Title of Invention: METHOD AND APPARATUS FOR TREATI NG
COPPER- CONTAI NI NG WASTEWATER

Field of Invention

[ 0001] The present invention relates to a nethod and an
apparatus for treating copper-containing wast ewater
contai ni ng an organi ¢ substance, copper ions capabl e of
formng a conplex with the organic substance, fluoride ions,
phosphat e i ons, and hydrogen peroxide and to a nethod and an
apparatus for treating the copper-containing wastewater

whi ch enabl e further reductions in concentrations of copper,
fluorine, and phosphorus in the treated water and thereby
reduce the amount of chemcals used in the treatnent and the
anount of sludge generated in the treatnent.

Background of I|nvention

[ 0002] Copper-wiring substrates, which include copper
wires having low wiring resistance, have been increasingly
comonly used as a substrate in sem conductor devices. The
step of formng copper wires on a silicon substrate requires
wet etching. The etching liquid used in this step contains
hydr ogen peroxi de used as an agent for etching copper. The
etching liquid also contains a fluorine conmpound, a
phosphate, an organic acid, a chelating agent, a nitrogen
conmpound, and the like in order to, for exanple, control the
etching rate. Exanples of the fluorine conpound include HF

NaF, Al F3;, HBF4;, and NH;F. Exanpl es of the phosphate include



K,HPQy, Na,HPO,, CaHPQ,, BaHPQi, (NH:) HbPQ:, and ( NHi) sPO..
Exanpl es of the organic acid include acetic acid, butanoic
acid, citric acid, formc acid, gluconic acid, glycolic acid,
mal oni ¢ acid, and oxalic acid. Exanples of the chel ating
agent include nitrilotriacetic acid,

et hyl enedi am netetraacetic acid, and

di ethylenetrinitril epentaacetic acid. Exanples of the

ni trogen conpound i nclude heterocyclic aromatic conmpounds
such as pyrrole, oxazole, imdazole, pyrazole, and triazol e;
and heterocyclic aliphatic conpounds such as pi perazi ne and
met hyl pi perazi ne (see, Patent Literatures 1 to 4).

[ 0003] Thus, wastewater from copper-etching, which is

di scharged fromthe step of form ng copper wires by wet

et ching, contains hydrogen peroxide, fluoride ions,
phosphate ions, and an organi c substance, which originate
fromthe etching liquid. The wastewater from copper-etching
al so contains copper renoved by etching, and a part of the
copper forns a conplex with the chelating agent contained in
the etching |iquid.

[ 0004] There have been proposed nethods for treating

wast ewat er from copper-etchi ng contai ni ng hydrogen peroxi de
(see, Patent Literatures 5 and 6), in which acidic
wastewater is neutralized in order to deconpose hydrogen
peroxi de, a coagulant is added to the neutralized wastewater

in order to forma precipitate containing copper by



coagul ati on,

[ 0005]

wast ewat er contai ni ng a heavy- net al

Literatures 7 and 8),

conpl ex (see,

and the precipitate is separated and renoved.
There have al so been proposed nethods for treating
Pat ent

in which a magnesi um conpound i s added

to the wastewater and solid-liquid separation is conducted

at a pH of 9 or

t he wast ewat er.
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[ 0007] The techni que disclosed in Patent Literature 5
enabl es the renoval of hydrogen peroxi de and copper that has
not fornmed a conplex. However, it is not possible to renove
copper that has forned a conpl ex because such copper does
not precipitate. Therefore, it is not possible to neet the
wast ewater quality standard by the technique. In addition,
al t hough there have recently been an increasi ng nunber of
cases where the wastewater from copper-etching contains
fluoride ions and phosphate ions, it is not possible to
remove these ions by the above technique. As a result, it
is not possible to neet the wastewater quality standard by
the technique as is the case for copper.

[ 0008] In the techni ques disclosed in Patent Literatures 7
and 8, treating copper that has formed a conplex until the
concentration of copper is reduced to neet or be within the
limt specified by the wastewater quality standard requires
a | arge anount of magnesi um conpound used as a treatnent
chem cal. This disadvantageously increases the treatnent
cost and the anount of sludge generated. Moreover, since a
magnesi um conpound al so reacts with fluoride ions and
phosphoric acid, the amobunt of nmagnesiumused is likely to

i ncrease when the wastewater contains fluoride ions and
phosphate ions. This disadvantageously further increases

t he amount of magnesi um hydr oxi de sl udge, which has a high

wat er content.



[ 0009] An object of the present invention is to address

t he above-descri bed issues and to provide a nethod and an
apparatus for treating copper-containing wast ewat er
contai ni ng an organi ¢ substance, copper ions capabl e of
formng a conplex with the organic substance, fluoride ions,
phosphat e i ons, and hydrogen peroxide. The nethod and the
apparatus for treating the copper-containing wastewater
enabl e further reductions in the concentrations of copper,
fluorine, and phosphorus in the treated water w thout
excessively increasing the amount of chem cals used in the
treatnent and the anmount of sludge generated in the

treat nent.

