Bl OLOG CAL TREATMENT METHOD AND Bl OLOG CAL TREATMENT
APPARATUS

Field of Invention

[ 0001] The present invention relates to a nethod and an
apparatus for biological treatnment of organic wastewater
froma manufacturing process of electronic devices such as
sem conductors, liquid crystals and plasma di splays. Mre
particularly, the present invention relates to a biol ogical
treatment nethod and an apparatus that allow for a reduction
in an anount of an acid or an alkali required for pH

adj ustnment during the biological treatnent and thereby nake
it possible to reduce an

anount of an inorganic coagul ant used in a downstream
coagul ation step and to reduce salt |oads in reverse 0osSnosis
(RO nenbrane separation and i on exchange treatnent.
Background of I|nvention

[ 0002] A manufacturing process of electronic devices such
as sem conductors, liquid crystals and el ectronic displays
represented by plasnma di spl ays generates wastewaters
cont ai ni ng | ow nol ecul ar wei ght organic matter, for exanple,
al cohol such as isopropanol, ethanol and nethanol, and

am nes such as nonoet hanol am ne. For the purpose of reuse,
such organic wastewater is generally recovered and
biologically treated (for exanple, Patent Docunent 1). The

biologically treated water is further treated by coagul ation



separation, RO nmenbrane separation and ion exchange
treatnment, and is recovered for reuse.

[ 0003] The pH in tanks in which organic wastewater is
biologically treated is adjusted to opti num pH val ues
depending on the types of biological reactions such as
organic matter renoval, nitrification and denitrification
performed in the tanks. |In these biological reactions such
as organic matter renoval, nitrification and denitrification,
the opti mum pH value is usually neutral to weakly al kaline
(pH 7 to 8.5).

[ 0004] Thus, multistage biological treatnment through a
plurality of biological treatnent tanks involves pH neters
in the respective biological treatnent tanks, and the pHin
each of the biological treatnent tanks is adjusted
(hereinafter, sonetines witten as "neutralized") to fall in
t he opti numrange of pH values by the addition of an acid or
an alkali (hereinafter, sonetines witten as the
"neutralizer") to the biological treatnent tank.

[ 0005] Pat ent Docunent 1. Japanese Patent Publication
2013- 22536A

[ 0006] The bi ol ogi cal treatnment of organic wastewater to
renove organic matter generally produces carbon di oxide from
t he deconposition of the organic matter, resulting in a need
of a large anount of an alkali to neutralize the carbon

di oxi de generated. For exanple, glucose is biologically



deconposed as shown by the follow ng reaction equation, and
the resultant carbon dioxide is neutralized with sodi um
hydr oxi de (NaOH) into sodi um bi carbonate according to the
reacti on equation bel ow

CHi2G + 60, > 6H0 + 6CO;

6CO, + 6NaCH — 6NaHCO;
[ 0007] The deconposition of 180 ng/L gl ucose produces 322
ng/ L carbon di oxi de, which consunmes 240 ny/L sodi um
hydroxi de to be neutralized. The neutralization produces
504 ng/L sodi um bi carbonate. |In a downstream coagul ati on
treatment step, the coagul ation treatnent consunes a
substantially equal anount of an inorganic coagulant to the
sodi um bi carbonate, thus increasing the | oads on the
downst ream RO nenbrane separation and ion exchange treatnent.
[ 0008] When am ne-contai ning wastewater is biologically
treated to renove organic matter (BOD) and is further
nitrified and denitrified, the am nes which provide a high
al kalinity are oxidized into nitric acid and hence the final
product is NaNGs. The conplete nitrification of am nes | eads
to a significant decrease in pH and brings the Malkalinity
to negative. As a result, the Malkalinity is increased
only to zero even when NaOH i s added in the equinolar anount
to the amines. To avoid this, an alkali (for exanple,
sodi um hydroxi de) is added to produce a slight anmount of

NaHCO; and thereby to keep the pH at neutral. Because the



al kali is consunmed al so by the neutralization of carbon

di oxi de generated by the deconposition of organic matter
during the reaction, the treatnment as a whole requires a

| arge anount of al kali.

