-1 - TITLE OF THE INVENTION ADSORPTION KPARATUS FOR WASTEWATER BACKGROUND.
OF THE INVENTION The present invention relates to an adsorption Sapparatus for wastewater which
is configured to adsorb an resource substance such as phosphorus, boron, fluorine, or oil contained in
wastewater with the use of an adsorbent. An resource substance, such as phosphorus, 10contained 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 15treating phosphorus as an adsorbate using
hydrotalcite as an adsorbent have been disglesed i for,example,99p,Pat. Appin.. KOKAI Publication
Nos. 2003-299948 (Document 1), 2007-106620 (Document 2), and 2005-60164 (Document 3).
Hereinbelow, theserconventianal 20tectriiques disslosed TEDoacaments 1 to 3 will be

BACKGROUND OF THE INVENTION

The present invention relates to an adsorption

o

apparatus for wastewater which is configured to adsorb

an resource substance such as phosphorus, boron,

fluorine, or oil contained in wastewater with the use
of an adsorbent.
An resource substance, such as phosphorus,

10 contained in wastewater 1s 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

15 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

20 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

25 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



described with reference to FIGS. 1 to 3. As shown in FIG. |, an adsorbent 103 disclosed in
Document 1 contains a zeolite particle 33 as a core material, polylactic acid 32 as a binder, and
25hydrotalcite 31 as a surface coating. The zeolite particle 33 is located innermost and the hydrotalcite
31 is located outermost, and the zeolite particle 33 and the hydrotalcite 31 are bonded together by the
binder 32 located therebetween. As shown in FIG. 2, in Ilzge case of a conventional unit 100,
wastewater is introduced into a bottom part of a reaction tank 102 5through a water piping line Li,
allowed to flow upwardly so as to come into contact with the adsorbent 103 contained in the reaction

tank 102, and then discharged,fram-the reactionstank 102 through an yppgedischargedine 12 including
a valve 104. The adsorbent 10103 is supported by a supporter 106, which is provided slightly above a

position at which wastewatersig intraduced intosthelreactiomtankA:02s Fuowther,ra EEcoved), line13 to
recover the adsorbent 103 from the reaction tank 102 is connected to the reaction tank 15102. By
bringing wastewater &Bpphett ta the corveifichal Unit 106 into dohtactwith & adSorbent 103 whose

e o O 0 s Sl e e e sy
5 through a water piping line L1, allowed to flow

upwardly so as to come into contact with the adsorbent
103 contained in the reaction tank 102, and then
discharged from the reaction tank 102 through an upper
discharge line L2 including a valve 104. The adsorbent

10 103 is supported by a supporter 106, which is provided
slightly above a position at which wastewater 1is
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

15 102.

By bringing wastewater supplied to the

conventional unit 100 into contact with the adsorbent
103 whose surface is coated with the hydrotalcite 31,
phosphate anions 34 contained in the wastewater are

20 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
is taken out of the reaction tank 102 as a spent
adsorbent 103A by opening a valve 105 included in the

25 recovery line IL3.

However, the above-described conventional

technigues have the following problems (1) to (3).



adsorbent 103 having the phosphate anions 34 adsorbed to the surface thereof composed of the
hydrotalcite 31 is taken out of the reaction tank 102 as a spent adsorbent 103A by opening a valve 103
included in the recovery line 13. However, the above-described conventional techniques have the
following problems (1; to (3). (1) The phosphate anions content in the adsorbent having
phosphate anions adsorbed thereto as a resource substance is low, and therefore the purity of the
phosphate anions is reduced. The adsorbent 103 disclosed in Document 1 contains components
other than the hydrotalcite 31 such as the binder 32 and the core material 33 in large amounts, and

therefore the concentration of phasphate anions.n the spent.adsorhent 103 jslow:; I hisreduces the

10purity of the phosphate anions, thereby causing a problem that when recovered phosphoric acid is
used for producinghtov exgmple; afertilizer the produttionicost thereetincreasesresou2ydhe
influence on the environment is large. 15As described above, the adsorbent 103 disclosed in
Document 1 contaifig'#e Binder 32 ah@'the b Materd B3Finafye armotits® in &'¢ase where the
adsorbent 103 is used as gg%giliéeriinnassr?gll g@@puuné,dthe binder 32 and the core material 33 may not
have a negative 20intiience on sori)l, butina case where the adsorbent

5 The adsorbent 103 disclosed in Document 1 contains
components other than the hydrotalcite 31 such as the
binder 32 and the core material 33 in large amounts,
and therefore the concentration of phosphate anions in
the spent adsorbent 103 is low. This reduces the

10 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.