Solution to Problem

[ 0010] The inventors of the present invention conducted
extensive studies in order to address the above-described

i ssues and, as a result, found that, in the treatnent of
copper-cont ai ni ng wast ewat er contai ni ng an organi ¢ substance,
copper ions capable of formng a conplex with the organic
substance, fluoride ions, phosphate ions, and hydrogen
peroxide, it is possible to produce treated water having
sufficiently reduced concentrations of copper, fluorine, and
phosphorus with consistency by controlling the pH of the
wastewater to 4 or nore in order to deconpose and renobve
hydr ogen peroxi de, adding a cal ci um conpound and a nmagnesi um

conmpound to the resulting wastewater, subsequently



conducting a reaction at a pHof 9 to 13 in order to form

i nsol ubl e matter, and renoving the insoluble matter by
solid-liquid separation. The inventors also found that it
is possible to limt an increase in the anmount of magnesi um
conpound used and thereby reduce the formati on of magnesi um
hydr oxi de sl udge having a high water content by setting the
anount of cal ci um conmpound added to be | arger than the
reacti on equival ent of fluoride ions and phosphate ions and
by performng the treatnment in which the cal ci um conpound
and the magnesi um conmpound are added to the wastewater, a
reaction i s subsequently conducted at a pHof 9 to 13 in
order to forminsoluble matter, and the insoluble matter is
renmoved by solid-liquid separation in two stages in which
the addition of the magnesi um conpound and the renoval of
the resulting insoluble matter by solid-liquid separation
are conducted after the addition of the cal cium conpound and
the renmoval of the resulting insoluble matter by solid-
[iquid separation.

[ 0011] The present invention was nade on the basis of the
above-described findings. The summary of the present
invention is as described bel ow

[0012] [1] A nethod for treating copper-containing

wast ewat er contai ning an organi ¢ substance, copper ions
capable of formng a conplex with the organi c substance,

fluoride ions, phosphate ions, and hydrogen peroxide, the



met hod conprising: a first step in which a pH of the
wastewater is controlled to be 4 or nore; and a second step
in which a cal cium conpound and a magnesi um conpound are
added to water treated in the first step, a reaction is
conducted at a pHof 9 to 13 in order to forminsol uble
matter, and the insoluble matter is renoved by solid-liquid
separation

[0013] [2] The nmethod for treating the copper-containing
wast ewat er according to [1], wherein the second step
includes: a first substep in which the cal cium conpound is
added to the water treated in the first step, a reaction is
conducted at a pHof 6 to 10 in order to forminsol uble
matter, and the insoluble matter is renoved by solid-liquid
separation; and a second substep in which the magnesi um
conpound is added to water treated in the first substep, a
reaction is conducted at a pHof 9 to 13 in order to form

i nsol uble matter, and the insoluble matter is renoved by
solid-liquid separation.

[0014] [3] The nethod for treating the copper-containing
wast ewat er according to [1] or [2], further conprising a
pretreatnment step in which an al um ni um conpound i s added to
the wastewater and a reaction is conducted at a pH of 1 to 4,
the pretreatnent step being conducted prior to the first

st ep.

[0015] [4] The nmethod for treating the copper-containing



wast ewat er according to any one of [1] to [3], wherein the
anmount of the cal ci um conpound added in the second step is

| arger than the reaction equivalent of fluoride ions and
phosphate ions included in the water treated in the first
step by 20 to 2000 ng-Ca/L.

[0016] [5] The nethod for treating the copper-containing
wast ewat er according to any one of [1] to [4], further
conprising a nitrification-denitrification step in which
water treated in the second step is subjected to
nitrification and denitrification.

[0017] [6] An apparatus for treating copper-containing

wast ewat er contai ning an organi ¢ substance, copper ions
capable of formng a conplex with the organi c substance,
fluoride ions, phosphate ions, and hydrogen peroxide, the
apparatus conprising: a first treatnent unit that controls a
pH of the wastewater to be 4 or nore; and a second treatnment
unit that adds a cal ci um conpound and a nagnesi um conpound
to water treated in the first treatnment unit, conducts a
reaction at a pHof 9 to 13 in order to forminsol uble
matter, and renoves the insoluble matter by solid-liquid
separation

[0018] [7] The apparatus for treating the copper-containing
wast ewat er according to [6], wherein the second treatnent
unit includes: a first subunit that adds the cal ci um

conmpound to the water treated in the first treatnment unit,



conducts a reaction at a pHof 6 to 10 in order to form

i nsol ubl e matter, and renoves the insoluble matter by solid-
liquid separation; and a second subunit that adds the
magnesi um conpound to water treated in the first subunit,
conducts a reaction at a pHof 9 to 13 in order to form

i nsol ubl e matter, and renoves the insoluble matter by solid-
[iquid separation.

[0019] [8] The apparatus for treating the copper-containing
wast ewat er according to [6] or [7], further conprising a
pretreatnment unit that adds an al um ni um conpound to the
wast ewat er and conducts a reaction at a pHof 1 to 4, the
pretreatnment unit being di sposed upstream of the first
treatment unit.

[0020] [9] The apparatus for treating the copper-containing
wast ewat er according to any one of [6] to [8], wherein the
anount of the cal ci um conpound added by the second treatnent
unit is larger than the reaction equivalent of fluoride ions
and phosphate ions included in the water treated in the
first treatnent unit by 20 to 2000 ng- Ca/L.

[0021] [10] The apparatus for treating the copper-
cont ai ni ng wast ewat er according to any one of [6] to [9],
further conprising a nitrification-denitrification unit that
subj ects water treated in the second treatnment unit to
nitrification and denitrification.

