-« 1 - -COPPER RECOVERY APPARATUS FI ELD Enbodi nents descri bed herein
relate generally to a copper recovery systemwhich is configured to
recover 5copper present in water. BACKGROUND Ef fective use of water
resources has recently been in demand due to industrial devel opments and
popul ation growth. In order to neet the demand, reuse of 10 wastewater
such as industrial wastewater is inpor[anﬁ. In order to reuse such

wast ewat er, water purification, i.e. separation of other substances from
the water, is necessary. As a nethod for separating other substances from

the water, varj o rane 15separation, centrifuga
separ ati on, ac¢$€§§g§ﬁ€§$§%%yag§§$§£§ﬁa, ozone treatnent, and floating
substance renoval by aggregation have b nown. The met hods are capable
of renovi ng substances which are contained i'n water and can exert

consi derabl e i nfl ue - V] . AS h nLtrogen
and Lennving Lil ;n%ﬁg?ggﬁggﬁgpgéggg??%?oﬁ?ﬁ§l§a¥§?8§g 8£H§£§£gg %%egg

met hods, the nesbraner SEPRERY OPstSnOMei Of [ He-HRENOES i Shy LSy OPST
general ly enpl oyed for renoving insoluble substances in water, and a

filter Zbaid isopised preddet neibsaner separation fromthe viewoints of
menbrane protection and an increase in flow rate of water which contains

har dl y- dewat er abl e BACKGROUND

Effective use of water rescurces has recently been
in demand due to industrial developments and population
growth, In order to meet the demand, reuse of

10 wastewater such as industrial wastewater is important.
In order tc reuse such wastewater, water purification,
i.e. separation of other substances from the water, is
necessary. As a method for separating other substances
from the water, various methods such as membrane

15 separation, centrifugal separation, activated carbon
adscrption, ozone treatment, and floating substance
removal by aggregation have been known. The methods
are capable of removing substénces which are contained
in wéter and can exert considerable influence on

20 environment, such as phosphorus and nitrogen, and
removing oil and clays dispersed into the water.

Among the methods, the membrane separation is one
of the methods which are most generally emploved for
removing insoluble substances in water, and a filter

25 aid is used in the membrane separation from the
viewpoints of membrane protection and an increase in

flow rate cof water which contains hardly-dewaterable



-« 2 - .substances. Meanwhi |l e, as a nethod for renoving harnfu

subst ances and val uabl e substances fromwater, a nethod incl udi ng causi ng
a predeterm ned reaction of a 5substance dissolved in water so that the
substance is precipitated as a precipitate and separating the precipitate
fromthe water has been known. For exanple, there has been known a net hod
i ncluding precipitating copper ions in water, aggregating 10precipitated
copper particles by adding a pol ymer havi Ag aggregation function in order
to prevent discharge of the precipitated fine copper particles to other
systens, and separating and recovering copper as aggregates. 15However,

si nce the aggrdgateanpes- se include a | arge anount of the polymer in the

above-nenti oned nethod, the nmethod has a pr.obl em of 0 recovery
ef ficiency and IOMI%%%Bg?lbﬁrl?§ pePeERPE §8Fuﬁ§mBVl?ﬂ §5E55ates

Further, a problentof a lar e ste anpun det ect wi.th the hod
since a |l arge aﬁﬁﬁﬁn%ﬁss?u heshu %d g?%%lf ﬁeggtspose reggﬁns

after the sepayatio %&ﬁ% SQngg%a% ?@t@ﬂﬁiﬁ@&tféactlon of* gopper

recovery apparat us is¢c ucing a waste anount, realizing

fine copper 25pardd Ll&s @I@%Pv!zé@tﬁ@ et es dizecthy §%§@éﬁ@e 1iquid
separation, and enhanci ng copper recovery efficiency is in need

precipitated as a precipitate and separating the
precipitate from the water has been known. For
example, there has been known a method including
precipitating copper ions in water, aggregating

10 precipitated copper particles by adding a polymer
having aggregation functicn in order to prevent
discharge of the precipitated fine copper particles to
other systems, and separating and recovering copper as
aggregates.

15 However, since the aggregates per se include a
large amount of the polymer in the above-mentioned
method, the method has a problem of leow copper recovery
efficiency and low copper purity per unit volume of the
aggregates. Further, a problem of a large waste amount

20 is detected with the method since a large amount of
.sludge which should finally be disposed remains after
the separation of copper from the aggregates.

A copper recovery apparatus which is capable of:
reducing a waste amount, realizing fine copper

25 particles precipitated in water directly to solid-
liguid separation, and enhancing copper recovery

efficiency is in need.



- 3 - .SUMVARY An object of the present invention is to provide a
cupper recovery apparatus which is capable of reducing the anmount of the
waste and i nproving the recovery of 5cupper fromthe copper

i ons-containing water to be treated. In general, according to one
enbodi nent, a copper recovery apparatus includes a precipitation tank, a
m xing tank, a filter-aid feeder, a solid- I|qU|d 10separator conprising a
filter, a cleaning-water supply line, & clPeani ng-water discharge line, a
separation tank, and a filter-aid return |line. The precipitation tank is
configured to receive copper ions-containing water to be treated and add
an alkali to the water to 15be treat ed S¥ pare treated water containing
a precipitate of cog ou?d The m xi ng.tank conflgured to m.Xx a
filter aid containi 8 ﬂﬁéﬁ@ p5P?|8F8§eﬂ5vFH§eﬁﬁlSVeF gECpRFPYLFE @

di ameter of 0.5 to 20 a dlsgerg jumto ﬁr arefa Sys ensi on
20The f|Iter-al%p?eed%?c%%%fYQUPg r‘Fousupp tﬁe FiPtercala to°t %nﬁixing

tank. The solidy £$§&5§ ﬁﬁr@BQrwé§t8°§%a99&89?€9%éefﬁ%¥§e£89e§?58§“5'0“

fromthe n1X|ng tank so that a precoat layer o er ad

depositegd on the, éftﬁfwma@getB@ﬁpefe§§h¥ec5H§aiﬁ§§§e@a@éfaﬁgrbérOn]the
precipitation tank so as to al

treated.
In general, according to one embodiment, a copper
recovery apparatus includes a precipitation tank, a
mixing tank, a filter—aid feeder, a sclid-liquid
10 separator comprising a filter, a cleaning-water supply
line, a c¢leaning-water discharge line, a separation
tank, and a filter-zid return line. The precipitation
tank is configured to receive copper ions-containing
water to be treated and add an alkali to the water to
15 be treated to prepare treated water containing a
precipitate of copper compound. The mixing tank
configured to mix a filter aid containing magnetic
particles having an average particle diameter of 0.5 to
20 um with a dispersion medium To prepare a suspension.
20 The filter-aild feeder configured to supply the filter
aid to the mixing tank. The solid-liquid separator is
configured to receive the suspension from the mixing
tank so that a precoat layer of the filter aid is
deposited on the filter, and then, receive the treated
25 water from the precipitation tank so as to allow the
treated water to be passed through the filter on which

the precoat layer is deposited to separate the



t.reated water to be passed through the filter on which the precoat |ayer
is deposited to separate the precipitate retained on the precoat |ayer
froma filtrate. The cleaning-water supply line is configured to supply
water to the filter on which the precoat |ayer having the precipitate
retained thereon is 5deposited and to renove the precipitate and the
filter aid fromthe filter. The cl eani ng-water discharge line is
configured to discharge fromthe solid-1iduid separator the precipitate
and the filter aid together with the water supplied by the cleaning water
supply 10line to the filter. The separation tank is configured to receive
the precipitaterecheitpteerehrdngfdobrhéhfarercaprschar§ed FPBnit he

solid-liquid separator and separate the filter aEd iron1the gr%ci itate
and the water byrbffFfzi n§hg Eé@ﬁ@%PE‘WFEFH.S?HE Yi [tBF- 4P d°2B HEHGRH | ne

is configured to return the filter,aid. arated,. in,_t separatjon tank to
the Tl ool R AGhHID ilBet LOCEnB PR ERR Shetthr oy R BRREBLLON LA |
; bl ock di ; . . .
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appar atus of Fl 1 is used; 25FIG 3A is a sectional view schematically

showi ng a magnetdicrpantiicd efcoated WrkB alpohyi®fwater discharge line
is configured to discharge from the sclid-ligquid
separator the precipitate and the filter aid together
with the water supplied by the cleaning water supply
10 line to the filter. The separation tank is configured
to receive the precipitate, the filter aid and the
water discharged from the solid-liquid separator and
separate the filter aid from the precipitate and the
water by utilizing a magnetic field. The filter-aid
15 return line is configured to return the filter aid
separated in the separation tank to the filter-aid
feeder.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram showing a configuration
20 of a copper recovery apparatus according to a first
embodiment;

FIG. 2 is a flowchart showing a copper recovery
method by a precoating process in which the apparatus
of FIG. 1 is used;

25 FIG. 3A is a sectional view schematically showing
a magnetic particle coated with a polymer;

FIG. 3B 1s a sectional view showing an aggregate



FIG 3B is a sectional view showi ng an aggregate - 5 - obtainable by
aggregati ng magnetic particles; FIG 4 is a block diagramshow ng a
configuration of a copper recovery apparatus according to a second
enbodiment; 5FIG 5 is a flowhart showi ng a copper recovery nethod by
body-feed filtration in which the apparatus of FIG 2 is used; and

FIG 6 is a block diagram show ng a configgration of a copper recovery
apparatus according to a third 10enbodinent. DETAI LED DESCRI PTI ON

The inventors had conducted extensive researches by perform ng various
experinments on direct solid-liquid separation of a copper precipitate in
wast ewat er 15b9PE3iRAPactPYt REPTBA2 heiBr AASNEDLF| RATERatSFt is difficult

to di tly filt t he, i, pitat ipitated_f t t
ince a particle di AfBtef b ChG EBbpdrprat prratBo(Fnroh 4SBT aRGORr) 15
t I'l. Var] mbodi f 1 ndi i 0 i bed
petow oy ® SRR TR sRuu B R st e MO ko A REe R Cont

enbodi ment conpri $85m.Rc Precipitation tank 2 configured to add an al kal
to copper ions-containing water to be treated and to precipitate a

preci pi tate 25cont appi;Ngs aj §0pPEL ofeAROUNdhoR: hgaki BEppBEhABLES 22
method by body-feed filtration in which the apparatus
of FIG. 2 is used; and

FIG. 6 is a block diagram showing a configuration
of a copper recovery apparatus according to a third
10 embodiment.
DETAILED DESCRIPTION
The inventors had conducted extensive researches
by performing various experiments on direct solid-
liquid separation of a copper precipitate in wastewater
15 by using a filtration membrane to find that it is
difficult to directly filter out the copper precipitate
precipitated from wastewater since a particle diameter
of the copper precipitate {initial diameter) is too
small. Various embodiments based on the findings will
20 be described below.
{1) A copper recovery apparatus according to the
present embodiment comprises: a precipitation tank 2
configured to add an alkali to copper ions-containing
water to be treated and to precipitate a precipitate
25 containing a copper compound; a heating mechanism 22
configured to heat the precipitate in the precipitation

tank to form at least a part ¢f the copper compound in



configured to heat the precipitate in the precipitation tank to form at

| east a part of the copper conmpound in - 6 - the precipitate into copper
oxide; a filter aid feeder 5 which supplies a filter aid of which an
average dianeter of particles or aggregates containing a nagnetic
substance is 0.5 to 20 1.1m a mxing tank 6 5configured to mx the filter
aid wwth a dispersion nediumto prepare a suspension; a solid-liquid
separator 3 conprising a filter 33 which filtrates the filter aid fromthe
suspensi on upon supply of the suspension fromthe m xing tank to forn1a
precoat |ayer 10conprising the filter aid and f||trates the cop

conpound cont ai‘-h?n@r?ﬁépégﬁsér163'<Pd§0f>1«>8ﬁ1 PREJEF edt £d1 Rﬁfe?lﬁpéﬁeéﬁﬁpl y of

the treated water fron1the reC| i.tation t nk _so. t hat the copper conpound
oot od b pRoseas Paser Tt eared” s ﬁpﬁryaigrgﬁﬁe 2"

configured to §¥Qﬁ?¥ethgfté§%£$91“@t8rL%Sg£h a§ nkgﬁthgegarator from

t he preC|p|tat|on X1 ng Fine eated wat er

supply i ne, gﬁeﬁccé? Bbggﬁég Rﬁeﬁ‘.é £Be%§U%ﬂe“§'ﬁPxI£§m¢%HE g X' ng

tank with the treated water fromt treate wat er” suppfy Tine;

cl eaning | i ne é&&ff@@ié@ufédle §H@kalEé§aQiagwE@ﬁeé &QSﬁBﬁsibhter SO
that the precoat |ayer is cleaned fromthe filter; a separation tank 4

whi ch separate@eah@mcp@ppfep@ﬂ@ognguép@ﬂbibﬁ,falé@L;@#ﬂlquD@ copper
conpound and the filter aid being 25contained in cleaning effluent
di scharged togetherawwt h3t bemclreahnggawdi étefr®in vheckofitdtrages dthe
separator; a cleaning effluent Iine L32 which sends the cl eaning
filter aid from the suspension upon supply of the
suspension from the mixing tank tc form a preccat layer
10 comprising the filter aid and filtrates the copper
compound containing the copper oxide from the treated
water upon supply of the treated water from the
precipitation tank so that the copper compound is
captured by the preccat layer; a treated water supply
15 line L2 configured to supply the treated water to the
solid-liquid separator from the precipitation tank; a
mixing line L7 connected to the treated water supply
line, which is ceonfigured to mix the suspension from
the mixing tank with the treated water from the treated
20 water supply line; a cleaning line 111 configured to
supply cleaning water to the filter so that the precoat
layer is cleaned from the filter; a separation tank 4
which separates the copper compound from the fiiter
aid, the copper compecund and the filter aid being
25 contained in cleaning effluent discharged together with

the cleaning water from the solid-liquid separator; a

cleaning effluent line L32 which sends the cleaning



-7 effluent fromthe solid-liquid separator to the separation tank; and a
filter aid return line L5 which returns the filter aid separated in the
separation tank to the filter-aid feeder (FIG 1). 5The present enbodi nent
conprises: precipitating copper oxide as the copper conpound by al kali zi ng
the water to be treated in the precipitation tank; mxing with the

di spersion nediumthe filter aid of which the average di aneter of the
particles or the aggregates 10contai ni ng t’he magnetic substance is 0.5 to
20 pm supplying the m xture fromthe mxing tank to the solid-liquid
separator via the treated water supply line to forma deposit |ayer of the
filter aid on ¢hELf¢NE ef¥0f§ubb13yﬁﬁgl‘tihélﬁ\ﬂéﬁt gePaBEeP f Font e
15precipitation tank to the solid-liquid separator via Lhe treated water
supply |ine scS¥PREAEHe coppér #XFde Fi1ESpt @t dTheh 't bﬂ%r%gtﬁalagter is
passed through the filter aid |ayer; supplyjng the_cleaning water_to the
solid-1iquid s%%%?%?%rt@%vfﬁgt@fa?%ﬂesﬁﬁgﬁ%fﬁg +?n%h%0§%p%?%5ho?h%a%%pper
oxi de toget her_w the filt i filter; supplying the cleaning
ef f | uent fron1%¥&ﬁé§ﬂ%%ﬁﬁ%%u%%dggg%éé gﬁg?g'tkt'separation tank via the

cleani ng, ef fluent |4pe;,20d-5eP8rBLLNEeARA-LREPYEEL NI LDE: GOPREE nGXi de
fromthe filter aid which 25is cleaned in the separation tank and

returning the sepsdatee @andas ecpyecedpdt | tefpaisld fisenat bel sepagathon tank
to the filter feeder via the filter aid return line while recovering the
separ at ed and wacovetreh<coppesitoxi te. tHhep ebyip i het poresemt k enddei ment

enabl es to reuse the separated and recovered filter aid in the filter aid
f eeder and at twaitrii nghédi s recoven yné&ef fin ctleachi byedi aedt ¢y wepah atieg t he
precipitated
average diameter of the particles or the aggregates
10 containing the magnetic substance is 0.5 to 20 um;
supplying the mixture from the mixing tank toc the
gsolid-liquid separator via the treated water supply
line to form a deposit layer of the filter aid on the
filter; supplying the treated water from the
15 precipitation tank ﬁo the solid-liquid separator via
the treated water supply line sc that the copper oxide
is captured when the treated water is passed through
the filter aid layer; supplyving the cleaning water to
the solid-ligquid separator device via the cleaning line
20 to clean the copper oxide together with the filter aid
from the filter; supplying the cleaning effluent from
the solid-liguid separator to the separation tank via
the cleaning effluent line; and separating and
recovering the copper oxide from the filter aid which
25 is cleaned in the separation tank and returning the

separated and recovered filter aid from the separation

tank to the filter feeder wvia the filter aild return



copper particles having a very small particle dianeter (FIG 1). As used
herein, "copper oxide" includes a double salt and a m xed salt each
cont ai ni ng copper oxide. Exanples of such copper oxide include a

10conbi nati on of copper carbonate and copper oxide, a conbination of
copper sulfate and copper oxide, and the |iKke. (2) The copper
recovery apparatus according to the present enbodi nent conprises: a m Xxing
and 15preci pitation tank 2A which prepare$ a-suspension by mxing a filter
aid of which an average dianeter of particles or aggregates containing a
magnetic substance is 0.5 to 20 pmwith water to be treated and al kali zi ng
wat er to be trekiredviible haecavevpper theonpenatated2opdeteppyared; a heating

mechani sm 22 whi ch heats the copper congound in the mxing an
preci pi tati on $ARSE OFoFtn at T1esePYa partPEESERE EBPPRFIEBRPBRAGLFAL o

i de; filt id feed 5 which | he filt idto th
ﬁ?gﬁﬁé gﬁh Sre@?p%?%géo I?aﬁggagég%?iﬁhgzggggg?%ggeﬁth?%ragéciﬁp?bgingea

fil whi ch. fi i pi : d the fil
e 33 whi oy [118ratgscLbe prochPliat ed: 9PREL, compoynd,and the f1 ter

aid fromthe suspensi on upon s suspension fromthe

br eci pi (ated conper Compatnd Eon o hi Part ha. opper ol de Bn tha 111t er
aid; a treated-yd&F SHUPPl Y144 NEa$+2niphi Che SYPPLAES phfticle diameter
(FIG. 1). As used herein, “copper oxide” includes a
double salt and a mixed salt each containing copper
oxide. Examples of such copper oxide include a
10 combination of copper carbonate and copper oxide, a
combination of copper sulfate and copper oxide, and the
like.
(2) The copper recovery apparatus according to the
present embodiment comprises: a mixing and
15 precipitation tank 2A which prepares a suspension by
mixing a filter aid of which an average diameter of
particles or aggregates containing a magnetic substance
is 0.5 to 20 um with water to be treated and alkalizing
water to be treated so that a copper compound is
20 precipitated: a heating mechanism 22 which heats the
copper compound in the mixing an precipitation tank to
form at least a part of the copper compound into copper
oxide; a filter aid feeder 5 which supplies the filter
aid to the mixing and precipitation tank; a solid-
25 liquid separator 3 comprising a filter 33 which
filtrates the precipitated ccopper compound and the

filter aid from the suspension upon supply of the



Streated water fromthe m xing and precipitation tank to the solid-liquid
separator; a cleaning line LIl which supplies cleaning water to the filter
so that the deposit layer is cleaned fromthe filter; a separation tank 4
whi ch separates the precipitated copper conpound 10fromthe filter aid,

t he copper conpound and the filter aid being contained in cleaning

ef fl uent discharged together with the cleaning water fromthe solid-liquid
separator; a cleaning effluent line L3Z wWHi chi sends the cl eani ng ef fl uent
fromthe solid-liquid separator to 15the separation tank; and a filter aid
return line L5 which returns the filter aid separated in the separation
tank to the fifgepeRfFicreblel trpaiging and prpeigppakabdstackording to

t he present enPodinen is usef for a so-called body-feed filtration (FIG
5), 200f whi ch-?HR #i XFRYSahd PYREi PP On Y ahRe nBESt W Fahet i onPHAi ch
are the precipitation,function.and_the mxing. function. . According to
The present  enBOUPHRNT : CTRe" COBBAr “eOnBOREr | 3 brect Bt SP8atThiThe i xi'ng

and 25pr eci pi tatdon, Lapk . Lhe, prect pi,bat dh eABPES GATPAUDL S| O Xeflew th

the filter aid to forma suspension; e suspension is s to the
solid-liuid sepas@t@rya@dd rrofOchetfexsRyi shbi gHbdi sepaf abhonaRk the

copper conpound is perfornmed while form ng the nenbrane of the filter aid
on the filter.t{3)s#rederaphyd sepihetappasatUsawingl)ime (2):which

supplies cleaning waier to the filter so that the
depogit layer is cleaned from the filter; a separation
tank 4 which separates the precipitated copper compound

10 from the filter aid, the copper compound and the filter
aid being contained in cleaning effluent discharged
together with the cleaning water from the solid-liquid
separator; a cleaning effluent line L32 which sends the
cleaning effluent from the solid-liquid separator to

15 the separation tank; and a filter aid return line L5
which returns the filter aid separated in the
separation tank to the filter aid feeder (FIG. 4).

