SUPPORTI NG DEVI CE FOR M CROORGANI SMS AND METHOD
PREPARI NG'THE SAME BACKGROUND OF THE | NVENT
Field of the Invention . The present invention relates to a
supporting device for mcroorganisns used in water treatnment and to a

met hod of preparing thereof, and, nore particularly, to those enployed in
t he met hods of fixed SSRPORTIONG DEVHE | FQR DECROQRGANISMS | ANRi zed bed
process etc. 2. Brief Description of the Prior Art A et hod

cal | ed the biol ogical rrerrbrwfﬁ%t%d’mﬂ’m% TRESSMEat er or clear water
IS processed by reaction with mcroorganisns is one of the water
processing nmethods wutilizing a supporting device to which necessary

m cr oor gani sns are support L ! ad 1, oticed as being
excel I ent in increasing th?%%w qgg’%?@ %HZEOIQ
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1. Field of the Invention
The present invention relates to a supporting.device
for microorganisms.used in water treatment and to a method of
preparing thereof, and, more:particularly, to those employed
in the methods of fixed- bed process, shaking-bed process,

fluidized-bed-processQetc;

« 2. Brief Description of the Prior Art

A method called the biological membrane method in which
waste water or clear water is proceésed by reaction with
microorganisms is one of the water processing methods
utilizing a supporting device to which necessary.
microorganismSuaréwsupporte&wthereonx THe- method:.-is -noticed-
as::being excellent in inereasing the -amount of ‘microorganisms.-
per unit water volume.

One of :supporting: devices for microorganisms used in
the-biological membrane:method-has been proposed in Japanese
laid-open patent application No. 6-45033 (1994), which is

. illustrated as the member T in FIGS.10 and 11 of the present
specification.

The support member T is prepared, for example, through
the following stebs of (1) to (3):

(1) Each 50 % of polypropylene fibers (referred to as "PP
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per unit water vol une. One of supporting devices for m croorgani Sns
used Fn t'he biol ogical nenbrane nmet hod has been proposed in Japanese

| ai d- open patent application No. 6-45033 (1994), which is illustrated as
the menber T in FIGS. 10 and 11 of the present specification. The
support nenber T is prepared, for exanple, through the follow ng steps of
(1) to (Piber" Heheimecter) hafinwly maltimnctdmperstirefefr £7016 asd" PP
fiber" hereinafter) having a nelting tenperature of 170[err]C and a denier
val ue of ss@emieferntarue af fFAnl | esienet bopwam nbmess) , PandIOPO| ow density
pol yet hyl ene fibers (referred to as "PE fiber" hereinafter) prepared by a
hi gh- pr e@@ﬁ@%o@yﬁ ofhalewnfensEly | pRLyeHpetener Blbers 10referredntioa
coarseness of 6  denier are passed through a guard and a |ayer to forma
web W h#@f nFE SHRAT' diereinatier hPropRred by & highypressure)pragess

obt ai ned web, Wis fixed by using a need]e Inghi n technol o to_forman
el ongat ed‘Wdﬁ%\Per{"_“‘c{ qg,;ifg?p?:gq]gwq]go 116°¢ "and o' Soarsendds of 8

denier are passed through a guard and a layer to form a web W
having a width of 3 meters as shown in FIG.10(a);
(2) the obtained web W is fixed by using a needle punching
technology to .form:an elongated nonwoven cloth Fi having a
_____ porosity of 80%, a weight per unit area value of 350 gram/m?,
. a thickness of a 3 mm, a width of 2.7 meters and a length of
50 meters. The cloth Fi1 is cut to form an elongated cut
nonwoven cloth F2 having a width of 20 cm as shown in
FIG.10(b); and |
(3) the produced elongated cut.nonwoven cloth F2 is then
wound round- and heat-treated at 130°C in a processing device
to form a cylindrical nonwoven cloth F3 as shown in FIG.10(c),
which is cut to.form+-each of support members T having a length
of 5.5 cmraswshown in FIGS.10(d) and 11. By the heat
treatment performed in the processing .apparatus, the PE fibers
are fused~to bond:the -PP-fibers with each other of the PP
. .fiberS'whileebeh'sidewedgﬁsvof-the-elongated_cut nonwoven
cloth F2 having a cylindrical shape are also bonded by the
fused PE fibers.
Although there -are - some advantages in:thus prepared
supporting members such as good circulationiahility of air and
water, a large area for embedding the microorganisms and a

good adhering property for the microorganisms, there exist
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porosity of 80% a weight per unit area value of 350 graminferr], a
thickness:of a 3 mMmm a width of 2.7 neters and a length of 50 neters. The .
cloth #[err] is cut to forman elongated cut nonwoven cloth F2 having a
wi dth of 20 cmas shown in FIG 10(b); and (3) the produced el ongated
cut nonwoven cloth F[err] is then wound round and heat-treated at

130[ er r] 6tiidla tpooddsaidvpndagese ment ifoned dehaw:ndri cal nonwoven cloth F3
as shown in FI G 10(c), which is cut_to formeach of support nmenbers T
havi ng a | eddt)h Besiauses thysaobipdned convuentigngl Fipport agmher has e
treatnment perfornmed _ in the processiﬁglggparatus, the PE fibers  are fused

{o bond SiEuspUnEshergim, the Plotfidierst ank PPPITIRG SHFFYED bIhe side
Shape ar FuRedh TOHANPTRy (HE By cpeste i of1utey Wedth labd otiindd o
SOTe UVERAIE ANl SRS, o PRELS 4RI BYCT 58 00t
m of 00 gani iR it f 1P WS W 'd Po PR 1 Rhe i ShGLQ0r gapLags. there
packaging,_conveyanceﬁonﬁfflling@intowthe-water~treating tank,
or due. to a.possibleffIOW;causedwby~conVection+of;the water -
being treated, the adjacent:supporting members:T are likely to
" be scrubbed with each other-to.induce a:friction, by which the
PP fibers exposed on the-outer surface:that should-centribute
to gathering the microorganisms can be-removed. The reduced
surface area for embedding organisms results in a worsened
adherence of organisms to the support member.
(25 Because, during fixing of the web W by the needle
punch, both PP and PE fibers constituting the web W are drawn
towards a central line located in a longitudinal direction of
the web being interacted.with. each other;, which makes the
weight per unit area.value-on the sides:of the:webi relatively

heavier compared with that along the central. line. .

among=therdeviceSWTTpnodﬁcedﬁbyyprocessing&bfrthewelongated ‘
cut nonwoven cloth F2 resulting in a reduced production yield
of the deviceslT per unit fiber amount..

The afore-mentioned:phenomenon is undesirahlefbecause
the area effective for maintaining microorganisms per-unit
fiber volume involved in the supporting device is not

necessarily increased by an increase in the weight per unit

- 3 -



still two di sadvantages nenti oned bel ow (1) Because thus obtained
conventi ormal support nenber has a structure wherein the PP fibers are
supported through the fused PE fibers, the PP fibers in a fluffy state are
exposed both on inner and outer surfaces of the menber. Accor di ngly,
due to a possible vibration caused_during_ packagi ng, conveyance or filling
iinto theaking Qf cthe gupReRting deykCeola possible flow caused by
convection of the water- being treated, the adjacent supporting nenbers T
are likely to be scrubbed with each other to induce a friction, by which
the PP fibers exposed on the SHET , | d contribute to

gat hering the m croorgani sns %@théYrgﬁbggg.iQﬁgN?SQHCed surface area for
enbeddi ng organisns results in a worsened adherence of organisns to the

support menber. (2) Because, during fixing of the web Why the needle
unch, both PP qggc ' S nst kL Q9 - dea S o8
Eentral line | oca é%ﬁ?%ﬁ§f¥bnéﬁt§gF%gF'g?rgggigﬁpg¥%i?ﬁei§e§8bgFﬁgaag &

it Ete e;?gte :‘éj%qﬁéﬁteﬁ\?\% Eugglbg% : S&é‘?;ﬁi}cf‘@iﬁﬁgahhﬁmsv‘ﬁhﬂhh RBLhLA bfapeepuding ON