[ 0009] Wil e the oxidation of amnes into nitric acid in a
nitrification tank requires an alkali, the denitrification
of nitric acid into nitrogen in a denitrification tank

i nvol ves the addition of an acid. The anmbunt of an acid
that is added to the denitrification tank is increased if
t he amount of an al kali that has been added up to the
previous nitrification stage is excessively |arge.

[ 0010] Organi c wastewater fromthe manufacturing of
electronic devices is a mxture of wastewater fromthe
washi ng of panels or devices with a cl eaner such as
ultrapure water, and from ot her washing steps in the
manuf acturing process. Thus, the content of salts in the
organi c wastewater is as |low as, for exanple, 100 ngy/L or
below in ternms of salt concentration. Wen the salt
concentration in wastewater is low, the nmgjority of salts
present in the biologically treated water is derived from
salts added during the wastewater treatnent steps, in
particul ar, neutralizers added during the biol ogi cal
treatment steps. Heavy use of neutralizers in the

bi ol ogi cal treatnent of wastewater directly leads to an

increase in the salt | oads on downstream treat nents.



[ 0011] The | arger the amounts of neutralizers added in the
bi ol ogi cal treatnent, the larger the anounts of reagents
added in downstreamtreatnents to conpensate for such heavy
use. For exanple, excessive addition of an alkali in the

bi ol ogical treatnent results in an increase in the anmount of
an i norgani c coagul ant used to consune the alkali in the
downst ream coagul ation treatnment step and also results in an
increase in the anmount of a regenerant used in the further
downstream i on exchange treat nment.

[ 0012] Usual Iy, the amounts of neutralizers used in the

bi ol ogi cal treatnent of organic wastewater fromthe

manuf acturing of el ectronic devices represent about 70% of
the salt loads in all the steps. Thus, the reduction in the
anounts of neutralizers used in the biological treatnent is
significantly effective for cost saving.

Summary of Invention

[ 0013] An object of the invention is to provide a

bi ol ogi cal treatnent nmethod and a bi ol ogi cal treatnent
apparatus that allow organic wastewater fromthe

manuf acturing of electronic devices to be neutralized
efficiently during its biological treatnment with a | ess
neutralizer in contrast to the heavy use thereof in the
conventional biological treatnment and thereby make it

possi ble to reduce the anmount of an inorgani c coagul ant used

in the downstream coagul ation step and to | essen the salt



| oads i n RO nenbrane separation and i on exchange treat nment.
[ 0014] As will be described below, the present inventors
have devel oped a nethod that allows the anmount of a
neutralizer to be reduced w thout causing a significant
decrease in biological activity.

The anmount in which a neutralizer is used can be
reduced by perform ng the biological treatnent of organic
wast ewat er fromthe manufacturing of electronic devices in
such a manner that the wastewater is passed sequentially
t hrough two or nore biological treatnment tanks that include
at | east two aerobic biological treatnent tanks including
the final -stage aerobic biological treatnment tank while
addi ng the neutralizer to the biological treatnent tank or
tanks except the final-stage biological treatnent tank so
that the Malkalinity of the liquid in the final-stage
bi ol ogi cal treatnment tank does not exceed a prescribed val ue.

A summary of the invention is as descri bed bel ow.

[ 0015] [1] A biological treatnment nmethod conprising
passi ng organi c wastewater from a manufacturing process of
el ectronic devices sequentially through two or nore

bi ol ogi cal treatnent tanks arranged in series, wherein

at least two tanks of the two or nore biologica
treatment tanks are aerobic biological treatnment tanks,

one of the aerobic biological treatnent tanks is a

final -stage biological treatnent tank,



a pHin at | east one biological treatnment tank other
than the final-stage biological treatnent tank is adjusted
by adding an acid or an alkali, and

an addition amount of the acid or the alkali is
controlled so that an Malkalinity of a liquid in the final-
stage biological treatnent tank is maintained at not nore
than 50 ng/L as CaCoG:.

