APPARATUS This invention relates to a vertical |l yIo¢¢Ehtel, IPos
mul trstage, nulti-purpose fernentation apparatus. Mdre 5 particularly, the
invention relates to a vertically oriented, nultistage, mnulti-purpose
fermentati on apparatus useful in conposing organic sludge and de-watered

sl udge from excrenment, food residue, orgagic waste such as garbage, and
organic waste liquid, for the purpose of regenerating 10 themas a

fertilizer. Generally, organi c PERMEETATION exepXys for exanple, has a
hi gh water content equal to or nmore than 95% Several nethods have been

proposed for conposing 15 organic sludge or the |ike having a high water
content. In one nethod, solid-liquid separation is performed on the out put
froman activated sludge process for a subsequent fermentation process. In
anot her nethod, and in place of performng the solid-liquid separation, a
quantity of 20 sawdsits iiowvemtion celisdesuttouta fMearhimaldsmt iordteaxtesl udge
process in order to regulate the water content for a subsequent

f er ment at i ofMuditdedsge, mulitd pyr@esenFraventation appamaduset | V&l sl udge
process in which only the liquid is treated, nitrogen, phosphoric acid and
the |iked25Pagitd cydardiyt f itheedvention &glates tae@d vardd@lddge process

al so requires .a high cost for treatqﬁpt installq;ion. )
oriented, multistage, multi-purpose fermentation apparatus

useful in composing organic sludge and de-watered sludge
from excrement, food residue, organic waste such as garbage,

and organic waste liquid, for the purpose of regenerating

10 +them as a fertilizer.

Génerally, organic sludge from excrement, for
example; has a high water content equal to or more than
95%. Several methods have been proposed for composing

15 organic sludge or the like having a high water content.
In one method, solid-liquid separation is performed on the
output from an activated sludge process for a subsequent
fermentation process. In another method,'and in place
of pérforming the solid-~liquid separation, a quantity of
20 sawdust is put into the output from an activated sludge
process in order to reguiate the water content for a
subsequent fermentation process{ It is noted, however,
that, in the activated siudge processlin which only the
ligquid is treated, nitrogen, phosphoric acid and the like
25 are not sufficiently treated. The activated sludge process
also requires a high coét for treatment installation.

On the other hand, and in the method in which sawdust is




On the other hand, and in the nmethod in which sawdust is

-2- used for

moi st'ure conditioning purpose, it is necessary to conplete conpost the
sl udge, as well as the sawdust used as a noisture conditioner. Since

sawdust includes a large quantity of persistent substances,
which:are & difficult to be treated, the aval une of sawdust
limted. A sludge conposing process enploying a conventional

such as lignin
to be used is
conposi ng

.appar at us wassetl Sl aldageos dondivioning gsiurpese 4 1ONDs tiecds@aty ttoe,

usual |y about a half year, and 10 a large area of |and for

install ati on of

t he treat nerdongujle trednpdiic htlee pslodoss, &s aresldl s achegagboss used er ns  of
the treatnent of odor and effluent fromthe treatnent equipnent, and its

hi gh runni na= s tmodstwrel eyondi sighnar ¢ heSiabery esgawdis e nincludes hwdldfgeas
proposed in which sludge sedinent under treatnent is "turned-over" and

spl ashed so @AWl N Q@ Rersirtens Suhstagces, thdas thignin, \Whichijare or

increasing the activity of'aergghilic bacteri a, mhereq¥ t he
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occurrence of
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A sludge composing process employing a conventional

composing apparatus was disadvantageous in that it requires

a long treatment time, usually about a half year, and

10 a large area of land for installation of the treatment

equipment. Such a process is also disadvantageous in terms

of the treatment of 6dor and effluent from the treatment

equipment, and its high running cost.

In order to solve the above problems, a method

15 was proposed in which sludge sediment under treatment is

"turned-over" and splashed so as to increase the possibility

of contact thereof with air for increasing the activity of

aerophilic bacteria, whereby the occurrence of putrefactive

odor derived from aerophobic bacteria is restricted. It

20 is noted, however, that, when the contact area between

the sludge sediment under treatment and air is increased,

the sludge sediment is easily cooled by air, so that the

activity of microorganisms in the sludge sediment is

reduced. Thus, the above method in which the sludge

25 sediment is "turned-over" decreases not only the activity

of aerophobic bacterialby increasing the contact area

between the sludge sediment and air, but also the activity

of aerophilic bacteria by decreasing the temperature of



20 is noted, however, that, when the contact area between the sludge

sedi nent under treatnent and air is increased, the sludge sedinent is
easily cooled by air, so that the activity of microorganisns in the sludge
sedinment is reduced. Thus, the above nethod in which the sludge 25

sedi nent is "turned-over" decreases not_ogly the activity of aerophobic
bacteria by increasing the contact area between the sludge sedi nent and

air, but al ¢het Beuaghkl ¥ehimehtaesopthhitC 1Bag ke ali® £ivudeC Foasistght he

t enper at ure of t he sl udge sedinent, so that it is difficult for such a
met hod to i acmegzhedf epmintabage €birmentationAkififacdlency .i S Adahoaighabl e to
mai ntai n the sludge sedi nent at an appropriate tenperature by using an

ext ernal hedt dsucoeceivebile taumesnthénapper sfludgeoskdimemtl et ant al so
causes the running cost of the apparatus to be higher. Such an external

heat sour ceappropideteatempenatuaeebycusingt aof exiternpddheatedomzre,due to
evapor ati on phenonenon, so that growth of mcroorganisns is attenuated.
This 10 %au§g§SaC§u§ﬁSf ithenfPpREBLtEM tR PRacoPRdeXl.uddé 3dECnEARUSES mat ur ed

insufficiently, so that i ro%erlé f or med. conpost i%, roduced.
the running cost of the apparatus to be igher. Such

an external heat source also decreases the water content
of the sludge sediment due to evaporation phenomenon,
so that growth of microorganisms is attenuated. This
10 causes a significant problem in that the sludge sediﬁent
is matured insufficiently, so that improperly formed compost
is produced.
In spite of the above-mentioned several efforts,
prior art composing apparatuses failed to achieve sufficient
15 composing of sludge sediment. Thus, the compost obtained
according to prior art apparatuses not only.contains a
residual odor, but-aiso causes re-fermentation of micro-
ofganisms in the compost, of which activity has been
attenuated due to insufficient moisture content, as a result
20 of an increase in the environmental temperature when the
compost is applied to soil. In this way, nitrogen in the
soil is disadvantageously absorbed in the compost, so as to
cause a problem of "nitrogen deficiency".
It is also noted that, according to prior art
25 composing processes of sludge sediment, the sludge sediment
should be stored for a certain period of time to enable
fermentation and maturation thereof. This also invites

some problems in that odor results from the growth of



In spite of the above-nentioned several efforts, prior art conposing
apparatuses failed to achieve sufficient 15 conposing of studge sedinment.
Thus, the conpost obtained according to prior art apparatuses not only
contains a residual odor, but also causes re-fernentation of mcro-
organi-sns kn the conpost, of which activity has been attenuated due to
insufficient noisture content, as a result 20 of an increase in the

envi r onment adetSpEst Bt WEctdeia t der LGN StompPoSiy | fEoddsS i dnd | Bhadis way,
nitrogen in the soil is disadvantageously absorbed In the conpost, so as to
cause a probemMwént ndéxrdged fhedm ctisacyluddgé sedbhawt nbé efedlBidiedatsordi ng
to prior art 25 conposing processes of sludge sedinent, the sludge sedi nent
shoul d be sthe edréated. ccOcaurrgnee ouf csuch nen todenadmh@ ¢£f heahttisn and
mat uration thereof. This also invites sone problens in that odor results
fromthe grdaartigularly.-peeblgmabliec bacriew ofiwmrbanisabhposihegrebycess,
and that effluent derived fromthe sludge sedinent is required to be
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~problematic in view of urbani sati on wher eby
a residential section.

With regard to a composing proceéé for organic waste
such as food residue and garbage,.and organic effluent,
a conventional method has been used in which such organic
10 waste etc. is fermented for decomposition thereof by means
of éerophobic bacteria in socil. Such method utilizing self-
.purifying function of the soil is suitable for the treatment
of a small amount of organic waste, but is not suitable
for the treatment-of a large amount of organic waste. The
15 method is also problematic in view of the odor inherent in
the 6rganic waste and odor caused by aerophobic bacteria
during the fermentation process.
The generatioﬁ of offensive odors is a serious
problem with respect to not only the treatment of miscella-
20 neous household effluent, but also with regard to the food
érocessing industry for animal meat, fish meat etc. 1In such
industry, waste water is directly discharged to a river or

sea without performing any treatment.

