enploy a method in

e gL haet Bt s bRl LR 200 ke

g S R S srssgwg‘gt:@-%@l et o

o R EOhe, AR AT e, o 5F$gda3°unt

CaLE! 1B 5 - BRLRAST AR 0By SEBETEIN 49 weign

Lo bt Lpo, Thc,conceotealien ol ol LaChul oo, s

Ingregﬂgtéggalyst. When the supported amount of palladium
is less than 0.01 % by weight, sufficient catalytic
activity may not be cobtained. In contrast, the
supporting amount of palladium is more than 5 % by weight,
catalytic activity may decrease. The supported palladium
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
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

solvent, followed by a heat treatment (drying and firing)
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treatment may be appropriately selected so that a
predeterm ned anount of palladiumis finally
supported. It is possible to use, as the pall adi um
compound, water- soluble salts of organic acids, such
as pal l adium 10 acetate; and water-soluble salts of

i norgani c acids, such as palladiumchloride,

pal | adi um sodi um chl ori de, palladium sulfate,

pa%hﬁd%” s L ﬁ#%%ﬁﬁ%%@.orQHélh@gﬁtﬁreatmepfsis usually

dilcI orodi anm ne pa m- amm ne conplex sa of
et st ol AT B R AR R

S . ‘ . ; .

o RS ARt MACSUI 8ot e B wnite
Of pagglylenerfiel LeaLenc ik §Haa08 Bb9BLUHASBEUEALCSa11 adiun
y | a“sna t mn

rocar oon conmpounds existing | anoun

o BRSPS AP AIR o HOURGIRA0 prsanation
DRSS, e RN . o
OB SISy DY S SRS, T i
U ACHULSIE 2T S Bt e AL S e hser-
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
complex salts of palladium, dinitropolyammine palladiums
and the like.
[0232]
Purification of Olefin Compounds by Selective
Hydrogenation
According tc the method for purifying olefin
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 diclefins are
selectively hydrogenated in the presence of the selective

hydrogenation catalyst described above.
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[ 02341 A specific technique which can be enployed in
the nethod for purifying the olefin conpounds is not
particularly limted as long as it is based on the 10
hydr ogenati on reaction of the reaction fornula

descri bed hereinafter, and may be appropriately
carried out according to the conventional nethod. The
sel ective hydrogenation catalyst nmininmzes the

Pr agSuy g | oss and has not only a |large surface area
but”"al’'so a noderate 15 strength when it is used in the

met 1od 1 g5, P Ui ngr ShiiBurl GH AP UL MY | SR8 ne

packed in reac reaction ves
cat foqggn ]ﬁﬁp

P:m? 1c;aon egl%piu% y| ng tﬁa enovi ﬁ‘gg‘"t he adé%t eﬁlglcgla;lﬁeecf
hydro ar-hons an i Ql ef i
cred leeenﬁydfné %ca%ydl tg{bﬁle%%eenef and che
pur the I N _conpo nds can rrled out
Do ckhetn dReues FEHHRHETS S P or e
of %&g zelective hydr ogenat i on catalyst. 25 Regar di ng

0%t i on condi tions, a vapor phase reaction - 136

and o 11U PIE LeoG o0 g AT Hedo gL 19 cne

tMa:n]I 'tgﬁ%dsf%ﬁpem a{)&’ exer% i fli efd b Etg%pcéuarffg fllscatl on
particularly limited as long as it is based on the
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
strength when it is used in the method for purifying the
clefin 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
diolefins 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.

Regarding the reaction conditions, a vapor phase reaction
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The reaction fornmulas of the selective hydrogenation

of acetyl ene, propadi ene and nethylacetylene in a

m xed ol efin of ethylene and propyl ene are shown

bel ow (vapor phase reaction, front- 10 end system.

(Acetylene) C2H2 + H2 -. C2H4 (Methyl acetyl ene) C3H4

+ H2 -, C3H6 (Propadiene) C3H4 + H2 -. C3H6 A fi xed

bed flow reactor is used as a reactor. It 15 1is

usuald % ALGLAH e ldat dR i BAGHON RS ALY © Regardin

from 50 C155315% 8; thg reébtion pressure is_fron18ég 19

MPR 10 A Mra prad &'&%&%rﬂow HRAR Y & alidy drfd iV )eail-

i's fron14008 h-1 to 8000 h-1. [02371 20 The reaction

for 'iih%g'%%le‘?rp e e@cmgﬁq%%&jﬁonm& c368LYESRELEBn will be
en f

etﬁ?l to ethyl ene ter the separation of ethylene
fr OR is a vapor phase reaction of the
ta%ﬁ?§%HQ§§§$§nl A fixed bed flow reactor is used as a
req%EE% 25 apparatus. It is usually preferred that
the réaction - 137 tenperature is from20 Cto 150
C ther ti ressure i-s. fr 1 a4 MPa,

t he gas ﬁ@%ngggﬁggg'%$%ﬁ%€%¥§(%§gi§% %%? rgﬁgbooo h-1
to, 3500 h-1 .and the l.ar..ratj fqs

ny B S0 SRERRST ST o s e s BrA B A% ¢ ube 15
fr%@fﬁ§1é€%é§f&ne in a mixed olefin of ethylene and

propylene are shown below (vapor phase reaction, front-

end system) .

(Acetylene) C.H, + H; - CzH,
{(Methylacetylene) CsH, + H; — C3Hg
{Propadiene) C;H, + H, — CsHg

A fixed bed flow reactor is used as a reactor. It
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]

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

apparatus. It is usually preferred that the reaction
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[02381 The reaction fornulas of the selective

hydr ogenati on through the vapor phase reaction or the
i quid phase reaction of propadi ene and

nmet hyl acetyl ene 10 in propylene are as foll ows:

(Met hyl acetylene) C3H4 + H2 -. C3H6 (Propadi ene) C3H4
+ H2 -. C3H6 In the case of the vapor phase reaction,
it is wusually preferred that the reaction tenperature

s tfe'ing;@ra%%éo i€ ¥k G Cod RY NBACLICON YHLIRE R dich
fromO.4 MPa to 3 MPa, the gas hourly space velocity

§ S??;é)sﬁ]%f G000 0 N hpked 2000 sl e gefte HELAY space

rogen to be fe to reaction

/ . | i 101 5 e
t“Q%he&ﬂ@%ﬁgggﬁgﬁ Fhe ?ﬁﬁﬂyl?neao'§5§00h or 3h@s¢h

20 I'n th iqu phase reaction, it is

TR T (e SR WP Beisee i 5

from n-pressure is from2

VP. % MRa, t I . qu ace velocity (LHSV)

i s& trag:rtf‘ul(?.nl ¢ b-elql%o ffg)%fil',rbo;gnddﬁt'ﬁ)g' mol ar ratio

(hy, Eﬁgﬁn to be fed to 25 reaction tube)/ (propadi ene +
a

methyl"acetylene) is 3.0 or - 138 less. [02391 The

sel 1 |V LRI ARG U LAUARIIAOn he

féﬁ%%ﬁ%%%ﬁé%?%ﬂ'Eﬁ%gégﬁitﬁﬁ“¥éﬂg%'ﬂﬂﬁééjéﬁ&%%ﬁon or the
liquid phase reaction of propadiene and methylacetylene
in preopylene are as follows:

(Methylacetylene) C3H, + H; - C3Hg

(Propadiene) C3Hy + Hy — Ci3Hg

In the case of the vapor phase reaction, it is
usually preferred that the reaction temperature is from
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'!t to 3000 h'!, and the molar ratio (hydrogen to be fed
to reaction tube)/{propadiene + methylacetylene) is 3.0
or less.

In the case of the liquid phase reacticn, 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

reaction tube)/(propadiene + methylacetylene) is 3.0 or
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of dienes in cracked gasoline are as foll ows.
(Butadiene) C4H6 + H2 -. C4H8 (Ethyl acetylene) C4AH6 +
H2 --. CAH8 A fixed bed flow reactor is used as a
reaction 10 apparatus. It is usually preferred that
the reaction tenperature is from40 Cto 150 C, the
reaction pressure is froml MPa to 7 MPa, the liquid
hourly space velocity (LHSV) is fromO0.1 h-1 to 10
h-3.sand the volume ratio (hydrogen to be fed to
reaction tube)/(liquid raw 15 material) is from50 to
35q023@§2401 Met hod for Produci ng Oxidation Catal yst
The "MoI"di ng of the present invention can be suitably

used a5 argALAlal. A Rl J G0N O Simuas

cat al yst 1 ncludi*ng the cat st carrier

or ot bt Eiieh H BRI ot R A
A RR S [ SRRl I L g g bt don
o dhavies, 1 Er B 'S oS 0241
mater ol COTAANTI al um na as. aCREA H SicomBeitent and.
speci fi ca(IEIt\Hyl%lcuergyriaen@y accoun[.:qlflsor+ ?_8 l C.Hs
A fixed bed flow reactor is used as a reaction
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
material) is from 50 toc 350.
[0240]
Method for Producing Oxidation Catalyst
The molding of the present invention can be
suitably used as a catalyst carrier for the oxidation
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

performances and ig capable of efficiently accelerating
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by wei ght or nore of the total weight of the catal yst
carrier material. Herein, a crystal formof alumna to
be used as the main conponent of the catalyst carrier
can be one or nore kinds of crystal forns sel ected
from 10 boehnite type, pseudo boehmite type, X type, X
type, p type, n type, y type, pseudo y type, 6 type,
O type and a type. [0242] It is preferred that the
ca%g£y§%l o%rx%%%t o local nmaxinmum pore radius
o nor s ang the cunul ative pore vol une of

O %% g or nore in the neasurenent of the pore

6y the nercury penetration nethod. Wen the
Iocal maxi nu Ladi l.es a 400 r
t he cunuﬁé |ve%%g§é v% %§13§é %eggh?hgﬁ %h%oﬁﬂy%ﬁﬁg,
suffi |ent cat al 12 o I aj .
[Of& faF ma%é %qg a1 il Cgﬁ% %%.%% 4 8 n

pre carrier has a
EE%SHP@%%#&'@P%fL%%%%i 5?@& |gaéugﬁace At eac%dqﬁgrgéf 20 %
ivl %ﬁ”gh ot %ﬂ'%”af%'f"% % B3N T Bk 41 a:ffccgﬂ% gt
0.
oo antﬁﬁl"ﬁ ci SHEZERBant SHétéit 25‘9& O Shfiliha o
co 2?‘%’%&%I %%ll num, rouo eI e 3 nd a'tgg-yo%t carrier can

ca st and _a raw
E> %ne or more kinds of crystal forms selected from

boehmite type, pseudo boehmite type, X type, x type, P
type, 1n type, vy type, pseudo y type, d type, & type and «
type.

[0242]

It is preferred that the catalyst carrier has a
local maximum pore radius of 0.001 pm 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 less than
0.001 um or the cumulative pore volume is less than 0.10
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

nitrogen adsorption single point method.

- 140 -



10

15

20

25

materi al decreases during the oxidation deconposition
of an exhaust gas, catalytic activity tends to becone
insufficient. [0244] 10 The oxidation catalyst is
obt ai ned by supporting a platinumgroup el enment on
the catalyst carrier described above. The platinum
group elenent is a netal selected fromruthenium
rhodium palladium osmum iridiumand platinum and

aa??f?h??&l3PE?§$§%Fg§p%%F%gﬁ%FPThe su%bortcﬁﬁgﬁ%hﬁataIYSt
'C%%Jﬁ%%]re er:\eb yet;hr om C)')ﬁl){|I S gl?[% %ﬂ:om\%g %)emsmgnd
terdﬁsﬁt}rol%f qﬁlc?/ JJPBD'HHO‘ %‘1 0{Yéf‘éase d o tcﬁ%‘ e cdthlyst
paﬁ%ma)OOf thepé'g"lts rﬁ’% 9(}%3%”% y mqi%ora{rﬁg rg%lrgefn ﬂ:fiency
ﬁ?'g&saf%pév%%gera o AT B PR, = waw
?ﬁ@%tzeSr 7 Bk #n'gﬁ. i i R R fton of

e B, S A el Tl

support anmoynt of the other pl ati num group el enent
ﬁﬂfgiﬁh The same 5 as that of palladium

[0244]

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
is particularly preferred.

[0245]

The supported amount of palladium is preferably
from 0.01 % to 50 % by weight, preferably from 0.01 % to
40 % by weight, and more preferably from 0.01 % to 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 cbtained. In contrast,
when the supporting amount of palladium is more than 50 %

by weight, catalytic activity may decrease. The
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[0246] The nethod of supporting palladiumon the
catalyst carrier is not particularly limted and, for
exanple, it is possible to enploy a nmethod in which
the catalyst 10 carrier is brought into contact with
or inpregnated with a palladium solution prepared by
di ssolving a palladium salt or a pall adi um conpound
in a proper solvent, followed by a heat treatnent

(d %b?% gg{%ﬁe %Jarli 135 A0 F.\ls%a 1MGAYCHIAR PP Mat a-ﬁ.l%;]dt

heat i's usually 15-carried out 1n air

a
th a&'.efq.lé(_:ﬂl Il?ln tthree tOfI %. l'l‘l"élilé.q.l | %rl@:%iee%h%ﬁO%éd’] amount

hydrogen i na vapor phase while ‘heatl

' f .pald.ad di '
CONGeRL AL ARl g, PbbedLBbestbl! biBunt of

the nu he " contact or i

tr ¢ te”%@%e@%;l%% igxﬁl?rr %?.Io'p { l%g%tfe?lte aS{j r%ﬁ )t{féaatrlaj 2%he same

pr edet erm ne no umis

supported. It i ssible to use, as the pall adi um
coﬁﬁo&%@% cﬁb@@?ﬁé%ﬁﬁﬁye salts of organic acids, such
as % | 1 adi um acetate; and water-soluble salts of

inJ %ﬁ i'c acids, such as palladiumchloride,

Dl | adi U RETRES oF FRPPoRir G KPS et ghe catalyst

DAl PRALER nd ol o e LRt i T oA ATRke 1t

%g.gsg tp!o\gesi Ceo rg%oseirgﬂ 1%@ I\éEtmheotqloocI i\{larvj*hoiuc Egﬁ]eaucsgtalyst
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
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
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 chleride,

palladium sulfate, palladium nitrate,
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According to the oxidative deconposition nethod of
vari ous exhaust gases, such exhaust gases are

oxi datively deconposed in the presence of the

oxi dation catal yst described above under the

coexi stence of oxygen. 10 [0248] A specific technique
whi ch can be enployed in the oxidative deconposition

nmethod is not particularly limted as long as it is
based | dald COIARI AN AL 050, (B
respeé%?%%ﬁgagﬁﬁﬁ¥¥ééﬁ%‘fgﬁhu as éggpfgegﬁﬁerelna ter, ne
an

converit

oxl‘dation ca st ‘'m nim zes

LA DE LAVLRE HBDaa iR B %njtw&ig},gnf& the

th I | oss and has not only a |large surface
arggﬁgﬁﬁﬁgﬁ%'

thq

_ SO a noderate strength when it is used in

6?% ative deconposition 20 nethod of various

exhaust ‘gases in the state of being packed into

re

, QI reaction .vessel it.C i i i
C a?b g{ly sats'C l(|§reer nge?:r?g‘rPcoessl tglnoﬁi [ rvge tcl'{aﬁJ pda bl'e \g%@loc%% a}#}i‘/ e yt Gases

oo B R A A e o
Met hod of Ga Fl uor i ne- Gontaining Co o
AT Py E AR v b SR SRR HF (peidatively

fl

P SRR i GRS 48 R SPU o Yot

t wo

described above under the coexistence of oxygen.
[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
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 alsc a moderate
strength when it is used in the oxidative decomposition
method of various exhaust gases in the state of being
packed into reactors or reaction vessels, it can exhibit
high catalyst performances and is capable of oxidatively
decomposing various exhaust gases with satisfactory
efficiency.

