COPPER RECOVERY APPARATUS FIELD Embodiments described herein relate generally to a
copper recovery system which is configured to recover 5copper present in water. BACKGROUND
Effective use of water resources 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 to reuse such wastewater, water purification, i.e. separation of other
substances from the water, is necessary. As a method far separating other substances from the water,
various methods such as membrane 15separation, centrifugal separation, activated carbon adsorption,

0zone treatment, a%g%@g{ng{%&&%}%ﬁh@ Aegyg%_/&lﬁ}/saggregation have been known. The methods are

capable of removing substances which are contained in water and can exert considerable influence on
20environment, such as phosphorus and nitrogen, andiremeving oil and clays dispersed into the
water.  Among the methods, the membrane separation is one of the methods which are most
generally employed for refioving insoliblestbstaved ihwvatern and sxfilter 28aid islisedtin the
membrane separation from the viewpoints of memb an%protection and an increase in flow rate of

water which contaifis’ REfdly-demateragleSystem wheh is configured to recover

5 copper present in water.
BACKGROUND
Effective use ol water resources 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 to 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
adsorption, oczone treatment, and floating substance
removal by aggregaticn have been known. The methods
are capable of removing substances which are contained
in water and can exert considerable influence on

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

Among the methods, the membrane separation is one

"0f the methods which are most generally employed for
removing inscluble 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 of water which contains hardly-dewaterable



- 2 - substances. Meanwhile, as a method for removing harmful substances and valuable
substances from water, a method including causing a predetermined reaction of a 5substance
dissolved in water so that the substance is 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 10precipitated copper particles by adding a polymer having
aggregation function in order to prevent discharge of the“precipitated fine copper particles to other
systems, and separating and recovering copper as aggregates. 15However, since the aggregates per
se include a large amou t of the polymer in the above-mentioned method, the method has a problem
of low copper recovSeLt;y %r%nmencsy ‘and low copper purity per unit volume of the aggregates. Further, a

problem of a large waste amauntr20is detected withthe method since anlarge ameount of sludge which
should finally be disposed remains after the separation of copper from the aggregates. A copper

recovery apparatusawhichis: capable ©f vretueing<a waste-amount, fealizing:fise: coppers23patticles

precipitated in water directly to solid- liquid separation, and enhancing copper recovery efficiency is in
need. including causing a predetermined reaction of

5 substance dissolved in water so that the substance is
precipitated as a precipitate and separating the
precipitate from the water has been known. For
example, there has been known a method including
precipitating ccopper ions in water, aggregating

10 precipitated copper particles by adding a poclymer
having aggregation function 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-menticned
method, the method has a problem of low copper recovery
efficiency and low copper purity per unit volume of the
aggregates. Further, a problem of & 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 1is caéable of:
reducing a waste amount, realizing fine copper

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

efficiency is in need.



-3- SUMMARY An object of the present invention is to provide a cupper recovery apparatus which
is capable of reducing the amount of the waste and improving the recovery of 5 cupper from the
copper ions-containing water to be treated. According to a first aspect, there is provided a copper
recovery apparatus comprising: a precipitation tank configured to receive copper ions-containing water
10 to be treated and add an alkali to the water to be treated to prepare treated water containing a
precipitate of copper compound; a heater configured to heal the treated water in the precipitation tank
to convert at least a part of the copper compound in the 15 treated water into copper oxide; a mixing
tank configured to mix a filter aid containing magneti¢;pasticles having an average particle diameter of
0.5 to 20 4m with a dispersion medium to prepare a suspension; a filter-aid feeder configured to supply

the filter aid 20 to the mixiAg darks Asaligl-licuid separaiar coRmpistiga filter, the selid igudseparator
being configured to receive the suspension from the mixing tank so that a precoat layer of the filter aid
is deposited on thecfilfgre ind €9y, eetei v TR Rdated Wated¥rovs tieapsireeipidtionadnk s5o9as to

allow the treated water to be passed through the filter on which the precoat layer - 3a - is deposited to

separate the precipitite FEIRINEY dith& Prectariaye HIRESTE B eanh g R aRY ShBpl§ tine
configuredsto supply water todhe filter o0 which.the. pr?%?%t—'?:lfﬁ[t!}fi"ﬂl%ﬁe precipitate cetaiped 5

thereon is deposited and to remove the precipitate and the filter aid from the filter; a cleaning-water

discharge line configureddea discharge from the solid-liquid separator the precipitate and the filter aid

together with the water supplied by the cleaning water 10 supply line to the filter; a separation tank

configured to receive the HESEipRateIthedilter aid 5AE tiSRaRt disehafRd Idniheskigdigaid

separator and separate the filter aid from the %rec' itate and the water by utiIizi?:% a magnetic field; and
a

a filter-aid 15 returﬁ?ﬁ%‘:‘cronﬁ"geucrgg?g YetGrithe filteaid Cs)1[3“Béfr‘-la?el(:]ij f'the" se%% foR 1Nk 16 the
filter-aid feeder. tank configured to receive copper ions-containing water
10 to be treated and add an alkali 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
15 treated water 1ntc copper oxide; a mixing tank
configured to mix a £ilter aid containing magnetic
particies having an average particle diameter of 0.5 to
20 pm with a dispersion medium to prepare a suspension;
a filter-aid feeder configured to supply the filter aid
20 to the mixing tank; a solid-liquid separator comprising
a filter, the solid-liquid separator being configured
to receive the suspension f£rom the mixing tank so that
a precoat layer of the filter aid is deposited on the
filter, and then, receive the treated water from the
25 precipitation tank so as toc allow the treated water to

be passed through the filter on which the precoat layer



According to a second aspect, there is provided a copper recovery apparatus comprising: a mixing and
20 precipitation tank configured to receive copper ions-containing water to be treated, an alkali and a
filter aid containing magnetic particles having an average particle diameter of 0.5 to 20 im to prepare
an alkaline suspension containing a precipitate of copper 25compound; a heater configured to heat the
suspension in the mixing and precipitation tank to gon\geagt at least a - 3b - 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 solid- 5 liquid
separator being canfiowgddg feceive e suspansian fiarg thesuidingsad precipitation.te supject 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 filtiate;-eleaning-waper10 Supply ine £onfigured to supplyseatentp-thedfdter having
the precipitate and the filter aid retained thereon to remove the precipitate and the filter aid from the
filter; a cleaning-watwrlisthbige lireebatiguied t& diseHARErofAtRE sbid-filigid SepafitoPTS the
precipitate and the filter aid fogether with the water supplied byhthe cleanlng water S%B:f%hn%to the

filter; a separation‘fgﬁfgo%%rgg 6 rédei a%%rpr]él(‘—?lipftgt%, el B BAG e wh 3 arged

S

from the sglid-liquidhsepagaion andyseparate e iligr 20 aidiemdhe Reeciitals gad dhe Walgl by
utilizing a magnetic field; and a filter-aid return line configured to return the filter aid separated in the
separation tank tothe filteriaiddeederi @ 3cEronn general factoeding te one kasbyodimment ecopper

recovery apparatus includes a precipitation tank, a mixing tank, a filter-aid feeder, a SOlidH}.]”éq@lUid
separator comprisitSEiReiva cledtn SRRty EUPPN Shed astéatiAg-wateimisdrargtinél a

separation tank, and a filter-aid return line. The precipitation tank is_canfigured to.receive copper
ions-containing wa éﬁt%%% tfeated %ES %doi: gﬁa a|ﬁ’§{|£%ltﬁjé%2%8r 8 %%trgéc'glt%d t%lygr%%gre%tr%%gted

water containing a1 Rresinitale; fcopper gampeund: Jie: mixing tapk sosfigrad ie mps aditer aid
containing magnetic particles having an average particle diameter of 0.5 to 20 I.tm with a dispersion
medium im preparesasuspesios. Tae filter-did Ieeder canfiggmdatosupphethk fittenf igured
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; and a filter-aid
15 return 1line configured to return the filter aid
separated in the separation tank to the filter-aid
feeder.
According to a second aspect, there is provided a
copper recovery apparatus comprising: a mixing and
20 precipitation tank configured to receive copper ions-
containing water to be treated, an alkali and a filter
aid containing magnetic particles having an average
particle diameter of 0.5 to 20 um to prepare an
alkaline suspension containing a precipitate of copper
25 compound; a heater configured to heat the suspension in

the mixing and precipitation tank to convert at least a



- 15 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 water from the precipitation tank so as to allow the 20treated water to be passed through the
filter on which the precoat layer is deposited to separate the - 4 - precipitate retained on the precoat
layer from a filtrate. The cleaning-water supply line is c_%lfigg_red to supply water to the filter on which
the precoat layer having the precipitate retained thereon’is 5deposited and to remove the precipitate
and the filter aid from the filter. The cleaning-water discharge line is configured to discharge from the
solid-liquid separafar.the precipitate andhe filter aid togeiher with the W@{%g@@gﬁ%byitn%leaning
water supply 10line to the filter. The separation tank is configured to receive the precipitate, the filter
aid and the water disghanged;trofa theasofigilicptid separdtosaad sepakde thefiteraidsinpmlthe
precipitate and the water by utilizing a magnetic field. The filter-aid 15 return line is configured to
return the filter aidt$epaFated o thtiskparatiorttaiik 10 e MefaRrFREHER BRIEFDESERIPFION OF

THE DRAWINGS . FIG. 1is a block diagram showing a configuration 200f a copper recovery
apparatus accordiﬁgjfd'%—fﬁrétqulf separa?@or comprl%lng 59 %a:l, ter, ghe goFLlcf
5 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; a cleaning-water
10 éupply 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 c¢leaning-water discharge line
configured to discharge from the solid-liquid separator
15 the precipitate and the filter aid together with the
water supplied by the cleaning water supply line tc the
filter; a separation tank configured to receive the
precipitate, the filter aid and the water discharged
from the solid-liguid separator and separate the filter
20 aid from the precipitate and the water by utilizing a
magnetic field; and a filter-aid return line cenfigured
to return the filter ald separated in the separation

tank to the filter-aid feeder.



embodiment; FIG. 2 is a flowchart showing a copper recovery method by a precoating process in
which the apparatus of FIG. 1 is used; 25FIG. 3A is a sectional view schematically showing a magnetic
particle coated with a polymer; FIG. 3B is a sectional view showing an aggregate obtainable by
aggregating magnetic particles; FIG. 4 is a block diagram showing a configuration of a copper
recovery apparatus according to a second embodiment; 5FIG. 5 is a flowchart showing a copper
recovery method by body-feed filtration in which the apﬁjarat'us of FIG. 2 is used; and FIG.6is a
block diagram showing a configuration of a copper recovery apparatus according to a third

10embodiment. DETAILEDR DESGRIPTION. corfi@inventorshad.canducied extensive fesearches by

performing various experimerits on direct solid-liquid separation of a copper precipitate in'wastewater
15by using a filtratie: menkrangdodind-that itisdiffiewsto direpthefiltes iotd tHeroppengrecipitate
precipitated from wastewater since a particle diameter of the copper precipitate (initial diameter) is too
small. Various embadiiehts based on the firelhtgswaiid feeder, a solid-liquid

geparator comprising a filter, a cleaning-water supply

5 line, a cleaning-water discharge line, a separation
tank, and a filter-aid return line. The precipitation

tank 1is configured to receive copper ions-containing

water to be treated and add an alkali to the water to

be treated to prepare treated water containing a

10 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 pm with a dispersion medium to prepare a suspension.

