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-1- TITLE OF THE | NVENTI ON ADSORPTI ON APPARATUS FOR
WASTEWATER BACKGROUND OF THE | NVENTI ON The present
invention relates to an adsorption 5 apparatus for - -

wast ewat er which is configured to adsorb apf .
substance such as phosphorus, . boron, quoBWMEmmmmmmwm
oil contained in wastewater MAIP t he use of an

adsorbent. .An resource substance, such-as phosphtfus,—
10 contained in wastewater is conventionally treated

by adsorption using dsor hent h
hydrotalcite, a fIogggﬁgtﬁﬁgggéegﬁwﬁgigiy al um num
sul [l FAGN (09l al e num Gl ge)ds or, activated

carbon. Anong these adsorbents, various conventiona

techniques for 15 gxeatkdehPhOSPROE USyenpflogdsor bat e

using hydrotalcite as an adsorbent have been

di scl osedrid,pAferexailent i olPee Pites ARPldn KEHption
Publ i cati on Nos. 2003-299948 (Docunent 1),

200 &ape662M o BDeol merdt e2)a t eandvi2005 - 60 1deh £ {(Pocddreddt adsorb
3). Hereinbel ow, these conventional 20 techniques

di saroseddur docuieritance tsam@ wid Iptoesprdescs,i bed-omi t h
reference to FIGS. 1 to 3. As shown in FIG 1, an

ads dribeti nE03 ot sl loswah tiai neb clummevts tleveorg miwischa the use
zeolite particle 33 as a core nmaterial, polylactic

aci PB2ERRSBE Wi, and 25 hydrotalcite 31 as a

surface coating. The zeolite particle 33 is |ocated

i nner nost® and THE Hy ff S H G such as phosphorus,

contained in wastewater is conventionally treated by
adsorption using an adsorbent such as hydrotalcite, a
flocculating agent (e.g., aluminum sulfate, PAC
(polyaluminum chloride)), or, activated carbon. Among
these adsorbents, various conventional techniques for
treating phosphorus as an adsorbate using hydrotalcite
as an adsorbent have been disclosed in, for example,
Jpn. Pat. Appln. KOKAI Publication Nos. 2003-299948
(Document 1), 2007-106620 (Document 2), and 2005-60164
(Document 3). Hereinbelow, these conventional
techniques disclosed in Documents 1 to 3 will be
described with reference to FIGS. 1 to 3.

As shown in FIG. 1, an adsorbent 103 disclosed in
Document 1 contains a zeolite particle 33 as a core
material, polylactic acid 32 as a binder, and
hydrotalcite 31 as a surface coating. The zeolite
particle 33 is located innermost and the hydrotalcite

31 is located outermost, and the zeolite particle 33

IlII\!!!lI“IINIIHIWI!Il\\IHIHII\
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31 is located outernost, and the zeolite particle 33
~~[ ~~~~ 1111 I1TOIIMIIMIIIIl ~~~~ ~I|~ *@OOO2* - 2
and the hydrotalcite 31 are bonded together by the

bi nder 32 | ocated therebetween. As shown in FIG 2, in
the case of a conventional unit 100, wastewater is

i ntroduced into a bottom part 05 a reaction tank 102 5
through a water piping line L1, allowed to flow
upwardly so as to cone into contact with the adsorbent

103 t.ai ned in.t . [ tank 102, d.th N

i SR Gt TS e S b B B 1 H S P g

di - [4 i nel.udi 104. The ad t .
o serge- o daine b ag a yeye 208 T opeten, .
prouviyded o sl i ghtd - abave @, Pesi i on Ao ,Wmézg:ew terozi

wastewater Is introduced into the reaction tank 102.

FUur tihelnodhcd £COVES Ya e dms 10 espverrdhie adsorhent oo
103 fromthe reaction tank 102 is connected to the

r eaatd sudrank Wb 02 1 Byndori gl N west ewed €t s uppdv ed

to the conventional unit 100 into contact with the
adsonbendl 103 wose saorfacmtics coatac: with tftee adsorbent
hydrotal cite 31, phosphate anions 34 contained in the

was tldvat@m tr ) adsdrdettact tdre aasior bt 2038, thsn

shown in FIG 3, the adsorbent 103 having the
phosHifat e R dnist B e oreel 1@ tdiek sii4 ader e evt upper
U ST T AT N LY Sl L RN

103 is supported by a supporter 106, which is provided
slightly above a position at which wastewater is
introduced into the reaction tank 102. Further, a
recovery line L3 to recover the adsorbent 103 from the
reaction tank 102 is connected to the reaction tank
102.

By bringing wastewater supplied to the
conventional unit 100 into contact with the adsorbent
103 whose surface is coated with the hydrotalcite 31,
rhosphate anions 34 contained in the wastewater are
adsorbed to the adsorbent 103. As shown in FIG. 3, the
adsorbent 103 having the phosphate anions 34 adsorbed
to the surface thereof composed of the hydrotalcite 31

. 1s taken out of the reaction tank 102 as a spent
adsorbent 103A by opening a valve 105 included in the
recovery line L3.

However, the above-described conventional

techniques have the following problems (1) to (3).
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adsor bent 103A by opening a valve 105 included in the
25 recovery line L3. However, the above-descri bed
conventional techniques have the foll ow ng probl ens
(1) to (3). 3 (1) The phosphate anions content in the
adsor bent havi ng phosphate ani ons adsorbed thereto as
a resource substance is |ow, and therefore the purity
of the phosphate anions is reddced. 5 The adsor bent
103 disclosed in Docunent 1 contains conponents other
than the Eidrotalcite 31 such as the binder 32 and

the core MhatefialPR3SPR2TEr gRIGHDURPRTC ANt RRPefBPBIDENT
the concentrati on of phosphate anions in the spent
adso?%%h?glfﬁp?éb??ﬁuﬁﬁﬁ Sr%%%%gge?héhﬁﬁeﬁﬁr??yaofesource
t he te anipns, thereby causing a problemthat
mhenggggggﬁ?gdl%hﬁ@%ﬁo%?% %%%ﬁel%r%s%%ef%?*lg¥oa CFH%,

for §K$§§$§teaa£fgﬁ%;%§$%ed£§§?PrOdUCtion cost

t her'eo ncr eases. el uence on the

envi ronmephei §q58F9€nt 190 As desersbed; AbAYEuMERE 1 contains
adsor bent 103 disclosed in Docunent 1 contains the

bi ndesmSen aftels t hen€or ensmt endé ahyd 3St ANcl 8& 081 aBBUAL §s the
In a case where the adsorbent 103 is used as a :

fertbhinaer 3h andnehd @adeimiatéheabi Beletn BRrgsdambents,
core material 33 may not have a negative 20 influence

on sandl therefora tasecoheeret theladsof bentspiB8ei snions in
used as a fertilizer in a large anount, there is a

f earthpasPear gedapwomn’s bP3t he benderTi32s andduhescohe

purity of the phosphate anions, thereby causing a
problem that when recovered phosphoric acid is used for
producing, for example, a fertilizer, the production
cost thereof increases.