15 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 amoﬁnt, the binder
32 and the core material 33 may not have a negative

20 influence on soil, but in a case where the adsorbent
103 is used as a fertilizer in a large amount, there 1is
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,

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



103 is used as a fertilizer 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, 23zeolite 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 is a fear that soil is changed not to one
containing phosphoric acid but to one containing a large;amount of sand. Therefore, there is a concern
that such a fertilizer has a negative influence on the cultivation environment of plants or foods instead
of improving it. (3) Hydrotalcite as the adsorbent flow outs from the reaction tank. Itis

considered that the; Rydrotaleite 31 may-he used singlyas anasgisorkent not eontaining the binder 1032
or the core material 33. However, as described in Documents 2 and 3, since the hydrotalcite 31 is in

the form of very fine!pastities having adparticletsize ot OdototE imDacument:)coralnto 20 nP(Document
3), there is a problem that, depending on the flow rate of 15wastewater, éparticle of the hydrotalcite 31

flow out from the réttion tank t62 thtbigh thé tischarde 1855 togetherwith treated water (loss of
hvdrotalcite particles), and therefore the, hydrotaleite 31,as an.adsorpent disappears.from the reaction

tank 102 so that 20adsorption reaction will not occur. In addition there
5 environment of plants or foods instead of improving it.

(3) Hydrotalcite as the adsorbent flow outs from
the reaction tank.
It is considered that the hydrotalcite 31 may be
used singly as an adsorbent not containing the binder
10 32 or the core material 33. However, as described in
Documents 2 and 3, since the hydrotalgite 31 is in the
form of very fine particles having a particle size of
0.1 to 1 um (Document 2) or 1 to 20 pum (Document 3),
there is a problem that, depending on the flow rate of
15 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
20 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
25 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



is also a problem that the hydrotalcite 31 having phosphate anions adsorbed thereto cannot be
recovered as a spent adsorbent. BRIEF SUMMP.RY OF THE INVENTION 25It is therefore an object
of the present invention to provide a wastewater adsorption apparatus capable of effectively
preventing a loss of adsorbent from a -5 reaction tank. It is therefore another object of the present
invention to provide a wastewater adsorption apparatus capable of effectively increasing the purity of a
resource substance contained in the reaction tank. The present inventors have intensively studied
the behavior of the adsorbent in the reaction tank, and as a result, have found that both the

above-described preblems {1) and (2) asseciated withdhe recovery vk a spentadserbentean be
solved by using the hydrotalcite 1031 as an adsorbent containing no carriers such as the hinder 32
and the core materiat 83¢ s deseribed above, thechiyidrstalciteBIisvia tee forApofdfitielparticles, and is
therefore likely to flow out from the reaction tank together with treated water, which makes 1;it difficult

for the conventional Uit t6 MEintai /S irfitidl tréathent pefdrinante. Thetdiare; the Bresent inventors
have intensively studied the stream.ofwaler in.ihe reaction fank, particularly, the moyemeni.of water in

the reaction tank containing the adsorbent 20fluidized-bed Layer, and based on the results obtained,
5 The present inventors have intensively studied the

behavicor of the adsorbent in the reaction tank, and as
a result, have found that both the above-described
problems (1) and (2) associated with the recovery of a
spent adsorbent can be solved by using the hydrotalcite

10 31 as an adsorbent containing no carriers such as the
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

15 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

20 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

25 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



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 25adsorbent 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 - C - findings, and has the
following features. An adsorption apparatus for wastewater 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 resogrgeisukstanceto thegeagtiorrtanks a icharging device configured to charge the
adsorbent into the reaction tank; a water 10discharging device configured to discharge a treated water,
obtained by adsorbing thefresedreersibstancertodiie adsofbent \rorhahe FeactipAtankt ‘da adsorbent
discharging device configured to discharge the adsorbent, havin%; the resource substagge adsorbed

15thereto, from the Teactisn FankS aRd an 3dSbrient flow'sat preventing device {Bnfigiréd to prevent
flow out of the adsqrgent;fromdhe {Saf@f‘f@% duying fluid,contact reaction betwean,the-adsorbent

and the resource substance contained in the wastewater. ccBRIEF DESCRIPTION OF THE
SEVERAL ¥IEWS OFsTHEDRAWKMNG 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

10 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 configured to discharge the
adsorbent, having the resource substance adsorbed

15 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 contained in the wastewater.

