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1 SPECI FI CATI ON FORMED ARTI CLE AND | TS PRODUCTI ON
PROCESS AND 5 EXTRUDER Technical Field [0001] The
present invention relates to a fornmed article as an
extrudate which is useful for a catalyst, a catalyst
10 support, an adsorbent, a drying material, a

hum dity controlling material dr the like, and a
production process of such forned article, and al so
an extruder which is used for such production

process. 15 Background 0 rmed article in
the formof a cylindri #Eéﬁgtﬁ#@é& cyl i nder has
hitherto been used as for exanple a catalyst or a

catal yst support. Such formed articles have been
conventional ly used for a catalytic reaction in

fi xe QBME®P rABJtlilohEapPhPal TS, PRE B b HON (PRQSESS

as catalysts or catalyst supports are generally used
while charged in a reactionANBe, through which a gas
or the like is passed. [0003] Wen the forned
articles are charged in tBXTR&HIERN tube and the gas
is passed through the charged 25 articles, there is a
pressure difference between a reactor 2 inlet and a
reactor outlet, nanely a so-called pressure drop is

chegtchiclll Blehd pressure drop is large, there nmay

O[CEJCOUDrﬂ The present invention relates to a formed article
as an extrudate which is useful for a catalyst, a catalyst
support, an adsorbent, a drying material, a humidity
controlling material or the like, and a production process of

such formed article, and also an extruder which is used for

such production process.

Background Art

[0002] A formed article in the form of a cylindrical
column or a cylinder has hitherto been used as for example
a catalyst or a catalyst support. Such formed articles have
been conventionally used for a catalytic reaction in a fixed
bed reaction apparatus. The formed articles as catalysts or
catalyst supports are generally used while charged in a
reaction tube, through which a gas or the like is passed.
[0003] When the formed articles are charged in the
reaction tube and the gas is passed through the charged

articles, there is a pressure difference between a reactor
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a probl em such as reduction in selectivity of an ai ned
product. 5 [0004] As to the problemof the pressure
drop, it is contenplated that a forned article in the
formof a cylinder is nore effective anong the forned
articles each having a known form since said forner
article is able to nake a gas “flow i nside the
cylinder form However, even the cylindrical 10 forned
article may in fact not be able to effectively provide

i.t i gh ,catalys erf nce. That is, even the

ipTeRndsp PebdtePouEldlr S Amele q R0 a8 dressure drop
di fferenc uqless xes directjons of the cyl.indrica

dPt F@IUe‘%egorrés%ﬁ PEES YR ARP st 1 BRISH tH@rgaay occur
This is because the gas does not flow 15 inside the ,

& Prabilean saeh AfenRdUSIEANcdPr PRGN pE an aimed
achi eved. [0005] Thus, various forned articles have

beerd WEbposed so as to sol ve probl ems such as the

pressure drop while considering the forns of the

40004 bs. Pys drantdie, paoddeay! iafdriiboml pratsdiymss drop, it is
granul e of which cross section contacts wth its
adorctemiplate ctthat bebstmied ertpoletinn hHhe hoem of a cylinder
proposed which granul e has at |east three through

her esorehetfe atie es hmtoany i 1 ¢ yfopaneld edrtiolesicdaethhdraving a
and also to an axis of the granule and which are

sapewat §¢ ry 2in Selbshpdticirhert Betisrgeigli shpce frhia®e a gas
each other (see 3 Japanese non-exam ned patent

FYol ¢Aki®E 1¥e OPHAYEF 8brm [ OQQM e He30.e RehOtWBdcylindrical
cat al yst has been” proposed for the

formed article may in fact not be able to effectively provide
its high catalyst performance. That is, even the cylindrical
article cannot reduce the pressure difference unless axes
directions of the cylindrical articles correspond to a flow
direction of the gas. This is because the gas does not flow
inside. the cylindrical forms when no such correspondence
is achieved.

[0005] Thus, various formed articles have been proposed
so as to solve problems such as the pressure drop while
considering the forms of the articles. For example, a
cylindrical catalyst granule of which cross section contacts
with its circumcircle at at least three points has been
proposed which granule has at least three through bores
which are substantially parallel to each other and also to an
axis of the granule and which are separated by

substantially the same distance from each other (see
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useful production of acrolein by catalytic gas phase

oxi dati on of propene which catal yst has paraneters

such as 5 a three di mensional expansion extent, a

porosity, a neso- pore volunme, a macro-pore volunme, a

mercury density, a specific sgrface area, a break

strength, an abrasion ratio, a“~ pressure drop and the

i ke each in a specific range (see Japanese Patent

No. 2826181). 10 [0007] The forns of the forned

ayticles as described i t he abov atent referenc

2P BRERF (O DrexAm e aneAts N PURL RPN ondd Yl 54318).
Q orms, Specifically, the nupber of through

SORe 05 TS BT o fegaiad e b byl hadnpaR des Besed dor the

a plural nunber (for exanple three or 15 four), or the

dHpRU bf RNRdBEbON st i A aife thr ot alotec ma@sor phase

a peripheral shape of the cross section of the

S iidati palo ff prepe ne twbiiehhastabest dtasgeara metatse such as

conventional circle to other various shapes (such as a

ta itdrg e, d Emeat iamal & x panshen| iskdenttoa exameidy,themeso-

20 catal yst granul e of Japanese non-exam ned patent

ubt & cabilomélp. a06ra8481poire ivoiraef,oran mearcainy tdeasity, a
cylindrical menbers are bound. Disclosure of the

lspeaifions @bf 4 ebh egat, 0a ber ok vetrdaygthe dmvivia oo ratio, a
[ 0008] The above nentioned formed articles as

s ed, R RRg, I, IR EL TR eSS T e ge (ooe
QdpaAs@IPatent No. 2826181).

[0007] The forms of the formed articles as described in
the above patent references are based on the improvement
of the conventionally known forms. Specifically, the
number of through bores has been increased from the
conventional one to a plural number (for example three or
four), or the shape of the cross section of the through bore
and/or a peripheral shape of the cross section of the
cylindrical formed article has been changed from the
conventional circle to other various shapes (such as a
triangle, a rectangular or the like). For example, the
catalyst granule of Japanese non-examined patent
publication No. 06-134318 is in the form wherein three

cylindrical members are bound.