[ 0016] [2] The biological treatnment method according to
[1], wherein the addition amount of the acid or the alkal
is controlled based on the Malkalinity of the liquid in the
final -stage biological treatnent tank or an indicator
correlated with the Mal kalinity.

[ 0017] [3] The biological treatnment nethod according to
[2], wherein the indicator correlated with the Malkalinity
is the pHof the liquid in the biological treatnment tank to
which the acid or the alkali is added, and the addition
amount of the acid or the alkali is controlled based on a
correlation previously determned with respect to the M

al kalinity and the pH

[ 0018] [4] The biological treatnment nethod according to
any one of [1] to [3], wherein the aerobic biological
treatnment tank(s) other than the final-stage biologica
treatment tank is a nitrification tank, and the pHin the
nitrification tank is controlled to be not |less than a

prescri bed val ue.



[ 0019] [5] The biol ogical treatnent method according to
any one of [1] to [4], further conprising subjecting the
treated water discharged fromthe final-stage biol ogica
treatnent tank to one or nore advanced treatnent processes
sel ected from coagul ati on separation, reverse 0Snosis
menbr ane separation, and ion exchange treatnent.
[ 0020] [6] The biological treatnent method according to
[5], further conprising recovering and reusing the water
treated by the advanced treatnent process.
[ 0021] [ 7] A biological treatnent apparatus conprising
two or nore biological treatnent tanks arranged in series
t hrough whi ch organi c wastewater from a process of
manuf acturing el ectronic devices is sequentially passed,
wher ei n
at |l east two tanks of the two or nore biologica
treatment tanks are aerobic biological treatnment tanks,
one of the aerobic biological treatnent tanks is a
final -stage biological treatnent tank,
at | east one biological treatnent tank other than the
final -stage biological treatnent tank has a pH adjusting
unit that adjusts the pH by adding an acid or an al kali, and
the apparatus includes a controller for controlling an
addi ti on anount of the acid or the alkali by the pH
adjusting unit so that an Malkalinity of a liquid in the

final -stage biological treatnent tank is maintained at not



nore than 50 ng/L as CaCG;.

[ 0022] [8] The biological treatnment apparatus according
to [7], wherein the controller controls the addition anpount
of the acid or the alkali by the pH adjusting unit based on
the Malkalinity of the liquid in the final-stage biol ogical
treatnment tank or an indicator correlated wwth the M

al kalinity.

[ 0023] [9] The biol ogical treatnent apparatus according
to [8], wherein the indicator correlated with the M

al kalinity is the pH of the liquid in the biologica
treatnent tank to which the acid or the alkali is added, and
the controller controls the addition anmount of the acid or
the alkali by the pH adjusting unit based on a correl ation
previously determned with respect to the Malkalinity and
t he pH

[ 0024] [ 10] The bi ol ogi cal treatnent apparatus according
to any one of [7] to [9], wherein the aerobic biological
treatnment tank(s) other than the final-stage biologica
treatnent tank is a nitrification tank, and the apparatus

i ncludes a controller that controls the pHin the
nitrification tank to be not |ess than a prescribed val ue.

[ 0025] [ 11] The bi ol ogi cal treatnent apparatus according
to any one of [7] to [10], wherein the apparatus includes
one or nore advanced treatnent units selected froma

coagul ation separation unit, a reverse osnosis nenbrane



separation unit and an ion exchange treatnment unit so that
t he advanced treatnment unit treats treated water di scharged
fromthe final-stage biological treatnent tank.

[ 0026] [ 12] The bi ol ogi cal treatnent apparatus according
to [11], wherein the apparatus includes a recovery unit that
recovers the treated water fromthe advanced treatnent unit
so that the water recovered is reused.