20 BRIELF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a schematic sectional view of a
conventional adsorbent;
FIG. 2 is a schematic block diagram showing the

structure of a conventional apparatus;

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

adsorbed thereto;



FIG. 1 is a schematic sectional view of a conventional adsorbent; FIG. 2 is a schematic block
diagram showing the structure of a conventional apparatus; 25FIG..3 is a schematic sectional view of
the conventional adsorbent having a recovered substance adsorbed thereto; FIG .4 is a block
diagram showing the structure of an adsorption apparatus for wastewater according to an embodiment
of the present invention; FIG. 5 is a block diagram..showing the structure of 5an adsorption
apparatus for wastewater according to another embodiment of the present invention; FIG.6is a
block diagram showing the structure of an adsorption apparatus for wastewater according to another

embodiment of the presentinyention;s1QFIG: .is a black diagam showing,thestruture.of an:
adsorption apparatus for wastewater according to another embodiment of the present invention; and
FIG. 8 is a block diagramdshowing dhe struetuse obart adserptionvapparatus farnwastewateraaccording
to 15another embodiment of the present invention.
embodiment of the present invention;
FIG. 5 is a block diagram showing the structure of
5 an adsorption apparatus for wastewater according to
another embodiment of the present invention;
FIG. 6 1s a block diagram showing the structure of
an adsorption apparatus for wastewater according to
another embodiment of the present invention;
10 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 is a block diagram showing the structure of
an adsorption apparatus for wastewater according to
15 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
20 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
25 configured to discharge a treated water, obtained by

adsorbing the resource substance to the adsorbent, from

the reaction tank; a adsorbent discharging device



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 20a 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 25configured to
discharge a treated water., obtained by adsorbing the resource substance to the adsorbent, from the
reactiontank; a adsorbent discharging device configured to discharge the adsorbent, having the

resource substance adserheekthereto fremithe seaction tankcanskan adserbentflawout preventing
device configured to prevent flow out of the adsorbent from 5the reaction tank during fluid contact
reaction between the adsorbens ahd theresoarseosiisstancecoritained ivthe Wastewatér: ©°  The
adsorbent flow out reventin&ﬁ?evice comprises a change device which changes a flow state of the

water 10in the reactidh tank Whef thé Wastewater is SUpphed of Whéh the tréated water is discharged.

configured to prevent flow out of the adsorbent from

5 the reaction tank during fluid contact reaction between
the adsorbent and the resource substance contained in
the wastewater.

The adsorbent flow out preventing device comprises
a change device which changes a flow state of the water

10 in the reaction tank when the wastewater is supplied 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,

15 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

20 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

25 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



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, 15a 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
20which 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 25the reaction tank along with the

stream of the treated waterfyeing disghatgedifromithe reaction tank. 2Alternatively, the change device
which changes a flow state of the water in the reaction tank may be a filtration membrane which is
provided in the reactiort tankibetweenaradsorbéntdayerfopmed-ofithe adsorbentand-theawater
discharging device, to limit the movement O of the adsorbent likely to flow out from the reaction tank

along with the stredri'bf thé tr8&fd \iater beingdiscHarysd froRTthereattidn tarkd it tHi§ Base, the
apparatus according (g the present invention preferably further comprises a 1Qcleaning device to clean

the filtration membrane
5 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.

In this case, the apparatus according to the
present invention preferably further comprises a

10 cleaning device to clean the filtration membrane
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,

15 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
to pass through. As such an apparatus to clean the
filtration membrane, the above—-described circulation