The apparatus according to the present embodiment

is used for a so-called body-feed filtration (FIG. 5),

20 of which the mixing and precipitation tank has two
functions which are the precipitation function and the
mixing function.

According to the present embediment: the copper

compound is precipitated in the mixing and

25 precipitation tank; the precipitated copper compound 1is
mixed with the filter aid to form a suspension; the

suspension is sent to the solid-liquid separator; and



S5the filter aid conprises an aggregate obtainabl e by aggregati ng magnetic
particles having surface coated with a polyner; an average particle

di aneter D1 of the magnetic particles is within a range of 0.5 to 20 pm
the average particle dianmeter D1 of the magnetic 1lOparticle and an average
aggregate dianeter D2 of the aggregates satisfy the foll ow ng

rel ati onship: DI <D220 pm and an average coating thickness t of the

pol ymer ranges 0.010.25 Rm(FIG 3). In thd pr esent enbodi nent, the
average particle 15diameter D1 of the nmagnetic particles may preferably be
+2. within the range of 0.5 to 20 pm and a _nore preferred range of the

di ameter D1 istipe5596idsl Rnidneprehat 49@r afet par tPEPRT dF @HRPBEADES of t he

magnetic particles is |l ess, than 0.5 the particle re densely .

J0a00r egat od {5 naRENeS di St HncEobatuBerrparearees 55 Ehl FETEREN ol
making it diffigulﬁetf.fﬁégin an effective treated water passing rate. On
the other hand’ wheh The average particle dianeter D1 exceeds 20 Rm the

particles are coarsgﬁy Qggfggggggrtgnnggg gégggagbgtggcgl egyegg)particles

too long and to allow fine precipitates in ter to readily pass
therethrough, therepy.dargely-gdaberiosath ngyefdyci €nsyra dfabeEO¥Ering the

preci pi tated copper conpound. Wien the average particle dianmeter Dl is
| ess than 15 gfgregating magnetic particles having surface coated
with a polymer; an average particle diameter D1 of the
magnetic particles is within a range cf 0.5 to 20 pm;
the average particle diameter D1 of the magnetic
10 particle and an average aggregate diameter DZ of the
aggregates satisfy the following relationship:
D1<D2220 pm; and an average coating thickness t of the
polymer ranges 0.01<t<0.25 pm (FIG. 3).
In the present embodiment, the average particle
15 diameter D1 of the magnetic particles may preferably be
within the¢range of 0.5 to 20 pum, and a more preferred
range of the diameter D1 is 0.5 to 15 um. When the
average particle diameter D1 of the magnetic particies
is less than 0.5 pm, the particles are densely
20 aggregated to make a distance between particles too
small, thereby making it difficult to attain an
effective treated water passing rate. On the other
hand, when the average particle diameter Dl exceeds
20 pm, the particles are ccarsely aggregated to make
25 the distance between particles too long and to allow

fine precipitates in water to readily pass

therethrough, thereby largely deteriorating efficiency



the recovery efficiency of the copper conpound particles is further

i nproved. By the way, the 5inventors found that it is difficult to attain
the effective copper recovery efficiency in the case where the average
particle dianmeter 01 of the magnetic particles is 26 gm for exanple. Such
findi ngs suggest that the copper recovery efficiency is deteriorated
10when the average particle dianmeter D1 of the magnetic particles is
excessively | arge. In the present ehbodinent, the average particle
di aneter D1 and the average aggregate di aneter 02 of t he aggregates of the
magnetic particles may preferably 15satisfy the follow ng relationship:
D1<D220 gm noeé predeenbly PheDpIscipityhed chePavetafeCulgr egiiien

di aneter 02 of the aggregates exceeds 20 gm the fine precipitates in

wat er are al | ol %Be¥%%%lP?rbégéetﬁ%%ﬂ@ﬁeésDHe§%r1%%§ 55%0e15th%reby

| argely 20deterjoratin the Eg recoge£¥ eff|C|enc¥ 5 t he average
particie di amets fﬁc? eﬁ% ﬁﬁ? he"tépP %c%@%??re? TePBRCy is further

i nproved as descr bove e e th ver age
coating 25th| %e%ggf %f %hfu£9?ép lﬁéﬁéggéefgggb#y ran g %10 25 gm

ror € prq{erabIyn§ég@9r45fggﬁdV@§gttgg avenage; copti g 59&&5ﬂe§ﬁet of the

pol ymer 1s |ess
effective copper recovery efficiency in the case where

the average particle diameter D1 of the magnetic
particles is 26 pum, for example. Such findings suggest
that the copper recovery efficiency is deteriorated

10 when the average particle diameter D1 of the magnetic
particles 1s excessively large.

In the present embodiment, the average particle
diameter D1 and the average aggregate diameter D2 of
the aggregates of the magnetic particles may preferably

15 satisfy the following relationship: D1<D2<20 pm, more
preferably D1<D2<15 pum. When the average aggregate
diameter DZ of the aggregates exceeds 20 pm, the fine
precipitates in water are allowed to readily pass
through as described above, thereby largely

20 deteriorating the copper recovery efficiency. When the
average particle diameter D2 is 15 um, the copper
recovery efficiency is further improved as described
above.

In the present embodiment, the average coating

25 thickness t of the polymer may preferably range
0.01=t=<0.25 um, more preferably 0.01<t<0.15 pum. When

the average coating thickness t of the polymer is less



- 12 - than 0.01 pm the desired coating effect is not attained, and the
aggregate is deteriorated in strength to be unusable. On the ot her hand,
when the coating thickness t exceeds 0.25 pm clearances between the
5magnetic particles in the aggregate are filled with a resin to reduce not
only the water passing rate of the treated water but al so roughness, and,
therefore, a copper conpound particle capture rate tends to be | owered.
Further, when the coating thickness t is 3D0.-15 pmor |ess, appropriate
roughness is attained to enhance capture performance of capturing the
copper conmpound particles and to increase the treated water passing rate,

t hereby furthethdmpl d¥i ngnit heheopper re@cevetinefétteencys 18(4) The copper

recovery apparatus according to the present enbodi hent conprises:
preci pi tation ¥ErkiPEmARR FReerIB5CEdPPetS | %%%elaﬁo%%ﬁ%ﬁi n@nmﬁ%?ﬂ%h be

treated, an alkali feeder which _ adds an al k t he er to be treated
contai ned in tHe kﬁﬁ'é@?%ﬁ%?on ?ank %O?Bh%?zlﬁrb‘i&'t a‘f}éeré dpperdtthpound; a

filter aid feet[ JTC I%G\’A%I chI i}gggéégso%gle’%tercfé oﬁcé@llg&@g Ignﬁﬁéage

particle dlane €S 0f aggr €gat es contai ni ng”a nagne
substanae is Gyt 20 Piic A JLXI NG LA0k: £y el Mxescingdilier 2id
supplle ron1t eeder W t I spersion nediumto prepare
a suspensi on; @eﬂ%lf&w&e SEPAr LDy Sh&oMPrd Si s i dd | +8Fe 33 WHhEh
filtrates the filter aid fromthe

treated water but also roughness, and, therefore, a

copper compound particle capture rate tends to be

lowered. Further, when the cecating thickness t is

10 0.15 pm or less, appropriate roughness is attained to
enhance capture performance of capturing the copper
compound particles and to increase the treated water
passing rate, thereby further improving the copper
recovery efficiency.

15 {4) The copper recovery apparatus accecrding to the
present embodiment comprises: a precipitation tank 2B
which receives copper ions=-containing water to be
treated, an alkali feeder which adds an alkali to the
water to be treated contained in the precipitation tank

20 to precipitate a copper compound; a filter aid feeder 5
which supplies a filter aid of which an average
particle diameter of particles or aggregates containing
a magnetic substance is 0.5 to 20 um; a mixing tank 6
which mixes the filter aid supplied from the filter aid

25 feeder with a dispersicn medium to prepare a
suspension; a solid-liquid separator 3 comprising a

filter 33 which filtrates the filter aid from the



- 13 - suspension upon supply of the suspension fromthe m xing tank to
forma precoat |layer fornmed of the filter aid and filtrates the copper
conmpound cont ai ni ng the copper oxide fromthe treated water so that the
5copper conpound is captured by the precoat |ayer; a treated water supply
line L2 which supplies the treated water fromthe precipitation tank to
the solid-liquid separator; a mxing line L7 which is connected to the
treated water supply line to mix the suspkhsion from 10the mi xi ng tank
with the treated water of the treated water supply line; a cleaning line
L11 which supplies the filter with cleaning water in order to clean the
precoat |ayer F@sperHEcs|per:serRbpapht Fon sapkends b chreepbiiat es the

copper compound fromthe filter 15aid, the copper conpound and the filter
ai d bei ng cont™REW i FARF i heFBf 7 | BERECAF strBrHetCT Byt Fertifth t he

| eani ter_fromthe solid-|jgquid tor; | eani ff]uent |i
132 whi ch sends 1" cTEArTHG BF FFGRHES £ B tHeP Sl FUTFT T o SBpATALSY o

the 20 tian. tank; ' ' ' ' th
il tor o d whi o i g h e SRR LG EPer Lo 12l €0 BB ey o
feeder; a unitog3,ahi Gl fRAsYT £3 éa;@khyédiu}@%%hé herdeoad edayatergin the

precipitation tank; a pH control mechani sm24 which 25stops the addition

of the alkali fromddealdaldudsederibases onidthesdat Bré£depd vadateed
measured by the pH nmeasurenent unit to stop a reaction when the pH val ue

- 14 - of the daesat efiromatigie i pirddiicp precl n t admlont ¢ atike | So M d-hl hadihe
neutral range or adjusts the alkali addition fromthe al kali feeder based
on the detect etbpraaie areasured bine he7 pkhheasis ememeated , tsotlas to
altow the treated water supply line to mix the suspension from
16 the mixing tank with the treated water of the treated
water supply line; a cleaning line L11 which supplies
the filter with cleaning water in order to clean the
precoat layer from the filter; a separation tank 4
which separates the copper compound from the filter
15 aid, the copper compound and the filter aid being
contained in cleaning effluent discharged together with
the cleaning water from the solid-liquid separator; a
cleaning effluent line L32 which sends the cleaning
effiuent from the solid-liquid separator to the
20 separation tank; a filter aid return line L5 which
returns the filter aid which is separated in the
separation tank to the filter aid feeder; a unit 23
which measures a pH value cof the treated water in the
precipitation tank; a pH control mechanism 24 which
25 stops the addition of the alkali from the alkali feeder
based on the detected pH value measured by the pH

measurement unit to stop a reaction when the pH value



Sreaction to continuously proceed in a state where the pH value of the
treated water in the precipitation tank is maintained within the neutral
range (FIG 6). In each of a copper oxide generation reaction and a
copper hydrooxi de generation reaction, a precipitate 10which is obtained
by the reaction within acidic range is dissolved due to the reaction with
an acid, and, as a result, a precipitate of copper is not obtained. The
copper conpound energes as a precipitate +h an aqueous sol ution when a pH
value is close to the neutral range. 15In the case of giving priority to
t he copper oxide generation reaction rather than to the copper hydroxide
generation reactione treage@ewabertbnkbé@ phecppivarienctase 19 the
neutral range. More specifically, in the neutral range,_ the copper

hydr oxi de genefhfhom ‘F%‘éc@‘?‘éﬁf@ dﬁ%%gﬁo?rp?@&'é%ﬁsd%et%l]t‘%%lI‘?“ﬁﬁi%%ﬂoﬂurrber

of hydroxide gr mhlle er OXIg eneration reactjon_proceeds
wel | due to th%rﬁﬁeg%%c%l%? E?%% h BRFS |ﬂg the éEt?ﬁt?ﬁép%r%ﬁg
enbodi nent, in the ntroI chani sm 24 the dd|t|o % [ % t he
treated 25wat é?e‘?%mg?% s%n% BT he At ket bl—Fva?ueQ Q gw g
react!on, when Lhe.pilyald 8&1%%?@@ SRR t&fea@%e‘%@féaulﬁn tank
is within the neut range |t|on 0 kal1 to t
treated water 415 adj usted @@ée@r@&écﬁ'ewéj@éﬁciﬁdt V\%@éé‘;@pl@@t@@nt@aﬁkl ow
the reaction to continuously proceed in the state ere the pH val ue of
the treated wat€ermidmtdiengd eciphiation tankrdl sramyat arned &t hin the
neutral range. Therefore, the
In each of a copper oxide generation reaction and

a copper hydrooxide generation reaction, a precipitate

10 which is obtained by the reacticn within acidic range
is dissolved due to the reactien with an acid, and, as
a result, a precipitate of copper 1s not obtained. The
copper compound emerges as a precipitate in an aqueous
solution when a pH value is close to the neutral range.

15 In the case of giving priority to the copper oxide
generation reaction rather than to the copper hydroxide
generation reaction, it is better to keep the pH value
close to the neutral range. More specifically, in the
neutral range, the copper hydroxide generation reaction

20 does not proceed due to the limited number of hydroxide
groups, while the copper oxide generation reaction
proceeds well due to the presence of hydrogen peroxide.

In the present embcediment, in the pH control
mechanism 24, the addition of alkali tc the treated

25 water is stopped based on the detected pH value to stop

the reaction when the pH wvalue of the treated water in

the precipitation tank is within the neutral range, or



pH val ue of the treated water is maintained within the neutral range to
all ow the copper oxide generation reaction to proceed well as conpared to
t he copper hydroxi de generation reaction, thereby attaining the 10
precipitation of a |arge amount of copper oxide particles. As used herein,
the "neutral range" substantially neans a range of pH5 to 9. Not e
that, insofar as the ultimate pH val ue which is attained when the reaction
terminates is maintained 15within the neut¥al-range, acidic treated water
and a liquid alkali (e.g. sodium hydroxi de solution) may be separately
added to a liquid which is adjusted to the neutral range in advance of the
addition to altla adebhidmuolisatattion, thﬁth@@@t$an@E@¥tht@dI%%tQ@ove-

20descri bed method of adding alkali to the treated wate (5) The
copper recover§Aagpaattkeo e?%%t%?e%%nYa%%%od?%E%% E%n%%%%%sth% m Xi ng
and precipitation tank 2A whic es a filter aid o n_ave e

di ametor of pﬁ%frle%noﬁoaaa?ab%?%g5§%n?a?ﬁ?%ﬁ B oetugterie COBEt ahie s

0.5 10,20 Rmwh it tocbe {reaied andopl kaliges,Lhe beat o, veLer ¢

precipitate a copper conpound So as prépare a sl "a  he

Techani sy 22 whi Gl fieal s Gopper comPoURd, L 0 8,01 Xi 9 A0 e, the

precipitation ta to convert at least a part e copper conpound into

copper oxide; & fjdtes & defeedesatedhishesupplhesnthendd!fernahdopo the
5m xing and precipitation tank; a solid-liquid separator 3 conprising a

filter 33 whiclediddr atesgd h@oFHEchv{i)lﬁl'&’é eco PP es < Corpeuner antohd he filter
aid fromthe suspension upon supply of the suspension fromthe m xi ng and

preci pitating teank:itmn ftor peocdepdsidl 1l ayercdfieompd | 5o nighd heogreci pi t at ed
copper conpound cont ai ni ng
hydroxide generation reaction, thereby attaining the
10 precipitation of a large amount of copper oxide
particles. As used herein, the “neutral range”
substantially means a range of pH 5 to 9.
Note that, insofar as the ultimate pH value which
is attained when the reaction terminates is maintained
15 within the neutral range, acidic treated water and a
ligquid alkali (e.g. sodium hydroxide solution) may be
separately added to a liquid which is adjusted to the
neutral range in advance of the addition to allow a
continuous reaction, without limitation to the above-
20 | described method of adding alkali to the treated water.
(5) The copper recovery apparatus of the present
embodiment comprises: a mixing and precipitation tank
2A which mixes a filter aid of which an average
diameter of particles or aggregates containing a
25 magnetic substance is 0.5 to 20 um with water to be

treated and alkalizes the treated water to precipitate

a copper compound so as to prepare a suspension; a



t he copper oxide and the filter aid; a treated water supply Iine L2 which
supplies the treated water fromthe m xing and precipitation tank to the
solid-liquid separator; a cleaning line LIl which supplies cleaning
15water to the filter so that the deposit |layer is cleaned fromthe
filter; a separation tank 4 which separates the precipitated copper
conpound fromthe filter aid, the copper conpound and the filter aid being
contained in cleaning effluent discharged-®0together with the cleaning
water fromthe solid-liquid separator; a cleaning effluent |ine L32 which
sends the cleaning effluent fromthe solid-liquid separator to the
separati on tankeaifig|neshantisnetdrvhithehest whhehceepar nsomheund| ier aid
separated in the separation tank 25to the filter-aid feeder; a unit 23
whi ch measur estle pMLxHIGeadf PReciPéhebloNaterki Aot RRNpPEEi pFt at#dh #ank;

and a pH control nmechani sm 24 which sto the addition - 17 - of the
al kal i fron1tHﬁa%ﬁk%#it?%eﬂ%?pﬁﬁs%ﬂmﬁﬂugaelﬂﬁ?e%?%%eﬁkP%h?%é ﬁegﬁﬁF%ﬂ by

t he pH neasurenqgt uq% stop, a reaftion t the,gkkga+H§ of the
u range or

Tt h
Lroared water TrC e R T AEn oREPRRAC POt E  h e hethd

ra

adj usts 4 he a'%ﬂédi%@%%i;gﬁéiﬁﬂé%oﬁ' Kabk, fgeggiigﬁffgffgwé%‘lﬁaggﬁgft ed

pH val ue neasure measurenent unit, so as to e reaction

to continuously qiQceediid 2 siatervwhergnibe ph valuesofhdhe treated water
in the precipitation tank is 10nmai ntained within the neutral range.

