M &ROORGANI SM HOLDI NG CARRI ER FOR USE I N A FLUI DI ZED BED
THE .1 NVENTI ON This application clainms priority to Jap
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1. Field of the Invention

" The present invention relates to a microorganism holding
carrier for a fluidized bed for use in a biochemical reactor
used in a sewage treatment facility which treats sewage by

utilizing microorganisms.

2. Description of the Related Art.

A fluidized-bed biochemicall reactor used in a sewage
treatment faciiity that utilizes biochemical reacﬁions
clarifies sewage by flﬁidizing carriers. These carries are
thrown into a treatment tank by an air-seasoning operation to
hold sewage-treating microorganisms, i.e., activated sludge,
on the carriers. |

Generally required features of the microorganism holding
carrier for use in a fluidized bed in this kind of sewage
treatment facility é;g_that the carrier is :(1l) superior in
fluidity so as to quickly become familiar with water to
uniformly fluidize in the treatment tahk: (2) porous so as to

be easily held by microorganisms; and (3) strong enough to



be-easily held by mcroorgani sns; and (3) strong enough to
endure a fluidization, i.e., superior in durability such as an abrasion
resi stance. Under these circunstances, di atomaceous earth, a porous
i not'gani ¢ substance, is conventionally gfed as a mcroorgani sm hol di ng
carrier. However, because such a carri Is about 2.0 g/cnferr] in
apparent density, which is nuch heavier than water, a strong m xi ng power
is required to fluidize them which causes an increase of carrier
fluidizing eagrayre @AUSIVIGiAation;r dase., afuperion ngn dwsabilitFusubbr as
because such- a diatomaceous earth as a carrier is easily worn when
fluidized, ph abradidnd ¢ceistanice.the initial configuration for a |ong
period, thus |acking durability. ‘Recently, a plastic carrier nade of
a synt hetic resi nunédeirclthesestirtanstanvaser diatdmaseoys eartbbyar pqoiomisng
a decreased fluidizing energy, and which is superior in durability, has
been devel opgeaozgdnhassnbgtatige bdsomenyeptiianally used asmanLeECQrPAGLEN s
kind of synthetic resin carrier, generally adapted is a nethod utilizing a
por ous- naki nholddéngnicgueiench Haweved, opprayseosweh@ manid@rodsaabprhtedi-Ng
met hod, or a nethod utilizing an extruding foam ng nethod. However ,
i n manuf act ug/eg’ almi AREARERY denBsLY, nyhighr isr mugh heavisr,ghgn water,
por ous- maki ng technique such as a dropping  form ng method or_a sintering
method, it i@ d$trondl mizdngamoxer Hiyhrpdvdnedi et FlaHELZe FRMG; FRACH t
to use cheaper ' o )

causes an increase of carrier fluidizing energy, causing an

increase of rﬁnning cost. Further, because such a
diatomaceous earth as a carrier is easily worn when fluidized,
it is hard to maintain the initial configuration for a long
period, thus laéking durabiiity.

Recently, a plastic carrier made of a synthetic resin
which is similar to water in density, thereby requiring a
decreased fluidizing energy, and which is superior ih
durability; has been developed and has rapidly become popular.

In manufacturing this kind of synthetic resin carrier,
generélly -adapted. is a. method utilizing a porous-making
technique such as a dropping forming method or a sintering
method; or a method utilizing an extruding foaming method.

However, in manufacturing a microorganism holding carrier
by utilizing a porous-making teéhnique such as a dropping
forming method or a sinteriné method, it is difficult to

~attain high productivity and is also difficult to use cheaper
.materials due to the limited synthétic resin materials. This
increases the manufacturing cost.

In case of utilizing an extruding foaming method, though



materials due to the limted synthetic resin materials. This increases the
manuf act uri ng cost. In case of utilizing an extrudi ng foam ng net hod,
t hough : 3 t he productive efficiency may
be™ nproved, the extruding foam ng nethQd in manufacturing the carrier has
not yet been fully established. As a reSult, synthetic resin carriers made
by a conventional extruding foam ng nethod are of uneven quality, causing
probl enms such as bad water-famliarity or bad fluidity. On the ot her
hand, in recehe yspoductivhaefifiediencypemspdbeanimpsovieds atheci extpudbngm
that a waste disposal ‘of spent plastic goods or articles may exert a
har nf ul i nfl feamingnmehbodeini manufacturingi sherodteiher shaptneh ¥etebeedn
in the biochem cal reactor technical field. Thus, it is now strongly
required to fiakly syhabkishedesiAs aaresuvlitwhsypithetda sejsébscakhiar§l made

I nfl uence on the environnent. SUMVARY OF THE | NVENTI ON It is

t her ef or e anbgbjacconfvenitdomads eextfuding | Spamdngpmabhee aake ccfor YaAVEM
holding carrier for use in a fluidized bed which solves the

above- nent i ogedlptybl cavsingdnahlemshsychaagdeord watarfamiliarity ardbad
excellent fluidity. It is an additional object of the invention to provide
a mi croor ganifdmididlydi ng carrier which also is lowin price and excellent

in durability and exerts |ess harnful influence on ,thei1
On the other hand, in recent years, it has been suspected

and is now a social problem that a waste disposal of spent
plastic goods or articles may exert a harmful influence on the
environment. This problem is not an exception in the
biochemical reactor technical field; Thus, it is now strongly
required to use a synthetic resin carrier which exerts less

harmful influence on the environment.

SUMMARY OF THE INVENTION
It is therefore an object of the present invention to
provide a miéroorganism holding carrier for'gse in a fluidized
bed which solves the above-mentioned problems, and which has
a good water—familiarity and an excellent fluidity. It is an
additional object of the invention to provide a migroorganism
holding carrier which also is low in price and excellent in
durability and exerts iess harmful iﬁfluence on - the
environment. |
The inventors have conducted research and found the fact
that, in a resin miéroorganism holding carrier for a fluidized
- bed, a porous structure (cellular structure) used in the

carrier is highly concerned with elements for improving water-



-envi ronnent . The inventors have conducted research and found the fact
that, in a resin mcroorganismholding carrier for a fluidized bed, a
porous structure (cellular structure) used in the carrier is highly
coffcerned with elenments for inproving water-

4 famliarity and fluidity, and the reSearch has revealed a specific
cellular structure which can further inprove water- famliarity and
fluidity. Based on the specific cellular structure, the inventors have

conduct ed expamiiMBakS t3Nchnd esEaialey, I apdattd yredoarchi ehabt revenled a
I nventors have found the nost appropriate structural elenents of the

synthetic rgpeBi€dertalluwhaehsepabtaset WRighovanobpether t impeovdt wahed-
According to the present invention, there is a provided m croorganism
hol di ng carrifamifldardits iand fluidited bephddrht oncaipr ispesifiiextceldiedar
foamed article having i ndependent cells and continuous cells, the article
bei ng conpossttrafctairegyol hleef invertons ashavemiaenshigiede nexpgdmentisi nabds
cells include open-cells which are opened to at |east two portions of a
surface of tiresearchees nepeatesthii.- opénacekbslihi theairvenpensdhaveofibyndne
portion of the surface of the article, wherein a ratio of a total volune
of the conti theusmest| appsoprigteotsirugiiuned otlementest pdddhe oawagharircl e
(hereinafter referred to as "a volune ratio of the continuous cells")
falls withi resinasgerberfvisielpcmabd ep0oheanbiovherkl achs r keibe opbtaénedot al
vol ume of the open-cells to the total volume of the ) )
According to the present invention, there is a provided
microorganism holding carrier for use in a fluidized bed that
comprises'an extruded foamed article having independent cells
and continuous cells, the article being composed of a
polyolefin resin as a main component. The continuous cells
include open-cells which are opened to at least two portions
"of a surface of the article and a semi-open cells which are
opened to only one portion 6f the surface of the article,
wherein a ratio of a total volume of the continuous cells to
the total volume of the extruded foamed article (hereinafter
referred to as “a volume ratio of the continuous cells”) falls
within a range of from 20% to 70%, and wherein a ratio of the
total volume of the open-cells to the total volume of the
continuous cells (hereinafter referred to as “a volume ratio
of open-cells”) is 20% or more.
In the carrier according - to the present invention,
because water can smoothly permeate into a number of open-
cells and semi-open cells, the carrier is superior in water-

familiarity, thereby enabling quick and excellent fluidity.

Therefore, adopting the carrier as a biochemical reactor for



- comtinuous cells (hereinafter referred to as "a volune ratio of
open-cells") is 20% or nore. . In the carrier according to the present
i nvention, because water can snoothly perneate into a nunber of open-
cefis and sem -open cells, the carrier ig superior in water- famliarity,
t hereby enabling quick and excellent fluidity. Therefore, adopting the
carrier as a biochem cal reactor for 5
use in a fluidized bed used in.a sewage treatnent facility which treats
sewage by utjkieziiRg 41 £19DA02E6H SBEd @Ball én QuUisdwadel tif extment ofagihitys,
which in turn inproves sewage treating efficiency. Because the

carrier accoyfliBe tBehbs Pevispntby Medldizong mbcromganismss easbhesxguidid
foamed article, the carrier can be nade by an extrusion form ng nethod

whi ch i s sui habben§okicressgdrizs;t whdcht bnstued ugiprpvelse sewaglatreatnyg

cost. Because the carrier according to the present invention is

- conposed of afffdlcienefi.n resin as a main conponent, the carrier is

superior in abrasion resistance and has sufficient durability. Further, as

conpared with a p@esdusd thHd crarieier esiooxxding et the presént avwvending to

the present invention can be disposed without causing any trouble and can

reduce harnfigl ai syhthaticoresire exbriudednénampg artpoitengthe chasrigencan

carriers. Q her objects and features will be apparent fromthe

fol | owi ng debai mededbycrnpexsrusionhformipgt methesit Whigheisnguitable for
mass production, thus reducing the manufacturing cost.