20 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

25 component such as phosphate anions, boron ions,
fluorine ions, or oil. Among them, phosphate anions

are preferred. Further, the adsorbent to be used in



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, 15and 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 to pass through. As such an
apparatus to clean the filtration membrane, the above-described circulation 20line can be used for
backwashing of the filtration membrane. It is to be noted thatwastewater to be treated by the apparatus
according to the present invention contains, as tne resource substance to be treated, a 25component

such as phosphate@m@?rgg@womﬁv@uﬁr&r@niom% of,Qil- Amang them jahosphate,anians are
preferred. Further, the adsorbent to be used in the present invention is hvdrotalcite, silica, alumina, or
activated carbon. Amongthéns, tleel adsathent is prefenredtbhecauserfinesparticlesrof unmixed

hydrotalcite can very efficiently adsorb phosphate anions. The unmixed hydrotalcite particles do not
include the binder ahdPthB'Coré! nRteREIS Suth Fifie Patticlés 8Fufmixedhydittalcite are fine particles

which have a specifj g@/{tglacrgggﬂ%a&l 9@9 an eaélgwr%%% gggcl%aiggr\%it}gplggév%%%o.l pm and 20
: Loe! t

pm 10(0.1 pm and 20 pm mc[ﬁded). The reaction tan the apparatus according to the present
invention nray be otany-ene of aifixed-heddype reacter; aifiuidized-heg:type seactor @nd an
expanded-bed type reactor, but is particularly 15preferably of a fluidized-bed type reactor. Further,
in a case where thelreattion: tarkeofthe &ppardtds Bbcordingetottheqrésent inveritionfiszeform of a
fluidized-bed type reactor, the flow rate ratio between an upward-moving stream Wate[ estsream 25

shown 20in FIGS. X t°6)and’a donwWatazmoving Sheam (water 51 “1ne paztic

which have a specific gravity larger than 1 and an
average particle size within between 0.1 pm and 20 um
10 (0.1 pym 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

15 preferably of a fluidized-bed type reactor.

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 flow rate ratio
between an upward-moving stream (water stream 25 shown

20 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

25 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



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
25increasing 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 - 11 perform its original function, that is,
cannot serve as a fluidized-bed reactor, thereby reducing, the_efficiencyof adsorption using the
adsorbent* Hereinbelow, various preferred embodiments of the 5present invention will be described
with reference to the accompanying drawings. (First Embodiment) A wastewater adsorption

apparatus accordingde afirst embodimentof the present invention will ped0deseribed-withxeference
to FIG. 4. A wastewater adsorption apparatus 1 according to the first embodiment comprises a
wastewater supply #ing Lii eltreatéd-water discharge linee52an adsorbeny the

efficiency of adsorption using the adsorbent.
Hereinbelow, various preferred embodiments of the
5 present invention will be described with reference to
the accompanying drawings.
(First Embodiment)
A wastewater adsorption apparatus according to a
first embodiment of the present invention will be
10 described with reference to FIG. 4.
A wastewater adsorption apparatus 1 according to
the first embodiment comprises a wastewater supply line
Ll, a treated-water discharge line L2, an adsorbent
discharge line L3, a circulation line L4, and a
15 reaction tank 2. All 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
20 reaction tank 2. & layer of adsorbent 3 is supported
on the support 6. A bottom region 2b 1s 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
25 region 2b of the reaction tank 2 to introduce, as
wastewater to be treated, a liguid (containing

phosphate anions), which is generated by solid-ligquid



discharge Lille L3, a circulation line L4,nd a 15reaction tank 2. All of these lines Li 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 20reaction 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 @e Li including a pump 01 is communicated
with the bottom soregion 2b of the reaction tank 2 to introduce wastewater to be treated, a liquid
(containing phosphate anions), which is generated by solid-liquid 12 separation of sludge in the

process of treating excess-sludge Jato-the feaction tank 2.fromea wastewater, supRiv sUEces21. On the
other hand,. the treated-water discharge line L2 including a pump P2 and an on-of valve 4 is

communicated withsandpger region 2& ef theareaction tankk2 o dischargevteedted svater from the
reaction tank 2 into a treated-water discharger 22. The treated water is sent to the next process

through the treated $W4ter HisERRIGE? 221 The Yiisbiserit toRischary® life E3 nciddifg a"surfip P3 and

an on-off discharge line L2 including a pump P2 and an on-off

5 valve 4 is communicated with an upper region Za of the
reaction tank 2 to discharge treated water from the
reaction tank 2 into a treated-water discharger 22.
The treated water is sent to the next process through
the treated-water discharger 22. The adsorbent