‘ thereof wherein the: removal:ofthe-PP: fibers is prevented, the
weight -dispersion within -a group of a-plurality of devices is
decreased ‘and, consequentlyf”thewproductionwyteld of the good
supportingﬁdevicespperwuﬁit;fiberwquantity;iSﬁimproved,

The:present~inventionwis-to:pnovide~aasupporting device

for microorganisms useful for waste water treatment comprising
as constituents: a web, which includes first fibers formed of
a polyolefin type synthetic resin and second fibers formed of
polyolefin type synthetic'resin having a melting temperature
lower than that of the first fibers, and a nonwoven cloth
acting as a base layer, to which the web is fixed by using a.
. needle-punchftechnology;andfwith-whichwthegffnst5fibers are -

. bonded by -fusing. the ;second fibers as well as:with:each other
of the .first.fibers {The device prepared above is referred to
as~a-"first"supporting"deviceﬁ“hereinaﬁter);

Thevfirst'supporting;dévicewiSwproduced;'for'example,
by the following stéps (referred to as a "method for
manufacturing a first device" hereinafter):

(1) preparing a web out of" |

first fibers formed of a polyolefin type=synthetic-

resin, and

second fibers formed of a polyolefin type synthetic

-4 -



heavi er conpared with that along the central [ine. As a result, a

|“ar ge: wei ght di spersion takes place anong the devices T produced by -

processi ng of the elongated cut nonwoven cloth F2 resulting in a reduced

production yield of the devices T per unit fiber anopunt. The

af ore-nmenti oned phenonenon is undesirabl e because the a ef ectlve for
& Shcthe 8

mai nt ai nFR§ ﬁl@PH&P@Q&:ﬂﬁ}ﬁiﬂglﬁﬁqpeWQQHﬁe Wi $hibl
supporti deV|ce is not necessarily increased by an i ncrease in the
wei ght pé&tPERSp voI urre of

tAggongﬁg{ ;!(%gp%%\é]lcg(gtn%f“}%é‘elbnv‘gn t}baﬁ q%s ov%ﬁg g%%g%r{ll ng deV| ce
Lo g z:azﬁiﬂg&er@e%%ﬁ%&f%% gl anepnine o
laminate; and

(3) heating the laminate at a temperéfure-lowef than the
melting-temperature-of the:first fibers and higher than the
_melting temperature of the second fibers to fuse the second
fibers to bond-“the first fibers-with each other of the first
fibers as well as with the base layer.

The present invention also provides another supporting
device having-a structure different from that of the first
supporting device (referred to as a "secbnd supporting device"
hereinafter). The second device has the first fibers fluffed
by needle punching technoldgy utilizing a fluffing needle,
which are exposed on a nonwoven cloth surface opposite to the
surface that has been fixed to a web.

The second supporting device is produced, for example,
by the féllowing steps (referred to as a "method for
manufacturing the second device" hereinafter):

(1) preparing a web out of:

first fibers formed of a polyolefin type synthetic
resin, and

second fibers formed of a polyolefin type synthetic
resin having a melting temperature lower than that of the
first fibers;

{2) stacking the web with a base layer formed of an

nonwoven cloth and fixing by means of a needle punch to form a

_5...



wei.ght dispersion wwthin a group of a plurality of devices is decreased
and, eonsequently, the production yield of the good supporting devices per
uni't fiber quantity is inproved. The present invention is to
provide a supporting device for mcroorganisms useful for waste water
treatnent conprising as constituents: a web, which includes first fibers
formed oiamanﬂdﬁyolefrn type synthetic resin and second fibers formed of

gﬁ'aty‘)l)fef | he (Br eremeige. | niﬁ??bé‘rq%mav'd;%@m%e%{% reiéé‘téueoaygez‘”f;yé?a“t 0
h th f d b h d h, whi ch

the fi 1 o FerrRoide ST e B Ardtg i 3@&#@? Hae aCree LEN

each ot _hei)t Qf . ﬁ‘ogﬁ“r#gé ditev:l}‘aé,bee_;r[ Sof( 'Igi)ee cieivlricte FERA eéjnra‘m)%( (;‘eérer red to

as a "fiPoFt her ef haf ter supportrng
device | d el ﬁﬁfﬁp|e by the follow ng steps (referred to as a
nethod ?hgﬁh Sot uring a first device" hereinafter): (1) preparing

a web out Of(a) heatirg \ﬂr HApFRed czrerrmegée aarpoay&ﬁiéraédp@ BoweRetic
secon

resin, and ers formed a polyolefin type synthetic
than the melting .temperature of the. first-fibers: and higher

than the:melting -temperature:of the:second. fibers to.fuse the
second fibers to bond the first fibers with each other as well

as with the nonwoven cloth.

The web: employed in either of the first and 'second
. supporting devices together with in the methods to form the
first and second devices mentioned above includes from 40 to
80 weight % of the first fibers and from 60 to 20 weight % of
the second fibers. )

The polyolefin having a higher melting temperature
herein is any of polypropylene, high-density polyethylene,
ethylene-propylene copolymer or the-like while-that having a
lower melting.temperature:herein is any of low density-
polyethylénes ethylene-vinyl acetate copolymer or the like.

The melting temperature-of the second fibers may be
lower ‘than that of:the first fibers:by 10 to 100 °C,

. preferably by 30 to 80°C.

The coarseness eetween.ﬂo and 400 denier, preferably
between 50 and 200 denier, is-desirable~for—the.first fibers.
The coarseness less than 40 denier providesuinferior
properties in maintaining configuration and in mechanical

strength while that exceeding 400 denier provides a device

-6 -
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resin having a nelting tenperature |ower that of the first fibers, (2)
stacklng the web with a base |ayer forned of a nonwoven cloth and fixing
by means of a needle punch to forma |amnate; and (3) heating the

| am nat e at a terrperature | ower than the nelting tenperature of the first

fi bers and her th& 3 nEIting tenperature of the second fibers to
fuse the %% a1 FERYSet oSBEhBCENBYRrst fibers with each other of the

;ngtp;ginbgrez AnERero Bs%%?ﬁdh? 3o5c£0honigrate PEECSFEOIR PorLARS  om
dovi o Terehdaf1RerBPRREeRd CHheCoEhE T EbE ek RS PepiRE aBob M 0 by

needl e pypghif é&CPaﬂggg ribiibg! Eﬁeaihkuﬁiweg%e%ﬁdin‘gﬁ's%*i-e gﬁche%ﬁosed

on a nonwoven c oth su e opposite to the surface th has fixed to
a web.  the rifhe 2¢5ERE ﬁ&aeﬁ%hbﬂgoéaébc9eksﬁ1m&aguaﬁdsub%r%&a@)l e, by

the followng steps (referred to as a "net hod
devices having a degraded mechanical strength.

. The web herein includes 30 to 90, preferably 40 to 80,
weight ¥ of the first fibers and 70 to 10, preferably 60 to
20, weight % of the second'fibers. In other words, the device
that includes less than 30.-wt % of the first fibers and
exceeding 70 wt % of the second fibers exhibits a poor
maintaining -ability of the shape and a poor mechanical
strength. On the other hand, a constitution rate of the first
fibers in the web exceeding 90 % or, accordingly, a
constitution rate of the second fibers in the web falling
short of 10 % provides an insufficient bonding strength of the
first fibers . with each other and weakens the mechanical
strength of the supporting:device.
| A weight per unit "area value of the nonwoven cloth
acting:as:the base layer should be in a range of about 20 to
600;spreﬁerablyﬁﬂoitow200$.gnam/mzb The weight per unit area
value less than. 20 gram/m?--‘excessively:enhances a breakdown
during a needle punching-process; making the prevention of
shrinkage difficult,‘while;the«weight per unit area exceeding
600 gram/m? reduces a round:forming:feasibility and increases
a handling difficulty, resulting:in-a’:cost. increase.