The appar at us @ecOTEi i d® thepHFf espoendoshdrentie | 51 Used 404 arse-cal l ed
body-feed filtration (FIG 5), of which the m xing and precipitation tank

has two functitons svuednaren thgopr ecppl ¢ ab £ orhé unct pemns amd £ hem 15mE Xi ng
function. In the present enbodi nent, the
mixing and precipitating tank to form a deposit layer
10 comprising the precipitated copper compound containing
the copper oxide and the filter aid; a treated water
supply line L2 which supplies the treated water from
the mixing and precipitation tank to the solid-liquid
separator; a cleaning iine L1l which supplies cleaning
15 water to the filter so that the deposit layer is
cleaned from the filter; a separation tank 4 which
separates the precipitated copper compound from the
filter aid, the copper compound and the filter aid
being contained in cleaning effluent discharged
20 | together with the cleaning water from the solid-liguid
separator; a cleaning effluent line L32 which sends the
cleaning effluent from the solid-liquid separator to
the separation tank; a filter aid return line L5 which
returns the filter aid separated in the secparation tank
25 to the filter-aid feeder; a unit 23 which measures a pH

value of the treated water in the precipitation tank:;

and a pH control mechanism 24 which stops the addition



effects sanme as those of (2) are attained. (6) Preferably, in the
apparatus of (4) or (5): the filter aid conprises an aggregate obtai nabl e
by aggregating magnetic particles of which each of 20surfaces is coated
with a polyner; an average particle dianeter D1 of the nmagnetic particles
is wthin arange of 0.5 to 20 pm the average particle dianmeter Dl of the
magnetic particles and an average aggregate di aneter D2 of the aggregates
satisfies the follow ng 25rel ati onshi p: B1kD220 pm and an average coating
t hickness t of the polynmer ranges 0.010.25 pm (FIG 3). In the present
enbodi nent, the effects sanme - 18 - as those of (3) are attained.

Her ei nafter, tde Enboxleht sfaod exanpl ksl f¢eder deseed bed Wieh reference
to the acconpanyi ng drawi ngs. In the enbodi nents or exanpl es descri bed

bel ow, 5copperdaid@eed Ppreet pe taeae by dPY et ® yPrAdH: hgtaemalt ka1 sol uti on
to water be treated containi ng copper. i ons  such as a copper sulfate

sol ution. As tHe $§qR %fr?%‘étja‘i’rkag‘?,t i UAT Hydr Bt ide ‘i”g TSt LEuR t bl y
used without particular limtation thereto. The_ di rect 1,8%51ddi tion Pf

alkal i sol utioff Cdusds 4 part Fetie! tfiahel efank s within e heutsa

5 range or adjusts the alkali addition from the alkali
feeder based on the detected pH value measured by the
pH measurement unit, so as to allow the reactlion to
continuously proceed in a state where the pH value of
the treated water in the precipitation tank is

1C maintained within the neutral range.

The apparatus according to the present embodiment
is used for a so-called body-feed filtration (FIG. b5),
of which the mixing and precipitation tank has two
functions which are the precipitation function and the

15 mixing function. In the present embodiment, the
effects same as those of (2) are attained.

{(6) Preferably, in the apparatus of (45 or (5):
the filter aid comprises an aggregate obtainable by
aggregating magnetic particles of which each of

20 surfaces 1s cecated with a polymer; an average particle
diameter D1 of the magnetic particles is within a range
of 0.5 to 20 um; the average particle diameter D1 of
the magnetic particles and an average aggregate
diameter D2 of the aggregates satisfies the following

25 relationship: D1<D2<20 um; and an average coating
thickness t of the polymer ranges 0.01<t=<0.25 pm

(FIG. 3). In the present embodiment, the effects same



of precipitated copper particles to be reduced, thereby making it quite
difficult to separate the copper particles fromwater. However, since the
nmet hod of any one of the enbodi nents descri bed bel ow enables to
15efficiently separate the fine copper compound particles (average
particle dianeter: 0.01 to 10 pn), the nunber of process steps is reduced,
and the apparatus is readily sinplified. Two types of nethods of using a
filter aid, 20 namely, a precoating proces% and body-feed filtration, may
be enpl oyed for copper recovery. The apparatuses used for the nethods are
different fromeach other in configuration, and the apparatuses are

descri bed bel o onkody @hel(325¢Feratt&Emsdi ment ) A copper recovery
apparatus of the first enbodinment will be described with reference to FIG

1. - 19 - (First ClppernmeEsier Y ApPAPAH RS AS cOPPer*FBRLGEr Y1 appaFfatus 1
of L1 Presert STROULIEIY, Lo UoPd or. 2. BT EROLLINALOCSES B0hsoca or
copper conpound prefﬁp{ﬁgtggb£giments or examples described below,

5 copper oxide is precipitated by directiy adding an
alkali solution to water be treated containing copper
icns such as a copper sulfate solution. As the type of
the alkali, sodium hydroxide is most suitably used
without particular limitation thereto. The direct

10 addition of alkali solution causes a particle diameter
of precipitated copper particles to be reduced, thereby
making it quite difficult to separate the copper
particles from water. However, since the method of any
one of the embodiments described below enables to

15 efficiently separate the fine copper compound particles
(average particlie diameter: 0.01 to 10 um), the number
of process steps is reduced, and the apparatus is
readily simplified.

Two types of methods of using a filter aid,

20 namely, a precoating process and body-feed filtration,
may be employed for copper recovery. The apparatuses
used for the methods are different from each other in
configuration, and the apparatuses are described below
one by one.

25 (First Embodiment)

A copper recovery apparatus of the first

embodiment will be described with reference to FIG. 1.



treated water is low The copper recovery apparatus 1 includes a
precipitation tank 2, a solid-liquid separator 3, a separation tank 4, a
filter aid tank 5, and a mxing tank 6, as well as a water-to-be-treated
10supply source, a alkali feeder, and a effluent storage tank which are
not shown. The units and devices are connected to one another by piping
lines Li to L8. The piping lines Li to L8 are provided with various punps
Pl to P8 and a valve 1, as well as a nmeasb?ement device 15and a sensor
whi ch are not shown. Detection signals is sent fromthe nmeasurenent device
and the sensor to an input port of a controller (not shown), and control
signal s are sehfifsonfeppoutpatopery dfpehetedhtroller to the punps Pl to
P8 as well as to the valve V1 and a 20val ve V2, so that the operations of
the punps and val ve8 @PePeBnfrePVedy FRBIT2tHE ovefaflecBppeérifecovery
apparatus 1 is conprehensjvel gontrolled b% the controller. The

i

precipitation % s 48 SEPFY | het st rRhP 242 L HBI WAT CRESFi #2%% he treated

ter. Industrial ter, i nj i is introduced._f
the wat er t o be 4T EH S Shppl J° SOt G-t RotT SRERR) LT rkbF (REEC agre =
nat er et Stibpl 4 ol o) " n _
Cemporart |y stora Lt R et o 6B r saree e S R PR Tl an”

appropriate a%tké)ci wodl um hygdroxi de, & NaGH) e 1 sy @d9edy § Oabheratus 1

precipitation Stank 2 fromthe alkali feeder (not shown), 'so that the
copper ion contrgngdkd n the-d 18t £6i watesnk S2 precipi i@t edyasdy copper

conpounds. Further, the precipitation tank 2 has a drum heater 22.
Power supply tgegdentdsum heatesp2Pat Son tank 4, a filter aid tank 5,
and a mixing tank 6, as well as a water-to-be-treated
10 supply source, a alkali feeder, and a effluent storage
tank which are not shown. The units and devices are
connected to one another by piping lines L1 to L8. The
piping lines L1 to L8 are provided with various pumps
Pl to P8 and a valve 1, as well as a measurement device
15 and a sensor which are not shown. Detection signals is
sent from the measurement device and the sensor to an
input port of a controller (not shown}), and control
signals are sent from an output port of the controller
to the pumps P1 to P8 as well as to the valive V1 and a
20 valve V2, soc that the operations of the pumps and
valves are controlled. Thus, the overall copper
recovery apparatus 1 is comprehensively controlled by
the controller.
The precipitation tank 2 has a stirring screw 21
25 which stirs the treated water. Industrial wastewater

containing copper ion s 1is introduced from the water-

to-be-treated supply source (not shown) into the



10controlled by a controller (not shown), so that a tenperature of the
precipitation tank 2 is controlled to 60C. The drum heater 22 is used for
heating the treated water to change copper hydroxi de of the copper
conpounds contained in the treated water into copper 15o0xi de by

oxi di zat i on. The solid-liquid separator 3 incorporates a filter 33
whi ch partitions an internal space of the separator 3 into an upper

i ntroduction space 31 and a | ower discharde space 32. As the filter 33,

t hose obtai ned 20by weaving a polyner fiber such as pol yester, nylon,

pol ypropyl ene, a fluorine fiber, and cellul ose acetate by plain weaving,
twilling, doulbeewsaviatgicortahe viketheelimable, #ditherindicknest is
substantially 1 mmor less, and a filter mesh size is substantially about
251 to 20 gm vERLeRYoHuEs i brmBparelBY DEOXHR 2| Fie | VyueE SepaRator is
connected to the precipitation tank 2 via - 21 - the treated matfr supply

line L2 havi ng-%97E-§ esdh el pUnpRdF . CHIF ¢ nd? |, 2ARPT IR vt @r2BuHpt v°Ti ne L10
d LIl which . t | i £ [ t to the. introducti
apace 311's. oOMHEETL NS ERET niTBORL e SdBace 3¢ T T AT E suppl y
line L1Q is C%ﬁ?tfdféﬁn%dé’pﬁfcaffr% Ofe § NE, LNLLOAUCE T OO, SPACE 3l Of the
solid-liquid separat or and renoves the Ton conponents’ in the copper

compound ‘cont aidjgel i 1 dhe-dleposidal ayesnon:idiecdd |k ge33iby supplying the

tap water to t ntroduction space 31. The ion conponents (Na ions, Ca

ions, M ions,;@tci)i iR Hed-dfpdhecsppoasids ] ayer are effectively
renoved by introducing an abundant anobunt of the tap water into the

introduction space mirther sothd-bireuigi sepasatioinkia hhe &aprwater supply
e heater 22. Power supply to the drum heater 22 is
10 controlled by a controller (not shown), so that a
temperature of the precipitation tank 2 is controlled
tc 60°C. The drum heater 22 is used for heating the
treated water to change copper hydroxide of the copper
compounds contained in the treated water into copper
15 oxide by oxidization.
The solid-liquid separafor 3 incorporates a filter
33 which partitions an internal space of the separator
3 into an upper introduction space 31 and a lower
discharge space 32. As the filter 33, those obtained
20 by weaving a polymer fiber such as polyester, nylon,
polypropylene, a fluorine fiber, and cellulose acetate
by plain weaving, twilling, double weaving, or the like
are usable. A filter thickness is substantially 1 mm
or less, and a filter mesh size is substantially about
25 1 to 20 pm.

The introduction space 31 of the solid-liquid

geparator is connected to the precipitation tank 2 via



15L10, Further, a cleaning line LIl for supplying the tap water from
a city water pipe and a cleaning effluent line L4 are connected to | ateral
parts of the introduction space 31, respectively. The cleaning |line 20L11
is used for supplying the tap water fromthe lateral direction into the

i ntroduction space 31 so as to flake and renove the deposit |ayer fromthe
filter 33. The tap water which is in a satisfactory anount and at a
satisfactory pressure is introduced from4he 25l ateral direction into the
i ntroduction space 31 of the solid-liquid separator 3 via the cleaning
line L11, so that the deposit layer is flaked off and renoved from - 22 -
the filter 33 Bycthecset@rvapresssreblynlihegsléaavingehna PBEESHBERl € i s
provi ded at a connection_between the cleaning line LIl and

he
solid-l1iquid SepsRafbr FPRCBEEN @ FBRANERCEhat PRLY watBF %%Bj%??eﬁl%ut
fromthe 5nozzle, the deeosi :Ig eééflaking effect is_nmuch_en ggced to
i

further inprovd@ife FERovAP &FF EySUPPLyIngbaR Wkt g spate 32 of
th lid-1iquj t i d t i i but i

e 03 havi ng e REERt Al Sl IE T S ot 0t OB e YRS B CE 47 | e
L31 is %’anchs%éé@m‘he teated yeter distiibution.idnesl3atetheqfirst

t hree-way val V1 having the punp P2. Two |lines L32 and L33 are branched
off fromthe tygaled el erpgiststbuheomt ideuddiat dhgcsesongrtfinee- way

valve V2. One of the 15branch |ines L32 has the punp P3 and is connected
to the separatd®n d-ankgw desepa betlo beb osnd Thenotdertis ahch tomeohd3thas
the punp P4 and is connected to the mxing tank 6 descri bed bel ow.
in the copper compound contained in the deposit layer
on the filter 33 by supplying the tap water to the
10 introduction space 31. The ion components (Na ions, Ca
icns, Mg ions, etc.) contained in the deposit layer are
effectively removed by introducing an abundant amocunt
of the tap water info the introduction space of the
solid-liquid separator via the tap water supply line
15 L10.

Further, a cleaning line L1l for supplying the tap
water from a city water pipe and a cleaning effluent
line L4 are connected to lateral parts of the
introduction space 31, respectively. The cleaning line

20 L11 is used for supplying the tap water from the
lateral direction into the introduction space 31 so as
to flake and remove the deposit layer from the filter
33. The tap water which is in a satisfactory amount
and at a satisfactory pressure is introduced from the

25 lateral direction into the introduction space 31 of the

solid-liquid separatcr 3 via the cleaning line L11, so

that the deposit layer is flaked off and removed from



The separation tank 4 has a stirring screw 41 20whi ch stirs cl eaning
effluent received fromthe introduction space 31 of the solid-liquid
separator through the cleaning effluent Iine L4, and incorporates an

el ectromagnet 42 which is used for the separation of the precipitated
copper conmpounds fromthe filter aid. 25The el ectromagnet 42 is connected
to a power source (not shown) of which on-off is controlled by a
control ler (not shown). - 23 - The<branch line L32 which is
branched off fromthe treated water distribution [ine L3 is connected to
an upper part of the separation tank 4 in addition to the cleaning

ef fluent |ine tae Ghbtarpadtovpfthhewptetr Aredssnat er IPatBed €AFBugh t he
filter 33 of the solid-liquid separator is supplied to the separation tank
4 to be reusedwm%nt%ej%%p%@é?i%nl§aﬁkoﬁ%d¢ﬁeagf?I9%%@QFFh%nL@eﬁﬂﬁePhe

filt id t | L5 t | t ,of th ti
(1]ver ol d return |l neLeare conpecled LBoelovar. paLLyof the, separat i on
di sch i th t t i t ank. 4 t k

g scharging Ung, cliLyopt, o L he_seppcatbon.t epkyd Lot fe, storgoepfank

pi pi ng fr retr%mﬂ@,t@ﬁesg@g&@i@dﬁ%keflgk_ﬂngrQﬁféeg sepghakion 15tank 4
to the filter aid tank 5. The filter aid tank 5 has such a

configuration dhein@edems fEht€hic Al OnbsosUPPheedehbpm acfiltesnaid source
(not shown), and that the filter aid separated in the separation tank 4 is

returned thereto thrieeghi20hhegabepecdeser bbedhti bbeidal dguétiurn |ine LS.
Further, the filter aid tank 5 is configured to supply an appropriate
anmount of the depdertar d ¢ occetmeenixidngot ank 6ryabed heafétter aid supply
line L6 having the punp P6. .
distribution linrne L3 having the two three-way valves V1
10 and V2. B treated water line L31 is branched from the
treated water distribution line L3 at the first three-
way valve V1 having the pump P2. Two lines L32 and L33
are branched cff from the treated water distribution
line L3 at the second three-way valve V2. Cne of the
15 branch lines L32 has the pump P3 and is connected to
the separation tank 4 described below. The other
branch line L33 has the pump P4 and is connected to the
mixing tank € described below.
The separation tank 4 has a stirring screw 41
20 which stirs cleaning effluent received from the
introduction space 31 of the solid-liquid separator
through the cleaning effluent line L4, and incorporates
an electromagnet 42 which is used for the separation of
the precipitated copper compounds-from the filter aid.
25 The electromagnet 42 is connected to a power source

{(not shown)} of which on-off is contrelled by a

controller (not shown).



25The m xing tank 6 has a stirring screw 61 which stirs a mxture of the
filter aid and a dispersion nedium and is configured to prepare a m xture
- 24 - (suspension) containing the filter aid by adding the dispersion
mediumto the filter aid supplied fromthe filter aid tank 5 and stirring
and m xing them As the dispersion nedium water may preferably be used.
The 5branch Iine L33 branched off fromthe treated water distribution |ine
L3 is connected to an upper part of the mMXing tank 6, and a part of the
filtrated water passed through the filter 33 of the solid-liquid separator
is supplied to the mxing tank 6 to be reused 10as the di spersion nmedi um
in the mxing tank BheFargheh, 1ihe LBEt whighdisuppbychiefdecE? hRavinghehe
punp P7 is conmunicated with the mixing tank 6 in place. The filter aid
supply |ine L7tTeakeofneeted ¢6shRdepbins {heet béal edcapreftedppPyaline L2

in place, so 15 that the m. xture (suspension) fromthe mxing line L7,
whi ch containsuEP@Ff??¥%r05iE?ei%é%ﬂﬁ S Rs) F%@kt ehf eddRat &P f FOWFRG

through the treated. wat || 2. The_mixi ine L7, ] i ded
W th 8t ow r ot OHET of L UENUAC {hbtC hBung' <d PRAE &1 1igt F k67 8r Sthe.
W o . 2V Lhot SnY AL ! bo. th

Cont ol or - (PTEGohtT i B obeafith ' Ol FLELERAS B2, B0 R R Lt g
process using § @Q@é/@-P@Sgugyﬁgﬁeélpu@@r@ﬁéssép&&étigﬁ deseribed peth

25reference to FIG 1 and F

reused in the separation tank 4. The effluent line L8
and the filter aid return line L5 are connected to a
lower part of the separation tank 4. The effluent line

10 L8 has the pump P8 and serves as a piping for
discharging the effluent from the separation tank 4 to
the storage tank (not shown). The filter aid return
line L5 has the pump P5 and serves as a piping for
returning the separated filter aid from the separation

15 tank 4 to the filter aid tank 5.