10 discharge line 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

15 L4 including a pump P4 is communicated with the
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

20 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

25 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



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 1514 including a pump P4 is communicated with the 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 tq% reaction tank 2 20to the middle part of the
reaction tank 2 using the circulation line 14, 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;25adsgrhent 3:and an upperdischarge-port beingdn communication with the
treated-water discharge line L2 is sufficiently large so that the adsorbent 3 is less - 13 - likely to flow

out from the reacticrtank 2 For exampte, the distanee between thengppes endof théfluidized bed of
the adsorbent 3 and the upper port of the reaction tank. 2 being in communication with the

treated-water discharde finé €2 daRbePdettBFangé of 2o 5™ fthe irEEembBodiment, unmixed
hydrotalcite particles having a predetermined ,%%gdﬁ(? size (average Bgr%%ens%%trﬁngﬁg 0.1 1o 20

pm) are used as the 10adsorbent 3. The unmixed hydrotalcite particles do not include the binder and

the core material (eg: zeokite).Jn the battenrregion 2b.0f theoreagtiontank2, a suppertyé having a
plurality of pores whose pore size is smaller than the particle size of the hydrotalcite 15particles is
provided so that theé hjdictaleite -

In the first embodiment, unmixed hydrotalcite
particles having a predetermined particle size (average
particle size: range of 0.1 to 20 pm) are used as the

10 adsorbent 3. The unmixed hydrotalcite particles 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

15 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

20 upwardly through the pores formed in the support 6.

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

During the contact adsorption between wastewater
and the adsorbent 3, the adsorbent discharge valve 5 1is

25 shut off and the treated-water discharge valve 4 is
open, and wastewater 1s supplied to the bottom region

2b of the reaction tank 2 through the supply line LI.



Particles 3 can be accumulated on the support 6. Therefore, the fluidized bed of the hydrotaicite
particles 3 is formed by allowing wastewater present in the bottom region 2b of the reaction tank 2 to
flow 20upwardly through the pores formed in the support 6. Hereinbelow, the operation of the first
embodiment will be described. During the contact adsorption between wastewater and he
adsorbent 3, the adsorbent discharge valve 5 is 25shut gf and the treated-water discharge valve 4 is
open, and wastewater is supplied to the bottom region frl)) of the reaction tank 2 through the supply line
Li. 14 - The wastewater is allowed to flow in an upward direction, that is, in a direction represented by

a water stream 25 §9 as Q pass; threugh the suppert 6anddhen the layer ghtherydrotalcite particles
3.Then, 5treated water is discharged from the reaction tank 2 through the line P2 including the

treated-water dischaige valved, During this, operation) water present plose ¢o teelower #egion of the
reaction tank 2 is cyclically 10supplied to the middle region of the reaction tank 2 through the

circulation line 1,4 B§* BRVing theE &fcdlatish pes= P2. FRE Watdr<supplied 16 tie miitie re69|8ﬁ%f the
reaction tank. 2 cregfes the, downward-mpving stream 26 that:flows downwardly in thergagtion

-

5 treated water is discharged from the reaction tank 2
through the line L2 including the treated-water
discharge valve 4.

During this operation, water present close to the
lower region of the reaction tank 2 is cyclically

10 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

15 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

20 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

25 particles 3 due to contact with the hydrotalcite

particles 3. Spent hydrotalcite particles 3A can be

discharged from the reaction tank 2 through the line L3



15tank 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 20 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 contai_ned%i the wastewater are adsorbed to the surface
of the hydrotalcite 25Particles 3 due to contact with the hydrotalcite particles 3. Spent hydrotalcite
particles 3A can be discharged from the reaction tank 2 through the 1' he 1,3 by opening the

adsorbent dischargg yalye-5,;and are-thendecevared by the adsarbent discharger23: re He
einbelow, the effects of the first embodiment will be described. The apparatus | according to the

first embodiment oftthe present mventionycantise easilydperated bedanse the Aécessity to provide
another adsorbent flow out prevention apparatus, such as a baffle plate or a membrane, in the reaction
tank 2 can be eliminated b2 ffgrolidingihe diftalatibhTineL Lincludigtthe PuntiPaodtsiE 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. 5 The apparatus 1 according to the first embodiment

of the present invention can be easily operated because
the necessity to provide another adsorbent flow out
prevention apparatus, such as a baffle plate or a
membrane, in the reaction tank 2 can be eliminated by
10 providing the circulation line L4 including the pump 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
15 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
20 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 wastewater. More specifically, when the
25 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,