Advant ageous Effects of Invention

[ 0027] According to the present invention, organic

wast ewat er from a manufacturing process of electronic
devices can be biologically treated while attaining a
significant reduction in the amount of a neutralizer as
conpared to the anobunts used in the conventional nethods,
and consequently the costs associated w th biol ogical
treatment reagents can be reduced. Wen the biol ogical
treatment invol ves downstream coagul ati on treatnment, the

i nventive techni que nmakes it possible to reduce the anount
of an inorgani c coagul ant required for the coagul ation
treatnment. Wen ion exchange treatnent or RO nenbrane
separation treatnent is perfornmed in a downstream st age of
t he biol ogical treatnent, the frequency in which the ion
exchange resin in the ion exchange treatnent is regenerated
can be reduced by virtue of the reduction in salt |oad and,
in the RO nenbrane separation treatnent, enhancenents in

treatment efficiency such as water recovery rate can be



obt ai ned.

Brief Description of Draw ngs

[ 0028] Fig. 1 is a systemdiagramof treatnent steps in
Exanpl e 1 and Conparative Exanple 1.

Fig. 2 is a systemdiagramof treatnent steps in
Exanples 2 to 4 and Conparative Exanple 2.

Fig. 3 is a systemdiagramof treatnent steps according
to anot her enbodi nent for carrying out the present invention.
Descri ption of Enbodi nents
[ 0029] Enbodi ments of the present invention will be
described in detail hereinbel ow.

[ 0030] [ Raw wat er ]

The raw water that is to be treated in the invention is
organi ¢ wast ewater di scharged during steps in the
manuf acturing of electronic devices. The conposition and
properties of the raw water are not particularly |limted.
Sone general properties are described bel ow.

[ 0031] <Wastewater fromrinsing of sem conductors wth
ul trapure water>

Conductivity: not nore than 100 nS/ m

Salt concentration: not nore than 0.1 w%

[ 0032] <Wastewater from manufacturing of |liquid crystal
panel s>
pH: 8 to 12

TOC. 30 to 2000 ng/L



T-N: 10 to 1000 ng/L
[ 0033] | f such organic wastewater contains little
phosphorus sources or nitrogen sources which are necessary
for biological treatnents, the wastewater is biologically
treated after phosphorus sources or nitrogen sources are
added as required.
[ 0034] [ Modes of biol ogical treatnent]

The bi ol ogical treatnment in the invention is a
mul ti stage treatnent performed by passing the raw water
sequentially through two or nore biological treatnent tanks
arranged in series. In the invention, at |east tw tanks of
the two or nore biological treatnents are aerobic biol ogica
treatnment tanks (hereinafter, sonetinmes witten as the
"aerobic tanks") and one of such aerobic tanks is the final-
stage biological treatnment tank (hereinafter, sonetines
witten as the "final tank").
[ 0035] If the final tank is an aerobic tank and the
apparatus does not include at |east one additional aerobic
tank in which alkali addition takes place, the control based
on the measurenent of Malkalinity of the liquid in the
final tank becones infeasible. Thus, the nmultistage
bi ol ogical treatnent in the invention is performed using the
tanks in which the final tank is an aerobic tank and at
| east one tank other than the final tank is aerobic.

[ 0036] The node of biological treatnent in the invention



is not particularly limted as |ong as the above
requi renents are satisfied. Sone exanples of the nodes of
bi ol ogi cal treatnent are described below. The nitrification
tank and the reaeration tank are aerobic tanks, and the
denitrification tank i s an anaerobi c bi ol ogi cal treatnent
tank (hereinafter, sonetinmes witten as the "anaerobic
tank").
[ 0037] (1) Aerobic tank — Aerobic tank (— Sedi nentation
t ank)

(2) Aerobic tank — Nitrification tank —
Denitrification tank — Reaeration tank (— Sedi nentation
t ank)

(3) Aerobic tank — Nitrification tank — Reaeration
tank (— Sedi nmentation tank)
[ 0038] The treatnment nodes (1) to (3) correspond to Figs.
1 to 3, respectively. Wile no sludge return lines are
illustrated in the drawi ngs, the system nay be one-pass type
or circulation type.
[ 0039] [Malkalinity in final tank]