The filter-aid feeder configured to supply the filter

15 aid to the mixing tank. The solid-liguid separator is
configured to receive the gsuspension from the mixing

tank &0 that a precoat layer of the £filter azid is
deposited on the filter, and then, receive the treated

water from the precipitation tank so as to allow the

20 treated water to be passed thrbugh the filter on which

the preccat layer is deposited to separate the



20be 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 25containing a copper compound; a heating mechanism 22
configured to heat the precipitate in the precipitation tank to form at least a part of the copper
compound in -6 the precipitate into copper oxide; a filter aid feeder 5 which supplies a filter aid of
which an average diameter of particles or aggregates colhtaiﬁing a magnetic substance is 0.5 to 20
pm; a mixing tank 6 5configured to mix the filter aid with a dispersion medium to prepare a suspension;

a solid-liquid separgtpé §i%9{rg93r{sén%ggiclit%§§ vg}{'crglfligraég_,seg@afgtef %&QO@% suspension upon

supply of the suspension from the mixing tank to form a precoat layer omprising the filter aid and
filtrates the copper campound contairing the copper.axide froapthetredted waterupan gupply of the
treated water from the precipitation tank so that the copper compound is captured by the precoat layer;
a treated water suppfy I8HMEY12'e6rfiguted 16 8upply the treated water (6 the*§61fRRduid separator
from the precipitatiqrgta&c gargiéirpﬁg ch el7 %%rég‘e%‘t%d%% tr]re tcre%trgdoyvattgr gu%%ly line, which is
configured to mix the guspensmn om ﬁegﬁnixmgptanﬁ with the treated water from the treated 20water

supply linesa cleaningling kb gonfigured to-swpRly cleaning-watertothe filkerse that the pegcoat layer
is cleaned from the filter; a separation tank 4 which separates the copper compound from the filter aid,
the copper compoundcantrthe fillee afd-bgiag - The cleaning-water discharge line

1s configured to discharge from the sclid-liguid
separator the precipitate and the filter aild together
with the water supplied by the cleaning water supply
10 line to the filter. The separaticn tank is configured
te receive the precipitate, the filter aid and the
water discharged from the solid-liguid 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 COF 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 is a sectional view showing an aggregate



25contained in cleaning effluent discharged together with the cleaning water from the solid-liquid
separator; a cleaning effluent line 132 which sends the cleaning - 7 - effluent from the solid-liquid
separator to the separation tank; and a filter aid return line 15 which returns the filter aid separated in
the separation tank to the filter-aid feeder (FIG. 1). 5The present embodiment comprises: precipitating
copper oxide as the copper compound by alkalizing the water to be treated in the precipitation tank;
mixing with the dispersion medium the filter aid of which the average diameter of the particles or the
aggregates 10containing the magnetic substance is 0.5 to 20 pm; supplying the mixture from the

mixing tank to the sggqgi%gﬁ%oq@to&ygaf%at@q{%dry\éqgtgre%&pl line tq.form.a deposit layer of the
ed wa ipitati

filter aid on the filter; supplying the treat er from the "15precipitation tank to the solid-liquid
separator via the treated wetter. supply: lime Isddhat the copper exide is gapturethwhenihe treated water
is passed through the filter aid layer; supplying the cleaning water to the solid-liquid separator device
via the cleaning lin€*20t® Sle&R fie E6pPeroXide iR tver it tectek 2 frontthester supplying the
cleaning effluent froé?n}%%%%@d iquid separator to the separation tank via the cleaning effluent line;
and separating and recovering the copper oxide from the filter aid which 25is cleaned in the separation

tank and returning the separated andgegovered dilter-aidstiomthg sepatation tank o, the fiter feeder
via the filter aid return
method by body~feed filtration in which The apparatus
of FPIG. 2 is used; and
FIG. ¢ is a block diagram showing a configuration
cf a copper recovery apparatus according to a third
10 embodiment.
DETATILED DESCRIPTION
The inventors had conducted extensive researches
by performing various experiments on direct sclid-
ligquid 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 of the copper compound in



line while recovering the separated and recovered copper oxide. Thereby, the present embodiment
enables to reuse the separated and recovered filter aid in the filter aid feeder and attaining high
recovery 5efficiency by directly separating the precipitated copper particles having a very small particle
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 10combination of copper carbonate
and copper oxide, a combination of copper sulfate and cgppér oxide, and the like. (2) The copper
recovery apparatus according to the present embodiment comprises: a mixing and 15precipitation tank

2A which prepares g;3Uspensio ,P&’a@@‘"lgu%”t%s@?e‘}f whichyan ayerage diameter gfpaylicles or

aggregates containing a magnetic substance is 0.5 to 20 pm with water to be treated and alkalizing
water to be treated Sosthatca: capperlcompaeund is:20predipitatedya helating mechanism 22 which heats
the copper compound in the mixing an precipitation tank to form at least a part of the copper
compound into copperdidé a filter’aid Fé WRicHISUHBS HTe filter-aidtd e fhixing and
pecptaton o St Eiodhsppmer o ol 5 i Bgtes et
5 configured to mix the filter aid with a dispersion
medium to prepare a suspension; a solid-liguid
separator 3 comprising a filter 33 which filtrates the
filter aid from the suspension upon supply of the
suspension from the mixing tank to form a precocat 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 sc that the copper compound is
captured by the precoat layer; a treated water supply
15 line LZ configured tc supply the treated water to the
solid~liquid separatcr from the precipitation tank; a
mixing line L7 connected to the treated water supply
line, which is configured to mix the suspension from
the mixing tank with the treated water from the treated
20 water supply line; a cleaning line L11 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 filter
aid, the copper compound 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 L3Z which sends the cleaning



- 9 - suspension from the mixing and precipitating tank to form a deposit Layer comprising the
precipitated copper compound containing the copper oxide and the filter aid; a treated water supply
line L2 which supplies the 5treated water from the mixing 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 from the filter; a separation tank 4 which separates the precipitated copper compound 10from
the filter aid, the copper compound and the filter aid BeinZ; 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 salid-liquid separator.tg 15the separation tank; and a filter aid
return line L5 Whichergﬁjfrﬁér%ﬁe ﬁﬁg?n a(i)al%e[%?gt}é% '%lh uéegpasrgﬁgr}f ?égn%togtﬁe ﬁltgr aid feeder (FIG.

4).  The apparatys acearndinghto-thepresent embodiment is: usedfora.sa-called bogy-feed filtration
(FIG. 5), 200f which the mixing and precipitation tank has two functions which are the precipitation
function and the mixingfunctionie fAttemding  thepresémembodientcthecoppen cémpbund is

precipitated in the mixing and.25precipitation tank; the precipitated copper compound is mixed with the
filter aid to form a sﬁgpgnsﬁ?oﬁf;ltig%ﬁs%% sic?)ﬁ%jgé’:nt o the sol d-liquid separator; and the solid-liquid

]gleparationgf the copper compopndds performed yyhileforming the membrane; of the filtgr,aid on the
Her copper oxide as the copper compound by alkalizing the

water to be treated in the precipitation tank; mixing
with the dispersion medium the filter aid of which the
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 to the
solid~-liguid separator via the treated water supply
line to form a deposit layver of the filter aid on the
filter; supplying the treated water from the

15 precipitation tank tc the solid-liguid separator via
the treated water supply line so that the copper oxide
is captured when the treated water 1s passed through
the filter aid layer; supplying the cleaning water to
the solid-liquid separator device via the cleaning line

20 te clean the copper oxide together with the filter aid
from the filter; supplying the cleaning effluent from
the solid-liquid 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 via the filter aid return



(3) Preferably, in the apparatus of (1) or (2): the filter aid comprises an aggregate obtainable by
aggregating magnetic particles having surface coated with a polymer; an average particle diameter D1
of the magnetic particles is within a range of 0.5 to 20 pm; the average particle diameter D1 of the
magnetic 10particle and an average aggregate diameter D2 of the aggregates satisfy the following
relationship: DI<D2..00 pm; and an average coating thickness t of the polymer ranges 0.010.25 pm
(FIG. 3). In the present embodiment, the average pa"rticlé 15diameter D1 of the magnetic particles may
preferably be within the range of 0.5 to 20 p.m, and a more preferred range of the diameter D1 is 0.5

fo 15 pm. When the ayerage paride digmeter D1 gl the Jagnelic parigiegds ess thgn 05 pm. the

particles are densely 20aggregated to make a distance between particles too small, thereby making it

difficult to attain aneffegctive teated water passing rates Qn-the-otheehand,when the.average particle
diameter D1 exceeds 20 pm, the particles are coarsely aggregated to make 25the distance between
particles too long ah@ t& al6w finkPpreeipramwssn water foereadly pass theréthredgh, thereby largely
deteriorating efficie?c:)i - 11 of, rec vercgngﬁthe %rec%pétated CO,%E er omlpound. When the average
particle diameter D s Fees3§ thar 1 ep‘cfn,et e“"}rréCO\E/ie’ryae]fl‘rilcf"ié1 y ofthe c%%%gF ggmpound particles is
further improved. Bythe way,the 1y directly separating the precipitated

copper particles having a very small particle 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
miging 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 intoe copper
oxide; a filter aid feeder 5 which supplies the filter
aid to the mixing and precipitation tank; a solid-

25 liguid separator 3 comprising a filter 33 which
filtrates the precipitated copper compound and the

filter aid from the suspension upon supply of the



5inventors found that it is difficult to attain the effective copper recovery efficiency in the case where
the average particle diameter D1 of the magnetic particles is 26 pm, for example. Such findings
suggest that the copper recovery efficiency is deteriorated 10when the average particle diameter D1 of
the magnetic particles is excessively large. In the present embodiment, the average particle
diameter D1 and the average aggregate diameter D2 ofélhe aggregates of the magnetic particles may
preferably 15satisfy the following relationship: D1<D220 Imr., more preferably DI<D215 jim. When the
average aggregate diameter D2 of the aggregates exceeds 20 jim, the fine precipitates in water are

allowed to readily pass hrough.as-deseribed aboyen thergby largely 20deteriorating, thecopper

recovery efficiency. When the average particle diameter D2 is 15 jim, the copper recovery efficiency is
further improved as describedeabovet Inl thespresenpermbodimertistheaverage ecating:-2bthiokness t of
the polymer may preferably range 0.010.25 jim, more preferably 0.010.15 fim. When the average
coating thickness t GPRCPAIFnier Ts-ResE 11182 L #farr 010FSIm Cthe desired doating effe®tis not attained,
and the aggregate is.d .ter'orta}%% Jcn@sdtr({.\’\;rl\%tp3 o be urhusaPIler.} (g)rtté'ne g;heghand,pvyg%rgs thEen%oatlng

thickness t exceeds 0.25 Sm, Clearances between the © wiECh sEE
5 treated water from the mixing and precipitation tank to
the solid-liquid separator; a cleaning line L11 which
supplies cleaning water o the filter sc 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
ald being contained in cleaning sffluent discharged
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
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 tc the present embodiment
is used for a so-called body-feed filtration (FIG. 5),
20 of which the nixing and precipitation tank has two
functions which are the precipitation function and the
mizxing function.
According to the present embodiment: the copper
compound 1s precipitated in the mixing and
25 precipitation tank; the precipitated copper compound is
mixed with the filter aid to form a suspension; the

suspension 1s sent to the solid-liquid separator; and



5magnetic particles in the aggregate are filled with a resin to reduce not only the water passing rate of
the treated water but also roughness, and, therefore, a copper compound particle capture rate tends to
be lowered. Further, when the coating thickness tis 100.15 gm 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 according 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 coptaingd in the pregipitation tank 20tq precipitatg, a.coppet,compound; a filter aid

feeder 5 which supplies a filter aid of which an average particle diameter of particles or aggregates
containing a magnetiersutstantesis Oi% td° 20:gimica nlixing ¢ank: 6 wehiehf mixes the filter aid supplied
from the filter aid 25feeder with a dispersion medium to prepare a suspension; a solid-liquid separator
3 comprising a filte33 WHicH filtrafes-the filter aid from the - 13 - suspension upon supply of the

SUSpengonfﬂnnthe {3) Preferably, in the apparatus of (1) or (2):

5 the filter aid comprises an aggregate obtainable by
~aggregating magnetic particles having surface coated
with a polymer; an average particle diameter D1 of the
magnetic particles is within a range of 0.5 to 20 pm;
the average particle diameter DI of the magnetic
10 particle and an average aggregate diameter DZ of the
aggregates satisfy the following relationship:
D1<D2<20 pm; and an average coating thickness £ of the
polymer ranges 0.01<t<£0.25 pum (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 te 20 pym, and a more preferred
range of the diameter Dl is 0.5 to 15 um. When the
average particle diameter Dl of the magnetic particles
is less than 0.5 n, 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 D1 exceeds
20 um, the particles are ccarsely aggregated Lo make
25 the distance between particles tco long and to allow
fine precipitates in water to readily pass

therethrough, thereby largely deteriorating efficiency



mixing tank to form a precoat layer formed of the filter aid and filtrates the copper compound
containing the copper oxide from the treated water so that the 5copper compound is captured by the
precoat layer; a treated water supply line L2 which supplies the treated water from the precipitation
tank to the solid-liquid separator; a mixing line L7 which is connected to the treated water supply line to
mix the suspension from 10the 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 15aid, the copper

compound and the i:ier [ i ntained in ¢ i lue scharged together with the cleaning
water from the solidIz mu%%oek{gg%gég; a c!‘:%a iﬁega gﬁg}e@r% igfeEj Lgség\kk%%h (gce)ﬁgsg t%egéle;\ér\ﬁ?%%eﬁluent
from the solid-liquid-sepaiator 4g $hey 20separation tank: afilter aidksretwrsdinerl-;hwhichurgturns the filter
aid which is separated in the separation tank to the filter aid feeder; a unit 23 which measures a pH
value of the treatedtiigter frthiesgrecipitation arky aQiH EontrelmeehamismcZ4which 25stops the
addition of the alkali froggn. tg‘f' alk%IiSfeéader based on the detected thvaIue measured by the pH

measurement unit t%as]foﬁ aTeaction W‘ﬁ‘}é%}%ﬁéf pll-i“\?aﬁﬁg S5t the treated water‘in Wée precipitation tank is

within the neutral range.Qr-adjusts the alkali.addition;from;the alkalifeederbased on the detected pH
value measured by the pH measurement unit, so as to allow the 5reaction to continuously proceed in a
state where the pH«alus-ofithe tregted waterdntke predipitationrtapk in the case where
the average particle diameter D1 of the magnetic
particles is 26 pm, for example. Such findings suggest
that the copper recovery efficiency is deteriorated
10 when the average particle diameter D1 of the magnetic
particles is 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: DI1<D2<20 pm, more
preferably DI<D2<15 um. When the average aggregate
diameter DZ of the aggregates exceeds 20 um, 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 DZ 1s 15 um, the copper
recovery efficiency 1s 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 um. When

the average coating thickness t of the polymer is less



iS maintained within the neutral range (FIG. 6). In each of a copper oxide generation reaction and a
copper hydrooxide 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 compound emerges as a precipitate in an aqueous solution when a pH value is
close to the neutral range. 15In 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 20does
not proceed due to the limjted fquertq{g]ygé@qq% grqggngt\ﬂpge the copper.oxide generation reaction
proceeds well due to the presence of hydrogen peroxide. In the present embodiment, in the pH
control mechanism 24+ thenadditian of alkali 1o thetreatedi2bwaierisisioppedibased on éhe detected
pH value to stop the reaction when the pH value of the treated water in the precipitation tank is within
the neutral range, or°- %5 - #id1gd8itien of @lkalits tisd treatedanater 1 48justedl Based di¥the detected
pH value, so as to %I oj%ﬁpe reachn to cogté'nu{?u?g/ proceg%in the state }/]vhgre t&? r%lgllé/alue of the

treated water in the precipﬂgtslé;n ank 5i8 maintained Within t %anre%?r%??ang%%%erefore, the pH value

of the treatgd water s naintaingd within the neutral rpange;te-ajlovethe-copper pxide,generation
reaction to proceed well as compared to the copper hydroxide generation reaction, thereby attaining
the resin to reduce not only the water passing rate of the
treated water but also roughness, and, therefore, a
copper compound particle capture rate tends to be
lowered. Further, when the coating thickn@ss t is
10 0.15 um or less, appropriate roughness is attained to
enhance caplture performance of capturing the copper
compound particles and to increase the treated water

passing rate, thereby further improving the copper

recovery efficiency.