Advant ageous Effects of Invention



[ 0022] According to the present invention, in the
treat ment of copper-containing wastewater containing an
or gani ¢ substance, copper ions capable of form ng a conpl ex
with the organic substance, fluoride ions, phosphate ions,
and hydrogen peroxide, such as wastewater from copper-
etching, it is possible to produce high-quality treated
wat er having sufficiently reduced concentrati ons of copper,
fluorine, and phosphorus with consistency w thout
excessively increasing the anount of chem cals used in the
treatment and the anount of sludge generated in the
treat ment.
Brief Description of Draw ngs
[ 0023] [Fig. 1] Fig. 1 is a systemdiagramillustrating
an exanpl e of an apparatus for treating copper-containing
wast ewat er according to an enbodi nent of the present
i nvention.

[Fig. 2] Fig. 2is a systemdiagramillustrating
anot her exanpl e of an apparatus for treating copper-
cont ai ni ng wast ewat er according to an enbodi nent of the
present invention.

[Fig. 3] Fig. 3 is a systemdiagramillustrating
anot her exanple of an apparatus for treating copper-
cont ai ni ng wast ewat er according to an enbodi nent of the
present invention.

Description of Enbodi nents



[ 0024] The enbodi nent of the present invention is
described below in detail wth reference to the attached
dr awi ngs.
[ 0025] Figs. 1 to 3 are systemdiagrans illustrating
exanpl es of an apparatus for treating copper-containing
wast ewat er according to an enbodi nent of the present
invention. In Figs. 1 to 3, nenbers having the sane
function are denoted by the sane reference nuneral.
[ 0026] <Raw Wat er >

One of the nobst conmon exanpl es of the copper-
cont ai ni ng wastewat er contai ning an organi ¢ substance,
copper ions capable of formng a conplex with the organic
substance, fluoride ions, phosphate ions, and hydrogen
peroxi de (hereinafter, may be referred to as "raw water")
which is to be treated in the present invention is a waste
liquid from copper-etching generated in the production of
sem conductors or printed circuit boards. However, the
copper-contai ning wastewater that is to be treated in the
present invention is not limted to a waste liquid from
copper-etching and nay be any copper-contai ni ng wast ewat er
cont ai ni ng an organi ¢ substance, copper ions capabl e of
formng a conplex with the organic substance, fluoride ions,
phosphat e i ons, and hydrogen peroxi de, such as wastewater
from CVP or wastewater from copper-plating.

[ 0027] The typical qualities of a waste liquid from



copper-etching suitable as raw water are as foll ows.
<Qualities of Waste Liquid from Copper-etching Generated in
Production of Liquid Crystal s>

pH: 1 to 3

TOC. 50 to 20,000 ny/L

Cu: 50 to 5,000 ny/L

F: 5 to 2,000 ng/L

P. 10 to 5,000 ng/L

HG: 1,000 to 300,000 ng/L
[ 0028] <First Step>

In the first step according to the present invention,
an al kaline agent is added to the raw water in order to
control the pH of the raw water to be 4 or nore and hydrogen
peroxi de contained in the raw water is thereby deconposed.
The first step is conducted in the first reaction tank 1
illustrated in Figs. 1 and 2, which serves as a first
treatment unit. The pH of the raw water introduced to the
first reaction tank 1 is controlled to be 4 or nore as a
result of the addition of the al kaline agent such as sodi um
hydroxi de (NaOH). This causes hydrogen peroxi de contai ned
in the raw water to deconpose. Deconposition of hydrogen
per oxi de proceeds by the reaction of Equation (1) bel ow.

HO, — HO + 1/20, .. (1)
[ 0029] Controlling the pH of the raw water to be 4 or nore

causes a part of copper contained in the wastewater to



precipitate and SS including copper to be fornmed. The
copper included in the SS serves as a catalyst in the
deconposition of hydrogen peroxide. Therefore, it is
possi bl e to deconpose and renove hydrogen peroxide with
efficiency by controlling only the pH of the raw water

Wi t hout using energies such as heat.

[ 0030] Exanpl es of the al kaline agent added to the raw
water in the first step include sodi um hydroxi de ( NaOH)

pot assi um hydr oxi de (KOH), and cal ci um hydroxi de (Ca(OH)>).
The above al kaline agents may be used al one or in

conbi nation of two or nore. The reaction is conducted at a
pH of 4 or nore, is preferably conducted at a pH of 6 to 13,
and is further preferably conducted at a pH of 8 to 11. The
hi gher the pH of the raw water, the higher the rate of
deconposi tion of hydrogen peroxide and the higher the
efficiency of the treatnent. However, the pH of the raw
water in the reaction is preferably within the above range
in order to reduce the amount of al kaline agent used and
ensure the safety of the work environnent.

Stirring may optionally be performed in order to
prevent the deposition of SS generated as a result of
controlling the pH of the raw water. Stirring can be
performed by using a stirring machi ne (mechani cal m xing) or
aeration.