25 It is therefore an object of the invention to provide.
a vertically oriented, multistage, multi-purpose fermenta-
tion apparatus which is capable of eliminating the above

problems experienced in prior art. Specifically, the



5 a treatnment installation nmay be | ocated on an area adjacent a residential
section. Wth regard to a conposi ng process for organi c waste such as food
resi due and garbage, and organic effluent, a conventional nethod has been
used in which such organic 10 waste etc. is fernented for deconposition

t hereof by means of aerophobic bacteria-ig soil. Such nmethod utilizing
self- purifying function of the soil is suitable for the treatnent of a

smal | "anounbbilect gEithaeMdsiventidn ii$ Aol providel @ feirdiealllyedrirgited, a

| ar ge anount of organic waste. The 15 nethod is also problematic in view of
t he odor i nmeldritstaget, h@udrtgdapurposet  eanmendshdri ona ipech et uee vdydladb inay @
bacteria during the fernentation process. The generation of offensive odors
is a serious probl ddw tfaciddfede ef fecsttivel \ande usegat mrent of miscella- 20
neous househol d effluent, but also with regard to the food processing ,
i ndustry for ani nal(2nearestrigtmegecuarencen ofy SHoreNss GaF dig water is
directly _discharged to a river or sea without perform_ng any treatnment. 25
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oriented, nultistage, mylti-purpgse fernenta- tiaqn paratys which is
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Spepificall%ithg% the apparatus at a constant pressure;

(3) restrict occurrence of odorous gas by increasing

the activity of microorganisms mainly consisting of

10 aerophiiic bacteria s0 as to increase fermentation
efficiency, while restricting the activity of aerophobic
bacteria;

(4) increase fermentation efficiency, by utilizing-
the heat caused from biochemical, exothermic reaction to

15 the greatest possible extent, without using any external
heat source, so as to maintain the temperatﬁre of the sludge
sediment at an optimum value;

(5) restrict the occurrence of effluent produced in
prior arts, by evaporating water in the sludge using the

20 heat from exothermic, biochemical reaction;

(6) reasonably activate thé biochemical reaction by
providing environment optimal to the change of transition of
microorganisms; and

(7) provide the apparétus with universality in terms

25 of kinds or sorts and cépacity of treatment of organic waste.
to be treated.

One of the inventors pf this application proposed

a "method of composing excrement" (Japanese Patent



-5- object of the invention is to provide a vertically oriented,

, multi-purpose fernentation apparatus which may: (1) facilitate
effective land use; (2) restrict occurrence of odorous gas during 5 a
fermentation process by perform ng conpul sive supply and exhaust of air so
as to- always maintain the environnment wi_tfin the apparatus at a constant

mul ti st age

pressure;

(3)

restrict occurrence of odorous gas by increasing the activity

of i croor gawy.s B 2AYHIY ). C(m:%'oi‘difi%n&fo e YatRHIdE A, Drifarie 1 O

i ncrease fernentation efficiency,

ile restricting the activity of

aer ophobi ¢ hadietiiad ilA)prdldndasa iflef Mthinted.ef fild @redudy fiidd i zi ng the

heat caused from bi ochem cal, exothermc reaction to 15 the greatest

possi bl e extuhe preltiduanys ifeymeEntatdcsr ia niedd sdtica @mresity offi ntain

the tenperature of the sludge sedinent at an optimum val ue; (5) restrict

t he occurredoy ofateifilalentsusho dsc sdvidusir,i davdmgs a hptergmndtenty ofat er in
using the 20 heat from exotherm c, biochem cal reaction; (6) -

dessy dhan 1S Mitdohad @8 teashi@yepyp C/N ratio (carbon to

t he sludge
reasonabPy

10

15

20

25

nitrogen ratio) of 25 to 30 wt%. The resultant mixture is

mixed with a quantity of excrement at a ratio of 30 to 40

wt% relative to the total weight of the excrement. By'this

means, the excrement in a liquid phase is transformed into

a gel phase, so as to permit air to penetrate into the

inside of the solid. The mixture is then fermented under

the presence of oxygen at a high temperature of 65 to 70

degrees Celsius and transferred into the maturation tank

so as to be further fermented under the presence of oxygen

at a medium temperature of 35 to 40 degrees Celsius.

The vertically oriented, multistage, multi-purpose

fermentation apparatus of the invention is particularly

suited to making use of a small land area, and to

efficiently perform the above composing process.

In general, the vertically oriented, multistage,

multi-purpose fermentation apparatus according to the

invention comprises: at least one fermentation tank

including a housing of a substantially cylindrical

configurafion; a support means extending radially outwardly

from the center of the fermentation tank and being rotatable-

about the center of the fermentation tank; a plurality of

agitation means removably connected to and supported by

the support means, each of the agitation means including



provi di ng environnent optinmal to the change or transition of _
m croorgani sns; and (7) provide the apparatus with universality in terns 25
of kinds or sorts and capacity of treatnment of organic waste. to be
treated. One of the inventors of this application proposed a "method of
conposi ng -excrement” (Japanese Patent 76 No. 1829732). According to the
patented nethod, organic nmaterial is preI|n1nar|Iy fermented. The product
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resultant mxture 1s mxed™with a quantity of excrenént at a ratio of 30 to

40 wt % rel aféu\kefatdé 0¥ th HertRintitin timeXd YgRNtintRikd Meargans, the

excrenent in a liquid phase is transformed into 10 a gel phase, so as to
permt air g <pRRRld atdvd thd R tittn Gurdfadd @B Alidl felhertadi6re tani hen

fermented under the presence of oxygen at a high tenperature of 65 to 70
degrees Eel ainds baldw rtdies fagyirtatiiont medns ;mat Wrarisfier anpgening means

disposed in the bottom surface of the fermentation tank
and arranged to be opened and closed; at 1eést one filter
means disposed in the. top surface of the fermentation tank
at the uppermdst stage; and a maturation tank disposed

10 below the fermentation tank at the lowermost stage and
being in communicafion with the fermentation tank through
the_trahsfer opening means.

It is to be noted that, it is possible for the

sediment to be agitated without causing splashing by means

15 of the agitation means, referred to as a “staﬁd impeller":
system by the inventors, including a plurality of agitation
blades rotatable in a plane substantially ih parallel with
the bottom surface of the agitation tank. 1In addition, it
is also possible to supply a quantity of gas such as air

20 necessary for the activation of aerophilic bacteria into
the inside of the sediment from the bottom thereof, by using
the gas intake means disposed below the agitation means.
Thus, it is possible to satisfy at the same time the above
contradictive subjects of (3) to restrict occurrenCe.of

25 odor gas by increasing the activity of microorganisms
mainly consisting of aerophilic bacteria éo as to increase
fermentation efficiency, while restricting the activity

of aerophobic bacteria and (4) to increase fermentation



so as to be further fernented under the presence of oxygen 15 at a nedi um
tenperature of 35 to 40 degrees Celsius. The vertically oriented, '
mul ti stage, mnulti-purpose fernentation apparatus of the invention is
‘particularly suited to naking use of a small |and area, and to efficiently
performthe above conposi ng process. 20 In general, the vertically
oriented, nultistage, nulti-purpose feraedtati on apparatus according to the
i nvention conprises: at |east one fernentation tank including a housing of
a subst ant | affjciencudr brantidaeigdr sheoheat capgedt fweanbieghemdicad ,
radially outwardly 25 fromthe center of the fernmentation tank and being
rot at abl e apBg@therBiccKeaptipnt ke tbengreatest pasrRibieppitgnity ywdthout
agitation neans renovably copnected to and supgorted bg t he sugport nmeans,
p
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fermentation tanks disposed above the maturation tank

and connected with each other. 1In this case, the

fermentation tank at the uppér stage functions as a high-

temperature fermentation tank (65 to 70 degrees Ceisius)

10 for thefmophilic bacteria, and the fermentation tank at the
lower stage functions és a medium-temperature fermentation
tank (30 to 40 degrees Celsius) for methophilic badteria.

The maturation tank serves as a iow-temperature fermentation
tank (room temperature) for cryophilic bacteria.