Disclosure of the Invention

Problem to be Solved by the Invention
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formed articles having a single through bore. 5 [0009]
However, each of the bores of the above nentioned
formed articles as described in the parent references

is a through bore which extends along a direction of
the axis of the cylindrical article. Therefore, when
such forned articles are chargéd in a reaction tube of

10 a fixed bed reaction apparatus wthout any

intention, directions of the fornmed articles do not

I corr ond to a direction of a_.reaction S
JOHHE] “o0 TR, | eboMen BEANSNERh: APRERUno drieles  as
of the reduction of the pressure difference can be
él&%@f'éb‘? THusth 8 pereptiseiofRBGesed s A4 RRNEBERAQNS as to
the fornmed article is desirable in order that the ]
d&ealRIR S HEF € of FARC & e Nt KO B REdIeds W itdy B impie ceglindrical
i s devel oped nore effectively. [0010] It is,
tfeemedr artighesbhastingr at Benpteddmougheboiren to
provide a fornmed article which achieves a smaller 20
1039} e dridpwehearchagget i ofan thgpartotessuoli athe above
fi xed bed reacti on apparatus or various vessels, and

ahsotionegr ofbdenedpradiicieen psocdesofibgdchifortteel parent
article as well as an extruder which is used for such

pedeuetn coms prigcess. th2buldtansh d pe Solvhéchheeltelmdsn mlong a
[0011] The present inventors have nmade extensive

glivdiceboROodsthe aAdike oifhehab@vdineRid SNetrtPEPP] eMMherefore,
and have found that a snaller pressure drop is

g«gngﬁyggj}%& ForPReBdamiidled axk! BHE QR d fior B deddti6hCtube of
a fixed bed reaction apparatus without any intention,
directions of the formed articles do not always correspond
to a direction of a reaction gas stream, so that it often
occurs that almost no effect of the reduction of the
pressure difference can be expected. Thus, further
improvement in the form of the formed article is desirable in
order that the catalyst performance of the catalyst formed
article is developed more effectively.

[0010] It is, therefore, an object of the present invention
to provide a formed article which achieves a smaller
pressure drop when charged in an apparatus such as a
fixed bed reaction apparatus or various vessels, and ailso to

provide a production process of such formed article as well

as an extruder which is used for such production process.

Means to Solve the Problem
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5 article which conprises a cylindrical coil nenber
having spiral turns with a predeterm ned pitch
thereof and a supporting nenber which extends al ong a
direction which is parallel to an axis of the
cylindrical coil nmenber and which connects the spiral
turns when such forned art|cle§ are 10 charged in an
apparatus such as a fixed bed reaction apparatus or
vari ous vessel s w t hout any intention as to

rJ tio Ilgnrrent 0 datlcles
AAERAT"  PhERs Q3T o Rt erirefHETE ThaNE ammade “extensive
extr sion rocess as a prQqcess for t he pr.oducti on

o s Br Ao 1 Sl Biar above sPenina & prablem, and
i s used which conprises a first die having a groove on
.h%vsut@uaénb'h@ ald  Supphley aﬁ(ﬂeéss!-br&)né”&ib i® thehieved,
formof a r|n% whi ch has a groove on its inner
g Mahered withace #ydindricahirmesd eartisiedi ¥ sa formed
fitted, and a formng nmaterial is extruded by the 20
eattti ot withiihe onnyp orse ®f at ogléndirésal scobk amambieth having
respect to the other die. [0013] That is, the present
iswiE@tli ouprovivdidd t be pfediedeirmyindgd) ;aitfccblr ntbereof and a
article which is characterized in that it 25
cunppicsen g myemibadn adiicdoidxteantheralmwvgng digiectlion which is
turns with 6 a predeterm ned pitch thereof and a

uppeliEl nh renwbekis v ¢h eextydngld riad #INg o | dnfegabiednand which
paral lel to an axis of the <cylindrical coil nmenber

asinweical agrmeshsrahetpiis awhHehnsudr) fobrmd@r eRdicies are
article as in above (1) which is

charged in an apparatus such as a fixed bed reaction
apparatus or various vessels without any intention as to
orientation alignment of the formed articles.

[0012] Further, the present inventors have found an
extrusion process as a process for the production of such
formed articles wherein a specific extruder is used which
comprises a first die having a groove on its outer peripheral
surface and a second die in the form of a ring which has a
groove on its inner peripheral surface and into which the
first die is fitted, and a forming material is extruded by the
extruder whife only one of those dies is rotated with respect
to the other die.

[0013] That is, the present invention provides the

following:

{1) a formed article which is characterized in that it

comprises a cylindrical coil member having spiral turns with
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5 characterized in that it conprises a plurality of
the supporting nmenbers; (3) a production process of a
formed article which conprises using an extruder
conprising a first die having a groove on its outer
peri pheral surface and a secong die in 10 the form of
a ring which has a groove on if's inner periphera
surface and into which the first die is fitted, and
extruding a formng material by the extruder while

only on of those die r ot at ed th res ect .to th

& (ﬂeeeteraman?ﬁ) 511 Ehc Phies Shnad | & SuPRARINgeqTomber
in that it conpri ses flrst die h a groove

d‘Mh'?E &J‘tt&n rfphBBald &iiecdien Qasf@jlﬂgg@ eﬁq'ﬂnatxh% of the
formof a ring which has a groove on its inner

perli pRgiadl Sk J06 mBEn angl whh teh t¢en nEigist tlzueespsra! turns;
fitted, and a rotating nmeans which rotates only

of thd$d di dbeni farmapedrtiole hasot her mb@vezo(ﬂ Whlch is
Ef fects of the Invention [0014] According to the
prlegeactenizadi oim dhfadr mid comipoliseiss provildedlidy of the
the extrusion process which article suppresses a

Fesporeindg apetmbarsnal | er extent even when 25 such
articles are charged in an apparatus such as a fixed 7

bed rea)tioa preatwtti®rorpratesys vfessefsrimedingrticle which
orientation wthout any intention. Further, such

foxs afrigleld Ui a@dyﬁfﬁu%gérldbmlsﬁﬁghasf@@t die having a
appropriate strength even with having a |arger
GYrd @68 Breats THELBTOpBripRBraPrdBeiAEE1 8h® a second die in
the form of a ring which has a groove on its inner
peripheral surface and into which the first die is fitted, and
extruding a forming material by the extruder while only one
of those dies is rotated with respect to the other die; and
(4) an extruder which is characterized in that it
comprises a first die having a groove on its outer peripheral
surface, a second die in the form of a ring which has a
groove on its inner peripheral surface and into which the

first die is fitted, and a rotating means which rotates only

one of those dies with respect to the other die.

Effects of the Invention

[0014] According to the present invention, a formed
article is provided by the extrusion process which article
suppresses a pressure drop to a smaller extent even when

such articles are charged in an apparatus such as a fixed
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5 according to the present invention is useful as a
catal yst, a catalyst support, an adsorbent, a drying
material, a humdity controlling material or the
like. Particularly, there occurs an effect in that
when it is used as the catal yst, or the catal yst
support, its catalytic performance is effectively 10
devel oped. Brief Description of the Draw ngs [0015]
Fig 1 (a) shoms a schematic side view of one

3?% di ment, of a d article accordin

to the , X

ehgac ?”rﬁx@ﬂ@ur@ UsEpg. Vi"k‘b‘js ‘éeﬁsgéﬁe'rPaﬂfbV Rrgatation
view of the forned article in Fig ,
MEhRUEha@ny tilpkentieRm | t Uzﬁ @&, &NchFu ég"%%\g) adticle s
a schematic cross sectional view of the forned '
Revandageng dhatnét oassapwanmreppiate gispngtd even with
[0016] Fig. 2 (a) schematically shows an enl arged
dravéngsactarger sueeag areaxt rikeoafoue e tbie darmed article
extruder in one enbodi nent according to the present
imveardong tmdhe qresepb)inventioschdsauseful ods a catalyst, a
sectional view of the extruder of Fig. 2 (a). 25 8
Expt alnedtti osumporhe RaferadsesbdrtQl7k 1@ryingf ommatierial, a
article 11 ... cylindrical coil nenber 5 12 ...
suppoitit pocomiberling material or the like. Particularly, there
occurs an effect in that when it is used as the catalyst or
the catalyst support, its catalytic performance is effectively

developed.