Jt
[y

{4} The copper recovery apparatus according toe the
present embodiment comprises: a precipitation tank 2B
which receives copper ions-containing water to be
treated, an alkall feeder which adds an alkali to the
water to be treated contained in the precipitaticn tank
20 to precipitate a copper compound; a filter aid feeder 5

which supplies a filter aid ¢f which an average
particle diameter of particles or aggregates containing
a magnetic substance is 0.5 teo 20 mm; a mixing tank 6
which mixes the filter aid supplied from the filter aid
25 feeder with a dispersion medium to prepare a
suspension; a solid-~liquid separatcr 3 comprising a

filter 33 which filtrates the filter aid from 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 15within the neutral range, acidic treated water
and a liquid 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 tg allow a continuous reaction, without
limitation to the above- 20described method of adding afkali 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 yhich.an iaggrqg&g{ia 5rl?éf Rarticles oggggéergoa{%%c%@t&ipirﬁgl a 25magnetic

substance is 0.5 to 20 jam with watér to be treated and alkalizes the treated water to precipitate a
copper compound g0 a3 to;prepare acsuspensionp ac«16 £ heatieg mechaaismn 224vhich heat the
copper compound in the mixing and precipitation tank to convert at least a part of the copper
compound into copper-6&ide 2a filtéF&id Féeders Which Supphes e ARBPAIHRE the Fiking Srd

precipitation tank;eaﬁ?%olid-li uid g.egz;{rﬁ%%r % gg@p{iﬁ@gtar gltetre3 WQFQ ;iltsf%tgggg% pﬁ:ﬁceipitated copper

compound and th &r aid from the suspension upon supply of the suspension from thé mixing and

precipitating tank to-fosm-a-depasiblayer 18cemprising the precipitated sgpper ¢opapqund containing
the copper oxide and the filter aid; a treated water supply line L2 which supplies the treated water from
the mixing and predipitatioictank te thes selid-liquid separator; acdleaning line 4.[1visict sapplies
cleaning 15water to the filter so that the deposit layer is cleaned from the filter; a separation tank 4

which separates thd prédipitateti coppeFt&mpBund bR thefilter aid, the c%BEJérdE BBdfd and the

filter aid separator; a mixing line L7 which is connected to the

treated water supply line to mix the suspension from

10 the mixing tank with the treated water of the treated
water supply line; a cleaning line L1l 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 ald, the copper compound and the filter aid being
contained in cleaning effluent discharged together with
the cleaning water from the solid-liguid separator; a
cleaning effluent line L3Z which sends the cleaning
effluent from the solid-liquid separator to the

20 separation tank; a filter aid return line LS which
returns the filter aid which 1s separated in the
separation tank to the filter aid feeder; a unit 23
which measures a pH value of the treated water in the
precipitation tank; a pH contrcl 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 step a reaction when the pH value



being contained in cleaning effluent discharged 20together 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 the separation tank; a filter aid return line L5 which returns the filter aid separated in the separation
tank 25to 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 - 17 - of the alkali from the
alkali feeder based on the detected pH value measured by the pH measurement unit to stop a reaction
so that the pH value of the treated water in the precipitation tank is within the neutral 5range or adjusts

the alkali addition from {@%algg%vgﬁ]%q?r@égg %thghdeetgggg m \é%h& Jpneasyred py the pH

measurement unit, so as to allo e reaction to continuously proceed in a state where the pH value of
the treated water inithemrecipiation:tankas 1omajatanedwithinithe nedtral range. = dditheapparatus
according to the present embodiment is used for a so-called body-feed filtration (FIG. 5), of which the
mixing and precipitatieH tafikchasl i funtGers Whiths&@ the precipitaticiCfunetion afd the 15mixing
function. In the present embo iQen%ﬁhe elflfects same as tgose ofC(Z) are attaiged. (6QhPreferany,
in the apparatus 01‘5?2)&&u (%Gf: hefilter aid” corlﬂﬁiﬁﬁssélsrgﬁ‘ %régreug%%e bbtainable (§/ aaggrce}gatlngemagnetic
particles ofswhich eachof i on 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 Qxide generation reaction and
a copper hydrocoxide generation reaction, a precipitate
10 which is obtained by the reaction within acidic range
is dissolved due to the reaction with an acid, and, as
a result, & precipitate of copper is not obtained. The
copper compound emerges as a precipitate in an aguecus
solution when a pH value 1s close to the neutral range.
15 In the case of giving priority Lo 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 progeed dug To the limited numier of hydroxide
groups, while the cecpper oxide generation reaction
proceeds well due to the presence of hydrogen peroxide.
In the present embodiment, in the pH control
mechanism 24, the addition of alkali to the treated
25 water is stopped based on the detected pH value to stop
the reaction when the pH value of the treated water in

the precipitaticn tank is within the neutral range, or



20surfaces is coated with a polymer; an average particle diameter D1 of the magnetic particles is
within a range of 0.5 to 20 tim; the average particle diameter D1 of the magnetic particles and an
average aggregate diameter 02 of the aggregates satisfies the following 25relationship: DI<D25.20 ilm;
and an average coating thickness t of the polymer ranges 0.010.25 jim (FIG. 3). In the present
embodiment, the effects same - 18 - as those of (3) are attained. Hereinafter, the embodiments
and examples will be described with reference to the acb%mp_anying drawings. In the embodiments or
examples described below, 5copper oxide is precipitated by directly adding an alkali solution to water

be treated containing, coppey;ions sughas aconper sulfate sqlution, As the type of thesalkall, sodium

hydroxide is most suitably used without particular limitation thereto. The direct 10addition of alkali
solution causes a pasticia diametes ofiprecipitategh eopperpartieles 4e bededuced; thekeby making it
quite difficult to separate the copper particles from water. However, since the method of any
reaction to continuously proceed in the state where the
pH value of the treated water in the precipitation tank
5 is maintained within the neutral range. Therefore, the
pH value of the treated water is maintained within the
neutral range to allow the copper oxide generation
reaction to proceed well as compared to the copper
hydroxide generation reaction, thereby attaining the
10 precipitation of a large amcunt of copper oxide
particles. BAs used herein, the “neutral range”
substantially means a range of pH 5 to 9.
Note that, inscfar as the ultimate pH value which
is attained when the reaction terminates 1s maintained
15 within the neutral range, acidic treated water and a
liquid alkali (e.g. sodium hydroxide sclution) may be
separately added to a ligquid 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
27 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 Lo prepare a suspension; a



one of the embodiments described below enables to 15efficiently separate the fine copper compound
particles (average particle diameter: 0.01 to 10 Rm), 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 aﬁp%ratﬂs of the first embodiment will be
described with reference to FIG. 1. - 19 - (First Copper Recovery Apparatus) A copper recovery

apparatus 1 of the present embodiments used for:a precaating process and. paic iy, fs, effectively
used in the case where a 5¢oncentration of a copper compound precipitated in treated water is low.

The copper recovennhapparatusyl neludesa:precipitation taak 2, asolid-iquigdseparatos 3¢ aa
separation tank 4, a filter aid tank 5, and a mixing tank 6, as well as a water-to-be-treated 10supply
source, a alkali feettér; andfa efflefpstoragecompound into copper oxide; a filter

ald feeder 5 which supplilies the filter aid to the

5 mixing and precipitation tank; a solid-liguid separator
3 comprising a filter 33 which filtrates the
precipitated copper compound and the filter aid from
the suspension upon supply of the suspension from the
mixing and precipitating tank to form a deposit layer

1c cemprising the precipitated copper compcund containing
the copper oxide and the filter aid; a treated water
supply line LZ which supplies the tTreated water from
the mixing and precipitation tank to the solid-liguid
separator; a cleaning line L11 which supplies cleaning

15 water to the filter so that the deposit layer is
cleaned from the filter; a separatiocn 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 sclid-liguid separator to
the separation tank; a filter aid return line 15 which
returns the filter ald separated in the separation 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



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 pumps P1 to P8 and a valve 1, as well as a
measurement device 15and 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 pumE/s P1to P8 as well as to the valve V1 and a
20valve V2, so that the operations of the pumps and va &s are controlled. Thus, the overall copper
recovery apparatus 1 is comprehensively controlled by the controller. The precipitation tank 2 has a

stirring screw 21 2% gvm%%sgrfktgﬁrzﬁ%qnw%eer. Mgﬂal yeaéé%\%atg%]gggtag}ip% copper ion s is
introduced from the waterto-be-treated supply source (not shown) into the - 20 - precipitation tank via
the line fl, and the indusidakwastewataris tempeiaridyistoyed as the waterda herseatednburing that
time, an appropriate amount of sodium hydroxide (NaOH) is added to the precipitation 5tank 2 from the
alkali feeder (not sHowr): 8¢ thatthé cbpper DR comainéd i e trédted \edte-3pre&prard as
copper compounds. v Further 1;}hhecgreci itation tank Zthagka drum hggter 22. Powerégggly to the
drum heater 22 is 10¢ohtroliéd %y% ontrotier (‘Q'n% jéﬁ%wni 56 that %{Jtemf)relra ure of the precipitation

tank 2 is centrolled 1@ §9€. I Peadiglqgt&%at_@hazésl%&qqfq&@%i@gz{h%ysﬁte&waa ta change copper
hydroxide of the copper compounds contained in the treated water into copper 150xide by oxidization.
feeder based on the detected pH value measured by the
pH measurement unit, so as to allow the reaction to
continuously proceed in a state where the pH value of
the treated water in the precipitation tank is
10 maintained within the neutral range.

The apparatus according to the present embodiment
is used for a so-called body-feed filtration (FIG. 5},
of which the mixing and precipitation tank has two
functions which are the precipitation function and the

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

{6} Preferably, in the apparatus of (4) or (5):
the filter aid comprises an aggregate obtainable by
aggregating magnetic particles of which each of

29 surfaces is coated with a polymer; an average particle
diameter D1 of tThe magnetic particles is within a range
of 0.5 toe 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: DI<DZ<20 pm; 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



The solid-liquid separator 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
20by 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 §ubztgntiqlly about 251 to 20 pm. The introduction
space 31 of the solid-liquid separator is connected to thé precipitation tank 2 via - 21 - the treated
water supply line L2 having the pressure pump PI. Further, a tap water supply line L10 and L11 which

are two lines for supplying fap water to the iptrgduction_space 31 is connected to the introduction
5space 31. The tap water supply line L10 is connected to an upper part of the introduction space 31 of

the solid-liquid separator 3sand:teraves-thetinn components indhercoppercgmpeound contained in the
deposit layer on the filter 33 by supplying the tap water to the 10introduction space 31. The ion
components (Na ioA$§ SC# igiiad My fons T 8fe)rEaitained irt the désositiayeriard eHeetvelyTemoved by

introducing an abundant amount of the tap.water intg the introduction, space of the solid-liquid
separator via the tap WatergﬁI guf)%])(? Ii%ré%i% %Lra.eén{SFl?r]fheEErf{g%?e%%?néj w%ec E[%?gresbuep’p?ﬁﬁg the tap
water from= city waiep pipe and a<leaning effluent ine b4 ae gonaected ta dateral pars of the

Introduction space 31, respectively. The cleaning line
alkali solution fo water ke treated containing copper
ions such as a copper sulfate soluticn. As the type of
the alkali, sodium hydroxide 1s mest suitably used
without particular limifation thereto. The direct

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

L5 efficiently separate the fine copper compound particles
(average particle diameter: 0.01 to 10 pm), the number
of process steps 1s 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 emploved for copper recovery. The apparatuses
used for the methods are different from each cther 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.