15 ' Preferably, the filter means includes as
a deodorizing filter medium microorganisms changed from
thermophilic bacteria to methophilic bacteria. The-
microorganisms present in a compost having been matured
in accordance with the composing process disclosed in the

20 above-mentioned‘Japanese Patent No. 1829732. 1In practice;
such compost may be used as deodorizing filter. media. The
above microorganisms contain therein, as an odor source,

- microorganisms for causing oxidization and decomposition
of ammonia, methyl mercaptan, hydrogen sulfide, methyl

25 sulfide and the like, protozoans such as_sulfur bacteria,
bacteria éuch as bacillus, comma bécillus, methane bacteria,
filamentous bacteria, fungi such as yeast. The use of such

compost containing the above microorganisms as a deodorizing



di sposed in the bottom surface of the fernentation tank and arranged to be
opened and cl osed; at |east one filter neans disposed in the top surface of
the fernmentation tank at the uppernost stage; and a nmaturation tank

di sposed 10 below the fernentation tank at the | owernost stage and being in
communi catdion with the fernmentation tank ghrough the transfer opening
nmeans. It is to be noted that, it is possible for the sedinent to be

agi tated wi Fhotercaediag fapidiktatesbnatazas sbleetibheofgmtiairoorgamdams
referred to as a "stand inpeller” systemby the inventors, including a
plurality ofinagctaetrdanck! adéh tbedtralveepentiavel habitalys eantiranmenitn
parallel with the bottomsurface of the agitation tank. In addition, it is
al so possi beschoasugpey tatgqianmpounptof cgacentrationai and0 thec &dodsy offor t he
activation of aerophilic bacteria into the inside of the sedinment fromthe
bot t om t her &bf, OBPruSPHFiPTeI§8SSInt TRESHeRAT tAFYRaZTeHindroRtt FdCagt at i on
means. Thus, it is possible to satisfy at the sane tine the above
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of the ferﬁentation.tank at the uppermost stage, so as to
deodorize the gas caused within the fermentation tanks.

10 It is noted, however, that the filter means may be provided
at each of the fermentation tanks, so as to increase
deodorizing effect of the apparatus. When the filter
means is provided at each of the fermentation tanks, it is
preferable to transfer the gas having been deodorized at

15 each fermentation tank to the filter means provided at the
fermentation tank at the uppermost stage through the gas
transfer means, for the purpose of further deodorization
treatment. It is also preferable for the filter means at
each.férmentation tank to include a particular filter bed

20 cohtaining optimal kinds of microorganisms'depending upon
the constituents and concentfation of a given odor gas.

Preférably; the fermentation tank includes
a cyiindrical housing in order to facilitate sufficient and
uniform fermentation reaction thrdughout the fermentation

25 tank; the cylindrical housing having on its central axis of
a supporting point for-the-above support means. The support
means includes at 1east one arm extending radially from thg

supporting point toward the side wall (peripheral wall)



-8- efficiency, by utilizing the heat caused from bi ochem cal, exothermc
reaction to the greatest possible extent, w thout using any external heat
source, so as to maintain the tenperature of the sludge sedinent at an
opti mum val ue. 5 Preferably, the apparatus includes at |east two
fernment ati-on tanks di sposed above the matygation tank and connected with
each other. In this case, the fernentation tank at the upper stage '
functions asfathiegFferineitatdon &ahk. e Praifeeably)k thed suppsdtdagares

Cel sius) 10 for thernmophilic bacteria, and the fernmentation tank at the

| ower st ageihcicdesna paix wEdianmst eppesittely ddspesed wdth aespea® t o 40
degrees Celsius) for nethophilic bacteria. The maturation tank serves as a
| ow t enper atter &hiee smppoattiiog padkt(r ofinet egpdadione nebms disy dilsipoised
bacteria. 15 Preferably, the filter neans includes as a deodori zi ng
filter medi bel@Wcither @mi(Sns changed from thernophilic bacteria to

nmet hophi i c bacteria. The m croorgani sns present in a conpost having been

mat ured ?n accor dafd® RGLAAHECBRAGS Agotrdesse drdvrosbafity ommahigh
cbove et | et lasanais B Sl AR IIE, LIPLASLASY. SHEL SRD ™
shaft for the agitation blades is removably connected to
the arm and extends downwardly from the arm in the vertical
direction. The drive shaft for the agitation blades is
10 rdtatable independently of the rotation of the arm. Sihce
the drive shaft for the agitation blades is removably
connected to the arm, it is possible to provide a plurality
of drive shafts carrying thereon agitation blades Of.
a different size attached to the drive shaft at different
15 angles. Thus, agitation conditiohs may be easily changed
depending upon the kind of sediment to be treated.

The support means in each of the fermentafion tanks
may be adjustably controlled, so as to obtain speed and
direction of rotation thereof most suitable for a particular

20 fermentation condition withiﬁ each fermentation tank.

Further, the speed and direction of rotation of the
agitation means in each of the fermentation tanks may be
adjustably controlled. It is also noted that the plurality
of agitation blades may be adjustably and independently

25 controlled with respect to their speed and direction of
rotation so as to obtain substantially uniform fermentation
conditions in each of the fermentation tanks, whereby uneven

progress of fermentation throughout each fermentation tank



above m croorgani sns contain therein, as an odor source, mcroorganisns for
causi ng oxi di zati on and deconposition of ammoni a, nethyl nercaptan,
hydrogen sul fide, nethyl 25 sulfide and the |ike, protozoans such as sul fur
bacteria, bacteria such as bacillus, comma bacillus, nethane bacteri a,
filamentous bacteria, fungi such as yeastyj The use of such conpost

contai ning the above m croorganisns as a deodori zi ng -9- filter nedia
facilitates (FokuexanpdlesCbettet! ferfieh®adddns s obtadnedddnc ahd dantiilr
respective habitat environnment, such as the total anobunt, concentration,
and t he ki ngerdfionhefothe Carmentagdees tahkyswhidet lesisafetmettadfion dso- 5
organi sns nost effective for deodorization are successively grown in the
conpost to Potaiaedappr e areaf aldjecebdd toTitbef slider waddnshiesedifdpomyd i n
the top surface of the fermentation tank at the uppernbst stage, so as to
deodori ze t he preveakredd within the fernentation tanks. 10 It is noted,
however, that the filter. nmeans may _be provided at each of the fernentatlon
tanks, s® as to |néPe&§§eﬂéG&oFFSPﬂ@t§fF@@PtéPntH§ &bpaFHPROT tWEANShe

filter n | r,ovi ch qf ntatlon tanks, it is
ter mea S a%lgn %%gn%ta% aggta%g g&n% it is also possible

to provide a sensing means which senses the progress of
ferméntation of sediment in the fermentation tank. |
The gas intake means is provided at a position above

10 the bottom surface of the fermentation tank and below the
agitation means. Preferably, the gas intake means includes
a plurality of tubular members having air supply openings
(air diffusion pipes or perforated pipes). It is alsq
preferable that each tubulér member includes a main body,

15 a head and a shoulder, the shoulder having the above air
supply openings. In such a case, a flow of gas from the air
supply openings is once ejected toward tﬁe bottom surface of
the fermentation tank and then directed upwardly; éo that it
is uniformly diffused throughout the sediment. The tubular

20 members aré sized so as to obtain a maximum volume of gas
supply depending upon a particular Quantity of sediment to
be treated. It is also possible to provide a.means for
regulating a quantity of air supply at an appropriate rate.

In order to transfer the sediment in each of the

25 fermentation ténks to the next stage of fermentation tank
or maturation tank, after completion of fermentation'process
therein, the transfer opening means is provided in the

bottom surface of the fermentation tank. The transfer



preferable to transfer the gas having been deodorized at 15 each
fermentation tank to the filter neans provided at the fernentation tank at
t he uppernost stage through the gas transfer nmeans, for the purpose of
further deodorization treatnment. It is also preferable for the filter neans
at each fernmentation tank to include a-pamticcular filter bed 20 contai ning
opti mal kinds of m croorgani sns dependi ng upon the constituents and
concentrati 6pening gesrs ME9rbgain thef conhl ¥£f aheoheentnbahl oduinpak.

i ncludes a cylindrical housing in order to facilitate sufficient and

uni form f ermeasat tha bettdtmosurfiaceghfuthéhfetmentathbnotadk mapk, the
cylindrical housing having on its central axis of a supporting point for

t he above sbepdesignedstoThe cpenpedtdawnwardhy} ud€heaopénasiosae ar m

ext endi ng radiall¥ fromthe supporting point toward the side wall
(peri pher al oR@rafion ofothef trapsfernepeningnmeany. maycber gonyrolhedsupport
nmeans i ncl udes a gair of arms oppositely disposed with respect to_the
supportithg PBFAratifallyi eaEPEAiRgaRe fsPupdpberninedotiinaesghadyle 5