Brief Description of the Drawings

[0015] Fig. 1 (a) shows a schematic side view of one
embodiment of a formed article according to the present
invention, Fig. 1 (b) is a schematic plane view of the
formed article shown in Fig. 1 (a) when seeing the article
from its above, and Fig. 1 (c) is a schematic cross sectional
view of the formed article along a line X-X shown in Fig. 1
(b).

[0016] Fig. 2 (a) schematically shows an enlarged cross
sectional view of an extrusion bore of an extruder in one
embodiment according to the present invention, and Fig. 2
(b) is a schematic cross sectional view of the extruder of

Fig. 2 (a).
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13 ... through bore 20 ... extruder 21 ... first die
21 a ... first die groove 10 22 ... second die 22a
second die groove 23 ... rotating nmeans 23a ...
rotating shaft 23b ... nmotor 15 24 ... cutting neans
25 ... flow pass Enbodi nents fgr Carrying Qut the
I nvention [0018] (Forned Artic€le) 20 The forned
article according to the present invention conprises
the cylindrical coil nenber having the spiral turns

ich are, space y edeterm ned pitch (or a
KElagrTiaRoaeT e R OIS CAERS {1 ng renber whi ch
cgqge%is the spiral turns and which extends paralle

tl8%h7] 25 axis of the cylindrical coil nmenber. 9
[0019] The forned article according to the present
i nventt®n -wiflarmedeaptigilged in detail with reference
to the draw ngs. Fig. 1_§a) shows a schematic side
vi ew of 1 one cWidddi¢@hicwl mggnperned article
according to the present 5 invention, Fig. 1 (b) is a
schemndt 2 c. . plsingpoiréin @fmemebefror nred article shown in
Fig. 1 (a) when seeing the article

13 ... through bore

20 ... extruder

21 ... first die

21a ... first die groove

22 ... second die

22a ... second die groove

23 ... rotating means

23a ... rotating shaft

23b ... motor

24 ... cutting means

25 ... flow pass

Embodiments for Carrying Out the Invention
[0018] (Formed Article)

The formed article according to the present
invention comprises the cylindrical coil member having the
spiral turns which are spaced by a predetermined pitch (or
a spacing) and at least one supporting member which
connects the spiral turns and which extends parallel to an

axis of the cylindrical coil member.
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fromabove its top, and Fig. 1 (c) is a schematic
cross sectional view of the forned article along a
line X-X shown in Fig. 1 (b). 10 [0020] The forned
article 10 shown in Fig. 1 (a) conprises the
cylindrical coli nmenber 11 and.the supporting nenbers
12. The coil nenber 11 is a neﬁber which is fornmed by
extruding a formng material into a single elongated
strand to formthe spiral turns with a 15

r rm pitch so,that ,.it defines a thrpugh, bore

Lo EOF T by obBE HEPEp ot il exrenBotdinhy EmiS grresent
the cylindrical nenber. A cross sectional shgpe of

(RS S0 Wikl B TR iR O+ S8 bl L 11 cqyto the
is not particularly limted, and it nmay be any shape
drawhras - 20Fd@ni &ii/al)e,sh@wrm schemdtingpider viaw of one
like. Also, the thickness of the strand is not

pamtbedinment Gfnthedfasnred asticlBe asraaidinntkdde present
its spiral turns with a predeterm ned spacing between
dajvaeorrion,uringg. The (r)edet eani sebesptici npl&deeecividw of the
not particularly limted, and it is in the 25 range

fouah ey et ielen shdwmiandsitQ rm(agnavipe af ecebing ihe article
between 0.5 mmand 5 nm It is noted such spacing is

rfebm nedessar ily bap, paeferfbdy thé¢cjame ahrochboubitic cross
all of the spiral turns. [0021 ] The size of the

& ¢1idin glalvieot lofreReefottd ¢ aRticl® #psmfCHl AiMe/ X-X shown
limted, and for exanple its length (a height of the
anl Fnger) (ps.in the range between 1 nmand 50 nm and

[0020] The formed article 10 shown in Fig. 1 (a)
comprises the cylindrical coli member 11 and the supporting
members 12. The coil member 11 is a member which is
formed by extruding a forming material into a single
elongated strand to form the spiral turns with a
predetermined pitch so that it defines a through bore (or a
through hole) 13 which extends along an axis of the
cylindrical member. A cross sectional shape of the strand
which forms the cylindrical coil member 11 is not
particularly limited, and it may be any shape such as a
semicircle, a circle, a triangle or the like. Also, the
thickness of the strand is not particularly limited as far as
the strand can keep its spiral turns with a predetermined
spacing between adjacent turns. The predetermined
spacing herein is not particularly limited, and it is in the

range usually between 0.1 mm and 10 mm, and preferably
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preferably between 3 nmand 30 mm its dianeter (an
outer dianeter of the cylinder as a whole) is in the
range between 1 mmand 50 mm and preferably between
3 mmand 30 mm 10 and the dianeter of the through
bore 13 is in the range betmeqzéo.l mnm and 49 mm and
preferably between 0.2 nm and [0022] It is
noted that the cylindrical coil menber 11 of the
fornmed article 10 shown in Fig. 1 conprises the spiral

urns S|n strand, but it ma

i%%fyweeg*prﬁ‘g‘f Fin ftinde - s & ngtadubi Brading is not

iral tur made of thr nore strands.

%PP%@J'F%] PH& Eégéerép?bﬁsﬂhé tHRMA umogsbams all of the
that the adjacent turns extend parallel and are
§§bﬁﬁﬁ BH ¥ om each other with the 20 pr edet er mi ned
spaci ng so that the adjacent turns are not in contact
thtq%gch ot her sizeoed]the ewbirnghdemeleppddimembernd1 is not
cylindrical coil nmenber 11 conprises four supporting
rmarbtecsilartsadmdtedheamdofmm elaempéeaditsat anigdh ta hhaaght of
axis of the cylindrical 25 nenber 11 wherein the
dingpargtlind emgnizers Rear@ng®e bedwé eanddmamoamd t9@ mm, and
peri phery of the coil nmenber 11 with a generally

guusfie reRlod g tw e eins 3ned ed atrhtht30 e s hdvwe d eediere(én outer
conprises the four supporting nmenbers, but the nunber

af i drhe tewpePrthin @ yremdersa s sa r\ﬂhoﬂ%’)tisﬂﬂhamé’ range between
l[imted. In order to ensure an appropriate strength of

thenm GW@d5er kil eantdhprevebebl¢fb bR P RPhiM%nd 30 mm,
menbers is

and the diameter of the through bore 13 is in the range
between 0.1 mm and 49 mm, and preferably between 0.2
mm and 48 mm.