The filter aid tank 5 has such a configuration
that a new filter aid is supplied from a filter aid
source (not shown), and that the filter aid separated
in the separation tank 4 is returned thereto through

20 the above-described filter aid return line L5.
Further, the filter aid tank 5 is configured to supply
an appropriate amount of the filter aid to the mixing
tank 6 via the filter aid supply line L6 having the
pump P6.

25 The mixing tank 6 has a stirring screw 61 which
stirs a mixture of the filter aid and a dispersion

medium, and is configured to prepare a mixture



To start with, a nmagnetic substance-containing filter aid and a di spersion
mediumare mxed inthe - 25 - mxing tank 6 to prepare a suspension
containing the filter aid (Step S1). The filter aid contains magnetic
particles and may further contain a polyner coating the magnetic
particles. Water is mainly used as the 5di spersion nedium and ot her

di spersion nediuns nmay be used as required. A filter aid concentration in
the suspension is adjusted to about 10000240 200000 ng/L, for exanple,
though it is not particularly limted insofar as a precoat |ayer, i.e. a
filter aid deposit 10l ayer, is formed by the foll ow ng operation.

Next, the suspé‘ﬁ$$®¢ﬁ$%Olﬁ)hs§@6t@h¥lb@@htg‘ﬁefiit*?éraBQ by ##divgl Fdel i quid
separator 3, so that the filter aid in the suspension is filtrated to be
remai ned on tHELFRFELION tAREERY FOr Aifgt &l bRposttetipart el BrPEyehe

pasbed. b ough Y HE T T Ter C33k oy The FFEbEPE PUAGTPALEE Bl cckar Med
pressure. Sinqﬁﬁgggggiggo %%lgMerw£§e£Qﬁgyg%ggg%#?éﬁingg Qge&he f%éernal

force as descri ove, e above-desc rirng 1S perfornmed in

such a r@nner Méﬁchfﬁn@@@@h&a&meéi&f@rfiémdéﬁgot@ﬁgaégda@aé&_cover an

openi ng of a pr termned contalner, so that the filter aid remains, is

aligned, and igidayghedion theefiktes SSnidiscdi 6p0SEMuph&rthh St Case, the
precoat 25 layer is formed and retained by the external force froma wall

surface of theconiatingf @tk as doymes doext eshathé of CEtfgradivyyedue to a
wei ght of the filter aid
passed through the filter 33 of the solid-liquid
separator is supplied to the mixing tank 6 to be reused
10 as the dispersion medium in the mixing tank 6.

Further, the filter aid supply line L7 having the
pump P7 is communicated with the mixing tank 6 in
place. The filter aid supply line L7 is connected to
and joins the treated water supply line L2 in place, so

15 that the mixture (suspensicn) from the mixing line L7,
which contains the filter aid, is added to the treated
water flowing through the treated water supply line LZ.
The mixing line L7 is provided with a flow rate control
valve (not shown), so that a flow rate of the mixture

20 (suspension) containing the filter aid is adjusted by
the controller.

(Precoating Process)

Hereinafter, the precoating process using the
above~described apparatus 1 will be described with

25 reference to FIG. 1 and FIG. 2.

To start with, a magnetic substance-containing

filter aid and a dispersion medium are mixed in the



- 26 - positioned above. A thickness of the precoat |ayer is subject to
change depending on the concentration of the liquid to be treated and is
substantially about 0.5 to 10 mm 5ln the precipitation tank 2, sodi um
hydr oxi de as the alkali is added to the copper-containing water to be
treated to precipitate a copper conpound containing copper hydroxide as a
mai n conponent. The precipitated copper conpound is heated to | ead the

oxi di zation of a 10part of the copper hydtoxide, resulting in the
formati on of copper oxide. A reaction tenperature and a reaction period
may be those which cause at |east a part of the copper hydroxide to change
into copper oxhdelamdtamy prefepabPyrbeawFtaPaNEhel rapgesiningotas5t o 80C
and 1 to 30 mnutes. As a heating unit, a_resistance heatln% el ement such

as the drum hehtEreD22H {HeePiRe) prO@Fﬁeﬁl%ﬁeﬁnab@t%?nB%%P hBRY1BEE he

t at t ank b d, The t ft t ted t b
ber fof ned 'mﬁﬁ%ﬁ‘»ﬁw%n%satmg 2RI T 205GEre0F < Hay? EC hEPEbr R By SBpl yi ng
h d d d,
Such a5 a heat SreraRgarr £ ELBL R Bl Y B P A (e ofh S hed he

preci pi tat ed Qﬁﬂﬁﬁér% ForS URRL | &4, tQh&h8t§Q£'&hééé&%fb@5ﬁ§@§uﬁé0%a§ yoder a
pressure, and soll iquid separation (filtering) 1s performed by using
the precoat |ay@fdwh Cfbdj@lf@cﬂ!mdﬁxlﬂlﬁﬂ&ﬁn&ﬁdocf:orﬁ&@qtra‘gfon in the
suspension is adjusted to about 10000 to 200000 mg/L,
for example, though it is not particularly limited
insofar as a precoat layer, i.e. a filter aid deposit
10 layer, is formed by the follcowing operation.
Next, tThe suspension is passed through the filter
33 of the solid-liquid separator 3, so that the filter
aid in the suspension is filtrated to be remained on
the filter, thereby forming a depcsited particle layer
15 (precoat laver) formed of the filter aid (Step S2).
The suspension is passed thrcugh the filter 33 by the
pressure pump Pl at a predetermined pressure. Since
the precoat layer is formed and retained by the
external force as described above, the above-described
20 filtering is performed in such a manner that, for
example, the filter is disposed so as to cover an
opening of a predetermined container, so that the
filter aid remains, is aligned, and is layered on the
filter 33 thus disposed. In this case, the precoat
25 layer is formed and retained by the external force from

a wall surface of the container and a downward extefnal

force (gravity) due to a weight of the filter aid



filtering (Step S3). The supply is usually perfornmed under pressure. Here,
t he copper conpound (mainly copper oxide) is renpbved by adsorption by the
precoat |ayer, nore specifically by a surface of the filter aid 5formng
the precoat layer. Here, the filter aid having a special structure
described later in this specification traps the insoluble matter and
allows a satisfactory water passing rate. The filtrate is weakly al kaline
treated water from which copper is 10renoafed and may be di scharged through
a neutralization tank or nmay be used as cleaning water for the magnet in
the separation tank of the solid-liquid separator 3 or a liquid for
preparing a fipeeitadued| alpeyein RhehnikinagstahktBe nsa¢ePeE tage¥endval of
t he copper conpound in water, the precoat |ayer is dispersed into a

di spersi on medFm €6t di @i Hraiygat ecPRRApREceat LiayernrarbreheoRi Pt erhai d

and to clean the fjlter aid (Step S4). The cleanin be perfornmed in
the container 1+ che tlhe ?é??@ d2®%§ %%tSB?Sﬁiﬁtg%fggr?%?ﬂﬁdéi%ngﬂother
container. In i e case of using another container, the precoat |ayer is
di si ntegrated t8"the filter aid by cleaning or like processing and then

G SR e e L S
the cleaning ighd ecoyer £0i PYadmanet s CiSEPababE PN 6ot £Pn B8 - whL 8Bt hod - 28
- be treated to precipitate a copper compound containing

copper hydroxide as a main component. The precipitated
copper compound is heated to lead the oxidization of a

10 part of the copper hydroxide, resulting in the
formation of copper oxide. A reaction temperature and
a reaction pericd may be those which cause at least a
part of the copper hydroxide to change into copper
oxide and may preferably be within the ranges of 60°C

15 to B80°C and 1 to 30 minutes. As a heating unit, a
resistance heating element such as the drum heater 22
or the like provided on an outer periphery of the
precipitation tank 2 may be used. The heating of the
treated water may be performed while adding the alkali

20 agent or may be performed by supplying the treated
water through a piping of which a temperature is
adjusted, such as a heat exchanger.

Next, the treated liquid contained the

precipitated copper is supplied to the solid-liquid

25 separator 3 under a pressure, and sclid-liquid
separation (filtering) is performed by using the

precoat layer which is formed in advance of the



for the magnetic separation is not particularly limted, and exanpl es

t hereof include a recovery nethod in which a permanent nmagnet or an

el ectromagnet is put in the container containing particles to be
recovered, 5a nethod of recovering the particles in which a netal nmesh
which is magneti zed by a magnet is used to capture the particles and then
the magnetic field is released so that the particle are recovered, and the
like. More specifically, the filter aid i%7captured by using the

10el ectromagnet, and then the cleaning liquid is discharged froman outl et
of the cleaning container. Alternatively, the filter aid is captured by
usi ng the el ectibbaghet afteph&n)trafistesnpdlyvolianoshet lgoneatfaeneflor
recovery. 15After termination of the filtering of the treated water, there
is a cake of tWeder|PEesapgeandiehe, prbei BPPREEICEBPRBRICERpOIAY for med on
the filter 33 of the solid-liquid separator 3. In order to renove ion
component s pre%%ﬁ?e¥n°¥h%ebak% LeEPVHEL BY ?gs@EBEF?%deOFP%nPEﬁCﬂ%Eer line

L10 of th ljd-1| d th t th
conpound Exfgti T RES CRRBCL AL ToH YNaY| BneFBHOUAI OLi Pty Bt CEb Thdover
th k |

Suppl 1 &d 11 om IH%% s Reebal PPk e esﬁgﬁéaf-‘?%?%ﬁgf&a PN

separ at ed froqit§§é$i$1e§t§§ct@99 tbear-theqch gapingnetfit yent containing
the filter aid and the copper conpound are - 29 - supplied to the

separati on tankpdciihesSEparaisPs tiodkidsbsuProvihdede M thdt he16kE1 A screw
41 and the el ectromagnet 42 (nagnetic separation nmechanism. The cleaning

effluent is sti3aredfactdhe wepar agpdonit@nkade 5w Thet Aelstatei hg screw 41
to satisfactorily disperse
weakly alkaline treated water from which copper is

i0 removed and may be discharged through a neutralization
tank or may be used as cleaning water for the magnet in
the separation tank of the solid-liquid separator 3 or
a liquid for preparing a filter aid slurry in the
mixing tank 6.

15 After the removal of the copper compound in water,
the precoat layer is dispersed into a dispersion medium
to disintegrate the preccat layer into the filter aid
and to clean the filter aid (Step S54). The cleaning
may be performed in the container in which the filter

20 is set or may be performed in another container. 1In
the case of using another container, the precoat layer
is disintegrated into the filter aid by cleaning or
like processing and then is transferred. Water 1s used
for the cleaning, and a surfactant or an organic

25 solvent may be used for the cleaning.

Next, the filter aid after the cleaning'is

recovered by magnetic separation (Step 535). A method



the filter aid and the copper conpound into water. Then, the el ectronmagnet
42 is turned on to so that the filter aid is captured by the el ectronagnet
42. Thus, the filter aid is separated and recovered fromthe 10water. The
water fromwhich the filter aid has been recovered is discharged water
cont ai ni ng the copper conpound at high concentration, and, by virtue of

t he operation of the punp P8, the discharged water is sent to a device
(not shown) for a post treatnent via the d%brecovery line L8. The copper is
recovered fromthe discharged water by the post-treatnent device. In the
present enbodi nent, a total anount of wastes generated by the copper
recovery processr ithe meddnsthcesapaedt Subst ances sachiastiahkyfilter aid
and the pol ymer 20coagul ant are not contained in the discharged water.
After the di schiatigerinaaned ¢3ampsehailyeecet omthedsepafatPoRryY dpkta0ct he
el ectromagnet 42 is turned off to allowthe filter aid to fall off from
the el ect r omagiet"hiECh #hPHRFERe BFEAAT nGE vidlt eF 1§ St D8P3 otutedPiht o t he

separation tank ‘4 to clean the filter aid. The fjlter aid after th
cleaning with the" [t & iyt Wak er 7 62 oty n%%lmi]o(:jt%% ¥PIRBr TR ARk 5 -
50, LISOUS LIS L L0 Lo Do 44, e 008 00, of e pure P
ki et LI SRS S
the particles and then the magnetic field is released
so that the particle are recovered, and the like. More
specifically, the filter aid is captured by using the

10 electromagnet, and then the cleaning liquid is
discharged from an outlet of the cleaning container.
Alternatively, the filter aid is captured by using the
electromagnet and then transferred to another container
for recovery.

15 After termination of the filtering of the treated
water, there is a cake of the filter aid and the
precipitated copper compound formed on the filter 33 of
the solid-liquid separator 3. In order to remove ion
components present in the cake, tap water is supplied

20 from an upper line L10 of the solid-liquid separator 3.
Thus, the ions attached to the copper compound existing
in the cake. After the ion removal, in order to
recover the cake on the filter 33 of the scglid-liquid
separator, tap water is supplied from a lateral line

25 L1l so that the cake is crumbled and is separated from

the filter 33, and then the cleaning effluent

containing the filter aid and the copper compound are



wat er, the amount of the copper conpound adsorbed on the surface of the
filter aid is increased along with an increase in treatnment period. As a
result, clearances of the filter aid can be filled with the 10excessively
adsor bed copper conpound, and the water passing rate can be reduced.
Therefore, the nethod of the first enbodinent is effective in the case
where the concentration of the copper conpound in water is | ow as

descri bed above. 15(Filter Aid) HerePnafter, the filter aid will be
described in detail. The filter aid to be used contains magnetic
particles, and the magnetic particles have an average 20particle dianmeter
wi thin the rangerpiiedsteotke gaPaTREIPD| FeRkatd nﬁgebéeaaif@té%steflka
magneti ¢ substance or nay be the nagnetic¢ 8artic|e3 11 $f whi ch each of
surfaces is coatsd BFeh! e@o%%?ﬁgtggeﬁFriﬁ stEheYs®h POFyRBF as shown in
FIG 3A Alternatiyvel the filter 25 aid may be.aggregates 13 in_gach of
whi ch t he. magrBrTE BEATe bst4 1 EaeRct ks sOPaF b o HhFohBh 5P aghf Boat od
as shown in FI - - : - ef er Y. apticle
di aneter D1 of %%ﬁﬁﬁ ne |%u%%Es%gn%££g¥8§h£§f?ﬁ%e?e%?gaﬁgg%égg?g go gm a

part of 4he magnetic,Subsi ANCEi ScRAEYr 29at §ds DY 8r POLYPBI yOfii sperse
trial koxysi |l ane; an average aggregate 5di aneter D2 thereo¥, mn?h t he D1,

satisfies the febationshipi &l hB20hgntoppdracsupdase £oabingréhi ckness t
of the polynmer is within the range of 0.010.25 gm As used herein,

"average partiThen diameterécteansghbe oheiseastred by tases dhifraesi on.
10More specifically, the average particle dianeter is

filter aid is captured by the electromagnet 42. Thus,
the filter aid is separated and recovered from the

10 water. The water froﬁ which the filter aid has been
recovered 1s discharged water containing the copper
compound at high concentration, and, by virtue of the
operation of the pump P8, the discharged water is sent
to a device (not shown) fcr a post treatment via the

15 recovery line 1.8. The copper is recovered from the
disgcharged water by the post-treatment device. In the
present embodiment, a total amount of wastes generated
by the copper recovery process is small since added
substances such as the filter aid and the polymer

20 coagulant are not contained in the discharged water.

After the discharged water is discharged from the

separation tank 4, the electromagnet 42 is turned off
to allow the filter aid to fall off from the
electromagnet 42, and then the cleaning water is

25 introduced into the separation tank 4 toc clean the

filter aid. The filter aid after the cleaning with the

cleaning water 1s returned to the filter aid tank 5



measured by using SALD-DS21 Type Measurenent Apparatus (trade nane)
manuf act ured by Shi madzu Corporation, for exanple. Wen the average
particle dianeter of the nagnetic substance as primary particles exceeds
20 gm 15a di stance between the particles can be long to allow fine
precipitates in water described later in this specification to readily
pass through. On the other hand, when the_primary particle dianeter is

| ess than 0.5 gm the particles are deﬁse?@ aggregated to nake it

20di fficult to attain the effective treated wat er passing rate though fine
precipitates in water are renpved. exanpl e, ferromagnetic

substances in Berevdl &he tshvra één?hé5n§§n§ﬂFEu§uB§t5H€e0péﬁ6té?§nples
th f | ud t 25 tit t

et hotito. maghebra parprtes” (BBA ferurfetetlhraRer therpi SUPDbAF UM
ferrite, and t k e e f rrite nd which is - 32 -
exce:Ient in s%ﬁ% + ?y I'n ma%%yg stﬁ%Pe e??e%%|5§8 g? exan%le Fnagnetlte

(Fe304) is not Onlthn@%QeB§b¥§nthﬁb@B§ﬁeh§ SE%Qh% 2BeapPBERSE §ayer
substance in water and safe as an el ement. Therefore, nagnetite is

preferregd 5since férmédrﬁﬁdé&VaﬂéédofOﬁaﬂﬁiﬁg theatgentee Fuehbedn, the
magneti ¢ substance may be in various shapes such as a spherical shape, a

pol yhedral shapeteandtiideahoker Of bkei ncpperpbonsouaddadsernet on
particularly limted. The preferred particle diameter 10and shape of the
magneti ¢ substémeeswhizde i sf st¢ abi yter aid is increased along with

an increase in treatment period. As a result,
clearances of the filter aid can be filled with the
10 excessively adsorbed copper compound, and the water
passing rate can be reduced. Therefore, the method of
the first embodiment is effective in the case where the
concentration of the copper compound in water is low as
described above.
15 (Filter Aid)
Hereinafter, the filter aid will be described in
detail.
The filter aid to be used contains magnetic
particles, and the magnetic particles have an average
20 particle diameter within the range of 0.5 tc 20 um.
The filter aid may be particles of a magnetic substance
or may be the magnetic particles 11 of which each of
surfaces is coated with a coating agent 12 such as a
polymer as shown in FIG. 3A. Alternatively, the filter
25 aid may be aggregates 13 in each of which the magnetic
particles 11 each coated with a polymer are aggregated

as shown in FIG. 3B.



used may appropriately be selected in view of a production cost and the
| i ke, and the spherical shape or a polyhedral structure of which corners
are rounded is preferred. The magnetic substance nay be plated by 15an
ordinary plating process such as Cu plating and Ni plating as required.
Further, the aggregate in which each of surfaces of the magnetic particles
is coated with a polynmer has such a structure that the primary particles
havi ng a 20core/shell structure in whic€h 3he polyner |ayer coating the
surfaces serves as the shell are aggregated. In the present

enbodi ment, a material suitably used as the polynmer which coats the
surfaces of the maghetécppafeirebiy: ahtleagyeegatesatrhécpar dishesenaplbe
25sel ect ed dependi ng on the purpose. Preferably, polyacrylonitrile,

pol ynet hyl net haEryhateagmet pol yebytanee waf chhar 61 868t | §1@0h% €@l ontehe
magnetic - 33 - substance and has acid/al kali, resistance, copolyners
thereof, a phetdlMiest Paxkeett et TR debhr sTORS F vt &7 , 2FFregate

trial koxysil ane condensate which, has high stability in water by -firm
adhering Lo IR Mgl TR Estbst AHLL Ry~ b lsed?" TRESRRFS rdsontgate

f b ted i t - ti
hi cknoss t of VRS Bal yRer HSCtoB10) o5  Vheh Do Foairhs T i Mkness ( 19

t hi ckness t of ﬁ%ﬁyner ness t is

less than O-O}iﬁsﬁﬁ}ﬁﬁﬂ 51 SEEOMALY; agd egal e, f 5.4 educedhd o make 10t he

use in water I sone cases. \Wen the coating thickness t is nore
than 0.25 jimyici @atances betvpenypeyhdeel €5 @i enharfiveehdge ngke it

difficult to ensure the effective water passing rate when used as the
filter aid in caEwcases @l culatisd ofereipgl yrererage particle
diameter” means the one measured by laser diffraction.
10 More specifically, the average particle diameter is
measured by using SALD-DSZ]1 Type Measurement Apparatus
(trade name) manufactured by Shimadzu Corporation, for
example. When the average particle diameter of the
magnetic substance as primary particles exceeds 20 um,
15 a distance between the particles can be long to aliow
fine precipitates in water described later in this
specification to readily pass through. On the other
hand, when the primary particle diameter is less than
0.5 pum, the particles are densely aggregated to make it
20 difficult to attéin the effective treated water passing
rate though fine precipitates in water are removed.