(2) The influence on the environment is large.

As described above, the adsorbent 103 disclosed in
Document 1 contains the binder 32 and the core material
33 in large amounts. In a case where the adsorbent 103
is used as a fertilizer in a small amount, the binder
32 and the core material 33 may not have a negative
influence on soil, but in a case where the adsorbent
103 is used as a fértilizer in a large amount, there is
a fear that large amounts of the binder 32 and the core
material 33 are accumulated in soil and then have a
negative influence on the soil. More specifically,
zeolite constituting the core material 33 of the
adsorbent 103 is like a kind of sand, and therefore

when the adsorbent 103 is used as a fertilizer, there
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material 33 are accunulated in soil and then have a
negati ve influence on the soil. Mre specifically, 25.
zeolite constituting the core material 33 of the
adsorbent 103 is like a kind of sand, and therefore
when the adsorbent 103 is used as a fertilizer, there

4 is a fear that soil is chgnggd not to one

cont ai ni ng phosphoric acid but ‘to one containing a

| arge anount of sand. Therefore, there is a concern

t hat, h fertilizer has a negative influence on, .
thz %%F%i%éh?cﬁ%?ﬁe§ﬁ%‘ dﬁﬁéﬁ?a%$ggl%%Yst8ro?%oﬁgntalnlng

i nst ead lhproving it. (3) Hydrotalcite as_the
s TR B BHL PF ok 1 ke KAk e BhEbdr TptOF gamount of

Cons.gﬁﬁ?d fﬁ@%ef@%%bygﬁgfglfét§.§&n93¥ﬂgggfysggchl%

singly as an adsorbent not containing t nder

32 Ofcidiel LOLL R L1 ALy 33; vEOYRY BlendS GRSERLDEGIE Mvation
Docunents 2 and 3, since the hydrotalcite 31 is in the

f or neof i ¥eiyed t Nef PaTAh€s e5r havbdg anpeebicbe shgoPing it.
0.1 to 1 pm (Docunent 2) or 1 to 20 pm (Docunent 3),

there is a3prabliesttbattedependengdenrbbatf Fowwr atesofrom
15 wastewater, particles of the hydrotalcite 31 flow

out thieomadeiomacénbn tank 102 t hrough the di scharge
line L2 together with treated water (Il oss of

hydr ot al cFEeispapnbtfesyd ahdtt hbeehgreothécite 31 may be
hydrotal cite 31 as an adsorbent disappears fromthe,
reactfomh ©amkl102S st AatCPRCAlSBP bt FORCRERERF ORI Pinder
not ﬁécur._ln addi ti on, therg is also a problemthat .

t he d?Bt%T%i?%r%lmﬂB%¥h@l 3. However, as described in

Documents 2 and 3, since the hydrotalcite 31 is in the
form of very fine particles having a particle size of
0.1 to 1 uym (Document 2) or 1 to 20 um (Document 3),
there is a problem that, depending on the flow rate of
wastewater, particles of the hydrotalcite 31 flow out
from the reaction tank 102 through the discharge line
L2 together with treated water (loss of hydrotalcite
particles), and therefore the hydrotalcite 31 as an
adsorbent disappears from the reaction tank 102 so that
adsorption reaction will not occur. In addition, there
is also a problem that the hydrotalcite 31 having
phosphate anions adsorbed thereto cannot be recovered
as a spent adsorbent.
BRIEF SUMMARY OF THE INVENTION

It is therefore an object of the present invention

to provide a wastewater adsorption apparatus capable of

effectively preventing a loss of adsorbent from a
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phosphat e ani ons adsorbed thereto cannot be recovered
as a spent adsorbent. BRI EF SUMVARY OF THE | NVENTI ON
25 It is therefore an object of the present invention
to provide a wastewater adsorption apparatus capabl e
of effectively preventing a | oss of adsorbent from a
5 reaction tank. It is thergfoge anot her object of
the present invention to. provide a wastewater
adsorption apparatus capable of effectively

|ncrea3|n thf%gyrlt?; cg @hi§§9§f§§a§39§é9'§gﬁect of the

cont a| ne e reaction resen

'nve;gwéén@avr?vé&g PO 8! ¥ 50 gl g \ngte\pglt']éwé)(ﬁs@%ptlon

t he adsor ben e rea |on tfan and as a result

have( ?gpgtﬁgaéa§§$fet8§ @p9¥§tg@§§§'pﬁ@re&é?@éeﬂﬁe(éﬁrluy

associated with the recovery of a spent

adsog begt r £3bubee SOhYELa e USbitga t hedhydr ohal eédec 16n tank.
31 as an adsorbent containing no carriers such as the

bi nder 32TRBdptbeefior éntrahesial h38e Astdestrvebgdstudied the
above, the hydrotalcite 31 is in the formof fine

par tbehesjoandfi sh¢ hadedopenti kel yheoréhoniount tédnom and as
the reaction tank together with treated water, which

makes result, dhevechpendorhehebebhvehei shareudpscEdbed
maintain its initial treatnment perfornmance.

Ther efePéemehél presgent?) |ﬁ%%ﬁ?b?§ eHalétPntBRsFEEPYErY ©f 2
studi ed the streamof water reactio

part?ESPErF?SOFH8nﬁD9%ﬁth B?igﬁéng PﬁlpﬂegpgggYﬁﬁﬂtalClte

o GIoBLeLR R RERASOLRERt nefle hY! dLpedeRedsLaNChs che
binder 32 and the core material 33. As described
above, the hydrotalcite 31 is in the form of fine
particles, and is therefore likely to flow out from the
reaction tank together with treated water, which makes
it difficult for the conventional unit to maintain its
initial treatment performance. Therefore, the present
inventors have intensively studied the stream of water
in the reaction tank, particularly, the movement of
water in the reaction tank containing the adsorbent
fluidized-bed layer, and based on the results obtained,
have examined the effect of some adsorbent flow out
preventing means likely to be effective in preventing
the flow out of the adsorbent. As a result, the
present inventors have found that providing such an
adsorbent flow out preventing means in the reaction
tank is very effective in solving the above-described

problem (3). The present invention is based on these
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have exam ned the effect of sone adsorbent flow out
preventing neans likely to be effective in preventing
the flow out of the adsorbent. As a result, the
present inventors have found that providing such an 25
adsorbent flow out preventing nmeans in the reaction
tank is very.effective in solvigg t he above-descri bed
problem (3). The present inventrfon is based on these 6
- findings, and has the follow ng features. An
adsogption apparatus for stewater according to the
or oSehtE RNt F 5h R 12 eoL 0¥ eBGt | ST EEPK-

configure erformfluid conta reacti on between

t t )
an 5 adsogBeg?g%ﬁ%téO?e%%%?£%t§3bg?énﬂﬁsE%ﬁ?ﬁ?ﬁeﬂcFﬂrdl“g
“ﬁSt§&ﬁ{ﬁé?%?e§&£P!¥ 9$%998$°80ﬁ§95é§%!39 %gagyPgﬁytank