Although manufaéturingttechnolOgieSfused for preparing

the nonwoven cloth herein are not limited, the nonwoven cloth
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manuf acturi ng the second device" hereinafter): (1) preparing a web out
of : - * first fibers forned of a polyolefin type synthetic resin, and
second' fibers formed of a polyolefin type synthetic resin having a nelting
tenperature | ower than that of the first fibers; (2) stacking the web

with a base | ayer fornmed of an nonwoven cloth and fixing by neans of a
needl e pdifcPnefarshyy made by the spun-bond method. The weight per

| am nat e; 3) treating,the taj ned | am nate ee .punchin

t echnol odyft @Sﬁ%%é'% & etkl?/ﬁ ?f?"g{'ﬁ‘iﬁ' f'ﬁ‘%r\??ee{f% €% gé&Po p’c")%f%’?ﬂb%y
fluffed |l gyer_ of 44§afirst fjbers on the nonwoven cloth surface; and

(4) heati &tﬁﬂa# Teﬁfﬁ%ﬂﬁnate at a tenperature lower than the nelting

temperature Of‘X%%JJJfggf&&“%ﬁngEkﬁE&QK%f manufacturing. the first and

the second devices, the first and second fibers constituting
the web are fixed to the nonwoven cloth being entangled with
each other because-the web is stacked with the nonwoven cloth
acting. as the base layer andrftkedgby:theﬁneedle«punch%method.
During the fxing, the.web is liable. to shrink resulting:in a
£ reduced width because«the first-and second fibersare drawn
i together toward a -center-line running:in-a longitudinal
direction of the nonwoven cloth. However, an amount of
shrinkage is very little because the movement of web is bound
with the nonwoven cloth.

As a result, a laminate having an almost uniform weight
pef unit area value can be formed of the web and the nonwoven
cloth. Conclusiﬁely, little weight variance takes place in the
first and the second supportingﬁdevices formed of this-
laminate;

The first supporting device has a structure wherein the
web ‘including. the: first-and:the~second . .fibers - is fixed to the
nonwoven cloth’ by needle punching:technology-and-the first
fibers are bonded with each other together with the nonwoven
cloth layer by fusing the second fibers. The second
supporting device has a structure that the web including-the
first and the second fibers is fixed with the nonwoven cloth
by needle punching technology to form the laminate which is

provided on the nonwoven cloth surface with the fluffed first

-8 -



than the nelting tenperature of the second fibers to fuse the second
fibers to-bond the first fibers with each other as well as with the
nohwoven cl ot h. The web enployed in either of the first and second
supporting devices together with in the nmethods to formthe first and

d devi i d i Ludes f 40 80 i ght %.af th
Trror RS I T ner E8edr8 BunBRiNE “SebhROLRGY, Bronq th', b S18e ("¢ L
| | efin, i i t] i i f
ol yor opbt BhEring Phd PLRPeTRE) bERALBINEhALHAR chE BBkl AR are o o
Lhe "ketr\péls'ﬁox}@gzg h@fvhngaen beHBE %thye;tﬂart GIRE" 2hE' folGbSeR o oacﬁykgf

| ow density po yl'ene, et hyl ene-vi acetate copolyner or the

The mel tingerd&IRET Bhe' Se@bnlineigeeend fibers may be |ower than that of the
first fi %rs %y %0 to 1%0 ?errfc, preferably by 30 to 800 C. The

coarseness bet werardPop8| ¢A8 defnheetingeterabkh Between eaFd rdd0
denier, is desirable for the first fibers. The coarseness |ess than 40

deni er prowéfesandf €héOhonRboRAr Legeri-isnenfoecedndnc @ikl devdideoFortied N

mechani cal strength while that exceeding 400 deni er provides a device
according to the present-invention. As a result, the first
fibers which contribute to.supporting microoganisms.is:
scarCely*removed'eVen_when*the“first'and'second"deviceSﬂare,

for example, allowed to.flow.in convection of the water being

1
B
L

treated. and to be scrubbed with~other neighboring devices.



- 6 - havi ng a reduced surface area. The coarseness of 3
to 20 denier is preferable for the second fibers herein. The other
coar seness besi de above- nentioned range provides the insufficient bonding
strength of the first fibers with each other resulting in supporting
devi ces having a degraded nechani cal strength. The web herein
I ncludes 30 to 90, preferably 40 to 80, weight %of the first fibers and
70 to 10, preferably 60 2 ' %o i bers. In other
words, the device thatB?ﬁgru@ggﬁﬁgggi?ﬁ;§§33ﬁ§¢Béﬁ@?ﬂpﬁe first fibers and
exceeding 70 wt % of the second fibers exhibits a poor maintaining ability
of the shape and a poor nechanical strength. On the other hand, a
constituti opygaf eapf tbhe1hi1sk) hbbeis1i8tbheivRDoeXaeBFREsR0Y Or,
accordingly, a constitution rate of the second fibers in the web falling
short ofpdduPadterifdgsaarirssutiippbebinBoadinges Foenaikrobrigaaishs oir
fibers wth each other and weakens the mechani cal

Embodiment 1 according . to the present invention;

FIG.2 is a schematic side view of the supporting device
shown in FIG.1;
FIG.3 is a longitudinal: section view of a processing

apparatus used fonwmanufdctuning{themsupponting devices in the

preferred embodiments;s:.

FIG.4 is a schematic side view of a modified first
supporting device of Embodiment 1;

FIG.5 is a schematic side view of another modified first
supporting device of Embodiment 1;

FIG.6 is a schematic side view of still another modified
first supporting device of Embodiment 17

FIG.7(a) to FIG.7(e) are illustration of a process of
manufacturing a second supporting:device for microorgenisms of
Embodiment 2;

FIG.8 is a schematic side view of. the supporting device for
microorganisms shown in FIGS. 7;

FIG.9 is a schematic side view of a modified second
supporting device of Embodiment 2;

FIG.10(a) to FI1G.10(d) are illustration of a conventional
process of preparing a conventional: supporting device; and

FIG.11 is a perspective view of the conventional device.

- 10 -



strength of the supporting device. A wei ght per unit area val ue of
the nenwoven cloth acting as the base |ayer should be in a range of about
20 to 600, preferably 40 to 200, graminferr]. The weight per unit area

value |l ess than 20 gram nferr] excessively enhances a breakdown during a

i e the wei oh DRI Ol it 30 U i finndy RSP Buitts 0 o

formng feasibility and increases a handling difficulty, resulting in a
cost increase. Although manuf act uri ng technol ogi es used for

[ th t t t th
P;eB?;:‘ Q?abl yemaI}P ‘g&gp&l}%&%{ déhrrgfo@%'l%e&mﬁg %gré‘gﬁi‘\ﬁ_’ﬁgrég?val ue
f the | I 0
zccorgingﬁio the nethods 0 nanu acturlng ?% d?fgggbéﬁg ?hgoggggzg{err]

devi ces, Jherdidsi nsbPareiigsfibers constituting the web are fixed to the
nonwoven ¢l oth being entangled with each other because the web is stacked
wi th the nonwoven cloth :

Embodiment 1
A method of preparing :a first supporting.device or a
plurality~of;devicesxis;detailed_sequentially;ﬁithwreference
to FIGS.1 to 3. |
(1) 80 denier-coarse-polypropylene: fibers:{referred to .as
"80dPP" hereinafter) having a melting temperature of 170°C,
which cnstituted first fibers, and 6 denier-coarse high
pressure/low density polyethylene fibers (referred to as
"6dPE" hereinafter) having a melting temperature of 110°C,
which constituted second fibers, were sprayed at a 50 to 50
rate, respectively, onto a rotating metallic net utilizing an
air stream to produce-asweb-Wi- having a.width of :3 .meters:as
shown in-FIG,/1(a).
Incidentally, manufacturing methods of the web
. accordingytortheapresen@ﬁinventionwwerewnot“restrictedfto-the
method. used in:..Embodiment-13;. -
(2) The obtained web Wi was stacked with a nonwoven cloth
f1 having a thickness of 0.5 mm, a width of 3 meters and a
weight per unit area of 50 gram/m?, which acts as-base layer,
as shown in FIG. 1(a) and fixed by means of a needle punch to
form a laminate f2 having a porosity of 87%, a weight per unit

area of 350 gram/m?, a thickness of 3mm and a width of 2.8

- 11 -
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act.ing as the base layer and fixed by the needl e punch method. During the

fxing, the web is liable to shrink resulting in a reduced w dth because

the first and second fibers are drawn together toward a center line

running in a longitudinal direction of the nonwoven cloth. However, an

anount of shrinkage is very little because the novenent of web is bound

with themedams &f Qan be seéen from BIGeski®). a | ani nate having an al nost
unit area value_can be fo d of the web and

nonuoven cl ot h TR RARASVAN Y-LTHH (Tio. TR EISY BEuabn YaRearpPaces] a0t fe
LSt T 2SR GUARELI S5 e LPTE Mo b Lab B S i e
pUnchi ng RORUBIISAP I PHih s Frd Syd0iE, RREH Gl fo pé LaBeBEREkE
951 gl el SV LY TpldBtad, | SAERALERIECERGGIB B T
2o e ROl ol g nd e POTNE ShokGr BY pREchganrch
surface wWdide td Ufdkl-Ehé shonwoven:cloth fi.