[ 0031] Normal |y, the anmount of time during which the



reaction is conducted in the first step is preferably about
0.25 to 10 hours. Accordingly, it is preferable to design
the first reaction tank 1 such that the HRT (retention tine
in the tank) of the first reaction tank 1 falls wthin the
above range.
[ 0032] In the case where cal ci um hydroxide is used as an
al kaline agent in the first step, the reactions of Equations
(8) and (10) below, which are to occur in the second step,
may occur depending on the pH condition. Furthernore, in
the case where aeration is performed, precipitation of
cal cium carbonate proceeds partially. Al though the
occurrence of the reactions of Equations (8) and (10) bel ow
inthe first step does not particularly pose problens, a
| arge anount of SS may result in, for exanple, a significant
degree of deposition of the SS. Moreover, scale nay adhere
to an aeration tube. Therefore, in the first step, it is
preferable to use an al kali ne agent other than a cal ci um
conmpound.
[ 0033] <Second Step>

In the second step, a cal cium conpound and a nagnesi um
conpound are added to water treated in the first step, from
whi ch hydrogen peroxi de contained in the raw water has been
deconposed and renoved in the first step. A reaction is
subsequent|ly conducted at a pH of 9 to 13 in order to form

i nsoluble matter, which is subsequently renoved by solid-



liquid separation. Thus, treated water having reduced
concentrations of copper, fluorine, and phosphorus is

pr oduced.

[ 0034] Normally, it is possible to convert copper ions
that have not forned a conplex into insoluble matter by the
reaction of Equation (2) below by controlling only the pH of
the raw water.

Cu?* + 20H — Cu(OH), .. (2)

However, when the raw water contains a chel ati ng agent,
copper ions "Cu?" and the chelating agent "L" forma stable
conplex as in Equation (3) below, which retards the reaction
of Equation (2) above.

Cu®* + L » CuL .. (3)

2+n

Simlarly, magnesium "M forms a conplex with the

chel ating agent "L" as in Equation (4) bel ow

My>* + L > ML .. (4)

Therefore, making the raw water alkaline in the
presence of magnesium all ows the reactions of Equations (5)
and (6) to proceed. This converts the copper ions that have
formed a conplex into insoluble matter

CuL + My** + 204

— Cu(OH), + ML ... (5)
ML + 20H — My(OH)» ... (6)
[ 0035] Fl uori de ions can be nade to be insol uble by the

reactions of Equations (7) and (8) below. The reaction of



Equation (7) belowis a reaction in which fluoride ions are
renmoved by coprecipitati on when magnesi um hydroxide is
preci pitated. Renoving a high concentration of fluoride
ions by this reaction requires a |arge anount of magnesi um
conmpound and is not effective. Accordingly, in the present
i nvention, the nost part of fluoride ions are precipitated
in the formof calciumfluoride by the reaction of Equation
(8) below, and the remaining small anount of fluoride ions
are renmoved by Equation (7) below. This limts an increase
in the amount of magnesi um conpound used. Limting an
increase in the anmount of magnesi um conpound used, in turn,
[imts an increase in the anount of nmagnesi um hydroxi de
sl udge gener at ed.

XF + My?* + 20H

— My(OH) 2 Ky .. (7)

2F + Ca®* —» CaF, ... (8)
[ 0036] Phosphate ions can be made to be insoluble by the
reactions of Equations (9) and (10) below. In the present
i nvention, the nost part of phosphate ions are precipitated
in the formof hydroxyapatite by the reaction of Equation
(10) below, and the remaining snmall amount of phosphate ions
are renmoved by Equation (9) below. This limts an increase
in the amount of magnesi um conpound used. Limting an
i ncrease in the anmount of magnesi um conpound used, in turn,

[imts an increase in the anount of nmagnesi um hydroxi de



sl udge gener at ed.

2PQ> + 3My* > Mys(PQy) 2 .. (9)
6PO,> + 10Ca%* + 20H
— Caio( POs) 6( OH) 2 ... (10)

[ 0037] Exanpl es of the magnesi um conpound i ncl ude
magnesi um hydr oxi de (Mg(OH),) and magnesi um chl oride (Myd ;).
The above nagnesi um conpounds nay be used alone or in

conbi nation of two or nore. Exanples of the cal ci um
conmpound i ncl ude cal ci um hydroxi de (Ca(OH),), cal cium
carbonate (CaCQ;), and calciumchloride (Cad ;). The above
cal ci um conpounds may be used al one or in conbination of two
or nore. The amount of cal ci um conpound is preferably

| arger than the reaction equivalent of fluoride ions and
phosphate ions contained in the water treated in the first
step (in the case where a cal cium conpound is not used as an
al kaline agent in the first step, this reaction equival ent
is equal to the reaction equivalent of fluoride ions and
phosphate ions contained in the raw water) by 20 to 2000 ng-
Ca/L. In other words, the amount of cal ci um conpound is
preferably larger than the total of the reaction equival ents
in Equations (8) and (10) above by 20 to 2000 ng-Ca/L and
particularly preferably 50 to 500 ng-Ca/L in terns of

cal cium concentration. If the amount of excess cal ci um
conpound is less than the above lower |imt, an increase in

t he amount of magnesi um conpound used may fail to be limted



to a sufficient degree by the addition of the cal ci um
conpound. If the anmount of excess cal cium conpound is nore
than the above upper |imt, the advantageous effect may stop
i ncreasing and only the anount of cal ci um conmpound used may
di sadvant ageously i ncrease.

[ 0038] The anount of nagnesi um conpound may be set such
that the anpbunts of the copper, fluorine, and phosphorus
contained in the raw water are reduced to a sufficient
degree by the reactions of Equations (5), (6), (7), and (9)
above and, normally, is preferably about 5 to 100 tines

(rmol /nol ) the anmount of conpl ex-type copper.