stancé to the

wast ewat er ont al ni ng e resource su

reaction; tapky £ 8l ng §fﬂi8ec89E££gU5§ %¢Pa%h@£9£een an

the adsorbent into the reaction tan

di schasgrpgndeyh@ea conddgeeds t9s g scharger 21 fLgat gd
wat er, obtai ned by adsorbing the resource substance to

t he adsosbettr; f& omuphey I eachévncE anknf Bg@as®r H&NEupply
di schargi ng device configured to discharge the
adsovéesneyahavi ngntdeniresotne erssbst anceulasisondedtd5the
thereto, fromthe reaction tank; and an adsorbent flow
out prevehntingadeyi zeclondigurédvioe prevehyufédw outharge
of the adsorbent fromthe reaction tank during fluid
cont BeE RE3RIPBMC bt heeh ¢ hecadsbPbehtnAhd tHeter

resoyrce substance, contained in_the wastewater.
ischarging device configured to discharge a treated

water, obtained by adsorbing the resource substance to
the adsorbent, from the reaction tank; a aasorbent
discharging device configured to discharge the
adsorbent, having the resource substance adsorbed
thereto, from the reaction tank; and an adsorbent flow
out preventing device configured to prevent flow out of
the adsorbent from the reaction tank during fluid
contact reaction between the adsorbent and the resource
substance coﬁtained in the wastewater.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 1s a schematic sectional view of a
conventional adsorbent;

FIG. 2 is a schematic block diagram showing the
structure of a conventional apparatus;

FIG. 3 is a schematic sectional view of the
conventional adsorbent having a recovered substance

adsorbed thereto;
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20 BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE
DRAWNG FIG 1 is a schematic sectional view of a
conventi onal adsorbent; FIG 2 is a schematic bl ock
di agram showi ng the structure of a conventiona
apparatus; 25 FIG 3 is a schematic sectional view of

the conventional adsorbent having a recovered
substance adsorbed thereto; 7 FIG 4 is a block
di agram showi ng the structure of an adsorption

t t t di t di t
of "the. pr BS8nt i nocht Ponc LFre o5 s BoBt ek APagranrture of
h i t t' t
or anaronarer dicirdriered PnofRdrPutB0a RERb b g o o

preseptoLnvent i g; + £L G 65k 5+ a; RLogk; gi agr am showi ng

R;
the structure o? an adsorption apparatus for

wast evat ei-zaccer ding £0,-anathgk8MBAdLMRAL tAEk theycture of
present invention; 10 FIG 7 is a block diagram

showhhgatiberpt i ust Hpgaph-uanradsnspt LAt apparabugifigr to
wast ewat er according to another enbodi nent of the

pr esenpthaveambodimand &F G h8 pseaebht otkvdhagoam

showi ng the structure of an adsorption apparatus for

wast ewat ef'I&ccoér deng bdots dnethem ehbwdnpenheokttrheture of
present invention. DETAILED DESCRI PTION OF THE

| NVERT| BNSARPEdSBr pPPBAR2 AppafarusaatedrBphgaceordeng to

present _invention conprises; a reaction tank
Confpﬁepgartgmbodlment of the present invention;

FIG. 7 is a block diagram showing the structure of
an adsorption apparatus for wastewater according to
another embodiment of the present invention; and

FIG. 8 1is a block diagram showing the structure of
an adsorption apparatus for wastewater according to
another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

An adsorption apparatus according to the present
invention comprises; a reaction tank configured to
perform fluid contact reaction between an adsorbent and
a resource substance contained in wastewater; a
supplying device configured to supply wastewater
containing the resource substance to the reaction tank;
a charging device configured to charge the adsorbent
into the reaction tank; a water discharging device
configured to discharge a treated water, obtained by
adsorbing the resource substance to the adsorbent, from

the reaction tank; a adsorbent discharging device
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performfluid contact reaction between an adsor bent
and 20 a resource substance contained in wastewater; a
suppl yi ng device configured to supply wastewat er

contai ning the resource substance to the reaction
tank; a charging device configured to charge the
adsorbent into the reaction_tapnk;_a water discharging
device 25 configured to discharge a treated water,
obt ai ned by adsorbing t he resource substance to the

d hent t ti t d b 1
g S TR b s SR ER I S f?fzig:”ﬁ%

d ction
herbtsbnod ming: %@é%t%oﬁsﬁo% zoﬁk%@fé D A e e

flow out: prRvent i ngsdenice fP&ﬁféQQV}?Pe%QnQEﬁ yentyitew
out of the adsorbent fromb5 the reaction tank during

f1 Ui gbeonhaedd react i onebetmean odihe adsos beand o anch ¢ herom

resource substance contained in the wastewater. The
adsothente £d 10y rout a rpt exerin g or dedd Ceo Pt | 5€8ct Bon between
change devi ce which changes a flow state of the water

10 ithe hedgedsn orendnkhaevhers dhe-avastlewad e i sontained in
supplied or when the treated water is discharged. The
appa?%ﬁLEﬁ%ﬁﬁwﬁQﬁmg to the present invention

preferabl¥ conprises, as such a change devi ce which
changes alf% CWA2PERR bf I LPie WAt PLFYCEhend e@eYion comprises
tank, 15 a circulation line and a circul ation punp

whi ch SR M E Tast el FP TP The rehet i %ma?%n‘R- i ‘rrh% water

dlref£|§ggdlggf¥fgg Iééﬁn&ﬁgg tfet$§é§é&§@g}oistg§pblled or

when the treated water is discharged.

The apparatus according to the present invention
preferably comprises, as such a change device which
changes a flow state of the water in the reaction tank,
a circulation line and a circulation pump which
circulate wastewater in the reaction tank in a
direction different from that of the stream of the
wastewater supplied to the reaction tank from the
supplying device. Alternatively, the change device
which changes a flow state of the water in the reaction
tank may be a baffle plate which is provided in the
reaction tank between a adsorbent layer formed of the
adsorbent and the water discharging device, to limit
the movement of the adsorbent likely to flow out from
the reaction tank along with the stream of the treated
water being discharged from the reaction tank.