Because the carrier according to the present invention
is composed of a polyolefin resin as a main component, the
carrier is superior in abrasion resistance and has sufficient
durability. Further, as compared with a polyvinyl chloride
resin carrier, the carrier according to the present invention
can be disposed without causing any trouble and can reduce
harmful influence on the enviromment by disposing of the spent
carriers.

Oother objects ahd features will be apparent from the
following detailed description of the invention with reference

to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be more fully described and
better understood from the following description, taken with
the appended drawings, in which:
Fig. 1 is a perspective view shoﬁing a tube-shaped
«v microorganism holding carrier for use in a fluidized.bed

according to the present invention;



to-+ he attached draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS The
present invention will be nore fully described and better understood from
the following description, taken with the appended draw ngs, in which:

Fig. 1 is a perspective view showi ng a tBbe-shaped m cr oor gani sm hol di ng

carrier for

use in a fluidized bed according to the present invention;

6 Fig. 2Ais a cross-sectional view taken along the line A-Ain
Fig. 1, and Fig. 2B is a cross-sectional viewtaken along the line B-B in

Fig. 1,

Fi gFiYy i 2mnigenhacgesdsesestionali vhew vakensabonggthe panei on

surrounded by a dot-dash line in Fig. 2A Figs. 4A and 4B are
cross-secti opaA viewBigac,shamd Rig.a 2Blisma shepestsectionayhnviavhsaleng

carrier for

use in a fluidized bed according to the present invention,

wherein Fi g. aléhg she fliowe BtBosin gy diral view, and Fig. 4B is a side
cross-sectional view, Fig. 5is a schematic side view show ng a
carrier manufact BHigwy deviscarf oenhangédctryrssgsentiennli silext cohewhgd fo

t he present

i nventi on. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Preferred enpoditient swirourdes dgera datrsiashod ine Lmddg. 2A;

Figs. 4A and 4B are cross-sectional views each showing
a column-shaped microorganism holding carrier for use in a
fluidized bed according to.‘the present invention, wherein Fig.
4A is a front cross-sectional view; and Fig. 4B is a side
cross;sectional view;

Fig. 5 is a schematic side view showing a carrier
manufacturing device for manufacturing the carrier according

to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will now
be described, in detail, with reference to the accompanying
drawings. Like reference numerals in the dré.wingﬁ depict like
embodiments.

The carrier according to the present invention coinprises

an extruded foamed article having continuous cells, i.e.,

continued bubble-like cells, the article being composed of a

.polyolefin resin as a main component.

The polyolefin resin as a main component of the carrier
is suitable for extrusion, is easy to dispose and is also
inexpensive. Thus, a polyolefin resin is preferably used in

the present invention. To surely obtain these effects and



be-described, in detail, with reference to the acconpanying draw ngs. Like

reference nunerals in the drawi ngs depict |ike enbodinents. The
carrier according to the present invention conprises an extruded foaned
arti cl e having continuous cells, i.e., onti nued bubble-like cells, the

article being conposed of a polyolefin fesin as a nmain conponent.

The polyolefin resin as a nmain conponent of the carrier is suitable for
extrusion, is easy to dispose and is also inexpensive. Thus, a polyolefin
resin is prehavahitugesedofn thiheipveaenbni nvitnt ien. pré@fesablbey Wbt aise t dese
effects and : 7 advant ages of the

i nvention, ipoilyproplydetis adsinismong o lywlefire mesigsi n Pange pskibledi n
resins. Those skilled in the art appreciate that other polyol efins may be

used in theihnthe iaat apprecilitee cthet quthes @elifolefinhmayrbacysedi &g to
the present invention is not especially linmted, and the carrier may be,
for exanpl e, thehahewtdroni.cle |ike a tube, or a non-hollow grain-like
article such as a circular colum, an elliptical colunm, a half cut-out
circul ar colum, Sherecenfiguratinmme the cahsier|aqgording|tgr &her pygsent
arc-shaped pl ate. It is particularly preferred to forma hollow tube as
shown in Fi ginvention iadnoB espegiabhyhblnbbedr and| Fhe GREFEPE BA¥hPEs a
circular colum, pellet and the |like as show in Figs. 4A and 4B. The

sel ection bef@Se®Xampisy- shapellewr arkicleapykgq a tube, or a non-hollow

grain-like article such as a circular column, an elliptical
column, a half cut-out circular column, a prism (dice shape
or the 1like), a plate or an arc-shaped plate. It is
parti;ularly preferred to form a hollow tpbe as shown in Figs.
1, 2A and 2B, or a non-hollow grain-like article such as a
circular column, pellet and the like as shown in Figs. 4A and
4B. The selection between a tube-shaped car;ier 1 and a
column-shaped carrier 1 will be determined according to the
purpose of the usage. For example, in a tube-shaped carkrier
1, anaerobic microorganisms are easily held on the inner
surface of the tube-shaped carrier and aerobic microorganisms
are easily held on the'outér surface thereof. Thus, in such
a case that both anaerobic microorganisms and aerobic
microorganisms are utilized, the tube-shaped carrier 1 is
preferably used. In a non-hollow grain article such as a
column shaped article, anaerobic micfoorganisms are hardly
held thereon and aerobic microorganisms are easily held on the
outer surface thereof. Thus, in such a case that aerobic
microorganisms are mainly utilized, a non-hollow grain—like_

carrier 1 is preferably used.



cokbumm-shaped carrier 1 will be determ ned according to the purpose of the
usage. For exanple, in a tube-shaped carrier 1, anaerobic m croorgani sns
are easily held on the inner surface of the tube-shaped carrier and
aerobi ¢ microorganisns are easily held gn the outer surface thereof. Thus,
In such a case that both anaerobic m cr8organi sns and aerobic

m croorgani sns are utilized, the tube-shaped carrier 1 is preferably used.
In a non-hollow grain article such as a colum shaped article, anaerobic
m croor gani sns arehBar dhyribel dit hgeeopdang aes obtise i preaxsmani Smeemt on
easily held on the outer surface thereof. Thus, in such a case that
aerobi c M ceompPbee s nEn aeet raded yfoanéd zertialedie hddebyran rextkeding
carrier 1 is preferably used. 8

The carrier fioanimg dnethed whichpmwiddnbei desetibmd inodgtatdsbeahowxt réefbls-
foamed article |la made by an extruding foam ng nethod which will be

descri bed i n2de3 aférmed oim the Ifpamed 3rtbcheds nincladeoindependent ece¢lils

i ncl ude i ndependent cells 2 each conpletely surrounded by a cell wall as
shown in Fi g2.eaGh dompletely mwrrovndedubysa ceells wakhads ophownl in Bigs east
one portion of the surface of the foanmed article la. The continuous cells
3 include op2n-4B| and34Beand opentinuousicellbas? eagh rpenetstefathbeast
surface of the foaned article a and sem -open cells 3b each opened to
only one porohenpsfrthen ofir thee pirfidee fofankhe afeaned paticle laphe The

carrier 1 according to the present invention inc|udes
continuous cells 3 include open-cells 3a each opened to at

least two portions of the surface of the foamed article la and
semi-open cells 3b each opened to only one portion of the
surface of the foamed article la.

The carrier 1 according to the present invention includes
a number of continuous cells 3, and a ratio of the total
volume of the continuous cells 3 to the to;al volume of the
extruded foamed article la (continuous ceils volume ratio)
should fall within a range of from 20% to 70%. It is
preferable that the lower range is 40% or more and the upper
range is not larger than 60%. If the continuous cells volume
ratio (a porous ratio) is below the lower limit, it is not
preferable because, when the carrier 1 .is thrown into a
treatment tank of a sewage treatment facility, water does not
permeate enough into the carrier 1 and, therefore, a
preferable fluidity can not be obtained. In addition, there
is a possibility that the microorganism holding efficiency may
decrease. On the other hand, if the continuous cell volumg
ratio exceeds the upper limit, it is not preferable because

the strength of the carrier decreases and therefore,



a punber of continuous cells 3, and a ratio of the total volune of the
continuous cells 3 to the total volune of the extruded foaned article |la
(continuous cells volune ratio) should fall within a range of from20%to
709% It is preferable that the | ower pange is 40% or nore and the upper
range is not larger than 60% If the continuous cells volune ratio (a
porous ratio) is belowthe lower Iimt, it is not preferable because, when
the carrier 1 is thrown into a treatnent tank of a sewage treatnment
facility, wakaffiecengoturpbiltsirecanongh bat ebtagnedrrier 1 and,