[0249]
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or nore kinds selected from perfluoro conpounds and
Freons are oxidatively deconposed in the presence of
the oxidation catalyst described above under the
coexi stence of oxygen. 10 [02501 The gaseous

fl uori ne-containi ng conpound i ncludes Freons, and
conpounds cal | ed perfluoro conpounds as a genera
tern1for nitrogen fluoride, carbon fluoride, sulfur

ﬁ{p%ogztémwﬂed&oaaﬂdoé he dddiss Flﬁloﬁrle@éﬂs

are d’sc arge nospher aiT from Vvari

fﬁi Adld_es particul arly sen1conductor
urfﬁg regar dl ess of the concern that

Zrignst hE S o Xt%cf)t Soari At 3 ?ﬁa%m hod of
th t chi i t
AR g PR rpﬁ%ﬁil"n‘;qefc%m dbﬁ%ﬁaﬂm

el B nelht %S%%%Lc%@%&ﬁ%ﬁ%%ﬁ"?l%@%ry 91 gife, ox o

bilit h f th fl
P‘n’ff;r' Tcthss S S iheq drd H T BT Gtk nrr[‘ﬁ“%raend
EhE TR Gra It A o HRRTH RS i (SHE QTR OF the
co ounds, are nore difficult a ared, with Freons

AR O EH ST o TSR THOh AT RISy £ OeX L stence

of oxygen.
[0250]

The gaseous fluorine-containing compound includes
Freons, and compounds called perfluoro compounds as a
general term for nitrogen fluoride, carbon fluoride,
gulfur fluoride, hydrocarbon fluoride and the like.

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
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

air is restricted in near future as in the case of the
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deconposition of nethane tetrafluoride, ethane

hexaf | uori de or propane octafluoride in a gaseous
fluorine-contai ning conpound as a m xture of one, or

two or nore kinds selected from perfluoro conpounds

and 10 Freons are shown bel ow. (Deconposition of

nmet hane tetrafluoride) CF4 + 2H20 -. CO2 + 4HF
(Deconposition of ethane hexafluoride) C2F6 + 1/202 +

3 - H 5 LAN p a k4
octarrnsr ey ertars 1158 TR BEo R R YRcomposition

reagt i o Wlehto:f%( [ac%flrrﬂ%ltu | Zegrgéél(?‘,ﬁﬂey &ﬂfﬁd't(ﬁg'cﬁ a%?qwgnpared

flow type-reacto a fixe

ba r t preferably a fixed bed flow reactor 20
mh%@%jﬁgﬁﬁﬁgﬁ%f a nulti-tube type is used. It is

us%@zgéé preferred that the reaction tenperature is
from Cto 1000 C, and preferably from400 Cto

2923§Lr2 S %%%%2?%§h§£ﬁiﬁékgag’ gﬁ}nbﬁgggégﬁ%ﬁlocity

Fr ORCRE R 0 Todts TaEe Yt Tty MY

R A LR R L A oL

2| BRTE R L, MBI o SOIESIEAL S e [ o

or more kinds selected from perfluoro compounds and

Freons are shown below:
(Decomposition of methane tetrafluoride)
CFy + 2HC - CO; + 4HF
(Decomposition of ethane hexafluoride)
C;Fs + 1/20, + 3HO0 - 2C0O; + 6HF
(Decomposition of propane octafluoride)
C3Fg + 0z + 4H,0 - 3C0O; + 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
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

less, and preferably from 100 h'' to 10000 h™.
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than 3 % by volunme, the concentration is preferably
adjusted to 3 % by volune or |less by adding a dilution
gas such as air or nitrogen. This is because an
adverse influence is exerted on catalyst lifetine
when the 10 concentration of fluorine-containing
conpound contained in the reaction gas exceeds 3 % by
volune. In addition, oxygen and water are
inqgﬁﬁgﬁated into the reaction gas. An anmount of
oxygen i's not particularly limted as long as oxygen

is used iR AR AMYRLJ (};%_%lH (4 o Cﬂn\b%”n &‘gpacg{ébrg]

the perfluoro compound into car di oxi

OO A L il e e s
Qe 4o o sepnge Dl ggen praiced i B e

osition reacti‘on out he "cat al yS syst emin

th%or?c%nt(}ra@ fn ryfdrt%%erk 40%’%!‘1'1 Mll’?ﬂ.l‘% cHﬂ;?c;dr%{]Sls more

e )

0 suppress umnu um na Tromesc
th cat st S stentln the o) .
e %o bafn%t Satet Jot%@n"rfr R Wﬁ%#%teﬁ&m
the nd unt |s | s s, t

L(iﬁtu %teqtaﬁ ogaen g@’ co 3’feaa r?ncf &]ﬁutlon
thm is, for e mol .to 40rm|

ot S A G %M%ﬂiﬁ?w ‘}&éﬁ TRoPebrtasran fffverse

r eIMILIIEE B GOS0 O CPSFLY Y N B Yo L5

Q(Ic%ar}clevnetr%otrg.po%slc} tr}l.tf)ofrl%xehacucfrttta%anlng 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 used in an amount required to convert carbon
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 halcgen produced during the
decomposition reaction out of the catalyst system in the
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

amcount is 10 times or less the amount of halogen

contained in the reactant gas, that is, for example, from
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Cont ai ni ng Carbon Monoxi de and Hydrogen The oxi dative
deconposition nethod of an exhaust gas containing

car bon nonoxi de and hydrogen is carried out in the
presence of the oxidation catalyst described 10 above
under the coexi stence of oxygen. [02541 Vari ous gasses
have recently been used in the sem conductor

manuf acturi ng process, and conbusti ble gases such as

Co4agﬂ%§ﬁx?ﬁﬁ)Q&%ﬁﬂg%%ﬁ@%@&ﬁ?Qnﬂqf&Q%nﬁ%c%o&5th%@6%&a per

Si nc IS a co gas and is also harnful to

thejuman bedy becapsg Qfmbisté}é@”ﬂo&O?%9i&Ml 08 C,Fs,

treatment 1°s fequired before rel easing e gas

co N ' ' jr. Since H2 is
m&géy4%%%%%#56é%ﬂﬁﬁyﬂ%qgghgﬁiu %é%gg'sinilarly to

CIJ[Oé%% a treatnent is required. [02551 According to
t he OX|Jative deconposition nethod of an exhaust gas

oD% S PR S5O0 LUK 0 b a0
Comiiai S S MR e
e os S B S Rl A AR A8 e
OO Bl B IR0, TRACH e o0ty WRSE s DB
arec:n.J.t in the presence of the oxidation catalyst described
above under the coexistence of oxygen.

[0254]

Various gasses have recently been used in the
semiconductor manufacturing process, and combustible
gases such as CO and H; are often discharged during such
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,
a treatment is regquired.

[0255]

According to the oxidative decomposition method of
an exhaust gas containing carbon monoxide and hydrogen,
by bringing a gas containing €O and H; to be treated into

contact with the oxidation catalyst under the coexistence
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as follows. (Deconposition of carbon nonoxide) CO +
1/202 -. 002 (Deconposition of hydrogen) 10 H2 +

1/ 202 -. H20 The 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 nulti-tube type is used. It is usually 15

pr &f¢ rd)%;réer{‘,f‘gc%gégu%’ekﬁfthigzo ?:g'gg R&N AR ISt Hom

t enpera on pressure is froma
| 3. )
R e AR o e e Sl
r th LS | b |
n the oxifatiye. %%P'H%Or%\ﬂ%; 6;};8{1—%3 cﬁ;%lgcgéaf:ﬁﬁZUSt

gas cont ai ni ng car bon "monoxi

AR APt R B o
] '
o BN gdd O UBIALE ShI% UL RO 18 efBen ave

t hat gggg%ged - 148 to oxidize CO and H2 cont ai ned
indhe <

25t gas, preferably about tw ce such

anmount. The additi.qn of X n._can be carried out by
mixi ng ai DSATIPIHE ih Ak cE R Ropsidy)

CO + 1/20, - CO;

(Decomposition of hydrogen)

Hy + 1/20, —» H0

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-tube type is used. It is usually
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]

In the oxidative deccmposition 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

treated in an amount which is the same as that required
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Oxi dati ve Deconposition Method of Exhaust Gas
Containing Volatile Organic Conpound such as n-Butyl
Acetate The oxi dative deconposition method of an
exhaust gas containing a volatile organic conpound
such as n- 10 butyl acetate is carried out in the
presence of the oxidation catalyst described above
under the coexi stence of oxygen. [02581 Since the

exhaust. .ga: [0 l_atile .qr [ 0 nd
XN S S P Ul 10 UL 1 S Lok chOTR

fil effoerfgkﬂg( RIS & 'fciéa Seapoynd,sem %%%d.‘é‘&d‘l\rl%'a?a of

t he'sem conductor 1 ndaustry nay cause poi Soni ng en

persqns. i nhal e a vapor Vi n j onc. [ 0

suc%% egI1'anCT"§Lcn g%enpcoa%ecgﬁodl ta%)s’g rF]Jh"glhnvil %a]ljt]?In‘%’a:[tgirrl g%? céXhauSt
20 %Pnpound is a conbustible gas which forns an

exﬁié%ive m xed gas and is likely to be charged with
staﬁjgy”electricity | eading to an ignition risk, and

t he ore a treatnment of such gas is required for the

O B SSEOTBGS Ol 35 0681 o laining
A G S SR S ST DR
o S M AR R LS N s
il“égs containing a volatile organic compound such as n-
butyl acetate is carried out in the presence of the
oxidation catalyst described above under the coexistence
of oxygen.
[0258]

Since the exhaust gas containing a volatile organic
compound such as n-butyl acetate which is discharged in
the film forming process of a compound semiconductor in
the semiconductor industry may cause poisoning when
persons inhale a vapor having a high concentration of
such organic compound, and also the veolatile organic
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
decompogition.

[0259]
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carbon di oxi de and water by the reaction of the

formula shown bel ow. The reaction formula of the

oxi dati ve deconposition of n-butyl acetate in the

exhaust gas containing a 10 vol atile organi c conpound

such as n-butyl acetate is shown bel ow

(Deconposition of n-butyl acetate) CH3COOOU4H9 + 802

6C2 + 6H20 The reaction apparatus is not particularly

limted, adithf dd Mhid YRE dH2CIO adddip i ZetbDatkthoa of

fixed beé)) or a E@atch reactor, prefera‘ﬁ% aﬂ?‘a}fj%wtypeO °

reagt Qo ' ' f tds Y, 1.Ss US

i's usugik}%u%e#asesrre t“faﬁ'."artlﬂ'tl e r%%icatp?%lnéte éélﬁjé\(?u?%n?éﬁnd

fr I enrabl . C ot 0 .
WAL L g%tégo a%e@éfér ergp Hr%?ngg}l% &he? c&ntéél‘é‘ with

reaction 2 ure 1s om~a nor ressure to

1001 P BR ey g G S ottt s 8 6¥en,
cod TR Ry P e R s S e pridiaed dnco
| bty LA A0 e T L0 on 90 chbrormuta

seni con indu e€se conponéent T3S
I i%l-i'.ilOd at, ahonormal tenperature, and can be treated
accorglmng T ne present invention in the other fields

as long gs it I8 a0 oLganie, CmNd G Je ddMighsition
of n-butyl acetate in the exhaust gas containing a
volatile organic compound such as n-butyl acetate is
shown below:
(Decomposition of n-butyl acetate)
CH3;CO0C4Hy + 80; —» 6C0O; + 6H0
The reaction apparatus is not particularly limited,
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
pressure is from a normal pressure toc 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-

octane, ethyl lactate, tetrahydrofuran and the like in
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[0261] Oxidative Deconposition Method of Exhaust Gas
Containing Organic Metal Conpound The oxidative
deconposition nethod of an exhaust 10 gas containing
an organic netal compound is carried out in the
presence of the oxidation catalyst described above
under the coexistence of oxygen. [0262] In the
reacti on processes of conmpound 15 sem conductors,

pagfiC Eﬁ&%&n%%g¥gﬁég%@@%tggganﬁgc Cgfnkﬁégevéeﬂbonent is

dep03| I-on) hem cal vapor phase

TGl gL BR TR FoptB) pRRarhe)) OeEIPE Whekiea

ry, eg ar an exhaust

8?%%%§?ggggaggp%%% % g%%%l %&%%&&EQ.WQ.QQéf%ther fields as

reaction process usin

d :
< IR0 BBt i By g, AP Bl r’%;‘%lﬁ‘lﬁa'ﬁ% .

materials, the s lilglld raw. materials and the organic
soP?@WF& £EHETGIEE®as the sol vents of those raw

§ 3 s have highly toxic or 25 safety. Therefore,
af tt ing such materials, it has - 151 been

T

|nto at,nospheric air. [0263] 5 The OX|dat|on
c aPEBFOE o MG EoR i cation

The oxidative decomposition method of an exhaust
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
semiconductors, particularly MOCVD (metal organic
chemical vapor deposition) and other CVD (chemical vapor
phase growth, chemical vapor deposition} procegses in the
semiconductor industry, regarding an exhaust gas
containing an organic metal compound which is discharged
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

safety. Therefore, after using such materials, it has
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treatnment by the oxidative deconposition of a harnfu
gas containing an organic nmetal conpound under the
coexi stence of oxygen, and there is no particular
limtation on the organic nmetal conpound. The
oxi dation 10 catal yst can al so sol ve problens such as
upsi zing of an apparatus, a post-treatnent of an
absor bi ng quuid used and hi gh energy cost required
in

tOP%ga tgggsg Xb %SEh%neﬁggﬁﬁ% %%hs%%%dflﬁ%dm@bove is

an I'on net were comonly

TR L S SR PR A e s

? tlon QEthod of Exhaust Gas Contai ni ng
N|? g gﬁ EEﬁFal i’y Gas such as Ammonia or Anine
dg %g g to the oxidative deconposition nethod of 20
ZRadst gas containing a nitrogen cont ai ni ng gas
such as an _ami

docomposFAFoRHatigh cah=dget R%Ehé"rg‘%ééé urigication
2éégﬁtlon Cagwlgifg de%%%%%eddeboveé%¥¥¥ 'H% a harmful gas

reac

apparatys ,is not parti,cularl Ilnlted d a
fl &R 1P@e@FoFP@FWGFdF§%ﬁMbé§’EF’ é%lﬁg%ﬁgor

batch reactor, preferably rﬁL ed bed fl&wvt 3. ,1ar

r e SOCHE SERRCEH G RISy & 4o 4t t%?pe i's Used.

BRENC RN CA M AR T e
th%atalyst can also solve problems such as upsizing of an
apparatusg, a post-treatment of an absorbing liguid used,
and high energy cost required to maintain the combusticn
state as seen in a wet method and a combustion method
which were commonly used in the purification treatment
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
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]

The reaction apparatus is not particularly limited,
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reaction pressure is froma normal pressure to 1 MPa,
and the gas hourly space velocity (GHSV) is from 100
h-1 to 50000 h-1, and preferably from 1000 h-1 to
30000 h-1. [0266] 10 The oxidation catal yst can be
used to deodorize, in addition to a

ni trogen-contai ning gas such as anmmonia or an amn ne,
an exhaust gas containing a volatile organic conpound

(V%E% éugmoﬁstﬁhgoggéétoglq%ﬁﬁgaizFbebgﬁesflxed bed) or a

rocarpons a caroon nonoxi exanp e, an

eXBQ gh égaggér‘:OEE@EQE:?S%LS”ED%%E”Q mf‘i%%: %%h fe%ctor

dISC arg rom genera ctories an ones u

useg&ghegge af oexxgﬁgltw‘aﬂbh@sr%gg@t agni@@ag' y$t ié

odori ze aust as cont nin

vohg b§§§ r@%ﬁfﬁh I¥.he réaéf?%ny l r%%u&%siso%rom
o 5 ndr S TE5:

a ni CONtA nrng component, Yo by vol unme

é 8|§ % ab y 8refg %lxa%b%n%CpEolﬁ%% Qf t%%e

C €O conponent’s, thé

gEF?Sglc’%otE%%f 5%?3% ER6E BRzfad BeesBil B wba, and
Ex 153 EX hl

Wﬁﬁggg?sgﬁ%&r gPace Jedreiby el Ieglon'posmloon to

e8P aoh; ol AR ot R %8 2 Bb bR

ex st..gas, which 5 contains a hydrocarbon and al so
Rﬁgﬁﬁ% oxygen in an

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,
hydrocarbons and carbon moncxide, for example, an exhaust
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
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]

Oxidative Decomposition Method of Oxygen-Excessgive
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amount nore excessive than an anmount required for

conpl ete oxidation of a reducing substance, is

oxi datively deconposed in the presence of the

oxi dation catalyst described above under the

coexi stence of oxygen. 10 [0268] The oxygen-excessive
exhaust gas containing the hydrocarbon is discharged,
for exanple, fromthermal power stations or various

[ PELAELES 80 BUARLEHIRUSHyHRBcagKBHI S 27 adverse

uence ont uman DO envi ronnent, and

thereforﬁcgggaéé L%?é%ﬂ?hé§E§%E§GE Egcoﬁggﬁigi niﬁethod of

required. rocar bon | arntu

si g e9%§g§ﬁ%¥§§§82§vgcg&ﬁaﬂgﬁr8 99Egn%éggggggaaﬁggrocarbon,

d
chfon Such~as sick-house’s

L. nhal 0_of h :
nrancroadsh, r8 SPBR a8 AU bR R Ob ERbARAy, [REP IR cn

R e R R R

OoLaBg ot TELAG el CE3-l IR BAIRY PLRIPC fox

o AR eSAALT b0, 5 SRR R R e

CYE 0, R TS, SXCRER! e HR o TR b ation

3ggg%ggggta ggg&gb%ghg%%%ewhggegh%h%xE%%Qi%%e%%%?%&s%xygen.
[0268]

The oxygen-excessive exhaust gas containing the
hydrocarbon is discharged, for example, from thermal
power stations or varioué factories and such exhaust gas
exerts an adverse influence on the human body and
environment, and therefore a purification treatment of
such gas is 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
of the hydrocarbon. Methane which is a hydrocarbon
having the simplest structure is a greenhouse effect gas
involved in the global warming.