Alternatively, the change device which changes a flow
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wast ewat er supplied to the reaction tank fromthe
suppl ying device. Alternatively, the change device 20
whi ch changes a flow state of the water in the
reaction tank nmay be a baffle plate which is provided
in the reaction tank between a adsorbent |ayer forned
of the adsorbent and the watergdischarging device, to
limt the novenent of the adsorbent likely to flow
out from25 the reaction tank along with the stream of

the Jugal e pl of; Dl g, diRehalged dd omldihg, padd ion
tank. Al y, t

ternative e change devi ce whi ch ‘changes

a fl W erad i G %e@nkgfaﬂ$%%ﬁri§ _rbﬁch\;ﬁid&_ﬁcﬂﬂ} Othd _ad‘li(action
may be a filtration nenbrane which is provided in the

r eactdon pdankebel weess madsorbent amesd fof mede afdddigoent
adsorbent and the water discharging device, to limt

t he syveamentwd: ©f dihectadspibenietikel yte ol fhow tue movement
fromthe reaction tank along with the stream of the
treatedcivatatsddienyt dikschargedtIowonvthef ¥@acthonreaction
tank. In this case, the apparatus according to the _

pr esemk | averd i wit pridierabisam up f hehe corprFe@svateqgpeing
cleaning device to clean the filtration nmenbrane

pr ovi Heeha Foethel FeBcthonr $2rkiOTht 8 ks because the
ability of the,filtratiog nenbrang to aIIo§L%hetga%§L

to pass throbighSi S2F8dutBd abRt3 " tRe®ocRlrrerAce of '~
clogging resulting.fromloeng-fer niinu : -
opergf?%%?°1%“%%%‘%%%r%?%?%9?%E¥gkﬁgééégagéﬁgglSes °

reguéféggiﬁéeggvigg cEiLiLahi opemenbrane: BY LbBfprane

cl eani ng device to recover
provided in the reaction tank. This is because the

ability of the filtration membrane to allow the water
to pass through is reduced due to the occurrence of
clogging resulting from long-term continuous operation,
and therefore it is necessary to regularly clean the
filtration membrane by the cleaning device to recover
the ability of the filtration membrane to allow water
£o pass through. As such an apparatus to clean the
filtration membrane, the above-described circulation
line can be used for backwashing of the filtration
membrane.

It is to be noted that wastewater to be treated by
the apparatus according to the present invention
contains, as the resource substance to be treated, a
component such as phosphate anions, boron ions,
fluorine ionrs, or oil. Among them, phosphate anions

are preferred. Further, the adsorbent to be used in




10

15

20

25

the ability of the filtration nmenbrane to all ow water
to pass through. As such an apparatus to clean the
filtration nmenbrane, the above-described circul ation
20 line can be used for backwashing of the filtration
menbrane. It is to be noted that wastewater to be
treated by the apparatus accor,gi ng to the present

i nvention contains, as the resource substance to be
treated, a 25 conponent such as phosphate anions

b

oo st ne S 1t et osa {TRr®, (feflca, alumina,
ﬁdsqg @ étt§ééght‘§¥£éﬁ 10\ 3 e @H&ﬁenéhérgéﬁgiégbﬁsls
ydrota silica, alumina,- or activated car

Among, & f@%ecﬁ he. adsor bente 'éar@f@f@é red begause fine

particles of unmxed hydrotalcite can very

effIwy&w@ﬁyl@ﬂ@@r@b@h@§gpaéﬁfﬁcﬁ@m@p§ adferpinehxehate
hydrotal cite particles do not include the binder and

t he £01en st eThal unbledd fih y@ropar ¢1€d 65a of i ted Xe&d not
hydrotalcite are fine particles which have a specific

gr avinylkce gene tihamddr ammd anhe averageapartakl e Suge fine
within between 0.1 umand 20 pm 10 (0.1 pm and 20 pm

i nclpried)claheot eannived tharkrofat hetappee af ke particles
according to the present invention may be of any one

of a'tiXed>ded 2typRecienetdFavaty| trepekdtbel typed an
reactor, and an  expanded-bed type reactor but is
part%ﬁ%ﬁa?ypistb%?e%ﬁ?y%’fhhnf%?vﬂ?%d bed"Fyped 20 nmm

reac%&rl pum and 20 um included).

The reaction tank of the apparatus according to
the present invention may be of any one of a fixed-bed
type reactor, a fluidized—bed type reactor, and an
expanded-bed type reactor, but is particularly
preferably of a fluidized-bed type reactor.

Further, in a case where the reaction tank of the
apparatus according to the present invention is & form
of a fluidized-bed type reactor, the flow rate ratio
between an upward-moving stream (water stream 25 shown
in FIGS. 4 to 6) and a downward-moving stream (water
stream 26 shown in FIGS. 4 to 6) is preferably in the
range of from 1:0.1 to 1:1. If the flow rate ratio is
less than 1:0.1, it is impossible to effectively change
the flow of the upward-moving stream, thereby
increasing the amount of the adsorbent that flow outs
from the reaction tank. On the other hand, if the flow

rate ratio exceeds 1:1, the reaction tank cannot
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Further, in a case where the reaction tank of the
apparatus according to the present invention is a form
of a fluidized-bed type reactor, the flowrate ratio
bet ween an upwar d- novi ng stream (water stream 25 shown
20 in FIGS. 4 to 6) and a downward-novi ng stream
(water stream 26 shown in FIGS.; 4 to 6) is preferably
inthe range of from1:0.1to 1:1. If the flowrate
ratio is Iess t han 1 O 1 |t is inmpossible to
effect| chan(gr5 f the mard nov

-9

str e%%t Here %%?% %@ %t St g%nngt serve as

adsog b P&l%b?%dféégv%%g§# ;rongtpgb e@&éu@fnég

t he ot and rater t|o exce

t he é???&i@ﬁc%%‘t‘ &@@@%tloﬁluspeéfeﬁén é&§oPBétha|
function cannot serve as a fluldi zed-bed

reactor, HeeaebuoteQUCLaglébe pebtbeieacymBbdinents of the
adsorptlon usi ng the adsorbent. Hereinbel ow, various

pr ef preednenbodénentds ©f 11 hiee Sdpsesepédi wvent refenthte to
be described with reference to the acconpanying

dr awthgsac¢Enpsty Enpodraentys A wast ewat er adsor pti on
apparatus according to a first enbodi nent of the

present invensiobmapimpetl0 described with reference

to FIG 4. A wastewater adsorption apparatus 1
accordlngAtUaSﬁﬁeaF?Fs?déﬁﬁﬁaFﬁénﬁpééﬁﬁFP§e§C50rdln0 to a
wast ewat er a treated wat er dlscyerge

U
i nelEBSt ﬁma§§b¥ﬁehtOfdtgeharaeevrnént%ntaon ot

Clrcgggékggellneth regerence to FIG. 4.

A wastewater adsorption apparatus 1 according to
the first embodiment comprises a wastewater supply line
L1, a treated-water diecharge line 1.2, an adsorbent
discharge line L3, a circulation line 14, and a
reaction tank 2. Ail of these lines L1 to L4 are
communicated with the reaction tank 2. The reaction
tank 2 contains a fluidized bed of an adsorbent 3
therein.

A support 6 is provided in a lower portion of the
reaction tank 2. A layer of adsorbent 3 is supported
on the support 6. A bottom region 2b is formed a
bottom of the reaction tank 2 and the support 6.