therefore, a preferable fluidity can not be obtained. In addition, there-
is a possibility rhathéhpgraserodmyentionhohdragieldf cilmncyottml vodkbumeast.
On the other hand, if the continuous cell volume ratio exceeds the upper
limt, it isthetopéerfestls ccdaheusetal heobimieuf Ithef cohtinaousecelksr ¢anes
and therefore, 9 sufficient durability
can not be obtpenfeell volumd ratie)psheebd bev2if ian mereatpoebHérabbyt 304l
vol une of the open-cells to the total volune of the continuous cells (an
open-cel | vobmmemoaei.o) skhel dopenz6éddr Barchapr eherabl gfBOCtive water
The open-cell 3a has nore effective water infiltration capacity than
t he sem openinéiltB8aticn cdpmaifgnthapethe vedminpanaicedli Sbbhel 5§ the opewr
limt, it is not preferable because, when the carrier 1 is thrown into a
treat ment tafRldf ¥obum@geratiant dentbelew| ithe Lawegarkimit] i% psorneh

water-famliarity, and thus, it is hard to obtain ) _
preferable because, when the carrier 1 is thrown into a

treatment tank of a sewage treatment facility, the carrier 1
is poor in water-familiarity, and'thus, it is hard to obtain
a preferable fluidity. By the way, even if the open-cell
volume ratio becomes larger, there will be no disadvantage as
a carrier. However, it is very difficult to manufacture a
foamed article la having an open-cell volume ratic of 80% or
more with high quality by an extruding foaming method.

In the present invention, an appareﬁt density of ‘the
extruded foamed article la, i.e., a density of the extruded
foamed article la from which a volume of the continuous cells
are deducted, i; one of the factors used to determine the
fluidity performance of the carrier 1. If the apparent
density is too low, when the carrier 1 is thrown into sewage
filled in a treatment tank, the carrier 1 floats in an upper
layer of the sewage. Thus, there is a fear that it is hard
to fluidize.evenly even if a strong rotatiocnal flow is given.
On the other hand, if the apparent density is too high, a
strong rotational flow will be required to fluidize them

evenly. 1In addition, there is a fear that it will be hard to



a preferable fluidity. By the way, even if the open-cell volunme ratio
becones larger, there will be no disadvantage as a carrier. However, it
is very difficult to manufacture a foanmed article |a having an open-cel
vot'ume ratio of 80%or nore with high qgﬁlity by an extrudi ng foam ng

met hod. In the present invention, apparent density of the

extruded foaned article la, i.e., a density of the extruded foaned article
la fromwhich a volune of the continuous cells are deducted, is one of the
factors usectéXletst ertrdsee dalreietsubetaysodrtiey raimde tof the kaftamerof the | g
the apparent density is too |ow, when the carrier 1 is thrown into sewage
filled in atreatment tank, whée therietatidohakt 10w avoRPper |ayer of the
sewage. Thus, there is a fear that it is hard to fluidize evenly even if a
strong rotational If| the i gregendn inventine, oether Hehan the tahovgmgninioned
density is too high, a strong rotational flowwll be required to fluidize
t hem evenl yapparenki d¢nsity hethe jconfiguration 9 RiumgohHfhe tcprrier

10 collect these carriers because they sink to the bottomof the
treatnent tahkalwergrertkwiefifestsl theofluidipey performppcenef pfhgfarrier

i nvention, other than the above-nentioned apparent_density

confi gur at i oh- orAvieeershapechCagaieret 23 HAP e dily et f e%%tsglg%ezﬁllﬂﬁﬁi ty
performance of the carrier 1. A tube-shaped carrigr. 1 as sho in Figs. 1,
2A and 2B had 1%\rg%r§%°WI§ﬂ§if5§§P§FaﬁBec?4‘£Wi%WvﬁtIFP%' e RS
grain arti Clagtj:.LcJS.gC]r.] ggcg gglgrrgo]%mrtlhgrlfi:tlfee ffkghggmslixonwrfiggffé‘é. 4A,
4B. The larger the volume-becomes, the larger the flow
resistahge—becomes. Therefore, in case of a tube-shaped ;arge
volume carrier 1, because the flow resistance is large, it is
preferable that the apparent density is set to be small so as
to keep its suitable dispersion. To the contrary, in case of
a non-hollow small volume grain-like article 1, because the
flow resistance is small, it is preferable that the apparent
density is set to be large so as to kéep its suitable
dispersion.
As a result, when the carrier 1 is a tube-shaped article
as shown in Fig.l, 2A and 2B, and the apparént volume, i.e.,
the volume of the article from which the volume of the
continuous cells 3 is deducted, is relatively large, such as
from 2.0 x 107 to 5.0 cm?,-it is preferable that the apparent
density is.set to be from 0.90 to 1.40 g/cm?, more preferably
the lower limit is set to be not smaller than 0.94 g/cm’® and
the upper limit is set to be not larger than 0.98 g/cm®. 1In

this case, the bulk density, i.e., a density based on the

carrier volume including the whole, or independent cells, is



4B:- The larger the volume beconmes, the larger the flow resistance
becones. Therefore, in case of a tube-shaped |large volune carrier 1,
because the flow resistance is large, it is preferable that the apparent
dersity is set to be small so as to kegp its suitable dispersion. To the
contrary, in case of a non-hollow small 'volune grain-like article 1,
because the flow resistance is small, it is preferable that the apparent
density is set to be large so as to keep its suitable dispersion.

a result, whssttbe bar frem 0.88 totAbed shbhpetd aThioskee skidlekovwm itheriarl

2A and 2B, and the apparent volume, i.e., the volune of the article from
whi ch the vatercagakle ofc designing aatdrrieri § Havimgy cthe iafarementicaned
| arge, such as from2.0 x 10[err] to 5.0 cnferr], it is preferable that

t he appar entappenenty dsnsityt argk tbudi O0deosibyl. using crijhe r guigeldnes
preferably the lower limt is set to be not smaller than 0.94 g/cn8 and
t he upper |ipHevidedehereine not larger than 0.98 g/cnB. In this case, the

bul k density, i.e., a density based on the carrier volune _including the
whol e, or indeper@ean & sarrder 1 is a nonsboligwhgredidmlaksy 3 H:cAs

g/cnferr]. Those skilled in the art. are capable of designing a carrier 1
havi ng the aFepRmhia Grddmngshapred: ageksiay Pedebul er’éﬁ*%iwg%sia@ shrym

gui delines provided herein. When the carrier 1 is a,non-holl.ow
grain-like 2¥Rj figs. 4A and 4B, and the apparent volume is re atively

small such as from 5.0 x 10 to 4.0 x 102 cm?®, it is
preferable that the apparént density is set to be from 1.10
to 1.80 g/cm®, more preferably the lower limit is set to be
not smaller than 1.20 g/cm® and the upper limit is set to be
not larger than 1.70 g/cm?.. In this case, the bulk density
preferably is set to be from 0.40 to 0:80 g/cm’.

However, in the present invention, because configuration
or volume of the carrier 1 is not specifically limited, the
preferable rahge-of the apparent density is a rangelincluding
all of the above-mentioned range, i.e., a range of from 0.90
to 1.80 g/cm’.

In the present invention, when the carrier 1l is formed
in the shape of a tube, as shown in Fig. 2B, it 'is preferable
‘that the outer diameter Dl is set to be from 2 to 20 mm, more
preferably ﬁot smaller than 4 mm, and not larger than 10 mm.
If the outer diameter D1 is below the lower limit, it is hard
to produce_a.foamed article la having a foam structure in
accordance with the present invention. On the other hand, if
exceeds the upper limit, a flow resistance in water becomes

large, resulting in poor fluidity.



sueh as a col um-shaped article, pellet, or the like, as showmn in Figs.
and 4B, and the apparent volune is relatively small such as from5.0 x
10[err] to 4.0 x 10[err] cnferr], it is preferable that the apparent
derisity is set to be from1.’10 to 1.80 g{cnferr], nore preferably the
lower Iimt is set to be not smaller then 1.20 g/cnferr] and the upper
limt is set to be not larger than 1.70 g/cnB. In this case, the bulk
density preferably is set to be from0.40 to 0.80 g/cnferr].

4A

However, in the pFasthern,nidntisoprdfecabde dirit dglreatthdeckmessy @lunef ofhe he

carrier 1 is not specifically limted, the preferable range of the
appar ent denstnierxs k isirmpd witchdadi agrande of fimn dbdie-4finta Hrizhie remer
i.e., arange of from0.90 to 1.80 g/cnferr]. In the present

i nvention, whtameherc®l,i enode i préfenallyi nothemaddes othant Gbe, amsl shown

in Fig. 2B, it is preferable that the outer dianeter D is set to be from
2 to 20 nm Yarger prhemr3®ty nbf thalthackness 4isnhelowl the lewererlimbin, 10

mm |f the outer dianmeter DI is belowthe lower limt, it is hard to

produce a fozined lackclod | strengtly makesm it r difficuls tecwadatednnithet he
present invention. On the other hand, if exceeds the upper limt, a flow

resi stance i¢oNELONIBEdORes andarafe e%e@%f t193di Ropdbr extaugiery may occur

12 Further, it is preferable that the thickness Tl of the carrier

i s set withifuBing REteisiqrom 2ny Sheookher thandytidy thgi khickpesn exgopeds
preferably not smaller than 5% and not
the upper .limit, a number of open-cells may not be formed,

resulting in a ;ow open-cell volume ratio.
Generally, in extrusion, the larger the outer.diameter
D1 becomes, the slower the extrusion speed becomes. In
forming the cellular structure in accordance with the present
invention, because extrusion speeds, that aré too fast, cause
a skin layer on the surface of the extruded article, the
slower the extrusion speed become, in other words, the
diameter becomes larger, then a thinner thickness Ti can be
obtained. Therefore, in the present invention, it is
' appropriate that the thickness Tl is specified in relation to
the outer diameter D1. Preferred values for the thickness may
be defined as follows. The thickness Tl may éreferably be set
to be from 0.2 mm to 2.0 mm, more preferably the lower limit
is set to be not smaller than 0.3 mﬁ, the upper limit not
larger than 1.5 mm.
It is preferable that the length Ll of the carrier 1 is
set to be from 50 % to 200% of the outer diameter D1, more
preferably not smaller than 100%, and not larger than 150%.