[ 0039] The pH at which a reaction is conducted in the
second step is 9 to 13 and is preferably 10 to 12. Thus, an
al kaline agent is added to the water treated in the first
step as needed in order to control the pH of the water. In
t he case where the nagnesi um conpound and the cal ci um
conpound are al kaline, they nmay serve al so as al kaline
agents.

[ 0040] In the present invention, the second step, in which
a cal ci um conpound and a nagnesi um conpound are added to the
water treated in the first step, a reaction is conducted at
a pHof 9to 13 in order to forminsoluble natter, and the
insoluble matter is renoved by solid-liquid separation, may
be conducted in one stage or two stages. In the case where

the second step is conducted in tw stages, a first substep



and a second substep are conducted. In the first substep,
the cal ci um conpound is added to the water treated in the
first step, a reaction is conducted at a pH of 6 to 10 in
order to forminsoluble matter, and the insoluble matter is
removed by solid-liquid separation. In the second substep,
t he magnesi um conpound is added to water treated in the
first substep (water produced by solid-liquid separation), a
reaction is conducted at a pHof 9 to 13 and is preferably
conducted at a pHof 10 to 12 in order to forminsoluble
matter, and the insoluble matter is renoved by solid-liquid
separati on

[ 0041] In the case where the above two-stage treatnent is
performed, in the first substep, the cal cium conpound is
added to the water treated in the first step, a reaction is
conducted at a pHof 6 to 10 in order to forminsol uble
matter, and the insoluble matter is renoved by solid-liquid
separation in order to produce treated water having reduced
concentrations of copper, fluorine, and phosphorus.

In the first substep, copper ions, fluoride ions, and
phosphate ions are nmade to be insoluble by the reactions of
Equations (2), (8), and (10) above, respectively, in order
to roughly renove copper, fluorine, and phosphorus.
Perform ng the above two-stage treatnment further reduces the
anount of nmagnesi um conpound used in the second substep

[ 0042] The amount of cal ci um conpound used in the first



substep in the case where the two-stage treatnent is
performed is, as described above, preferably larger than the
reacti on equival ent of fluoride ions and phosphate ions
contained in the water treated in the first step (in the
case where a cal cium conpound is not used as an al kal i ne
agent in the first step, this reaction equivalent is equal
to the reaction equivalent of fluoride ions and phosphate
ions contained in the raw water) by 20 to 2000 ng-Ca/L and
particularly preferably 50 to 500 ng-Ca/L in terns of

cal cium concentration. Wile the pH at which the reaction
is conducted in the first substep is 6 to 10, the pHis
preferably 6 to 7 in the case where priority is given to the
renoval of fluoride ions and to 8 to 10 in the case where
priority is given to the renoval of copper ions and
phosphate ions. Therefore, in the first substep, an acid
such as sulfuric acid (H,SOQ;) or hydrochloric acid (HCO) may
optionally be used in order to control the pH

[ 0043] In the first substep, a coagulant aid such as
ferric chloride, polysteel, polyalum niumchloride (PAC), or
alum nium sul fate may optionally be used. In the case where
priority is given to the renoval of fluorine, it is
preferable to use an al um ni um conpound such as

pol yal umi nium chloride or alum niumsulfate at a
concentration of about 20 to 500 ng/L and conduct a reaction

at a pHof 6 to 7.



[ 0044] Fig. 1 illustrates a treatnent apparatus that
conducts the second step in one stage. In a second reaction
tank 2, a cal cium conmpound such as Cad ,, a magnesi um
conpound such as MyCd ,, and, optionally, an al kaline agent
such as NaCH are added to the water treated in a first
reaction tank 1, and a treatnent is perfornmed at a pH of 9
to 13 and preferably at a pH of 10 to 12 in order to form
insoluble matter. The resulting reaction |iquid containing
the insoluble matter is fed to a coagulation tank 3, in

whi ch a pol ymer coagulant is added to the reaction liquid in
order to perform coagul ation. The coagul ated water is

subj ected to solid-liquid separation in a sedinmentation tank
4, and the separated water is extracted as treated water.

[ 0045] In the above one-stage treatnent, normally, the
reaction is preferably conducted for about 5 to 60 m nutes.
Accordingly, it is preferable to design the second reaction
tank 2 such that the HRT (retention time in the tank) of the
second reaction tank 2 falls within the above range.

The pol yner coagul ant used in the coagul ation tank 3
may be anionic, nonionic, or cationic and is preferably an
ani oni ¢ pol yner coagul ant. The anmount of the polyner
coagul ant used is preferably about 1 to 30 ny/L.

The conditions under which a treatnent is perfornmed in
the sedinentation tank 4 are not limted; the LV at which

the water is passed through the sedinentation tank 4 is



preferably about 1 to 5 nih.