(3) The obtained.laminate-f2 was- -cut into . a - plurality of
elongated .cut . laminates:-f3° of 20 cm in width as::shown in
FI1G.1(c), which were«then-helically wound-to férm wound bodies
R having the nonwoven.cloth ‘layer positioned: outside as shown
in FIG. 3.

(4) The elongated cut laminate f3 extruded from the wounded
body R was heat-treated in a processing apparatus Y shown in
FIG.3 to produce a cylindrical body f« having 5.5cm in
diameter and 50 meters in length as shown in FIG.1(d), which
was cut into each length of 5.5 cm to: produce a plurality of
supporting-devices: Tt asccanfbewseen#frbm”FIGil(e).

The “heat treatment and .cutting:process:herein were
performed by the use of the processing apparatus Y as follows:

The.processing.apparatus consists of a heating port 1,
a pair of 'guide members:-2 . disposed at an inlet side of the
heating port 1, a cuttingfassembly 3 provided on an outlet
side of the port 1 and a pair of drawing rolls 4.

The heating port 1 consists both.of an:outer heating
guide cylinder 6, which is heated by surrounding heating means
5, and a cylindrical mandrel 7, which is displaced inside an

inner cylindrical surface of the outer cylinder 6. Provided

- 12 -



- 8 - fibers by the needle punching technol ogy fromthe web side
utilizing the fluffing needle, wherein the first fibers are then bonded
wi't h each other together with the nonwoven cloth by fusing the second
fibers. Therefore, the connecting strength between the first

fibers and the nonwoven | ayer is enforced in the device fornmed according
to the pPes¥gen; fhenouser guigde cyliindemd mandthe mandreditHE @ ribut e

Second ABUPBLETaREP Sror Thea RO SP (RS TAP YN S Icb R & i he
nater belads abiCAledndnd L@ DS AHRES U He AP U by Rt e
mandrel 7, which is heated by the ambient temperature of the
cyiinder 6, so as to maintain the gap 8 at about 130°C. This
. temperature is actually lower than the melting temperature of
the 80dPP fibers and higher than that of the 6dPE fibers
mentioned. above..
As: the:-processing-apparatus Y was-.constructed as . above,

the elongated cut laminate:f3. extruded out of “the. wound body R

by

5]
B

4

i was introduced via the guide members 2 into the annular gap 8,

being bent round with the nonwoven cloth layer exposed as an
outer surface. The both side edges were overlapped with each
other and heat-treated during passing through the gap 8.
Tﬁrough such a heat-treatment, the 6dPE fibers were
fused to bond 80dPP fibers with each other of 80dPP fibers as
. well as with the nonwoven cloth fi. Simultaneously, both-
sided stacked edges. of nonwoven clothf1 were:bonded together
making the-elongated :cut laminate:f3; deformed-into: a-
o g cylindrical body fs, which'was further cut with the cutting
assembly 3 into.:a plurality of supporting- devices Ti1.

FIG.2 shows. thus:obtained supporting:device T: wherein
the nonwoven cloth fi1 acting 'as a base layer was exposed on an
outside surface of the device while the fluffed 80dPP fibers S
were exposed on an inside surface of the device.

The weight per unit area value of thus:obtained
supporting devices T: was substantially uniform as proved by a

weight dispersion test to be described hereinafter.. A

- 13 -



FIG1(a) to FIG 1(e) are illustration of a process of manufacturing a
first. supporting device for mcroorgani sns of Enbedi ment 1 according.to

t he present invention; FIG 2 is a schematic side view of the supporting
device shown in FIG 1; FIG 3 is a longitudinal section view of a

Processi 0g, -BPRA1ALURLUSEE [RlisTBRLEIREN SUBpblT HPRAIVICUL A8Viifn 1 the

preferreﬁ I men a sche I'C Si Vi éw ed

first  syppochindefenhse iff athpatemRaliel: gl ArBitdipd aliermid ¢ side

vi ew of anot led first supporting device of I ment 1

FIG 6 is?ﬁréﬁﬂﬁﬁﬁbhco?i datereWndl a3t Was2exicda oMrdl e Eonfiingslo SrIRPOr ti Ng
devi ce of Enbodi nent 1, FIG7(a) to FIG 7(e) are illustration of a

process ghe PRA¢Fadt BOUPY FiHeeOBdwalsPRbiskeiri@dlRNd &He 'suPpomgani sns of
Enbodi ment 2; FIG 8 is a schematic side view of the supporting device

for mcapplyeg o micwoorganiGhs was excellGeht.s a schematic side view of
a nodi fied second supporting device of Enbodi nent 2;

FIG.4 shows a modified first supporting device Tz
wherein the-elongated:cut laminate -f3 mentioned: above was:
wound "so that. the nonwoven cloth-layer: fi was. placed inside:-
during forming: the wounded body-and. heat-treated -in the

PN processing:apparatus-Y:to. form a-cylindrical body before-
e cutting:

This device T2 had a structural difference from that of
the above-mentioned device T: at the points wherein the
nonwoven cloth layer fi was exposed internally while the
fluffed 80dPP fibers S were exposed externally. However, the
function thereof was substantially the same as that of the
device Ti. |

FIG.5 shows-another modified first. supporting-device T3
formed as. follows: A nonwoven:cloth ft ﬁlaying;a:rolewof the
base-layer. was stacked on each of front and rear surfaces with
one:of two.-webs ‘Wi. The:stack:was: then fixed by needle-
punching:-technology: to form+anelongated laminate and cut into
a plurality of elongated cut laminates, which were then heat-

treated to form a cylindrical body before cutting.



-

FIG 10(a) to FIG 10(d) are illustration of a conventional process of

preparing-a conventional supporting device, and - FIG 1l is a perspective
vi ew of the conventional device. - 10 -
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Her ei naft er
described is theg t | §p

practlce correspon |ng£@%€?%£ ﬁpreyerreQHFﬁ%ogﬁﬂgﬁ?gfﬂé agvgag ? bHBQn

A et hod of PFEREIAE Pofhédlad8UPBPISHEY ACWeSewr! was ahaaahchuaofmdevn ces
is detailed sequentially with reference to FIGS.1 to 3. (1)

deni er - cod Bfedi?! H6 OPNEEDE SFLROBWEVEHEEL18ENt 01 @Swhi 8ﬁd88teheael natsber )
having a nelting tenperature of 170[err]C, '
layers, and fixed by needle punching:method to form an
elongated laminate. Thé-elongated“laminated was cut into a
plurality of elongated cut laminates and thereafter heat-
treated to.form cylindrical: bodies, which were subjected to
the final cutting.
The . supporting device :T3 shown:in FIG.5 had two fluffed

80dPP: fiber layers: -exposed: respectively, inside -and outside

. the device whileé the device Ti- shown: in=FIG.6:1s -formed so
that the 80dPP fiber layer S was enclosed;with-the nonwoven
cloth layers fi inbetween. Although the devices T3 and T4 had
stratified structures different from that of the afore-
mentioned device Ti, their functions were substantially the

same as that of the supporting device Ti.

Embodiment 2.
Ammeﬁhod;fdrﬁmanufaeturing%aﬁsecondwsuppoftingxdévices~
will be=desecribed: sequentially with reference to FIGS.7 and 8.
Incidentally, this:fabrication process differs from-
that of "Embodiment 1 becausera-flIuffing:process is inserted
between Processes (2) and: (3) of Embodiment 1.