In the invention, a neutralizer is added to the
bi ol ogi cal treatnent tank or tanks other than the final tank
to adjust the pH so that the Malkalinity of the liquid in
the final aerobic tank will be kept at not nore than 50 ng/L
as CaCo:s.
[ 0040] The Malkalinity of the liquid in the final tank is



not nore than 50 ng/L as CaCQO;, and is preferably not nore
than 30 ng/L as CaC0;. Any pH adjustnent which brings the M
al kalinity to above 50 ng/L as CaCQO; i nvol ves an extrenely
| arge anount of an alkali in the upstream bi ol ogi ca
treatnent tanks so that the invention fails to attain a
reduction in the anount of neutralizer. |If the Malkalinity
is below 0 ng/L as CaCQ;, carbon di oxide dissolved in the
liquid is so deficient that the growh of nitrifying
bacteria becones insufficient and nitrification does not
occur. Thus, the lower Iimt of the Malkalinity of the
liquid in the final tank is not less than O ng/L as CaCG;,
and preferably not less than 10 ng/L as CaCoG:s.
[ 0041] The Malkalinity of the liquid in the final tank is
affected not only by the properties of the raw water but
al so by other factors such as the degree of aeration and the
phosphoric acid concentration in the biological treatnent
t anks.
[ 0042] Because the final tank is an aerobic tank, a higher
di ssol ved oxygen concentration is nore preferable.
[ 0043] [ Bi ol ogical treatnment tanks to which neutralizer is
added]

In the invention, the addition of a neutralizer, nanely,
an acid or an alkali, is nade in a biological treatnent tank
other than the final tank. The neutralizer addition my

take place only in one tank, or in two or nore tanks.



[ 0044] In the case where the nmultistage systemincl udes
three or nore biological treatnent tanks, an attenpt to
perform neutralization by adding an alkali as the
neutralizer to the final tank may result in inconplete

treat ment because no neutralization takes place in the tanks
closer to the raw water inlet. The biological treatnent in
the final tank is not as active as in the other biological
treatment tanks, and therefore the biol ogical reaction
produces | ess carbon di oxi de and does not require
neutralization.

[ 0045] Usual Iy, the biological reaction is nost active in
the first-stage tank or the second-stage tank. Thus, it is
desirable that neutralizer addition takes place in the
first-stage biological treatnent tank and/or the second-
stage biol ogical treatnent tank

[ 0046] In the case of the treatnent node (1), it is
preferable that an alkali is added to the upstream aerobic

t ank.

[ 0047] In the case of the treatnent node (2), it is
preferable that an alkali is added to the aerobic tank or to
the aerobic tank and the nitrification tank, and an acid is
added to the denitrification tank. In the invention,
however, the control based on the Malkalinity of the liquid
in the final tank can make it possible to omt the addition

of an alkali to the nitrification tank or the addition of an



acid to the denitrification tank.

[ 0048] In the case of the treatnent node (3), it is
preferable that an alkali is added to the aerobic tank or to
the aerobic tank and the nitrification tank. 1In the

invention, simlarly to the treatnment node (2), the contro
based on the Malkalinity of the liquid in the final tank
can nmake it possible to omt the addition of an alkali to
the nitrification tank.
[ 0049] <Neutralization control based on Mal kalinity>

The Mal kalinity, specifically, the concentration of
al kali metal ions except the alkali netal ions derived from
neutral salts, can be determined in a sinplified manner by
measuring the consunption of an acid at pH 4.8. 1In the
invention, the Malkalinity of the liquid in the final tank
is desirably measured continuously with an automatic
nmeasur enent devi ce.
[ 0050] To determine the Malkalinity, the liquid is
automatically titrated against a 0.1 or 0.05 N sulfuric acid
sol ution using phenol phthal ein as an indicator and the
anmount of sulfuric acid consumed until the pH reaches 4.8 is
converted to the anobunt of CaCG:s.
[ 0051] In the invention, an alkali is added to the
upstream aerobic tank(s) so that the Mal kalinity of the
liquid in the final tank neasured in the above manner wll