For example, ferromagnetic substances in general
are usable as the magnetic substance, and examples
thereof include iron, an alloy containing iron,

25 magnetite, ilmenite, pyrrhotite, magnesia ferrite,

cobalt ferrite, nickel ferrite, balium ferrite, and the

like. Among these, the ferrite compound which is



15coating anount may be carried out by observation using an optical
m croscope or scanning el ectron m croscope (SEM, while the average
t hi ckness of the polyner layer is accurately obtained by heating the
filter aid under an oxygen-free situation to |ead the therna

20deconposition thereof, and then detecting an amount of weight |oss, i.e.
a polyner coating anount, and cal cul ating the pol yner |ayer average
t hi ckness from specific surface areas of 3he particles. In

t he case where the nmagnetic substance conprises 25the aggregate in which
each of the particles each coated with the pol yner are aggregated, the
aggregate may preteiabtyihaveaaithbyattevatercishapes fbfectivgq -For
specifically, in the filter aid of the present enbodi nent, the average
aggr egat e di anef@rp P2, oraghetAggr éhases sa§|%@Fe@n%hel?QFE?P%hE%:pb <D220

gm when the average particle dianeter of the gnetlc subst ance gls D .
Wien the aggr eyaiesi have?Rign2a 3iBeInehiCparbFeiiscar® WotShgyregated in

the formof a s %ere

h
bar oque shape,® %r%$r?%¢%{%T%%Fanc%%85$%°5%gr%%%§§§e8%r%ﬁgp¥%ﬁ‘???%erfng
and depgsition, %ﬁ gggéggfiftégéé ¥ de%e%hEr é*&@ﬁté'd or a precoat

mat eri al’, t her'® Tai i n ering om/ra e entrapping the

copper COWOU%&&&PG El‘ié‘%@é‘n%‘@{@rsu%@%é@%éy%égfna@%f&@ée di anmet er
D2 of the aggregates 13 is too large, I1.e. exceeds 20 gm 15cl earance

bet ween the agg 8084 esudis é@céeﬁﬁlﬁi@ri@aﬁogﬁé%@'ﬁsa mekeyheédehifégabs, to
entrap the copper precipitate in water. Furt the average aggregate

di anmeter may mxe feferiab) yobebsuth dhat pibb«d? 1ongnardest t he aver age
aggregate dianeter D2 is 15 pmor
particularly limited. The preferred particle diameter
10 and shape of the magnetic substance which is suitably
used may appropriately be selected in view of a
production cost and the like, and the spherical shape
or a polyhedral structure of which corners are rounded
is preferred. The magnetic substance may be plated by
15 an ordinary plating process such as Cu plating and Ni
plating as required.

Further, the aggregate in which each of surfaces
of the magnetic particles is coated with a polymer has
such a structure that the primary particles having a

20 core/shell structure in which the polymer layer ccating
the surfaces serves as the shell are aggregated.

In the present embodiment, a material suitably
used as the pclymer which coats the surfaces of the
magnetic particles and aggregates the particles may be

25 selected depending on the purpose. Preferably,

polyacrylonitrile, polymethylmethacrylate and

polystyrene which are easily coated on the magnetic



20l ess, the copper precipitate in water is nore efficiently entrapped.

The filter aid to be used in the present enbodi nent may be produced by an
arbitrary production process insofar as the process realizes the above- 25
described filter aid structure. As one of exanples of the nethod, a spray
drying process in which: a polymer is dissolved into an organi c sol vent
capable of - 35 - dissolving the polyner; a conposition obtainable by

di spersing the magnetic substance into-th&sotution is prepared; and the
organi c solvent is renoved by spraying the conposition is considered. Wth
t he 5process, the average particle dianmeter of the secondary aggregates
whi ch are the sigesegecescnd hhe priddpykpditresestercadj aspedy®yrad) usting
an anbi ent tenperature, a spraying speed, and the like of the spray

dryi ng, and, ftReFRIL, pbrdkcape FoFnRdehethbeht 10t hel slggF gt et pri mary
particles when the organic solyent is. renoved, ther formng a

h b il
sui t abl e por od®structiure. b2 ko%ﬁsfh%n%tﬂ%?d%%iﬁFga%hgﬁﬁ:ﬂ%ﬁs???gl
met hod for formng the f:iull?ﬁét%\%yﬁff@ni’%‘%dﬁ%%@éo@ i@h%%%gn@t‘gpm ymer

i s dissolved into an gani c s capabl e o solvin polymer is

prepar ed, and g@&%a asobut 0041 s BRAStEt AR p R4 f arerofabhe pRONeti c
subst ance pl aced 1 n a(ﬂgfd§or t%e ?lke. Then,ﬁ?%e organi c solvent 1Is
removed from the,Pod Yiers$@h Ul i @mner that the average surface
coating thickness t of the polymer is 0.01=<t=0.25 um.
When the ceoating thickness t is less than 0.01 pm,
strength of a secondary aggregate is reduced to make
10 the use in water difficult in some cases. When the
coating thickness t is more than C.25 um, clearances
between particles are narrowed to make it difficult to
ensure the effective water passing rate when used as
the filter aid in some cases. Calculation of a polymer
15 coating amount may be carried ocut by observation using
an optical microscope or scanning electron microscope
(SEM), while the average thickness of the polymer layer
is accurately obtained by heating the filter aid under
an oxygen~free situation to lead the thermal
20 decomposition thereof, and then detecting an amount of
weight loss, i.e. a polymer coating amount, and
calculating the polymer layer average thickness from
specific surface areas of the particles.
In the case where the magnetic substance comprises
25 the aggregate in which each of the particles each
coated with the polymer are aggregated, the aggregate

may preferably have a characteristic shape. More



20f ol | owed by solidification, and the solidified matter is mlled.
Alternatively, the organic solvent is renoved froma conposition in which
t he magnetic substance is dispersed into the polymer solution, followed by
solidification, and the solidified matter 25is mlled. Further, it is
possible to produce the filter aid by adding a conposition obtained by

di ssolving a polyner into a solvent to a Henschel - 36 - m xer, a bal
mll, a granulator, or the like by droppi#§, followed by drying. Here, the
preferred filter aid is produced by performng two steps, i.e. the step

under the production conditions for covering 5surfaces of the magnetic
subst ance and %h@0$fé©ahhﬂeri@héh@oﬁéﬂtﬁénélﬂoﬁfaggﬁegé@ﬁﬁgtthe magneti c
substance. Hereinafter, a nmethod for adjusting the pol yner coating

t hi ckness and %m%%@h%%“¥ort%ﬂj%E?Fﬁ@etﬁ@géﬁgﬁg@a@éaﬂﬁéﬁét@? 8f FH%

aggregat es obtained b regation. of netic
pg?tlgles dur|%%g¥%%a ?%dﬁggf% lﬁ#thBeragéEE?% %?p B?Qﬁfg%ga rW%%%

coating thickn 6SS OQE}QG sug} cglgfdgge ne ighgubgtgg gclgu g 5deg
based on calcd?é%lon us?%dp M XTng ' rati 6 belween t%egpo yier —an the
5 is D1. When the aggregates have such a size, the

particles are not aggregated in the form of a sphere
but are in the form of a baroque shape. Owing to the
baroque shape, appropriate clearances are guaranteed
during the filtering and deposition when the aggregate

10 is used as the filter aid or a precoat material,
thereby attaining a filtering flow rate while
entrapping the copper compound in the treated water.
When the average aggregate diameter D2 of the
aggregates 13 is too large, i.e. exceeds 20 um,

15 clearance between the aggregates is increased to
sometimes make it difficult to entrap the copper
precipitate in water. Further, the average aggregate
diameter may more preferably be such that DI<D2<15 pm.
When the average aggregate diameter D2 is 15 pm or

20 less, the copper precipitate in water is more
efficiently entrapped.

The filter aid to be used in the present
embodiment may be produced by an arbitrary production
process insofar as the process realizes the above-

25 described filter aid structure. As one of examples of
the methed, a spray drying process in which: a polymer

ig dissolved into an organic sclvent capable of



15magneti c substance, density of the resin, and a specific surface area of
the magneti c substance. Mre specifically, a volune of the resin to be
added is detected froma weight and density of the resin, and the vol une
is divided by a surface area of the nmagnetic 20substance which is detected
froma weight and the specific surface area of the magnetic substance,

t hereby obtaining the average coating thickness t of the polyner. Control
of the particle dianeter is varied dependdhg on the type of the sprayed
liquid and 25t he spraying nethod, and a dianeter of a droplet to be
spray-dried is reduced in order to downsize the aggregate. For exanple,
the particle dibsetbring the polgWer; aggregnrestionbebprbdaeed s reduced
by increasing the spraying pressure of the spray nozzle, reducing a
sprayi ng speeddigpefpti@ashngnadniothei sRPspeedacoinhosphaysdi gkion 1is
Hereinafter, a nethod for neasuring the golxner coating thickness in a
ready- made aggfePRRECHi | FNBetigeseFIpRuC SOLVenEat 8uFEIPBRY0fYt he pol ymer

coating thickness nag%ﬁfhcarried og y. observation usiﬁgtan opt i cal
3 .

t b
10mi cr oscope oOff 'SEM % PPERFhbI G the FolyHer cdati Ny thidkness of the

C 't Uati on To 1SR Tre hor el "cofmcer t on of TRAFebihr Hhg Thonathee
detecting an afmyrdgofedeightn| 288, the €agrPQLYERT o 1 5ERAL b AOMME, ght, and
cal cul ating the polyner |ayer
particles is adjusted by adjusting an ambient
temperature, a spraying speed, and the like of the
spray drying, and, further, pores are formed between
10 the aggregated primary particles when the organic
solvent is removed, thereby easily forming a suitable
porous structure.
On the other hand, as an industrial method for
forming the filter aid, a polymer solution in which a
15 polymer is dissolved into an organic solvent capable of
dissolving the polymer is prepared, and the polymer
solution is casted on a surface of the magnetic
substance placed in a mold or the like. Then, the
organic solvent is removed from the polymer solution,
20 followed by solidification, and the solidified matter
is milled. Alternatively, the organic solvent is
removed from a composition in which the magnetic
substance is dispersed into the polymer solution,
followed by solidification, and the sclidified matter
25 is milled. Further, it is possible to produce the
filter aid by adding a composition obtained by

dissolving a polymer intoc a solvent to a Henschel



average thickness fromspecific surface areas of the particles. (Second
Enbodi nent) A copper recovery apparatus | A of the second 20enbodi ment w | |
be described with reference to FIG 4. A part of features of the present
enbodi nent which overlaps wth the features of the foregoing enbodi nent is
not repeated. (Second Copper Recovery Apparatus) 25A copper recovery
apparatus | A of the present enbodinent is used for body-feed filtration,
which, particularly, is effectively used $f the case where a - 38 - copper
conmpound concentration in water is high. The feature by which the copper
recovery apparatus | A of the present enbodinent is different fromthe
apparatus 1 ofmi%erfiashaéhbbdlhent ¢52pnheteRe apphbat Usk¢ALYs 5Snot
provided with any m xing tank 6, and a m xing and precipitation tank 2Ais
provi ded in pl@EPRING hel ptbeFprtaYi ORYEARK 2H8Fet helei PEeierbsdi nent. The

m xi ng and precjpitation tank 2A h bot h jpitati f ti f
adé:ng an aFka ifé%rwé}%rl?opﬁﬁ%gcg e%?e@egﬁagﬁgégftﬁ%ag %@Qa gg%p;?n °

compoun, %, .1 0% WAL 0 B 0By KR ! ST vt

and m xi ng the ers ai t wa re specifica

the copper recoyery.2Dparatis hA,0f:thes preseite eRQULARNL ab nbitter aid

is directly 15supplied froma ter aid tank 5 to the mXxing an
precipitation gk Vi Bods df & £CLqSHERA Y1 hyNEhdOmadhthoYt shbowaRget hr ough

the m xing tank described in the foregoing.

Hereinafter, a method for adjusting the polymer
coating thickness and a method for adjusting the
aggregate diameter of the aggregates obtained by

10 aggregation of the polymer-coated magnetic particles
during the production will be described.

The surface coating thickness on the surface of
the magnetic substance is decided based on calculation
using a mixing ratic between the polymer and the

15 magnetic substance, density of the resin, and a
gspecific surface area of the magnetic substance. More
specifically, a volume of the resin to be added is
detected from a weight and density of the resin, and
the volume is divided by a surface area of the magnetic

20 substance which is detected from a weight and the
specific surface area of the magnetic substance,
thereby obtaining the average coating thickness t of
the polymer. Contrcol of the particle diameter is
varied depending on the type of the sprayed ligquid and

25 the spraying method, and a diameter of a droplet to be
spray-dried is reduced in corder to downsize the

aggregate. For example, the particle diameter of the



(Body-Feed Filtration) 20Hereinafter, the body feed filtration using the
apparatus 1A will be described with reference to FIG 4 and FIG 5.

In the present enbodinent, too, a filter aid and a di spersion nmedium are
m xed together to prepare a 25suspensi on The di spersion nmedi umused in
this case is treated water existing in the m xing and precipitation tank
2A. More specifically, the filter aid is directly - 39 - put in the
treated water to prepare the suspension (Step-Kl). Afilter aid
concentration in the suspension is not particularly limted insofar as a
filter layer is fornmed by the follow ng operation and 5may be adjusted to
about 10000 t 2@@OOPOLegy/ Lo Pecpppencednpounddeoed apni hycreppend okihde i s
preci pitated by adjusting a pH value at which a reaction between the
suspensi on andsrFR Bl kAl Pressare opedthTher preseptz het hbadigiegfactive in

the case 10where an oxidi zer such as. hydrogen peroxide is previously
contai ned i n tHEFAYEM P9t er CEoRPAr AR R Coppertation SRexE, ©t hd

suspension (treated ter) is passed through a filter to filter out the
filter aid in TQ&?&S&%% ension, so that the filter aid is remained on the

5 Hereinafter, a method for measuring the polymer
coating thickness in a ready-made aggregate will be
described.

Calculation of the polymer coating thickness may
be carried out by observation using an optical
10 microscope or SEM, while preferably the polymer coating
thickness of the polymer layer is accurately obtained
by heating it under an oxygen-free situation to lead
the thermal composition of the resin, and then,
detecting an amount of weight loss, i.e. a polymer
15 coating weight, and calculating the polymer layer
average thickness from specific surface areas of the
particles.
(Second Embodiment)
A copper recovery apparatus 1A of the second
20 embodiment will be described with reference to FIG. 4.
A part of features of the present embodiment which
overlaps with the features of the foregoing embodiment
1s not repeated.
{(Second Copper Recovery Apparatus)
25 A copper recovery apparatus 1A of the present
embodiment is used for body-feed filtration, which,

particularly, is effectively used in the case where a



filter, thereby forming a filter layer fornmed by aggregation of the filter
aid (Step K2). The water is passed under a pressure. Since the filter

| ayer is formed and retai ned by 20an external force as described in the
foregoi ng, the above-described filtering is perforned in such a manner
that, for exanple, the filter is disposed so as to cover an opening of a
predeterm ned container, so that the filter aid remains, is aligned, and
is layered on 25the filter thus disposed.38n this case, the filter |ayer
is formed and retained by the external force froma wall surface of the
container and the dowmmward - 40 - external force (gravity) due to a

wei ght of the ¢opper admbpositionednbbaveon in waldtreistheghenoVag of the
copper conpound in the treated water as described above, the filter |ayer
i s 5di spersed ferioutheoyi wpb?li BRc nedPRAT sECERVEBY dRRPRE2GRAL Rt RE filter
| ayer into the filter aid and to clean the filter aid (S%ep ng. The

cl eani ng may bEPerFeiTRd FRPRETEBRt AF et T RTAT ch PRet 7T 1 RRPAFRLYRt or
may be performnmed in_another container. In the case 10of usjin ot her

cont ai ner, thgff?#tEﬁeléﬁﬁﬁti%m %?%?%Erh?egh?Et h?h%P??f?%?gal by

cleaning of |1k RIOGESING, A 100N 2ifgansd ereedand @l Sk spyisedylor the
g, and a surfactant or an o gani ¢ solvent may Dbe used r the
cl eani ng. 15hﬁ§fecfgﬁkgﬂiéﬁrt§$9 PAteE LPevEh&RN NGiSce of the
precipitation tank 2 of the first embodiment. The
mixing and precipitation tank 2A has both of a
precipitation function of adding an alkali to water to
10 be treated and precipitating a copper compound and a
mixing function of adding a filter aid to the treated
water and mixing the filter aid with the treated water.
More specifically, in the copper recovery apparatus 1A
of the present embodiment, the filter aid is directly
15 supplied from a filter aid tank 5 to the mixing and
precipitation tank 2A via a direct supply line L6’
without flowing through the mixing tank described in
the foregoing.
{Body-Feed Filtraticn)
20 Hereinafter, the body feed filtration using the
apparatus 1A will be described with reference to FIG. 4
and FIG. 5.
In the present embodiment, toe, a filter aid and a
dispersion medium are mixed together to prepare a
25 suspension The dispersion medium used in this case is
treated water existing in the mixing and precipitation