(1) 80 denier-coarse .polypropylene fibers (referred to as
"80dPP") having a melting temperature of 170°C,.which.
constituted first fibers, and 6 denier-coarse -high-
pressure/low density polypropylene : fibers (referred to as

"6dPE") having a melting temperature of 110°C, which

_-;.15 P
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whi.ch cnstituted first fibers, and 6 denier-coarse high pressure/low
density polyethylene fibers (referred to as "6dPE" hereinafter) having a
melting tenperature of 110C, which constituted second fibers, were sprayed
at a 50 to 50 rate, respectively, onto a rotating metallic net utilizing

" Fra spapscitubel’ SeangcThary vanm ARBVA Serha B AGCRR

?ﬁcELS'OS?ﬁl‘eﬁﬁgrﬁiv@i%?%ﬂ?ﬂ?%‘ °°ﬁ+§l’§re %qlelfcf?*r ekl m{"ﬁéﬂpd e
f

and o WEFGARA,EP' BBl R Beb il MR W AduTRe 5 Hotdrdlad RO ©

as showng ? Ebfﬁ %(a) and fixed by neans of a needle punch to forma
| am nate T[err ﬁaV|ng a porosity of 87% a weight per unit area of 350

gram nferr], a txhbqh@mquy 3@3@%@%&%&%@ o the web HEHE(S s Can

be seen froanIG he nonwoven cloth f[err] enployed herein

was prepﬁb%dlﬁﬁi%ed to the method.mentioned above.

(2) The obtained web W: was-stacked with a nonwoven cloth
f1 having . a thickness of 0.5°mm, a width of 3 meters and-:a-
weight per unit area of 50 gram/m?:, which-acted as a base:

- layer,; as- shown in: FIG.T{(a}. Thewstackmwas,fixedmby;usingmg;
needle punching method to form~a laminate- f2 having:a-porosity
of 87%, a weight per unit area of 350 graﬁ/mz, a thickness of
3 mm and a width of 2.8 meters, which consisted of the
nonwoven cloth fi and the web layer Wi, as shown in FIG.7(b).

The nonwoven cloth fi used herein was prepared in a manner
that spinning threads out of a thermoplastic polypropylene and
shaping the spun threads into a sheet-like web. were
simultaneously proceeded therefrom: The spun:threads-invelved
in the sheet-like-web.:were~then-adhered:to - each other by
pasting. using a solventftowfdrm the nonwoven cloth f1.

(3) THe .obtained:laminate~f3 was- needle-~punched on:the web-
side-surface:by using-a :frk-shaped fluffing needle to provide
on the surface of nonwoven: cloth fi with a plurality of loop-~-
shaped fluffings K made of the 80dPP fibers as can be seen
from FIG.7(c);

(4) The laminate fs provided with the fluffings K was cut
into an elongated cut laminates fé¢ having a width of 20 cm as

shown in FIG.7(d), which were helically wound to form a wound

- 16 -~
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manner that spinning threads out of a thernoplastic polypropylene and
shapi ng the spun threads into a sheet-like web were simultaneously
proceeded. The threads involved in the sheet-like web were bonded with
each other by the use of a solvent to formthe nonwoven cloth f[err].

| i nat e SO0 e SR EORTEh A 7 ith TS "4y oG pERRERR L hen
EgLLgf%g&%ﬁ%@%iﬁ?ﬁﬁ%rideﬁé)%%si%ﬁ5‘@“**?‘?0‘54&2%@%‘?;%@%%8%? | nat e
apparatus Y @o%ﬂ‘%]ﬁei,@f%%éﬁ o&ggg@:%@téxﬁ n%#@?g%%g@ﬁf e(?:'rC 8%%@/?@

cut 1t o b, ks MY LR AToy | the DR aEL AL HpaPa S L Loy TaA" e
devices HiRi/d @ £fé¥h PecyLiFiom Body 1fL)of 5.5 cm Thedlambtbreahgent

and cutting process herein were perforned by the use of the processing

appar at U Y 515 fétd®dsin length d¥esRéwsessi PIGaPPE) atwhichneast suef- a
heating port 1, a pair of guide nenbers 2 disposed at an inlet side of the
heating paito lthé swportingseediges Py-ovf deds5 oomatnoléhgth asdshobnt ha
port 1 and a pair of drawing rolls 4.

FIGS.7(f) and 8.

The heat-treatment and cutting processes herein were

performed ‘in-the samesmanner: as-in Embodiment: 1. Namely, the

ok

P
NI

elongated cut' laminate =fésuccessively drawn-out: of the-wound
body was introduced via guide members 2 into the annular gap 8
being bent round with the nonwoven cloth layer f1'positioned
inside. During passing through the gap 8, both side edges
thereof were overlapped with each other'and heat-treated.

Through such a heat-treatment, the 80dPP fibers were
bonded with each other together with the nonwoven cloth fi by
fusing of the 6dPE' fiber material.. At the-same:timey the both
side edges .of the-laminate- f§ were:bonded :together, which made
i thewelongated cut laminate fé transformed into a cylindrical
body: f7:. . The~cylindrical:.body f7 -was cut into a plurality of
supporting devices Ts- by::thescutting: device: 3. .

FIG.8 shows. thus obtained second supporting devices Ts
having a structure wherein the loop-shaped fluffings K were
exposed inside the nonwoven -cloth f1 and the 80dPP fibers in a
fluffed state S were exposed outside the nonwoven cloth fi.

The weight per unit area:value was substantially

uniform throughout the produced devices Ts as proved by the

- 17 -
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The heating port 1 consists both of an outer heating guide cylinder 6,
whi ch.is heated by surroundi ng heating neans 5, and a cylindrical mandrel
7, whirch is displaced inside an inner cylindrical surface of the outer
cylinder 6. Provided - 12 -

bet t he_out i d L t h drel 7.i annul

B The ahBFEntor BRRBPECEILeH DEFRLAAtelp 6 1R ot reiahiply S Ll Qe
i nd 6, heat 13 b Ty ' i_.s. heated

by the. HBEER BhtnBbFabro BPoAgt s tng) flured R pipthad 1 (TS

0o, 8 At uhoubs NAECLLG-sHlpRa FugiIR K WehilcRadeiifld Yor 0l [IRY, { e

mel ting Yenperature 0 ers an er than that of the

6dPE fi b??gg?géiggea 199 %Q‘V‘ﬁticroorggnisms Rasd R JUIAGERS i FRRALRL US Y

was cons ove, > the elongated cut |amnate flerr] extruded out

of the wgynd BedrtRcal uskd@ itheT@YHC Pérfornidde 14 iel QBB qfst et i tHrik ! he
annul ar gap 8, bei ng bent round with the nonwoven cloth | ayer exposed
as an FIG.9 shows a modified second supporting device Ts
wherein the elongated .cut laminate fé was wound so that the
nonwoven cloth layer fi1 acting-as a‘'base layer was located:
outside the wound body. Thle-laminate-was extruded out of  the-
« . woundsbédy and -subjected to heat treatment in the:.processing:
apparatus Y to-form a.cylindrical body before- cutting-

The supporting device Ts had a structure different from
that of afore-mentioned supporting device Ts because the
fluffed 80dPP fibers S were exposed inside the nonwoven while .
the fluffings K were exposed outside the nonwoven cloth fi.
However,; the function thereof was substantially the same as
the device Ts.

Table 1 indicates the weight distribution status:of the
produced supporting.devices~evaluated by measuring:the. device-
weight and compares the weight dispersion between the device T
disclosed: in. Japanese ‘patent:application No. 6-<45033, .the=
device T1 of Embodiment 1 and:the: device Ts of Embodiment 2.
Numerical values shown in the left-hand side column of the
Table 1‘were weight distribution ranges divided by a mean
weight value of a device group. The weight distribution in
the conventional device T was exhibited in the next column to
the right by the device numbers per each weight range. The

weight distributions in devices Ti and Ts were tabulated in

- 18 -



outer surface. The both side edges were overl apped with each ot her and

heat -treated during passing through the.gap 8. Through such a
heat-treatnent, the 6dPE fibers were fused to bond 80dPP fibers with
each other of 80dPP fibers as well as with the nonwoven cloth f[err].

were bondly thiEana the AR TR FEIRRalls TRIERAYPLY ) et or e

into a pereG¥ iMdd %aém;m.cgy tdifdidnly Wi e vas #26h Nedn Cadmpi &b mee&eﬂt' ng

assenbly 3 into a plurality of supportlng devices T[err].
shows t hue Qipeaithhe WIS e sie\iddsutéd I | eI @éively, fhﬂwogmyfas

cloth f[err] acting as a base | ayer was exposed on an out si de surface
of the deeree veyder] tdye §1uf fed 80dPP fibers S wer e exposed on an -
i nside surface of the device. The wei ght per unit area val ue of
t hus. obtai ned supporting devices Tlerr] was substantially uniform as
proved by a ~ weight dispersion test to be described hereinafter. A
- 13 - Table 1

Weight range of~ Supporting- Supporting -~ Supporting.