[0269]

According to the oxidative decomposition method of

the oxygen-excessive exhaust gas containing hydrocarbon,
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under the coexi stence of oxygen, the hydrocarbon in

the gas to be treated is oxidized by the reaction of
the fornmula shown bel ow. (Deconposition of

hydrocarbon) 10 CnHm + (n + 1/4m 02 -. nC02 + 1/2nH20

When the gas to be treated is nethane, the reaction

schenme is as follows: (Deconposition of nmethane) CH4
+ 202 -. C02 + 2H20 15 The reaction apparatus i s not

paP%i%E é&églbﬂlgﬁﬂ ggag E atc % %%ﬁﬁh%%lon exhaust

f|xe react or,
f b d f
g;gggaﬁw% %glggpe b %E§é§§bo§aghﬁr3%g§ %%nﬁ%fﬁg
f d. th t th { 00
C pvaEl & %ne SREEET B8l shETREL Ehake £, %%ﬁ%tz

( GEER) SFE1 0m TODBIACE PEITB00TNCE 3 OAT0E hon Tg 2nce-
o TPERPRANRY | ok Cin (T OO o HERaWRbe oS Lopak 250ve
R OB R A RE PR L oR AR ASRFe A0S OOt 1 che
e O e o S 1 F B I Ehticmsmine

of such oxygFP is 5 5 tines or nore as an oxi dation

eqtiPFIM AL SHPWR PEJCYng

(Decomposition of hydrocarbon)
CpHn + (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)
CHy + 20; — COz + 2H0
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
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 concentration of oxygen in the gas to be

treated is remarkably low in the oxidative decomposition
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conmponent such as a hydrocarbon in the gas. Wen the
concentration of oxygen in the exhaust gas is not
sufficiently high, a predeterm ned anount of air may
be mxed in advance. 10 [0271] Method for Producing
Ni trogen Oxi de Renoving Catal yst The nol di ng
according to the present invention can be suitably
used as a catalyst carrier for the nitrogen oxide

CRRLLP DTS BB g AR s o

contarning-alumna as a

' t, d lat | | t
orSPROERERER, AR BABL I ALY SRS aPRARore
SOTE IRt St lg 2Rl HEASR 9 e B rat Lon
o8] @bl FngotRe Py AN S1Pe A0 AT o To Cf OxYgen e
O L3t EOROEE! oS MRS 00 SO LSLLACLY Y 2egucing
B R N Y
catalyst carrier material. L Herein, a crystal .form of
ol GRTRANES A4 Ofs OF SXYERE 1@ Fhe XSRS B ife N0t

catal yst carrier can be one or nore . kinds of crystal b
f oFNE Tdeientdy figh p & PFedererypded, ae‘sﬂwﬁe,ofg Wpday Le

pseudo y type, x type and 5 type.
mixed in advance.

[0271]
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
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
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,

specifically, alumina may account for 90 % by weight or
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[02731 It is preferred that the catalyst carrier has a
| ocal maxi mum pore radius of 0.001 pmor nore and a
curmul ati ve pore volunme of 0.10 nmL/g or nore according
to 10 the neasurenent of the pore volune by the
mercury penetration nmethod. Wen the | ocal nmaxi mum
pore radius is less than 0.001 pmor the cunul ative
pore volune is |less than 0.10 nL/g, sufficient

Cahgkgtbg @g&'%b&&1”@¥1§ﬂﬁto@et%gt%hﬁg %5CBQ%%%¥|Héterlal

is preferred that the catalyst carrier has a

SPEELELG S&f%@g%tg&eggggE¢Qs Tomd a2 (RPiR %%%@r%!nghgomaln

t he "nmeasar enen IC Surrace area

thepabheagen a@%gfegaaayékn% F&%Eg%a%EEEOQne2%£WM@}e

Speci |c surface“area o catalyst carrier
s. l.ess than_10 / | C i ffi
| ok bR G yaRATe a%%gﬁfkogaﬁr%a %”%gP%' K e,
onent Iatlnun1 r ou ment n I 0,
g??léﬂ@y 5F cErtaet Hp wWESH ac?& g %i?e? o
catgéﬁgi and the 25 nitrogen oxide in the exhaust gas
ded catalytic - 157 activity tends to becone

i nsuf ficLent The_ni trogen X|de re

catalyst&g ﬁbP%F% ELEQ EQ ﬁpgggiﬁ SlﬁsgthgﬁF%%b§ﬁs a
on the catal carrier scri bed ahove. The

p|§PFﬁ np@ﬁaﬂﬁmepgﬁgxgad§u§ ofl%.O%ﬁ nm or more and

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 or the cumulative pore volume is
less than 0.10 mL/g, sufficient catalytic activity may
not be obtained.

[6274]

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 sgpecific surface area by the
nitrogen adsorption single point method.

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 also efficiency
of contact between active sites of the catalyst and the

nitrogen oxide in the exhaust gas decreases, catalytic
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nmetal selected from ruthenium (Ru), rhodium (Rh),

pal | adium (Pd), osmum (Gs), iridium(lr) and platinum
(Pt), and the catal yst carrier obtained by supporting

pal ladiumis particularly preferred. 10 [0276] The
supported anmount of palladiumis from0.01 %to 10 %

by weight, preferably from0.05 %to 5 % by wei ght,

and more preferably 0.1 %to 3 %by weight in terns of
”Eta@t'i‘v“itF}aHe%ﬁsU'Bo BRzesheon dhe diktidintiei ght of the

15 catal yst. Wien the supported anount of palladiumis

| esgtAzgn 0.01 % by weight, sufficient catalytic

activity nmay not be obtained. In contrast, when the
SUpporti Rge FTRYA Haldeddietidviihg st dRat L& %dbained b
wei ght , c&?tgyti eactolgté“lty r?ay o:ILe regsg y‘?l}e * Y
su iR LA It Yh e CAlvdBfst
Do AR S 4

he supported amount i's a

Vel i) LRI Hed NBITR Al tne TREAEYARBA" L2GuRMRYBhAL is a
the "ot her platinumgroup el enent® nmay be nearly the

sa that. of 7] 5. Th t if
su%%%%?iﬁ%ﬁﬁgﬁﬁggﬁﬁﬁ#gﬁi¥ﬁEH%§F3I@%p? ?ggXE%gﬁrS%E)ﬁs

b T, Y, L e
CERT, B A S o P W5 i
gﬂﬂﬁgﬂ#ﬂlﬁlﬁﬁ‘pé?tf%d%%éf%“ﬁ%@éé%%&&md in a proper
[0276]
The supported amount of palladium is from 0.01 % to
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
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
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]

The method of supporting palladium on the catalyst
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foll owed by a heat treatnent (drying and firing) and
further a reduction treatnment. The heat treatnent is
usually carried out in air, and the reduction
treatnment is usually carried out by hydrogen in a
vapor phase while 10 heating. The concentration of

pal | adi um of the palladium solution and the nunber of
the contact or inpregnation treatnment nay be

SPRRSBLEE S/ FRURISA0,U10) pabeptegimans cimyne, s
oo AR B AR 90 e ety
o Ral 4B SRS 0L el el bailar e veer
2o AL S BRI, S N iAo
i o531 PR eI (ARG bl heTHEE SUFRIE The
0 SR 08 GRS I I i) gna
CORS i 1 Dl TOANIESG., CREQTLU, YaRREhR: e
I BSS l ETA0 B S R0! LIPGedln psgiment

g(ii?f)élqdﬁ%séé)gwg%r%% I\ée&th obdy fl%rrdr%egneory Iinr(r:’ ale;atpo enphase while

heating. The concentration of palladium of the palladium
solution and the number of the contact or impregnation
treatment may be appropriately selected sc that a
predetermined amount of palladium is finally supported.
It is possible to use, as the palladium salt or 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, palladium sulfate, palladium nitrate,
tetrachloropalladate, dichlorodiammine palladium, ammine
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,

copper, zinc, nickel, wmanganese, chromium, wvanadium,

- 159 -




10

15

20

25

unde
a l.a. A specific technique which can be enployed in
¢ hd o

According to the nethod for renoving nitrogen oxide
in an exhaust gas, nitrogen oxide in the exhaust gas
is deconposed and renoved with a reduci ng agent in
the presence of the nitrogen oxide renoving catal yst
10 descri bed above. Exanples of the reduci ng agent

i ncl ude ammoni a, hydrogen, carbon nonoxi de and

hydr ocar bons (nmethane series hydrocarbons) and the

|1 k6odesetl el ARAYBacd PANL 1 IRCTHY i 29N N e

rogen oxi de“renoving nmnetho nitrogen oxide is

?egggg%%%dﬁ%%%gk???*%gﬁ£¥xﬁbQﬁgkﬁﬁ%%ionTﬁEE@?wéEaﬁﬁ?c

ormul as ~(

o Yo R e

Scri be ow W t

coexi stence-o ere

d of deconposi ng and renovi ng nitrogen oxide

S A R 08 38 ot
A1 RSl B il i LI o
SR o S A A o
St ASRGTPaRch 0 FEMGORR T he HeSHSUNS AU AsyaTe

oxi de in the exhaust, gas while being 5 packed int
REESEDE Qlodds dt e $AhdE cRPekD At et

out acc

described above.

Examples of the reducing agent include ammonia,
hydrogen, carbon monoxide and hydrocarbons (methane
series hydrocarbons) and the like described above.

[0280]

That is, according to the nitrogen oxide removing
method, nitrogen oxide is decomposed and removed by the
reaction shown in the formulas (I) to (III) described
below with the nitrogen oxide removing catalyst described
above under the coexistence of the reducing agent such as
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

appropriately carried out according to the conventional
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hi gh catal yst performances and i s capabl e of
efficiently deconposing and renpving nitrogen oxide
in the exhaust gas. 4NO + 4NH3 + 02 -. 4N2 + 6H20 (1)
10 6NO2 + 8NH3 -. 7N2 + 12H20 (I1) NO + NO2 + 2NH3 -.
2N2 + 3H20 (I11) 2NO + 2H2 -. N2 + 2H20 (1V) 2NX2 +
4H2 N2 + 4H20 (V) 2NO + 2CO -. N2 + 2CO2 (VI) 15 4NO
+ CH4 2N2 + 2H2O0 + CO2 (MI'1)  2NO2 + CH4 -. N2 + 2H20

+ 9@%&&&!'%5e[9§§}b Eﬁeoﬁﬁhéoggaogﬁbgechggﬁ%%t:ﬁqﬁﬂﬁﬁzes

gas 1s nitro eP nonoxi de, nitrogen OXI _
t , [
e PR oA 2 B Y (S Flpde avea
thaf, %%.s%xga%sotde%%ﬁ:ecoﬁraéor%ﬁch | therfddi tif’lﬁé’a tﬂf the
car e |I'1ke.

ni trogen oxi de,” water, di oxi'de an

" Hetova aipott 4R P 1, Pt IR YaF TR peivs
100 e I Lga B AL QU 4k exnioi
an LA E R Ernane T S s PR oent 1y

Pa or |ess.,. . . . .
é%comp091ng and removing nitrogen oxide in the exhaust

gas.
4NO + 4NH; + O; — 4N; + 6H0 (I)
6NO,; + BNH; - 7N, + 12H0 {I1)
NO + NO; + 2NH; — 2N; + 3H.0 (ITII)
2NO + 2H; - N, + 2H0 (IV)
2NO, + 4H, - N; + 4H;0 (V)
2NO + 2C0 - N; + 2CO; (VI)
4NO + CH, — 2N; + 2H,0 + CO; (VII)
2NO, + CHy — N; + 2H,0 + CO, (VIII)

[0281]

The nitrogen oxide in the exhaust gas is nitrogen
monoxide, nitrogen dioxide or a mixture thereof, and the
concentration thereof is usually from 0.001 %¥ to 5 % by
volume. It is noted that the exhaust gas contains, in
addition to the nitrogen oxide, water, carbon dioxide and
the like.
[0282]

When nitrogen oxide in the exhaust gas is
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[ 02831 The deconposition reaction of the nitrogen
oxide in 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 contai ning
nitrogen oxide is usually 100 h-1 or nore and 100000
h-1 or less. [02841 Method for Producing

De%élcfolr’nr éaetd oy t?éaycsctlo]r?t 196{]..’5%/ %o e¢ or
n y usegfg

the pre ent I‘'nvention can

caty "ilgﬁetr C%]Jetfeerraqur 4ha, JB’dorxo% ?ﬂé&“ a%‘?c%e ualyy 00 °C

reac catm
I d
fr%'s"l ”"aﬁéeﬁem@vﬁe@""'%*nd;%o?oﬁ“&%o'%raio%ﬁ%?é%ct&
t I t f VLA el
& af R FENHE O Pt SIS, B oo -
t t t f
82&&‘”&%2 ? %sp?i‘é?r'fe%%g%@vdgsuﬁf IF oRE ok heear vt )

W@%g C|ently exhi bit high catal yst perfornmances and
apable of efficiently accelerating the

desulfurl atlon - 162 reaCtl%PéEiéyiqg%% tel S%lde in
carri er
o g 2 o ”C&a“hp&?eoa?t@gcnsg%?;% pes
Ortubular or non-multi-tubular fixed bed reactor. Upcn
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
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
more kinds of elements selected from Group VIA elements
and Group VIII 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

capable of efficiently accelerating the desulfurization
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nore of the total weight of the catal yst carrier
material. Herein, a crystal formalumna to be used
as the main conponent of the catal yst carrier can be
one or nore kinds of crystal fornms selected fromX

type, Ktype, p 10 type, r type, y type, pseudo y
type, 5 type and 9 type. [0286] It is preferred that
the catalyst carrier has a BET specific surface area
of A00-4@4,0 or nore according to the neasurenent of
the BET specific surface area by the 15 nitrogen
adspgpdd4on single point nethod. \Wen the BET specific
surface area of the catalyst carrier is |less than 100

ol s s _ :
g, SInRg& %Jﬂacl})gégfyca%drlaéﬁg&t$a1ﬁac?e§g<¥n%g§u ﬁ%#}l‘l’% refractory

sites of the cata

pelgnl SLiab ah:é/rgfe rgé_gaé:m cfay ﬁﬁalgﬁ%:%@%r?xlx%ﬁé iC%nd ,

activity tends to ne 1 nsufficie

pr eétp?é'(fiefjic?etﬂyt haelﬁl?#r?%%c%gré%&{t hfg’r %0 lgcl%lr weight or

maxi-nmum por € radi us” o I hore and _

CUBAL E O SABIT By 0.0 L SR IPLE SEEPLE Marersa.

e A B 1 ST WS UARE Afghe main
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[(x%yﬂds of crystal forms selected from yx type, k type, p
type, n type, v type, pseudo y type, & type and 9 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 gurface area by the
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,
catalytic activity tends to become insufficient.