be not nore than 50 ng/L as CaCO;, preferably O to 50 ng/L



as CaCG;, and nore preferably 10 to 30 ng/L as CaCGs.
[ 0052] In the invention, as described above, the anmount of
a neutralizer added to the upstream bi ol ogi cal treatnent
tank is controll ed based on the Malkalinity of the liquid
in the final tank. The control is preferably based on the
M al kalinity and also on the pH value in the biol ogica
treatment tank in which the neutralizer addition takes place.
In this case, the carbon dioxide generated in the final
aerobic tank may be renoved by aeration taking advantage of
t he aforenmentioned facts that the anmount of carbon dioxide
produced by the biological reaction is snmall and the pHis
low. In this case, the amount of carbon di oxi de rel eased by
aeration surpasses the anount of carbon di oxi de produced by
t he biological reaction in the final tank with the result
that the pHtends to increase. In the expectation of such a
pH i ncrease, the pHin the upstream aerobic tank in which
neutralization is perfornmed is advantageously controlled to
a low value while still ensuring that the biologica
activity is maintained, thus effectively attaining a
reduction in the anount of an al kali.
[ 0053] From t he above point of view, the treatnment node
(1) is appropriately controlled in the foll ow ng manner as
an exanpl e.

The pHin the first-stage aerobic tank is controlled

preferably to 5.0 to 7.0, nore preferably 5.5 t0 6.5. 1In



ot her words, the pHis controlled preferably so as not to
fall below 5.0, nore preferably not to fall bel ow
approximately 5.5 so that the biological activity will be
mai ntained. At the sanme tine, the pHis controlled
preferably so as not to exceed 7.0, nore preferably not to
exceed approximately 6.5 so that the Malkalinity in the
final tank will be low. Even this control ensures that the
bi ol ogical treatnent in the final aerobic tank will take

pl ace satisfactorily without a significant decrease in pH

[ 0054] When the systemincludes a nitrification tank as in
the treatnment node (2) or (3), the pHin the nitrification
tank is controlled preferably to as | ow as possible while
still ensuring that the biological activity wll be

mai nt ai ned. Because the pHin the nitrification tank is
decreased easily by the formation of nitric acid fromthe
nitrification reaction, the above control ensures that the
bi ol ogical activity is sufficiently maintained in the other
tanks. Based on this, the control is appropriately
performed in the follow ng manner. The pHin the
nitrification tank is controlled preferably to 5.5 to 6.5,
nore preferably 6.0 to 6.5. In other words, the pHis
controlled preferably so as not to fall below 5.5, nore
preferably not to fall bel ow approximately 6.0 so that the
bi ol ogi cal activity will be nmaintained. At the same tine,

the pHis controlled preferably so as not to exceed 6.8,



nore preferably not to exceed approximately 6.5 so that the
Malkalinity in the final tank will be low. This control
ensures that the biological treatnment will take place
satisfactorily while attaining a reduction in the anmount of
an al kal i .

[ 0055] In the treatnent node (2), as described above, the
liquid in the final tank can attain an Malkalinity of not
nore than 50 ng/L as CaCO; when the pH in the reaeration
tank is not nore than 6.5. Thus, the pHin the
nitrification tank in this treatnment node is preferably
controlled to 5.5 to 6.5, nore preferably 6.0 to 6.5.
Further, the pH adjustnent in the nitrification tank nay be
omtted and the pH may be controlled only in the upstream
aerobic tank or only in the upstream aerobic tank and the
denitrification tank. In this manner, the anount of a
neutralizer may be reduced.

[ 0056] In the case of the treatnent node (3), the increase
in Malkalinity by denitrification reaction is not
experienced in contrast to the treatnent node (2) and thus
the control may be perfornmed in the foll ow ng manner.