More specifically, the wastewater supply line L1
including a pump Pl is communicated with the bottom
region 2b of the reaction tank 2 to introduce, as
wastewater to be treated, a liquid (containing

phosphate anions), which is generated by solid-liqguid
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- 15 reaction tank 2. Al of these lines LI to L4 are

conmuni cated with the reaction tank 2. The reaction
tank 2 contains a fluidized bed of an adsorbent 3
therein. A support 6 is provided in a | ower portion of
the 20 reaction tank 2. A layer of adsorbent 3 is
supported on the support 6. A Qotton1reg|on 2b is
formed a bottom of the reactlon tank 2 and the support
6. More speC|f|caIIy, t he wastewater supply line LI

|nclud|n Pl i cated w he bottom
re g? ég ¢R§h%1$% ctlonq%aﬁﬂ > %Fl%%r%du tln%iexcess

“ﬂSt§%@§§§ tPh@? tfeate % £ Ao 1 d £d9€5ﬂ18'”§ ewater

phosphate ‘ani ons), Wwhich i's generated by SO|Id iquid

- 125488 Pff:?&hﬁﬂo 01 sl uglge- hd SN Priocess Ofetfealid@-vater
excess udge, into the reaction tank 2 from a

wast @naties r g S UpPPhy §@UI§@|@§¢H{EFtﬁ@m@tﬁgraﬂ@ngn sheors

treated-water discharge |line including a punp 22

and anl exn- of fs Scarahivei dated contiun € aigtle WM t8gaon uppest the
region 2a of the reaction tank 2 to discharge treated

wat erefcoimt hieank eact ¢ oni t@mkr @e | nteatedireat ed- fatrerthe

di scharger 22. The treated water is sent to the next
processcthenughnkt helnteat cdrewnted -di'sehadyechapgeThes -
adsorbent 10 di scharge line L3 including a punp P3 and

an ORCBf FregapdeVBtes tdnmRint clat el RAXEhRI PE§EP BRrough

adsor pent 3 rOV|ded [ose to a £ art of the
reacton-t&fk % W?Beal§bﬁ%?@%g?ﬁe gdsoTﬁen? d3OFPHRT t he

reacélggn£§ge flqe L3 including a pump P3 and an on-off

valve 5 is communicated with the layer of adsorbent 3
provided close to a lower part of the reaction tank 2
to discharge the adsorbent 3 from the reaction tank 2
into an adsorbent discharger 23. The circulation line
L4 including a pump P4 is communicated with tne
reaction tank 2 at a position close to the lower part
of the reaction tank 2 and a position close to a middle
part of the reaction tank 2. By sending wastewater
present close to the lower part of the reaction tank 2
to the middle part of the reaction tank 2 using the
circulation line L4, it is possible to create a
circulating water stream including a downward-moving
stream 26 in the reaction tank 2. It is to be noted
that the distance between the fluidized bed of the
adsorbent 3 and an upper discharge port being in
communication with the treated-water discharge line L2

is sufficiently large so that the adsorbent 3 is less
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into an adsorbent discharger 23. The circulation |ine
15 L4 including a punp P4 is communicated with the
reaction tank 2 at a position close to the |ower part
of the reaction tank 2 and a position close to a

m ddle part of the reaction tank 2. By sending

wast ewater present close to tq% | ower part of the
reaction tank 2 20 to the mddl'é€ part of the reaction
tank 2 using the circulation line L4, it is possible

to creat- circul ati wat er stream includi a
dom%m%a%?edtgln%vcf nfglowstoruetam 26 in'G h%eaf‘g%tqri otﬁariq%%' 2.F9%

is t noted _ that, t | st e hetween the -

fl uieg?%g)dl bed of ({Eﬂstet af%%ag)seo r“gegen tgqeanu&J Ban uepnpde rOf ne

di scharge ROt th eI g L LUBMLpatd L Whee - pore of
treat ed-V\J/hter di schar ge Iai ne L2 r&f‘s gﬂ?cﬂ c}féent ye1 frogre ©

so thad Ade-@dsorhent B desS dess I mhddkely 9, flaw aute

fromthe reaction tank 2. For exanple, the distance

bet wesya tdre-wipper @ntrofrdane idfd uidized edaf ddherange of
adsorbent 3 and the upper port of the reaction tank 2

bei nig- 9 tcammuni cation with the 5 treated-water

di scharge line L2 can be set to range of 1.5to 5 M

In the filksttlerbod nemnbamhimioed hydnoted ditdrotalcite
particles having a predeterm ned particle size
(avétaddge C i thal e Siz eradaigeomed paw 20 aurglzr elaverage
used as the 10 adsorbent 3. The unm xed hydrotalcite

par tiE1 e do Sote* iTfIRdE %t He hitTiier? ahy tHe coyed as the

?ﬁé%%%gﬁééﬁkt%ﬁﬁl.%§§Hmd£%&[E§ égg§¥2f§§%%3é¥%fgs do not
include the binder and the core material (eg. zeolite).
In the bottom region 2b of the reaction tank 2, a
support 6 having a plurality of pores whose pore size
is smaller than the particle size of the hydrotalcite
particles is provided so that the hydrotalcite
particles 3 can be accumulated on the support 6.
Therefore, the fluidized bed of the hydrotalcite
particles 3 is formed by allowing wastewater present in
the bottom region 2b of the reaction tank 2 to flow
upwardly through the pores formed in the support 6.

Hereinbelow, the operation of the first embodiment
will be described.

During tne contact adsorption between wastewater
and the adsorbent 3, the adsorbent discharge valve 5 is
shut off and the treated-water discharge valve 4 is
open, and wastewater is supplied to the bottom region

2b of the reaction tank 2 through the supply line L1.
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support 6 having a plurality of pores whose pore size
is smaller than the particle size of the hydrotalcite
15 particles is provided so that the hydrotalcite
particles 3 can be accunul ated on the support 6.
Therefore, the fluidized bed of the hydrotalcite
particles 3 is forned by aImeLﬂp wast ewat er present
in the bottomregion 2b of the Teaction tank 2 to flow
20 upwardly through the pores formed in the support 6.

Her ej nbel th [ ti f th i t enbodi
e TR bkt e PR S L RE Err Lot Sacar SRy

betg§99e¥@§$§“ﬁE@£§SPQd Eﬁeaa&%?%?ggénfﬁ%éﬁégéﬁégﬁb@?ta

di schar ge val ve 25 'shut "0

trea&§9é¥6§€fe§%Sf?aégeayaéﬁzp%sgStHP@H%ha@ﬁeZ%u%?o¥%e6 and

wastewater I's supplied to t ottom regi on

reacthon {gokiZydhropghnd he,gupphyctibepktidfes THE Then,
wast ewater is aYIovved to flowin an upward direction,

thattisateédl @atlkt ecdi ONscePrgsentedmbyna raatelost tgam 2
25 so as to pass through the support 6 and then the

| ayethobugrhet hydrohal c2 t enpanticheshd. tfhenedSwdtent ed
water is discharged fromthe reaction tank 2 through

t he #imeha2géncélidé ng-t he treated-water discharge

valve 4. During this operation, water present close to
the |owePuregbohnbs PReraeaeni onatankPzepsnEyelpeal Fg the
10 supplied to the mddle region of the reaction tank

2 thPBBEhTERECLI PEUFREi BRAFFACNLAARY drivi AgCtheally
supplied to the middle region of the reaction tank 2
through the circulation line L4 by driving the
circulation pump P4. The water supplied to the middle
region of the reaction tank 2 creates the downward-
moving stream 26 that flows downwardly in the reaction
tank 2. The downward-moving stream 26 suppresses the
movement of the hydrotalcite particles 3 in the
direction of the upward-moving stream 25, thereby
enabling the hydrotalcite particles 3 to be retained in
the circulation line L4 and in a range between the
bottom part and the middle region of the reaction tank
2. This makes it possible to prevent the hydrotalcite
particles 3 from escaping from the reaction tank 2.