[0287]

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

the measurement of the pore volume by the mercury
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The desul furization catal yst is obtained by
supporting at |east one kind of an elenent selected
from the Goup VIA elenents and the G oup VIII
elements of the Periodic Table on the carrier

descri bed above. The 10 el enent of the G oup VIA of
the Periodic Table is preferably a netal selected
fromchromum (Cr), nolybdenum (M) and tungsten (W,

i ' bd .
e ks A, T DR TP

The, &1 oups Lk Ly e egent, of &%ﬁé‘%ﬁ%i%%ﬁ% )T BOLE k8nmg, is

pre%erab y a netal “selected from iron
R ] : I hodl Rh pridj
(e hakar NS e bR bt SRR TV AT b et T hay
anqqégqogai@%g%?pt ai ned by supporting cobalt (Co)
e |

and/or nic is particularly 20 preferred.
[02 eél'pe supported amount of the G oup VIA el enent
of "the Periodic Table is from1l %to 20 1 by weight,

Dr ol orablind U0E S04 4B BB AN S 001 5 2%

o Sy TR D350, 00 08 191 ABIONBLOAAE eron

o| S Sl g T U At AU RY L P o the

fﬁane%&%gf%:‘%r@; %I‘Qﬁe a‘?%ﬁgg pdé{slic{_\rfkl)eege arj]ct)oxifg . m)'I[hee
element of the Group VIA of the Pericdic Table is
preferably a metal selected from chromium (Cr),
molybdenum (Mo) and tungsten (W), and the catalyst
obtained by supporting molybdenum (Me) and/or tungsten
(W) is particularly preferred. The Group VIII element of
the Periodic Table is preferably a metal selected from
iron (Fe}, ruthenium (Ru), osmium (Os), cobalt (Co),
rhodium (Rh), iridium (Ir), nickel (Ni), palladium (Pd)
and platinum (Pt), and the catalyst obtained by
supporting cocbalt (Co) and/or nickel (Ni) is particularly
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

preferably from 5 % to 15 % by weight in terms of an
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activity may decrease. \Wen 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 exanple, a supported ratio of nolybdenumto

tungsten may 10 be 1:1. The supported anmount of the

Goup VIIl elenent of the Periodic Table is from1l %

to 10 % by weight, preferably from2 1 to 8 1 by

neLghhe 890ndRES B&EESV Bl tne3cbe Gl Wel ofle calyst.

terns of an oxi de ase on the ota wei ght of

CaﬁﬁEMSEhevPﬁEEBFES bﬁdo§”E @tGrg PtQEACEQQReMkIEs 1 %

el enent melg ficlen

Cabg %EE&h@Ct%&?EécEE%t”?Et??yﬂ?&aBE%§v§F§|m%&”%b%ske

e~supported anmoun G ou | emrent
'SoﬂPéanHa” fg 6ggyr¥§£gh& eﬁaéﬁ é 8f£ tgmggnga¥f the
nn?e ? %

R3S RO, %@%ﬁgﬁgz :ns;“w%%sﬂ%”' Beveic
t o_ni C

| saﬁﬁﬁﬁﬁ%ﬁﬁ?&%ga‘é%;%?:b T %v;?he ST Lade 2%f| the
Per i I
SubEBrPclian e iREenE Zefst %sgfvhr T BB et

of supporting the G oup.V up VIl _el enent

ofSPﬁg B&PFo WB“?&bP&YoRe W&%ﬁ&Fy§ ScAPPVE TIBISs Atk Tor

par&éﬁgiar' th'%%%e%”%algg o%awghybdenum to tungsten may
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 % to 7 % by weight in terms of an oxide, based on the
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 amount of the Group VIII
element is more than 10 % by weight, catalytic activity
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 one or both of the Group VIA

and Group VIII elements of the Periodic Table may be
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possible to enploy a nmethod in which the catal yst
carrier is brought into contact with or inpregnated
with a solution prepared by dissolving a salt or a
conmpound of nol ybdenum tungsten, cobalt and ni cke
in a proper 10 solvent, followed by a heat treatnent
(drying and firing). The sequence of supporting the
Goup VIA and Goup VIII elenents, the concentration

oyl el Al ey SEpuagiidggnd coup Vi

e nu contact or

inrafgggtion treatnment may be appropriately 15
sel ec so that a predeterm ned anount of the G oup

Vma%@%&%%ﬁ@&%%@@ﬁwyﬂmmw

[ 0291] Amnoni um nol Bdenum

nn&yf %1%$gﬁg% |§E§e£é§f0898 ?gbfgegnaéuggg?§?EE Bhrrier

conhpoun nuni ~anmoni un1para
anmoni u

SoTR ol PRECLERIARLY ALNEERR Inl FRE %5??53?9§%E§%ﬁnd

ft bal t t bal t t t .

2ma$$8éi%naof%@8#w2' BEthea S80RhhcRT FR8 SppaRPRL! carrier
d of bal t trat

w+%&ﬁm%ﬁ%mﬁmgmﬁﬁhﬁﬁamv&&ﬁa

166 _ hydrate, nickel_ carbonate.and the lee can und of

usSOLUEIPRPTERATE r P¥oithBER VERInRCcREL FEZ@ZE""‘PO

g/ew S&gﬁ@ﬁ”&ﬁ gy Sulfur, Spppound i o, Bet s 9l gum Based

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
selected 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
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 c¢obalt; and nickel nitrate,

nickel sulfate, nickel chloride, nickel acetate, nickel
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According to the nethod for renoving a sul fur

conpound in a petrol eum based hydrocarbon, the sul fur
conmpound i n the petrol eum based hydrocarbon is
deconposed and renoved by using the desul furization
catal yst 10 descri bed above under the coexistence of
hydrogen. [02931 That is, according to the nethod for
renmoving the sulfur conmpound in the petrol eum based

nggngEQPnni&gsﬁygakﬁaﬁ%eenaﬁanéhgnlins can be used as the

eum base rocarbon 1s 15 deconposed and

ng%ygdopycégﬁgﬁgacgkoHigkeihe formula (1) described

w using t esulfurization catal yst described
abgﬁgggpder t he coexi stence of hydrogen. A specific
techni que which can be used in the nmethod of

SSEEREE Pl RnESTRY 80y 1P, SUhEMipROTRONRE pEebea20ea
21 long as it is a technique based on the

I
fggﬁéfgc?$§°%s descri bed bel ow and may be carried out
acCor 0l gLy ERMYRD! ROnALarFLhOly JhEng bk bux

for reno ound~in

PELLRLEUTDRECY, BYBLBTaInaeEs M ALELEEBo I AEORANSSe

o S uBoIReLE, FuE HEPRatHCeh bl B aLaghe’ S0 ¥Bcomposea

A R T e

Pegl ot IPRSES BT 3nd2RPhE 2LegiLEELED" LY HEGRTRERI NI
[0293]

That is, according to the method for removing the
sulfur compound in the petroleum-based hydrocarbon, the
sulfur compound in the petroleum-based hydrocarbon is
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 technique which can be used in the method of
decomposing and removing the sulfur compcound in the
petroleum-based hydrocarbon is not particularly limited
as long as it is a technique 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

minimizeg the pressure loss and has not only a large

- 167 -



10

15

20

25

t he sul fur compound in the petrol eum based
hydrocarbon. R-SH + H2 -+ RH + H2S (1) wherein Ris
a hydrocarbon group. [0294] 10 As the petrol eum based
hydrocarbon, for exanple, a fraction produced in the
petrol eum refining process of a normal pressure
distillation apparatus, a vacuumdistillation
apparatus, a thermal deconposition treatnent, a

C?%@%fﬁé% 5%%& ?h%1$3tgeﬂédefaggdéegéﬂgﬁhoﬂhen it is used

I ke of crude ol exenplified.

Lon?(?g]}erﬁé@méﬁé Hfle 8 %&h&o oLpg #QFI:Qfeu -based

eum based hydroca ninc de th S suc

sopeagtat ?hwﬁ?“;% P#%raa@%?%i Eﬁr*’suﬁeé%ﬁﬂ%ﬂ Pe

I k LL I hyl

g'gﬁwgu aﬂ-%ssw o G opﬂénlé%éﬁﬂé%%%?xfgbﬁ‘enés
REPESLBARPRECER Gy HRRREE A7 bR pgoni
t 168

PE ta%’.%ﬁf%%ﬁéé?mvad. AORBE PP Por Bl BRERA Rl bBErbon.

preferably 200 C or her and usual 'y 600 S or

| ower , p$e$%rbbﬁy'505 dr Hpdue The react!’

pressure i s usual nnre 5 preferably 2 MPa

or VRBFeIn aﬁdlﬁsﬁab¥9raﬁaﬁ$8n FrPeks,

[0294]

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
or the like of crude oil is exemplified.

[0225]

Examples of the sulfur compound in the petroleum-
based hydrocarbon include thicls such as methanethiol,
ethanethiol, and the like; sulfides such as dimethyl
sulfide, diethyl sulfide, and the like; disulfides such
as dimethyl disulfide, diethyl disulfide, and the like;
thiophenes; benzothiophenes; dibenzothiophenes,
benzonaphthothiophenes, and the like.

[0296]

When the sulfur compound in the petroleum-based
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preferably 15 MPa or |ess. [02971 The deconposition
reaction of the sulfur conpound in the

pet rol eum based hydrocarbon is usually carried out 10
using a multi-tubular fixed bed reactor. At that tine,
the liquid hourly space velocity (LHSV) of the

petrol eum based hydrocarbon containing the sul fur
compound is wusually 0.1 h-1 or nore and 20 h-1 or

R R Tk i U Rt T i
'eésuagi@ggésoc[é}gfﬂﬁi dpe Br_»sﬁsygbgvsapoe |hlﬁﬁer,

desScri _ spécifica y way o I

AT OO e e 5, s
I f

gairperefis aﬁnﬁ CReTER A ENRERETILCY, e B hBEE.O1 @

ﬁ‘%@ BFoH e [@é%g%&aéﬁ%ofﬁﬁ:ﬁéﬁiﬁm?“? S5t 523
aceT SRt R P HBROR 2PBR(111) nitrate s

[Egé%%ﬁiB 9H2g (6060 g), cobalt nitrate
[ 2.6H20 (13096 g) and cesiumnitrate (CsNOB)

(585 ) %ﬁéedecomposition reaction of the sulfur compound
in the petroleum-based hydrocarbon is usually carried out
using a multi-tubular fixed bed reactor. At that time,
the ligquid 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 Nm3/m3 or more

and 2000 Nm?’/m’ or less.

EXAMPLES
[0288]

The present 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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di ssolved in 6000 g of warmwater, then to which
bismuth nitrate [Bi (NGB)3.5H2Q (2910 g) was
di ssolved, and the resultant liquid is designated as
liquid B. 10 While stirring the liquid A, the liquid B
was added thereto so as to obtain a slurry.
Subsequently, the slurry was spray-dried to obtain a
dried product. A nolding material obtained by nm xing
108 . paris py mass of the resultant dried product with
2.5 parts by mass of 15 antinDny trioxide [Sh233], 9
parts by, Hhnactbhe
%&&éﬁ?ﬁﬁaéggl g TM) 9{070 QHEBF%QQZQ: g) was

nanufactu arts

nﬁ?f ?él@g&elﬁai§60§n éfp@i£ﬁ QXtQ?SSanaftHEtQ¥Eultant

ose was kneaded neader to obtain a pasty

g&f{aﬂa ée&égkgﬁggeﬁba? }%@uf&tﬁus'ﬂbrgf’i Nhitrate

ne s qui ppéd w th di'es shown
grg 90, (0T $E08h of | " 8bpdLE AlicBd b NOPN et

R e e L

228 ik o VIV, S SEERLBRERRY, kL gk B

Pl i FO B LA (SRR 0,

b ot R B

ORI 0L L1 4280 Mg B0y T PhE L 0uLes U sacea
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
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 cellulcse was kneaded by a kneader 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
first die 21: 6.4 mm, depth of grcoves 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

of grooves 22a: R 1.3 mm, number of grooves Z22a: 4), the
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speed of 60 rpm as shown in Fig. 5. The nol di ng
obt ai ned i nmmedi ately after nolding was cut into pieces
each having a length of 8 to 9 mMmmby a piano wire to
10 obtain nmoldings 10 shown in Fig. 1. [03001 Exanple
2 Using an extrusion nolding machi ne shown in Fig.

4(b) equi pped with dies shown in Fig. 9 (dianeter of
15 first die 21': 6.4 nm depth of grooves 21'a: R 1.3

ng%%%%93ﬁ518§%§r8§%§§1£i Has sg?éif%ddigggtgrffgw Path 25

i nner second d
2205 o Ao NG dERL oL BLARNCS 220 2Rl oMhate of
oW L@'M“?’g‘t%a%ﬁff#%#%g@%ﬁdé? HoSpeflriaRR 4F cheh0ifly the
orbt e Rt 0f £ By 790 TR Rr OF ' § 2OERERRHAT, fliBea of 6o
Al ey B e
68’;‘??%% dle}:@l%ﬂaﬁﬂ % fhg dﬁ%reerﬁeaﬁo?d?ﬁg t2oma)
o sneed st P Rabohg 42| SR a\ag 59 56" yméﬁ%.n

2£%§5$§@$523@§%ﬁgggéﬂ§ geghg HHgF%gs cut 1n£838%£ces

each having a length of 8 to 9 mm by a piano wire to
obtain moldings 10 shown in Fig. 1.
[0300]
Example 2

Using an extrusion molding machine shown in Fig.
4 (b) equipped with dies shown in Fig. 9 (diameter of
first die 21’: 6.4 mm, depth of grooves 21'a: R 1.3 wmm,
number of grooves 21’a: 5, outer diameter of second die
22’: 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
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

again by 144 degrees at a rotational speed of 60 rpm, as
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Usi ng an extrusion nolding machine shown in Fig. 4(b)
equi pped with dies shown in Fig. 7 (diameter of first
die 21: 6.4 mm depth of grooves 2la: R 1.3 mm 10
nunber of grooves 2la: 4, outer dianeter of second die
22: 30 mm inner dianeter of second die 22: 6.4 nm
depth of grooves 22a: R 1.3 mm nunber of grooves
22a: 4) the sanme pasty nolding material as in

su I| I
dl?g W%njdnmﬁ cgﬁg;guousﬁﬂi%‘ix%%ﬁ%% %ngée%ﬁg'tee%ﬁ after
extrusion rate
romf?hw%sfwét R R LA T T
545 0 T,y ) P i
pi eces each having a Iength of 8 to 9 mmby a 20 piano
wite in the same nanner as in Exanple 1. [0302] The
nDIdlngf obtained in Exanple 1, Exanple 2 and
ive Exanple 1 were dried in a constant-

erat ure constan mdity vessel (30C, 55%=h) for
nggpﬁBﬁF§vﬁnﬁx?ﬂ8 efrqued at 550 C for 6 hours so as

to - 172 obt h ol ded

0 g SRS RO Ao B 5 v
0Sho. sFe2. 5Cq7.
Pr@&ﬁ&tPaHlBPe@aWéFysglﬁﬁrS%ﬁgnPﬁgdggéﬁgﬁl391a&gker 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
of grooves 22a: R 1.3 mm, number of grooves 22a: 4}, the
same pasty molding material as in Example 1 was supplied
into a flow path 25 of the dies, and then continucusly
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
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 vegsel (30°C, 55%Rh) for 12

hours and then fired at 550 °C for 6 hours 80 as to
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Met hacrol ein and Methacrylic Acid Amoni um nol ybdat e
[ (NH4) 6Mb7Q24. 4H20] (13241 g) was dissolved in 15000
g of warmwater and the resultant 10 liquid is
designated as a liquid A lron(lll) nitrate

[ Fe(NGB) 3. 9H2Q] (6060 g), 13096 g of cobalt nitrate

[ Co(ND3) 2. 6H20 and 585 g of cesiumnitrate (CsNOB)
were dissolved in 6000 g of warmwater, then into

WG f:?lé’a%% ﬁ%%gécigﬂ'@ig%éfatﬂ}e[ RI{NOR)sk Yedla was

di ssol'ved, resultant [1quid i's designated

oS- BubULE, (JBLLEpLLr Ekpgebech oul 0 4 he iquic

added ere na slurry. Subsequently,

t sburry.was,_ spray~dried to obtain a dried product.
Ah%%?g#hdébﬁé?§?F§P78g%§fﬁed by m xing 100 parts by
nafi%gg]the 20 resultant dried product with 2.5 parts
by s°of antinony trioxide [Sb2Q3]1 9 parts by mass
of _a silica- alum na fiber (RFC400-SL, manufactured by
SaFht™ %a?n TM K K. ), 32 parts by mass of pure water

o EaIAE, Rl SRR e e lanaetn of
L5 hE P B A BhER T A 00 B e Shown 0 FL
o ol Seb e Lol LY oo AT Flet ) e
O TSk Sh, Sr SERRNS' 525t L sHBh EhedEegtsRone
nnigaggdn?ge&ggkggg%ed as a liquid A. TIron(III) nitrate
[Fe (NO;) ;- 9H,0] (6060 g), 13096 g of cobalt nitrate
[Co (NO;) - 6H,0] and 585 g of cesium nitrate (CsNO;} were
dissolved in 6000 g of warm water, then intc which 2910 g
of bismuth nitrate [Bi(NO;);-5H;0] was dissolved, and the
resultant liquid is designated as a liquid B.