[0022] It is noted that the cylindrical coil member 11 of
the formed article 10 shown in Fig. 1 comprises the spiral
turns made of a sing strand, but it may comprise double
spiral turns made of two strands or multi-fold spiral turns
made of three or more strands. It is desirable in the case
of using the plural strands that the adjacent turns extend
parallel and are separated from each other with the
predetermined spacing so that the adjacent turns are not in
contact with each other.

[0023] In the shown embodiment, the cylindrical coil
member 11 comprises four supporting members attached

thereto which extend parallel to the axis of the cylindrical

member 11 wherein the supporting members 12 are
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preferably plural. [0024] The shape of the cross
section of the supporting nenber 12 is not
particularly limted, and it may be for 10 exanple
any of a (general) semcircle, a circle, a triangle
and the like. In order to nake1sﬁre t he connecti on of
the supporting nmenber 12 with the cylindrical coi
menber 11, the cross sectional shape of the
supporting nmenber 12 preferably ensures a sufficient

C awmth the 15 cylindric Qi | nper_ 11 .
RERTEL T Tatb Lvg, IR BETpinL Y 168 polf dREmEsr 11 with
shown in Fjg. 1 (b). [0025] The size of th pporti ng
ookt 958y Sab% dreainer y IRnisedioted FHEE S shown
exa Ig,its length is in the range betweep 1 nmm and

RTRR HR® D ef SPHRT P &5kt hik@n fOUID SHPRAItIRI mMembess, but
its thickpess, a radius of the cross sectjon of the

s oP Hinmg efe et hewrhP RAVFE HH ampemdrars yis not particularly
sem circul ar cross section) may be in the range

démided. oln erdandtazemsurend praperapnjabet aéeangth of the
mmand 11 mm 25 [0026] It is noted that the

dJappoed rartiehderi(sd n2mber?2 ofcdireecsegppanging members is
parallel to the direction of the axis of the

ayteferd ki pdairelmenber 11 in the enbodi nent shown in
Fig. 1. However, such connection is not necessarily

rée4pd andet b spppofting crodsr ecthmy b€ the supporting
connected to the 5 cylindrical coil nenber 11 while

R LTSI Aoy 4 liwatea {bnais ey oo for
example any of a (general) semicircle, a circle, a triangle
and the like. In order to make sure the connection of the
supporting member 12 with the cylindrical coil member 11,
the cross sectional shape of the supporting member 12
preferably ensures a sufficient contact area with the
cylindrical coil member 11 such as in the shape of a
generally semicircle as shown in Fig. 1 (b)

[0025] The size of the supporting member 12 is not
particutarly limited, and for example its length is in the
range between 1 mm and 50 mm, and preferably between 3
mm and 30 mm. As to its thickness, a radius of the cross
section of the supporting member (when having a generally
semicircular cross section) may be in the range between
0.1 mm and 12 mm, and preferably between 0.2 mm and 11

mm.

[0026] It is noted that the supporting member(s) 12 is
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ot her enmbodi ment as far as a plurality of the spacings
each defined by the adjacent spiral turns of the
cylindrical coil nenber 11 are connected with the
supporting nenber(s). 10 [0027] In the shown

enbodi nent of the formed articl,e, 10, the supporting
menbers 12 are | ocated on and é und the outer

peri pheral surface of the cylindrical coil menber 11.
I'n other embodinment, the supporting menbers 12 may be

| ocat ed .on, and round h peri pher al face
GERhE Y Hard apacraiﬁ FebaRe i i Plotndraads of the
the.throu bgre 13 0028]. The for rticle
HEiPdragal & SHME BhsE 11 HoenfeoR M BOSIH 85t cFhouen In Fig.
by its form and there IS no particular limtation as

% t hiE OYRe ¥Eiral Smr‘thC@BPrﬁé:tt'ﬁ@ 16 matrdneapsis@rdly required
namel)(‘ a formng material). Thus, there is no

edi e | B HPRA TtHRJasMedn B &di(Bd, mayorpesiaaonegiad to the
the like of the form ng material . The forni ng

retléndaicab caidl e md efedehdv hij eorb @ ivg @ teed iroo ref or less
the formed article. Wen the forned article according
trelativer éseth e naeig i of 2Bei cyliedrasah ceailalpstmbfear 11 in
exanpl e a netal oxide (such as 13 alumna, silica,

ta ttteant @ mib ddienkirked s facanp il uretlily of tke spawings each
mai n conponent i s nol ybdenum cobalt, bismuth or the

|d & n end Byheher@m'aw@mdsmaihtgﬁﬁ%amstﬁ@ emgkical coil
vanadi um phosphorus or the |ike may be used. en the

@Egﬁ ggd gﬁgg?gfc@ﬁ%@!w WwitH fﬂaepeeiﬁi%rﬂ|ﬂ§eme%e$
yst support, for exanple cordierite

TeUd e} PSEYA%e shown embodiment of the formed article 10,
the supporting members 12 are located on and around the
outer peripheral surface of the cylindrical coil member 11.
In other embodiment, the supporting members 12 may be
located on and around the inner peripheral! surface of the
cylindrical coil member 11, namely just around the through
bore 13.

[0028] The formed article according to the present
invention is characterized by its form, and there is no
particular limitation as to the material which forms the
formed article (namely, a forming material). Thus, there is
no specific limitation as to a kind, a composition and the
like of the forming material. The forming material is
selected depending on the application of the formed article.

When the formed article according to the present invention

is used as a catalyst, for example a metal oxide (such as
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boehm te, silical/alumna, zirconia, nagnesia spinel,

a- alumna, silica or the |like nmay be used. \Wen the

formed article according to the present invention is

used as an 10 adsorbent, a drying material or a

hum dity conditioning agent, qg{ exanpl e activated

carbon, silica gel, activated um na,

silicalalum na, zeolite, snectite, apatite, diatom

earth or the like nmay be used. Further, the forned

article accordi to the esent .invention may, be .
RO By (67 58RI & The DS bl asEPETRALA dnetp) oxide
addition to the above nentione terials. [[0029], The

R WeH G tT 8l e %@M@F‘ﬁd"‘tbstfﬁéqwgaé'seéwm'i H\P&ﬁli%orpﬁsgﬂ'“”h or
used as the catal yst, the catal yst support, the
d8%0r'bedt 0t hd BEYEREPRIYeddd, Whichuspaitayns molybdenum,
conditioning 20 agent or the like. Particularly when

vt adi wet, gthospdaris wedhs like s@¥ het usgednhe When the
catal yst support, it is preferable that the forned
forimedsaaticdedasg ard intge tpr thenpreseatt |ove ndienusctised as
whi |l e being charged in a reaction apparatus such as a

fa xexalt ok tr saop pont agpar emedevaoirdisritessahgrite,2pseudo-
order that the effects of the present invention are

led &AM it4, deuetapetumiinat, | gireyeha whenagme $ia nexhinel, a-
articles according to the present invention are

chargedaw § ot apythéentike imayade ausbdir Whent ahieofiormed
in the vessel, there is provided an effect in that

1R OresSaIcd IdiaRy | fo SHPET Tearh Bt t MPeholdh Xt aled as an
Therefore, when the forned articles are charged in

s byBe Hteadd oy r9inhhemiaesdaPed r eRCHIMidity conditioning
agent, for example activated carbon, silica gel, activated
alumina, silica/alumina, zeolite, smectite, apatite, diatom
earth or the like may be used. Further, the formed article
according to the present invention may be formed by using
any of various plastic materials in addition to the above
mentioned materials.