Phosphate anions 34 contained in the wastewater
are adsorbed to the surface of the hydrotalcite
particles 3 due to contact with the hydrétalcite

particles 3. Spent hydrotalcite particles 3A can be

B
W

discharged from the reaction tank 2 through the line
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circulation punp P4. The water supplied to the mddle
region of the reaction tank 2 creates the downward-
novi ng stream 26 that flows downwardly in the reaction
15 tank 2. The downwar d- novi ng stream 26 suppresses
the novenent of the hydrotalcite particles 3 in the
direction of the upward-novingstream 25, thereby
enabling the hydrotalcite particles 3 to be retained
in the circulation line L4 and in a range between the
20 hott om par nd t ' e ' Lof react,
t anEDy 2(?perrﬁll‘nsé ntgkeesa%eo%%%g% b?{egg% P Vevvegnltt\?et héee' @nidbre
hydr cj ihcl i

tt%é&ll I;%cﬁ v%?erc&htg}é Sihg’ fromescan Ng-f4.0m hes

reaction ate anions 34 contained in the

wast ewat efic r & ©,2OSE! et OrtBer SUs T a€Re Of i £H€ embodiment
hydrotalcite 25 particles 3 due to contact with the

hydrpt al chd eqepakihehes 3. Spent hydrotalcite
particles 3A can be discharged fromthe reaction tank

2 throughThbeappaeatl3s- 115ccbydopgniagtbhef adsor ehvdiment
di scharge valve 5, and are then recovered by the
adsos Detlthe dpsehamgernP8ntidier eknbed ovesi he epeeaieddpecause
the first enbodinment w1l be described. 5 The
appafat usede ety dingerevife fnRPsheendoUPRRART HFOYhaut
present invention can be easily operatgg because the
neceREFY§NE bOHr WP BNdt hekCAdedr pehnt L FHowPoate °F 2
preventjon apparatus, such, as b f%le late or a__._ _
TenoF aHET =Ty (he FRact TOR-EHRK 3nkah BE-elP i hal oa% by Y
L0 Ph b gt b CLEEULRLERBN! L BRe 4T RALYELIES! PRe purp P4
outside the reaction tank 2, and therefore the
hydrotalcite particles 3 as powdery adsorption can be
newly or additionally charged into the reaction tank 2
from an adsorbent charger 24 provided above the
reaction tank 2.

Further, the reaction tank 2 can have a simple
structure, thereby making it easy to clean the inside
of the reaction tank 2.

Further, the flow out of the hydrotalcite
particles 3 can be prevented by controlling the pump
discharge of the circulation pump P4 in accordance with
the particle size of the hydrotalcite particles 3, the
amount thereof contained in the reaction tank 2, or the
flow rate of wastewatér. More specifically, when the
hydrotalcite particles 3 have a smaller particle size,

or the amount thereof contained in the reaction tank 2

is smaller, or the flow rate of wastewater is larger,
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outside the reaction tank 2, and therefore the
hydrotalcite particles 3 as powdery adsorption can be

.newly or additionally charged into the reaction tank 2

from an adsorbent charger 24 provi ded above the 15
reaction tank 2. Further, the reaction tank 2 can have
a sinple structure, thereby mgking it easy to clean
the inside of the reaction tank 2. Further, the flow
out of the hydrotalcite 20 particles 3 can be

prevent ed controlling.the di scharge of the ,

Cl T COTEa i QTS B SO 4 (T2 HeL st 10t ¢F Lo

si ze e hydrotalcite particles 3, the _amunt . ..

t here€o ft:%n gc?élnee TH R redth icdo‘n tHNKE'E o The ™3 Gurent

rat el yastenal ol Mo specificallye when f he, 25

hydrotal cite parti ve a sm particle size,

or tiheymut; tdheseaf; cond aj ngdy ihd he,deacd han tank, 2

is smaller, or the =low rate of wastewater 1s |arger,

16 ddendnidizadadcidecpaiid o s te@reat®r esldkelygd Oline L2
flow out fromthe reaction tank 2. In the first

enbadi merd ,ditdet dist@ahcehdetanagn: tde fhaithzed dedafk 2
the hydrotalcite particles 3 and the opening being in

5 commmifcatdiomwi t hiatee t reeat ed- Wat ero di stharlge: lilmere is
L2 in the direction of the height of the reaction _

t anlé Xags Wi e cilemthydradraec {tee gearticles $ Mow bt from
there is a case where the hydrotalcite particles 3

f1 oW BUt'FTOM O1 her P leacti t ik 2-UMheffthed ¥ | 'die rareard-

of tgg%fgg%gé&eam 25 is large. Therefore, in such a case,
the flow out of the hydrotalcite particles 3 can be
effectively prevented by increasing the flow rate of
the circulation pump P4.

A liquid (containing phosphate anions), generated
by solid-liguid separation of sludge in the process of
treating excess sludge, was prepared as.wastewater tTo
be treated and treated by the unit 1 shown in FIG. 4
using hydrotalcite particles having an average particle
size of 1 pm as an adsorbent to adsorb phosphate anions
contained in the wastewater to the adsorbent. It is to
be noted that, in this treatment operation, the flow
rate ratio between an upward-moving stream and a
downward-moving stream was 1:0.5. As a result, the
amount oif tne adsorbent that flow out from the reaction
tank 2 was significantly small.

FIG. 5 shows a wastewater adsorption apparatus 1B

that is a modification of the first embodiment
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10 noving stream 25 is |arge. Therefore, in such a

case, the flow out of the hydrotalcite particles 3

can be effectively prevented by increasing the flow
rate of the circulation punp P4. A liquid (containing
phosphat e ani ons), generated 15 by solid-liquid
separation of sludge in the process of treating

excess sludge, was prepared as.” wastewater to be
treated and treated by the unit 1 shown in FIG 4

usin drotaIC|t artlcles havi ng. an aver.age

part%% g m%e ofgig m “hn ad‘é%?%‘e%r% torlenadgaop%aratus 18

phosegﬂgfléggogﬁ 205000 Ne LTy L5, MaS L RYALLTE il L, and

adsor isto in this treatwent

operati 9fsothent | QWppT@tei fati®, betWeen AN provided above
upwar d- novi ng stream and a downwar d- movi ng stream was

1: 0. BneAscact esnl tant he, appuatiefing henadsefbent, thaglarry
flow out fromthe reaction 25 tank 2 was significantly

smal hdsEHeend 3homst apavass ewat ¢ adisol péd ofir @ppanat us

IB that is a nodification of the first enbodi nent -

17 adsorideng sepphe presentlnventign. tihel appatat usto the
1B conprlses an adsorbent supply source 10, a punp

11, amdctaanatdsokbent "éhy@paigpam*éuazwmm ckdgaptageous in
prOV|ded above the reaction tank 2. % dr|V|ng t he

punpthat atspaflr19°50%%15%%%nv1§h%%tr% Weery) TS efficiency

supplied fromthe adsorbent sup source 10 through
by PEnGoRba ht b RO oF eaet I Ba | ARECSVE AT 2bPatatuc

1B | Saadvantagsous. b 10ahait,0RaPg: RS AL oA, MLDYL: oo

partlcles 3, even when the amount of the hydrotalcite
particles 3 contained in the reaction tank 2 is reduced
by discharging the spent hydrotalcite particles 3 from
the reaction tank 2.