While stirring the liquid A, the liquid B was added
thereto to obtain a siurry. 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
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.
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supplied into a flow path 25 of the dies, and then
extruded at an extrusion rate of 222 mmimn while
repeating the operations of rotating the first die 21
by 10 180 degrees at a rotational speed of 90 rpm
using a notor 23, stopping the die for 1200 nsec and
rotating the die again by 180 degrees at a rotationa
speed of 90 rpn1 The nol di ng obtained i medi ately

after Mgl SRS Sk |0 WOLEEES GACINEVLA0A in Fig.

Iength i ano
h h
2% Rt (9 et E%f%%%%%awﬁlgfeffgégu??an?f il bépen of
d t 20 h d
ﬁé%‘?“é‘?%’%?zi“%?% Sl AareE OF (SEePyaR i a; o0 outer
f _Md12B GSbO 4 2. 0.48Si 2, 20A1
O HLRTE e P e ?e?aﬂ?nﬁf% TR S0P ohAef AfEndlek Oor
T t t .25 A t ked wt th t al t
rg%e?cgg 'afe Se 8 Eofu! u‘ﬁf—#ﬁ ?%ri%ﬂ‘é‘\%rg%%égl‘((:g) G
d /n = 5/95 |
AR f%ﬁo‘a’t’g%rg %Qc ver e paety Babdppy Raterial was
foll onwed by, a reduction eat nept at é45 C fod §
hORRED LheaT iNERGR FLPPEAER a5, OB Lhe “5848e 1% R s

to obtain_a reduction-treated cata
extruded at an extrugion rate of 2 2 mm/mln while

repeating the operations of rotating the first die 21 by
180 degrees at a rotational speed of 90 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
wire to obtain catalyst precursors each having a shape
shown in Fig. 1.
[0304]

(b) Firing Process

The resultant catalyst precursors were fired at
545 °C for 6 hours, and had, after firing, a composition
(excluding oxygen) of Mo;2Big.sSbo.seFe@2 4C07.2C80.48512 20A12 39,
to obtain catalyst raw materials.
[0305]

{c) Reduction Treatment

A glass tube was packed with the catalyst raw
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[0306] Conparative Exanple 2 The sanme pasty nol di ng
material as in Exanple 3 was 10 nolded into a shape
(ring-shape) having an outer diameter of 6.4 nm an
i nner dianeter of 2.3 nrmand a length 6 nm and

i ncludi ng through holes 40 shown in Fig. 11 by tabl et
conpaction or extrusion nolding to obtain catalyst
precursors. 15 Next, the resultant catal yst

pr@ %ffgf VSE aiﬁ§81§ﬁt€ﬂet§r8cééé'”S)téﬁataeﬂﬁxéad 8s of

1 on rea nmen Int anme manners as I n Exanple

ﬁ@?ﬁ%@%qf{f?b@ys% .‘aEaYg{JQ&a? #2918 a&Sé f£=_83QZ] a

oduc i on

" gheh sk oL H%a%g%%;%&m s

e

L0t bbbl SR BBl et

nltr tf CsNCB] were dissolved in 2000 g of warm
rafralyh

hto which 970 g of bisnmuth nitrate
é$5§13 5H2Q was 5 dissolved and the resultant
s designated to a liquid B.

Comparative Example 2

The same pasty molding material as in Example 3 was
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.

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]
Example 4

(1) Production of Catalyst for the Production of
Methacrolein and Methacrylic Acid

4414 g of ammonium molybdate [{(NH;}Mo7024-4H20] was
dissolved in 5000 g of warm water and the resultant

liquid is designated to a liquid A. Separately, 2020 g
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VWhile stirring the liquid A, the liquid B was added
thereto to obtain a slurry, and then this slurry was
dried using a pneunatic conveying dryer to obtain a
dried 10 product. A nolding material of the dried
product (100 parts by mass) mxed with 6 parts by

mass of a silica- alumna fiber (RFC400-SL,

manuf actured by Saint-Gobain TM K K. ), 33 parts by

ma h S t Qyl

cort PERBYEEL VhELRERE LraRNOR BT, 956TT: BY gepale

0Se Was' kneadée

R L e e L P A S B

_ dlng nma .
nuFE O GBS, 1) QRN & B e BBy phen to

i 68, B8 79, g?iggﬁiém%ﬁf‘%&@%aﬁf gﬁ]gi?ﬁﬁ%grﬂé?] oF83ves
22a. 4 .di ng . i
cppprel A anE Fhbur paRRC ok of fhedal Boasbadatl, o 2
ex%rudeﬁ gt an extrusion rate of 222 mmmin while
repe@ttfig-t he operations of rotating the first die 25

21 by 180 degrees at_a yotational e of ,90.r

usiné a WhlngStﬁBFb?92%?esibﬁﬁ?ﬂgifhggaiilgBngg%Uas added
nmsec and rotating, agai by 180 ge ees gt a

r otBE¥BhaAI e pRREAHT gOSEB Y. TRE ngFEPnB 6Bt SLHEFY wWas

i mredi ately after nolding was cut into pieces. each .
haYFABIaUFLAGt h BRCETA5LS RRPBGYANGI GRECH Gy GPEGLN 2 dried

obtai n catal yst precursors havin sh hown. in
Fi proguct. molding materigl of the §Ffed product (100

parts by mass) mixed with 6 parts by mass of a silica-
alumina fiber {RFC400-SL, manufactured by Saint-Gocbain 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
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, outer
diameter of second die 22: 30 mm, inner diameter of
second die 22: 4.6 mm, depth of grocoves 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

21 by 180 degrees at a rotational speed of 90 rpm using a
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[0308] (ii) Firing Process The resultant catal yst
precursors were fired at 10 525 C for 6 hours.

Resul tant catal ysts precursors contained 0.96 bisnuth
atons, 2.4 iron atonms, 7.2 cobalt atons and 0. 48
cesi um atons based on 12 nol ybdenum atons. [0309]
(ii1) Reduction Treatnent 15 A gl ass tube was packed
mﬁth t he catal yst precursor mat eri al obtained in the

@g@fvoééh%ségﬁyf?&‘éﬁg 8 Pbr rxgbogsaénahaogse?fing

u at a space vel oc

2?%9%}% 59 f§0t8e§9£%¥f tﬁereegyeahgm ésatgrnboarpm

our sTan treat ment

hga$%i§9n$u5bkgéﬁcat ﬁgaF%EQOTgtE§Uﬁ8F59ggogﬁg'Eut

a réductiron-trea

pro%%%?pggég%kg ﬁbh%kgﬁgl ég%ébggﬁgrg gg htszgy a piano
. 177
Cartiroke, S6epth, BXERIYEE ThraruPAbks BreydRbik,shage shown

or crng ber
parts of antinony trioxide was kneaded by a kneader
BbEA¢n g pasty nol ding material. Using an extrusion
gggg machi ne shown in Fig. 5 4(b) equipped with
bwn in Fig. 12 (diameter of first die 26: 5.9

mn depth OI gﬁtloé):flnegs rocesRs 0.8 mm

The resultant catalyst precursors were fired at
525 °C for 6 hours. Resultant catalysts precursors
contained 0.96 bismuth atoms, 2.4 iron atoms, 7.2 cobalt
atoms and 0.48 cesium atoms based on 12 molybdenum atoms.
[0309]

(iii) Reduction Treatment

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
treatment was carried out in air at 350 °C for 3 hours to
ocbtain a reduction-treated catalyst.
[0310]
Example 5

A molding material obtained by mixing the dried

product obtained in Example 3 (100 parts) with 32 parts
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nunber of grooves 26a: 6, outer dianeter of second die
27: 30 mm inner diameter of second die 27: 5.9 mm
depth of grooves 27a: R 0.8 nm nunber of grooves
27a: 3), the 10 resultant pasty nolding naterial was
supplied into a flow path 25 of the dies, and then
extruded at an extrusion rate of 177 mmmn while
repeating the operations of rotating the first die 26

byoé%ldg%@@ér aty %&Pﬁ %?gﬁ%thffegglfulggerpm HSEPE of a

a notor 15 1250 nsec and

B s
(ﬂiﬁgéﬁgh ﬁ?ﬁg fﬁ@é&e fEgr%ﬂP%anﬁoﬁg%tﬁ#$%i&lﬁ .material.

pIECES eachr having en t I ano

wire t?ﬁgaﬁi %Frgﬁékﬁlfoggm f%%Q% @%ﬁﬁgneléh?zﬂ in Fig.

[0311] accordin € presen

o FPeired crhi digt “Gnord B 80, 2 Olq5aRKEeENGe

sT'x corurmar p
f: E3ESIL P <SG ELERTERSGL DR L0000 e
TR N B S X P o
e °€€ i cHPRE] SREETRF otbhoRSTHE G5tehr ofindeln: depEn
I urallt of col ummar tions in t
Idﬂ |$ﬁ Y 4 fr%c?'%n@m fnﬁﬂéeﬁo?gn%ﬁ?oﬁg?tFons Ad
g;?%%gi$§%%3§asg§t%gfégggdﬁggggkgf ggstggpp 1ean9ngo 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
rotaticnal 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

- 178 -



10

15

20

25

herei nafter) and openings 45 forned on a periphera
surface (i.e. in a direction perpendicular to the
extruding direction of the nolding 28 as described 10
herei nafter) by a gap between the adjacent two
columar portions 42. [0312] In this enbodi nent, six
colummar portions 42 are arranged at a regul ar
interval so as to formthe through 15 holes 43

Su{éQgggﬁiaggeihgtCeﬁégfaéaBﬂrgi@QSﬁnaQeo?rtﬂgetwo adjacent

portions orma CiIr eto jOIn t he col ummar

POL i&mﬁar4 orPi bR 4 8NYn L YR 24) 26 ﬁgitﬁﬁiﬂﬁﬂaalrectlons,

portions are |oined to eac Bet ween t he

adéﬁ&engn&o%¥%g hlgﬁrihgfégég @Hgo&ﬁh hgfegp@@'ggrééunded

having a Wi corresponding to

th8§69ﬁép§fur%01£9f8§d n%E poPEagas EﬁrEhgn§oﬁ%1tudlnal

are’loca ves and un openi ng
SHFELLESHY ORI o AR e S epatnt g e
! RO “@gég?#‘xétﬁﬁ g BB
byPEr R RRAGEF 7] ooBt: 2B pRcty FriEloSha 5estBgERY
8BTS 90 IOREeE TELOE SAAAL LA (
extruding direction of the molding 28 as described
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
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
portions 42 and 42, the cpening 45 having a width
corresponding to the gap therebetween is formed, and the
bridge portions 41 are located above and under the
opening 45 respectively.

[0313]
Example 6

A molding material obtained by mixing the dried

- 179 -



10

15

20

25

first die 29: 5.4 nmm depth of grooves 29a: R 1.3 nm
nunber of grooves 29a: 4, outer dianmeter of second die
30: 30 mm inner dianeter of second die 30: 5.4 M),
the 10 resultant pasty nolding material was supplied
into a flow path 25 of the dies, and then extruded at
an extrusion rate of 177 mmMmn while repeating the
operations of rotating the first die 29 by 180

t a dro [ t
SPERIEI 0B phAL] LR 00, 00 PRELUD BALH, 0 e

dléfagafa @atéfo Qegafeé 8t aetﬁg}a&éﬁﬂaioéaeeg 86+68 of a

rpm shown di ng” obt ai ned

| npedl ak e yngtﬁfﬁ?yvéﬂang §g§%feé bEthtPhSﬁ§St§§8Qlde was

haV|ng a plano wre

1ﬂgn93k§&a§ ?953? andp?%?y[ggiél hﬁaterlal

hown Tn accor to

aﬂﬁcﬁf.em$ AR B a0 Sy oy . L3rEss

L YSkSbpdh! FERAORBE BB E) 1708, s alfetiy g
oL BT RS0 o0 L, SRR IR Bfos RO 1
COMARED, O SeabTh 5rd 55 oRRrSeRERRALEY) B, icoba aie
heggtnggtg&z'inker glameter of second die 30: 5.4 mm), 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 29 by 180 degrees at a rotational
speed of 60 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. 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.

[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

extrusion direction of the molding 31 described
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Exanple 7 A nolding material obtained by mxing the
dried product obtained in Exanple 3 (100 parts) with
33 parts 10 of pure water, 4 parts of nethyl

cellul ose, 18 parts of a reinforcing fiber and 2.5
parts of antinony trioxide was kneaded by a kneader
to obtain a pasty nolding nmaterial. The pasty nol ding
materi al was extruded with the sane dies as in

TR Safet s 208, 060 P dBeREaBHONR FBendS Fign o
n;§%3€e£9fﬁg§§§d nPEPVRE! P A0RH §ar§%agak@a§e(§@0the

arts o

e py] el 4108E 810, fePatkecPl oA BELOLARELOSaE bt chy
I R Fpocflof, REFELRATLDRL,

der - t tain a pas

paéx¥rﬂ8£8£2§59§%€iéﬁ'o%ﬁ eemaiagﬁg EEraggBraBs same

I eSs as I NgsS as S

[0317] - 181 Exanple 9 CESlun1n|trate

(2% gkﬁ?ft%Bbper(ll) nitrate trihydrate (10.2 kg),

g’fg wei ght phosphoric acid (24.2 kg) and 70 1 by
et % hltric acid (25.2 kg) were 5 dissolved in

exc an e water (224 kg) heated at 40 C (which
gﬁ eferred to as liquid A). Amoni um

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 fiker 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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nol ybdate tetrahydrate (297 kg) was dissolved in ion-
exchange water (330 kg) heated at 40 C, to which
amoni um et avanadate (8.19 kg) was suspended (this 10
liquid is referred to as liquid B). The liquid A was
added dropw se in the liquid B while stirring, and
then antinony trioxide (10.2 kg) was added, followed
by stirring in a sealed vessel at 120 C for 17 hours.
Th | gant slurry had pH of 6.3. This slurry was
dr?é%ﬁgiglé a spray dryer. The content of anmoni um

o L R
t - 4 . .