20LIl 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 25lateral direction into the introduction space 31
of the solid-liquid separator 3 via the cleaning line LIl, so that the deposit layer is flaked off and
removed from - 22 - the filter 33 by the water pressure. In this case, when a jet nozzle is provided at a
connection between the cleaning line L11 and the sGIid-?iauid”éeparator 3 in such a manner that the
water is jetted out from the 5nozzle, the deposit-layer-flaking effect is much enhanced to further

improve the removal.efficien he di e e he solid-liquid separator is connected
Qé%f@%% .“é’o%pel %]edé% ge 2pAce 3¢ oL 1

to the treated water distribution line L3 having the two three-way valves V1 10and V2. A treated water
line L31 is branched from thedreated watee distribudiopdine hdsatithe firstibree-waywalve V1 having
the pump P2. Two lines L32 and L33 are branched off from the treated water distribution line L3 at the
second three-way \GINEV2"ORE of $hel 38Bralieh ImeB1BRdwsithe pursl P3sarid:id-connected to the

separation tank 4 deg%ri%e(g tzelg\ﬂ/. Thgsotg%rfb%lpc%i e L3§ehc?s,lt£1e Aump P4 and is connected to
the mixing tank 6 descrived beldw? Thé separa(‘htlonltan 4 hasa stirring scréw 21 20wtich Stirs

cleaning effluent recgivedfromthesn of a copper compound precipitated in
treated water is low. The copper recovery apparatus 1
inciudes a precipitation tank 2, a solid-ligquid
separator 3, a separation tank 4, a filter aid tank 5,
and a mixing tank 6, as well as a water-to~-be-treated
10 supply source, a alkall feeder, and a effluent storage
tank which are not shown. The units and devices are
connected to cne 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 Pl to PB as well as to the valve Vi and a
20 valve VZ, so that the opesrations 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 is introduced from the water-

to-be-treated supply source {not shown] into 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. 25The electromagnet 42 is connected to a power source (not shown) of
which on-off is controlled by a controller (not shown). - 23 - The branch line L32 which is branched
off from the treated water distribution line L3 is connected to an upper part of the separation tank 4 in
addition to the cleaning effluent line L4, and a part of thé filtrated Swater passed through the filter 33 of
the solid-liquid separator is supplied to the separation tank 4 to be reused in the separation tank 4. The

cffluent ine L8 anddbe et aidretyrn lgg Laate eqnnepiadios lowsr part.al the separatiop tank 4.

The effluent line 10L8 has the pump P8 and serves as a piping for discharging the effluent from the
separation tank 4 te: ther stosager-tank (netnghawn)i Thedilter aidl returpHinelb-bas the pegmp P5 and
serves as a piping for returning the separated filter aid from the separation 15tank 4 to the filter aid
tank 5.  The filteF aftf{atk 5 h&3'5EélH a donfiglration that & RewTitet alFisSupplied #bm a filter aid

source (not shown) agg &pﬂathtggf fllt}e(;r:.L g|d Sﬁ\%aq%l{ ed.in the %%aratlon tank 4 is returned.thereto
urn

through 20the abové’e(2 escribed fitter aid re ine L5. F-au(% er, t & fﬁt%? ald %%}l(%i%ac%ﬁﬁaured to

supply an appropriate-gmeount,of.the filter:aidto the- mixing tank.6 viathefilter aid supply ine L6 having
the pump P6. 25The mixing tank 6 has a stirring screw 61 which stirs a mixture of the filter aid and a
dispersion medium¢ang s configureditapreparé @ mixturereated water is

precipitated as copper compounds.
Further, the precipitation tank 2 has a drum
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
to 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-liguid separaﬁor 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,
pelypropylene, 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 sclid-liquid

separator is connected tc the precipitation tank 2 wvia



-'24 - (suspension) containing the filter aid by adding the dispersion medium to the filter aid supplied
from the filter aid tank 5 and stirring and mixing them. As the dispersion medium, water may preferably
be used. The 5branch line L33 branched off from the treated water distribution line L3 is connected to
an upper part of the mixing tank 6, and a part of the filtrated water passed through the filter 33 of the
solid-liquid separator is supplied to the mixing tank 6 to be reused 10as the dispersion medium in the
mixing tank 6. Further, the filter aid supply line L7 h%\%ling”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 5. that é@%th%@Psgﬁﬁﬁ%}) ﬁgg}ethgéni%gl\gjj'}p& %% which ggmaé'n.s the filter

aid, is added to the treated water flowing through the treated water supply line 52. The mixing line L7
is provided with a flpwtiateecontralvahies(npt shawn),socthat a fipwirate ohherrixture2Q(saspension)
containing the filter aid is adjusted by the controller. (Precoating Process) Hereinafter, the
precoating process‘iisirg therdbovecdeskribed Epparattis| Wil Be HeBcHBEEWith 25 8ference to FIG. 1
and FIG. 2. o startwith, & magnetic subsfance-containing fiter aid and a dispersion medium are
mixed in the
5 space 31. The tap water supply line L1i0 1s connected
to an upper part of the introduction space 31 of the
solid~liguild separator 2 and removes The ion components
in the copper compound contained in the deposit layer
on the fiiter 33 by supplying the tap water to the
10 introduction space 31. The ion components (Na ions, Ca
ions, Mg ions, etc.) contained in the deposit layer are
effectively removed by introducing an abundant amount
of the tap water into the introduction space of the
solid-liguid separator via the tap water supply line
15 L10.
Further, a cleaning line L11 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 L1l 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 c¢f the

solid-liguid separator 3 via the cleaning line L11, so

that the deposit layer is flaked off and removed from



-'25 - mixing tank 6 to prepare a suspension containing the filter aid (Step S1). The filter aid contains
magnetic particles and may further contain a polymer coating the magnetic particles. Water is mainly
used as the 5dispersion medium, and other dispersion mediums may be used as required. A filter aid
concentration 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 fi%tgr aid deposit 10layer, is formed by the
following operation. Next, the 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 deposited partigle layer 15(precoat layer) formed.of the filter aid (Step,S2), Jhe suspension

is Passed through the filter 33 by the préssure pump P1 at a predetermined pressure. Since the
precoat layer is formedand retainew by the external-fartecasadescribedrabove pthetabiove=described
20filtering is performed in such a manner that, for example, the filter is disposed so as to cover an
opening of a predetefirettéshtaiber; ‘Sotthat thefilter &id rethains it idlighed S&md s1agéret on the

filter 33 thus disposg . Isqltgljls case, ]%Q% E)r%%)g& Zéq(?y%gjcseforrrl]gd %ralg gg'g]a)in%dc% Jt:%(-;n ex eénal forqe
from a wall surface of the container and a downward external force (gravity due to a weight of the filter

aid - 26 - positioned @bpve, Athickaess-efithe precoatdayer s subject torchange depending on the
concentration of the liquid to be treated and is substantially about 0.5 to 10 mm.
enhanced to further improve the removal efficiency.

The discharge space 3Z of the solid-ligquid
separator 1s connected to the treated water
distribution line 13 having the two three-way valves V1

16 and VZ. A treated water line L31 is branched from the
treated water distribution line L3 at the first three-
way valve V1 having the pump P2. Twe lines L32 and L33
are branched off from the treated water distribution
line L3 at the second three-way valve V2. One 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 6 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-liguid 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 1is connected Lo a power source
{not shown) o©f which on-off is controliled by a

controller {(not shown).



5In the precipitation tank 2, sodium hydroxide as the alkali is added to the copper-containing water to
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 10part of the copper hydroxide,
resulting in the formation of copper oxide. A reaction temperature and a reaction period 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 60C 15to 80C and 1 to 30 minufes. A% 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 heatir}ﬁgjng the tregted water-may Lpgig%fq{@egrvgpli&%%digg fhefggggli&g)ggent or

may be performed by supplying the treated water through a piping of which a temperature Is adjusted,
such as a heat exchangered «Nexrtheitseated liguishcantaiped the precipitated sapper is:supplied to
the solid-liquid 25separator 3 under a pressure, and solid-liquid separation (filtering) is performed by
using the precoat layep#hicteis fofmied it adwiricessfthe L27 Kiilteriny (Step1S3)NTHE supply is

usually performed ucnlder ressur%ﬁlgre, th?ILCOpp(ir@compound g{%%lgfl.ft c{_op%({:-r o§|dﬂg|s removed by

adsorption by the prec%aé Faril%r,emore %f)lésci clarflye/ by d stirtacé’o t aid 'Sformin 3:t%t%—:ef)jrecoat

layer. Hereg the filtef 2idbhavilgsed through the filter 33 of the solid-liguid

separator is supplied to the separation tank 4 to be
reused in the separatiocn tank 4. The effluent line LB
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 i1s 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 & stirring screw 61 which
stirs a mixture of the filter aild and a dispersion

medium, and is configured To prepare a mixture



a special structure described later in this specification traps the insoluble matter and allows a
satisfactory water passing rate. The filtrate is weakly alkaline treated water from which copper is
10removed 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. 15After the removal of the copper compound in water, the precoat layer is
dispersed into a dispersion medium to disintegrate the pé) coat layer into the filter aid and to clean the
filter aid (Step S4). The cleaning may be performed in the container in which the filter 20is set or may

be periormed in anqtgﬁgg%@m? Indhe.case afysing.another. container,, the precoat layer is

disintegrated into the filter aid by cleaning or like processing and then is transferred.” Water is used for
the cleaning, and asusfactant on an«atganic 25solventinayde used forthe cleaning.Nexthe filter aid
after the cleaning is recovered by magnetic separation (Step S5). A method - 28 - for the magnetic
separation is not particut&ry ﬁﬁﬂ‘iilea,aéﬂﬁ:l examples theredt ihciide &reédery trathod fbwhith a

permanent magnet 1 an sleqiomagngtis putin the gonvainer containing parigles jo beypecovered,

5 branch line L33 branched off from the treated water
distribution line L3 1is connected to an upper part of
the mixing tank &6, and a part of the filtrated water
passed through the filter 33 of the solid-liquid
separatoer 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 17 having the
pump P7 is communicated with the mixing tank 6 in
place. The filter aid supply line L7 is connected to
and jolins the treated water supply line L2 in place, so0

15 that the mixture (suspension) from the mixing line L7,

which contains the filter aid, is added to the treated
water flowing through the treated water supply line L2.
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



5a method of recovering the particles in which a metal mesh which is magnetized 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 is captured by using the 10electromagnet, 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. 15After
termination of the filtering of the treated water, there is & ¢ake 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 preser&{ilg&. m%c@gql fap \A@,;e%)@esgygpgeg 29{[9%% yege‘rclmglig ngwmthqwd
separator 3. Thus, the ions attached to the copper compound existing in the cake. After the ion
removal, in order tofretoeer théccaketomthelfjliter 3Braf the solid-liguid separaton fapavatertissupplied
from a lateral line 25LII so that the cake is crumbled and is separated from the filter 33, and then the
cleaning effluent cdMidiningthé fifter aftfand the é6iper CoRtbound &e1YP§ L stpplied td thae

separatiqn tank 4. .R@eﬁ]ﬁ%%%@“%%%’%‘%ﬂ %ssprpvd\gd e‘é’i”_{ éh%gt{irqg fcﬁ%\’e\a’ Cfflaaantg]ée electromagnet 42
(magnetic separation mechanism). The cleaning effluent is stirred in the separation tank 4 5with the
stirring screw 41 tosptistactoriy, dispersen, and other dispersion mediums may be
used as reqguired. & filter aid concentration in the
suspension is adiusted to about 10000 to 200000 mg/L,
for example, though it 1s not particularly limited
inscofar as a precocat layer, i1.e. a filter aid deposit
10 layer, is formed by the following operation.
Next, the suspension is passed through the filter
33 of the solid-liguid separator 3, so that the filter
aid in the suspension is filtrated to be remained on
the filter, thereby forming a deposited particle laver
15 {(precoat layer) formed of the filter aid (Step S82).
The suspensicon is passed through the filter 33 by the
pressure pump Pl at a predetermined pressure. Since
The precocat laver is formed and retained by Lhe
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 lavered 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 c¢f the container and a downward external

force {(gravity) due toc a weight of the filter aid



the filter aid and the copper compound into water. Then, the electromagnet 42 is turned on to so that
the filter aid is captured by the electromagnet 42. Thus, the filter aid is separated and recovered from
the 10water. The water from which the filter aid has been recovered is 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) for a post treatment via the 15recovery line L8. The
copper is recovered from the discharged water by the p%ét-tre_atment device. In the present
embodiment, a total amount of wastes generated by the copper recovery process is small since added

substances such ag, (ﬁ;%htr_n&%%gi and 5[;1,% polymer, 20coagulant are. H‘ét %qggi(@gg in é?fe discharged

water. After the arged water is discharged from the separation tank 4, the electromagnet 42 is
turned off to allow thediteraidtto falh off Jeor dpe pltectromagneh 42 cand: thernrtheicleaning wader is
25introduced into the separation tank 4 to clean the filter aid. The filter aid after the cleaning with the
cleaning water is retdffietido the fiter did 24k 52030 1 hrough thé fetifn- ine RSBy \irtde BPthe
operation of the pump P5. The returned filter aid is supplied again to the mixing tank 6 to be reused. In
the present embodimerﬁ%{ns'ince the precoat layer 5is formed in advance of passing through the treated

5 In the precipitation tank 2, sodium hydroxide as
the alkali is added to the copper-containing water to
be treated to precipitate a copper compound contalning
copper hydroxide as a main component. The precipitated
copper compound 1s heated to lead the oxidization of a

16 part of the copper hydroxide, resulting in the
formation cf copper oxide. A reaction temperature and
a reaction period 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 cof 60°C

15 to 80°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 tThe
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
adijusted, such as a heat exchanger.