(Second Embodiment)

A second embodiment of the present invention will
be described with reference to FIG. 6. It is to be
noted that descriptions overlapping with the above
embodiment will be omitted.

A wastewater adsorption apparatus 1C according to
the second embodiment of the present invention
comprises a baffle plate 8 provided between the
fluidized bed of the adsorbent 3 and the upper
discharge port being in communication with the treated-
water discharge line L2. The baffle plate 8 includes
at least one opening 8a to allow water to pass through.

The baffle plate 8 is provided to limit part of the
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of contact reaction between wastewater and the 10
adsorbent 3 by additionally charging the hydrotalcite
particles 3, even when the anmount of the hydrotalcite
particles 3 contained in the reaction tank 2 is
reduced by discharging the spent hydrotalcite
particles 3 from the react[pnl%anK 2. 15 (Second
Enbodi nent) A second enbodi ment "of the present
invention will be described with reference to FIG 6.

It is to be noted that criptions overl apping_wt

t he WBURES TEHDOU =T 140 B Grm 1LUE DA st b o 22
adsor pt i t cording to _the second ., _
enbg%T%eﬁf %@QE%%“%§¥%§%??TnJgﬁ¥?%ﬁ%ab %qﬁ?%%éog tne

baf f . 8 praavi bet : I ui di . bed 1o
t he %%é%l} etﬁlt lal;hdv t 4; *u% p%f&ﬁdé és’t!é haae; gég Fg%%?g]bgf n%P%%c_ly
conmynb gatdon wd i fhesd reated 25 mater, discharge biger o
L2. The baffle plate 8 includes at |east one opening

8a toiathovgaaiestduniass diieughs pildesbafdl esplad e

is provided to limt part of the - 18 upward-noving
strebowdb pdmat f owse freamt hen fdanidi zebcdedd ofn t hiee
adsorbent 3. A discharge port of the <circulation line

L4 ispprovimeside @f post tieoncdisrectdyk abovewtherdly toward
opening 8a of the baffle plate 8 in order to 5

di schaf gePaestever er0 SR aElre i shpriazentard usevind t fleream 26.
| oner part of the reaction tank 2 |ocated on the

upst r eam S de"®fCife ¢eath® oPPRPARKLYS Howhwapafyng to the

t owar d . . . . . .
second embodiment, since the downward-moving stream 26

is created by a combination of the circulation line L4
including the circulation pump P4 and the baffle plate
8 incliuding the opening 8a, the flow out of the
hydrotalcite particles 3 can be more effectively
suppressed by the effect of such a downward-moving
stream 26, and even when some of the hydrotalcite
particles 3 having a relatively small particle size
flow upwardly from the fluidized bed, the flow ou: of

these hydrotalcite particles 3 from the reaction tank 2

h

can be prevented by the b

o1}

ffle plate 8.

The position where the adsorbent discharge line 13
including the valve 5 is connected to the reaction tank
2 is not limited to the lower part of the layer of the
hydrotalcite particles 3, and the adsorbent discharge
line L3 can be connected to the upper part of the layer
of the hydrotalcite particles 3. 1In this case, spent

hydrotaicite particles can be recovered by allowing
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the opening 8a to create the downward-noving stream
26. In the case of the apparatus 1C according to the
10 second enbodi nent, since the downward-nmovi ng stream
26 is created by a conmbination of the circulation
line L4 including the circulation punp P4 and the
baffle plate 8 including the opening 8a, the flow out
of the hydrotalcite particles 3 can be nore
effectively 15 suppressed by the effect of such a

dovnwar - pving, SLEeam 26, and. even whep soe ofcihsn cank

hyd{pt? Cit p?r g a relatively snal
partic .Ze; e-f b ui-di d,
partylenpLzer A@ﬁ%ﬁg&@&@&y fxomih bﬁé_kgbé€gr$e

ydrotalcite particles 3 Trom

the geaction-yapk 2n2f €an be prsvented by the baffle

plate 8. The position where the adsorbent discharge
line L3 ingeludi ngpbhemyatye 5 is connected to the

reaction tank 2 is not limted to the | ower part of

the layeraoththe ehpddomahti b€ phet pckesns, iamdnthen will

adsorbent discharge 25 line L3 can be connected to the

uppebepaescoibefiewiajerefofenne ngdFetal ¢it elpai6i ePe’e

3. In this case, spent hydrotalcite particles can be

recoveted byaal HOAFAFPLHONEhEHPE 62PPORAL BhaPd TP ReaPOVe

upper part of the reaction tank 2, which is

advaRFagEsus A vhat PReCPétbGEry efficiency of them

can be inproved. gTerd Enbodi.ment) 5 AtthiE% : c

enbodi nent* 8 Sth¥ bFEs EAECFRVEMTT BRPMEFIT " he "d8SEPTRaEe ©°

MAthtkgf%g§ggee&goﬁh%%n2'oktthg bgeggnt invention comprises
a filtration membrane 9 having a plurality of pores
with an average pore size of 0.1 um to allow water to
pass through. The filtration membrane 9 1is provided
between the fluidized bed of the adsorbent 3 and the
upper discharge port being in communication with the
treated-water discharge line LZ.

In the case of the unit 1D according to the third
embodiment, even when the hydrotalcite particles 3 flow
from the fluidized bed toward the upper region Za of
the reaction tank 2, they cannot pass through the
filtration membrane 9 at all. Therefore, the
hydrotalcite particles 3 are retained under the
filtration membrane 9 so that only clarified wastewater
is discharged as treated water through the discharge
line L2 including the valve 4.