(rEEABR T80t 2 ke B, By U TRllE PhBS bR e 2oid
ol e ZoedT o, 2R BOBP A INRE hEEESECBRY 32BRa! RePwere
ARSI s B Bt o -
FiQWhi4 i § Eipge.r .égrdée osggmﬁi. igiﬂ .7 mmonium
(dlane?er 6%8 35 ?lré% dar & 2?: . 6 nﬁ? epgh o)
3 OLTERSEE her B HERES oD di 59 295050 AP L B Lon-
AT PR ol el b o Pl

. > u _ g \ ar"4),;'t _
3Tl ALYk a0d, TBLS41 ly vesoouRBbl el gy
ggii%ﬁi Rgsggé egLe 7Zongénkgqggal%)(epfﬁélfgqéfg 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
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
gilica-alumina fiber (RFC400-SL, 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 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

first die 21: 4.6 mm, depth of grcoves 2la: R 1.2 mm,
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rotating the first die 21 by 180 degrees at a

rotati onal speed of 60 rpmusing a notor 23, stopping
the die for 1250 nmsec and rotating the die again by
180 degrees at a 10 rotational speed of 60 rpm as
shown in Fig. 5. The obtained nolding i mediately
after nolding was cut into pieces each having a
length of 8 to 9 mMmm by a piano wire to obtain

gﬁlgéaﬂgﬁ é@t gﬁgabgggzhaz Fhg. gaggifha§sgaglagi B@Sségo\ggr fQie

ératfure of "1 C an um di't

30,20 rR's"Pfr% 3%9%{33@%@&%%%;oéé@%hﬁddft%qEEE“ L2l }ﬁlm:, Ndepth

anarl | oW a urs and en‘inan a

|ABE, Bha89Rs AT A, R0 ke G, S EoRRB PR 61 e

oSt e BT b AP HoPRIng B0y DA SBgERLEATIREH g on

C PR, 28 FRZERe 283k BB B B B on

90ae 00 VERATRAE IS EbphiEinal EJRCLBRARTALRS 3¢

CoL AL g e 2OL LR s o198y |03 1Bbgr AT 0 U oma

tenperature of 90 C and a hunidia oftgo % RH %rdgeSfor

noBPSeangE 60 FEMS8BL0E A BRCRFr 2Pt ofORRAPENGR

na&gggigggca;n&h%gtggggsr% grgigogggigo gslséfagarees at a
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 B to 2 mm by a piano wire
to obtain moldings 10 as shown in Fig. 1.

These moldings 10 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 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
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 3920 °C, and then maintained at that

temperature for 3 hours. After cooling to 70 °C in an

air flow, a catalyst was obtained.
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replacing air with nitrogen and heating to 435 C, the
nmol di ngs were mai ntai ned at that tenperature for 4
hours. After cooling to 70C, catal ysts were obtai ned.
10 [0319] Conparative Exanple 3 Wth the sane
operations as in Conparative Exanple 2, the nolding
material of Exanple 4 was nolded into a shape
(ring-shape) as shown in Fig. 11 which had an outer 15
diﬁgF%g of 6.4 mm an inner dianmeter of 2.3 nmand a
mmas well as a through hole 40 to obtain a

aﬁ piscursor Then, the resultant catal yst

prec go? subjected to a firing treatnment and a
reduction, trea a a

Exanple h?omgéﬁgP%S %@a?gF a(?ﬁnggg %E)§ kg§30?rled at

rled

e aberErsaenari oy C G5, BSS 9049, 350 B g
ﬁgﬂﬁvi'ﬁi FEalEy K AebcShaiR S RQRF&Q% 54, £Bep
{CPEEREALAGE GRt EP=ieF BN RABR0 " AnhCEhan (PHE S M EF o
s R R R
glég %sggsgagged%gin%ggwgdlgtFEgat t %b%gg ureoEoglﬁshours.

After cooling to 70°C, catalysts were obtained.
[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
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
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

weight), 4 parts by weight of a silica-alumina fiber
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mm depth of grooves 2la: R 1.2 nmm nunber of grooves
2la: 4, outer dianeter of second die 22: 30 mm inner
di aneter of second die 22: 4.6 mm depth of grooves
22a: 10 R 1.2 mm nunber of grooves 22a: 4), the pasty
nol ding material was supplied into a flow path 25 of
the dies, and then extruded at an extrusion rate of
177 mimn wile rotating the first die 21 at a

d;?éé&ﬁ‘@' %§P§r‘?%n§§%%€‘]9 e 8BS agne aaﬁginzfm RSk.), 13

at ed . I ne | . Then, the
{g@%ﬁ@”@y MESLAY %Salﬁl%ni%gn%f%@é g@ga €§¥£Q9b9 weight

\M%gzigﬁqu a %éeﬂggéﬁt %Feo 8Qd %Hg @heHuEhg ﬁ¥x9&re

for urs, and heat reate sequent al
Z.”‘faa% {}a%éai%“ 8Lt 1 Fr Y TR R lERIAT, Shsins on
ASEOOEL otk TOERE RSN TP FABEChE obte
t;“‘?a-n;g"ﬁﬂrﬁzgﬁé%zﬁfm e
25 cebioHSREESHET HERT 4O W, Ao BE BE U byes
O RERERAE IO
mggéeégg gfpgéégngyd S%% OEtE'H%9 ggpgkxggggrooves 22a:
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
Fig. 5. Then, the resultant molding was cut into pieces
each having a length of 8 to 9 mm by a piano 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
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

air, the precursors were heated in an air flow at 390 °C
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parts by mass of stearic acid with 100 parts by nass
of a hydraulic alum na powder at 80C, 42.0 parts by
mass of a titanium (1V) oxide powder, 15.7 parts by
mass of a 10 magnesi a spinel powder, 3.4 parts by nass
of a glass frit and 6.9 parts by mass of nethyl
cellulose were mxed. To this mxture, 34 parts of
pure water, 0.35 parts of glycerin and 0.2 parts of
Cer.am (. fact PORAT
%ﬁ@Léﬁé &é?ﬁt IROYT 2€ ﬁ&g t§¥PQ§§i§Q§ ERATE Murs .

Pl e was neade btan”a pasty

Shiég'%nlg g%gf{ﬁg 4%%% 8o 3y SXhT HEL OPLO, (00 TPEDL Mere

) “equi pped Wi res shown
(dlaneteé of first die 21: 7.8 mm depth of grooves
21% bRy nunber of grooves 2la: 4, outer

ﬁgﬁgfg of second die 20 22: 11 mm inner di aneter of
ie 22: 7.8 mm depth of grooves 22a: R 1.8

nn% g grooves 22a: 4), the resultant pasty
ﬁa% rial was supplied into a flow path 25 of

th d d_th ded at 4
154 i b PHIFE FRBehcPROCEN Y?fﬁ%%i.%ﬁé%?eas flxing 2

rotating the firsg die 21 b

[ batFBnaY Tas3pat ShEadterasenr itHstng aﬁ@FOPYz@aSS of a
sto the die for 1Q00 nsec _and rgt ting th £
ag%fa i%OaHB@F@%spﬁV gr #bt 8P/ 6naf s§e88 5¢ g@ Psﬁf ot @
as shown in Fi nmol di ng obt ai ned |nned|a g

R LraNOREl hGVhmenids B pﬁwees phecdsPEaER REyIAGSaCE

length of 9 to 11 nm hy iano wire. to obtain
nnm@gﬁaglqosghgﬁh pﬁwﬁpﬁ 5 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 was kneaded to
obtain a pasty meolding 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
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

rotating the first die 21 by 180 degrees at a rotational
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The resultant nol dings were dried at 120 C for 3

hours and then dried at 1250 C for 5 hours to obtain
catal yst carriers containing a nmagnesi um al um num 10
titanate-based crystal. [0322] The nol di ng obtai ned
in Exanple 11 had a total pore volune of 0.2 nL/g and
a local maxinmum pore radius of 1.4 pm 15 [0323]
Exanpl e 12 Usi ng an extrusion nol di ng machi ne shown in

Fqéﬁ%ﬁﬁ?ﬁf)?@nggg(@giﬂglgmﬁéﬁérOEBf'gé& iﬁ 2he498e for

ooves er O grooves

21fOOO ggéeén& gté@?ﬁ dt é 3§§OQQ ghnnfzé ?ﬁg§¥ees at a

i nner- di'anet &r° of © - 5eco

Sahe” %‘?%‘%g%o?%e%g TR A %ﬂéﬁﬁﬁ%ﬁe%%@’ e
bt - EaTasy TR R ERLy o baE SoTLnd a8y dnco
ﬁf%eg?e%‘gﬁ R SacSaTeurBraei Boy $peldl B 2oBiaRb wire

At o ?%HlnfaOiﬁin%?e 13 8RRvEy  1ebt %'eérfe&i, ata

| medi ot By 26% ft%);lﬁgf?a %%25%%‘?' h 8 pRbctelagntor 2

havi ng a Ien h of 8 by _a_pi apo.wire
ob?%?ﬁsnﬁpﬁl eBr@Eb? o§§ ﬁgnb ¥C fgr E hours Eo obtain

catalyst carriers containing a magnesium aluminum
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
ym.

{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
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

222 mm/min while repeating the operations of rotating the

- 187 -



10

15

20

25

a shape as shown in Fig. 1. [03241 Mldability 10
Mol dability of the nol di ngs obtai ned as descri bed
above was eval uated according to the foll ow ng
criteria: The nolding which kept its shape w t hout
causing collapse when cut imedi ately after nolding
while using a piano wire is rated "Good", whereas the
mol di ng whi ch was 15 col | apsed when cut immediately

af f et fob L ng, US|, Nga8 qsgfasim%ﬁe | 3ofgL5paFogbeeaTe 200

§ are & Bk
S h T 20.Th
ST P ML RS onas o
L d t
v tFacted s Fi o8 By TP ngﬁ?gﬁgéF“%%§§5?E989al
ht d |
|o?%?e%239§%gtﬁ%“3.p q%ﬁ%&%C N {8 mladdery arter
! ] _
conar 8f8s i Fed %HﬁjﬁﬂﬁﬁuPi§Cﬁﬁlaﬁﬁa ﬁgsxggn?nggggh of & to
nmol di ng and a, non-defective
VAl TP A (BL508, PEEG bt CRERLPaRRBAERS: RECRPERFE: BRVINS
of the non-defective nol ding. Each proportion of the
5 RoRAFRGL B8 ABPYRNYT fhRE- s&ni - br oken mol di ng and t he

no?63gE{ect|ve nmol di ng was eval uated according to the

Moldability

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
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

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.

Subsequently, the dropped mecldings were subjected to
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following criteria: Conm nuted nolding: 8 nmesh or |ess

(-8#) [proportion (% by mass) of nol di ngs which

passed through 10 a sieve of 8 mesh (opening: 2.36

nm ] Sem -broken nol ding: 8 mesh or nore and 4 nesh or

| ess (+8# to -4#) [proportion (% by mass) of nol di ngs

mhich passed through a sieve of 4 nesh (opening: 4.75
, and did not passed through a sieve of 8 mesh

E;’f%@fﬁ? &i)gs3@0n@l%a%@@edfﬁEStéV80§m£Hb98d floBSHg, a

[ proportion y mass di ngs

mmé&@lQ5gogg%dﬂﬁn§1n§héﬂggg SLEYE0 16enﬁ§fd1B?, aFd then

(openln results are snown In

+8 %luégig%gga% §£F§% §n§ﬁﬁjéég€g&2n%b 5d§ﬂé|%£¥%$fglon of

iy GRLEG U1 2 Sd pbabaL g

OS5 R T3, Ll oo B AP

quefectzgelméédlng was evaluated according to the
following criteria:

Comminuted molding: 8 mesh or less (-8#)
[proportion (% by mass) of moldings which passed through
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:
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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Exanpl e 9 Good 96.48 0.10 3.42 Exanple 10 Good 98.91
0.20 0.89 Exanple 11 Good - - - Exanple 12 Good 85. 88

7.

1

38 6.73 Conparative Poor 23.60 54.31 22.09 Exanple
Conparative - 96.00 2.54 1.46 Exanple 2 Conparative
90.86 8.08 1.06 Exanple 3 Conparative Poor 40.78

55.24 3.98 Exanple 4 [0327] 5 As is apparent from
the results shown in Table 1, each of non-spira
nnt@i@gf obtained in Exanples 1 to 10 has a higher
drop strength than that of each of spiral noldings of

Oo%j'gtive Exanple 1 and Conparative Exanple 4. 10
[ 0328]

-7190 The shapes and the sizes (or dinensions)

0
d

f the catallysts obtained in Exanpl esob E0rddyeand
lonmpar ati1 ve +88 to -4
Moldability +4# (%) (%) -8# (%)

Example 1 Good 78.9%0 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 ¢.85
Example 9 Good 96.48 0.10 3.42
Example 10 Good 98,91 0.20 0.89
Example 11 Good - - -
Example 12 Good 85.88 7.38 6.73
c .

omparative Poor 23.60 54.31 22.09
Example 1

Comparative - 96.00 2.54 1.46
Example 2

Comparative - 90.8¢ 8.08 1.06
Example 3

C arative

onp Poor 40.78 55.24 3.98
Example 4

[0327]

As is 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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Exanples 1 to 4 are as shown in Table 2. The bul k
density shown in Table 2 was neasured by the foll ow ng
5 procedure. 1. A 200 m cylinder having an inner

di aneter of 36 mmis packed with 60 g of catal yst

wei ghed accurately. 2. Tapping is carried out 100
times on a mat with a hei ght of about 20 nm above the
mat. 10 3. The scale of the cylinder is read out and a

bul k denﬁd &%g al e é%é@e(&qt@im&ﬁ\s;(@ﬂs) Eib'f Kthe

denS|ty = Read- out Vol une

[ 0329 1e¥§€§) %a ik naes ﬁ%g rr'r-[fggié‘ %deéor%a?&tlve

di Fhe nS|t

CEEBNG1 &5 NoEo % 528 5 ghggnslg%gb% 222:1:}24 .
Ex%%' etﬁ %%wn&xg%%b%% % ‘g% Zm%% % g@ bgpltiﬁg: following

qglgdSrhbn- 6.31 4.98 9.11 4.98 -

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.

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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spiral Exanple 6 Non 5.13 2.66 10.82 2.66 - spira
Exanple 7 Non- 8.19 2.73 7.87 2.73 0.85 spiral
Exanple 8 Non- 8.29 2.76 7.43 2.76 O B2 spiral
Exanple 9 Non- 6.25 1.96 8.26 1.96 0.79 s iral
Exanpl e 10 Non 6.93 2.18 8.32 2.18 0.91 s iral
Exanple 11 Non- s iral 8.52 7.12 9.14 7.12 0.82
Exanple 12 Non- 6.47 2.03 8.63 2.03 0.95 spiral
Co @iive Spiral 7.91 3.34 5.66 - 0.76 Exanple 1
Cohparative Ring 6.21 2.11 6.22 - 1.05 Exanple 2
aiative Ring 5.95 2.15 5.71 0.99 Exanple 3
Co Qtfve Spiral 6.30 2.01 6.22 - 0.69 Exanple 4

*ICave: Opening which |i sodedd ned byneol ynpar ., paor L ons Bulk
gnd bridge pprisheps dodineetbad diekssear 5 9or i GNS” on| Density
peri pheral sprface off nolwghiNg |[ 033R) HEvalmdt i on fdn] [g/ml]
ACTIVitTy —
Example 1 , 8.39 3.54 g8.97 3.54 0.94
spiral
Example 2 Non- 7.97 3.48 7.92 3.48 0.74
spiral
Example 3 Non- 8.09 2.70 7.80 2.70 1.00
spiral
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 -
gpiral
Example 6 Non - 5.13 2.66 10.82 2.66 -
spiral
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 Nom - 6.93 2.18 8.32 2.18 0.91
spiral
Example 11 Non- 8.52 7.12 9.14 7.12 0.82
spiral
Example 12 Non- 6.47 2.03 8.63 2.03 0.95
gpiral
Comparative | o :ral 7.91 3.34 5.66 - 0.76
Example 1
comparative | ping 6.21 2.11 6.22 - 1.05
Example 2
Comparative | ping 5.95 2.15 5.71 - 0.99
Example 3
i
Comparative | o iral 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
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A gl ass reaction tube having an inner dianeter of 192
18 mm was packed with 3.0 m of the catal yst obtained
in Exanple 3, Conparative Exanple 2, Exanple 4 or
Conparative Exanple 3 together with 30.0 g of silicon
a raw gas of isobutyl ene,

oxygen, 5 nitrogen and steamat a nolar ratio of

and then the reaction was

cay §i&d QgéngaéﬁédtaﬁtPrgggt@gn Eoeﬂétbgealggtaobtalned in

car bi de (14 nmesh) and
1:2.2:6.2:2 was fed,

reaction tenperature o

and

space velocity S

i S e gr:lfig%é@%g?g, e o at i ve
Ex
g%ﬁ%grgtlgéaﬂygﬁ fe28 Eo&@gﬂé£a&kggxgggpgbgg§Tﬁgﬂ§con

arried out a n"t

' eé&# gr ?%Ehx@&@h} Sogéb!aeréw

IVI

case O

utyl ene

elrn

EbrYs, SPEptage T Bhggen,

“”Vgr%%%%a% SEORRLHE § G5udriRani R RS i2R8 3 g vas
81f%d aHHaEﬁglvghe rgg E13 91a§ Zgréled out under the

reaction conditions of a reaction temperature of 330 °C

and a space velocity SV of 1750 hr ' (Standard

Temperature and Pres

obtained in Comparat

sure (STP)). As to the catalysts

ive Example 2,

Example 4 and

Comparative Example 3 were also carried out as in the

case of Example 3. The results are shown in Table 3

below.
[03311}
Table 3
Selectivity te
Isobutylene .
Methacrolein and
Conversion (%) ) ]
Methacrylic Acid (%)
Example 3 83.5 B4.6
Comparative Example 2 8l.3 81.4
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

in Comparative Examp

les 2 and 3.