[0029] The formed article according to the present
invention is used as the catalyst, the catalyst support, the
adsorbent, the drying material, the humidity conditioning
agent or the like. Particularly when the formed article is
used as the catalyst or the catalyst support, it is preferable
that the formed articles according to the present invention
are used while being charged in a reaction apparatus such
as a fixed bed reaction apparatus or various vessels in

order that the effects of the present invention are better
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apparatus, the catalytic function of the forned
articles are able to be effectively devel oped. [0030]
The formed article according to the present 10
invention is produced by the process which will be
described in detail bel ow, but gpe producti on process
of the forned article accordiﬂg to the present
invention is not limted to such process. [0031]
(Production Process of Fornmed Article and 15

). JThe prqoducti.on process of the forned article
Edé%(éggﬁhge% thgq}ﬂgséﬁt i AVERY i &hhearrprt{‘%g?ﬂém?gdanartmles
extruder copprj,sing a first die having a groove on_its
AP Al Phetle Bieread imUcAtiRRonRe drBargatanithout any
aof .a ri.na 20 into which the first die is inserted and ,
WRteMthal A% d8vdheil ieesniadioperirphthal vassabe, there is
and exctréjdi ng a formng material by such extruder
WHiT I 48 afn@ féRCY OhdhAt the Rriessueeadrop i® suppressed
ot her die. [0032] The extruder according to the
PledenpWerw axtont. 28 hiefones whenf bhet fierpresdivartiohes are
of the formed article 15 according to the present
idfvangedn 0 | Ithiee bixbeai reactor ot atle wifikedef beencesaction
to the drawings below. Fig. 2 (a) schematically shows
@pparatged thessasetyiiondlnciteonobfatheafdrmiedamarticles are
extrusion bore of the extruder in one enbodi nent 5
adrler donp et effdetivedyedievighognédon, and Fig. 2 (b) is
a schematic cross sectional view of the extruder of
HO093@] (a) The formed article according to the present
invention is produced by the process which will be
described in detail below, but the production process of the
formed article according to the present invention is not
limited to such process.

[0031] (Production Process of Formed Article and

Extruder)

The production process of the formed article
according to the present invention comprises using an
extruder comprising a first die having a groove on its outer
peripheral surface and a second die in the form of a ring
into which the first die is inserted and which has a groove
on its inner peripheral surface, and extruding a forming
material by such extruder while rotating only one of the
dies relative to the other die.

[0032] The extruder according to the present invention

which is used for the production of the formed article
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[0033] The extruder 20 shown in Fig. 2 conprises the
first die 21 having a groove 2la on its outer

peri pheral surface, and the second die 22 in the form
of the ring into 10 which the first dieis fitted (or

i nserted) and which has four oves 22a on its inner
peri pheral surface. Partlcularl the first die 21
and the second die 22 are attached to a front end of
the extruder 20 in the state wherein the first die 21

was inserte 0 the second.die The. formn .
e ePPaTh s Aot RrudUidsS Bk F0uEAH BRoUH 1 IRE g Rygtiined in
ﬁé‘%a of the first die 21 and the grooves 22a of the

d avidhoxrefgreonae 1Re thiezedrawings tbesowgi e Rig. 2 (a)
and its groove 2la as well as the second die 22 and
i&%hgﬂb%(%@@'mashpévﬁo@n gavare@reRoss npeedionat view of a
exanpl e, the outer dianmeter of the 20 first die 21 is
|matu1@frange><beumn bosennf die 4ximudad inppefeecanbpdime nt
between 1.6 mmand 29 mm and the depth of the groove
H@cosdsugh tohathe heremseove irsveletiomd apdanFagc af (b) is a
which radius (R) is in the range between 0.2 mmand 12

regh anma ficeteosll geldionan Wielvnof ahd éxtmuddsof Fiy. 2 (a).
25 exanple the outer dianmeter of the second die 22 is

ieade] 16 Th@g&amu\w@m 20maheawinlS@ MMEnN® comprises the
preferably between nm and 100 nm the 1 nner

dii gt @re 0P 1t hea GAEQ mé d?ﬁo@@el 214N diheitisanggt Het wéenpheral
0.6 nm and 49 nmand preferably between 1.6 nmm and

s o gt BN Tt oL e it o
WPRiERNGSe PRT YRR ¢ M &Fd(dre iIRer€d) and which has four
grooves 22a on its inner peripheral surface. Particularly,
the first die 21 and the second die 22 are attached to a
front end of the extruder 20 in the state wherein the first
die 21 was inserted into the second die 22. The forming
material is continuously extruded through the groove 21a of
the first die 21 and the grooves 22a of the second die 22.

[0034] The sizes of the first die 21 and its groove 21a as
well as the second die 22 and its grooves 22a are not
particularly limited. For example, the outer diameter of the
first die 21 is in the range between 0.6 mm and 49 mm and
preferably between 1.6 mm and 29 mm, and the depth of the
groove 21a is such that the groove is defined by an arc of
which radius (R) is in the range between 0.2 mm and 12 mm

and preferably between 0.7 mm and 7 mm. Also, for

example the outer diameter of the second die 22 is in the
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preferably between 0.7 mmand 7 mm It is noted in the
enbodi nrent shown in Fig. 2 that the nunber of the

grooves 22a is four, to which the nunber of the

grooves 22a is not 10 limted. The nunbers of the

groove(s) 2la and the groove&a) 22a are optionally
sel ect ed depending on the nu é% of the supporting

menber (s) 12 of the formed article to be produced,
the nunber of the strand(s) which forns the

cylindrjcal coil nenber 1 the fornmed article t 5

519 8uhEty SEhat WRETHEN T HE QBB ANAg Pretgeatdy Petween 2
f or med ut%ide the cylindrical coil neqber 11 or . )
IR&R N Bnd &y MdthEalne s dimederi ofithe e cgndie 22 is
article to be produced. [0035] The extruder 20
fidr tthed CORPE feetweedt abitgmmo ardnd 23miAi @nd preferably
rotates either one only of the first die 21 and the
febraed el B. mmearst a2 Pngmeaan @3Ahe depth of the groove
particularly Iimted, and the conventional rotating

mdasis ssighhaghatmbbher grayw be isatetinesdichymasnsarc of which
Specifically, in the shown enbodinent in Fig. 2, a
ratctuand Rhdbkt iR3th@5rawhpeh bestered 0.2 then famdt 1@ enm and
21 is driven by the notor 23b 17 so as to rotate the

fp resfte rdi 18l y2 b e twetei SO efbedhnaid Thenmformnig noted in the
mat eri al whi ch has extruded out through the grooves