- The agitation peans incl ude drive_shaft on i ch
9 or treatment conaigion. Afternatgve y, the open-close

operation of-the transfer opening means may be manually
controlled depending upon a giﬁen treatment condition.
The maturation.tank is disposed below the
.10' fermentation tank at the lowermost stage and communicated
with the fermentation tank through the transfer opening
means. Within the maturation fank, the sediment is matured
by reason of biochemical reaction of methophilic bacteria
and/or cryophilic bacteria. The maturation tank may be
15 provided with an area for storing a quantity of moisture
conditibner, a pre-heating area, an area for storing the
sediment having been fermented, and an outlet port for
discharging the sediment stored therein.
Preferably, a iiquid fermentation tank is disposed
20 Dbelow the maturation tank, the liquid fermentation tank
serving as a preliminary fermentation tank. The liquid
fermentation tank preferably includes a diffuser and
a liquid transfer means such as a transfer pump, so as to
transfer a quantity of liduid after preliminary fermentation
25 into the fermentation tank.
. The vertically oriented, multistage, multi-purpose

fermentation apparatus provides the following advantages:



the plurality of agitation blades are carried. The drive shaft for the
agitation blades is renovably connected to the arm and extends downwardly
fromthe armin the vertical direction. The drive shaft for the agitation
bl ades is 10 rotatable independently of the rotation of the arm Since the
drive shakt for the agitation blades is ngmvably connected to the arm it
IS possible to provide a plurality of drive shafts carrying thereon
agitation bl ades oftiy dsiheecthesapparhtashed 66 dhmulltiveagbatipét in
different 15 angles. Thus, agitation conditions may be -easily changed
dependi ng upba vértkcall directioenteffettbivechand. uSaeisupeomitiredns in
each of the fernentation tanks may be adjustably controlled, so as to

obt ai n spectirevilsiibneefi the oiiqeidt fermentatbdnnbanksatt theelpwergost
particular 20 fernmentation condition within each fernentation_tank.
Further, th8tageedsandpEetbeinasy ofeypentabhons tank E@F@h?ﬁoﬂlheans in each

of the fer ntation tanks may be adj stabl control | is also noted
that the pl am?wamoagn#a#%emaéﬁge n&? %r'aaﬁiuvgfslaw EH% PREBFRRHENt | v

©o oblai n STBATRITERF) GIRFOIMNEEE rEn St FONCLERALEPESPn cach of the

f t at t ank b f_f th t h
fermentati on tanks,, pherghy yhg“Sha PALR G55 LalShHmHbA1 h" ek hOHORY RO

process are not discharged out of the apparatus. A compost
on which microorganisms are fixed is used as a deodorizing
10 filter medium, so that optimal deodorizing effect may be
obtained. |
(3) The gas intake means is provided in the bottom
surface of each of the fermentafion tanks. Further, the
agitation blades, referred to as a "stand impeller" type,
15 are rotated in a horizontal plane. This facilitates
activity of aerophilic bacteria so és to increase fermenta-
tion efficiency, while restricting activity of aerophobic
bacteria so as to reduce the occurrence of odor.
(4) The use of agitation bladés of a "stand
20 impeller" type rotating in a horizontal plane prevents
"turn-over" of the sediment,'éo that heat diffusion is
restricted. Thus, it is possible to maintain the sludge
sediment at an appropriate temperature, without using any
external heat source, so as to facilitate activity of
25 microorganisms and to increase fermentation efficiency.
(5) Different types of drive shafts to whidh
agitation blades of a different size and a different angle

are attached may be interchangeably used. This provides the



(for exanple, better fernmentation is obtained in the central portion of the
fermentation tank, while less fernentation is obtained in the area adjacent
to the side wall thereof) nmay be prevented. 5 In order to regul ate
rotation of the support means, agitation neans and agitation blades, it is
al so possi.ble to provide a sensing nmeans qfiich senses the progress of
fermentation of sedinent inthe fernentation tank. The gas intake neans is

provi ded at appRe@itisObfalRee iHYenta ool sivRaeadilig fier reutndd icm tank
and below the agitation neans. Preferably, the gas intake neans includes a

plurality okindaulatd RoTumes dfavrigandic wasitie! \toopenitrgatedi.r di ffusion

pi pes or perforated pipes). It is also preferable that each tubul ar nenber

i ncl udes a main body, 15 a head and a shoul der, the shoul der having the
above air supply openings. In such a case, a flow of gas fromthe air

suppl y openi ngs i s Fagoe lejisc ve diogrammatic, b perspesihiie 16w t he
fermentation _tank and then directed upwardly, so that it is unifornmy

di f f useddt hiddyisdrating seFerddcaliye ordemtad. 2oudisdages duditiey so as to

obtai n a maxi num vol une of gas supply dependi ng ypon a particul ar guantity
of sedi nent PUFPRSe ferments %a%%%aﬁﬁsmc@%@&n&&ﬂ & TRVERE I |

Fig. 2 is a vertical cross-sectional view of the
vertically oriented, multistage, multi-purpose fermentation
apparatus according to the invention;

10 Fig. 3(a) is a top plan view of a fermenter or
fermentation tank;

Fig. S(b) is a cross-sectional view along 1iné B-B of
Fig. 3(a):

| Fig. 4 is a cross-sectional view of the fermenter of
15 Fig. 3: '

Fig. 5 is an enlarged view of a gas ihtake meahs;

Fig. 6 is a plan view'of the fermenter proﬁided with
a transfer opening means;

Fig. 7 is a side elevational view, in enlarged scale,

20 illustrating the transfer opening means; |

Fig. 8 is a plan view of a maturation tank:;

Fig. 9 is a cross-sectional Qiew illustrating
a fermentation tank for liquid; and

Fig. 10 is a plan view of Fig. 9.

25

The invention will be explained in detail below

with reference to the attached drawings. It should be'

understood, however, that the invention is not limited to



regulating a quantity of air supply at an appropriate rate. In order to
transfer the sedinent in each of the 25 fernentati on tanks to the next
stage of fernentation tank or maturation tank, after conpletion of
fernmentation process therein, the transfer opening nmeans is provided in the
bottom surface of the fernentation tank.15he transfer - 12- opening
means may be in.the formof a conventional dunper. Thus, the bottom surface
of the fer rhhet dtlilors ttratiedremboal idessitgned t o be opened downwardly. The
open-cl ose operation of the transfer opening neans may be controlled 5
automati cal ly accdtdi-nd tic @ pesinestiives d7itdwel lsotsdthdteing an eattisinie
condition. Alternatively, the open-close operation of the transfer opening
means may 19 PaveRtiraddivt cnientedpanditistiage auitierpunpaerent
condition. The maturation tank is dis osed bel ow the 10 fernentation tank

at the | owdSFIENtALION ARPATHENFi t 17 thfe § anasf-aqyrianadk t hr ough
t he tra sfer nmeans., W.t.hin the ur at.i.on tank the sediment is
mat. ured by r"@é’p(?? Bzgmmv bRy Pé'&(ﬁqtg%t'of“"r}é’c Qi W EUTPAFRI/ or

Cryoph"'cég%h 5%1 I“%quurﬁﬁe Ve A cé??& orlented, multistage,

multi-purpose fermentation tank 1 of a cylindrical con-
figuration in its entirety comprises multiple stages of
fermenters or fermentation tanks 2, é gas outlet port 3

10 provided at the top of the uppermost fermentationlténk 2, a
maturation tank 4 located at the bottoﬁ of the fermentation
apparatus, an output port 5 for removing compost (compost
output port) provided at the side wall of.the maturation
tank, and a fermentation tank 6 for liquid (liquid fermenta-

15 +tion tank). 1In Fig. 2, a vertically oriented, multistage,
multi-purpose fermentation apparatus consisting of 8 stages -
of fermentation tanks 2 acéording to one embodiment of the
invention is illustrated. In the 8 stages of fermentation
tanks, the upper 4 stages_of fefmentation tanks function

20 as a high-temperature tank and the lower 4 stages of
fermentation tanks function as an intermediate-temperature
tank. The maturation tank 4 functions as a low-temperature
tank. The sediment having been fermented within the
fermentation tank 2 is further matured in the maturation