- 193 -




10

15

20

25

[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 catalysts 20 in Conparative Exanples 2 and 3.

- 193 [03331 Measurenent of Pressure Loss Pressure

| oss when a stainless steel pipe was packed with the

fired nol di ngs of Exanple 3 and 5 Conparative Exanple
p@§ asured by the following procedure. A wire net

was Spread over one opening of a stainless steel pipe

haMéQQu %Téﬁﬂeéfdb9g§%8¥e %ﬁgé mmso as to cl ose one

openi ng € ot her opening was

wth e veRrs8eh é;b%%%s wlgé’ﬁe% AT EBE FPef T bEBE Cuae
”""”°%‘1?%§L%b&j haEhEar rrEd %Eﬁfﬁ? oBoExalBls’ Phandyn
| by PEG 9 PREARATE' 2% Fhlhch aua'@fg' 2%%8— Folabiritls

5
?Lg:’%%{?aﬁvzﬁreé R 9T e R SRES & gwenhr i <$h RERRgRF 2
N T X e
flowrate of 15 L/mn i mann esc bed
ab%%etoaﬁﬁoﬁep?@gsﬁpﬁnanfgfeﬁgﬁ EépFrHﬁ?}

atgggg?gélgagrgigggg &?Ehneasugggrugkg pggewhlch was
equipped with a vent tube and a digital differential
pressure manometer for pressure detection, and then the
measurement was carried out. Air was passed through the
tube before packing with the moldings at a flow rate of
15 L/min and a pressure difference from the atmospheric
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
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

in Table 4.
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digital differential pressure manoneter. A difference
in pressure (LP) between the resultant value and the
ref erence val ue was taken as a pressure |oss of the
tube after packing with the noldings. The results are
shown 25 in Table 4. - 194 [0334] Table 4 AP [ nmmAg.
] Exanple 3 179 Conparative 308 Exanple 2 [0335]

(1) Pressure Resistance and Variation Coefficient 5
thF6§§g]of Mol di ng before Heating Twenty-two nol di ngs
wer e picked up at random from the noldings of Exanple
11 and s, Measurement  sanples. Then, a digital
push-pul T gauge ("Mdel. RX-50", manufactured by

Al KOH BNG NEERI NG CO|, LTD,) equi pped 10 with a gauge
attachment (nodel nunber: 6 2B) at the tip of the
gauge s fixed to an ellgothgpnotiye stand (" Mdel
1307", |ma red by Al ENG NEERI NG CO., LTD
After on§§%®%é%ng WS a!ﬁgﬁid t-o1 stand at the center
of a |i|f Compapbatifrer m of the el ectronotive stand, the
lifting 308

Example 2

[0335]

(1) Pressure Resistance and Variation Coefficient
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
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
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-
pull gauge. This measurement was carried out as to the

twenty-two moldings, and an average of twenty measured
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15 platformwith the nolding was |ifted at a constant
speed of 60 mmimn 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
col | apse of the nolding was read out with a peak
hol di ng function of the push 20 pull gauge. This
nmeasurenent was carried out as to the twenty-two

wolghﬂgé’eﬁeguﬁqn V%EggﬁaﬁﬁmhﬁpQ%iu%e%%HL%%e'hi%%%um value
u t

val ues excludi ng the maxl num val ue an € m ni num

Lol e 2603 B2 R R E BT SED ot cne

i
ef or € "heati ng.

:EgﬁggﬁgggeBE§EE%nhﬁ§g§gﬁlSosfﬂ%fﬁgf%eda QEQn&Q§d deviation

evi-ation di vide he préssure

vared: PIRS At rlueb e, Ol U BRatEn Rsliafiey yas
oot euABra b B bE bR vaR SRR CEp ok Epp iolbthas co

pressed i_n the directian

h- LI i ch
DR B o G2 REE 208 e ol BB hES, P e Ho1tihgs
di . Th ) I i Tabl 5. 2
oobSehfe RiGring U te SEoHSPON e TER: Sulaablacnt yas
f Mol di t . i | th in.th
obstereeftdonle fhy TEh b galgh 8 RaTRn RIS Shel RikOf the
|l ed f th | di f . Ex I 11, d i
or HBPB B dngoten “eRe PeRaeER &1 (S prate 1o Apich Sas
el ectric furnace. After heati t he . cru%ib eto 00
C PRYBPRYAFULaFAte bhesdielySlrhrtios OFf 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 mcldings 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 minute
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

ocpening, so as to collect moldings, which were dried by a
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and mai ntaining that tenperature for 2 hours.
of the electric furnace was opened,
of the twenty-two

cruci ble were i medi ately introduced
cont ai ni ng wat er
separati ng water
so as to collect

20 door

cruci bl e was
nol dings in the
into a stainless
t enper at ur e.
si eve having a proper 25 opening,

nor nal

6
oS kel B 1950t i o pours
th
B A EAR SRRt 55 ABLAH i

t aken out,

st eel
Af t

and al

beaker
er

t he

usi ng

Then, a

at a

a

TabpetETotBhrORYn %é%F29%%§§FF§?F&§S© FEaffiged! W rd sane

Pr ef.{i L ssu coeff |ent si stanc
of "BrEsSure ¢ e iaTanes B prbecfsbhpEngig ROV U Tapae 5.
§b§Pg?ce of nol di ng reS|stance CS'/ Cvcsal before
ing after of nolding CSb CVsb heating, before
he@ ng, after CSb heating CSa heating CVCSb CVCSa
EM[ [daN] [99 20.04 33.75 27.27 30.64 1.36 0.91
VRCSS-REF chK&éQ}%{%%ﬁKT_D APPLICATIC»?&}@Q@ioﬁha
Dagls Conventi on P other a%@ iC
ressure coef lc1e Pressure coeff1c1ent
resistance | of pressure | resistance | of pressure
of molding | resistance | of molding | resistance | CSa/ | CVcsa/
before of molding after of molding CSp CVesp
heating, before heating, after
CSy heating CSa heating
CVesb CVesa
[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. 20092-149705 filed on

June 24, 2009 {Title of Invention: Molding and Method

for Producing the Same) as 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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10 Convention, the present application clains
priorities from Japanese Patent Application No.

2009- 149705 filed on June 24, 2009 (Title of

I nvention: Ml ding and Method for Producing the Sane)
as well as Japanese Patent Application No.

2009- 277972 filed on Decenber 7, 2009 15 (Title of

I nvention: Ml ding and Method for Producing the Sane,

an%Hggtg@y%iﬂgﬂ%Dnghod for Producing the Sane), and

the contents of these applications are incorporated
herein by reference thereto in their entirety. - 197
WHAT IS CLAIMED IS 1. A nolding characterized in that

it incluges g bl yighi Liaplceobusnar sRoEhhens cdisnoseds a

with at [éast one gap an ge portions eac

U TLS AR oo ) | Y i g th&h at least one
pl drality of

col'umar portions to edch other at eac

0 Gah b° pi 0 Wil 12k ok (Al; BRGLGR Wicent

cent two col umar por tl ons;
o SRR S ML, porttons
208 RS A O Ly T 0 B S0 e R ection
R S N s
0 Yool PG SR B S AGRrea oy
;Pg@\‘?fe igrl%tra iietyi %ff ith::tleu(%lnaa.nrd p\Ac'JhritCiQ)nhsaSanad %puernaj!r%gtg £ c;rmed on
a peripheral surface of the molding by gaps between the
adjacent columnar portions.

2. A method for producing a molding 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:

(1) 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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on its inner peripheral surface, characterized in that
the met hod conprises 20 form ng the nol ding by
repeating: (i) rotating at |east one of the first and
second dies froma 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 a next
position wherein at 25 | east one of the grooves of the

fipgt 1diagd $ l Igneq, gltl%ovje%‘g f""tt:l'{e:feor cc fe téﬂ'? as to

grooves of J e Second di'€ S0 as to

th t at f f
Pheor P! Kt dd Bt 20 1 (o ming the co Sﬂﬁa:’
portlonséllg apg ﬁ"é%o giﬂﬁ'?geaEOLEE?EnOBf 8Betgf the

first an econd di és Ion wher e

! e?%&s%n %n%f C%%.dg dg.%ve%n(g gol}%llf ﬁ:{ e C%l d %.‘s:lons J

Sast Soive "hé gr ooves e secon
forn1further the 10 bridge portions. 3. The nethod for
prggUC|ng t he nol di ng accordlng to claim?2
characterlze

have beeﬁ Lat ruE%EhEFE%?$EZE Or%kﬁﬁ% F?@%g?and

SR IR SR TR e o
O SRR sel o0 ALUEE. YUY ae 1east one
of the grooves of the second die to form further the
bridge portions.

3. The method for producing the molding according
to claim 2 characterized in that the columnar portions
which have been extruded from the melding machine is cut
into pieces each having a predetermined length which
includes the bridge portions.

4, A catalyst for producing unsaturated aldehyde
and unsaturated carboxylic acid characterized in that

it comprises a catalyst component and a molding
supporting the catalyst component which molding 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
tc each other at their one ends in the longitudinal
directions of the adjacent two columnar portions; and

alsc includes through holes surrounded by the plurality
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it conprises a catal yst conponent and a nol di ng
supporting the catal yst conponent which nol di ng
includes 20 a plurality of columar portions di sposed
with at | east one gap and bridge portions each of

whi ch joins adjacent columar portions of the
plurality of colummar portions to each other at their
one ends in the longitudinal directions of the

adb§c EEE'H% g %:C lo%@l%hgg %Hti)ily %%%?igﬁ%%r Zf%r?nlf%io _drf;_ %lg Lb%g?phe ral

t hroug urroun alit

Coég%%ep 8? LS %?L%?%; %g;%ép%ggs%%%%?xh RN A

surface of 't he o ween € adj acent

col [..portion an he catal yst conponent is a
R ThaR b Res” "8

conp conprises at |east nolybdenum

cobalt. BAraCRavAR, epmbbheRl ATH, fofhak Bl Viten

cobal t. 'ys proddcing u
| dehvd d t t ed b i Ld '
o) SP AT eeRn e pere e B LY AR ) AR Rt g0 A
ted.by th fql Low | f I ) :
on S BREEERERsgke i aRal % Jeige, Lort e (1
| ybd i th d .i
Feopect ! Sel yind vt Lkehy EOH Brafising oPaeaturpteg Fhdenvde
PO SR GBL RO AR G 850 BoreRtadEnEe FHAin 4
el epent sel ected fr?p1phosphorus, boron, arsenic,
teFPGF?EﬁFrlzed in that

the complex oxide is one represented by the
following general formula (I):

MoaBipFe AqBeCeDgOx (1)
wherein Mo, Bi and Fe represents molybdenum, bismuth and
iron, respectively, A represents nickel and/or cobalt, B
represents an element gselected from manganese, zinc,
calcium, magnesium, tin and lead, C represents an element
selected from phosphorus, boron, arsenic, tellurium,
tungsten, antimony, silicon, aluminum, titanium,
zirconium and cerium, D represents an element selected
from potassium, rubidium, cesium and thallium, 0 < b < 10,
0 <cc£10, 1£d£10, 0£e$£10, 0 f<10and 0 < g
£ 2 when a = 12, and X is a value determined by the
oxidation state of each element.

6. The catalyst for producing unsaturated

aldehyde and unsaturated carboxylic acid according to

- 200 -



10

15

20

25

tungsten, antinony, silicon, alumnum titanium
zirconiumand cerium D represents an el enent sel ected
20 from potassi um rubidium cesiumand thallium 0 <
b <10, O0O<c¢c< 10, 1 5d< 10, 0 Se S 10, 0O< f< 10 and
O< g <2 when a =12, and X is a value determ ned by
the oxidation state of each elenent. 6. The catal yst
for producing unsaturated 25 al dehyde and unsat urated

CaE?Q%%'hcoﬁcbdcﬂgggquﬁgzha 1 n2 @82 tCkBleMcBbn ﬁe§ oxide is

characterized in that the conplex oxide is ne

ObgﬂéngthXnEHrb?gggrﬁhgcgrEgécggsbgeo%o %eéomylex

oun an a cludi ng nol ecul ar ygen-

gé@h@hgg Qﬂsagﬂgthggghggglg ﬁﬂglg§bh%1@c qal o ggen-

ence I ng substanc

agﬁgagﬁ %é fgh oxy IC acpggggbgrgEe@oaldggﬁgetgeatment

unsa car Ing to

tQ%Z?fg?Lbéggﬁnsﬁe Harodtrrsiraos BeEEE o 10, °
e oot 2 VSt ek RO PEL Ny Sl BLES BhORRNUE cand) aenyae

unsat ur a acrd I ng

OB hatda e HSRTE b R S Pl

CoBramiReR A T MR i S 3 e‘?;d?o e s
LT SR O A AR RN

8. The catalyst for producing unsaturated aldehyde
and unsaturated carboxylic acid according to claim 6 or 7
characterized in that the heat treatment is carried out
at a temperature in the range from 200 °C to 60C °C.

9. The catalyst for producing unsaturated aldehyde
and unsaturated carboxylic acid according to any one of
claims 6 to 8 characterized in that

the reducing substance is a compound selected from
hydrogen, ammonia, carbon monoxide, a hydrocarbon having
1 to 6 carbon atoms, an alcohol having 1 to 6 carbon
atoms, an aldehyde having 1 to 6 carbon atoms and an
amine having 1 tc 6 carbon atoms.