Zlmbafdime rfti Bstowhei RIFfpr sthBe Wyeé imdmsal ¢Pithe grooves
menber 11 while the form ng material which has

@ §Uted o OUto t WHABEHN thRe nf Wb & AVeRe2gRovd§e22a is not
second die 22 forms the supporting menbers 12, so

GhRitéhe obtiged iA{Brs of the groove(s) 21a and the
groove(s) 22a are optionally selected depending on the
number of the supporting member(s) 12 of the formed
article to be produced, the number of the strand(s) which
forms the cylindrical coil member 11 of the formed article to
be produced, and whether the supporting member(s) is
formed outside the cylindrical coil member 11 or inside the
cylindrical coil member 11 in the formed article to be
produced.

[0035] The extruder 20 further comprises a rotating
means 23 which rotates either one only of the first die 21
and the second die 22. The rotating means 23 is not
particularly limited, and the conventional rotating means
such as a motor may be used as such means. Specifically,
in the shown embodiment in Fig. 2, a rotating shaft 23a

which is fixed to the first die 21 is driven by the motor 23b
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article is such that the supporting nenbers 12 are

| ocated on the outer peripheral surface of the

cylindrical coil nenber 11 as shown in Fig. 1. 10

[0036] When the rotating neans 23 rotates the second

die 22 contrary to the enbodinigt as shown in Fig. 2,

the formng material which has‘extruded out through

the groove 2la of the first die 21 forns the

supporting nmenber 12 while the form ng material which

has extruded, o hro h 15 .t he groqves,22a of,th

SR el 9510 et he 3ty BiRdeioa 3h|'sn§rmgpdﬁme“t' the
so that the obtalned forned article is such ¢ ah t he
$Qppung ngnadpseal 1vRich ochasy extrudegdnqut through the
peri pheral surface of the cylindrical coil nmenber 11
@reRves, 2kmeofupher fied et i Eor ot e arylimAtigal coil
through bore 20 13). [0037] The extruder further
toaprbess 14 aubilind heeafer mpagwm ate tigls whie i oh asngxtruded
materi al that has just been extruded out fromthe
fautsthaod gdedbredfduesgpdoxed 22a Rf that sesgpndalie 22 forms
extruded form ng material into pieces each 25 having a
phedes eppiotéthgemgembérshd ZF orsedtlaati the tabiwinkdd formed
produced, so that a nunber of the fornmed articles

aatptid Ng sl e g edents U pwenting raeampieadudedl are located
continuously. There 1is no particular limtation as to

e qHtti B%t@&anée?iﬂphéﬂdl FVrflatewn gfut fh g epiand rigsl  coil
be used. For exanple, a 5 cutter blade, a wire such as

Eh@ﬂ@r“%ﬁeaEaQH%QvHQFMﬁﬁﬁ 4wo guide rollers or the
e used I e i's nmoved

[0036] When the rotating means 23 rotates the second
die 22 contrary to the embodiment as shown in Fig. 2, the
forming material which has extruded out through the groove
21a of the first die 21 forms the supporting member 12
while the forming material which has extruded out through
the grooves 22a of the second die 22 forms the cylindrical
coil member 11, so that the obtained formed article is such
that the supporting member 12 is located on the inner
peripheral surface of the cylindrical coil member 11 (that is,
the supporting member is located around the through bore
13).

[0037] The extruder further comprises a cutting means
24 which cuts the forming material that has just been
extruded out from the first and second dies 21 and 22. By
cutting the extruded forming material into pieces each

having a predetermined length of the formed article to be



10

15

20

25

by a notor. [0038] The extruder according to the

present invention may further conprise a flowrate

control valve (not shown) 10 so as to control an

extrusion rate of the forming material which is

extruded out through the groovig 21a and 22a.

Exanpl es [0039] The present invention will be

described belowin 15 detail with reference to

exanpl es and conparative exanples, but the present
invention is not limted to those xampl es. [ 0040] .

P8 %) Spotliat D oIl Satalt 2ot THAC 45 e Giageording
T ne st isnae His g Eodd ook UBISH  OThere
hydr oxypropyl - met hyl cel | ul ose &4 ag:ts by wei ght) was
4808 tRABIEHIAralimkadien asedo thgr &uttingpareansy 24, and
wei ght) and ice (21 parts by weight) were added to

AR KHawne ahdingxdaesn s eadee weed. 25 Fad texgmple, a
the ice so that a formng material was obtained. 19

[CQO4E]r Dhas enbtaaiwbre fouahng srea epiahowssirendegdedi between
a flow pass 25 of the extruder as shown in Fig. 2

(teh angpit edd e of o Flierst odhi €h @11 kB2 may bred uosepd hwdil gridoiee moved
2la (R): 3 mm nunber of grooves 2la: two; outer
dareteptotr. 5 second die 22: 30 nm inner dianeter of

second die 22: 12 nmm depth of groove 22a (R): 3.5

Moo 3@ nuMbRE @fxtraidenvescedadinguitd, thed prdésededimbention
a extrusion rate of 119

may further comprise a flow rate control valve (not shown)
so as to contral an extrusion rate of the forming material

which is extruded out through the grooves 21a and 22a.

Examples
[0039] The present invention will be described below in
detail with reference to examples and comparative
examples, but the present invention is not limited to those
examples.
[0040] (Example 1)

Powder of p-alumina (100 parts by weight) and
stearic acid (2 parts by weight) were mixed to obtain a
powder mixture, to which hydroxypropyl-methylcellulose (4
parts by weight) was added to obtain a mixture. Then,
water (19 parts by weight) and ice (21 parts by weight)
were added to such mixture and rhixed by a kneader while

melting the ice so that a forming material was obtained.
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mimn. while rotating the first die 21 by the notor
23b at a rotation speed of 12 rpm Strands each of
which was in the 10 formof spiral were extruded out
t hrough the grooves 2l1a while rods which were to be
the supporting menbers were iéuded out through the
grooves 22a in the state wherei the strands and the
rods were connected to each other. Thus extruded
strands and the rods were cut by the cutting 15 neans

2 h that for articles in.the ,formas shown in
Ffogéa!i]each hawﬁg' tég%'trb‘?‘iin %@F%%fﬁ@%ﬁ@ was charged
obt ai_n Then, articles were dried,
i Baciony BAYS néd  Ph Bhe rexteudels @ shown in Fig. 2
erature ?f 1300 C sgo that the forned articles
@rrﬁleﬁﬁrts t HEsprdiang 1indentmen ward depdbt &fngdoove 21a
Tng calcined forned articles had the foll ow ng
st dR4n, [meavper Haf ghtoovesy|d haertwa? @ruteo deammater of
Quter dianmeter of cylinder as a whole: 15 mmto 17 mm
2%e pparetdie @2t kbugmbonaersdiameteo & seadnd die 22: 12
Spaci ng between spiral turns of cylindrical coil
nemer deptH. 6fmgroove mA2 § 0(RTY: A8 5 eoermyf amdh mamber of
placed in an acrylic resin pipe (having an inner

diemevers @1 &7 fbun) aaddaelk¢ngtie dofatSadéktruki®h fate of 119
position of 30 mmfrom one open end of the pipe. A