[ 0046] Fig. 2 illustrates a treatnent apparatus that
conducts the second step in two stages. In a 2-1 second
reaction tank 2A, an acid such as H,SQ,, a cal ci um conpound
such as Cad ,, and a coagul ant aid such as PAC are added to
the water treated in a first reaction tank 1, and the water
is subsequently treated at a pH of 6 to 10, preferably at a
pH of 6 to 7 or a pHof 8 to 10 in order to forminsol uble
matter. The resulting reaction liquid containing the
insoluble matter is fed to a first coagulation tank 3A, in
whi ch a pol yner coagulant is added to the reaction liquid in
order to perform coagul ation. The resulting coagul ated
water is subjected to solid-liquid separation in a first
sedinentation tank 4A. In a 2-2 second reaction tank 2B, a
magnesi um conpound such as Mgd , and, optionally, an

al kal i ne agent such as NaOH are added to the water treated
inthe first sedinentation tank 4A (separated water), and
the water is treated at a pHof 9 to 13 and preferably at a
pH of 10 to 12 in order to forminsoluble matter. The
resulting reaction liquid containing the insoluble matter is
fed to a second coagul ation tank 3B, in which a pol yner
coagulant is added to the reaction liquid in order to
perform coagul ati on. The coagul ated water is subjected to
solid-liquid separation in a second sedi nentation tank 4B.

The resulting separated water is extracted as treated water.



[ 0047] In the above two-stage treatnent, normally, the
anount of tinme during which the reaction is conducted in the
first substep is preferably about 5 to 60 m nutes.
Accordingly, it is preferable to design the 2-1 second
reaction tank 2A such that the HRT (retention time in the
tank) of the 2-1 second reaction tank 2A falls within the
above range.

The pol yner coagul ant used in the first coagul ation
tank 3A may be anionic, nonionic, or cationic and is
preferably an anionic polymer coagul ant. The anmount of the
pol ymer coagul ant used is preferably about 1 to 10 ny/L.

The conditions under which the treatnent is perforned
in the first sedinentation tank 4A are not limted; the LV
at which the water is passed through the first sedi nentation
tank 4A is preferably about 1 to 5 mh.

[ 0048] Norrmal |y, the anmount of time during which the
reaction is conducted in the second substep is preferably
about 5 to 60 mnutes. Accordingly, it is preferable to
design the 2-2 second reaction tank 2B such that the HRT
(retention time in the tank) of the 2-2 second reaction tank
2B falls within the above range.

The pol yner coagul ant used in the second coagul ati on
tank 3B nay be anionic, nonionic, or cationic and is
preferably an anionic polynmer coagulant. The anmount of the

pol ymer coagul ant used is preferably about 1 to 30 ny/L.



The conditions under which the treatnent is perforned
in the second sedinentation tank 4B are not limted; the LV
at which the water is passed through the second
sedinmentation tank 4B is preferably about 1 to 5 nih.
[ 0049] Through the above second step, the concentrations
of Cu, F, and P in the treated water are reduced to about
0.1 to 1 ng-Cu/L, about 0.5 to 8 ng-F/L, and about 0.1 to 1
ng- P/ L, respectively.
[ 0050] <Pretreatnent Step>

In the present invention, a pretreatnment step in which
an al um ni um conpound is added to the raw water and a
reaction is subsequently conducted at a pH of 1 to 4 may
optionally be conducted prior to the first step, in which
the pH of the raw water is controlled in order to deconpose
and renove hydrogen peroxide. Conducting the pretreatnent
step is advantageous in the case where the raw water
cont ai ns borofluoride. Adding an al um ni um conpound to the
raw wat er and subsequently conducting a reaction at a pH of
1 to 4 causes borofluoride contained in the raw water to
deconpose. Fluorine that originates from borofluoride can
be renoved in the second step.
[ 0051] In the above pretreatnent step, borofluoride
contained in the raw water is deconposed by the reaction of
Equation (11) below. The resulting alum niumfluoride is

made to be insoluble by the reaction of Equation (12) bel ow



in the second step.
3HBF, + 2AI %" + 9H,0
— 2A F¢* + 3HsBO; + 12H" .. (11)
2Al F¢> + 3Ca** + 3OH
— 3CaF, + Al (OH) ;3 .. (12)
[ 0052] Exanpl es of the al um nium conpound used in the
pretreatnment step include alum nium chloride, polyal um ni um
chl oride (PAC), and alum nium sulfate. The above al um ni um
conpounds may be used al one or in conbination of two or nore.

The anmpunt of al um ni um conpound used nmay be equal to
or larger than the reaction equival ent of borofluoride
contained in the raw water and is preferably, for exanpl e,
Al/F =1 to 20 nol/nol relative to the anount of fluorine
contained in the raw water.

In the case where the raw water is a waste liquid from
copper-etching, it is not necessary to control the pH of the
raw wat er since the copper etching waste liquid comonly has
a pH of about 1 to 4. However, when the pH of the raw water
is nmore than 4, an acid such as sulfuric acid (HSQO;) or
hydrochloric acid (HC) is preferably added to the raw water
as needed in order to control the pH of the raw water to be
about 1 to 4 and particularly preferably about 1.5 to 2.5.

The anmount of time during which the reaction is
conducted in the pretreatnent step is preferably about 0.5

to 5 hours.



[ 0053] Fig. 3 illustrates a treatnent apparatus based on
that illustrated in Fig. 2 which further includes a
pretreatnment tank 5 used for conducting the above
pretreatnment step. Specifically, the treatnent apparatus
includes a pretreatnent tank 5 di sposed upstream of the
first reaction tank 1. The pretreatnent tank 5 adds an

al um ni um conpound such as PAC and, optionally, an acid such
as H,SO, to the raw wat er and subsequently causes a reaction.
The treatnent apparatus has the sane structure as that
illustrated in Fig. 2, except that the first reaction tank 1
is fed with the water treated in the pretreatnent tank 5.