If the length is too long, a flow resistance in water becomes

1



| ar-ger than 30% If the thickness is belowthe lower limt, the |ack of
strength makes it difficult to maintain the configuration, and an excess

| oad to an extruder may occur during extrusion. On the other hand, if the
t hi*ckness exceeds the upper limt, an er of open-cells may not be

formed, resulting in a-low open-cell volune ratio. Generally, in
extrusion, the larger the outer dianeter D becones, the slower the
extrusi on speed becones. In formng the cellular structure in accordance

with the prdsemger, maminn,a fecduss Suigditon spdedbe ankicdeelt 46 ot
cause a skin layer on the surface of the extruded article, the slower the
ext rusi on spigedshatoiendth, ochackaonals be lpscudi dnethe ke resyditinghen
a thinner thickness Tl can_be obtai ned. Therefore, _in the present
invention, 3in aj Poappavalitye t(Prefiefrechivadiuas 9i lengsbcikl cmaynbe
relation to the outer dianeter DI. Preferred values for the thickness may
be defined tefbnedwas Thelidweknestherilaagthr éflerdhl {hge COHTIq be MAYom
0.2 mMmto 2.0 nm npre preferably the lower limt s set to be not %Til | er
than 0.3 nmPY¥@EeLpbdY PEnSEtnsP PPafgom dnER o5 4finfm, more Prie&era y
preferable that the length L1 of the carrier 1 is _ set to be from50 %to
200% of the RRE ePMLAREL ERaB14 Hpr ean‘gr%‘?t'er gLt 9 &Mt han 100% and

not | arger than 150% If the length is too |on a flow.resi,stan in
wat er bgcorres In ql:he present rJ].gwent%.on, wLengtEg ca|r5r1§§r 1 &éug‘ﬁ%ﬁﬁneéi

lack of Tl u':‘?ﬁtil_/helsfh;phee oaf’ taI %lrgi% égtfc%e such as a short column or the

like, as shown'in Fig. 4B, it is preferable that the outer
diameter D2 is set to be from 0.8 mm to 3.0 mm, preferably not -
smaller than 1.0 mm, and not larger than 2.0 mm. If the outer
diameter D2 is below the lower limit, it is pard to produce
a foamed articlé la having a foam structure in accordance with
the present invention. On the other hand, if the outer
diameter exceeds the upper limit, the flow resistance in water
becomes large, resulting in poor fluidity.

It is preferable that the length.LZ of the carrier 1 is
set to be from 30 % to 300% of the outer diameter D2, more
preferably nét smaller than 50%, and not larger than 200%._
If the length exceeds the upper limit, a flow resistance in
water becomes larger, causing a lack of fluidity. If the
article 1 is cut in short length, cracks may be generated in
the article, resulting in a poor quality. If defined by
preferred values, thé length L2 of the carrier 1 may be set
to be from 0.24 ﬁm to 9.0 mm, more preferably not smaller than
0.4 mm, and not larger than 4.0 mm.

The above-mentioned cérrier 1 may, for example, be made



I n~=short | ength, cracks may be occur in the article, resulting in a poor

quality. Preferred values of length LI nay be defined as follows. The
|l ength LI of the carrier 1 may preferably be set to be from1l mmto 40 mm
nore preferably not smaller than 4 mm d not larger than 20 nm In
t he present invention, when the carrier is formed in the shape of a
grain article such as a short colum or the Ilike, as showmn in Fig. 4B, it

is preferabl

i nventi on.

fluidity.

e that the outer dianeter D2 is set to be from0.8 nmto 3.0

nm preferatgsyﬂgé fSIBoWEAg téthdd 0 nm and not larger than 2.0 nm If the
outer dianeter D2 is below the lower Iimt, it is hard to produce a

foamed article | apipwiNg & oAt resps$ite afxor doreeing t ithe hegummisant
On the other hand, if the outer diameter exceeds the upper
limt, the fgmefemaslst anice prepmiest bybemmiEnilngy ge polgsllefing desipp@s a

It is preferable that the length L2 of the carrier 1 is

set to be fmeElBEdmpgoned0Uich aheimatganidi didtler, D2wontiypesprodf efcamingot
smal l er than 50% and not |larger than 200% |If the | ength exceeds the
upper |imt ,agefitswwhesiest fomeing temperaburese@rieardifferentsi figom |eadh of

fluidity.

gener at ed i rothér, ar blowing rassdstant | ifa neopvirgdal iand an| fapparapRica sy

If the article-1 is cut in short length, cracks may be

preferred values, the length L2 of the carrier 1 may be set to be from
0.24 mMmto addiniveore preferably not smaller than 0.4 mm and not |arger
The above-nentioned carrier 1 may, for exanple, be nade

“than 4.0 mm
14

The inorganic filler combined with the above resin
composite is not specifically limited and any kind of filler
can be used. It is preferable to use a filler which is
inexpensive and chemically stable. For example, calcium
carbonate, barium sulfate, zeolite, titanium oxide, kalium
titanate, alﬁminuﬁ hydroxide, and the like, may preferably be
used. Needless to say, two or more types may be used together.

The amount of the inorganic filler is preferably to be
set from 5 to 400 parts by weight for 100 parts by weight of
a polyolefin resin as a main component. When a tube-shaped
carrier 1 as. shown in Figs. 1, 2A and 2B is to be produced,
the amount.of the inorganic filler preferably falls within a

range of from 5 to 50 parts by weight, more preferably the

lower limit is not smaller than 8 parts by weight and the

upper limit is not larger than 20 parts by weight. When a
grain;shaped carrier 1 as shown in Figs. 4A énd 4B is to be
produced, the amount of the in&rganic filler preferably falls
within a range of.from 5 to 400 parts by weight for 100 pafts
by weight of the polyolefin.résin. More preferably the lower

limit is not smaller than 10 parts by weight and the upper



by--t he fol | ow ng net hod. First, a resin conposite for formng
the carrier preferably is prepared by conbining a polyolefin resin as a
mai n conponent with an inorganic filler, two types of foam ng agents whose
foam ng tenperatures are different fronmﬁ§ch other,a blow ng assistant if

required, and an appropriate additive. The inorganic filler conbi ned
with the above resin conposite is not specifically limted and any kind of
filler can be used. It is preferable to use a filler which is

I nexpensi ve xiuli t€hiesnirestt | Yarsgeabltthan 200 paansplby, wedglhdi.uml o dihigo matoyint.
barium sulfate, zeolite, titaniumoxide, kalium titanate, alum num

hydroxi de, aswicébds! ittee paggey efier ald ydbeficakbt. theexbtssin t ansappanentor
nore types nay be used together. The amount of the inorganic filler
is preferabldensibp similérotoSwabedOOresulsiny imigpodnrfgidityts by

wei ght of a polyolefin resin as a nmain conponent. \Wen a tube-shaped
carrier 1 as shoWwn itheripsesent2Anyentibn;s it bs prefieradle t Bhatindihe of
the inorganic filler preferably falls within a range of from5 to 50 parts
by wei ght, miersityfattriahdensifer) |9frithg meddt component Han whisdy tan by
wei ght and the wupper linmt is not larger than 20 parts by weight. Wen a
gr ai n- shapedirergaric Liddeshdancrrbined with an@odpBolefin FRsim i’ @pin he
amount of the inorganic filler preferably falls wthin a range of from5
to 400 part sConpPerReRhtis ovel ote phatk wighimeiygmange ofe fFemy Q-4 F9 &i3f

- More preferably the lower limt is not snmaller than 10 parts by W%LQQLEand

I

t he upper g/cm®. Concretely, when a tube-shaped carrier 1l 1s
'produéed, the density is set to fall within a range of from '
0.90 to 1;20 g/cm®, preferably the lower limit not smaller
than 0.95 g/cm®, the upper limit not larger than 1.00 g/cm’.
When a grain-shaped carrier 1 is to be produced, the density
is set to fall .within a range of from 1.10 to 2.20 g/cm’,
preferably the lower limit not smaller than 1.20 g/cm®, the
upper limit not larger than 2.00 g/cm’. If the density is too
low, even if the density is adjusted by a foaming agent, it

- will be difficult to obtain a certain apparent density |
required to a;tain a preferable fluidity. On the other hand,
if the'&ensity is too high, an excessive foaming during the
extrusion is required to obtain an appropriate apparent
density, resulting in an unstable extruding.