Next, the treated liguid contained the

precipitated copper is supplied to the solid-liquid

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

precoat layer wnich is formed in advance of the



water, the amount of the copper compound adsorbed on the surface of the filter aid is increased along
with an increase in treatment period. As a result, clearances of the filter aid can be filled with the
10excessively 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 m£g7neti6 particles, and the magnetic particles
have an average 20particle diameter within the range of 0.5 to 20 wri. The filter aid may be particles of

a magnetic substanee,qr nay, ?e }@e& éIEJag_Qg)ti_c .paft[g%leé &_&Eﬁe%hg%{]/e%g%Qfl?urig%%égrgggted with a

coating agent 12 such as a polymer as shown in FIG. 3A. e filter 25 aid may be
aggregates 13 in eachdef-whichdbe magnetic paysticlas 13qachcoatedwith @ palymer are aggregated
as shown in FIG. 33. - 31 - More preferably: the average particle diameter D1 of the magnetic
substance of the filtePRiRFiS @5 1620 Rr; APari6the ynaghetictsubstance is aggragted by a
olymer or trialkoxysilane; an average aggregate 5diameter 02 thereof, with the D1, satisfies the
Pelgtionship Ol<02y 6 ¥?rﬁ;’ and gesug %ég %éé%ﬁg? %ﬁ/ic Hess tsoli”ir%](‘a?t %8Iy<r3\n¥er% Wit ‘iLnlt eerra%bé of
0.01_0.25 Bm. As ysedhereinnaverage particle diameteremeans the ene measured hy Jasey

diffraction. 10More specifically, the average particle diameter is

a special structure described later in this
specification traps the insoluble matter and allows a
satisfactory water passing rate. The filtrate 1is
weakly alkaline treated water from which copper is

10 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 sclid-liguid separator 3 or
a liguid for preparing a filter aid slurrvy in the
mixing tank 6.

ib After the removal of the copper compound in water,
the precoat layer 1s dispersed into a dispersion medium
to disintegrate the precoat layer into the filter aid
and to clean the filter aid (Step S4). 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 ancther container, the precoat laver
is disintegrated into the filter aid by cleaning or
like processing and then is transferred. Water is 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 magnetlc separation {(Step S$5}. A method



measured by using SALD-DS21 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 Rm, 15a distance 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 diameter is less than 0.5 Rm, the particles are densely aggregated to make
it 20difficult to attain the effective treated water passing téte though fine precipitates in water are
removed. For example, ferromagnetic substances in general are usable as the magnetic

substance, and ex%e%@erﬁg W&LUPS gpa@@gncopéaig@g i o&@?wﬂigyﬁ, ilmenite,

[
pyrrhotite, magnesia ferrite, cobalt ferrite, nickel ferrite, balium ferrite, and the like.”Among these, the
ferrite compound whighiis ed32 agxcellent il stabiliheinewatet iscmore: eHectives For exampte;d
magnetite (Fe304) is not only inexpensive, but also is stable as a magnetic substance in water and
safe as an elementiThéteicre, maihetite iR preferEiSsiRce itis FeRiily 1384 Jorhvate? tiéatments.

Further, the magnetii% S%R%tagce may be in essuch as a seherical shgg%, aagﬁlyhedral

. ontarner C\é%r{%uisns%l’}]’laéj %alrtlcﬁteﬁ Ci_ be I‘]Q der
shape, and the like, or bé In amorp%ous, and are not particularly Timited. The préeferred partitle

diameter 1@and shape-af-themagnetic-suhstance whichjs suitably yised may approprately be
selected in view of a production cost and the like, and the spherical shape or a polyhedral structure of

which corners are roantiedisipreferrechddreemagretiesubstance aiayibe plated by capture
the particles and then the magnetic field is released
go that the particle are recovered, and the like. More
specifically, the filter aid is captured by using the

10 electromagnet, and then the cleaning liguid is
discharged from an ocutlet ¢f the cleaning container.
Alternatively, the filter aid is captured by using the
electromagnet and then transferred to ancther contalner
for recovery.

15 After termination of the filtering of the treated
water, there is a cake of the filter aid and the
precipitated copper compecund 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 icn removal, in order to
recover the cake on the filter 33 of the scolid-liguid
separator, tap water 1s supplied from a lateral line

25 L1l so that the cake 1is crumblied and is separated from
the filter 33, and then the cleaning effluent

containing the filter aid and the copper compound are



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 polymer has such a
structure that the primary particles having a 20core/shell structure in which the polymer layer coating
the surfaces serves as the shell are aggregated. In the present embodiment, a material suitably
used as the polymer which coats the surfaces of the magnetic particles and aggregates the particles
may be 25selected depending on the purpose. Preferabfy, polyacrylonitrile, polymethylmethacrylate
and polystyrene which are easily coated on the magnetic - 33 - substance and has acid/alkali

resistance, copolymers theregf, a.phenol resin excellgntin Hi?pﬁr.Sio'%HbW%ehEa%% inalkoxysilane

condensate which has high stability in water by firmly adhering to the magnetic 5substance may be
used. The polymer mayspreterablyoe edated imsueh a manneribat the avesage surface coating
thickness t of the polymer is 0.010.25 When the coating thickness t is less than 0.01 fun, strength of a
secondary aggregafe'BTedaEed temake 10tHe 118e Iirwakdtadiffiedit ih 56meaases.) Whehthie coating

thickness t is more thfln 0.25 pm, CItharances between grticles %re narrowedﬁto make it digicult to
. C anln a2'f Fen 18 g%lrr hn tda Separacion ?nﬁ
ensure the effective water passing rate' when used as the filter aid’in some cases. Calculation of a

polymer 15goating ameunt maydie ¢aried out bypbservatiopusind actorily disperse
the filter aid and the copper compound into water.
Then, the electromagnet 42 is turned on to so that the
filter aid is captured by the electromagnet 42. Thus,
the filter ald is separated and recovered from the
10 water. The water from which the filter aid has been
recovered is 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) for a post treatment via the
15 recovery itine LB. The copper is recovered from the
discharged 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 intc the separation tank 4 to clean the
filter aid. The filter aid after the cleaning with the

cleaning water is returned to the filter zid tank 5



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 20decomposition 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 25the aggregate in which each of the
particles each coated with the polymer are aggregated, the aggregate may preferably have a
characteristic shape. More - 34 - specifically, in the filter aid of the present embodiment, the average

aggregate diameter.02.of the aggregates satisfies thesrelatiopship I<D220.mm,when the average
particle diameter of the magnetic substance 5is 01. When the aggregates have such a size, the
particles are not aggregated wrtte féfm of @& sphere butaré inithé ¢orna ofla baregquershape. Owing to
the baroque shape, appropriate clearances are guaranteed during the filtering and deposition when

the aggregate 10is €€d Bs e filtér Ao pretbht Mhatetial thefetRFattaining a filtering flow rate
while entrapping the copper,campoynd.inhe tregled water, When,the average aggregale diameter 02

of the aggregates 13 is too large, i.e. exceeds 20 mm, 15clearance between the aggregates is
increased tb sometimesmakedt difficulitaentrap the seppergpresipitatehintwatet.f=urthet, the average
aggregate diameter may more preferably be such that D1<D215 mm. When the average aggregate
diameter D2 is 15 mimtsir» the amount of the copper compound adsorbed on
the surface of the filter aid is increased along with
an increase in treatment period. As a result,
clearances of the filter aid c¢an be filled with the
10 excessively adsorbed ccopper compound, and the water
passing rate can be reduced. Therefcre, 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 containg magnetic
particles, and the magnetic particles have an average
20 particle diameter within the range of 0.5 to 20 um.
The filter aid may be particles of a magnetic substance
or may be the magnetic particles 11 of which each of
surfaces 1s coated with a coating agent 12 such as a
polymer as shown in FIG. 3A. Alternatively, the filter
25 ald may be aggregates 13 in each of which the magnetic
particles 11 each coated with a polymer are aggregated

as shown in FIG. 3B.



20less, 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 method, a spray drying
process in which: a polymer is dissolved into an organic solvent capable of - 35 - dissolving the
polymer; a composition obtainable by dispersing the magnetic substance into the solution is prepared;
and the organic solvent is removed by spraying the T:on%ositﬁ)n is considered. With the 5process, the
average particle diameter of the secondary aggregates which are the aggregates of the primary

particles is adjusted by adjysfing ap ambient [emperaturs,  snraying spesd, and e ike o he spray

drying, and, further, pores are etwee e aggregated primary particles when the organic
solvent is removedgtherehy easilyderminga siitable perousssiruciuresr 2O the athey hand, as an
industrial method for forming the filter aid, a polymer solution in which a 15polymer is dissolved into an
organic solvent capdbleéisF disssiving thé gomeRg prépared: BAd e polyPnersbhftibhtié €asted on a

surface of the magg)letic substance placegjC in aﬂold or the like. Then, the oér;[g?anic solvengcig removed
from the polymer s tion, E)/ﬁlc?ﬁec?ﬁy sofidification; and thé solidified matter” 99 =94
5 diameter DZ thereof, with the D1, satisfies the

relationship D1<D2=<2C pm; and a surface coating
thickness t of the polymer is within the range of
0.01=t<0.25 pum. As used herein, “average particle
diameter” means the one measured by laser diffraction.
10 More specifically, the average particle diameter is
measured by using SALD-DS21 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 allow
fine precipitates in water described later in this
specification to readily pass through. 0On the other
hand, when the primary particle diameter is less than
0.5 um, the particles are densely aggregated to make it
20 difficult to attéin the effective treated water passing
rate theough fine precipitates in water are removed.

For example, ferrcomagnetic substances in general
are usable as the magnetic substance, and examples
thereof include ircn, 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



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 solidified matter
25is milled. Further, it is possible to produce the filter aid by adding a composition obtained by
dissolving a polymer into a solvent to a Henschel - 36 - mixer, a ball mill, a granulator, or the like by
dropping, followed by drying. Here, the preferred filter aid is produced by performing two steps, i.e. the
step under the production conditions for covering 5surfates of the magnetic substance and the step
under the conditions for aggregating the magnetic substance. Hereinafter, a method for adjusting the

polymer coating thi%%%%lae%dtcha [metbod for adjysting the . aggregate diameter gf dhe, aggregates

obtained by 10aggregation of the polymer-coated magnetic particles during the production will be
described.  Thesusfage €patingsthickness orethe surfaceraf the nagnetie spbstance js deeided
based on calculation using a mixing ratio between the polymer and the 15magnetic substance, density
of the resin, and a @1sc is stable as a magnetlc substance in water and
gsafe as an element. Therefcre, magnetite is preferred
5 since it is readily used for water treatments.
Further, the magnetic substance may be in various
shapes such as a spherical shape, a polyhedral shape,
and the like, cor be in amorphous, and are not
particularly limited. The preferred particle diameter
19 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 ccated with a polymer has
such a structure that the primary particles having a
20 core/shell structure in which the polymer layer coating
the surfaces sgerves as the shell are aggregated.
In the present embodiment, a material suitably
used as the polymer 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 easlly coated on the magnetic



specific’ 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 20substance 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. Control of the particle
diameter is varied depending on the type of the sprayed liquid and 25the spraying method, and a
diameter of a droplet to be spray-dried is reduced in order to downsize the aggregate. For example,
the particle diameter of the - 37 - aggregates to be produced is reduced by increasing the spraying

pressure of the spray,nazzle redycing,a. spraying speed, or increasing aotation speed of a spray

disk. 5Hereinafter, a method for measuring the polymer coating thickness in a ready-made aggregate
will be described. th€ateuiation eflibe polynaaricoatingdhickness may heearsed oui By observation
using an optical 10microscope or SEM, while preferably the polymer coating thickness of the polymer
layer is accurately dttamed B héatinglif trderan bRyger=free shdatich toieal the thetatat

PR s i ST AT i
particles. (3econd Embodinent) may be used. The polymer may preferably be
coated in such a manner that the average surface
coating thickness t of the polymer is 0.01<t<0.25 upm.
When the coating thickness t is less than 0.01 um,
strength of a secondary aggregate is reduced to make
10 the use in water difficult in some cases. When the
coating thickness © 1s mcre than 0.25 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 out by observation using
an cptical 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 sach of the particles each
coated with the polymer are aggregated, the aggregate

may preferably have a characteristic shape. More



A copper recovery apparatus IA of the second 20embodiment 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 is not repeated. (Second Copper Recovery Apparatus) 25A copper recovery apparatus IA
of the present embodiment is used for body-feed filtration, which, particularly, is effectively used in the
case where a - 38 - copper compound concentration in water is high. The feature by which the copper
recovery apparatus IA of the present embodiment isdifféfent from the apparatus 1 of the first
embodiment is that the apparatus IA is not provided with any mixing tank 6, and a mixing and

precipitation tank 2A s provided in place of the precipitatign tank.2 of the first empodiment. The mixing
and precipitation ta%l%%% J"ai;% g(cj')l't ygf aggre%%gﬁa%5§ uénrct%%ggf%gzd%%ear? 5&(3%(? water to 10be
treated and precipitating a:coppel componnd anga mixng function ofadding afilterraidie the treated
water and mixing the filter aid with the treated water. More specifically, in the copper recovery
apparatus IA of the pEesent hsodimehnt the filteraidis dirédty sbsupplied Boma @ filter wlidtank 5 to

the mixing and precti%itation tank 2A via a.di&ect %tline L6’ without flowing through the mixing tank
described in the forsg6ing. (Both-FEEd Eﬁﬁaﬁon% arefafter, the BB 1&ed fitrdioR wilidthe