25 tank 4 and stored théfein. A deodorizationldevicé 60 is
provided at the top of the uppermost-stage fermentation
tank 2. Thus, 6dor produced during fermentation treatment

is removed from an exhaust gas before the exhaust gas is



15 provided with an area for storing a quantity of noi.sture conditioner, .a
pre-heating area, an area for storing the sedi ment. having been fernented,
and an outlet port for dischargi'ng the sedi nent=stored therein. Preferably,
aliquid fernmentation tank is disposed 20 bel ow the maturation tank, the
liquid fernentation tank serving as a prejganary fernentation tank. The
liquid fermentation tank preferably includes a diffuser and a |liquid

transfer nedaschd¢geads fao' ahef gaspoilitletOpastt @.transfer a quantity of
liquid after prelimnary fernentation 25 into the fernentation.tank. The

vertically oriente@ignuBdt ist agelanuktiewpillaserbedmentchiel dntepmalat us

provi des the foll owi ng advant ages: -13- (1) Since the apparatus is of a
mul ti st age tppetirncthionyeoft eegh difr sbei dermenftattiione tiaakd 2us@nds Fdgr.m4 t ed.
Provision of the liquid fernmentation tank at the | owernost stage as a

prel i mi naryisepn¥eriiced czeespeesitionall viewepdondaithen cendersddae ofhe
performed within the apparatus. This further contributes to effective. |and
use. (2)°cdéhegéeragatatirpetarkgused during fernentation

Each fermentation tank 2 includes a support means 20
having two arms extending radially outward from the center
of the fermentation tank tohard the opposed sides thereof,
-a first drive means 23 for rotationally driving the support

10 means 20, a plurality of agitation means 30 connected
with and supported by the suppért means 20, a plurality
of agitation blades 32 mounted on each agitation means 30,:a
second drive means 33 for rotationally driving the plurality
of agitatidn means 30, a plurality of'gas intake means 40

15 disposed in the bottom surface of the fermentation tank 2 at
fhe positions below the plurality of agitation means 30, and
a transfer bpening means 50 arranged in the bottom surface
for open-close movement.

The support means 20 includes a hollow, éylindrical

20 body 20a and connection parts 20b protruding downwardly from
the underside of the hollow, cylindrical body 20a. Within
the hollow, cylindrical body 20a, two support arms 21 are
also provided which extend radially outward from the center
of the fermentation tank toward the opposed sides thereof.

25 Each support arm 21 is connected, at its end facing to the
center of the fermentation tank, to the first drive means 23
through.a conventional joint. On the ofher hand, the

peripheral end of each of the arms is provided with a guide



process are not discharged out of the apparatus. A conpost on which
"mcroorgani sns are fixed is used as a deodorizing 10 filter nmedium so
that optimal deodorizing effect nay be obtained. (3) The gas intake neans
is provided in the bottomsurface of each of the fernmentation tanks.
Further, t-he agitation blades, referred.tpyas a "stand inpeller"” type, 15
are rotated in a horizontal plane. This facilitates activity of aerophilic

bacteria sowhedlo 221Cr aaee gudldee iihell 122N 1&f rediedRd bihid uiek il mA
activity of aerophobic bacteria so as to reduce the occurrence of odor. (4)
The use of pyicvdidedn il athes pefripheatadndradd iofpadhecrfermgretatdioat ivank 1222
hori zontal plane prevents "turn-over" of the sedinent, so that heat

- diffusion i andeguiidededhetfiely,.. it is possible to maintain the sludge

sedi ment at an appropriate tenperature, w thout using any external heat
source, so as to fa&s Ishowre igcFiig.t W, ofthes flirgtodrgae aeanen@3 ds ncr ease
fermentation efficiency. (5) D fferent types of drive shafts to which

agitati of bregPEesk te drpnsidift divdnghdoxrce freme® matre (A hoseed nmay

be interchangeably used. This pravides the
_ G% an %uter drive shaft %6 t%rough a worm gear 25, and

then to rotatably drive the support arm 21 through a pair
of bevel gears 27 disposed on the opposite sides of the
drive shaft 26 at the portion where the drive sbaft 26 is
10 connected to thelsupport arms 21.
The agitation means 30 includes a plurality of
drive shafts 31. Each drive shaft 31 is provided with
a plurality of agitation blades 32. The agitation blades 32
are attached to the corresponding drive shafts for rotation
15 about the vertical axis thereof in a plane substantially
horizontal to the bottom surface of the fermentation tank 2.
Each drive shaft 31 for the agitation blades 32 includes
. one end inserted into the connection part 20b of the first
support means 20 so as to_form the first support méans 20,
20 and the other end extending vertically toward the bottom
surface of the ferﬁentation tank 2. Eacﬁ drive shaft 31
for the agitation blades 32 is removably connected to the
first support means 20, so as to permit one to use various
kinds of agitation blades depending upon a particular type
25 of sediment.or sludge to be treated by means of fermentation
process.
The agitation means 30 is rotatably driven by means

of the second drive means 33. Driving force from the



- 14 - apparatus of the invention with universability in terns of kinds and

vol unme of organic waste to be treated. Fig. 1 is a diagrammti c,
perspective view 5 illustrating a vertically oriented, nultistage,

pur pose fernmentation apparatus according to the invention;

mul ti-purpose fernentation apparatus according to the invention;

mul ti -

Fig. 2is a
vertical cross-sectional view of the vertiigcally oriented, nultistage,

10

Fig. 3(a) imotokop3pl a8 trawsafttelior tAEFbaghothbeimeitat o¥n thanldrikeg. 3(b)
is a' cross-sectional viewalong line B-B of Fig. 3(a); Fig. 4is a
cross-sect i shalftvk2éy ahdt thrbaghether suppostFagm 21, Fitg. bBved geassl 83ped
view of a gas intake neans; Fig. 6 is a plan view of the fernmenter provided
with a tranprevidpdnatgeashneconfpgtipni paxts2@b besweenothe BuppoOTitn

enl arged scale, 20 illustrating the transfer opening means;

Fi g

8is a

pl an vi ew oRTR Rat 8ndt the fazANe shafts Bl £oxr sbe- 3gitRgisn bilades 32,
illustrating a fernentation tank for31 %Uld and Fig. 10 is a plgg vi ew of

Fig. 9. 9 Wwhereby the drive shafts

or the agitation blades

are rotatably driven by the respective bevel gears 33b.

Alternatively, it is also possible to mount a motor on

each connection part 20b, so that each drive shaft 31 for

10

the agitation blades 32 is individually rotated.

The gas intake meaﬁs 40 includes a plurality of
hollow, tubular members provided on the bottom surface of
the fermentation tank 2. Preferably, each of'the,hollow;

tubular members is positioned between the drive shafts 31

adjacent relative to one another. One end of each of the

15 hollow, tubular members 41 extends to a circumferential air

intake port (not shown). The portion of each of the hollow,

tubular members 41 disposed within the fermentation tank

includes a head 43, a shoulder 43 and a main body 45.

The

shoulder 44 is provided with a plurality of gas supply

20 apertures 42 for dispersing gas into the sediment or sludge.

The gas supply apertures 42 are oriented toward the bottom

surface of the fermentation tank, as shown in Fig. 5.

Thus,

ejection of gas from the gas supply apertures 42 causes the

sediment or sludge to be moved upwardly from the bottom of

25 the fermentation tank.

The transfer opening means 50 is illustrated in Figs.

6 and 7. The transfer opening means 50 includes an opening

51 provided in the bottom surface of thé fermentation



25 The invention wll be explained in detail belowwth reference to the
attached drawi ngs. It shoul d be understood, however, that the invention is
"not limted to - 15 - the illustrated enbodinments. Fig. 1 is a
perspective view illustrating an outline of a vertically oriented,

mul ti.stage, nulti-purpose fernmentation.apparatus, and Fig. 2 is a
cross-sectional 5 view of the vertically oriented, mnultistage,

mul ti - pur pos&nkezeat abvep membker T2 fort bpehbplgr ckokefg fHet bpeagag

mul ti-purpose fernmentation tank 1 of a cylindrical con- figuration inits
entirety cobpyiaepackihgphembérngB3 protiddedninar ther ciecomfitzbnthalapkige?, a
gas outlet port 3 10 provided at the top of the uppernost fernentation:tank
2, a matur adfobheaokvér| pembed a2, t Aebbockoseat bAetbewhighathenpapgingt us,
an output port 5 for renoving conpost (conpost output port) provided at the
side wal | ofembern@duigat fealingky sagunederaRdt at FoRventikonailopiri quid