As the two types of foaming agents to be added to the
resin component, foaming agents whose foaming (resolving)
temperatures are differentlfrom each other are used.

Among two different ‘types of foaming agents,
dinitrosopentamethylenetetramine (hereinafter referred to as

DPT) is preferably used as one of the foaming agents which has



15 limt is not larger than 200 parts by weight. |If the amount exceeds
the range, it is difficult to obtain an apparent density simlar to water,
resulting in a poor fluidity. In the present invention, it is
preferable that the density (materi al aﬁgsity) of the melt conponent in
which an inorganic filler is conbined h a polyolefin resin as a main
conponent is set to fall within a range of from0.90 to 2.20 g/cnB.
Concretely, when a tube-shaped carrier 1 is to be produced, the density is

set to fall gvigdinfirgy rRgeratuteohowér Atharo al. Arngngniempegfadruts o f Hehe
lower Iimt not smaller than 0.95 g/cnferr], the upper limt not |arger
than 1.00 g/stHe&rr|foanden agenti n{shdmpatratemperatiget oréeobviudceeyPe he
density is set to fall wthin a range of from1.10 to 2.20 g/cnferr],
preferably tfeamiovwpradeéni), raid swddieratdoemide? o hymeijrafiter ttafenggdrto
limt not larger than 2.00 g/cnferr]. If the density is too low, even if
the density i$ mpljAlstied preferbbayi usedgesitond tof whel obhexi féarcing agents ai n
a certain apparent density required to attain a preferable fluidity. On
the other hamgichilad he fenwiny tempenrathingh highesxddegi 2 tamparatere | af
the extrusion is required to obtain an appropriate apparent density,
resul ting inthe etistabfeaming abient (a higher ttripnesn tugr Fefokong néYF'e
agents to be added to the resin conponent, foam ng agents whose foan ng
(resol vi ng) foempagatagesdlar e Theser skiliedmisucthet AEE aPPresd@te that
Anong two different types of f oam ng agent s, ) ,

di ni t r osopencther knewet E23BIRT ATRIES 7FR e refed ridy the davepions and

preferably used as one of the foam ng agents mhich,qgs .
they are capable of determining which agent to use 1in

combination with other agents using the guidelines provided
herein.

It is preferable that the amount of the DPT in a resin
component for the carrier is 0.15 wt% based on the total
weight of the composition (hereinafter referred to as wt%) or
more , but not larger than 0.40 wt%, more preferably 0.20 wt%
or more, but smaller than_0.3l wt%. If the amount is too
much, a stable extrusion can not be performed, therefore a
carrier having a cellular structure in accordance with the
present invention can not be obtained. On the contrary, if
the amount is too less, it is difficult to obtain an apparent
density similar to water, resulting in a poor fluidity.

As for DPT, it is preferable that the average particle
diameter (hereinafter referred to as ‘particle diameter’) is
smaller than 10 pym, more preferably smaller than 9 pm. If the
particle diameter is too large, a stable extrusion can not be
performed. Therefore, it is difficult to obtain a

predetermined carrier. However, even if the particle diameter



16~ a foami ng tenperature |lower than a formng tenperature of the other
foam ng agent (a |ower tenperature resolving type foam ng agent), and
azodi carboam de (hereinafter referred to as ADCA) is preferably used as
omé of the other foam ng agents which a foam ng tenperature higher
than a tenperature of the other foam ng ‘agent (a hi gher tenperature
resolving type foamng agent). Those skilled in the art appreciate that
ot her known foam ng agents can be used in the invention, and they are

capabl e of ded efed kML Ehebgeld ne® sipecidl damditati on with other agents
usi ng the guidelines provided herein. It is preferable that the

amount of the DPTaNfér rigsd ramotatpofethe fADCA helte drs ipae fiexables thia¥% Hdsed
on the total weight of the conposition (hereinafter referred to as W% or
more , but noiourst g 4 heesih Abmpgditimre forftiealtarrde20 iwt %. 16 whdr edr but
smal ler than 0.31 wt% |If the anount is too nuch, a stable extrusion can
not be perf qigias, butersfiallemnm thear 1.0 hebi,ng neo e g nel feradiliyu €. @ evi¥h or
accordance with the present invention can not be obtained. On the
contrary, ifmotde mmunit ilargees thas,0i31 ivtidi f Tifcthe amowlt axtemdsappjer ent
density simlar to water, resulting in a poor fluidity. As for DPT,
it is preferappert hhimihe averst@blear extirasidnancanr Fdler deatesfaryed, ed
to as 'particle diameter') is snaller than 10 pm nore preferably smaller
than 9 pm |therefoparitclie diffdawit it takkain ge predateymdned GG Ean
not be

Oon the other hand, if the amount is below the lower limit, it

is difficult to obtain a predetermined apparent density,
resulting in a poor fluidity.

As for the particle diameter of the ADCA, it is
preferable that the particle diameter is 3 um or larger, but
smaller than 16 um, more preferably the lower limit is 3 um
or more and the upper limit is smaller than 11 um. If the
particle diameter exceeds the upper limit, though the volume
ratio of the continuous cells increases, the volume ratio of
the open-cell decreases and therefore, it is difficult to
obtain a predetermined calrrier. On the other hand, if the

. particle diameter is below the lower limit, it becomes
difficult to form a continuous cell and the ratio of the
independent cellé becomes larger. Therefore, it is difficult
to obtai_n a predetermined carrier.

In the present invention, a blowing assistant for
controlling the foaming temperature of the foaming agent may
preferably be added to the reéin composition for the carrier.
As such a blowing assistant, especially, urea preferably is

used.



pe«f or med. Therefore, it is difficult to obtain a predeterm ned
carrier. However, even if the particle dianeter

17 is too snmall, there is no special denerit. As for the anmpunt of
thhe ADCA, it is preferable that the anqut in a resin conposition for the
carrier is 0.15 wt%or nore, but smaller-than 1.50 wt % nore preferably
0.2 W% or nore, but not larger than 0.31 wt% |If the anpbunt exceeds the
upper limt, a stable extrusion can not be perforned, therefore it is
difficult to obtaite ampuadetods nivead inartheeresi@n compooensr ifapFefieratdy
amount is belowthe lower limt, it is difficult to obtain a predeterm ned
appar ent demsilsy wt¥ esuibirag but alesmrtHanuiodidfywts, morenprefienakd hartthe| e
di aneter of the ADCA, it is preferable that the particle dianmeter is 3 pm
or larger, mppesnilimét tisardess pehamode3br wEdr ablBf thhe | ¥RRWNE R Y&ex pm
or nore and the upper limt is smaller than 11 pm _If the particle

di anet er excsrugedhe thgeupperi Limikowgh thebobPunther qwehf Ligdt, the
conti nuous cells increases, the volume ratio of the open-cell decreases
and t her ef oreqntinueusli ¢elbuvelune sptipndgcprageser AEABYLARA 18 2 RIPL he
other hand, if the particle dianmeter is belowthe lower [imt, it
becormes di ffleiditYe form a continuous cell and the ratio of the

i ndependent cells becomes |arger. Therefore, it is difficult %o obtq§¥ a
predet ermi ned carEf erecessary,| an; REPpPRELH:C 3dfdtivEnmay Be odfdied a5 Y%nt

for resin component for the carrier. The ;killed in the art are
aware of the various additions that can be added, and they are
capable of adding an appropriate additive using- the guidelines
provided herein.

The carrier according to the present invention can be
obtained by foam-extruding the above-mentioned resin
composition through a knoim extruder. During the extrusion,
the resin composition typically is melt and mulled in a .
éylinder by a screw, the temperature gradually increases, ‘and
the foaming agent gradually decomposes. Just after the resin
composition is extruded, it expands to generate foams in the
extruded article. In this case, in the present inveption,
foaming timing is different between the lower temperature
resolving type foaming agent such as a DPT and the higher
temperaﬁure resolving type foaming agent such as a ADCA. That
is, the lower temperature resolving type foaming agent foams
first, thereafter the higher temperature resolving type
foaming agent foams. The .higher temperature resolving type
foaming agent is gradually heated by outside heat from a

cylinder or a die of the extruder to attain an activated



comtrolling the foam ng tenperature of the foam ng agent may preferably be
added to the resin conposition for the carrier. As such a blow ng
assistant, especially, urea preferably is used.

18* The amount of urea in the resinle onponent is preferably 0.15 w %
or nore, but less than 0.40 wt% nore preferably, the wupper limt is |less
than 0.31 wt% |If the anpbunt of urea exceeds the upper limt or is below

(e Lover 11 tes (g SHE oS oL, R 44810, SSERESSo Sl
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o appropt1 e, A L e 4 ARG N Pt QYRS Slitpor o P
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ext ruder. rusr on, resin conposition typically iIs

and rmull ed i ' r : éﬁ?i s SRSES
and the foa%%c%ge%?ﬂgrzﬁ%ﬁ%d%&l%}g&éérBJ)r'ﬁésstaérgc; tei eﬂ_rsbr t e%rdeéilén%
composition o fd ggﬁﬂerggﬁ%p%&%é& JENeiRise foafEeidht NeypeXtfdidethg

article. In , I'n e present invention, foamng timng is
di fferent tf?qgﬁﬁ the lower tenperature resolving type foanming agent such
as a DPT an e ﬁlgher '

The extruding condition is not particulary limited, and

therefore it may be set depending on the desired product. For
example, it is preferable that the cylinder temperature falls
within a range of from 180 °C to 250 °C, and the die
temperature falls within a range of from 200 °C to 250 °C.
Skilled artisans are capable of setting the ext;uding
conditions using the guidelines provided herein.