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 barcque shape. OCwing to the
barcgue 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 Lhe copper compound in the treated water.
When the average aggregate diemeter D2 of the
aggregates 13 1s 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 DI1<D2<15 pm.
When the average aggregate diameter D2 is 15 um 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 method, a spray drying process in which: a polymer

is dissolved into an organic solvent capable of



apparatus IA will be described with reference to FIG. 4 and FIG. 5. In the present embodiment, too, 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 - 39 - put in the treated water to prepare the suspension (Step Kil).
A filter aid concentration in the suspension is not particularly limited insofar as a filter layer is formed
by the following operation and 5may be adjusted to abodt10000 to 200000 mg/L. A copper compound
containing copper oxide is precipitated by adjusting a pH value at which a reaction between the

suspension and an alkelijs allawed: The present method Js offedtive n e case LQwhere an oxidizer
such as hydrogen peroxide Is p ewousl?céw tained in the treated water containing coppgr. Next,
the suspension (treatesianater)is passegdbrough @ fitasde filteroutthe filtgraidin the dfsuspension,
so that the filter aid is remained on the filter, thereby forming a filter layer formed by aggregation of the
filter aid (Step K2). Fheénvaterlis passetimder agpréssurel Sivice the filterfayetisdférmed and retained

by spraying the composition 1is considered. With the
5 process, the average particle diameter of the secondary

aggregates which are the aggregates of the primary
particles is adjusted by adiusting 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 1s 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 inte 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 sclvent 1s removed from the polymer solution,

20 followed by sclidification, 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 solidified matter

25 is milled. Further, it is possible to produce the
filter aid by adding a composition obtained by

dissolving a polymer intc a solvent to a Henschel



20an 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 25the 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 - 40 - external force (gravity) due to a weight of the filter aid positioned above.
After the removal of the copper compound in the treated"Water as described above, the filter layer is
5dispersed into the dispersion medium so as to disintegrate the filter layer into the filter aid and to

clean the filter aid (Ftep.K3). The.cleaning may, bg performed in the cantainer jnwhich the filter is set

or may be performed in another container. In the case 100f using another container, the filter layer is
disintegrated into thix-filtgs aicyby ttelahing:dr like progéssing andithen s trapsfefredrWater is used for
the cleaning, and a surfactant or an organic solvent may be used for the cleaning. 15Next, the filter aid
after the cleaning istreeb%ered ity maghefie separatisn ¢St RA): A mettodfor Bife maghetic
separation s ot parleual Iiegeand peempies et MR R ey PO o o

3 surfaces of the magnetic substance and the step under

the conditions for aggregating the magnetic substance.

Hereinafter, a method for adjusting the polymer
coating thickness and a method for adjusting the
aggregate diameter of the aggregates cbtained 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 ratio between the polymer and the

15 magnetic substance, density ¢ the resin, and a
specific surface area of the magnetic substance. More
specifically, a volume cof 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 spraved liguid and

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

aggregate. For example, the particle diameter of the



20in a container, a method of recovering particles in which a metal mesh 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 25filter 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 - 41 - supplied together with the treated water (suspension) containing the copper
compound to be removed. Therefore, since the cop dr compound supply and the filter aid supply
are simultaneously conducted even in the case where an amount of the copper compound in the

treated water (SUSpa?g@@é‘% iSlawe, It isunlikely thatclearances, of the filtey aiq.are. filled with the

excessively adsorbed copper compound as in the first embodiment. Therefore, a filtering rate is
maintained 10for a iengatimecAs agesulidhe topper rrcovennmetiiod, ofrthesecand #mbodiment is
effective for the case where a copper compound concentration in wastewater is high. Further, in
both of the first and$8coNd 18cERST§Abntethods Geaning (desatihaticom) oftReé eBppér Gompound to
be recovered is easégl L%erfocgmseg. More specifically, ion components adhered to the copper compound
are removed by sup ylnﬁ water to the filter aid and the copper compound deposited on the filter for

20a certaingperiod of time.gereinafter, 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 therma!l composition of the resin, and then,
detecting an amount of weight loss, i.e. a polymer
15 coating weilght, and calculating the polymer laver
average thickness from specific surface areas of the
particles.
{Second Embodiment)
A copper recovery apparatus 1A of the second
20 empodiment will be described with reference to FIG. 4.
A part of features of the present embodiment which
overlaps with the features ¢f 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



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.
25Here, 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 - 42 - copper oxide. It is believed that the
copper oxide generation reaction proceeds according to_the following formulas (1) and (2), and the
copper hydroxide generation reaction proceeds accérdir?é3 to the following 5formulas (3) and (4). The
following formulas are examples in which copper oxide is precipitated by using hydrogen peroxide as

an oxidizer, copper sylfate is precipitated.as, a copREr.GomPanent and sulfuric:agid is ysed as an acid

component. The reaction formulas 10(1) and (2) indicate the copper oxide generation reaction
(hereinafter referred ta as Reastiom 1) and the reactiparformulas £ 3),and (4)rdadicatel copper hydroxide
generation reaction (hereinafter referred to as Reaction 2). 150u2 + H202 -* CuO (precipitated) +

H20(1)  CuO + HPSORLES ENSCARISSONGEY) + FI286AI9 iR AtidlémironhtetRy EtiR4 S+ 2NaOH
2 Cu(OH2 (recipiieg) 1 2Nar,3) C10. £ 12504, 4 H2394 (dssolvet) - 2420 (ogy
5 not provided with any mixing tank 6, and a mixing and
precipitation tank 2A is provided in place of the
precipitation tank 2 of the first embodiment. The
mixing and precipitation tank 2A has both of a
precipitation function of adding an alkalli 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 aild tank 5 to the mixing and
precipitation tank 2A via a direct supply line L&'
without flowing through the mixing tank described in
the foregoing.
(Body~Feed Filtration)
20 Hereinafter, the body feed filtration using the
apparatus IA will be described with reference to FIG. 4
and FIG. 5.
In the present embodiment, too, a filter aid and a
dispersion medium are mixed together to prepare a
25 suspension The dispersicon medium used in this case 1is
treated water existing in the mixing and precipitation

tank ZA. More specifically, the filter aid is directly



In each of Reaction 1 and Reaction 2, in the acid-environment, the precipitate is not obtained since the
product generated by the reaction reacts with acid and is dissolved. The precipitate emerges when the
pH 25value 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 - 43 - reaction, it is better to keep
the pH value close to the neutral range. More specificall%%in the neutral range, Reaction 2 does not
proceed due to the limited number of hydroxide groups, While only Reaction 1 S5proceeds due to the
presence of hydrogen peroxide. The neutral range substantially means a range of pH 5 to 9. Insofar as

the ultimate pH Va'%f;@ft%thr%@aﬂ%t@é@i%%is mainiained within the,neylral range, the reaction

may be continuously conducted by 10separately adding water to be treated which is acidic and a alkali
solution (e.g. sodiumshydroxide solution) ia-a tiquidiwhichds adjuisted-to the newral range in advance
of the addition, without limitation to the above-described method of adding alkali to the water to 15be

treated.  The coppertEHipGUnd-failih; cBAtalmifg cdpper oxide prstipitated a5 descfibe above is
recovered by using e filter aid.in the, same, manner, as in the fifst Gopper recovery, apparatus.
5 may be adjusted to about 10000 to 200000 mg/L.

A copper compound containing copper oxidelis
precipitated by adjusting a pH value at which a
reaction between the suspension and an alkall is
allowed., The present method is effective in the case

190 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

i5 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 is
passed under a pressure.

Since the filter layer i1s 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 fcrce from

a wall surface of the container and the downward



20As the copper oxide generation unit, both 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 25adjustment mechanism. In this case, a
copper oxide content is increased as compared to the case of having either one of the features. - 44 -
Further, in each of the first and second recovery apgara%sesL cleaning (desalination) of the copper
compound to be recovered is easily performed. More specifically, the ion component attached to the
copper 5compound is removed by supplying water to the filter aid and the copper compound deposited

on the filter for a ceglain.periad eftime. ((T(j'ggjvl-‘i;@?pdm%nt{g COPPEY {RGOVERY apparatus- 12 used for

a 10precoating process will be described with reference to FIG. 6. Parts of the present embodiment
which overlap with thioserof ¢he faregdingtembodiments are not repeated. (Third Copper Recovery
Apparatus) 15In a copper recovery apparatus 12 of the present
After the removal of the copper compound in the
treated water as described above, the filter laver is
5 dispersed into the dispersicn medium so as to

disintegrate the filter layer into the filter aid and

to clean the filter aid (Step K3). The ¢leaning 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 contaliner, The filter layer 1is
disintegrated into thé filter aid by cleaning or like
processing and then is transferred. Water is used for
the cleaning, and a surfactant cor 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 particularly
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 mesh which i1s 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



embodiment, a precipitation tank 22 is provided with a pH adjusting 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 20water 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 _a_ldjug ing mechanism is 25provided with a pH
meter 23, a controller 24, and a NaOH injector 25. The pH meter 23 is a monitoring sensor which - 45
- measures a pH value of treated water in the precipitation tank 2B and sends a pH measurement

signal to the controlier 24 {The NaQktiniectri25 injects a-Na@BJiquid which:5is garplkallagent into
the precipitation tank upon reception of a control signal from the controller 24. The controller 24
determines an alkalragéntiinjection mnourtand a tregted watey introduetiormramount which do not
cause the pH value of the treated 10water inside the precipitation tank to deviate from the neutral

range (pH 5 to 9) based (.)rT ﬂ%ﬁlﬁl%gasﬁréﬂfé%t Signaf HpRted M e BHSHERT %3?5?reateq water
flow rate measurement signal inputted from a flow, rate sgngor (Nof shown),.and.on.apredetermined

calculation
5 in the case where an amount of the copper compound in

the treated water (suspensicn) 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 1s high.

Further, in both of the first and second recovery

15 methods, cleaning (desalination} of the copper compound
to be recovered 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 con the filter for

20 a certain pericd of time.

In the second copper recovery method, fThe 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



15formula and sends control 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 LI, respectively. The predetermined calculation
formula is derived from the above-described reaction formulas (1) 20to (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 25given by using various examples. [Preparation of filter aids] As the filter aid to be
used for the - 46 - above-described water treatment method, the following 6 types of filter aids Ato F

were prepared. (Filterpid,A)Magpetite particles {average paicle diametgp c.umj 3(kilter Aid B)
Magnetite particles (average particle diameter: 0.5 um) (Filter Aid C) Magnetite particles (average
particle diameter: 5agmpration reaction proceeds according to the following
formulas (1) and (2}, and the copper hydroxide
generation reaction proceads according to the following
5 formulas (3) and (4). The following formulas are
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
reacticon {hereinafter referred to as Reactiocon 1) and
the reaction formulas (3) and (4) indicate copper
hydroxide generaticon reaction (hereinafter referred to
as Reaction 2).
15 Cup + HpOp -» Cul (precipitated) + H20 (1)
CuC + HpS04 — CuS04 (dissolved) + H»O (only in
acid-environment) (2)
Cué™ + 2NaOH — Cu{OH), (precipitated) + 2Nat (3)
Cul + HpS804 —» HoSoy (dissolved) + 2H20 (only in
20 acid-environment) {4)
In sach of Reaction 1 and Reaction 2, in the acid-
environment, the precipitate is not obtained 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 cxide generation

reaction rather than to the copper hydroxide generation



(Filter Aid D) Filter aid prepared by a process 10described 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 2011 pm (B), vT/hicIAﬁNas'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 dissolying 30,parts by, 25weight of,polymethylmethagrylate into 3 L

of tetrahydrofuran, and 300 parts by weight of magnetite particles having an average particle diameter
of 2 pm -47 - (A) was dispersed inte the:solution 4o eptain @ coaipogjtion: The«campaositidn was
sprayed slowly by using a mini spray dryer (B-290 manufactured by Shibata Scientific Technology
Ltd.) to prepare thefie? aid SKaRRG @R avefa§e secondary paftitls diantctel6fabodt 185m (B),

which was aggrega}l%qn g1 the ofgrrp1 o&g%pbgée. An gv%ragv?hcjpfgng rglai}cjkr%\%sasc\%cs) 9'%38 pm (C). (Filter
escribed below

Aid F) Filter aid preparecfaf):y a process
5 proceeds due To the presence of hydrcgen peroxide. The
neutral range substantially means a range of pH 5 to 9.

Insofar as the ultimate pH wvalue after the
reaction terminates 1s maintained within the neutral
range, the reaction may be continucusly conducted by

10 separately adding water to be treated which is acidic
and a alkali solution (e.g. sodium hydroxide sclution)
to a liguid which is adjusted to the neutral rangs in
advance of the addition, without limitation to the
above-described method of adding alkali to the water to

15 be treated.

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

20 As the copper oxide generation unit, both 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

25 adjustment mechanism. In this case, a copper oxide

content 1s increased as compared to the case of having

either one of the features.