[ 0054] The pretreatnent tank 5 may al so be di sposed
upstreamof the first reaction tank 1 in the treatnment
apparatus illustrated in Fig. 1.

[ 0055] <Ot her Treatnent Steps>

In the present invention, steps other than the above-
descri bed treatnent steps may be conducted between the
above-described treatnent steps or prior to or subsequent to
t he above-described treatnent steps.

For exanple, in the case where the raw water contains a
ni trogen conpound, a step in which the water treated in the
second step is further subjected to nitrification and
denitrification nmay be conducted. Conducting such a
nitrification-denitrification step enables the nitrogen

conmpound remaining in the water treated in the second step



to be deconposed and renoved and thereby further increases
the quality of the treated water.

A solid-liquid separation unit used in the present
invention is not limted to a sedinentation tank and may be
a nmenbrane separation device, a flotation-separation tank,
or the Ilike.

EXAVPLES

[ 0056] The present invention is described nore
specifically with reference to Invention exanples and
Conpar ati ve exanpl es bel ow.

[ 0057] [ Exanpl es 1 and 2]

Wast ewat er from copper-etching having the qualities
described in Table 1 was used as raw water and treated with
the apparatus illustrated in Fig. 1. The polynmer coagul ant
used was an ani oni ¢ pol ynmer coagul ant "KURI FLOCK PA331"
produced by Kurita Water Industries Ltd.

Tabl e 2 summari zes the conditions under which a
treatment was perfornmed in each tank. Table 4 summari zes
the qualities of the treated water and the anount of sludge
generated per liter of the raw water.

[ 0058] Not e that the anmpunt of CaCl, corresponding to the
total of the reaction equivalents of fluoride ions and
phosphate ions contained in the raw water was 78 ny-Ca/L.
Thus, 400 ng-Ca/L of CaC , added was |arger than the

reacti on equival ent by 322 ny-Ca/L.



[0059] [Table 1]

Item Unit Value
pH — 3.5
TOC mg.” L 90
Cu mg.” L 100
F mg.” L 15
P mg.” L 30
H20, mg./ L 5000

[ 0060] [ Conpar ati ve Exanples 1 and 2]

In Conparative Exanples 1 and 2, the raw water was
treated as in Exanples 1 and 2, respectively, except that
CaCl , was not added to the second reaction tank.

Table 2 summari zes the conditions under which a
treatment was perfornmed in each tank. Table 4 summarizes
the qualities of the treated water and the anmount of sludge
generated per liter of the raw water.

[ 0061] [ Conpar ati ve Exanpl e 3]

The raw water was treated as in Conparative Exanples 1
and 2 such that the Cu concentration of the treated water
reached 1 ng/L or less by using only Mgd ,, but not Cad ..

Table 2 summari zes the conditions under which a
treatment was perfornmed in each tank. Table 4 summari zes
the qualities of the treated water and the anount of sludge

generated per liter of the raw water.



[0062] [Table 2]
Ttem3X Unit Example 1 | Example 2 Comparative | Comparative | Comparative
example 1 example 2 example 3
First HRT min 120 120 120 120 120
reaction tank oH _ 10 10 10 10 10
HRT min 20 20 20 20 20
Second pH — 11. 5 11. 5 11. 5 11. 5 11. 5
reaction tank MgCl, mg—Mg L| 200 500 200 500 1000
CaCl, mg—Ca./ L 400 400 0 0 0
HRT min 5 5 5 5 5
Coagulation tank
Polymer me./L 3 3 3 3 3
coagulant
Sedimentation LV mh 3 3 3 3 3
tank

% “MgCl,”, “CaCl,”, and “Polymer coagulant” refer to the amounts of MgCl,, CaCl,, and polymer coagulant that were
added to the tank, respectively.

[ 0063] [ Exanpl es 3 and 4]

Wast ewat er from copper-etching having the qualities
described in Table 1 was used as raw water and treated with
the apparatus illustrated in Fig. 2. The polynmer coagul ant
used was an ani oni ¢ pol ynmer coagul ant "KURI FLOCK PA331"
produced by Kurita Water Industries Ltd.

Tabl e 3 summari zes the conditions under which a
treatment was perfornmed in each tank. Table 4 summarizes
the qualities of the treated water and the anmount of sludge

generated per liter of the raw water.




[0064] [Table 3]
[tem?3% Unit Example 3 | Example 4
HRT min 120 120
First reaction tank
pH — 10 10
HRT min 20 20
2-1 second pH — 9.0 9.0
reaction tank CaCl, mg—Ca. L | 400 400
PAC mg—Al~L 5 5
HRT min 5 5
First coagulation tank
Polymer meL ; ;
coagulant
First sedimentation tank LV m.” h 3 3
HRT min 20 20
2-2 second
reaction tank pH _ 1.5 1.5
MgCl, mg—Mg.”L 50 200
HRT min 5 5
Second coagulation
tank Polymer meL 3 3
coagulant
Second sedimentation LV . h 3 3

tank

$“MgCl,”, “CaCl,”, “PAC”, and “Polymer coagulant” refer to the amounts of

MgCl,, CaCl,, PAC, and polymer coagulant that were added to the tank,

respectively.