In this method, becausé heat which is géngrated when the
lower temperature resolving type foaming agent <foams
accelerates to foam the higher temperature resolving type
foaming agent, it is preferable toc use a lower temperature
resolving typé foaming agent which generates a great deal of
heat when it foams. Concretely, it is preferable that the
heat value (heat of decomposition) when the lower temperature
resolving type foam agent foams is 80 kcal/mol or more, more
preferably 150 kcal/mol or mofe. The aboVe-méntioned DPT
(MW=186), whiﬁh is used as a lower temperature resolving type
foaming égent, has a heat of decompositioﬁ of 155 kcal/mol
(833.3 cai/g), which fits the above condition on the heat

value.



t emperature resolving type foam ng agent such as a ADCA. That s, the

| ower tenperature resolving type foam ng agent foans first, thereafter the
hi gher tenperature resolving type foam ng agent foans. The higher
teftperature resolving type foam ng agegZt is gradually heated by outside
heat froma cylinder or a die of the e Q uder to attain an activated

19 state, and then it rapidly foans due to an addition of inner heat,
i.e., heat generated when the |ower tenperature resolving type foam ng
agent foams, therRszy zefamnge ofthecheafesef cdecempRsHetrR OEeFhe ag,oge-—

f or med. Thus a cellular struct ure in accordance with the present

i nvention i sentiopeéd BPCRhHMESIRS)gemhdchs fecused 3k fighereteAPerfire
~formng agents. The extruding condition i s not Rparticuylar )lmted

and t her ef eresdliving Wipes dfoaiRch @I/ ton %%élodé‘:ﬁalle,(é}“‘g-r % "P%/lr

exanple, it is preferable that the cylinder tenperature falls wthin a
range of from 180 [err]C to 250 [err]C, and the die tenperature falls
wi thin a range of from 200 Ski | | ed artlsans r.e _capab e

%err%Cto 250 C.
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heat when it foans. Concretely, it is preferable that the heat val ue
(heat of deconposttion) when the | ower tenperature resolving type foam
agent foanms is 80 kcal/nol or nore, nore preferably 150 kcal/nol or nore.
The above-nenti.oned DPT (MAM186), which is used as a | ower tenperature
resolving type foam ng agent, has a heat of deconposition of 155 kcal / nol
(833.3 cal/g), which fits the above condition on the heat val ue.

20 For reference, the heat of decanposition of the above- nentioned
ADCA (MAM£166), which is used as a higher tenperature resolving type
foam ng agent, is 10 kcal/nol (86.2 cal/g). Enbodi ments accordi ng
to the present iuveur?an and—coynpar i Fong .0 € alxﬁfing e Tectslof
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Example 1

As shown in Table 1, 10 parts by weight of calcium
carbonate as an inorganic filler.was added to 100 parts by
weight of polypropylene (PP) resin. Further, 0.15 wt% of ADCA
having a particle diameter of 3 um as a higher temperature
resolving type foamihg agent, 0.15 wt% of DPT having' a
particie diameter of 1 pm as a lowe: temperature resolving
type foaming agent and 0.15 wt% of urea as a blowing assistant
were also added to prepare a carrier resin composition.

Also, a carrier manufacturing device was prepared. As
shown in Fig. 5, -the device include a single axis extruder 11
having a full fllghted screw with a 40 mm diameter and a ratio
of L/D of 32, a cooling vessel 12 for cooling the extruded
foamed article la from the extruder 11 and a pelletizer 13 for
pelletizing the extruded article la cooled by the cooling
vessel 12.

The above-mentioned resin composition then is formed into
a tube-shaped extruded foamed article la, i.e., carrier,
having a 4 mm'outer diameter, 0.5 mm thickness and 4 mm length
by the carrier manufacturing device.

The standard condition of the extrusion was that the
screw rotational speed was 30 rpm, the cylinder temperature
was 200 - 250 °C, the die temperature was 250 °C, but the
conditions were changed in accordance with the state of the
formed article. |

About the thus obtained carrier, the material density

(g/cm®), apparent density (g/cm’), apparent volume (cm’},



Exanple 1 As shown in Table 1, 10 parts by weight of cal cium
carbonate as an inorganic filler was added to 100 parts by weight of

pol ypropyl ene (PP) resin. Further, 0.15 wt% of ADCA having a particle
di*ameter of 3 pmas a higher tenperature _resolvi-ng type foam ng agent,
0.15 wmt % of DPT having a particle di aned®r of 1 pmas a | ower tenperature
resolving type foam ng agent and 0.15 wt % of urea as a bl ow ng assi stant
were also added to prepare a carrier resin conposition. qf\lso, .
carrier man@eREIRUGHS (Redk Vg kel ¥)as anch QReR iy .V ,W%er%e*/‘? ce
include a single axis extruder 11 having a full flighted screwwth a 40
nm di anet er égh werat peaspred) pyobhgofollowbrg Meteddt 12 for cooling the
extruded foaned article la fromthe extruder 11 and a pelletizer 13 for
pel | etizing tht ¥atetdad 4epBeF¥ | a cooled by the cooling vessel 12.

e e o e SR L ST ™' Bel gt AL 3t i 2pegd
The st andar o CoRe (¥h BLAE e S BREE iR Y L et iy S e
D e CahE eSO Ry bra A S et
P A1 T okl Y ey o pAEUald P o dhiay
appar ent V°'H2$i£8”leié$)mm length. Then, the dénsity was measured from
the weight and the thickness. N
(2) Apparent dehsity

The apparent density was measured by a gas-replacing type
density meter. Therefore, this density corresponds to.the
density of a f&amed_article from which a continuous cell
volume was deducted.

(3) Apparent volume

The apparent volume was measured based on the above
apparent density and weight. Therefore, this volume
corresponds to the volume of a carrier from ﬁhich continuous
cells volume was deducted.

(4) Continuous cell volume ratio (porous ratio)

Through an electron microscope, the size of a continuous
cell per unit area was measured to obtain the volume, and then
the continuous .cell volume ratio was calculated from the
volume.

(5) Open-cell volume ratio
Through an electron microscope, the size of a continuous

cell per unit area are measured to obtain the volume, and then



23« continuous cell volune ratio (%, and open-cell volume ratio (% were
measured by the follow ng nethods. (1) Material density A
conposition conbining a PP resin with an inorganic filler was nulled by a
"RABOPURASUTOM RU' (a heat nelting state Lgeasuri ng experinent devi ce nade
by NI PPON SEI KOH SYA), and the conposi t4%n was pressed to be a square
plate, each side having a 100 nmlength. Then, the density was neasured
from the weight and the thickness. (2) Apparent density The
apparent deriie opeisaedds YPdtmeyratie e fadauld tegh £ T ofe fhie yalims and
Therefore, this density corresponds to the density of a foaned article
from whi ch Ehreonbudows| Felloyekdmeas deducted. (3) Apparent vol une
The apparent vol une was neasured based on the above apparent density and
weight. - Therefore, this volune corresponds to the volunme of a carrier

from whi ch conti nuous ce! | s vol une was deducted. (4) Continuous cell

vol une rati t+0) Through an el ectron m croscope, the size
of a conti nuous el] per unit area was. re btain the val une, and
then the conti nu%‘?%”be‘ﬁmRP&% FE‘PVB QI\BHEF% ecﬂ1 %’tgég %?ﬁ%e%hjen F Ure
(5) Open-cell _volune ratio . . Thtou an, elL.ec n.mcr . dhe size
of a conti ndR1eEeRr %qedarlgér@f%‘gé}beashrég %’%egﬂﬁg‘al ﬁ&ﬁ@%?ol%)rf%e and
t hen

carriers. Each carrier then was measured in the same manner

as described above.
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Each carri er

Exanples 2 -

volune ratio was cal cul ated fromthe vol ume and

carriers.

vol une.
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as descri bed above.

t he open-cell

conti nuous cell
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Tablke 1 were fornmed in the same manner as described in Exanple 1 to obtain

extruded foaned

24
manner




[eFr] _ . - 26 Exanpl e 10 As shown in
Table 2, a carrier was formed to have a thick thickness of 1.5 mm(37.5% of
the outer dianeter). Then, the <carrier was neasured in the same nanner as

deéscri bed above. Exanple 11 A caryjer was forned to have a thin
thickness of 1.5 mm (4.5%of the outer aneter). Then, the carrier was
nmeasured in the same manner as descri bed above. Exanple 12 A

carrier was formed to have 70 parts by weight of an inorganic filler and

1.20 g/ cni erBfamgpleaphdr ent density. Then, the carrier was nmeasured in the
same manner as described above. -
As shown in Table 2, a carrier was fqrmed to have a thick

thickness of 1.5 mm(37.5% of the outer diameter). Then, the
carrier was measured in the same manner as described above.
Example 11

A carrier was formed to have a thin thickness of 1.5 mm
(4.5% of the outer diameter). Then, the carrier was measured

in the same manner as described above.