tank 2A. More specifically, the filter aid is directly



recovered by magnetic separation (Step K4). A nethod for the nmagnetic
separation is not particularly Iimted, and exanples thereof include a
recovery nethod in which a permanent nmagnet or an el ectronmagnet is put
20in a container, a nethod of recovering particles in which a netal nmesh
which is magneti zed by a magnet is used capture the particles and the
magnetic field is released to recover the particles, and the like. In the
second copper recovery nethod, since the 25fitter aid formng the filter

| ayer is contained in the treated water, i.e. the suspension prepared by
using the treated water, the aggregates are continuously - 41 - supplied
together with pie imnedted: wedeed(suspensdopyepant atne ngushensopper
conmpound to be renoved. Therefore, since the copper conpound supply
and the filter(&teP stibply %151%?%%I@hﬁe@@@??n%éﬁﬁh%@eﬁneD%ﬁ 5in the case

where an anount of the cop ger co ound jin the treat d, wat (susgen5|on)
is large, it iSUTREPRREDY t aTOEI% Fahtesas ythém$?? e3P P RI2S 71 led with

th I d d d he. f t di

Therefore. a f1iTErn esf%fi %’ef ”%? HhetfSot 8 AT anatRr fRr T B esul ¢

the copper req&a rgé hﬁP 9”90@@@°H53§@606§ ﬁ%jfctlve for the
oun concen

case where a co ratiton 1n wastewater~i1s high.
A copper compound containing copper oxide is

precipitated by adjusting a pH value at which a
reaction between tChe suspension and an alkali is
allowed. The present method is effective in the case
10 where an oxidizer such as hydrogen peroxide is
previously contained in the treated water containing
copper.
Next, the suspension (treated water) is passed
through a filter to filter out the filter aid in the
15 suspension, so that the filter aid is remained on the
filter, thereby forming a filter layer formed by
aggregation of the filter aid (Step K2). The water 1is
passed under a pressure.
Since the filter layer is formed and retained by
20 an external force as described in the foregoing, the
above-described filtering is performed in such a manner
.that, for example, the filter is disposed so as to
cover an opening of a predetermined container, so that
the filter aid remains, is aligned, and is layered on
25 the filter thus disposed. In .this case, the filter
layer is formed and retained by the external force from

a wall surface of the container and the downward



Further, in both of the first and second recovery 15nethods, cleaning
(desallnatlon) of the copper conpound to be recovered is eaS|Iy per f ormed.
More specifically, ion conponents adhered to the copper conpound are
removed by supplying water to the filter aid and the copper conpound
deposited on the filter for 20a certain period of tine. In the second
copper recovery nethod, the water containing copper to be treated is added
to the precipitation tank in advance of adding alkali, and the alkali is
added to cause the reaction to proceed. 25Here, a pH value in the tank is
nonitored and the addition of alkali is stopped so that the pH obtained is
within the newxatrmahgtorcesitangtvh denmetatingeighd2cf thpptiloxide. |t
is believed that the copper oxide generation reaction proceeds according
to the foll owiaid froesalf aen¢d)abmde (2), and the copper hydroxi de generation

reacti on proceeds according to the followng 5fornmulas (3) and (4). The
f ol I owi ng fornulas‘%f%EEXE%%Ié%mPﬁa%hPEhtéﬁpﬁ%Ppﬁﬁlﬂ%mPguB@eprF?%ted by

usi ng hydrogen rox de as an oxidiz c fa ) cipitated as
a copper conp rﬁFEﬁﬁf%ﬁl%e%%¥§b¢§ %@gﬁeas %%}%e L%% nent® The
reactloqsfornqias 1Q§%§ ng ( |@9 gg €& r gx ge generation

PG et'er? et 55e |on (%)

reaction (herelné¥? erre and t reaction fornul as

(3) and (4) ingdicalg PaPP?rt}II'é/dfPﬁé‘P geper atien {ﬁécfi%eﬁhﬂ@'m&ter
referred to as Reacti©
to clean the filter aid (Step K3). The cleaning may be
performed in the container in which the filter is set
or may be performed in another container. In the case

10 of using another container, the filter layer is
disintegrated into thé filter aid by cleaning or like
processing and then is transferred. Water is used for
the cleaning, and a surfactant or an organic solvent
may be used for the cleaning.

15 Next, the filter aid after the cleaning is
recovered by magnetic separation (Step K4). A method
for the magnetic separation is not particularily
limited, and examples thereof include a recovery method
in which a permanent magnet or an electromagnet is put

20 in a container, a method of recovering particles in
which a metal meéh which is magnetized by a magnet is
used capture the particles and the magnetic field is
released to recover the particles, and the like.

In the second copper recovery method, since the
25 | filter aid forming the filter layer is contained in the
treated water, i.e. the suspension prepared by using

the treated water, the aggregates are continuously



15Cu2 + H202 -* CuO (precipitated) + H20(1) CuO + H2SOH4 -* CuSOH4

(di ssolved) + H20 (only in acid-environnent) (2) Cu2+ + 2NaOH -* Cu(OH) 2
(precipitated) + 2Na+ (3) CuO + H2SO4 H2So4 (dissolved) + 2H20 (only in
20aci d-environnent) (4) In each of Reaction 1 and Reaction 2, in the
acid-environnent, the precipitate is not obtained since the product
generated by the reaction reacts with acid and is dissolved. The

preci pitate enmerges when the pH 25val ue i%l close to the neutral range.
Here, in the case of giving priority to the copper oxide generation
reaction rather than to the copper hydroxi de generation - 43 - reaction,
it is better toukebped heopétlvalueithobectbreatenertal (angecnibee)
specifically, in the neutral range, Reaction 2 does not proceed due to the
limited nunbercitaiaiexidee groppsr WP@U%%WOF@%@E%W%%pr oceeds due to
t he presence of hydrogggfgerOX|de The neutral ran bstantially nmeans a

range of pH5 to 9.T eassfﬂ%euF??nﬁ?BpﬁFIQ%W %u% t 8FPP % 7B ction
term nates is Gég%ned mn% ge neutral Ljange. e rea t| gg
cont i nuously c 1 e by 4 s%%%? Y ef §© atdi hig" Wa e?s b b rea m%lch i's
acidic 5 in the case where an amount of the copper compound in
the treated water {suspension) is large, it is unlikely
that clearances of the filter aid are filled with the
excessively adsorbed copper compound as in the first
embodiment. Therefore, a filtering rate is maintained
10 for a long time. As a result, the copper recovery
method of the second embodiment is effective for the
case where a copper compound concentration in
wastewater is high.

Further, in both of the first and second recovery

15 methods, cleaning (desalination) of the ccpper compound
to be rececvered is easily performed. More
specifically, ion components adhered to the copper
compound are removed by supplying water to the filter
aid and the copper compound deposited on the filter for

20 a certain period of time.

In the second copper recovery method, the water
containing copper to be treated is added to the
precipitation tank in advance of adding alkali, and the
alkali is added to cause the reaction to proceed.

25 Here, a pH value in the tank is monitored and the
addition of alkali is stopped so that the pH obtained

is within the neutral range, resulting in generating



and a al kali solution (e.g. sodium hydroxide solution) to a |iquid which
.is adjusted to the neutral range in advance of the addition, w thout
limtation to the above-described nmethod of adding alkali to the water to
15be treat ed. The copper conpound mai nly contai ni ng copper oxide
precipitated as descri be above is recovered by using the filter aid in the
sane manner as in the first copper recovery apparatus. 20As the copper

oxi de generation unit, both of a heatimng it~and a pH adj ust nent
mechani sm described in the third enbodi rent nay be provi ded. Mre
specifically, the heating unit (drum heater) nmay be provided in a
preci pi tati on tapkeprovided wthisheepiresddibatnehe AeRRaRi S¥den this
case, a copper oxide content is increased as congared to the_c

havi ng either #wecHitifie Yeathies. PIOC@,@dS accordghgt harth ?nf‘égiﬂwb‘f"gt he

copner - Compounto T aZsY T ovebgalets caenr %2%%‘@?%531?6‘%}5%‘? e i cal 1y,
the ion Comoonent dA" dgg%igg SOBRELA2CONDANALRL Scf SERY ol PYopHRg) Y1 N0

water to the f???er al e’ copper conpound on t
for a cestain per dﬁgﬂag e, (Third @Qoﬁbﬂﬁ%in@ E@ﬂpﬂageg%ery
apparatus 1B use a 10precoat|ng process wi || be described with

reference to examples in which copper oxide is precipitated by using
hydrogen peroxide as an oxidizer, copper sulfate is
precipitated as a copper component, and sulfuric acid
is used as an acid component. The reaction formulas
10 (1) and (2) indicate the copper oxide generation
reaction (hereinafter referred to as Reaction 1} and
the reaction formulas (3) and (4} indicate copper
hydroxide generation reaction (hereinafter referred to
as Reaction 2).
15 Cus + Hp0p — CuQ (precipitated) + HpO (1)
Cu0 + HpS504 — CuSOyq (dissclved) + HpO (only in
acid-environment) {2)
Cult + 2NaOH — Cu(OH), (precipitated) + 2Na*t (3)
Cu0 + H»S04 — HpSoyg (dissolved} + 2H20 (only in
20 acid-environment) (4)
In each of Reaction 1 and Reaction 2, in the acid=-
environment, the precipitate is not cbtained since the
product generated by the reaction reacts with acid and
is dissolved. The precipitate emerges when the pH
25 value is close to the neutral range. Here, in the case
of giving priority to the copper oxide generation

reaction rather than to the copper hydroxide generation



FIG 6. Parts of the present enbodi ment which overlap with those of the
foregoi ng enbodi nents are not repeated. (Third Copper Recovery Apparatus)

151 n a copper

recovery apparatus 18 of the present enbodi nent, a

precipitation tank 2B is provided with a pH adjusting nmechanism 23, 24, 25

in place of the drum heater 22 of the first enbodi nent.

The pH adj usting

mechani sm 23, 24, 25 controls each of a flowrate of 20water to be treated
and an injection anount of sodi um hydroxi4® (NaOH) so as to adjust a pH
value of the treated water to be sent fromthe precipitation tank 28 to a
solid-liquid separation tank 3 to a desired range. Mre specifically,
pH adj usti ng meehahiem i 5t 2bpriowtded wht keap pHhaepRrvaBue ackontroPl er 24,
and a NaOH injector 25. The pH nmeter 23 is a nonitoring sensor which
- neasures a pH&areieted! tFeated wWAPER FROFRELpRELY pi tAatFon Tarkr2B and

sends a pH neasurenent signal to.the controller 24. T i nj
oot e D AT dort ortn; 2 b SaT PRyeSte e Tet it ob Bl EER T on

tank upon

5

10

15

20

25

number of hydroxide groups, while only Reaction 1
proceeds due to the presence of hydrogen peroxide. The
neutral range substantially means a range of pH b to 9.

Inscfar as the ultimate pH value after the
reaction terminates is maintained within the neutral
range, the reaction may be continuously conducted by
separately adding water to be treated which is acidic
and a alkali solution (e.g. sodium hydroxide solution)
to a liquid which is adjusted to the neutral range in
advance of the addition, without limitation to the
above-described method of adding alkali to the water to
be treated.

The copper compound mainly contéining copper oxide
precipitated as describe above is recovered by using
the filter aid in the =same manner as in the first
copper recovery apparatus.

As the copper oxide generation unit, boﬁh of a
heating unit and a pH adjustment mechanism described in
the third embodiment may be provided. More
specifically, the heating unit (drum heater) may be
provided in a precipitation tank provided with the pH
adjustment mechanism. In this case, a copper oxide
content is increased as compared to the case of having

either one of the features.

th

25

e

45



reception of a control signal fromthe controller 24. The controller
24 determ nes an al kali agent injection anmount and a treated water

i ntroducti on anount which do not cause the pH value of the treated 10water
inside the precipitation tank to deviate fromthe neutral range (pH5 to
9) based on the pH neasurenent signal inputted fromthe pH neter 23, a
treated water flow rate neasurenent signal inputted froma flow rate
sensor (not shown), and on a predeterninet caf cul ati on 15fornul a and sends
control signals to the NaOH i njector 25 and a supply punp which is not
shown (and/or a flow rate adjustnent valve) provided in a line Li,
respectively. The pFedeherni hadeegahcafathenfissrupadi se@erflvedcpPyenyt he
above-described reaction formulas (1) 20to, (4), and other paraneters
(storage anbumPRATdFeated GhtePring presppitation) t ahkthel 69WPPate of water
to be treated, initial pH value of water to be treated nper at ure of

t
treated matgr,c%RQ95?§ © be_recover ref naf ety %%F.oﬁ@? ilg%oﬁ%scyiption
w il be 2591 ven, by, UsLng) yari QUs; SXaRhESneh £ SPALARLON OF AL L0 2L dS] A

the filter aidto be used for ove-descri bed water eat nent

(Fil'ter ' A VEnar o party oree averane md b el o anbt er 1 8%
ald and the copper compound deposited on the filter for
a certain period of time.
{Third Embocdiment)
A copper recovery apparatus 1B used for a

10 precoating process will be described with reference to
FIG. 6. Parts of the present embodiment which overlap
with thosé of the foregoing embodiments are not
repeated.

(Third Copper Recovery Apparatus)

15 In a copper recovery apparatus 1B of the present
embodiment, a precipitation tank 2B is provided with a
pH adiusting mechanism 23, 24, 25 in place of the drum
heater 22 of the first embodiment. The pH adjusting
mechanism 23, 24, 25 controls each of a flow rate of

20 water to be treated and an injection amount of sodium
hydroxide (NaOH) so as to adjust a pH value of the
treated water to be sent from the precipitation tank 2B
to a solid-liquid separation tank 3 to a desired range.
More specifically, the pH adjusting mechanism is

25 provided with a pH meter 23, a controller 24; and a
NaOH injector 25.

The pH meter 23 1s a monitoring sensor which



b(Filter Ald B) Magnetite particles (average particle dianeter: 0.5 pm
(Filter Ald C Magnetite particles (average particle dianmeter: 5 pm
(Filter Ald D) Filter aid prepared by a process 10descri bed bel ow A
solution was obtained by dissolving 30 parts by wei ght of

pol ynet hyl met hacryl ate into 3 L of tetrahydrofuran, and 300 parts by

wei ght of magnetite particles having an average particle dianeter of 2 pm
15(A) was di spersed into the solution To dbtdain a conposition. The
conposition was sprayed slowy by using a mni spray dryer (3-290
manuf act ured by Shibata Scientific Technology Ltd.) to prepare the filter
aid having an %@%ﬁ%@@ﬁs@c@%dﬁ@%uﬁaP?iEFéaH?gnﬁ%E?ro¥nab%%t 2011 pm (B)

whi ch was aggregated, in the for gf a apherg. An average coatjn _thifkness
was 0.038 pm (SCH FietOn ‘aa‘EEn P1£8f &FY ﬁr%p@#erae%guaela?%e gna
descri bed bel ow: sol ution S tai ned by dissolving 30 parts by

25wei ght of pd?@hﬁ%%y?%%?%%£r€¥a? into 3 L of tetrahydrofuran, and 300

parts by wei ght of ”ﬁééﬁeiRj‘é%ES}:ﬁ?gh?ﬁiggggﬂ??‘N&éﬁg?igﬁiai Ghecdi ameter

of 2 pm - 47 - (A) Wwas dispe ion to obtarn a
conposi tg on. The £onposiii o a@s SRFAYELe ShAN Yo PYa USROG 2ni RhoSPr ay

dryer (B-290 manufactured by Shibata Scientific Technology Ltd.) to
prepare the fidd@p@ish of a control signal from the controller 24.
The controller 24 determines an alkali agent
injection amount and a treated water introduction
amount which do not cause the pH value of the treated
10 water inside the precipitation tank to deviate from the
neutral range (pH 5 to 9) based on the pH measurement
signal inputted from the pH meter 23, é treated water
flow rate measurement signal inputted from a flow rate
senscr {nc¢t shown), and on a predetermined caiculaticn
15 formula and sends contrcl signals to the NaOH injector
25 and a supply pump which is not shown (and/or a flow
rate adjustment valve} provided in a line L1,
respectiveiy. The predetermined calculation formula is
derived from the above-described reaction formulas (1)
20 to (4) and other parameters (storage amount of treated
water in precipitation tank, flow rate of water to be
treated, initial pH value of water to be treated,
temperature of treated water, etc.).
Hereinafter, more detailed description will be
25 given by using various examples.
[Preparation of filter aids]

As the filter aid to be used for the



bhavi ng an average secondary particle dianeter of about 18 gm (B), which
was aggregated in the formof a sphere. An average coating thickness was
0.038 gm (C). (Filter Aid F) Filter aid prepared by a process described
bel ow 10A sol uti on was obt ai ned by di ssolving 40 parts by weight of a
resol e type phenol resininto 3 L of water, and 300 parts by weight of
magnetite particles (specific surface area: 2.5 nR/g) having an average
particle dianeter of 2 gm (A was dispers®8 into the 15solution to obtain
a conposition. The conposition was sprayed slowy by using a mni spray
dryer (B-290 manufactured by Shibata Scientific Technology Ltd.) to
prepare the fidkeveaileshnibegd eataversgatseebnaatyopar thel Eodilawernsr fof
about 11 gm (B), which was 20aggregated in the formof a sphere. An
average coati ngy®®$ ckheksltarcaldted FPom FRECABASPEYEAf a pol yphenol

resin and the ecific surface area.pof magpetite s 0.044 .
(Extnmpio 1) 951 B Ehah 83 A P e Sh g h P, FRRREhh o n L8 e Pad® cRBOHH e shown
in FIG 1 was . Wat to be treated, a copper sulfate solution

cont ai ni ng 50{%%%ﬁet$§43?-ﬁ%% copper was provided. The water to be treated

was supp]ied t rech ph{ ol and1 48% st grpxide was
added tﬁtreto yigf%%d?%%p%%q%%?ﬁgﬁgggpéﬁﬁalu% ofqthe %gggged water to pH

g?. After m Xidgahofepa ce5t@n period of time, precipitation of Iight
N (Filter Aid C) Maénetite particles (average particle
diameter: 5 pm)
{Filter Aid D) Filter aid prepared by a process
10 described below:

A solution was obtained by dissolving 30 parts by
weight of polymethylmethacrylate into 3 L of
tetrahydrofuran, and 300 parts by weight of magnetite
particles having an average particle diameter of 2 um

15 (A} was dispersed into the solution to obtain a
composition. The composition was sprayed slowly by
using a mini spray dryer (B-290 manufactured by Shibata
Scientific Technology Ltd.) to prepare the filter aid
having an average secondary particle diameter of about

20 11 pym (B}, which was aggregated in the form of a
sphere. An average coating thickness was 0.038 um (C).
(Filter Aid E) Filter aid prepared by a process
described below:

A solution was obtained by dissolving 30 parts by

25 weight of polymethylmethacrylate into 3 L of

tetrahydrofuran, and 300 parts by weight of magnetite

particles having an average particle diameter of 2 um



copper hydroxi de was confirnmed. The drum heater 22 was fed with
electricity to raise a water tenperature to 60C, and m xi ng was perforned
at the tenperature. After that, generation of copper oxide was confirned
10since there was a bl ackened part. Further, a filter aid was supplied
fromthe filter aid tank 5 charged with Filter Ald Ato the mxing tank 6
and m xed with water so as to prepare a filter aid slurry. The filter aid
slurry was supplied to the solid-liquid séparator 3 15to prepare a filter
aid | ayer having an average thickness of 1 nmon the filter. After that,
the treated water was supplied fromthe precipitation tank 2 to the
solid-1iquid séparerordBsperpedf onbefineesPhgtiThehe PPtHEB 2onfirmed from
the filtrated water that 2099% or nore of copper contained in the treated
water was recovereesipierr thaefFPHRPF Al CPapcafRFa¥AS SUPPHYedYfrom t he

i L10 of th | 1 d-1iqui t 3t ' t
attached to t HeotpperChmpORRAY CORYal ned R0t FB E5RE L SiBsRyuBAt Y =
25cl [ ter. . i t ' ' f [ 33 t
Gisi nteor at o theTver P oreEtn shOBh et Tof BhRhe Thgcst el Lo ed”

to the separatjion 5 49 év%ﬂ@é‘e‘lseg&‘?déi%rﬁgEt‘%léndi%e@@?%f‘tég&u%ank

was operated to separate t ilter ald fromthe copper conpound, and the

el ectronmagnet A2 ywaspperat ech tga sapiyregonby thechél teFmabd, afol l oned by
di schargi ng 5d|scharged'mater. The di scharged water was anal yzed to

confirm that rabheeoNPOEN:Bebigd heost Uigytnetceneoppess hydodxi e and.
copper oxide. After that, a magnetic field of the nagnet was rel eased, and
cl eani ng wat er (maktstpjpld ed) t Bi btai nid préperedidy shuprgcedhen, the
10filter aid slurry was returned to the filter aid tank 5. After that, the
sanme oper at i ordescddset ibpetowbove was conducted by supplying the filter

aid slurry to nixiqg tank 6, and reuse thereof was achieved w thout any
probleﬁo solution was cbtained by dissolving 40 parts by

weight of a rescle type phenol resin into 3 L of water,
and 300 parts by weight of magnetite particles
(specific surface area: 2.5 mZ/g) having an average
particle diameter of 2 um (A) was dispersed into the

15 solution to obtain a composition. The composition was
sprayed slowly by using a mini spray dryer (B-290
manufactured by Shibata Scientific Technology Ltd.) to
prepare the filter aid having an average secondary
particle diameter of about 11 um (B), which was

20 aggregated in the form of a sphere. An average coating
thickness calculated from the density of a polyphenol
resin and the specific surface area of magnetite was
0.044 pm (C).
(Example 1)

25 In Example 1, the apparatus 1 of the first
embodiment shown in FIG. 1 was used. As water toc be

treated, a copper sulfate solution containing 50 mg/L



15( Exanpl e 2) In Exanple 2, the apparatus sane as that used in
Exanpl e 1 was used, and an experinent was conducted in the sanme manner as
in Exanple 1 except for using Filter Ald Bin place of Filter Ald A The
copper recovery 20rate was 99% or nore. A water passing rate in the
solid-liquid separator was a half of that of Exanple 1, and no problem
occurred in the operation. (Exanple 3) In Exanpl e 3, the appar atus sane as
that used in 25Exanple 1 was used, and an %xperlnent was conducted in the
same manner as in Exanple 1 except for using Filter Ald Cin place of
Filter Ald A The copper recovery - 50 - rate was 99% or nore. A water
passing rate |%ft%%9%%¥|ﬂaﬁlHEPngéﬁara?B? WasCRbbat P8 BBEBFEI0F3fhat of

Exanple 1, and no probl d t Ex

1) 5in gonpaaaw ESrd U4 PRECABPAFRLCE CAme 26 TRA T hecat HoBeamp e 1
was use and an, k I I
1 except for SYngxﬁﬁa%ggg%eggé?g?gﬁggéﬁgv#gg&gﬁpégggaggnggﬁ |clen%ﬁgﬁgPe$

o 0ot T PLARSe LT T oM LU o it gendhchedputpte
(Exanpl & 4) a certain period of time, precipitation of light blue

copper hydroxide was confirmed. The drum heater 22 was
fed with electricity to raise a water temperature to
60°C, and mixing was periormed at the temperature.
After that, generation of copper oxide was confirmed

10 since there was a blackened part. Further, a filter
aid was supplied from the filter aid tank 5 charged
with Filter Aid A to the mixing tank 6 and mixed with
water so as to prepare a filter aid slurry. The filter
aid slurry was supplied to the solid-liguid separator 3

15 to prepare a filter aid layer having an average
thickness of 1 mm on the filter. After that, the
treated water was supplied from the precipitation tank
2 to the solid-liquid separator 3 to perform filtering.
Then, it was confirmed from the filtrated water that

20 99% or more of copper contained in the treated water
was recovered. After the filtering, tap water was
supplied from the upper line L10 of the sclid-liquid
separator 3 to remove lon compeonents attached to the
copper compound contained in the cake. Subsequently,

25 cleaning water was supplied from a lateral direction of

the filter 33 to disintegrate the layer formed on the

filter, and the pieces were supplied to the separation



| n Exanple 4, the apparatus 1A of which the outline is shown in FIG 4 was
used. Copper-containing 1l5water to be treated was supplied to the
precipitation tank 2A, and a sodi um hydroxi de sol ution was added thereto
to al kalize the solution and to precipitate copper hydroxide. The
precipitation and m xing tank 2A was provided with the drum heater 22, so
that a 20tenperature of the precipitation tank was controlled to 60C.
Further, a filter aid was directly supbli%% fromthe filter aid tank 5 to
the precipitation and m xing tank 2A to prepare a m xed slurry of the
copper precipitate and the filter aid. The filter aid slurry 25was sent to
the solid-Iiquidéeparatiest 3-iEpefnat éanF%1%?p%ﬁ%t¥PFtE?“giHan f or med

on the filter, and the copper coppound renoved, The filtrate was a
veakly - 51 - UEEITTR (7 eRtRASRFBUFACT F bRFARi tho chBPRr “iBsCrERBTed and

be di sch h h | i ' I ively, i
uodble a5 ol caht e Witerrd, CEhetEob ROPRRLP A Sanhra: S5 EP8 HE Vagnet o

the 5 separaiiiggégggtéﬁpf @héi99i9e£oéi@r99§?}@ﬁe&h@ f?l%ﬁ%a? gg y in the

filter aid tan erm nation of the tering o ed

water, tfie fildescidshyand,ac£ake phet HEsBREELPH AL €Hr CRRPEENEOPPOMNE, Wer e
present on the filter 33 inside the solid-liquid separator 3. 10Tap water

was supplied feonfihe tppermdinectdPooénthecsotha-$igurgd separadepesd to
remove ion conponents attached to the copper conpound contained in the
cake. After theydorxkidrovwad , coprani ngidat erAfvasr sulppt | edl hagneridat er al
side of the filter 33 to disintegrate the 15 cake, and the pieces were
supplied to thHelskparhatiton nagked, vTherebpasadi ond apkegniwag provided with
the stirring screw 41 and the el ectromagnet 42 (magnetic separation
nmechani sm), sd'@dhatuRiHel 9 |feroRf# and theteopped Thipound Wee’r separ at ed

{rom eggh ot hey, 4hi | ¢, 200¢] ng, 1 xed.  and, only, The, ITLEer, i g, yes, ot ured

5. After that, the same coperation as described above
was conducted by supplying the filter aid slurry to
mixing tank 6, and reuse thereof was achieved without
any problem.
15 (Example 2)
In Example 2, the apparatus same as that used in
Example 1 was used, and an experiment was conducted in
the same manner as in Example 1 except for using Filter
Aid B in place of Filter Aid A. The copper recovery
20 rate was 99% or more. A water passing rate in the
solid-liquid separator was a half of that of Example 1,
and no problem occurred in the opération.
(Example 3)
In Example 3, the apparatus same as that used in
25 Example 1 was used, and an experiment was conducted in
the same manner as in Example 1 except for using Filter

Aid C in place of Filter Aid A. The copper recovery



t he nagnet and recovered. The liquid fromwhich the filter aid was
recovered contained the copper conpound at a high concentration and

di scharged. The filter aid recovered is cleaned with supplied cleaning
water to be 25returned to the filter aid tank 5. The filter aid returned
tothe filter aid tank 5 was supplied again to the precipitation and

m xi ng tank 2A to be reused. - 52 - As the water to be treated, a
copper sulfate solution containing 1000 n@QL of copper was provided. The
water to be treated was supplied to the precipitation tank 2A, and 48%
sodi um hydroxi de was Sadded thereto by dropping to adjust a pH value of
the treated maf%?et%a%kP%E.o¥ﬁ$%¥en1xXnQaFﬁF B2getRai haperivdtbe time,
precipitation of_ |ight b]ue copper hydroxide was confjrned. The drum
heater 17 was Spbrr CtATH r S7Re, AL Rht Bt BEF af TP LE 60€ TRAB 26m xi ng
vas performed ai fhe temeratice, Abter that, blackened part.pes,observed,
resulting in contirmatton™o t%epgeneratlon of copper oxide. ’

Further, the fj 1o wasgsuppl Ledyfromthe filter aid tank 5 charged
with Filter Aig&é\ %pﬁgﬁ%%c?h%ﬁgt%on)tank such a manner the filter-aid

concentration of 10000chymbl-¥BsvObERLAEYe 8NdrReShPphYallist BEnEi hker aid
and a copper precipitate was prepared The filter ard slurry was supplied

to the solid- it disepal@tDtard1® pexhoruséd] t &hd ngn odxpdeiheht eas33, and
20then it was confirmed fromthe filtrated water that 99% or nore of
copper cont ai nethductd® in ediedsawmdt enamasrresoierexkm@i4¢ er ¢hecpt| feri ng,
tap water was supplied fromthe upper line L10 of the solid-liquid
separator 3 forsone TAgNR%EL to pervvel ¢onheohpdnent sveohyai prutinle
diameter of 0.3 um in place of Filter Aid A. Filtering
10 was conducted, but the filter was clogged te fail to
attain a satisfactory filtering flow rate.
(Example 4)
In Example 4, the apparatus 1A of which the
outline is shown in FIG. 4 was used. Copper-containing
15 water to be treated was supplied to the precipitation
tank 24, and a sodium hydroxide sclution was added
thereto to alkalize the sociution and to precipitate
copper hydroxide. The precipitation and mixing tank 2A
was provided with the drum heater 22, so that a
20 Lemperature of the precipitation tank was controlled to
60°C. Further, a filter aid was directly supplied from
the filter aid tank 5 to the precipitation and mixing
tank 2A to prepare a mixed slurry of the copper
precipitate and the filter aid. The filter aid slurry
25 was sent to the solid-liquid separator 3, so that a

film of the filter aid is formed on the filter, and the

copper compound was removed. The filtrate was a weakly



25t he cake. Subsequently, cleaning water was supplied froma | ateral
direction of the filter 33 to disintegrate the |layer forned on the filter
33, and the - 53 - pieces were supplied to the separation tank 4. The
stirrer in the separation tank 4 was operated to separate the filter aid
fromthe copper conpound, and the el ectronmagnet 42 was operated to capture
only the 5filter aid, followed by discharging di scharged water. The

di scharged water was anal yzed to confiTm hat~mai n conponents of the
slurry were copper hydroxide and copper oxide. After that, a magnetic
field of the el ectromagnet 42 was rel eased, and cl eaning water was
10suppl i ed to dbfatwna FF?@E?daiﬂngﬁrF?OmTHBhChtﬁ@pP?FtﬂﬁsaFﬁmgVﬁgry was
returned to the filter era a

Al 1 t
descri bed abovaenﬁafga%o*aaug%aﬁﬂwgéﬁ PR honb el ErEREha 0%, 2% he

d h dowith
By probi em (Exanpt bead ETe Ly, BouEFHIE LITERRLIE t%§9§£k§¥§ Hhat "

used in Exanpl g, f; yas; 4seqg. sé‘ﬁ?ré@o?xﬁ’eék”%% eﬁggngfengy%ﬁg in the sane
manner as in Exanple 4 except for using Filter Ald Din place of Filter

Ald A The COP@%ﬁaf&@P&!@W’aﬁ@tﬁ ¥WASz 999601 AMREE. pAcPAL hg PEESI RYLEake in
the solid-liquid separator was 1.3 tinmes of that of Exanple 4, and no
probl em occurredutfythe operatioar £¢EXabphe 6) After termination of
the filtering of the treated water, the filter aid and
a cake of the precipitated copper compound were present
on the filter 33 inside the solid-liquid separator 3.
10 Tap water was supplied from the upper line 110 of the
solid-liquid separator 3 to remove ilcn compenents
attached to the copper compound contained in the cake.
After the ion removal, cleaning water was supplied from
a lateral side of the filter 33 to disintegrate the
15 cake, and the pieces were supplied to the separation
tank 4. The separation tank 4 was provided with the
stirring screw 41 and the electromagnet 42 (mégnetic
separation mechanism), so that the filter aid and the
~copper compound were separated from each other while
20 being mixed, and only the filter aid was captured by
the magnet and recovered. The liquid from which the
filter aid was recovered contained the copper compound
at a high concentration and discharged. The filter aid
recovered is cleaned with supplied cleaning water to be
25 returned to the filter aid tank 5. The filter aid
returned to the filter aid tank 5 was supplied again to

the precipitation and mixing tank 2A to be reused.



25l n Exanple 6, the apparatus same as that used in Exanple 4 was used, and
an experinment was conducted in the sanme manner as in Exanple 4 except for
using Filter - 54 - Aid Ein place of Filter Ald A The copper recovery
rate was 99% or nore. A water passing rate in the solid-liquid separator
was about a double of that of Exanple 4, and no problem occurred in the
operation. 5(Exanple 7) In Exanple 7, the apparatus sane as that
used in Exanple 4 was used, and an experi¥ent~was conducted in the sane
manner as in Exanple 4 except for using Filter Aid F in place of Filter
Aid A The copper recovery 10rate was 99% or nore. A water passing rate in
the solid-1iquid separbhoerwiaasraboubeltpeatads of COARErofUEkARDl e 4, and

no problem occurred in the operation. (Exanple 8) In Exanple 8, the
appar at us 1B ofOhi e ot FAen+R9 158RBWAIT h B COBPGESYBIS BT O TheSQppar at us

1B differept fromth t f FIG 1 by the feature that the pH
ad uet et oG GNP 10 98 WA bF Ovi BB THP b ate Of “the drum heat er 22
t trol a f t tg,b d i piect | t of
ok 201 hor eby SRt R BEP baie B AL 1 F At e Dater AT ©

preci pi tti on tanky 2Bic et o bfs%%égg%%otgd%ﬁrg%ﬁdvafugogpe{héul fate

sol ution containing 50 ng/L o s provided. The treated water was
supplied to the-dyecd Rjded+ ofo 251 ank. 28aredd hihenh 8% sogi du-hyds oxi de was

added thereto by droppi ng. Subsequently, a precipitate was begun to be
observed when meplbyalfie imachetdet Dobbotiion of light blue copper
hydroxide was confirmed. The drum heater 17 was
operated to raise a water temperature to 60°C, and
10 mixing was performed at the temperature. After that,
blackened part was observed, resulting in confirmation
of the generation of copper oxide.
Further, the filter aid was supplied from the
filter aid tank 5 charged with Filter Aid A to
15 precipitation tank such a manner the filter-aid
concentration of 10000 mg/L was obtained, and a slurry
of the filter aid and a copper precipitate was prepared
The filter aid slurry was supplied to the solid-iiguid
separator 3 to perform filtering on the filter 33, and
20 then it was confirmed from the filtrated water that 99%
or more of copper contained in the treated water was
recovered. After the filtering, tap water was supplied
from the upper 1ine L10 of the solid-liquid separator 3
for one minute to remove ion components contained in
25 the cake. Subsequently, cleaning water was supplied

from a lateral direction of the filter 33 to

disintegrate the layer formed on the filter 33, and the



- 55 - pH5. After that, the pH value was adjusted to pH 8, followed by 20
m nutes of stirring, whereby a color of the treated water turned to be
deep green to ensure generation of a m xture of copper hydroxi de and
copper 5oxi de. Further, a filter aid was supplied fromthe filter
aid tank 5 charged wwth Filter Ald F to the mxing tank 6 and m xed with
water to prepare a filter aid slurry. The filter aid slurry was supplied
to the solid-liquid 10separator 3 to pTep%?e a filter aid layer having an
average thickness of 1 mmon the filter 33. After that, the treated water
was supplied fromthe precipitation tank 2B to the solid-liquid separator
3 to perform fPIEE?$ NG TherePliedatocbiei PREATRE OFTt henksfi | t FRfed wat er
t hat 99% or nore, of cogger contained.in the treated mateé?mas recover ed.