As described above, the unit 1D according to the

third embodiment comprises the filtration membrane 9
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noted that descriptions overlapping with the above

enbodi nrents will be omtted. A wastewater adsorption
apparatus 1D according to 10 the third enbodi nent of

the present invention conprises a filtration nenbrane

9 having a plurality of pores with an average pore

size of 0.1 pmto allow water pass through. The
filtration nenbrane 9 is provié%d bet ween t he

quidized bed of the adsorbent 3 and the 15 upper

dis har port being in conmunication with t g
tre té”rﬁé%ﬂ%?ij%% ‘%%‘R?Frh%l%%§¥cﬁ g an

uni t 1D cordln othe third enmbod ven mhen -
Uhe SRR 0L BAIR AL, SPEPAl e VAR e the

bed L 1 hec upp §ut{§§%§n32a of 20 the reactlon t ank

ey cannot pass through the filtration nmenbrane 9

at all Ti@erﬁgépfﬁcaﬁbsn aydm&a{mirs BAbbH CheSt 3@ Buse
retai ned under the [trati on nenbrane 9 so that only

cl ararwte:ﬂezvvansiwmveionnsemﬁ@ﬂﬂ@r@@dm@ drpateds wad est 0.1

t hrough the discharge 25 line L2 including the valve

4. Aso descurh bedimaboves ¢dhee unthedd ascon dadgattoaddethat the
third enbodi ment conprises the filtration nmenbrane 9

20 hbwignporesting thuaheaverfgehporensizee ofa. e ppgduced
and therefore it is possible to prevent the flow out

of tween hiylek dredleptal phreirdesialeA Aodavecatfokmbively

the third enbodi nent can_use 5 another filtration
nmenbt&Fes AT hyPa porelstisesdfeo. for example, 10 um, and

the average pore size of the filtration membrane 1is
5 um.

(Fourth Embodiment)

A fourth embodiment of the present invention will
be described with reference to FIG. 8. It 1s to be
noted that descriptions overlapping with the above
embodiments will be omitted.

A wastewater adsorption apparatus 1lE according to
the fourth embodiment uses the circulation line L4
including the circulation pump P4 and the filtration
membrane 9 together.

In this case, even when the clogging of the
filtration membrane 9 occurs, the filtration membrane 9
can be cleaned without stopping contact adsorption.
More specifically, substances clogging the surface of
the filtration membrane 9 can be removed simply by
operating the circulation pump P4.

The wastewater adsorption apparatus according to



to 20 um In this case, there is an advantage that the

cl ogging of the surface of the nenbrane can be reduced
when the hydrotalcite particles 3 have a relatively

| arge average particle size, for exanple, 10 pm and

10 the average pore size of the filtration nmenbrane is

5 um (Fourth Enbodi nent) A fourth enbodi nent of the
present invention will be désgﬁﬁbéd with reference to
FIG 8. It is to be 15 noted that descriptions

over| apping with the above enmbodinents wll be

o 11 PACTERE eweretla%d?fﬁ%nlapﬁb%m%e1*‘50 prevent the

a000£d|ng urth enmbod uses

C|rcufaY|o%tl?%e ! a?%%¥%d?hg f%% Eh?cﬁ?%beﬂppEﬁBkP4
and the,fift é‘&u g€£@£?@§ ?ﬁ ngl—;?? é{i‘)n_ L8urce

case, even clogging o

nenbggggtgnggpurs, the filtration menbrane 9 can be
cl eaned wi thout stopping contact adsorption. More
specifically, substances clogging the surface of 25
the filtration nenbrane 9 can be renobved sinply by
operating the circulation punp P4. The wast ewat er
adsor ption apparatus according to -21- the present

i nvention makes it possible to prevent the flow out
of the adsorbent fromthe reaction tank w thout
reducing the purity of a recovered resource

subst ance.
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22 - WHAT IS CLAIMED I'S: 1. An adsorption apparatus
for wastewater, conprising: a reaction tank
configured to allow adsorption of 5 a resource
substance contained in wastewater on an adsorbent to
be carried out therein; a supplying device configured
to supply wastewater containi the resource
substance to the reaction tank; a chargi ng device
configured to charge the 10 adsorbent into the

reaction tank; a water 9A§CP§YQL%?MQ§Vi§? confi gured
a

to discharge a treate@ wat er, "0 ned after the

wastewater is, r t c
t he adsor%tid%? g??%ﬁ?%ﬁenrgg%%?%ﬁg%aﬁ%?ugégggggt@y'

adsof, f-gﬁﬁ&harging device configured to discharge
the a sor%ent havi ng the resource substance adsorbed

thereon, frpmthecreashkoBohabkurand:anaauser sesbrpt ovn of
out preventing device configured to prevent flow out

of theradsorbensubsoamtbecorastnon 1120w amnkwaluet non t dve
adsorption. 2. The apparatus according to claim1,

wher eilsorivéet adsopbendrfiew out preventi ng device

conprises a change device which changes a flow state

of the watesuprphythe fedétfoAonahiunhentPheuRAsYe@tepwater
is supplied or 25 when the treated water is ,

di schangedring ¥he Apparat8sSEREBRUFAgtPotRfarfpotion tank;

wher ei n , , ,
a charging device configured to charge the

adsorbent into the reaction tank;

a water discharging device configured to discharge
a treated water, obtained after the wastewater is
removed of the resource substance by the adsorption,
from the reaction tank;

a adsorbent discharging device configured to
discharge the adsorbent having the resource substance
adsorbed thereon, from the reaction tank; and

an adsorbent flow out preventing device configured
to prevent flow out of the adsorbent from the reaction
tank during the adsorption.

2. The apparatus according to claim 1, wherein
the adsorbent flow out preventing device comprises a
change device which changes a flow state of the water
in the reaction tank when the wastewater is supplied or
when the treated water is discharged.

3. The apparatus according to claim 2, wherein

the change device which changes a flow state of the
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t he change devi ce which changes a flow state of the 23
water in the reaction tank is a conbination of a
circulation line and a circulation punp which
circulate the wastewater in the reaction tank in a
direction different fromthat of a stream of the
wastewater 5 supplied to the rggaction tank fromthe
supplying device. 4. The apparatus according to claim
2, wherein the change device which changes a flow

tate of th t th 1 t baf f |
ol a2 Briovi et A0 T TG FEdih 100 1 At DELUERH 4 ©

adsorhall dAE! 1dIhq of e adsardent @%f& el &lutate

di schargi ng device, [Tmt nmovernent "o

adsorhent dd kel ged Olrf '% %taé‘tfﬂm e fa lon-dank;n

along wwth a streamof the treated water being

di schar gad v omdhe neaddd on dandam Ibr Shdhe apparatus

according to claim2, wherein the change device which
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in the reaction tank between an adsorbent layer formed
of the adsorbent and the water discharging device, to
limit movement of the adsorbent likely to flow out from
the reaction tank along with a stream of the treated
water being discharged from the reaction tank.

5. The apparatus according to claim Z, wherein
the change device which changes a flow state of the
water in the reaction tank is a filtration membrane
provided in the reaction tank between an adsorbent
layer formed of the adsorbent and the water discharging
device, to 1imit movement of the adsorbent likely to
flow out from the reaction tank along with a stream of
the treated water being discharged from the reaction
tank.

6. The apparatus according to claim 5, further
comprising a cleaning device which cleans the
filtration membrane.

7. The apparatus according to claim 1, wherein



filtration nmenbrane. 7. The apparatus according to
claim1l, wherein 24 the wastewater contains phosphate
anions as the resource substance and the adsorbent is
conposed of fine particles of unm xed hydrotalcite.
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