Example 12

A carrier was formed to have 70 parts by weight of an
inoiganic filler and 1.20 g/cm® of apparent density. Then,
the carrier was measured in the same manner as described
above.
Example 13
| A resin composition as shown in Table 2 was formed to-
obtain a tube-shaped carrier which the apparent density,is
slightly large but the apparent volume is slightly.small.
Then, the carrier was measured in the same manner as described
above. |
Example 14

A resin composition as shown in Table 2 was formed to
obtain a tube-shaped carrier which the apparent density is
slightly small but the'apparent volume is slightly 1argé.
Then, the carrier was measured in the same manner as described
above. |
Examples 15 and 16

A resin composition as shown in Table 2 was formed to be



Exanpl e 13 A resin conposition as shown in Table 2 was fornmed to
obtain a tube-shaped carrier which the apparent density is slightly large
but the apparent volunme is slightly small. Then, the carrier was neasured
i n~the sane manner as described above. anple 14 A resin
conposition as shown in Table 2 was forrfédd to obtain a tube-shaped carrier
which the apparent density is slightly snmall but the apparent volune is
slightly large. Then, the carrier was neasured in the same nanner as
described abowen-h&kinpl eoluBnasliaped carriep hégiﬁGCéﬁp@§¢ﬁﬁm¢¥ﬁ¥%ﬁﬁﬁm
in Table 2 was forned to be

non- hol | ow owf Uk eepse@ dengthr ofialimly afhem e th@ SRETder Fasy “}ﬁﬂsd'}ﬁf'%

length of 1 mm Then, the carrier was neasured in the sane manner as
descri bed ahigvethe Exame| Banger as deseribbed cAEBi tion as shown in Table 2
was fornmed to obtain a tube-shaped carrier which the apparent density is

slightly Ieuﬁmamniﬂlbl apparent volune is slightly small. Then, the
carrier was nmeasured in the sane nmanner as descrlbed abgv %g gp
A resin conpositi®nrgsish&empositasne as oW ik L2 was formed

obtain a tube-shaped carrier which the apparent density is
slightly large but the apparent volume is slightly small.
Then, the carrier was measured in the same manner as described

above.

Example 18

A resin compositioﬁ as shown in Table 2 was formed to
obtain a tube-shaped carrier which the apparent density is
slightly small but the apparent volume is slightly large.
Then, the carrier was measured in the same manner as described
above.

Comparative Examples 1 - 9

Resin compositions as shown in Table 3 were formed to
obtain extruded.foamed carriers. Then, gach carrier was
measured in the same manner as described above. As shown in

. Table 3, each open cell volume ratio of the obtained carrier

was below 20%.
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Then,
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each carrier #&
in Table 3,

as descri bed
was bel ow 20%

Then,

As shown

obtain a tube-shaped carrier which the apparent density is

but the apparent volune is slightly |arge.

in the sane manner
Re8in conpositions as shown in Table 3 were forned to

descri bed above.
obtai ned carri er

foanmed carriers
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[efr] _ 29 Evaluation of the invention
and conparative exanpl e Each carrier obtained by the above-nenti oned
nmet hod was evaluated as follows. (1) Formability By the
abbve-menti oned extruder, when a foaned fgti cle wth high quality was
obt ai ned, the eval uation was denoted as O when a foaned article with an

acceptable quality was obtained, the evaluation was denoted as "a"; when a
foaned article with an ' '

if the

Each carrier obtained by the above-mentioned method was
evaluated as follows.
(1) Formability

By the above-mentioned extruder, when a foamed article
with high quality was obtained, the evaluation was denoted as
“o”; when a foamed article with an acceptable quality was
obtained, the evaluation was denoted as “a”; when a foamed
article with an unacceptable quality was obtained, even if the
extrusion conditions were. changed, the evaluation was denoted
as “X”.
(2) Fluidity

In a water tank having a diameter of 20 cm and a height
of 40 cm, water of 5 liters and cerriers of 0.5 liters were
placed, and then air-seasoning was performed from the bottom
of the tank at the ratio of 3 liters per minute. As a result,
within one week, when the ca:riérs were evenly fluidized, the
evaluation was denoted as “o”; when the carries were
fluidized, thbugh the fluidity is inferior, such that sewage
treatment can be putlin practical use, the evaluation was
denoted as “a”; when the carries were noﬁ fluidized or were
not evenly fluidized, the evaluation was denoted as “x”.

Each evaluation was shown in Tables 1, 2 and 3.

AS -understood from the above evaluations, a carrier
according to the present invention is superior in fluidity and
*formability. Especially, the carriers of Examples 3 and.dnin

which the open-cell volume ratio is 50% or more were evenly



ext'rusi on conditions were. changed, the evaluation was denoted as "X'.

(2) Fluidity In a water tank having a dianeter of 20 cm and a hei ght
of 40 cm water of 5 liters and cerriers of 0.5 liters were placed, and

t hen air-seasoning was perforned fron1th$ bottom of the tank at the ratio
of 3 liters per mnute. As a result Bi'n one week, when the carriers
were evenly fluidized, the evaluation was denoted as "O'; when the carries
were fluidized, though the fluidity is inferior, such t hat sewage

treatment caplbdpaed AtprdcEasdly sage R tarabednido FhRSM ddthR &l ANk -

"[err]"; when the carries were not fluidized or were _not evenly fluidized,
the eval uat ih §BeWBeAd: Exagpleg' 7 - 9, ifrihe @pdtdslicodisretsowmt i he
Tables 1, 2 and 3. As understood fromthe above eval uations, a
carrier acckR¥rRY @& tdSpristeRtighbbyit FBALLs Fupkti%h. | hhel GARTAP Tanks
~formability., Especially, the carrlers of Exanples 3 and_ 4 in which the

open- cel | \Kﬂ%ﬁﬁriafuiﬁs fepwabilibre Witte EveHRS p0551ble to obtain a
30 fluidized at, an_ear|y stage after heing throwm jnto ,a tank. As shown

in Exanpl es BE %ﬁnlﬁquﬂ§t§ért érﬁ+%ﬁmﬁﬁﬁl atﬁglckoﬁhkﬂk%?§§c4%a?prn
SLLONLY, STl Slek8%0 WIC SRLESE L5, ol IETher . (R 4G it 44
e S0, bR Sk ' % HH e i Ml
shown in Example 11 is inferior in formability, but it was
possible to obtain good fluidity. As shown in Examples 13,
14, 17 and 18, the apparent density or the apparent volume is
slightly large or small, the performance'may be slightly
inferior, but i; may be possible to put in practical use.
On the contrary, thelcomparison carrier whose open cell
volume ratio is below 20% (i.e., comparative examples 1 - 9),

can not evenly be fluidized one week after being thrown into

a tank,-resulting_in poor water-familiarity and poor fluidity.

As described above, -according to the microorganism
holding carrier for fluidized bed of ﬁhe present invention,
because the continuous cell volume ratio falls within a range
of from 20% to 70% and the'open cell volume ratio in the
continuoﬁs cells is 20% or more, water can smoothly permeate
into a number of the open-cells and the semi-open cells, the

_carrier is superior in water-familiarity, thereby enabling it
to obtain quick and excellent fluidity. Because the carrier
ac.cording to the presént invention is a synthetic resin

extruded foamed article, the carrier can be made by an



skown in Exanple 11 is inferior in formability, but it was possible to
obtain good fluidity. As shown in Exanples 13, 14, 17 and 18, the apparent
density or the apparent volunme is slightly large or snmall, the performance
may be slightly inferior, but it may b%aﬁossible to put in practical use.
On the contrary, the conparison carrier ose open cell volunme ratio is

bel ow 20% (i.e., conparative exanples 1 - can not evenly be fluidized

9),
ater-1am | IRFFEYSAAR pasERng omenod WAL 423 PRHERBER 0, 80%ac B8 ng
| nvent 1 on. BTG e W PROGGLS orie PRt raFtaT e R L MRS he o
s 200 or MASEENAFoACER ARBot Fipernedent thanklghngs, Cobol vrd e
vator 1 am 1 g e R Ao Ryh Comsign G o RS A aesrtor
Synthet1c robfin SBERICEN FORAET B ores {RE artan A VE%‘?&%‘%
addus

31 trusi ' t N ' 1hgn,
R e e e T

reduci ng the manufatturing cos

R i i
durability. by disposing of the spent carriers.

In the present invention, a carrier having a specific
characteristic and configuration has a merit such that it can
obtain the above-mentioned effects more surely.

Though preferred embodiments according to the present
invention are described, it should be recognized that various
modifications are possible within the scope of the present
invention.

The terms and expressions which have been employed herein
are used as terms of description and not of limitation, and
there is no intent, in the use of such terms and expressions,
of excluding ény of the equivalents of the feétures shown and
described or portions thereof, but it is recognized that

various modifications are possible within the scope of the

invention claimed.