. device divided. device T device Ti . device -Ts

ek

by mean value

Less than 0.79 3 0 0
0.80 to 0.84 3 2 | 1
o._85 to 0.94 9 15 16
0.95 to . 1.05 16 . 18+ 21
1.06 to-1.15~ 15~ 10: 9
1.16 to 1.20 2. 5 3

Equal to or
larger than 2 0 0
1.21

- 19 -



practical usage of thus obtained supporting devices T[err] which was
carried out in a waste water tank indicated that the circulation of water
and air’ was excellent, no comng off of the fluffed 80dPP fiber S was
observed and the supporting ability for m croorgani sns was excell ent.

h
?L? f‘afn a1 [ ol P eohi #hit e EBRVERES S5obRacEs eRARP RE ABNASHENTel ot h
h d,bad d
h‘é‘éfftr[e;‘%d%“ﬁﬁ?ﬁégfeggﬁﬂéé. R T I A Y

before. GbliRg value: inThl 1PYheCalankad BoSH! ‘ﬂﬁEY*E@If diblRreRgE yom

t hat of ove- nentloned eV|ce e pol nts whefeln

nonvoven gl pidy | ayeriby F@ﬁgéxﬁ?sﬁﬁe'ﬁéﬁhnﬁbkéhwhbhquheanh|GfReQH@¥@%%

fibers S were exposed exterhal However, the function thereof was

SubstantIﬁ&dytﬁ@ewéﬁentaealbét1e§stbaandeuecmeahew@kght value byG23sshows
another nodified first supporting device T[err] fornmed as follows: A

nonwoven cloth figreédnpragtyigther abeght dhepebsion! dyetheagroupckdd on each
of front and rear surfaces with one of two webs Werr]. The stack was

then fi xedlebycaseTi ewapuneliiogdt énhohbhagy 360 %f thereofeisdayede diltdiimnathee and
cut into
+5% to -5% range of the mean weight value; 80:%:thereof stayed
within the +15% to -15%#rangeyoffthermeanﬁweight.vaiue; and

. there. was no. device having.the weight value less than the mean

value by 21%:

Furthermore, the group of devices: Ts included 42%
thereof having the weight deviation less than + and -5% from
the mean value, and 92% thereof having the weight deviation
less than + and -15%. Also, there was no device having the
weight value less than the mean value by 21%.

‘As a result, in contrast to the large dispersion in the
group’ of devices: T, the-weight dispersion was deecreased. in-
either ‘group-of ‘devices=Ti" and .Ts. This may.be attributed to
the~fact that the draw in of the web toward the central line
.of”the:longitudinai;dinection;ﬁwhich'iSHlikeiyrto:take-place
.in~the#manufd@turtng;methodﬁdisclosed*in Patent publication
No. 6-45033, is substantially eliminated in producing’the

devices T1 and Ts according to the present invention.

The supporting device for microorganisms manufactured

according to the present invention includes such a large

- 20 -



a plurality of elongated cut |am nates, which were then heat- treated to
forma cylindrical body before cutting. Still another

nodi fied first supporting device T[err] showmm in FIG 6 was formed as
follows: A web Werr] was sandmﬁched in between two sheets of nonwoven

reihod 1 e of PBRCEx cRoRaRFner Bhek ity CPingtF e RiPREReinTABECL™, o
For m oyt 19 e EhEhIBAES, FbneReb AR FRp Tfe ATGFSORERRIRAY wathi g™
The suppoL{ {06 dey! £5 TdeSDGNRekn EhGrEnUotlei#Rgthyhked niRPRGhbgey Lavers

exposed, Tespec e and ou evic
Tlerr] Shﬂﬂ€¥ s f forbNahotNEn$YIERoELPEkhehAY 8hsSh
encl osed 6?%% nonm%venpﬁgF eﬁ ?g%érSO% e?r |n8§Fmgeﬁh tﬁo wﬁip§e
devi ces T3 pagls Tr88ding! patef h?&' E%HBMS’eéadgﬁftehﬁBt ehk8Tetintb @frebhe
afore- nentioned device T[err] eir functions were substantially the
same as tfﬁ%ldiytﬁﬁtSﬂDQQYhyﬁﬁoﬂﬁééEQSThﬁhrbe caught by the fibers of
the device to suspend bulking::
The supporting device-of the invention can be-
extensively used for treatment of  the-organic waste water. from

o the plants or faeilities including-industries-of food and’

agricultural materials; spinning-and+dye-«products; -laundery-
waste water; wastes from chemical plants, pharmaceuticals,
petroleum refining, petrochemicals, paper and pulp industry,
alcohol fermentation; municipal waste water, those from-
agricultural farms, dining facilities, office buildings, or
railway station facilities.
" Similarly, the supporting device invented is so light
in weight, so easily handled and having: so sufficient: porosity
- that the hold-up quantity -of the  treatment chamber-using-this
device is remarkably increased.
Accordingly;;thewdevtCeSTarewutilizedmnot“only-in“a-new-
installation-but also:in:.increasing: the treating ability of a

bioclogical treatment chamber:

- 21 -



Embodi ment 2 A nmet hod for manufacturing a second supporting devices
wi || be described sequentially with reference to Fl GS~+—-anrd-8-

Incidentally, this fabrication process differs from Fﬁﬁhumf Enbodi ment . 1

because a fluffing process is inserted between Proce ' Eﬂl l
Enbodi ment 1, (1), 80 d er - coar se pol ypropyl ene to as
"80dPP") ha&mﬁ§ &5ﬂ§¥q ‘fgﬁberature of 170[err] C, which constltuted
first fibers, and 6 denier-coarse high pressure/low density pol ypropyl ene
fibers (referred to as "6dPE') having a nelting tenperature of 110[err]C,
whi ch . : - 555? nd
fibers were, 1 'sprAaysél ({ru% (%eVJS%e r%‘%’é mﬁ‘?%%%’é 8t'r|uvse S on Héﬁ%t%’?‘?ﬁg
metal 1 C 3 d'iddde ik, ddia %&é@aéarﬁ;pppémgdce a web Werr] having a

wi dt h of neters as shown 1n FlG 7(a)
' first fibers formed of a polyolefin type synthetic

resin, and _

second fibers formed of a polyolefin type resin having
a melting temperature lower: than that_offsaid;fifst fiber-
material;

said base layer-is- formed:of a nonwoven clothj:

saidweb~is~fixed to said:nonwoven cloth: by means-:of*a
needle punch; and
. said first fibers are bonded with each other together

with said nonwoven cloth by melting of said second fibers.

- 2. A supporting device for microorganisms according to
claim 1, wherein said nonwoven cloth has said first fibers in
fluffed state which: are:provided on a .surface opposite-to. a:

surface which is bonded.to said web.’

3:.. A-supportingsdevice. for-microorganisms:. according -to-
claim 1 or-2, wherein.said.web. is: formed-of 40 to 80 :weight %
of said first fibers and 60 to 20 weight % of said second
fibers.