10A solution was obtained by dissolving 40 parts by weight of a resole type phenol resin into 3 L of
water, and 300 parts by weight of magnetite particles (specific surface area: 2.5 m2/g) having an
average particle diameter of 2 pm (A) was dispersed into the 15solution 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 qvergge secondary particle diameter of about 11
pm (B), which was 20aggregated 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) 25In Example:1, the apparafus J.of the figﬁteerggg@@%gh%ggggg G LYASysed. As

water to be treated, a copper sulfate solution containing 50 mg/L - 48 - of copper was provided. The
water to be treated ayas:=supplied 40 the precipitationdank 2nand 48% sadium:hydrpxide was added
thereto by dropping to adjust a pH value of the treated water to ph 10. After mixing for 5a certain
period of time, precipsitation st ligRt bitie tdppErhydroxitledwas eanfirfied THectrunt!Réster 22 was fed

with electricity to raise a water temperature to 60C, and mixing was performed at the temperature.
After that, Generaion SreaSLer oxie S coRfrricy A0S RGeS thar YA blackehed port Forther, a

filter aid was suppliedfram the filter-aidtank:S shargechwiih frijter Md A todhe maixingitank 6 and mixed
with water so as to prepare a filter aid slurry. The filter aid slurry was supplied to the solid-liquid
separator 3 aid and the copper compound deposited on the filter for
a certain period of time.
(Third Embodiment)
A copper reccvery apparatus 1B used for a

10 precoating process will be described with reference to
FIG. 6. Parts of the present embodiment which overlap
with those of the foregoing embodimenis 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 adijusting mechanism 23, 24, 25 in place c¢f the drum
heater 22 of the first embodiment. The pH adiusting
mechanism 23, 24, 25 controls each of a2 flow rate of

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

25 provided with a pE meter 23, a contreller 24? and a
NaOH injector 25.

The pH meter 23 1s a monitoring sensor which



15to 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 2099% or more of copper contained in the treated
water was recovered. After the filtering, tap water was supplied from the upper fine L10 of the
solid-liquid separator 3 to remove ion components q_ttacgwgd to the copper compound contained in the
cake. Subsequently, 25cleaning 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 - 49 - tank 4.

The stirrer 41 in the,separation tankwas pperated to sgparate, thefilter aid fram the copper compound,
and the electromagnet 42 was operated to capture only the filter aid, followed by discharging

5discharged water.Thecdischargedwatenwas Binalyz eddo ¢onfirmp thatanamcomneponenig o& the slurry
were copper hydroxide and copper oxide. After that, a magnetic field of the magnet was released, and
cleaning water was SUppli&d $60bidit afiftef &id slurry. Then, the 10filter aid slurry was returned to the

filter aid tank 5. After that, %Ii% Sﬁ%ﬁ%@@% as d§§cqp%qegg%vv%}m%% (gggs%%ﬁ épn;:‘%g)%ing the

filter aid slurry to mixing tank 6, and reuse thereof was achieve ample 2)

In Examples2, the apparatus saate as that wsed ¢ Example 3 was used, @nd-amexpgrinent was
conducted in the same manner as in Example 1 except for using Filter Aid B in place of Filter Aid A.
The copper recover2Gratel Was W06 of ADFE CA Wate passingratelis tiontrollier 24.

The controller 24 determines an alkall agent
injection amount and a treated water introduction
amount which de not cause the pH value of the treated

10 water inside the precipitation tank to deviate from the
neutral range (pH 5 toe 9) based on the pH measurement
signal inputted from the pH meter 23, a treated water
flow rate measurement signal inputted from a flow rate
sensor (not shown), and on a predetermined calculation

15 formula and sends control signals to the NaOH injector
25 and a supply pump which is not shown (and/cr a flow
rate adiustment valve) provided in a line L1,
respectively. 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



solid-liquid separator was a half of that of Example 1, and no problem occurred in the operation.
(Example 3) In Example 3, the apparatus same as that used in 25Example 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 - 50 - rate was 99% or more. A water passing rate in the
solid-liquid separator was about a double of that of gxary le 1, and no problem occurred in the
operation. (Comparative Example 1) 5In Comparative Example 1, 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 magnetite particles havipg anayerage particle giametgr of 0.3 prpyia place,of Hilter Aid A.

Filtering 10was conducted, but the filter was clogged to fall to attain a satisfactory filtering flow rate.
(Example 4) In Example4, thelapparatusA of which the outline-sis shewn in FIG. 4 was used.
Copper-containing 15water to be treated was supplied to the precipitation .
(Filter Aid A) Magnetite particles (average particle
diameter: 2 um)
5 (Filter Aid B) Magnetite particles (average particle
diameter: 0.5 pm)
(Filter Aid C) Magnetite particles (average particle
diameter: 5 um)
{(Filter Ald D) Tilter aid prepared by a process
10 described below:

L solution was cbtained by dissclving 30 parts by
welght 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 solutlion to obtain &
composition. The composition was spraved 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 um (B), which was aggregated in the form of a
sphere. An average coating thickness was 0.038 pm (T).
(Filter Rid E) Filter aid prepared by a process
described below:

A sclution was obtained by dissolving 30 parts by

25 welght of polymethylmethacrylate into 3 L of

tetrahydrofuran, and 300 parts by welght of magnetite

particles having an average particle diameter of 2 um



tank 2A, and a sodium hydroxide solution was added thereto to alkalize the solution and to precipitate
copper hydroxide. The precipitation and mixing tank 2A was provided with the drum heater 22, so that
a 20temperature of the precipitation tank was controlled to 60C. 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 25was sent to the solid-liquid separator 3,
so that a film of the filter aid is formed on the filter, and tf copper compound was removed. The
filtrate was a weakly - 51 - alkaline treated liquid from which copper was removed and may be

discharged through &newgagizgygg Jank and, alterpatively, i%gﬁ%l?llet% géz&ndigg water for the
: o

solid-liquid separator 3 or the maghet of the 5separation tank 4 or a liquid for preparing the filter slurry
in the filter aid tank SoAfter terminationrekthedittering of the treatedyvatesdhe fiken gidmnd a cake of
the precipitated copper compound were present on the filter 33 inside the solid-liquid separator 3.

10Tap water was stisplied fforfi thé upper inslE Y6 bf tHe sdlfd- i SeparaterB B/ rethdveion

components attached to thETL JPPEr cghmlf_polund cogé%iln?d in the cake. Af % th%i.o removaclj, cleaning
r 0

. clenti O .).Lo pre e e ftilter ai
water was supplied from a lateral side o the fitte dlsmte%rat%atﬁe cake, and the pieces were

supplied toghe Sep%@o@@ﬂéa%‘?ﬂa%@%a?@@a@éi@aﬁ@@l‘% vas-providedwith, the-stirfag serew 41 and
the electromagnet 42 (magnetic separation mechanism), so that the filter aid and the copper
compound were sepé&rated fibin eath other avhile20beirrg-miked; and<confythe filteraid was captured
by the magnet and recovered. The liquid from which the filter aid was recovered contained the copper

compound at a higFE8fidentration dhtEdidearged The filtdr sidTesoveréd idclBaRedWithSupplied
cleaning water to b‘? 2oreturned i tl:q? filter aid tank 5. JPsg'ét?éé'doy a process

described below

10 A solution was obtained by dissolving 40 parts by
weight of a resole type phenol resin into 3 L of water,
and 300 parts by welght 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 obtalin a compositicon. The composition was
spraved 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 pm (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 to be

treated, a copper sulfate solution containing 50 mg /L



returned to the filter aid tank 5 was supplied again to the precipitation and mixing tank 211 to be
reused. - 52 - As the water to be treated, a copper sulfate solution containing 1000 mg/L of copper
was provided. The water to be treated was supplied to the precipitation tank 2A, and 48% sodium
hydroxide was 5added thereto by dropping to adjust a pH value of the treated water to pH 10. After
mixing for a certain period of time, precipitation of light %e copper hydroxide was confirmed. The
drum heater 17 was operated to raise a water temperature to 60C, and 10mixing was performed at the
temperature. After that, blackened part was observed, resulting in confirmation of the generation of

copper oxide. Rurtherthe filter aid, wassupplied from thefilter aid tank5-charged yith Filter Aid A
to 15precipitation tank such a manner the filter-aid concentration of 10000 mg/L was obtained, and a
slurry of the filter aielamndla eopper preeipiatewas peepared TheHilter archsludrywasssiipplied to the
solid-liquid separator 3 to perform filtering on the filter 33, and 20then it was confirmed from the
filtrated water that 99951 méte df%%p%@%‘é@nt%ﬂ‘?eﬁeiECthé’l’re‘afé%PWéfé? Wias reboveredE Aftér the

romove i Somponeats Sonaed n ZSihe ke Gbseianly. Seania nner Wad sUppld from &
lateral diregtion of the diter 33 to gisiritegraie the layer foramedan theifilter38, angiheblue

copper hydroxide was confirmed. The drum heater 22 was
fed with electricity teo raise a water temperature to
60°C, and mixing was performed 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 sclid-liquid separator 3

15 to prepare a filter aid layver 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 te perform filtering.
Then, it was confirmed from the filtrated water that

20 %9% 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 solid-liquid
separator 3 to remove ion components attached to the
copper compound contained in the cake. Subsequently,

25 cleaning water was supplied from a lateral direction of
the filter 332 to disintegrate the laver formed on the

filter, and the pileces were supplied to the separation



- 53 - pieces were supplied to the separation tank 4. The stirrer in the separation tank 4 was operated
to separate the filter aid from the copper compound, and the electromagnet 42 was operated to
capture only the 5filter aid, followed by discharging discharged water. The discharged water was
analyzed to confirm that main components of the slurry were copper hydroxide and copper oxide. After
that, a magnetic field of the electromagnet 42 was releasgd, and cleaning water was 10supplied to
obtain a filter aid slurry. Then, the filter aid slurry was returned to 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 2A; gRg reuse thegeafwas-15achieved without.any problem(Examplg 5)  In
Example 5, the apparatus same as that used in Example 4 was used, and an experiment was
conducted in the sarpe medmner as i Example 4téxcept for usingLEilteér20AIdR i plgee: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 23 nstoblin BLEGTE T e Opetatidit {EXBRApIE- 6525/ Example 6,

the apparatus same. s thatusedin Example A was used. and an exgeriment wag conducted in the

same manner as in Example 4 except for using Filter
5 discharged water. The discharged water was analyzed to

confirm that main components of the slurry were copper
hydroxide and copper oxide. After that, a magnetic
field of the magnet was released, and cleaning water
was supplied to obtain a filter aid slurry. Then, the
10 filter aid slurry was returned to the filter 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 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



- 54 - Aid E in place of Filter Aid A. The copper recovery rate was 99% or more. A water passing rate
in the solid-liquid separator was about a double of that of Example 4, and no problem occurred in the
operation. 5(Example 7) In Example 7, 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 Aid F in
place of Filter Aid A. The copper recovery 10rate was 99% or more. A water passing rate in the
solid-liquid 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 18 of which outline is 15shown in FIG. 6 was

used. The apparatus 18 was different from the apparatus 1of 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 andian-ihjegtion avaqunt 0f NaOH s20thereby-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 WisPrdvided. FHE trésteB ipateF Waltipplied to-the precipitatisr 28tank 2B, and
then 48% sodium hygroxé%?r\é@% @ddgd é’gpner&tao ?y dropping. Subsequently, a precipitate was begun to
be observed when a pﬁn alue reached to about

5 In Comparative Example 1, 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 magnetite particles having an average particle
diameter of 0.3 pm in place of Filter Aid A. Filtering

10 was conducted, but the filter was clogged to fail to
attain a satisfactory filtering flow rate.
(Examplie 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 2A, and a scodium hydroxide sclution was added
thereto to alkallize the solution and to precipitate
copper hydroxide. The precipitation and mixing tank Z2A
was provided with the drum heater 22, so that a

20 temperature of the precipitation tank was contrclled 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 compecund was removed. The filtrate was a weakly



- 55 - pH 5. After that, the pH value was adjusted to pH 8, followed by 20 minutes of stirring, whereby a
color of the treated water turned to be deep green to ensure generation of a mixture of copper
hydroxide and copper 5oxide. 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 to the solid-liquid 10separator 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 15filtrated water

that 99% or more of egpper.contained insthe;treated water was fecovgred Afterdhe dilteriag, tap water
was supplied from the upper line of the solid-liquid separator 3 for one minute to remove ion

components containediinthe ¢aked Ssibsequentlyt 20cleaning water wasisupplied froana lateral
direction of the filter 33 to disintegrate the layer formed on the filter, and the pieces were supplied to

the separation tank#¥hePtirfar tin the BeparatidRank wis Speratettd sépardie e fiftSraid from
the copper 2500mp88@qda_|1qmrgi@agggg4:%¥v@§ operated to q@g&g@@n&th&@ter aid, followed by
s g

discharging discharged water. The discharged water was analyzed to confirm - 56 - that main
components of the skt rwere-copper hydraxidesand gapperfoxide. /Afterthat; atmagmetic-field of the
magnet was released, and cleaning water was supplied to obtain a filter aid slurry. Then, the
slurry in the filter aid tank 5. After termination of
the filtering of the treated water, The filter aild and
a cake of the precipitated copper compound were present
on the filter 33 inside the solid-liguid separator 3.
10 Tap water was supplied from the upper line L10 of the
solid-liguid separator 3 to remove ion components
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 (magnetic
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 ligquid 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 tc be reused.



Sfilter aid slurry was returned to the filter 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 thereof was achieved
without any problem. 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 15water from the precipitation tank
28. More specifically, after once adjusting a pH value of reateéd water in the precipitation tank to pH 8,
the treated water and NaOH were continuously added in such a manner as to maintain the pH value

within the range 200of pH 5.0 9tr?de}Q% ér}_eaé%d \é@tg{g&%sc%gptinéjoggr%(gsg@pggq Erggéthe precipitation
| ; :

tank to the solid-liquid separator in which a layer of a filter aid was for In advance of the
continuous water supply:tAfter that, @tieatment was performed indhe same:2brpanner-asin Example
8. It was confirmed from the filtrated water that 99% or more of copper contained in the treated water
was recovered, and'fetisEdf e LS P=filterend fas ataietbr L 1 $vhifeccérfein embodiments have
been described, these ebodiments have besy presented by way, of example only, and are not
intended to limit thepscope of the

5 added thereto by dropping to adjust a pH value c¢f the
treated water tc pH 10. After mixing for a certain
pericd of time, precipitation of light blue copper
hydroexide 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 generaticn of copper oxide.