After the filt®FrtRESTt £ eF SRAEE5UPDI FBAXT { ofT T hePGpPEF FRe of the
[id-1i id t f . 1 nyt i t t ai d
R R £ R 3?/? OFi PPE, T iY %r{n% J&EQ"&’S%'%%?i EQMPSNEL, Safqn’ 21 e

in the cake. equent eaning water wWas™s rom a era

direction of thefilder, dd.t0-0i shniggrate Lheal ayer Lopmedopnythgefilter,

and the pieces were supplied to the separation tank stitrer 41 in

the sepafati ongi gk Wasy OPes B 8fct0pseRasaherihegf il s8R Bhddf fopeLhe
copper 25conpound, and the magnet 42 was operated to capture only the

filter aid, folheowelsdyatiedhasatngwdssehat geddwab econfThemdisehanged wat er
was anal yzed to confirm
compenents of the slurry were copper hydroxide and
copper oxide. After that, a magnetic field of the
electromagnet 42 was released, and cleaning water was
10 supplied to obtain a filter aid slurry. Then, the
filter aid slurry was returned toc the filter aid tank
5. After that, the same operation as described above
was conducted by supplying the filter aid slurry to the
precipitation and mixing tank 22, and reuse thereof was
i5 achieved without any problem.
(Example 5)
In Example 5, the apparatus same as that used in
Example 4 was used, and an experiment was conducted in
the same manner as in Example 4 except for using Filter
20 Aid D in place of Filter Aid A. The copper recovery
rate was 99% or more. A water passing rate in the
solid-liquid separator was 1.3 times of that of Example
4, and no problem occurred in the operation.
(Example 6)
25 In Example 6, the apparatus same as that used in

Example 4 was used, and an experiment was conducted in

the same manner as in Example 4 except for using Filter



- 56 - that main conponents of the slurry were copper hydroxide and copper
oxide. After that, a magnetic field of the nmagnet was rel eased, and

cl eaning water was supplied to obtain a filter aid slurry. Then, the
5filter aid slurry was returned to the filter aid tank 5. After that, the
sanme operation as descri bed above was conducted by supplying the filter
aid slurry to mxing tank 6, and reuse thereof was achi eved w t hout any
probl em 10(Exanple 9) I n Exanple 924t he apparatus sane as that used
in Exanple 8 was used, and an experinent was conducted in the sanme manner

as in Exanple 8 except for conducting an experinent by continuously
wi t hdrawi ng t heigdrBatedPiswat ef fiohtEtnéifr &ci ptPat FERPEANKSSBY ST e

specifically, after onc adjusting a pH value of treated water in the
oreci pi tati on TANK Yoo piP8, OF HE°F Feat Bd" AP er PARGT RECEE Wer &7 cORPI nuous! y

added in such g mRgner. asqt oo imi ot aln,Lbe.pbyalug ui bi gt be.pagge 200f

pH 5 to 9, and tre wat er “was continuously supplie rom

il ter ard was rorved 1 Bvance 670t RS 200t nocus vater BanpryCTAlter
that, adreat aM@se pgyformed in the sane 25manner as in Exanple 8. It
was confirmed fromthe filtrated water that 99% or nore of copper
contained in the treatedampler 7yasheegpperaedusandmeedsetpbtt iged- ih7 -
filter aid was attained.
Example 4 was used, and an experiment was conducted in
the same manner as in Example 4 except for using Filter
Aid F in place of Filter Aid A. The copper recovery
10 rate was 99% or more. A water passing rate in the
solid-ligquid separator was about 1.2 times of that of
Example 4, and no problem occurred in the operation.
(Example 8)
In Example 8, the apparatus 1B of which cutline is
15 shown in FIG. 6 was used. The apparatus 1B was
different from the apparatus 1 of FIG. 1 by the feature
that the pH adjustment mechanism 23 to 25 was provided
in place of the drum heater 22 to control a flow rate
of water to be treated and an injection amcunt of NaOCH,
20 thereby adjusting a pH value of the treated water in
the precipitation tank 2B.
As the water to be treated, a copper sulfate
solution containing 50 mg/L of copper was prévided.
The treated water was supplied to the precipitation
25 tank 2B, and then 48% sodium hydroxide was added
thereto by dropping. Subsequently, a precipitate was

begun to be observed when a pH value reached tc about



Wi |l e certain enbodi nents have been descri bed, these enbodi nents have been
presented by way of exanple only, and are not intended to |limt the scope-
of the 5inventions. |Indeed, the novel enbodi nents descri bed herein nay be
enbodied in a variety of other forns; furthernore, various om ssions,
substitutions and changes in the formof the enbodi nents described herein
may be made without departing fromthe spirit of the 10inventions. The
acconpanyi ng claims and their equival ents®are intended to cover such forns
or nodifications as would fall within the scope and spirit of the
inventions. - 58 - WHAT IS CLAIMED IS: 1. A copper recover apgaratus
conprising: a pfeeipidaEeonthahk EbﬁfP@UV@@H?OW@§C@@W@SE@§D%@ pH 8,
ions-containing water to be treated and add an alkali 5to the water to be
treated to pr EYed b ed? haf brUedht @f nFhyra-PPecVPPEaPE 3f Cebppert

d; heat fi d t t the treated water_in th
o1 201 pi L&t on TR To" CORVETTEBL T ERRE o par 1 TaPP{ RESChphar <EBiBBuna i n

the treated vager inio, copper A00xi6e: o2 TLxL0g Kamk. gonli guned, 5./ x

filter aid
5 oxide.

Further, a filter aid was supplied from the filter
aid tank 5 charged with Filter Aid F to the mixing tank
6 and mixed with water to prepare a filter aid slurry.
The filter aid slurry was supplied tc the solid-liquid

10 separator 3 to prepare a filter aid layer having an
average thickness of 1 mm on the filter 33. After
that, the treated water was supplied from the
precipitation tank 2B to the solid-liquid separator 3
to perform filtering. Then, it was confirmed from the

15 filtrated water that 99% or more of copper contained in
the treated water was recgvered. After the filtering,
tap water was supplied from the upper line of the
solid-liquid separator 3 for one minute to remove ion
components contained in the cake. Subsequently,

20 cleaning water was supplied from a latéral direction of
the filter 33 to disintegrate the layer formed oﬁ the
filter, and the pieces were supplied to the separation
tank 4. The stirrer 41 in the separation tank was
operated to separate the filter aid from the copper

25 compound, and the magnet 42 was operated to capture
only the filter aid, followed by discharging discharged

water. The discharged water was analyzed to confirm



contaji ning magnetic particles having an average particle diameter of 0.5
to 20 mwith a dispersion nediumto prepare a suspension; 15a filter-aid
feeder configured to supply the filter aid to the m xing tank; a
solid-liquid separator conprising a filter, the solid-liquid separator
bei ng configured to receive the suspension fromthe mxing tank so that a
precoat |ayer 20of the filter aid is deposited on the filter, and then,
receive the treated water fromthe prétip?@atTon tank so as to allow the
treated water to be passed through the filter on which the precoat |ayer
is deposited to separate the precipitate retained on the precoat |ayer
25froma filtritet main cemppaRtfagohatBf SLPPFY YEHR €8RPFGured to supply

water to the filter on which the precoat |a havi n - 59 - the
precipitate ret¥ ﬁ%ﬁl?%e?%énc?gpa p8§?33d a%g£?5 F%ﬁgVeatﬂ@gB?%pritate
and the filter .aid,fromthe filter: I LNg- r_dj . i.ne
configured to %ﬂ?g%h%fg%ﬁ r%ﬁé?%g E% ig?ﬁggégg'ggégr% %gﬁpﬁégg?é%?pitate

and the filter, ds@ e1dgr Wi LB L he wa%ﬂt%ypgie;_egmyr;he ¢h8ani pgevat er

supply line to the ter; a separation tank configured to receive the

10precipjtate,rthe-fidt@rsahdrandathecvatgeqdischas9editer aid tank
| 5. After that, the same operation as described above
was conducted by supplying the filter aid slurry to
mixing tank~6, and reuse therecf was achieved without
any problemnm.
10 (Example 9)
In Example 9, the apparatus same as that used in
Example 8 was used, and an experiment was conducted in
the same manner as in Example 8 except for conducting
an experiment by continuously withdrawing the treated
15 water from the precipitation tank ZB. More
specifically, after once adjusting a pH value of
treated water in the precipitation tank toc pH 8, the
treated water and NaCH were continuously added in such
a manner as to maintain the pH value within the range
20 of pH 5 to 9, and the treated water was continuously
supplied from the precipitation tank to the solid-
liquid separator in which a layer of a filter aid was
formed in advance of the continucus water supply.
After that, a treatment was performed in the same
25 manner as in Example 8. It was confirmed from the
filtrated water that 99% or more of copper contained in

the treated water was recovered, and reuse of the



fromthe solid-liquid separator and separate the filter aid fromthe
precipitate and the water by utilizing a magnetic field; and a
filter-aid return line configured to return the 15filter aid separated in
the separation tank to the filter-aid feeder. 2. The copper recovery
apparatus-according to claim1, wherein the filter aid conprises
an aggregate which is 20o0bt ai nabl e by aggregati ng magnetic particles of
whi ch each of surfaces is coated with a pélynﬁr; t he magnetic
particles have an average particle dianeter D1 which is within a range of
0.5 to 20 m the aggregate has an average aggregate dianeter D2 25whi ch
together with DBilkafi dffe¥afnattetatfonshi p: D <D220 pm and the pol yner
has an average coat| thi ckness t - 60 - ranging, 0.010Q.25 3.
The copper recovernggbﬁrS?ﬁgaéBCSPHPﬁémFStEIggﬁFZPeﬁﬂeggFﬁrghgdpolyner i's
selected from | he.gr oup.consl sLi ng of (ROLYBELYLORLATBLeyay of example
are’ 5 0 reof , fr resin,

pol ynmet hyl net hacry and polrystyrené,” copolyner t pheno
and a only, and are not intended to limit the scope of the
5 inventions. Indeed, the novel embodiments described

herein may be embodied in a variety of other forms;
furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the spirit of the

10 inventions. The accompanying claims and their
equivalents are intended to cover such forms or
modifications as would fall within the scope and spirit

of the inventions.



trial koxysil ane condensate. 4. The copper recovery apparatus
according to claiml1l, wherein the nmagnetic particles conprise iron.

5. The copper recovery apparatus according to 10claim4, wherein the
magneti c particles conprise a conmponent selected fromthe group consisting

of magnetite, ilnmenite, pyrrhotite, nmagnesia ferrite, cobalt ferrite,
nickel ferrite, and baliumferrite. 6. The copper recovery
apparatus according to 15claim4, mheréin5%he_nagnetic particles conprise
magnetite. 7. The copper recovery apparatus according to claim1

further conprising: a al kali feeder configured to add the
alkali to 20the precipitation tafisT IS CLAINEDWESEr configured to neasure

a pH value of the treated water in the preci it%tion t ank; .and an
al kal i feed control For BofPPEEFedF8VEsMt PEPREE £Ho CRRBARE1BE t he al kal i

added from the al kali . eedes 25191 De,r egl Pl LALLAn bank sg, Lhat Lie oH

val ue of the treate recipl ank’i s 'neutra ased on

the pH value npasyured,py; hhegPihELeEo be Bleac8a AnGORRAT 2HCSGPNENY

apparatus conpri si ng:
5 to the water to be treated to prepare treated water

containing a precipitate of copper compound;

a heater configured to heat the treated water in
the precipitation tank to convert at least a part of
the copper compound in the treated water into copper

10 oxide;

a mixing tank configured to mix a filter aid
containing magnetic particles having an average
particle diameter of 0.5 to 20 pm with a dispersion
medium tTo prepare a suspension;

15 a filter—-aid feeder configured to supply the
filter aid to the mixing tank;

a solid-liquid separator comprising a filter, the
solid-liguid separatcr being configured to receive the
suspension from the mixing tank so that a preccat layer

20 of the filter aid is deposited on the filter, and then,
receive the treated water from the precipitation tank
so as to allow the treated water to be passed through
the filter on which the precoat layer 1s deposited to
separate the precipitate retained on the preccat lavyer

25 from a filtrate;

a cleaning-water supply line configured to supply

water to the filter on which the precoat layer having



a mxing and precipitation tank configured to receive copper
ions-containing water to be treated, an alkali and a filter aid containing
magneti c particles 5having an average particle dianeter of 0.5 to 20 mto
prepare an al kal i ne suspension containing a precipitate of copper
conmpound; a heater configured to heat the suspension in the m xing
and precipitation tank to convert at |east a 10part of the copper conpound
in the suspension into copper oxide; a~fiPPer-aid feeder configured to
supply the filter aid to the m xing and precipitation tank; a solid-liquid
separator conprising a filter, the 15solid-liquid separator bein
configured to F%@ePVEC%Rét§E§péﬁEﬁéﬁeﬂréﬁﬁ?ﬁ@nniﬁiﬁgpaﬁétﬁﬂeépﬁigation to
subj ect the susgension to a filtration by Qeﬁiblter sqQ that t

o]

e
precipitate and=PRESf FEePraFdPwhrER FBHAS h&rf PLtef L P Egﬁarated

froma fiItratﬁilggg_cleaning-mater supply line configured to supply water
to the filter having'the precipitate and the filter aid retained thereon
to remove the precipi Labg,and-fheshi Wt etnaidof Aot RE kL Llery @

cl eani ng- wat er discﬁarge P?ng con??gureg tgg§5%?schar8e bronlthg

sol i d-liguid S@P@é@éﬁéetPﬁoﬁr@ﬁépbb@&@—amquﬁafsékhkgfoﬁiQhéogether with

the water supplied by the cleaning water supply line to the

precipitate and the filter aid together with the water
supplied by the cleaning water supply line to the
filter;
a separation tank configured to receive the
10 precipitate, the filter aid and the water discharged
from the solid=-liquid separator and separate the filter
aid from the precipitate and the water by utilizing a
magnetic field; and
a filter—-aid return line configured to return the
15 filter aid separated in the separaticn tank to the
filter-aid feeder.
2. The copper recovery apparatus according to
claim 1, wherein
the filter aid ccomprises an aggregate which is
20 obtainable by aggregating magnetic particles of which
each of surfaces is coated with a polymer;
the magnetic particles have an average particle
diameter D1 which is within a range of 0.5 to 20 pm;
the aggregate has an average aggregate diameter D2
25 which together with Dl satisfies the relationship:
D1<D2<20 upm; and

the polymer has an average coating thickness t



- 62 - filter; a separation tank configured to receive the
precipitate, the filter aid and the water di scharged fromthe solid-liquid
separator and separate the filter 5aid fromthe precipitate and the water
by utilizing a magnetic field; and a filter-aid return line
configured to return the filter aid separated in the separation tank to
the filter-aid feeder. 109. The copper recovery apparatus according to
claim8, wherein the filter aid Tco i ses an aggregate which is
obt ai nabl e by aggregati ng magnetic particles of which each of surfaces is
coated with a polynmer; 15the magnetic particles have an average particle
di aneter D1 whid#oiRIwWd t hiRtE0 rang8iof 0.5 to 20 m t he aggregat e

has an average aggregat hdianeter D2 which to ethgr with D .satjsfies the
fel ationshi p D1oD20 mfPandBBERe” BOIYREY ARESBACA7ePage  tolei ho

(ickness §f SIPE: el e otynt?; 1115 SEPPEK, EEERVERY ampapec
consi sting of égﬂégggﬁﬂéngfrﬁéfya@?&Y@Fi@flf@}qagiyﬁéﬁﬁylmethacrylate
5 and polystyrene, copolymer thereof, phenol resin, and a
trialkoxysilane condenéate.
4. The copper recovery apparatus according to
claim 1, wherein the magnetic particles comprise iron.
5. The coppeéer recovery apparafus according to
10 claim 4, wherein the magnetic particles comprise a
component selected from the group consisting of
magnetite, 1lmenite, pyrrhotite, magnesia ferrite,
cobalt ferrite, nickel ferrite, and balium ferrite.
G. The-copper recovery apparatus according to
15 claim 4, wherein the magnetic particles comprise
magnetite.
7. The copper recovery apparatus according to
claim 1, further comprising:
a alkali feeder configured to add the alkali to
20 the precipitation tank;
a pH meter configured to measure a pH value of the
treated water in the precipitation tank; and
an alkali-feed controller configured to controlled
the amount'of the alkali added from the alkali feeder
25 to the precipitation tank so that the pH value of the
treated water in the precipitation tank is neutral,

based on the pH value measured by the pH meter.



25and pol ystyrene, copol ynmer thereof, phenol resin, and a trial koxysil ane
condensat e. 11. The copper recovery appar at us according to - 63 -
claim8, wherein the magnetic particles conprise iron. 12. The
copper recovery apparatus according to claim 11, wherein the magnetic
particles conprise a conponent selected fromthe group consisting of
S5magnetite, ilnenite, pyrrhotite, nmagnesia ferrite, cobalt ferrite, nickel
ferrite, and baliumferrite. 137 The copper recovery apparatus
according to claim11l, wherein the nmagnetic particles conprise magnetite.
1014. The copper recovery apparatus according to claim8, further

conpri si ng: a8alk%lFOPéééeFeééﬁﬁFQUﬁ@BaFétéﬂchﬁ@réﬁkagl to the
mxIng and preci pitatjon, {ank, 2 pH et er Go0T {guted L9, IEasur e a PH val ue

receive copper ions-containing water to be treated, an
alkali and a filter aid containing magnetic particles
5 having an average particle diameter of 0.5 to 20 um to
prepare an alkaline suspension containing a precipitate
of copper compound;
a heater configured to heat the suspension in the
mixing and precipitation tank to convert at least a

10 part of the copper compound in the suspension into
copper oxide;

a filter-aid feeder configured to supply the
filter aid to the mixing and precipitation tank;
a solid-liquid separator comprising a filter, the

15 solid-liquid separator being configured to receive the
suspension from the mixing and precipitation to subject
the suspension to a filtration by the filter so that
the precipitate and the filter aid which retain on the
filter is separated from a filtrate;

20 a cleaning-water supply line configured to supply
water to the filter having the precipitate and the
filter aid retained thereon to remove the precipitate
and the filter aid from the filter;

a cleaning-water discharge line configured to

25 discharge from the solid-ligquid separator Lhe

precipitate and the filter aid together with the water

supplied by the cleaning water supply line to the



15treated water in the m xing and precipitation tank; and an

al kali-feed controller configured to controlled the anbunt of the al kali
added fromthe alkali feeder to the m xing and precipitation tank so that
the pH value of the treated water in the m xing and 20preci pitation tank
I's neutral, based on the pH val ue neasured by the pH neter.

- 62 -

filter;

a separation tank configured to receive the
precipitate, the filter aid and the water discharged
from the solid-liqguid separator and separate the filter

5 aid from the precipitate and the water by utilizing a
magnetic field; and

a filter-aid return line configured te return the
filter aid separated in the separatiocn tank to the
filter—aid feeder.

10 9. The copper recovery apparatus according to
claim 8, wherein

the filter aid comprises an aggregate which is
obtainable by aggregating magnetic particles of which
each of surfaces is coated with a polymer;

15 the magnetic particles have an average particle
diameter D1l which is within a range of 0.5 to 20 um;
the aggregate has an average aggregate.diameter D2
which together with D1 satisfies the relationship:
D1<D2<20 pm; and
20 the polymer has an average coating thickness t
ranging 0.01st<0.25 um.

10. The copper recovery apparatus according to
claim 9, wherein the polymer is selected from the group
consisting of polyacrylonitrile, polymethylmethacryléte

25 and pclystyrene, copolymer thereof, phencl resin, and a
trialkoxysilane condensate.

11. The copper recovery apparatus according to



19

— 63 —

claim 8, wherein the magnetic particles comprise iron.

12. The copper recovery aéparatus according to
claim 11, wherein the magnetic particles comprise a
component. selected from the group consisting of
magnetite, ilmenite, pyrrhotite, magnesia ferrite,
cobalt ferrite, nickel ferrite, and balium ferrite.

13. The copper recovery apparatus according to
claim 11, wherein the magnetic particles comprise
magnetite.

14. The copper recovery apparatus according to
claim 8, further comprising:

a alkali feeder configured to add the alkali to

the mixing and precipitation tank;

a pE meter configured to measure a pH value of the
treated water in the mixing and precipitaticn tank; and

an alkali-feed controller configured to controlled
the amount of the alkali added from the alkali feeder
to the mixing and precipitation tank so that the pH
value of the treated water in the mixing and
precipitation tank is neutral, based on the pH value

measured by the pH meter.