(liquid fermenta- 15 tion tan;é..ln Fig. 2, a vertically oriented,
mul ti st aye, CHitPAepuPPoRECYLARENE AL FBR SPPARGRUSPEBRALFST FAGtHE Bostales

surface of the fermentation tank 2 for openably closing the
cover membei 52. The location of the transfer opening means
50 may be changed depending on the particular fermentation
ténk 2, or, the transfer opening means may be actuated by
10 means of a timer, so that they are opened or closed at
a different time. Thus, the sediment or sludge in each
sfage of the fermentation tank 2 may be transferred to
the next stage of fermentation tank.
The filter means 60, in reality, is é deodorizer
15 device provided at the top of the fermentation tank 2,
aé shown in Fig. 2. The deodorizer device 60 includes
a conventional filter member 61, and a deodorizer bed 62
serving as a culture medium to which microorganisms in
a stage having changed from the;mophilic bacteria to
20 methophilic bacteria_are fixed. The microorganisms
fixed to the deodorizer bed 62 grow in the presence of
odor constituents as a feed, so as to decompose the odor
constituents into odor-free state. The compost matured
according to the composing method of the above Japanese
25 Patent No. 1829732 is used as a culture medium.
The internal construction of the maturation tank 4
is shown in Fig. 8._ The maturation tank 4 also functions

as a liquid fermentation tank for causing preliminary



of fernmentation tanks 2 according to one enbodi nent of the invention is
illustrated. In the 8 stages of fernentation tanks, the upper 4 stages of
fermentation tanks function 20 as a high-tenperature tank and the | ower 4
stages of fernentation tanks function as an intermnedi ate-tenperature tank.
The maturation tank 4 functions as a | angjgenperature tank. The sedi nment
havi ng been fernented within the fernentation tank 2 is further matured in
the mat ur at F@AmehthenNénéd avHesimat@dathenetankAddeaddudest aostdewri ce 60 is
provided at the top of the uppernost-stage fernentation tank 2. Thus, odor
produced duyand 7trfient atophngr théerehh asmotsbued €ondithossiassthgas

before the exhaust gas is - 16 - discharged fromthe gas outlet port 3.
Fig. 3 is aspwdusVj epark| ozt thei hjkeheai postnheatingt vardi éa, od e&obkof the
fernmentation tank 2, and Fig. 4 is a vertical cross-sectional view along

the center Yand 38 forhetezingnthereintaadimemicafternéaraensationk 2
i ncl udes_a support neans 20 having two arms extending radially outward from
t he cent®r BFe?ﬁ@eFErhEﬁP@PPBanaﬁkfﬁﬁmﬁPHth@noﬁﬁe§§§Sévdé§dtﬁeF@@POSt

output port 5 for discharging the product from fermentation
process stored in the maturation tank 4. A liquid
fermentation tank 6 for performing preliminary fermentation
treatment is also provided below the maturation tank 4.

10 The liquid fermentation tank 6 is shown in Figs. 9
and 10 its cross-sectional view and plan view, respectiveiy.
Two rows of diffusers.Bl is provided, each row including 4

' (four) diffusers. After completion of preliminary fermenta-

tion within the liquid fermentation tank 6, liquid mixture

15 of preliminary fermentation product is transferred upwardly
from the liquid fermentation tank 6 into the uppermost stage
of fermentation tank 2'by ﬁeans of a transfer pump 82 in
an automatic and constant manner. Moisture conditioning for
organic sludge.or the like to be fermeﬁted is performed by

20 transferring, in a constant rate, the moisture conditioner

| stored in the sfock yard 71 to the uppermost stage of
fermentation tank 2 by means of a screw conveyor to be
agitated and mixed with the preliminary fermentation liquid
ﬁixture.

25 One experiment in which a sample of excrement
was subjected to a fermentation treatment utilizing the
multistage, ﬁulti-purpose fermentation apparatus according

to the invention will be explained below.



a first drive neans 23 for rotationally driving the support 10 neans 20, a
plurality of agitation neans 30 connected with and supported by the support
nmeans 20, a plurality of agitation blades 32 nounted on each agitation
means 30, a second drive nmeans 33 for rotationally driving the plurality of
agitation-:means 30, a plurality of gas imgpke neans 40 15 di sposed in the
bottom surface of the fernentation tank 2 at the positions bel ow the

plurality of(1a9i traididmimRans Frmematd dn:ansf er openi ng neans 50 arranged
in the bottom-ssurface for open-close novenent. The support nmeans 20

i ncl udes a hol | ow, 2cyjuantriityalo 2 @xoreéynerIa samhleo maac tiedh ipetrd h0b
protrudi ng downwardly fromthe underside of the hollow, cylindrical body
20a. W t hi n ltiguildo|feomendtatiiodr itank odt 20w lowermgspostagensthzbugle al so
provi ded which extend radially outward fromthe center of the fernentation
tank towar darhdndsopartsi(hes shewedf fors reeed vdnghdhe Mmakerials toheect ed,
at its end facing to the center of the fernentation tank, to the first
drive nmefns ¥reat@dugiThe dolednBogitails Sirectdy Provddes imaide dhguid
peri pheral end of each of the arns_is rogjded wWth a %Pide - 17 -

fermentation tank 6. The sample was exposed to a forced

aeration under a high load condition for three days so

as to cause bacteria therein to be grown. Preliminary

fermentation has undergone due to the biochemical reaction

10 of the grown bacteria (aerobic bacteria). During this

process, temperature of the liquid has increased to 35 to

40 degrees Celsius due to the exothermic phenomenon by means

of the growth of the bacteria. This further facilitates

the preliminary fermentation. After completion of the

15 preliminary fermentation, a constant volume of the mixed
liquid of sample to be treated was transferred, through
the transfer pump 82 to the fermentation tank 2 at the

uppermost stage.

(2) Fermentation:

20 A constant volume of the mixed liquid of sample
having been transferred from the liquid fermentation tank 6
to the fermentation tank 2 at the uppermost stage was mixed
therein hith a quantity of moisture conditioner such as
sawdust, so as to achieve.én'apparent moisture content'of

25 60 to 65% and then exposed to a fermentation process. After
45 hours of fermentation, the transfer opening means 50 was
automatically actuated so as to cause the cover member 52

to be opened. The mixed liquid of sample having been



wheel 22. The guide wheel 22 is received by a guide rail 24 provided in the
peri pheral wall of the fernentation tank 22 and gui ded thereby. As shown in
Fig. 4, the first drive neans 23 is 5 adapted to transmt driving force
froma notor (not shown) to an outer drive shaft 26 through a worm gear 25,
and then to rotatably drive the support amm_21 through a pair of bevel
gears 27 disposed on the opposite sides of the drive shaft 26 at the
portion wheteesbedd(receshafit tdbass”d8mplEnsededleh®” t HEreiApaLOWY Was21.
The agitation nmeans 30 includes a plurality of drive shafts 31. Each drive
shaft 31 istpansfeededi td thel fieahebyadtiongtanki 2nabl thesnd8t s$hagegi t ati on
bl ades 32 are attached to the corresponding drive shafts for rotation 15
about the vEheithusakransfierved sample| sedimenttwasi akbgsadrteontal to the
bottom surface of the fernentation tank 2. Each drive shaft 31 for the

agi tati on bRafestheri fermentathenchBor@sS8rted into the connection part 20b
of the first support neans 20 spo as to formthe first support neans 20, 20
and the Dther end TRechBFRERTRFLPRAYRy fachtitakednbYt SR EHLPdcaREf t he
fermentation;tank 2. Each_grivg shaft 311t0é %he.agétation,b%ages 32 is
removably cBhfitRded FBIRRLELYi PEt 35hpPUPP-HEANETIB, “88 E8St H7pEFnfEBfe to

use various, il B2 05nddk" 8hé °Darp 8PS 4ERENE! "By UBRE BcRELA' SY! Bhe! VPO
agitation blades 32 rotating, in the sample, in a plane
substantially horizontal to the bottom surface of the
10 fermentation tank'2, and by thelaction of the arms 21
carrying the drive shafts 31 for the agitation blades 32.
During this process, an exothermic phenomenon was caused’
by reason of the biochemical reaction of bacteria, so that
the temperature of the sediment was increased to about 65
15 degrees Celsius. This further increased the activity of the
microorganism, so that the fermentation process was further
facilitated.
After 45 hours, the transfer opening means 50
was actﬁated, so as to transfer the sample sediment into
20 © the next fermentation tank 2. During repetition of the
above fermentation/transfer processes every 45 hours,
the microorganisms in the sample sediment layer were
historically developed from thermophilic becteria
(high-temperature bacteria), through methophilic bacteria
25 (medium-temperature bacteria), to cryophilic bacteria (low-
temperature bacteria), In accordance with the historical
development of the microorganisms, the form of nitrogen