Further, the filter aid was supplied from the
filter aid tank % 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 ald and a copper precipitate was prepared
The filter aid slurry was supplied to the solid~liguid
separator 3 tc perform filtering on the filter 33, and

20 then it was confirmed from the filtrated water that 29%9%
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 solid-liguid separator 3
for one minute to remove ion components contained in

25 the cake. Subseguently, c¢leaning water was supplied
from & lateral direction of the filter 33 to

disintegrate the layer formed on the filter 33, and the



5inventions. 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 10inventions. 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. - 58 - AT IS CLAIMED IS: 1. A copper recovery
apparatus comprising: a precipitation tank configured’to receive copper ions-containing water to
be treated and add an alkali 5to the water to be treated to prepare treated water containing a

precipitate of coppes compoupd;. .. S@@q@t@acggi%%d %Bg%t@gg;pq;gqll water inhe precipitation

tank to convert at least a part of the copper compound in the treated water into copper 10oxide; a
mixing tank configused tormix a filtehaidcontainingemagnetic garticlesdaving anl average particle
diameter of 0.5 to 20 tim with a dispersion medium to prepare a suspension; 15a filter-aid feeder
conﬁgwedtosupM?%Q?rat@ the filter aid from the copper compound, and
the electromagnet 42 was operated to capture only the
5 filter aid, followed by discharging discharged water.
The discharged water was analyzed to confirm that main
ceomponents of the slurry were copper hydroxide and
copper oxlide. 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 to 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 2A, and reuse thereof was
15 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 meore. A water passing rate in the
solid-liguid separator was 1.3 times c¢f that of Example
4, and no problem occurred in the operation.
(Example 0}
25 In Example &, 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



filter aid to the mixing tank; a solid-liquid separator comprising a filter, the solid-liquid separator
being configured to receive the suspension from the mixing tank so that a precoat layer 200f 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 is deposited to
separate the precipitate retained on the precoat layer 25gggom a filtrate; a cleaning-water supply line
configured to supply water to the filter on which the precoat layer having - 59 - the precipitate retained
thereon is deposited and to remove the precipitate and the filter aid from the filter; a cleaning-water

discharge line configygg@toi@?gk@&ge (f;pnymecgqlidgquyigsep@@@rgggﬁggcipg@g%he filter aid
together with the water supplied by the cleaning water supply line to the filter; a separation tank
configured to receivesthe M0psedifitater thecfilter aid and the waterdischarged from thessolid-liquid

separator and separate the filter aid from the precipitate and the water by utiliz;n a magnetic field; and
a filter-aid return lin@tohflgdredtotefifRiRg -or was about a double of that of

Example 4, and no problem occurred in the operation.
5 (Example 7)
In Example 7, 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
Aid F in place of Filter Aid A. The copper recovery
10 rate was 99% or more. A water passing rate in the
solid~liguid 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 outline 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 inijection amount cof NaOH,
20 thereby adijusting a pH value of the treated water in
the precipitation tank Z2B.
As the water toc be treated, a copper sulfate
solution containing 50 mg/L of copper was provided.
The treated water was supplied to the precipitation
25 tank 28, and then 48% sodium hydroxide was added
thereto by dropping. Subsequently, a precipitate was

begun to be observed when a pH value reached to about



15filter ‘aid separated in the separation tank to the filter-aid feeder. 2. The copper recovery
apparatus according to claim 1, wherein the filter aid comprises an aggregate which is
20obtainable 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 p.m;
the aggregate has an average aggregate diameter 02 25which together with D1 satisfies the
relationship: DI<D220 pi; and the polymer has an av"eraaé coating thickness t - 60 - ranging 0.010.25
pm. 3. The copper recovery apparatus according to claim 2, wherein the polymer is selected from
the group consisting@f polyagrylonitrile, é)pllyngg@ygnegpgf%at\g aSgncgcqu%%g@ngo cg&olgrper thereof,
phenol resin, and a

followed by 20 minutes cof stirring, whereby a color of

the treated water turned to be deep green to ensure
generation of a mixture of copper hydroxide and copper

oxide.

o

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 to the solid-liquid

10 separator 3 to prepare a filter aid laver 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 recovered. After the filtering,
tap water was supplied from the upper line of the
solld~liquid separator 3 for cne minute to remove ion
components contained in the cake. Subsegquently,

20 cleaning water was supplied from a lateral direction of
the filter 33 to disintegrate the lavyer formed on 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 aild, followed by discharging discharged

water. The discharged water was analyzed to confirm



trialkoxysilane condensate. 4. The copper recovery apparatus according to claim 1, wherein the
magnetic particles comprise iron. 5. The copper recovery apparatus according to 10claim 4,
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.

6. The copper recovery apparatus according to 15claim 4, wherein the magnetic particles comprise

magnetite. 7. The copper recovery apparatus accoral%g to claim 1, further comprising: a
alkali feeder configured to add the alkali to 20the precipitation tank; a pH meter configured to

measure a pH valug gf the treated %85%@@ Rrecipjtation tanky,and . ap i-feed controller
to

configured to controlled the amount of the alkali added from the alkali feeder 25to the precipitation tank
so that the pH value: ptithedierted watepiprthe precipitatiomtank:is neuatral, basedoatthe pH value
measured by the pH meter.
fieid of the magnet was released, and cleaning water
was supplied to obtain a filter aid slurry. Then, the
5 filter aid slurry was returned to the filter aid tank
5. After that, the same cperation as described above
was conducted by supplying the filter aid slurry to
mixing tank 6, and reuse thereof was achieved without
any problem.
10 (Example 9)
In Exanple 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 2B. More
specifically, after once adjusting a pH value of
treated water in the precipitation tank to pH 8, the
treated water and NaOH were continuocusly 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-
ligquid separatoer in which a layer of a filter aid was
formed in advance of the continuous 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



- 61 - 8. A copper recovery apparatus comprising: a mixing and precipitation tank configured to
receive copper ions-containing water to be treated, an alkali and a filter aid containing magnetic
particles 5having an average particle diameter of 0.5 to 20 jim 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 10part.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 15solid-liquid separator being configured to
receive the suspension from the;mixing apd 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; 20a
cleaning-water supply line ¢onfigureel:to sipphruvater te thesfilterhavingethederecipitatedand the filter
aid retained thereon to remove the precipitate and the filter aid from the filter; a cleaning-water

dBChmgeHneCmﬁﬁﬂﬁﬁﬁkﬁmbcdlments have been presented by way of example

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.



25discharge from the solid-liquid separator the precipitate and the filter aid together with the water
supplied by the cleaning water supply line to the - 62 - filter; a separation tank configured to
receive the precipitate, the filter aid and the water discharged from the solid-liquid separator and
separate the filter 5aid from the 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 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; 15the magnetic partiglgs haye an;average particle diameter D1 which is within
a range of 0.5 to 20 1.tm; the aggregate has an average aggregate diameter D2 which together
with D1 satisfies the relatianshig RIsP220 lig@andery apparatus comprising:

a precipitation tank configured to recelve copper

ions-containing water to be treated and add an alkali

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 um with a dispersion

medium to prepare a suspension;

15 a filter-aid feeder configured to supply the

filter aid to the mixing tank;

a solid-liguid separator comprising a filter, the

solid~-liquid separator being configured to receive the

suspension from the mixing tank so that a preccat laver

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 c¢n which the precoat layer is deposited to

separate the precipitate retained con the precoat layer

25 from a filtrate;

a cleaning-water supply line configured to supply

water to the filter on which the precoat layer having



20the polymer has an average coating thickness t ranging 0.01..ct.5.0.25 10. The copper recovery
apparatus according to claim 9, wherein the polymer is selected from the group consisting of
polyacrylonitrile, polymethylmethacrylate 25and polystyrene, copolymer thereof, phenol resin, and a
trialkoxysilane condensate. 11. The copper recovery apparatus according to - 63 - claim 8,
wherein the magnetic particles comprise iron. 12. The copper recovery apparatus according to
claim 11, wherein the magnetic particles comprise a_corﬁ(éone_nt selected from the group consisting of
5magnetite, iimenite, pyrrhotite, magnesia ferrite, cobalt ferrite, nickel ferrite, and balium ferrite.

13. The copper recqygty appaatus according,ta.clgin 11, wherejn the, magpetic, parfigles comprise
magnetite. 1014. The copper recovery apparatus according to claim 8, further comprising: a alkali
feeder configured to-add the atkalito the mixingandrpiecipiationitank; aid from the
filter;
a cleaning-water discharge line configured to
5 discharge from the solid-liguid separator 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
16 precipitate, the filter aid and the water discharged
from the seclid-liguid 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 separation tank to the
filter-aid feeder.
2. The copper recovery apparatus according to
claim 1, wherein
the filter aid comprises an aggregate which is
20 cbtainable by aggregating magnetic particles of which
each of surfaces 1s 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 D1 satisfies the relationship:
D1<DZ=20 um; and

the polymer has an average coating thickness ¢



a pH meter configured to measure a pH value of the 15treated water in the mixing and precipitation
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 20precipitation tank is neutral, based on the pH value measured by the pH meter. - 64 -
ABSTRACT (FIG. I) "COPPER RECOVERY APPAR_’AT%J " According to one embodiment, a
copper recovery apparatus includes a precipitation tank,”a mixing tank, 5a filter-aid feeder, a
solid-liquid separator comprising a filter, a cleaning-water supply line, a cleaning-water discharge line,
a separation tank, ang.a filier-aidgyetyradings The precipitation tank is configured to receive copper
ions-containing water to 10be treated and an alkali to prepare treated water containing a precipitate of
copper compound. The sofid-liquidesepasator is-eanfigtired tpakow thes treatedrwater ta be passed
through the filter on which the precoat layer is deposited to separate the 15precipitate retained on the
mecoaﬂayerﬂonléﬁﬁ%ﬂe?r wherein the polymer is selected from the group
consisting of polyacrylonitrile, polymethylmethacrylate
5 and polystyrene, copolymer thereoi, phencl resin, and a
trialkoxysilane condensate.
4. The copper recovery apparatus according to
claim 1, wherein the magnetic particles comprise ircon.
5. The copper recovery apparatus according to
10 claim 4, 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.
6. The copper recovery apparatus according to
15 claim 4, wherein the magnetic particles comprise
magnetite.
7. The cecpper recovery apparatus accerding to
claim 1, further comprising:
a alkali feeder configured to add the alkali to
20 the precipilitation 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

tregated water in the precipitation tank is neutral,

based on the pH value measured by the pH meter.
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8. A copper recovery apparatus comprising:

a mixing and precipitation tank configured to
receive copper ilons—-containing water to be treated, an
alkall and a filter aild containing magnetic particles
having an average particle diameter of 0.5 to Z2C 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 fto convert at least a
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
solid-liguid separator being configured to receive the
suspension from the mixing and precipitation tc subject
the suspension to a filtration by the filter sc that
the precipitate and the filter aid which retain on the
filter is separated from a filtrate;

a cleaning-water supply line configured to supply
water tTo 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 cconfigured to
discharge from the solid-liguid separatocr the
precipitate and the filter aid together with the water

supplied by the cleaning water supply line to the
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filter;

a separation tank 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; and

a filter-aid return line configured to return the
filter aid separated in the separation tank to the
filter-aid feeder.

9. The copper recovery apparatus according to
claim B, wherein

the filter aid comprises an aggregate which is
chbtainable 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 um;

the aggregate has an average aggregate diameter D2
which together with DI satisfies the relationship:
D1<D2=20 um; and

the polymer has an average coating thickness t
ranging 0.01=t<0.25 um.

10. The copper recovery apparatus according to
claim 9, wherein the polymer is selected from the group
consisting of polyacrylonitrile, polymethylmethacrylét@
and polystyrene, copolymer thereof, phenol resin, and a
trialkoxysilane condensate.

11. The copper recovery apparatus according to
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claim 8, wherein the magnetic particles comprise iron.

12. The copper recovery apparatus according to
claim 11, wherein the magnetic particles comprise a
component selected from the group consisting of
magnetite, ilmenite, pyrrhotite, magnesia ferrite,
ccbhalt 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 pH meter configured to measure a pH value of the
treated water in the mixing and precipitation tank; and

an alkali-feed controller configured to controlled

the amount of the alkali added from the alkali feeder
te the mixing and precipitation tank so that the pH
value of the treated water in the mixing and
preciplitation tank is neutral, based on the pH value

measured by the pH meter.
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ABSTRACT {(FIG. 1)
“COPPER RECOVERY APPARATUS”

According tc one embodiment, a copper recovery
apparatus includes a precipitation tank, a mixing tank,
a filter—aid feeder, a solid-liquid separator
comprising a filter, a cleaning-water supply line, a
cleaning-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 an alkali to prepare treated water
containing a precipitate of copper compound. The
solid-liquid separator is configured to allow the
treated water to be passed through the filter on which
the precoat layer is deposited to separate the
precipitate retained on the precoat layer from a

filtrate,.