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 20particles 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
wastewater. More specifically, when the 25 hydrotalcite P@rtic_les 3 have a smaller particle size, or the
amount thereof contained in the reaction tank 2 Is smaller, ox the flow rate of wastewater is larger, the
hydrotalclte particles 3 are more likely to flow out from the reaction tank 2. In the first embodiment, the

distance between the fluidjzed.bed of the hydretalcitdpanicles 3anethe opening beingdr

communication with the treated-water discharge line L2 in the direction of the height of the reaction
tank 2 is sufficientlylargée fexq., s to-5am); but thete ks 8 casé where thiel ydrotaléitel particles 3 flow
out from the reaction tank 2 when the flow rate of the upward- 10moving stream 25 is large. Therefore,

in such a case, the oW G4ESARE hydrotdiRRE pafticids s tan baeffttivély préVented by increasing
the flow rate of the girculation pump P4. A ligyid (centaining phosphate aniqns) , gengrated 15by

solid-liquid separation of sludge in the process of treating excess sludge, was prepared as wastewater
to be treated and treateclby therunitl shewnin &G4 using-hydretaiciteparticles haying artaverage
particle size of 1 pm as an adsorbent to adsorb phosphate anions 20contained in the wastewater to
the adsorbent. Itis i¢ the direction of the height of the reaction tank 2
is sufficiently large (e.g., 1.5 to 5 m), but there is
a case where the hydrotalcite particles 3 flow out from
the reaction tank 2 when the flow rate of the upward-
10 moving stream 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
15 by solid-liguid 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
using hydrotalcite particles having an average particle
size of 1 um as an adsorbent to adsorb phosphate anions
20 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 of the adsorbent that flow out from the reaction
25 tank 2 was significantly small.

FIG. 5 shows a wastewater adsorption apparatus 1B

that 1s a modification of the first embodiment



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 of the adsorbent that flow out from the
reaction 25tank 2 was significantly small. FIG. 5 shows a wastewater adsorption apparatus |b that
is a modification of the first embodiment 17 according to the present invention. The apparatus 12
comprises an adsorbent supply source le, a pump 1J, arf? an adsorbent supply line 12, which are
provided above the reaction tank 2. By driving the pump 11, a slarry adsorbent 3 (not powdery) is
supplied from the adsorbent supply source 10 through the line 12 into the reaction tank 2. The

apparatus 12 is adyantageaus;inthat it can be-operatedyithout reducing theefficiency of gontact
reaction between wastewater and the leadsorbent 3 by additionally charging the hydrotalcite particles
3, even when the amoynt 0f ¢he hydratadcitecRartickesc® containeddn thé reactiomtank 2 /is seduced by
discharging the spent hydrotalcite particles 3 from the reaction tank 2. 15(Second Embodiment) A
second embodimeRtoftAE PrEsent infVEntioN witl Be descriit-with &feréR& e Er6G. B 1S to be

noted that descriptiggg o%/(ggg;%pigg vxéitahnt}peza.bo? er%t%oq/i,rpgnt illeb Smgtt%q.lz% y@grﬂz\g@tgr
adsorption apparatus 1C accoréllng to the sécond émbodiment of the present .ihvention comprises a

baffle plates8 provided: betwaen the fluidized hed of the; adsarbentiand thewupper discharge port
being in communication with the treated- 25water discharge line 1,2. The baffle plate 8 includes at
least one opening 8altoaliow waserrto pass throtgh 1 The bafflegplate g islprovided torlindit part of the

reaction tank 2. The apparatus 1B is advantageous in
that it can be operated without reducing the efficiency
of contact reaction between wastewater and the

10 adsorbent 3 by additionally charging the hydrotalcite
particles 3, even when the amount of the hydrotalcite
particles 3 contained in the reaction tank 2 1s reduced
by discharging the spent hydrotalcite particles 3 from
the reaction tank 2.

15 (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.

20 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-

25 water discharge line L2. The baffle plate 8 includes
at least one opening 8a to allow water to pass through.

The baffle plate 8 1is provided to limit part of the



- 18 - upward-moving stream 25 that flows from the fluidized bed of the adsorbent 3. A discharge port
of the circulation line LA Is provided at a position directly above the opening 8a of the baffle plate 8 in
order to discharge wastewater, which is present close to the lower part of the reaction tank 2 located
on the upstream side of the reaction tank 2, downwardly toward the opening 8a to create the
downward-moving stream 26. In the case of the apparafys 1C according to the 10second embodiment,
since the downward-moving stream 26 is created by a combination of the circulation line LA including
the circulation pimp 14 and the baffle plate 8 including the opening 8a, the flow out of the hydrotalcite

particles 3 can be more effectively d5suprressed:by the effect,of skehra downwarg:moying stream 26,
and even when some of the hydrotalcite particles 3 having a relatively small particle size flow upwardly

from the fluidized heet] thet floweout dvesedmydrofaicite?patticles Briyemrthe treadtiontank 2 can be
prevented by the baffle plate 8. .The position where the adsorbent discharge line L3 including the
valve 5 is connectéd fo thereattion tatik 216 rot limitedt0%He Towér PAIT b the'layer St the hydrotalcite

particles 3, and the adsorbent discharge 2Sline 13 Gan.be copnected 1o the;upperpast.of the layer of