(N) contained in the sample sediment was also changed



25 of sedinment or sludge to be treated by neans of fermentation process.
‘The agitation neans 30 is rotatably driven by neans of the second drive
means 33. Driving force fromthe - 18 - motor 33a is transmtted,

t hrough the inside of the drive shaft 26, and through the support arm 21,
to bevel gears 33b provided at each conneggion part 20b between the support
arm 21 and the drive shafts 31 for the agitation blades 32, 5 whereby the
drive shaft £roh baganie agmoniaonitraden IXN,aN¢ tot shabgindei evrhyet he
respective bevel gears 33b. Alternatively, it is also possible to nount a
not or on eaodtrogescti(NgANpart TRGS, tbet hampemshudei of thaf saBpléor the
agitation blades 32 is individually rotated. 10 The gas i nt ake
means 40 i nseddaent gppraiaichedofnheriddnaryyfempenatviyer asprthe ¢ampde t he
bottom surface of the fernentation tank 2. Preferably, each of the hollow,
tubul ar mensefdment,Fepchefe Fhee fREmentadion Fankh 2 6 Fheagighdi rel ative
to one apother. One_end of each of the 15 hollow tubular nenbers 41

extends Po §t@OFcunPYFIRG Pig PTOGESSe SHﬁtsPﬁ@@“§hHWﬁFr'?Héﬂﬁiﬁﬂqﬁ?(ﬁ

each of the ho'%%aporated due to the heat caused from exothermic

phenomenon of the microorganisms, so that final water
content in the sample sediment apprbached approximately 50%.

(3) Maturation:

10 The sample sediment, having a moisture content
-reduced by approximately 50% during the above ferméntation
process, was then transferred.to the maturation tank 4 below
the fermentation tank 2 at the lowermost stage, and matured
for six weeks. During this period of time, "turn-over"

15 operation_was periodically performed. By this means,

a quantity of air was suppiied to the sediment and thus

the temperature of the sediment was decreased. Thus,
biochemical reaction of methophilic bacteria and cryophilic
bacteria was animated. Accordingly, nitrogen was further

20 changed to nitrate nitrogen, so that stable organic compost
could be obtained.

The moisture content of the compost after maturation
process was reduced to about 45%. Lignin which is
persistent substance was decomposed to quinone substance,

25 i.e., primary humus substance having been changed to genuine
humus substance.

In accordance with the vertically oriented, multi-

stage, multipurpose fefmentation apparatus, it is possible



tubul ar nenbers 41 disposed within the fernentation tank includes a head
43, a shoulder 43 and a main body 45. The shoulder 44 is provided with a
plurality of gas supply 20 apertures 42 for dispersing gas into the

sedi ment or sludge. The gas supply apertures 42 are oriented toward the
bottom surface of 'the fernentation tank;, &g shown in Fig. 5. Thus, ejection
of gas fromthe gas supply apertures 42 causes the sedinent or sludge to be
moved upwar @by fhealtthtebelfifedtife? ating zbed vanodt a0 relsaiiictlde Lanasf er

opening neans 50 is illustrated in Figs. 6 and 7. The transfer opening
means 50 i nakredes tenresemict dStcoreended oifn offifenisdivieo mdeur oac svasftet he
fermentation - 19 - tank 2, a cover nenber 52 for openably closing the

openi ng 51, watpacRumrdnge fezmehlaion gpadcesst hend rtoupesfonm @lledge of the
cover nenber 52, a block seat 54 to which the packing nmenber 53 is
seal i ngly sB¥oFegsegndngludinene preliminagycfermeatatdopy @ndded in the
surface opposite to the bottomsurface of the fernentation tank 2 for
openabl y° cl BsPAGUERELODY BFOoRBFHeins g SeRdedoSRPATALYS -t hdPUSansf er openi ng

means S50 may, B g nanaed IeRe RN Ok 8nP 3! (gt k" L8 IR A Eog"
fermentation process in an area adjacent to a large city.
The present invention employs a unique agitation means,
so that it is not.limited to miscellaneous household
10 effluent such as excrement, but it méy also be used in
various fermentation processes such as food processing
for animal meat or fish meat limited to miscellaneous

household effluent.



tank 2, or, the transfer opening neans may be actuated by 10 neans of a
tinmer, so that they are opened or closed at a different tinme. Thus, the
.sedi nent or sludge i.n each stage of the fermentation tank 2 may be
transferred to the next stage of fermentation tank. The filter neans 60, in
reality, is a deodorizer 15 device providgd-at the top of the fernmentation
tank 2, as shown in Fig. 2. The deodori zer device 60 includes a
convent i onafe fealasm: nenber 61, and a deodorizer bed 62 serving as a culture
medi um to which m croorganisns in a stage having changed from thernophilic
bacteria tol20 nethopdnticablyteriented, fiykistage ninubbi gewieasefi xed to
t he deodorizer bed 62 grow in the presence of odor constituents as a feed,
so as to defewprRrEatien apParaias i ¢emPELSingd odor-free state. The conpost
mat ured according to the conposing nethod of the above_ Japanese 25 Patent
No. 1829732 is useRlt akeast PRer ELTRRRATiamEamE PR UALRG R LRPPSHPGf O he
maturation tank 4 is shown in Fig.,K 8._The turatjon tank 4 al so functions
2 a |1 Gui B IEREFRRELORLY AYLIRTE AL CRPTRIT ARy, - 20 -
a support means extending radially outwardly from the
center of said fermentation tank and being rotatable about
said center of said fermentation tank;
a plurality of agitation means removably connected fo
10 and supported by said support means, each of said agitation
means including a plurality of agitation blades each of
which is rotatable about its rotary axis extending
vertically to the bottom surface of said fermentation tank:;
‘a gas ihtake means disposed above said bottom surface
15 of said fermentation tank and below said agitation means;
a transfer opening means disposed in the bottom
surface of said fermentation tank and arranged to be opened
and closed;
at least one filter means disposed in the'top surface
20 of the fermentation tank ét the uﬁpermost stage; and
a maturation tank disposed below said fermentation
tank at the lowermost stage and being in communication with
said fermentation tank through said transfer opening means.
2. A vertically oriented, muitistage, multi-purpose
25 fermentation apparatus according to Claim 1, wherein each of
said agitation'means includes a drive shaft to which said

agitation blades are attached, and wherein said drive shaft

is removably connected to said support means.



fermentation. The maturation tank 4 includes a stock yard 71 for storing
therein a noisture conditioner such as sawdust, park or the like, a
post-heating yard 72, a stock yard 73 for storing therein sedinent after
fermentation 5 treatnent (product fromfernentati on process), and a conpost
output port 5 for discharging the producggfromfernentati on process stored
in the maturation tank 4. Aliquid fernentation tank 6 for performng
prelim nar\8.f er merk atemnidaldat renitenteed)| smltrictatgs hallowt tgerpadalr at i on
tank 4. 10 The liquid fernmentation tank 6 is showm in Figs. 9 and
10 its crostermantation dapparathslageconding riss Hadnve yor By whenseidd at
-diffusers 81 is provided, each rowincluding 4 (four) diffusers. After
conpl et i on IR dWristades ahdiammentakion ttank @re |digpased rahonentansh
tank 6, liquid mxture 15 of prelimnary fernmentation product is

transf er r eFUPRGRY ¥ FRYhdaturAtd e riat-ati on tank 6 into the upper nmost

stage of fernentation tank by neans of a_transfer punp 82 in an automatic
and conét at* manndt VoS &ﬁ‘hﬁntq?edﬁi ﬁb‘%ﬂi@%ni“ﬂ‘%’u‘&@b‘ﬁﬂsq he |ike

(o, Do e TS ] QRO U et SRl 0
st kA, S DA, o h SR YR U A B X
compost as a deodorizing filter medium, said compost having
microorganisms fixed, grown énd cultured thereon, said
10 microorganisms being changed from thermophilic bacteria
to methophilic bacteria.
5. A vertically oriented, multistage, multi-purpose
fermentation apparatus according to any one of Claims.l
through 4, wherein a liquid fermentation tank for performing
15 preliminary fermentation is disposed below said maturation
tank. |
6. A vertically orientéd, multistage, multi-purpose
fermentation apparatus according to Claim 5, wherein said
liquid fermentation tank is connected with said fermentation
20 tank, and wherein said fermentation'apparatus further
comprises a transfer means for transferring a preliminarily
- fermented product from said liquid fermentation tank to said

fermentation tank.