4., A supporting device for microorganisms according to
claim 1 or 2, wherein said melting temperature of said second

fibers is lower than that of said first fibers by 10 to 100°C.

s Sheet Has Been RTlaceu i
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Incidentally, the formng nethod of the web herein—was—not. linited to the
met hod nenti oned above. (2). The obtai ned vveb“\?ﬁger was stacked with a
Il

nonwoven cloth f[err] having a thit¢kness of 0.5 Rerlacgl et er s
and a weight per 'ﬂ I ﬂﬂ ramnferr], whi base

| ayer, as shown |r“| IL"ﬂﬂlmm Il IEﬂ ack was fixed edl e
punchi ng nethod to *fofm & |%mhat*e f2 having a porosity of 87% a weight
per unit area of 350 graminferr], a thickness of 3 mmand a width of 2.8
meters, which consisted of the nonwoven cloth f[lerr] and the web | ayer
Werr], as sho in . El G 7(b). .The nonwoven £l oth f r sed herein was
prepared i n%a \r,rV&nrq’e?rthot%na tbspprfoﬁirﬁcnlé{g 5t eséj(,r%’ooru lr{cé) (ge‘fl{h(gér rr%)% astic

pol ypr opyl, %H%Pi r§¥§?§i 0 a sheet-like web were

si mul tan}eélélgzg‘l%f 51c;iee em%m%ﬁ#he pur?ﬂi'hr eads involved in the

sheet-1i ke \Qq?n:%g{/e?#% ﬂglf B L0 Hach ot her by pasting using a sol vent

to formthe n err]. (3) The obtained lam nate f[err] was
needl e- punched g1 ddie MRlsrs StStined!IdAGE fYLySIdEIR EPs&-shmpredeiéuf fing
needl e to provide on the surface of nonwoven cloth flerr] with a plurality
of | oop- pewidpednd uffings K nade of the 80dPP fibers as can be seen from
FIG 7(c); (4) The lamnate f[err] provided with the fluffings K was
cut ‘'second fibers formed of a polyolefin type synthetic

resin having a melting temperature lower than that of said
first fibers;-

(2) stacking said web with a base - layer: formed-of a-
nonwoven cloth and fixing by means of a needle punch to form a
laminate; and

(3) heating said laminate at a temperature lower than the
melting temperature of said first fibers and higher than-khe

- melting temperature of said second fibers to fuse said second
fibers to bond said first fibers with each other together with

said nonwoven cloth.

6. A method of producing a supporting device for
microorganisms. comprising the steps of:
(1) preparing a web out. of
first fibers formed of a polyolefin type synthetic
resin, and |
second fibers formed of a polyolefin type synthetic
resin having a melting temperature lower than that of said
first fiber material;

(2) stacking said web with a base layer formed of a

THIS SHEET HAS BEEN
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4 .

int.o an elongated cut lam nates f6 having a width of 2 i
FiG.7(d) which were helically wound to forma wound . “ iuﬁ “l "T“"m E

- 16 - body simlar to that designated as R i e nomwoven
cloth layer f[err] mas | ocat ed i nside the wounded body; and (5) The
el ongated cut | am out of th wound .. bod s . hegt-treated
by T he. pRsiayel Glnth #88 tAEkBRnoY defhe OF B REPALS BURFRIFPEPTHOgy

flerr] OE_S D Q€1|n di ameter and of 50 neters in length as shown in
FI G 7(e) , 13 Shs cut |nto the supporting devices T[err] of 5.5 cmin

jength as shoyn {feafd Bflsflage in needi€ BEALR'pPBLERE! waRA QU LI NG
orrre t%e n

processes he n mere sane nann odi ment 1.

Nanel y, tgfi.\ffi eU%rmsafaewé{;egiaesgscs§sweh¥odiaamsaih of the
wound b was Tntroduced via guide nenbers 2 into the annular gap 8

bei ng ber}{oﬂ%k?&%i@tﬁ“@uﬁ?&&@%ﬂtﬁ' pllrkanpE toemed Bstb.h.ﬁnﬂrsltm' de.
During passing through the gap 8, both side edges
fibers; and
(4) heating said fluffed laminate at a temperature lower
than the melting temperature of said first fibers and higher:
. . than the melting temperaxure~of'said second fibers.to: fuse

said second fibers to bond said first fibers with-each.other

together with said nonwoven cloth.

7. A method of producing a supporting device for
microorganisms according to claim 5 or 6, wherein said web is
formed of 40 to 80 weight % of said first fibers and 60 to 20

weight % of said second fibers.

8. A method of producing a.supporting device for
microorganisms according. to.claim:5 or-6, wherein said melting.
R temperature of said second fibers is. lower than that of. said

first fibers by 10 to 100°C..

_

This Sheet Has Been R
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REPLACED

- 24 -



t her eof were overl apped with each other and heat-treated. Thr ough
such a heat-treatnent, the 80dPP fibers were bonded with each other
togethér with the nonwoven cloth f[err] by fusing of the 6dPE fi ber
material. At the same tine, the both side edges of the lamnate f[err]
wer e bonded together, which made the elongated cut |am nate f[err]
transforned into a cylindrical body f[err]. The cylindrical body f[err]
was cut into a plurality of supporting devices T[err] by the cutting

devi ce 3. FI G 8 shows thus obtai ned second supporting devices
T[err] having a structure ' hgel - ffings K were
exposed inside the nonmnvenmgpg?ﬁRFFe?F]Qgﬁdé?ﬁggggygg fibers ina fluffed
state S were exposed outside the nonwoven cloth f[err]. The wei ght
per unit area value was substantially uniformthroughout the produced
devices T[err] ag Eﬁﬁﬁ@gtﬁﬁgtaévice for microorganisms according to the
test to be described hereinafter. The circulation ability of water and air
was excel igpéntibn Ebibprede8QdBPwekbbHiSifcdading first fibers formed of

a polyolefin type synthetic resin and second fibers formed of
a polyolefin type resin-having.-a-melting:temperature-lower-
than. that -of the first fibers; and a nonwoven cloth fi acting

as a ‘base layer. The web:Wi:is--fixed to the 'nonwoven.cloth~fi

by means of a needle:punch: THe:first fibers are: bonded-with
each other by melting of the second fibers as well as with the
nonwoven cloth f1. This supporting device can not only
prevent the coming off of the first fibers, which contribute
to adhering microorganisms, but also substantially eliminate

- the weight dispersion between the devices because the nonwoven
cloth f1 can prevent an uneven winding of the web in the

needle punching process.
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wel | -as the | oop-shaped fluffings K scarcely came off and the supporting
ability for- mcroorgani sms.was excel l.ent-'as proved by a practical usage

t hereof performed in a waste water tank. FIG 9 shows a nodified
second supporting device T6 wherein ah Zongated cut lamnate f[err] was
wound so that the nonwoven cloth |ay n/(e rr] acting as a base |ayer was

| ocated outside the wound body. The | am nate was extruded out of the
wound body and subjected to heat treatnent in the processing apparatus Y
to forma cylindrical body before cutting. The supporting device T6
had a structure dfffemgent from tpg of afore-ngmioned supporting device
T[err] because the fHuffed 80dPP é bers S were|gxposed inside the nonwoven
while the fluffihgs K were exposa@ out si de the nwoven cloth flerr].
However, the funcfionfjt hereof was}: e sane as the device
Tlerr]. Thbl efd1l i ndi cates iLbMtion status of the.
produced supportihg dfvi ces eval uft the dgyice weight and
conpares the wei ght dfjspersion beg¥ T dlsgﬁ rd i n Japanese

pat ent applicatto 6- 45033, tﬁ% device T[ef] of Enbodi nyg and the
device T[err] i ment 2. Nu§ rical val ueg tshown Mt he - hand
side colum of t bl e 1 were YW@ - ght distrib@d on ra(gfs di == by a
mean H 7
Y
{5 N

FIG.1 a




wei ght val ue of a device group. The weight distribution in the
conventional device T was exhibited in the next columm to the right by the
~devi ce nunbers per each weight range. The weight distributions in devices

T[err] and T[err] were tabulated in - 18 -
the third and the right-hand side coIé&wﬁf?ﬁespectively. Herein five
sanpl es randonmy selected fromten sanples in each of the three groups
were nmeasured. Inclusively, fifty sanples were tested at all.