10. A method for producing unsaturated aldehyde
and unsaturated carboxylic acid wherein a compound
selected from propylene, isobutylene and tertiary butyl

alcohol and molecular oxygen are subjected to vapor-phase
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hydr ogen, ammoni a, carbon nonoxi de, a hydrocarbon
having 1 to 6 carbon atons, an al cohol having 1 to 6
carbon 20 atons, an al dehyde having 1 to 6 carbon
atons and an amine having 1 to 6 carbon atons. 10. A
nmet hod for produci ng unsaturated al dehyde and

unsat urated carboxylic acid wherein a conpound

sel ected from propyl ene, isobutylene and tertiary

buE¥ka%?t§E08%8?aeggn heeﬂlea;rg&é%e alge ¢ %ch%gaq sfto

vapor - phase cat trco atron in t e presernc

of &gsrgéggigﬁtaP9csardh%9c&g By (oue, gf. claim 4 to

fOFt he pro uctlon of methacrylic

acid chapgct '5§9 et "Br Skl SOORLLEESn AP ShatiaLry1 ic

conponen Support cata
o

congo en}%gPF %ﬁ%z L gkudes a plurality of

I|S|%ose With at |east one gap and
Bé???in§°kﬁhﬁﬁ§rgﬁﬁ?aﬁ.f?gsﬁvs% eBReBEr P, TR
G PURBPBLL™E1 tPRe REPATER CEIBoRST nnar%bFﬁ%#§¥99 g udes
SI B BLEpISER B SRRAPAS: PRETd RHd 3%@%%5 WEES dfast
* hBRguPaBeard: BresREmREF b%%ﬁf%aéh”%ﬁd*wﬂg%ia?ﬁ%@ieﬁnacent
Coﬁpiﬂﬁgggcgp %é%es aghﬁg@ Rgﬁ%la%ldo ) %%gng%OJEIODS
co t USh&<p
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
the catalyst component comprises a heteropoly acid
compound which contains at least phosphorus and
molybdenum.
12. The catalyst for the production of methacrylic
acid according to c¢laim 11 characterized in that
the heteropoly acid compound further contains
vanadium, at least one element selected from potassium,
rubidium, cesium and thallium, and at least element
selected from copper, arsenic, antimony, boren, silver,

bismuth, iron, ccbalt, zinc, lanthanum and cerium.
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nmol ybdenum 12. The catal yst for the production of
nmet hacrylic 20 acid according to claim11
characterized in that the heteropoly acid conmpound
further contains vanadium at |east one el enent

sel ected from potassium rubidium cesium and
thallium and at |east elenent selected from copper,
arsenic, antinnny, boron, silver, 25 bismuth, iron,

cobal t, }lh @nfjoxceéﬁéj odu%@fonlo?’f J@@hacryllc
or t

catalyst producti on of net acr acid

aC%QEQiQ cBQdEl&@' %1519 1%10Et§r gst @Fxhi‘%@t%aﬁ}ltz'%at ihN€hat

eropo y aci conpoun i S obtainab

firing ofna RLECHLERIy! BELAOLonBEERalsaLaRIRNEESeOby 2irst

non- 5 oXidiZIng gas secon

C AP EE" o SRR SFthe MR T sBeRggR e roo-
gﬁé¥§§%é%Fgegalngghgﬁgrqbngetgoﬁ @bwhké.%gc%%d flglng under

the teropoly aci d conpoun
ok S e on S b, B o R v
400 C anfyseciid JLLAIG RSt o8 %&@@@@%mo@eghacrm
el BRI RO BB
b e Skt 0 LA vy i
"Dkiﬁﬁhgro%x %thﬂr%@% %%%g%eu%%e%h%nF%EaB% %ere of an
oxidizing gas at 300 °C to 400 °C and second firing under
an atmosphere of a non-oxidizing gas at 400 °C to 500 ©C.
15. A method for producing methacrylic acid
characterized in that at least one compound selected from
methacrolein, isobutylaldehyde, iscbutane and isobutyric
acid is catalytically oxidized in a vapor phase with
molecular oxygen in the presence of the catalyst
according to any ocne of claims 11 to 14.
16. 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 cclumnar portions to each other at their one

ends in the longitudinal directions of the adjacent two

columnar pertions; and also includes through holes
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according to any one of clains 11 to 14. 16. A nol ding
characterized in that 20 it includes a plurality of

col umar portions disposed with at | east one gap and
bri dge portions each of which joins adjacent columar
portions of the plurality of columar portions to
each other at their one ends in the |ongitudina
directions of the adjacent two 25 col unmar portions;

Qu? §8n Q?lﬂgféhéhégﬂgglgeyséf éo%ggna§uggggggﬁg Q%d

the ura col uimar I'ons "an

§§ggﬁ8gﬁef8§&gahsga gggagﬁsrgatgn§faggdg@9tag n838ing by

adj acen I ons

R0 B MU B S i o
h
al i nund €1 CaRREEo8acac argor; O EBBE S RagpL s, pasea

flrlng a.raw m xture which 10 contains a al um num
sobF¥8 Bbuder and a titani um source pomder and a

mol ar r t of t

povvder a#t e%‘fkan Jlé{]% &?%ccf]ffg][r?%%?? Rce ?Jrr{’ g%%um

sou% omder in teLnE]of TiQ2 in the raw m xture is
thrhag e{gz?gn@g FPBM 35:65 to 45:55. 18. The

ol ding Aeeor Sl 88nsOcimak Thing ER2" 3TLA1HERT L1 RahhBE pasea

crystal is obtainable by firing a raw mixture which
contains a aluminum source powder and a titanium source
powder, and

a molar ratio of an amount of the aluminum source
powder in terms of Al;0; to that of the titanium source
powder in termsg of TiO, in the raw mixture is within a
range from 35:65 to 45:55.

18. The molding according to claim 16
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,

a melar 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, and
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t he nol ding conprising the alum numtitanate based
crystal is obtainable by firing a raw m xture which 20
contai ns a al um num source powder, a titanium source
powder and a silicon source powder, a nolar ratio of
an anount of the alum num source powder in terns of
A1203 to that of the titanium source powder in terns
of Ti R in the raw m xture is within a 25 range from

35: 65 10,45, RSunfNgs - t%&431ff AR08 bgﬁdékleHBalned in

source po er contaln e raw m xture is % by

”%%%&%ﬁ%ﬁ%w@ﬁ mﬁmw@éwmm%q%me

rawmx ure g accor di ng to claim

grgéﬁﬁéﬁ§%5§dcbﬁt£gﬁédtEﬁ Eﬂédkﬁg_ fksi ng the

u ana ased crysta obt al nabl e by

firing algaW{ﬂg(trM%% r}:soacﬂ}_hmiwm source
ur

powder, @a titani um sot r and a magnesi um
e BRI
oSSR R Al o
L o U AR L
Sk aheginalS,aTe ahauﬁnséﬂﬁa%l HENBE TS ROl el
poﬁggéeknaagrnsmggnggg%m source powder,

a molar 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, and

a molar ratio of an amount of the magnesium source
powder in terms of MgO in the raw mixture to the total of
an amount of the aluminum source powder in terms of Alz0;
and an amount the titanium source powder in terms of TiO;
is in a range from 0.03 to 0.15.

20. The molding according to claim 16
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,
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isin arange from0.03 to 0.15. 20. The nol di ng
according to claim16 20 characterized in that the
nol di ng conprising the alum numtitanate based

crystal is obtainable by firing a raw m xture which
contains a al um num source powder, a titanium source
powder, a magnesi um source powder and a silicon source
25 powder, - 205 a nolar ratio of an amount of the

al umi num, QU €2 - ROYGELe Bt ShERAE! f1203 LeuhBALmObource

t he tltanlun1source pOWdEer erns o

oo digh LR bt h%”;ﬁ‘ of VWL LLOBSTO 4.0 4355 acurce

no ar ?I (O NN0) anmoun magnesi um

e gesl ?ﬁfgegﬁqsaég g@obfng’gt%é 4%l AL KYrgtin o

hé al um num Sour ce

in ternms_of n nnunt t he tltanlun1source
poﬁﬂ%ge ﬁr?@A%E g? $ Cﬁg ﬁng range fromo0.03 to
0.15, and 10,an a nt of the lpLco
cont ai ned TﬂlthenEu x?ﬂr@mggng ngy éggggmggm source
based _.on the inorganjc._co ntns contai ned, in
oSFReSE B terhS HﬁPdﬁﬁggﬁscaﬁﬁ. BUE 5onthspral ot
20 characterlzeg in.that the S|I|con our ce powder E AL.O

a‘iSa‘BBHBErOSft &l a%BHPnE}F‘ §PHEESt PPVASEr *] mlgr & 23
thereof he pol dlnggaccordln to a

cI%Pﬁsa?7amPHn§1tEﬁaFéE P §OPRCERROW 5%5 ﬁamﬁﬁFwﬁuPé Ti0;

conpri ses a
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.

21. The molding according to claim 18 or 20
characterized in that the silicon source pcwder is a
powder of feldspar or glass frit, or a mixture thereof.

22. The molding according to any one of claims 17
to 21 characterized in that the raw mixture comprises a
pore-forming agent.

23. The molding according to any one of claims 17
to 22 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.

24. The molding according to any one of claims 17

to 23 characterized in that a pressure resistance of the

- 206 -



10

15

20

25

pore-form ng agent. 23. The nol ding according to any
one of claims 17 20 to 22 characterized in that its
total pore volune is 0.1 nl/g or nore, and its |oca
maxi mum pore radius is 1 pm or nore according to the
pore vol une neasurenment by the nercury penetration
nmet hod. 24. The nvol ding according to any one of clains
17 25 to 23 characterized in that a pressure

st : | di , .
;(negﬁcf‘lhe rrol%lI n%rkg%lgi% ﬂ‘g%r?ﬁeg’ﬁ%‘{‘%wé%g@}ﬁiaﬁﬁ%ms the
S5 ; : &%@4 ~, 0
%Ccr?;a/ vaglggg (S%e@%{%g% Sier e% a ffsl) 2{}%‘? egzs)u:r e
resi st ancc[;%agﬁst he pofous ceranic nol di(fnLg which is
y he

obt ai ned At ng at a tenperature of "1200 C for 2

hours foldpwe Yy <l diately putting,,L,ito water at a
nor mal téﬁ%é at Ut ggg dryi ng thereafég CSb is a

A LS i LR PO e,
CSesdB il ! L SOELL 1 SOl
S S AR R IR RS T

S SRy SR 5 R e X SRR Lol

and drying thereafter, CS, is a pressure resistance of

the molding before such heating, CVga is a variation
coefficient of ratio of CS,, and CV.sp is a variation
coefficient of ratioc of CSp.

25. A catalyst for the producticn of synthetic gas
characterized in that

it comprises a molding which includes a plurality
of columnar portions disposed with at least one gap and
bridge porticns each of which joins 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,

the molding is made of aluminum as its main
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portions of the plurality of columar portions to each
other at their one ends in the |ongitudinal directions
of 20 the adjacent two col ummar portions; and al so

i ncludes through hol es surrounded by the plurality of
col umar portions and openings formed on a periphera
surface of the nolding by gaps between the adjacent
columar portions, 25 the nolding is nmade of al um num

asak j 07 conponent, and nickel is supported
onctﬁEOHE#g*ng a26 The catalyst for the production of

syntheti g .fas gcgﬁ 8 SEaEEEZQOEHQE cterized in

that a 5 sup por I'Sin“a range from

e SLSH5E o TS A 8 g
IAPECHLSE AR S SscL eSS S, o vy

0o btrEhothefh; SBhopuL b 10 ?L%Lgir%g (51D s <o

zcggr?-gﬁ 91 5h7. B PacDFL ERRCEAERS MSIRL o phiRyeanyar.

ih sy 15,08, he stalysh 1L 1g Rl On .

g?ggggégc%ﬁé'ﬁgdko n,Lhat 2 gryskalnhorme el 3kumita hde the
molding contains 0.1 % to 30 % by weight of calcium in
terms of oxide (CaO).

28. The catalyst for the production of synthetic
gas according to claim 27 characterized in that at least
a portion of calcium in the molding forms a compound with
aluminum.

29. The catalyst for the production of synthetic
gas according to any one of claims 25 to 28 characterized
in that a crystal form of alumina is at least one of ¥
type, k type,p type, n type, vy type, pseudo y type, O
type, 9 type and o type.

30. The catalyst for the production of synthetic
gas according to any one of claims 25 to 29 characterized
in that the molding contains 0.5 % by weight or less of
sodium in terms of oxide (Naz0).

31. The catalyst for the production of synthetic

gas according to any one of claims 25 to 30 characterized
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type, x type,p type, ri type, y type, pseudo y type, 6
type, 0 type and a type. 20 30. The catal yst for the
production of synthetic gas according to any one of
clainms 25 to 29 characterized in that the nolding
contains 0.5 1 by weight or less of sodiumin terns
of oxide (Na20). 31. The catalyst for the production
of synthetic 25 gas according to any one of clains 25

tolﬁotﬁaer ?L‘Etse‘i:b%%‘i ox%o%'ol'uﬂ\et hat o, b% Wiy o‘ior:r%re, and a

volume i's 0.2 r nore, and a pore volume of

po 8§eh§¥>'131 of 3¢ B3 Oinak)r% AR 9. 04 O W dde is

e according to'the pore vol une measurenent by the

”E'E)C%ymﬁ.‘?ﬁe LAl TRIot: oy 35 cHe E%Iea'vmweor the

product i oh”of "synthetic gas-according to any one of

Cl@é%@u%@m% tB%gﬁ ?faﬁ%&%ﬁé§dpef%t%%%3chh%é@ﬂd@ ng has

Speci ace area“o nor e
accordlng to Sgegér %héhg gﬁﬁﬁ§fgﬁ'gfci§nthetic
Surface area rogen adsor |on si ngl e

%ﬁ%%@N% QRN

gas ~accor 0 "any “one of “clai s
T RERLL S5, TR AT B R Y St cn
P B4 5o 8 SHIKIEAA g PESGRETREHPebRREp £ ReOher
grg%gcgkggeghrkgc%tar%%?%y f%e nitrogen adsorption single
point method.

33. The catalyst for the production of synthetic
gas according to any one of claims 25 to 32 characterized
in that the molding further comprises a platinum group
element.

34, The catalyst for the production of synthetic
gas according to any one of claims 25 to 33 characterized
in that the platinum group element is at least one
selected from the group consisting of rhodium, ruthenium,
iridium, palladium and platinum,.

35. The catalyst for the production of synthetic
gas according to claim 33 or 34 characterized in that the
content of the platinum group element is in a range from
0.1 % to 10 % by weight.

36. A process for producing synthetic gas

characterized in that a hydrocarbon and steam are reacted
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selected fromthe group consisting of rhodi um
ruthenium iridium palladiumand platinum 20 35.
The catal yst for the production of synthetic gas
according to claim 33 or 34 characterized in that the
content of the platinumgroup elenent is in a range
from 0.1 %to 10 % by weight. 36. A process for
produci ng synthetic gas 25 characterized in that a

hy%oﬁﬁébg%@.%ﬂcét Q%Wﬁ%ec%%%‘ik‘%@ forQe ?}gﬁ?ﬁ:tion of

presence of the catalyst for the productio f

LE [ f & ai .
2%?&%%59 1&a§ta§0 QEEQEBQSIQE gﬁnﬁnﬁ %cr):% 893 U1 red 20 3P 35,

cataly for the uct i i met hyl et her

CharaCteQH?qui§?¢$€§sé férCQH@;¢§§§u@tfgﬁdéﬁgdfﬁégﬂylether

i ncl udes a plur of ~col umm portirons di spose

w Lh ggckgggg gngnggﬂa@nd bri dge portions each of

whi R joIrns “adjaCent col utmar portions of the

plural ity oL 68l YINar .PAL LORS. LR18ACnCALARY & gkl iy

one ends I'n ongi tudrna rections o

pEORHS S ORI PR B11L30 AU UIES cap ana

t hroug arroan e plurality o

DOLLLA08 000880 19 RGTEALOR SIS MIGHerR AR

POk E st 2! EReTBA AR S, MBI 1 cach

Sigkﬁgragg gg%ggsg%glends 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,

the molding is made of aluminum as its main
component, and

the molding further comprises silica and magnesium
element.

38. The catalyst for the production of
dimethylether according to claim 37 characterized in that
the content of silica is 0.5 parts by weight or more in
terms of SiO; to 100 parts by weight of alumina in terms
of Al,0;.

39. The catalyst for the production of

dimethylether according to claim 37 or 38 characterized
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el ement. 38. The catal yst for the production of 20

di met hyl et her according to claim 37 characterized in
that the content of silicais 0.5 parts by wei ght or
nore in ternms of SI2 to 100 parts by wei ght of
alumna in terns of Al1203 39. The catalyst for the
production of 25 dinethylether according to claim 37
or 38 characterized - 210 in that the content of

TR DAk b LG ] S P L L6 range
di nfgjt%yl etoﬁ'I %Ig%ar ac éfr %A]%’ tvﬁeaf't queAJﬁg;g?crerﬁ%s éPng to
NS o TR S A T3

clainms 37 .o ﬁgprocess for dimethylether characterized in
that methanol is dehydrated in the presence of the

catalyst for the production of dimethylether according to

any one of claims 37 to 39.
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