Imdntrminbivhile traltatfrg thedivdindie pasbyascheahicieiedab at a
and to which an inside screw was threaded was

rotation speed of 12 rpm. Strands each of which was in the
form of spiral were extruded out through the grooves 21a
while rods which were to be the supporting members were
extruded out through the grooves 22a in the state wherein
the strands and the rods were connected to each other.
Thus extruded strands and the rods were cut by the cutting
means 24 such that formed articles in the form as shown in
Fig. 1 each having a predetermined length were obtained.
Then, the formed articles were dried, followed by calcined
in air for 2 hours at a temperature of 1300 °C so that the
formed articles according to the present invention were
obtained. The calcined formed articles had the following
dimensions:

[0042]

Height of cylinder: 12 mm to 18 mm
Quter diameter of cylinder as a whole: 15 mm to 17 mm

Diameter of through bore 13: 2 mmto 5 mm
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fitted to the other open end of the pipe. Then,
positioning the pipe in the state wherein the end
near the nesh was 10 | ocated downward, a gas was
supplied to the acrylic resin pipe fromits top to
the bottom t hrough the tube atbthed to the lid, and
a pressure difference fromthe nospheric pressure
was neasured as a bl ank pressure drop (PO . Air

having a pressure of 0.4 MPa was used as such gas, and

id 15.was, s led to the acrylic resin. pipe at a flow )
Spatiftbetieencs plahfulfe obGyIfRuTFalElh Repber 11:
nmeasurenent, a digital nmanonmeter was used. [ 0044]

Then, the |id was once rempved from the aQr@Imé“ t§ gemm

i nto which the above obtained calcined formed 20

d0tPbs weh epiagpgatf Upesd avhsi ghacgd2Bs am aerylhe resin
lid was again attached to the pipe, followed by
rd@sur(ihy en g pa Bsbun e rad opmest ex efaidod presand drbpngth of
(P1) as described above. It is noted that the charged
ablnmrof) ahbea porsitibraref 3@smmsfE3® Dmeaopgean end of the
apparent density of the 25 charged fornmed articles

v €. 49 Ag/ tinB. t@1 whDdH5]a Atpbessfigre slupplgirgt cat lgms was
fornmed articles was obtained as 11 Pa by subtracting

tate alelhend pnessto ewtiieh APAndidun sbeeahanvged threaded was
pressure drop (pl), nanely calculating a difference

Ieronc e A p gl S Mapptgel s e ioning
It hwBSp IGEr GedtH &t 8t #t & oMM N Ah £X hdSear the mesh was
located downward, a gas was supplied to the acrylic resin
pipe from its top to the bottom through the tube attached to
the lid, and a pressure difference from the atmospheric
pressure was measured as a blank pressure drop (PQ). Air
having a pressure of 0.4 MPa was used as such gas, and it
was supplied to the acrylic resin pipe at a flow rate of 80
liters per minute. For the pressure drop measurement, a
digital manometer was used.

[0044] Then, the lid was once removed from the acrylic
pipe, into which the above obtained calcined formed
articles were charged up to a height of 235 mm and the lid
was again attached to the pipe, followed by measuring a
pressure drop as a charged pressure drop (P1) as
described above. It is noted that the charged amount of the
formed articles was 538.2 g and an apparent density of the

charged formed articles was 0.49 g/cm?.



10

15

20

25

including a pin (outer dianmeter: 8.25 mm l|ocated in
the center of a die (outer dianeter: 16.6 nmm). A

pi ston was 10 placed on the top of thus charged
form ng material . The form ng material was extruded
out into a cylinder appl yi a predeterm ned | oad
to the piston at a constant %eed using a tensile
testing nmachi ne, and the extruded cylinder was cut
into pieces each havi ng a predeternined 15 Iength

é%oﬁﬁd o dr %rltbr{qq?:n P8P %'@n& fgfh‘g(yes was

art cJeS|nt e, f arm of c i nde obt i ned. The

Hb%ld A E‘e*u B8y o Lﬁr@ﬁ Yr @a/nknaépswabre drop
3? & OWI ng , di mensi ons: 20 [0047] He| ht of
19 hdefroms e o aBakme oyt BFeassrst erd@PcyPider: namely
15 mfmmto 16 mm I nner dianeter of cylinder: 7 mmto 8
A que4sn gTReRI ffere nre deeiwedmosheun (tﬁ')'lrﬁ@)above 25
obtained fornmed articles was neasured as in Exanple 1,
9048l it (WempBarativia BExanypkal that an anmount of
the formed articles charged in the acrylic resin pipe
was 568. 3 ¢l bad foamiagpamatte rdehswhyichf whe d¢ha geaime as in
formed articles was 0.51 g/cnB. 5 [0049] (Exanple 2)
Rowderpbg pt alwaisnachld@edrtinty wei giupvemdionrbearégtruder
acid (2 parts by weight) were mxed to obtain a

including a pin (outer diameter: 8.25 mm) located in the
center of a die (outer diameter: 16.6 mm). A piston was
placed on the top of thus charged forming material. The
forming material was extruded out into a cylinder by
applying a predetermined load to the piston at a constant
speed using a tensile testing machine, and the extruded
cylinder was cut into pieces each having a predetermined
length, followed by drying them and calcining them in air for
2 hours at a temperature of 1300 °C so that the formed
articles in the form of cylinder were obtained. The calcined
formed articles in the form of cylinder had the following

dimensions:

[0047]

Height of cylinder: 16 mmto 18 mm
Outer diameter of cylinder: 15 mm to 16 mm
Inner diameter of cylinder: 7 mm to 8 mm

[0048] Then, the pressure drop due to the above

obtained formed articles was measured as in Example 1,
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powder m xture, to which a-alum na powder (10 parts by
weight), silica/alumna fiber (4 parts by weight), 10
hydr oxypr opyl - net hyl cel | ul ose (4 parts by weight), and
pol yet hyl ene glycol (8 parts by weight) were added to
obtain a m xture. Then, water é%% parts by wei ght) was
added to such m xture and m xe y a kneader so that a
form ng material was obtained. 15 [0050] Cal ci ned
formed articles were obtained as in Exanple 1 except

t t.,he abo bt ai ned form er| al  was,us a
eé}?ﬁugewasﬁom Pﬁ Fi@ 'S ?ﬂp‘l%ag“é? (ﬁnf?muﬂltemeghe formed
5.7 anﬁl dept roove § X nm nunper
&ftggﬂ%%eg 31584\ B & iR %ﬁl%fps%eow@%.éﬁﬁzs g and
30 20 r dlanet of second die 22: 5.7

cPe'bt%PBPfegg'r oa\%'szi& q% e céea g d arﬂffﬂer%@rfttﬁles was 0.51

grooves 22a: four) was used, and the form ng nmaterial
€£MBxtruded at a extrusion rate of 180 mmnin. while

rotating the first die 21 by the notor 23b at a

(&CA9bn sddeasipB d)pm The 25 cal ci ned fornmed

articles according to the present invention 23 thus

obt ai ned haowttke f obf opi-adu diimens( bD6: pd A5 Yy Haigligtht) and
of cylinder: 7 mmto 10 nmm OQuter dianeter of cylinder
adeanbolacid’ (Bn par8smbys Wiedgbitdr woéré hnoughd beoe obtain a