25 : One experinent in which a sanple of excrenment was subjected to a
fermentation treatnment utilizing the nultistage, nulti-purpose fernmentation
apparatus according to the invention will be explained bel ow. -21- (1)
Prelimnary Fernentation: A quantity of excrenment sanple was fed into the
liqui-d fermentation tank 6 at the | owersomget stage through an inlet port

(not shown) for receiving the material to be 5 treated. The inlet port is
directly provided in the |iqui GFERMENRTATHONARFEARATUS The sanpl e was exposed
to a forced aeration under a high Ioad.condition'for three days so as to

cause bact eABST DR ISCOA[URErel i m nary fernmentati on has undergone

due to the biochem cal reactlon 10 of the grown bacteria (aerobic
bacteria). During Thesfproeatstipanppparatusopccprdinguite the inyesdded to
35 to 40 degrees Cel sius due to the exotherm c phenonenon by neans of the
growt h of tHhE& BﬁcPeV9£t1¢ﬁi§YfQrﬁﬁéﬁeﬂacWP#F&ﬁeégﬁh§YPPeFPWPW&S}HQ
fernentatlon After mpl etion of the 15 prelimnpary fernentation, a

const ant® voPBﬁeoﬁmeﬁé ﬁF%@GnFﬁﬁﬁPB GPngﬁprB pythet; perteaTRyided

transferred t hy ou
_ gﬁe %op of the fermentation tank, a maturation tank

disposed below the fermentation tank, and a preliminary
fermentation tank disposed below the maturation tank. Each
fermentation tank includes a support means rotatable in
10 the circumferential direction, an agitation means removably
connected to the support means and including a plurality
of agitation blades rotatable in the horizontal direction
relative to the bottom surface of the fermentation
apparatus, a gas intake means disposed below the agitation
15 means, a transfer opening means fof open-close movement, and

a filter means provided at. the top of the fermentation tank.

Fig 4



the transfer punp 82 to the fernentation tank 2 at the uppernost stage. (2)
"Fernentation: 20 A constant volunme of the mxed liquid of sanple
havi ng been transferred fromthe liquid fernmentation tank 6 to the
fernentation tank 2 at the uppernpst stage was nixed therein with a
guantity of noisture conditioner such as sawdust, so as to achi eve an
apparent noisture content of 25 60 to 65% and then exposed to a
fernmentation process. After 45 hours otl/fTernentation, the transfer opening
means 50 was automatically actuated so as to cause the cover nmenber 52 to
be opened. The m xed liquid of sanple having been - 22 - treated
(referred to as "sanple sedinent"” hereinbelow was transferred to the
fermentation tank 2 at the next stage. The thus tran'sferred sanpl e sedi ment
was exposed to a further fernent atElrI rogf The fermentation
was facilitated by stirring and m g uantlty of air supplied fromthe
gas inlet neans 40 throughout the sanple sedinent, by the action of the
agitation blades 32 rotating, in the sanple, in a plane

3 \ . /1_
/




substantially horizontal to the bottom surface of the 10 fernmentation tank
- 2, and by the action of the arns 21 carrying the drive shafts 31 for the
agitation blades 32. During this process, an exotherm c phenonenon was
caused by reason of the biochem cal reaction of bacteria, so that the
tenperature of the sedinment was increased to about 65 15 degrees Cel si us.
This further increased the activity of the mcroorganism so that the
fermentati on process was further facili¥/dted. After 45 hours, the transfer
openi ng neans 50 was actuated, so as to transfer the sanple sedinent into
20 the next fernmentation tank 2. During repetitiagn of the above
fermentation/transfer processes every 45 hours, the m croorganisns in the
sanpl e sedi ment |ayer were historically devel oped fromthernophilic
bacteria (high-tenperature bacteria), through nmethophilic bacteria 25
(medi umtenperature bacteria), to cryophilic bacteria (low_tenperature
bacteria). In accordance with the historical devel opnent of the

m croorgani snms, the formof nitr (N) ntained in the sanpl e sedi nent
was al so changed - 23 - ﬁig- 20
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fromorganic amonia nitrogen (N4-N) to inorganic nitrate nitrdgen (N3-N)
"Thus, the tenperature of the sanple sedi nent approached an ordinary
tenperature as the sanpl e sedi nent -reached the fermentation tank 2 at the
eighth 5 stage. During this process, any surplus water or npisture was
evaporated due to the heat caused from exotherm c phenonenon of the

m croorgani sns, so that final water content in the sanple sedi nent
appraoached approxi mately 50% (3) Maturaffon: 10 The sanpl e

sedi ment, having a noisture content reduced by approxi mately 50% during the
above fernmentation process, was then transferred to the maturation tank 4
bel ow the fernmentation tank 2 at the | owernost stage, and matured for six
weeks. During this period of tine, "turpgover" 15 operation was
periodically performed. By this : g;h tity of air was supplied to
the sedinment and thus the tenpetal & o™t he sedi nent was decreased. Thus,
bi ochem cal reaction of nmethophilic bacteria and cryophilic bacteria was
ani mat ed. Accordingly, nitroge Has furt her220 2!‘%%9(1 to nitrate nitrogen,
so that stable organic conpost _oou ! e noi sture content of
the conpost after nmaturation t bAabout 45% Lignin which
IS persistent substanc - I bst ance,
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25 i.e., primary hunus substance having been changed to genui ne hunus
substance. In accordance with the vertically oriented, multi- stage,

mul ti purpose fernentation apparatus, it is possible - 24 - to facilitate
effective utilization of a restricted |and area, to restrict occurrence of
of f ensi ve" odor or waste water during fernentation process, and to perform
all processes including a prelimnary fernentation and 5 a maturation
process in a seal ed apparatus. Thus, t#h& apparatus of the invention is
quite suitable for fernmentation process in an area adjacent to a |arge
city. The present invention enploys a unique agitation nmeans, so that it is
not limted to m scellaneous household 10 effluent such as excrenent, but
it may al so be used in various fernentation processes such as food
processing for aninmal neat or fi shﬁree@ I i,‘@ ted to m scel |l aneous househol d
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-25 - W claim 1. A vertically oriented, multistage, nulti-purpose

- fernmentation apparatus conprising: at |east one fernentation tank incl uding
a housing of 5 a substantially cylindrical configuration; a support mneans
extending radially outwardly fromthe center of said fernmentation tank and
bei ng rot atabl e about said center of said fernmentation tank; a plurality of
agi tati on neans renovably connected to 10 and supported by said support
means, each of said agitation nmeans incdAiding a plurality of agitation

bl ades each of which is rotatable about its rotary axis extending
vertically to the bottom surface of said fernentation tank; a gas intake
means di sposed above said bottom surface 15 of said fernentation tank and
bel ow said agitation nmeans; a transfer opening neans di sposed in the bottom
surface of said fernmentation tankn??do ragged to be opened and cl osed; at

| east one filter means disposed i Hgngp rface 20 of the fernentation
tank at the uppernost stage; and a mat™iration tank di sposed bel ow said
fermentation tank at the | onel@ost stage and being in comunication wth
said fernentation tank through‘sakg transfer opening neans.
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2. A vertically oriented, nmultistage, nulti-purpose 25 fernmentation
apparatus according to Claim1l, wherein each of said agitation neans
includes a drive shaft to which said agitation blades are attached, and
wherein said drive shaft is renovably connected to said support neans.

26 -'3. ° Avertically oriented, nultistage, nulti-purpose fernmentation
apparatus according to Caiml or 2, wherein at |east two stages of
fermentation tank are di sposed above asg7connected to said maturation tank
5 4. A vertically oriented, nultistage mul ti - purpose fernmentation
apparatus according to any one of Clainms 1 through 3, wherein said filter
means includes a quantity of conpost as a deodorizing filter medium said
conpost havi ng m croorgani sns fixed, grown and cultured thereon, said 10

m croor gani sns bei ng changed fr Iher ilic bacteria to nmethophilic
bacteria. 5. A vertically ?gy | tistage, multi-purpose
fermentati on apparatus accordi ng any one of Clainms 1 through 4, mhereln

a liquid fernentation tank for perforn&&g 15 prelimnary fernentation is

di sposed bel ow sggl mat uragion /—/
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t ank.+~6. * A vertically oriented, multistage, nultl-purpose fernentation
apparatus according to Caimb5, mhereln said liquid fermentation tank-is
“connected with said fernmentation 20 tank, and wherein said fernentation
apparatus further conprises a transfer neans for transferring a

prelimiharily fernmented product fromsaid liquid fernentation tank to said
fernmentation tank. 777

Fig. 9 o
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