, A { :
the hydrotalcite partlc?es 3. In this'case, spent hydrotalcite particles can be recovered by allowing
5 discharge wastewater, which is present close to the

lower part of the reaction tank 2 located on the
upstream side of the reaction tank 2, downwardly toward
the opening 8a to create the downward-moving stream 26.
In the case of the apparatus 1C according to the
10 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 including the opening 8a, the flow out of the
hydrotalcite particles 3 can be more effectively
15 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 out of
these hydrotalcite particles 3 from the reaction tank 2
20 can be prevented by the baffle plate 8.
The position where the adsorbent discharge line L3
including the valve 5 is connected to the reactién tank
2 is not limited to the lower part of the layer of the
hydrotalcite particles 3, and the adsorbent discharge
25 line L3 can be connected to the upper part of the layer
of the hydrotalcite particles 3. In this case, spent

hydrotalcite particles can be recovered by allowing



- 19 - them to flow toward the upper part of the reaction tank 2, which is advantageous in that the
recovery efficiency of them can be improved. (Third Embodiment) A third embodiment of the
present invention will be described with reference to FIG. 7. it is to be noted that descriptions
overlapping with the above embodiments will be omitted. A wastewarer adsorotion apparatus 1D
according to 10the third embodiment of the present inv n§ion_comprises a filtration membrane 9
having a plurality of pores with an average pore size of 0.1 pm to allow water to pass through. The
filtration membrane 9 is provided between the fluidized bed of the adsorbent 3 and the 15upper

discharge port beingyia,gommunicatian,with dhe treatgd-wates discharge line L24 o+ 1 dnthesgase of the
unit 1D according to the third embodiment, even when the hydrotalcite particles 3 flow from the
fluidized bed toward theruppér regicni2a of 20theuaeactiorn temk 2, ithey eannaipass through the
filtration membrane 9 at all. Therefore, the hydrotalcite particles 3 are retained under the filtration
membrane 9 so that bhly ci&fiied Wastewdteridtiséhatged a€feated water through the discharge
25line L2 including the val\(%élird %%e&cﬂggg )above, the unit 15 according to the third embodiment
comprises the filtration membrane 9

5 A third embodiment of the present invention will
be described with reference to FIG. 7. It is to be
noted that descriptions overlapping with the above
embodiments will be omitted.

A wastewater adsorption apparatus 1D according to

10 the third embodiment of the present 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 is provided
between the fluidized bed of the adsorbent 3 and the

15 upper discharge port being in communication with the
treated-water discharge line L2.

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 2a of

20 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

25 line L2 including the valve 4.

As described above, the unit 1D according to the

third embodiment comprises the filtration membrane 9



- 20 - having pores with an average pore size of... 0.1 urn, and Therefore it is possible to prevent the
flow out of the hvdrotalcite particles 3. A modification of the third embodiment can use another
filtration membrane having a pore size of 0.1 to 20 pm. In this case, there is an advantage that the
clogging of the-surface of the membrane can be reduced when the hydrotalcite particles 3 have a
relatively large average particle size, for example, 10 m2@nd 10the average pore size of the filtration
membrane is 5 um. (Fourth Embodiment) A fourth embodiment of the present invention will be
described with reference to FIG. 8. It is to be 15noted that descriptions overlapping with the above
embodiments will bgomitteds, - s Wastewater adsorptien gpparatus dEaccordingtg the-feurth
embodiment uses the circulation line including the circulation pump P4 and the filtration 20membrane
9 together. In thisccasep even whea the sloggig obtherfitration membfane 9oceurs; théfiltration
membrane 9 can be cleaned without stopping contact adsorption. More specifically, substances
clogging the surfac@%@?@ﬂ?elfﬂfrgﬁorﬁ)ﬁi‘étrﬁﬁaa%% %can be removed simply by operating the circulation
pump P4.