Provi ded that the properties of the raw water are stable
(for exanple, the variations in TOC and T-N are both within
+ 15% and the variation in the flowrate of the raw water is
within + 159, the Malkalinity of the liquid in the final

tank has a certain correlation with the pH of the liquid in



the aerobic tank in which alkali addition takes place. Thus,
the anount in which an alkali is added may be controll ed
based on the correlation previously determ ned by nmeasuring
the Malkalinity of the liquid in the final tank and the pH
of the liquid in the aerobic tank in which the addition of
an alkali is made. The Malkalinity of the liquid in the
final tank has the following relation with the pHin the
nitrification tank. Based on the relation, the treatnent
system may be set so that an alkali reagent is automatically
poured to the aerobic tank and/or the nitrification tank
while still ensuring that the pHin the nitrification tank
does not exceed 6.5.

[ 0057] pH: 5.5 > Malkalinity: 5to 6

pH 6.0 —» Malkalinity: 21 to 25

pH: 6.5 —> Malkalinity: 46 to 49

pH 7.0 - Malkalinity: 66 to 69

pH: 7.5 —> Malkalinity: 148 to 154
[ 0058] [ Advanced treat nents]

According to the present invention, the anount of a
neutralizer used in the biological treatnent can be reduced.
This makes the invention particularly effective when
advanced treatnents such as coagul ati on separation, RO
menbr ane separation and i on exchange treatnent are perforned
in |later stages of the biological treatnment. As described

her ei nabove, the invention attains effects such as the



reduction in the anount of an inorganic coagulant used in
the coagul ation treatnent, and less salt |oads in the RO
menbr ane separation and the ion exchange treatnent.
[ 0059] Treat ed wat er obtained by subjecting the
biologically treated water according to the invention to
advanced treatnents may be recovered and reused as, for
exanpl e, washing water in the manufacturing of electronic
devices or as raw water for the washing water.
Exanpl es
[ 0060] The present invention will be described in further
detail by presenting Exanples and Conparative Exanples bel ow
[ 0061] The organi c wastewater (raw water) treated in
Exanpl es and Conparati ve Exanpl es bel ow was wast ewat er from
a manufacturing process of liquid crystal panels, and had
the foll ow ng conposition and properties.
[ 0062] [ Conposition and properties of raw water]
<Conposi ti on>

Monoet hanol am ne: 300 ny/L

Di et hyl ene gl ycol nonobutyl ether: 250 ng/L

Tet r amet hyl anmoni um hydr oxi de (TMAH): 50 ng/L
[ 0063] <Properties>

pH: 10.5

TOC: 292 ny/L

T-N 77 ng/L

[ 0064] The raw wat er was subjected to biol ogical treatnent



after the addition of 6 ng/L in terns of P of a phosphorus
source required for the biological treatmnent.
[ 0065] [ Exanpl e 1 and Conparative Exanple 1]

The bi ol ogical treatnment of the raw water was carried
out by the treatnent node (1) without nitrogen renoval as
showmn in Fig. 1. The raw water was biologically treated by
bei ng passed sequentially through the aerobic tank 1A and
the aerobic tank 1B, and thereafter solid liquid separation
was perfornmed in the sedinentation tank 2. The total
hydraulic retention time (HRT) in the tanks 1A and 1B was 24
hr .

[ 0066] <Exanple 1>

During the treatnent, NaOH was added to the upstream
aerobic tank 1A while nonitoring the Malkalinity in the
aerobic tank 1B that was the final tank, so that the M
al kalinity of the liquid in the aerobic tank 1B woul d be not
nmore than 30 ng/L as CaCO;. As a result, the pHin the
aerobic tank 1A varied in the range of 6.8 to 7.0.

[ 0067] <Conparati ve Exanple 1>

During the treatnent, NaOH was added to the aerobic
tanks 1A and 1B so that the pH in each of the aerobic tanks
1A and 1B would be not less than 7.0. As a result, the pH
in the aerobic tank 1A varied in the range of 7.0 to 7. 2.

[ 0068] Table 1 describes the pHin the aerobic tanks 1A

and 1B, the Malkalinity in the aerobic tank 1B, and the



anount of NaOH used for the treatnment per 1 L of the raw
water in Exanple 1 and Conparative Exanple 1.

[ 0069] The treated water (the water separated in the
sedi nentation tank) obtained in Exanple 1 and Conparative
Exanpl e 1 had substantially the same quality.