Table 1 Wi ght range of Supporting Supporting Supporting
devi ce di vi ded device T device T[err] device T[err] by
mean val ue Less than 0.79 3

FIG.2




0.80 to 0.84 3 2 1 .0.85 to 0.94
9 L. 15 . 16 0.95 to 1.05 16

18 21 1.06 to 1.15 15 10

9 1.16 to 1.20 2 5 3 Equal
to or | arger than 2 3/7 0 0 1.21
- 19 - Table 1 clarified that, as to the group of devices
T,




32 %thereof stayed within a +5%to -5%range of the nean weight value: in
a simiar manner, 80 %thereof stayed within a +15%to -15%range of the
mean wei ght value; and 6 % thereof had the weight value | ess than the nean
wei ght val ue by 21% In contrazi, é?e wei ght dispersion in the
group of devices T[err] was reduced i ,?ﬁ; , 36 %thereof stayed within
the +5%to -5%range of the nean wei ght value; 80 %thereof stayed wthin
the +15% to -15%range of the nean wei ght value; and there was no device
havi ng the wei ght value I ess than the nmean value by 21%

Furthernore, thergrowp of devipegs Tlerr] j4pel uded 42%-nt hereof having the
wei ght devi ation Iesé than + an g he nean e, and 92% t her eof
havi ng the weight dey ation |Ijegs than + [ajgl - 15% Al there was no

devi ce having the ; me mean v 2 by 21% As
aresult, in confrastito the ljafge di sper{sin in the oup of devices T,

L

the wei ght dispe was decrfefsed in mer group -devi ces T[err] and
T[err]. This EE. ttributegd the flag that th aw in.of the web
toward the centr ne of theefl ongitudijn@g directidnfwhich s #kely to
take place in the uf acturi met hod dfi @gl osed in ent publica

No. 6-45033, is $ubsf produci ng-fhe N
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devices T[err] and T[err] according to the present invention. | ndustri al
Uflity. of the Invention: The supporting device for m croorgani sns
~manufactured according to the present invention includes such a |arge

- 20 - nunber of conpl ex spaiss fepmed by the first fibers in the
device that this device can provide m ogani sms with excellent |iving
spaces, thereby maintaining a high density of m croorgani sns. Furthernore,
not only those organisns having a |less breeding rate are properly caught
and enabled to breed rapidly but also hyphomycetes can be caught by the
fibers of the device to suspend bul ki ng. The supporting device of
the invention can be extensively used for treatnent of the organic waste
water from the plants or facilities including industries of food and
agricultural materials, spinning and dye products; |aundry

FIG.8

fanaas)
i




waste water; wastes fromchem cal plants, pharnmaceuticals, petroleum
refining, -petrochem cals, paper and pulp industry, alcohol fernentation;
muni ci pal waste water, those from agricultural farns, dining facilities,

office buildings, or railway statiop facLlities. Simlarly, the
supporting device invented is so i i/n weight, so easily handl ed and
havi ng so sufficient porosity that the hold-up quantity of the treatnent
chanber using this device is remarkably increased. Accordi ngly,

the devices are utilized not only in a new installation but also in

increasing the tfeatjng ability of a biological treatnent chanber.
- 21 -
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FIG.10 'a
FIG.10 ‘b
FIG.10 d

FIG.10 ¢




1. A.supporting,device for mcroorganisnms conprising a web and a base

| ayer,. sai d web conpri-sing: - first fibers formed of a polyolefin
type synthetic resin, and : . second fibers formed of a polyolefin
type resin having a nelting tenperatursg | r than that of said first.

fiber material; sai d base Iayéﬁ/(g?forned of a nonwoven cl oth;

said web is fixed to said nonwoven cloth by nmeans of a needle punch; and
said first fibers are bonded with each other together wth said nonwoven
cloth by nelting of said second fibers. 2. A’'supporting device for
m croorgani sms according to claim1, wherein said nonwoven cloth has said
first fibers in fluffed state which are provided on a surface opposite to

a surface which is bonded t&: said web. 3. A supporting device for
m croorgani sns according to*:
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claiml1 or 2, wherein said web is fornmed of 40 to 80 weight % of said
first fibers.and 60 to 20 wei ght % of said second fibers. 4. A
supporting device for mcroorgani sns according to claim1l or 2, wherein
said nelting tenperature of said secongz/;)fst is |lower than that of said
first fibers by 10 to 100[err]C 5. A nethod of producing a
supporting device for mcroorgani sns conprising the steps of: (D)
preparing a web out of first fibers formed of a polyolefin type
synthetic resin, and second fibers fornmed of a polyolefin type
synthetic resin having a nelting tenperature |lower than that of said

first fibers; (2) stacking said web with a base |ayer forned of a

FIG.11
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nonwoven cl oth and fixing by neans of a needl e punch to fOfnU%#glﬁﬁﬂﬁate;

and

of said second,.
W th each other

id second fibers ond said first] fibers
*sal d ne@®even cloth 3 1 MAY B9%retihad of

t enper at Ejf)e gf ﬂmmml“‘“&néaiﬁﬂaﬁé %I Bﬁrerfe{ ﬁ;ﬁrﬁfﬁ’vﬁ@@\# ﬁﬁﬁ $‘£'€E,Té a!tbirgg
! t
TNEer WM ts

produci ng a supporting device for mcroorganisnms gohprising the sgeps of:
(1) prepari Whex dsb cligingdd is: first fibers fofnedg=of—apolyolefjn type

synthetic resin, and 'second fibers formed}of a polyolefin tiype
synthetic resin having a nelting tenperature |owe han that of said
first fiber material; (2) stacking said web with a base | ayer forned of:

a

1. A supporting devicef0r microorganisms comprising a web

and a base layer, said web cbmprising:

first fibers formed of a polyolefin type synthetic
resin, and

second fibers formed of a polyolefin type resin having
a melting temperature lower than that of said fifst fiber
material;

said base layer is formed of a nonwoven cloth;

said web is fixed to said nonwoven cloth by means of a
needle punchj; and

said first fibers are bonded with each other together
with said nonwoven cloth by melting of said second fibers,
wherein :

said nonwoven cloth has said first fibers in |
fluffed state which are provided on a surface opposite to.a

surface which is bonded to said web.

2. A method of producing a supporting device for
microorganisms comprising the steps of:
(1) preparing a web out of
first fibers formed of a polyolefin type synthetic
resin, and |
second fibers formed of a polyolefin type synthetic
resin having a melting temperature lower than that of said
first fiber material;

(2) stacking said web with a base layer formed of a



nohwoven cloth and fixing by nmeans of .a needle punch to forma |am nate;
(3) treating said lamnate in needl e punch process -w ing needl e

fromsaid web side so as to provide said nonwoven c

fluffings formed of said first fibers; and (4) jﬁﬂ ﬁ“gmﬁ“l
| am nate, at a tenperature |ower than-2Be nelting te of said flrst
fibers and higher than the nelting tenperature of said second fibers-to
fuse said second fibers to bond said first fibers with each ot her

together with said nonwoven cl ot h. 7. A method of producing a

support i AGncRNiere 1Y th Mred OPf KRy S dbpggt grein
said web is forned of 40 tgp'{SO wei g tlﬁg/oagfé ggl ?fergtsi?bﬁ)gg(ragl gr’?d%é)d'qc?zo
wei ght %demisaiteé;second fi bers. 8. A nethod of producing a
supporting device for mcroorgani sns according to claim5 or 6, wherein
said neltind3) toreseriatgireaid bamthsteobd hebdle pantAWBroblar thath of said

first fibers by 10 to 100[err]C.
fluffing needle from said web side so as to provide said

nonwoven cloth surface with fluffings formed of said first
fibers; and ‘
(4) heating said fluffed laminate at a temperature lower
than the melting temperature of said first fibers and higher
than the melting témperature of said second fibers to fuse
said second fibers to bond said first fibers with each other

together with said nonwoven cloth.
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SUPPORTING DEVICE FOR MICROORGANISMS AND METHOD
. . S m‘ . m . " -

ABSTRACT OF THE DISCLOSURE

A supporting device for microorganisms according to the
invention comprises: é web Wi including first fibers formed of
a polyolefin.type. synthetic resin and second fibers formed of
a polyolefin type resin having a melting temperature lower .
than that of the first fibers; and a nonwoven cloth fi acting
as a base layer.' The web Wi is fixed to the nonwoven cloth fi
by means of a needle punch. The first fibers are bonded with
each other by melting of the second fibers as well as with the
nonwoven cloth fi. This supporting device can not only
prevent the coming offlof the first fibeps, which contribute
to adhering microorgahisms, but also substantially eliminate
the weight dispersion between the devices because the nonwoven
clofh f1 can prevent an uneven winding of the web in the

needle punching process.

Figu;es la-le
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