Fuet her, the carrier can be disposed w thout causing any m gllmﬁ“l
reduce harnful influence on the environnent by disposi ng““[’“‘t “m
carriers. In the present invention, a carrier having a‘pécif
characteristic and configuration has a qgélt such that it can obtaln t he
above-nentioned effects nore surely. Though preferred enbodi nents
according to the present invention are described, it should be recognized
that various nodifications are possible within the scope of the present

i nventi on. WHAT IBeCLAIMEDal&:expressi ons which have been enpl oyed herein
are used as terns of description and not of Iimtation, and there is no
intent, in the use of such terns and expressions, of excluding any of the
eqU|vaIents of the features shown and described or. portions thereof, but
it is recognized Lthat AvamicuoongahisBathekdinge %ﬁ%@%ﬂ e §AR hiuse hénscépe

of the invention clained. 32 VWHAT | S
CLAI MED | S; fluidized beA, gompsdsdngism hol ding carrier for use in a
fluidized bed, conprising an extruded foaned article having
continuous celI's, a§a¢§tr9¢?¢cfQ?MQ9rijtéﬁ%ﬁogéﬂl%ﬂ %P%E&?%W%?lﬁe¥%§rnsaéda
mai n component, wherein said continuous cells include gfen cells
whi ch article being composed of a polyolefin resin

component,

wherein said continuous cells include opep—cells whiéh
are opened to at least two portions of a surface of said
article. and semi-open cell which are opened to only one
portion of a surface of said article,

wherein a ratio of the total volume of said continuous
cells to the total volume of said extruded foamed article (a
volume ratio of the continuous cells) falls within the range
of from 20% to 70%, and |

wherein a ratio of the total volume of said open-cells
to the total volume of said_continuous cells (a volume ratio

of open-cells) is 20% or more.

2. The microorganism holding carrier for use in a
fluidized bed as recited in claim 1, wherein the apparent
density of said extruded foamed article (a density of said
extruded foamed article from which a volume of said continuous:
cells are deducted) falls within a range of from 0.90 to 1.80

g/cm?.



ake opened to at |least two portions of a surface of said [ c‘ |““l
sem -open cell which are opened to only one portion of aImMEMIm lllll
article, wherein a ratio of the total volune of said Ttorfti huotlis $ *
cells to the total volunme of said extruded foaned article (a volune ratio
of the continuous cells) falls withint range of from20%to 70% and
wherein a ratio of the total volune of said open-cells to the total volune
of said continuous cells (a volune ratio ppen-cel |,s) i 0% or nore.

f 2
2. The microor ghni snT R8I A XCHIANE ST oﬁ‘glﬂ 9 nCRETAFG df%duﬁ'gd -l
ited i laim 1, wh inth nt d [ id f d
rectied i cLAML, el . Ne RN oI folel 1Y ghosals BXLASRRLIAEC
said contl nuplss &F'df G LRAGRED) SldeP ek DAY ol ADYR lord WD Gahd O
: : hol di : i ¢1 ui di b i ted .|
clai m 1 narei fre 8- $Bnkpene 10CareR: Rl saheh BeEitaca v aRAEEY A i
falls within_the rapge tg{) fromO0.90 to 1.40 g/cnB and said carrier is
formed in tHE2RRPE Bf “BCube. 4. The nicroorgani sm hol di ng

carrier for use in a fluidized bed as recited in claim2, wherein said
appar ent -

4. The microorganism holding carrier for use in a
fluidized bed as recited in claim 2, wherein said apparent
density of said extruded foamed article falls within. the range
of from 0.90 to 1.40 g/cm’® and said carrier is formed in the

shape of a tube.

5. The microorganism holding carrier for use in a
fluidized bed as recited in claim 3, wherein an outer diameter
of said foamed article is from 2 to 20 mm, and wherein a
thickness of said foamed article is 5 to 30% of said outer

diameter.

6. The microorganism holding carrier for use in a
fluidized bed as.recited in claim 4, wherein an outer diameter
of said foamed article is from 2 to 20 mm, and wherein a
thickness of said foamed article is 5 to 30% of said outer

diameter.

7. The microorganism holding carrier for use in a



demsity of said extruded foamed article falls wrthrn t he ra

0.90 to 1.40 g/cnf err] and said carrier is forned |n the . ?“Im"““mwwml

5. The microorganismholding carrier for use in a |ze bed as
reCited in claim3, wherein an outer di ter of sald foarred article is
from2 to 20 mm and wherein a thickne of said foaned article is 5 to
30% of said outer dianeter. 6. The m croorgani smholding carrier

for use ina fluidized bed.as recited in claim4, wherein a outer

di ameter offbeidizsdndecaras crecited r bm £led™ B mmyheReiindhs Rpparent
t hi ckness of said foaned article |55t03°/of sai d outer d|a ter
7. The ni fobrPsniSh ﬁBF—Gr r?d‘tt?é‘ldrefjer q3gpe soérFFrcg (2" volume "ol 'said

34 fluidized be s_recited.in_cl |m5 e th J f
281 d extr udRRYEIRA Taamed Srtithel Ereh il o VBHPERE FhieeRr i e
Hrce)mrﬁlggho?cﬁ\‘/f ume Of‘;;‘il‘tﬁq:e?r‘ﬁ fag‘tj_ous gel %ar era%%%u%tfedf)ro alzl W Wi ter A

to 5.0 cm®.

8. The microorganism holding carrier for use in a

fluidized bed as recited in claim 6, wherein the apparent

"wvolume of said extruded foamed article (a volume of said

extruded foamed article from which a volume of said continuous
cells are deducted) falls within the range of from 2.0 x 107

to 5.0 cmd.

S. The microorganism holding carrier for use in a
fluidized bed as recited in claim i, wherein said apparent
dénsity of said extruded foamed article falls within the range
of from 1.10 to 1.80 g/cm’® and _said carrier is formed in the

shape of a non-hollow grain.

10. The microo.rganism holding carrier for use in a
fluidized bed as recited in claim 2, wherein said apparent
density of said extruded foamed article falls within the range
of from 1.10 to 1.80 g/cm® and said carrier is formed in the

shape of a non-hollow grain.



8+« The microorgani smholding carrier for use in a fluidi zﬁﬂ“lﬁﬂﬂﬂ“luml"l“'
recited in claim®6, wherein the apparent volune of said ext '
article (a volunme of said extruded foaned article from which*a Yol'um® of * -
safd continuous cells are deducted) falhig within the range of from2.0 x

10[err] to 5.0 cnferr]. 9. THE  m cr oorgani sm hol ding carrier for
use in a fluidized bed as recited in claim1, wherein said apparent

110 16 1. 80 o) cribr | TBRo Aot | Bopdl, Cet=inE (EREDpy 467
20 o 7o d BHRLEG oBefod o S AP o 8 FIALHT L0 AR EhT giianiaft | !
o cnionr] anteLORE o parey sl | Aidhdd afERGFs U LS (8 B
22 r eci tedlil?.fggi{{‘gcﬁrﬁj (E;é,’o%&[/{]egfeg:r ﬁ‘%gl gjf)%grvgﬁ{gﬂ \%{)I"E%eﬁmg? Sgii%‘adf%xéér#! 'g{ oalr)rgg
i o cont | ngtiLs s Sfeety | #Es ' GATRR B R, bR 8107 RO RS

10[ err] to §4:80 X 1§feLgd. cnferr]. - |

12. The microorganism holding carrier for use in a
fluidized bed as recited in claim 10, whérein the apparent
volume of said extruded foamed article (a volume of said
extruded foamed article from whic¢ch a volume of said continuous
cells are deducted) falls within a range of from 5.0 x 107 to

4.0 x 1072 cm®.

'13. The microorganism holding carrier for use in a
fluidized bed as recited in claim 9, wherein said extruded '

foamed article is formed in a shape of a column.

14. The microorganism holding carrier for use in a
fluidized bed as recited in claim 10, wherein said extruded

foamed article is formed in a shape of a column.

15. The microorganism holding carrier for use in a
fluidized bed as recited in claim 11, wherein said extruded

foamed article is formed in a shape of a column..



12= The m croorgani smholding carrier for use in a fluidized m
recited in claim10, wherein the apparent volune of said extH ljmﬂuluuml |HII|
article (a volunme of said extruded foaned article fromwhich & vol dmef %

sald continuous cells are deducted) fal within a range of fromb5.0 x
10[err] to 4.0 x 102 cnferr]. 2 The m croorgani sm hol di ng

~carrier for use in a fluidized bed as recited in claim9 wher ei n said

extruded foaned article is fornmed in a sha a col.u The

mi cr oor gani sm hol¥¢ ng TR®r |“E’r°‘¥%r%§€-s1“h ]é°f +’E|9d|°?§5ll?§d ERT 5% e‘hnl r?
claim 10, wherejn, sai d extruded dartlcl orned in sh

col um. flui Szeqlhgeﬁ, @1506}36 +2 F?of::a‘i"“r]rﬁl |'r| bFrF&P Egé%l }&%“P
fluidized bed as eC| ted.in,cl ﬁ%m 1 vvhereilln sai d ext rined foaned article
is formed irf tcle b uhprme shape ol a . 36

16. The mcr oor ganl sm holding carrier for use in a fluidized bed as

recited in claim1l2, wherein said extruded foaned article is fornmed in a
shape of a col um.