A modification of the third embodiment can use

W

another filtration membrane having a pore size of 0.1
to 20 pym. In this case, there is an advantage that the
clogging of the surface of the membrane can be reduced
when the hydrotalcite particles 3 have a relatively
large average particle size, for example, 10 um, and
10 the average pore size of the filtration membrane is

5 um.

(Fourth Embodiment)

A fourth embodiment of the present invention will
be described with reference to FIG. 8. It is to be

15 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 éirculation pump P4 and the filtration

20 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

25 the filtration membrane 9 can be removed simply by
operating the circulation pump P4.

The wastewater adsorption apparatus according to



The wastewater adsorption apparatus according to - 21 - the Present invention makes tt possible to
prevent the flow out of the adsorbent from the reaction tank without reducing the -purity of a recovered
resource substance. MCSLLP - 22 - WHAT IS CLAIMED IS: An adsorption apparatus for wastewater,
comprising: a reaction tank configured to allow adsorption of a resource substance contained in
wastewater on an adsorbent to be carried out therein, aﬁupp_lying device configured to supply
wastewater containing the resource substance to the reaction tank; a charging device configured to
charge the adsorbent 10 into the reaction tank;

the present invention makes it possible to prevent the
flow out of the adsorbent from the reaction tank
without reducing the purity of a recovered resource

substance.



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; 15a adsorbent
discharging device configured to discharge the adsorbent having the resource substandéCadddtbed
thereon, from the reaction tank; an adsorbent flow out preventing device configured to prevent flow
out of the adsorbent from the reaction tank 20 during the adsorption; and a change device which
changes a flow state of the water in the reaction tan Avhen the wastewater is supplied or when the
treated water is discharged. 2. The apparatus according to claim 1, wherein the 25 change device
which changes a flow state of the water e reaci %‘%ﬁ(DIS 5 Combination of a circulation line and a

circulation pump which cifculate the wastewalgr in MCSLLR - 23.the rgaction tank in a direction
different from that of a stream of the wastewater supplied to the reaction tank from the supplying
device. F:dherappargtus according to claim. 1, wherein the

a reaction tank configured to allow adsorption of a

5 resource substance contained in wastewater on an adsorbent
to be carried out therein;

a supplying device configured to supply wastewater
containing the resource substance to the reaction tank;

a charging device configured to charge the adsorbent

10 into the reaction tank;

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

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

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

20 during the adsorption; and

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.

2. The apparatus according to claim 1, wherein the

25 change device which changes a flow state of the water in
the reaction tank is a combination of a circulation line

and a circulation pump which circulate the wastewater in



5 change device which changes a flow state of the water in the reaction tank is a baffle plate provided
in the reaction tank between an adsorbent layer formed of the adsorbent and the water 351 c%} rging
device, to limit movement of the adsorbent likely to flow out from the 10 reaction tank al 5% ith a
stream of the treated water being discharged from the reaction. tank. 4. The apparatus according
to claim 1, wherein the change device which changes a flow state of the water in the reaction tank is a
filtration membrane provided in the 15 reaction tank‘between an adsorbent layer formed of the

adsorbent and?;[he water dischar ing device, to limit movegeﬂ of the a(%sorber%thllkglyot]? flow out from

the reaction tahk ﬁ&?gc With & stream of tiie f;}éétee%tv%é)t%r élngedriseaﬂtargég Trom'the réaction tank.

205. The apparatus.aceerding tq,claim., fwther comprising a cleaning device which, cleaps the
filtration membrane. 6. The apparatus according to claim 1, wherein the wastewater contains

phosphate anioas asithé yésource 25substance and the adsorbent is composed of fine particles of
unmixed hydrotalcite. ‘
The apparatus according to claim 1, wherein the
5 change device which changes a flow state of the water in
the reaction tank is a baffle plate provided 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

10 reaction tank along with a stream of the treated water
being discharged from the reaction tank.

4. The apparatus according to claim 1, wherein the
change device which changes a flow state of the water in
the reaction tank is a filtration membrane provided in the

15 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.

20 5. The apparatus according to claim 4, further
comprising a cleaning device which cleans the filtration
membrane.

6. The apparatus according to claim 1, wherein the
wastewater contains phosphate anions as the resource

25 substance and the adsorbent 1is composed of fine particles

of unmixed hydrotalcite.