13: 1.0 mmto 3 mm Spaci ng between spiral turns of

o wedn calixtoré, nesrbarhith alakhuminto poWwder (10 parts by
weight), silica/alumina fiber (4 parts by weight),
hydroxypropyl-methylcellufose (4 parts by weight), and
polyethylene glycol (8 parts by weight) were added to
obtain a mixture. Then, water (57 parts by weight) was
added to such mixture and mixed by a kneader so that a
forming material was obtained.

[0050} Calcined formed articles were obtained as in
Example 1 except that the above obtained forming material
was used, an extruder shown in Fig. 2 (diameter of first die
21: 5.7 mm, and depth of groove 21a (R): 1.4 mm, number
of grooves 21a: two; outer diameter of second die 22: 30
mm, inner diameter of second die 22: 5.7 mm, depth of
groove 22a (R): 1.65 mm, and number of grooves 22a: four)
was used, and the forming material was extruded at a
extrusion rate of 180 mm/min. while rotating the first die 21

by the motor 23b at a rotation speed of 30 rpm. The

calcined formed articles according to the present invention



[ 0052] Then, the pressure drop due to the above
obtai ned calcined forned articles was neasured as in
10 Exanple 1, and it was 45 Pa. It is noted that an
amount of the calcined fornmed articles charged in the
acrylic resin pipe was 483.2 2 and an appar ent
density of the charged «calcin & fornmed articles was
0.44 g/cnB. [0053] (Conparative Exanple 2) 15 Cal ci ned
fornmed articles in the formof a cylinder were
tai ned as in Co ratj ve Exanple 1 except that the

15us mpvainad padris tellowiig e 388 0 2 was
%gﬁﬂ% and a conventional extruder including a pin
( tldianeter: 2.97 mm) located in the center of a
die (outer dianeter: 20 8.05 nm was used. The
dAetgRbP T syhbydarticles in the formof & ByNitgyd0 mm
had the follow ng dinensions: [0054] Height of
Qe tamet@rt of 1y hfd equasr adwdr@lesr of oynitedd me
mmto 9 mm 25 I nner dianeter of cylinder: 3.0 nmto

5 Dimmetzs of dtesjughedprend3pressure dropl dienm tthd mm
above obtained formed articles was neasured as in
Bxpaglieglbetamsle ht sparalobuPas ¢f aydimdriziak lcatil anember 11:
amount of the formed articles charged in the acrylic
resin pipe was 479.8 g and 5 an apparent @ehanny tef 2 mm

the charged forned articles was 0.43 g/cnB. [0056]
To® 32pct i onhginesth 8t opwliselurtehe draypreddaet | ebesthe above
obtained calcined formed articles was measured as in

10 Example 1, and it was 45 Pa. It is noted that an amount of
the calcined formed articles charged in the acrylic resin
pipe was 483.2 g and an apparent density of the charged
calcined formed articles was 0.44 g/cm?.

[0053] (Comparative Example 2)

15 Calcined formed articles in the form of a cylinder
were obtained as in Comparative Example 1 except that the
forming material which was obtained in Example 2 was used,
and a conventional extruder including a pin (outer diameter:
2.97 mm) located in the center of a die (outer diameter:

20 8.05 mm) was used. The calcined formed articles in the

form of a cylinder had the following dimensions:

[0054]
Height of cylinder: 7 mmto 10 mm
‘Outer diameter of cylinder: 8 mmto 9 mm

25 Inner diameter of cylinder: 3.0 mm to 3.2 mm
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of the Exanples were charged showed a smaller pressure
drop between the inlet of the pipe and the outlet of
the pi pe 10 upon the gas was supplied when conpared
with the reaction pipes into which the forned
articles of the Conparative | es were charged. 25
WHAT IS CLAIMED IS: 1. A forne rticle characterized
inthat it conprises a cylindrical coil menber having
spiral turns with a 5 predeterm ned pitch thereof and

rti menber, whi ch extends al ong directi

JUPRL " (0P 2N8r PHESSYTS nfi[GRI Y8 HombdRe above
ang mhica gonnects the spiral turns. 2. The fprnEd'
Areedcdsrmey AT Yashdangaevredd as thaExampele 1,
con‘ﬁrises a ggu[:alit of the 10 supporting nmenbers.

FNR Hr SRt P enPi-ocHsis onokedothal aptameunt of the formed
characterized in that it conprises using an extruder

el esnghargedtinithaachylis gestvepopei wasudd9.8 g and
peripheral surface and a second die in the formof a

rd fig2 0B alieincth digass idyge bdhe erh atge dnfrermpet igpticldls was 0.43
surface and into which the first dieis fitted, and
extamding a forming material by the extruder while

only one of the dies is rotated wth respect to the
dHEF6Hi e. BheAneeaxt iaudepipdariatioew triexh ithet fiarmdd articles
conprises a 20 first die having a groove on its outer

e tpeeExdamyribacae e clesppdddsbowetihg §atanier gressure
ring which has a groove on iIts

drop between the inlet of the pipe and the outlet of the pipe
upon the gas was supplied when compared with the reaction

pipes into which the formed articles of the Comparative

Examples were charged.
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i nner peripheral surface and into which the first die
is fitted, and a rotating means which rotates only
one of those dies wth respect to the other die.

25

WHAT IS CLAIMED 1S:

1. A formed article characterized in that it comprises
a cylindrical coil member having spiral turns with a
predetermined pitch thereof and a supporting member which
extends along a direction paralflel to an axis of the
cylindrical coil member and which connects the spiral turns.

2. The formed article according to claim 1
characterized in that it comprises a plurality of the
supporting members.

3. A production process of a formed article
characterized in that it comprises using an extruder
comprising a first die having a groove on its outer
peripheral surface and a second die in the form of a ring
which has a groove on its inner peripheral surface and into
which the first die is fitted, and extruding a forming
material by the extruder while only one of the dies is
rotated with respect to the other die.

4. An extruder characterized in that it comprises a
first die having a groove on its outer peripheral surface, a
second die in the form of a ring which has a groove on its
inner peripheral surface and into which the ﬁrstdieisiﬁned,
and a rotating means which rotates only one of those dies

with respect to the other die.