[ 0065] [ Tabl e 4]
[tem Unit Example 1|Example 2 [Example 3 |Example 4 Comparative | Comparative | Comparative
example 1 example 2 example 3
Cu mg./L 0.4 0.2 0.7 0.2 7.5 1.3 0.9
Qualities
of F me./L 2.5 1.5 5.0 2.5 6.0 1.5 1.0
treated P mg./L 1.0 0.5 0.5 0.5 4.2 1.0 0.8
water
H,0, mg./ L <1 <1 <1 <1 <1 <1 <1
Amount of sludge | .t 1| 3700 | 8700 | 1700 | 3700 3900 8500 16500
generated
[ 0066] As is clear from Table 4, the method according to

the present invention enabled the concentrations of copper,

fluorine, and phosphorus in the treated water to be reduced

to a lower |level and achi eved consistent water quality
wi t hout excessively increasing the anount of magnesi um
conpound used and the anount of sludge generated as a result
of the addition of the nagnesi um conpound even when the
wast ewat er from copper-etching, which contained copper ions

capable of forming a conplex with an organi c substance,

further contained fluoride ions and phosphate ions.

Ref erence Signs Li st

[ 0067]

1 FIRST REACTI ON TANK

2 SECOND REACTI ON TANK

2A 2-1 SECOND REACTI ON TANK

2B 2-2 SECOND REACTI ON TANK

3 COAGULATI ON TANK

3A FI RST COAGULATI ON TANK

3B SECOND COAGULATI ON TANK



4 SEDI MENTATI ON TANK

4A FI RST SEDI MENTATI ON TANK
4B SECOND SEDI MENTATI ON TANK
5 PRETREATMENT TANK



CLAI M5
[Caim1]

A pH of copper-containing wastewater containing an
organi ¢ substance, copper ions capable of form ng a conpl ex
with the organi c substance, fluoride ions, phosphate ions,
and hydrogen peroxide is controlled to be 4 or nore; a
cal ci um conpound and a nagnesi um conpound are added to water
treated in the first step; a reaction is conducted at a pH
of 9 to 13 in order to forminsoluble matter; and the
insoluble matter is renmoved by solid-liquid separation.

[ A ai m 2]

The nethod for treating the copper-containing
wast ewat er according to Claiml1, wherein the second step
i ncl udes:

a first substep in which the cal cium conpound i s added
to the water treated in the first step, a reaction is
conducted at a pHof 6 to 10 in order to forminsol uble
matter, and the insoluble matter is renoved by solid-liquid
separation; and

a second substep in which the magnesi um conmpound is
added to water treated in the first substep, a reaction is
conducted at a pHof 9 to 13 in order to forminsol uble
matter, and the insoluble matter is renoved by solid-liquid
separati on

[ O ai m 3]



The nmethod for treating the copper-containing
wast ewat er according to Claiml or 2, further conprising a
pretreatnment step in which an al um ni um conpound i s added to
the wastewater and a reaction is conducted at a pH of 1 to 4,
the pretreatnent step being conducted prior to the first
st ep.

[ O ai m 4]

The nethod for treating the copper-containing
wast ewat er according to any one of Clains 1 to 3, wherein
t he amount of the cal cium conpound added in the second step
is larger than the reaction equivalent of fluoride ions and
phosphate ions included in the water treated in the first
step by 20 to 2000 ng- Ca/L.

[ A ai m 5]

The nethod for treating the copper-containing
wast ewat er according to any one of Clains 1 to 4, further
conprising a nitrification-denitrification step in which
water treated in the second step is subjected to
nitrification and denitrification.

[ aim 6]

An apparatus for treating copper-containing wast ewater
contai ni ng an organi ¢ substance, copper ions capabl e of
formng a conplex with the organic substance, fluoride ions,
phosphat e ions, and hydrogen peroxi de, the apparatus

conpri si ng:



a first treatnment unit that controls a pH of the
wast ewater to be 4 or nore; and

a second treatnent unit that adds a cal ci um conpound
and a magnesi um conpound to water treated in the first
treatment unit, conducts a reaction at a pHof 9 to 13 in
order to forminsoluble matter, and renoves the insol uble
matter by solid-liquid separation.

[Claim7]

The apparatus for treating the copper-containing
wast ewat er according to Caim6, wherein the second
treatment unit includes:

a first subunit that adds the cal cium conpound to the
water treated in the first treatnment unit, conducts a
reaction at a pHof 6 to 10 in order to forminsol uble
matter, and renoves the insoluble matter by solid-liquid
separation; and

a second subunit that adds the magnesi um conpound to
water treated in the first subunit, conducts a reaction at a
pH of 9 to 13 in order to forminsoluble matter, and renobves
the insoluble nmatter by solid-liquid separation.

[ O ai m 8]

The apparatus for treating the copper-containing
wast ewat er according to Claim6 or 7, further conprising a
pretreatnent unit that adds an al um ni um conpound to the

wast ewat er and conducts a reaction at a pHof 1 to 4, the



pretreatnment unit being di sposed upstream of the first
treatment unit.
[C aim9]

The apparatus for treating the copper-containing
wast ewat er according to any one of Clains 6 to 8, wherein
t he anount of the cal ci um conpound added by the second
treatment unit is larger than the reaction equival ent of
fluoride ions and phosphate ions included in the water
treated in the first treatnent unit by 20 to 2000 ng- Ca/L.
[ A ai m 10]

The apparatus for treating the copper-containing
wast ewat er according to any one of Clains 6 to 9, further
conprising a nitrification-denitrification unit that
subj ects water treated in the second treatnment unit to

nitrification and denitrification.