[ 0071] [Table 1]

Example 1 Comparative Example 1
Aerobic tank 1A pH 6.8~7.0 70~72
pH 6.4~6.5 6.8~7.0
Aerobic tank 1B M-alkalinity
30 100
(mg/L as CaCOj,)
Amount of NaOH (mg/L) 120 400
[ 0071] The followi ng can be drawn fromthe above results.

[ 0072] According to the treatnent by the node (1), the
anount of NaOH used for neutralization in Exanple 1
decreased to 30% of Conparative Exanple 1. It is thus shown
that the control of pH based on the Malkalinity in the
final tank is effective for reducing the anount of a
neutrali zer.

[ 0073] The biologically treated water (the water separated
in the sedinentation tank) obtained by Exanple 1 and

Conpar ative Exanple 1 both enpl oying the treatnment node (1)
was respectively coagul ated by the addition of ferric
chloride. 1In Exanple 1, the coagul ation treatnment was

acconplished with 1/3 of the amount of ferric chloride used



in Conparative Exanple 1. It is thus confirned that the
reduction in the amount of an alkali in the biological
treatnment all ows the downstream coagul ation treatnent to be
performed with a reduced amount of an inorganic coagul ant.

[ 0074] [ Exanples 2 to 4 and Conparative Exanple 2]

The biol ogical treatnment of the raw water was carried
out by the treatnent node (2) with nitrogen renoval as shown
in Fig. 2. The raw water was sequentially passed through
the aerobic tank 1, the nitrification tank (aerobic tank) 3,
the denitrification tank (anaerobic tank) 4 and the
reaeration tank (aerobic tank) 5, and thereafter solid
liquid separation was perfornmed in the sedinmentation tank 2.
The condi tions under which the water was passed were such
that the total HRT in the tanks 1, 3, 4 and 5 was 24 hr.

[ 0075] <Exanpl e 2>

NaOH was added to the aerobic tank 1 while nonitoring
the Malkalinity in the reaeration tank 5 that was the final
tank, so that the Malkalinity of the liquid in the
reaeration tank 5 would be not nore than 50 ng/L as CaCQO;
and also so that the pHin the aerobic tank 1 would not fal
bel ow 6. 0. NaOH was added to the nitrification tank 3 so
that the pHin the nitrification tank 3 would not fall bel ow
6.0. HC was added to the denitrification tank 4 so that
the pHin the denitrification tank 4 would not exceed 7.5.

[ 0076] <Exanpl e 3>



NaOH was added to the aerobic tank 1 while nonitoring
the Malkalinity in the reaeration tank 5 that was the final
tank, so that the Malkalinity of the liquid in the
reaeration tank 5 would be not nore than 10 ng/L as CaCQO;
and also so that the pHin the aerobic tank 1 would not fal
below 6.0. HC was added to the denitrification tank 4 so
that the pHin the denitrification tank 4 would not exceed
7.5.

[0077] <Exanpl e 4>

NaOH was added to the aerobic tank 1 while nonitoring
the Malkalinity in the reaeration tank 5 that was the final
tank, so that the Malkalinity of the liquid in the
reaeration tank 5 would be not nore than 30 ng/L as CaCQO;
and also so that the pHin the aerobic tank 1 would not fal
bel ow 6. 0.

[ 0078] <Conpar ative Exanple 2>

NaOH was added to the aerobic tank 1 and the
nitrification tank 3 without nonitoring the Malkalinity in
the reaeration tank 5 that was the final tank, so that the
pH in the aerobic tank 1 and that in the nitrification tank
3 would not fall below 6.5. HO was added to the
denitrification tank 4 so that the pHin the denitrification
tank 4 would not exceed 7.5. HC was added to the
reaeration tank so that the pHin the reaeration tank would

not exceed 8.0.



[ 0079] Tabl e 2 describes the pH values in the respective
reaction tanks, the Malkalinity, the amounts of HCO and
NaOH used for the treatnment per 1 L of the raw water, and
the quality of the biologically treated water obtained in
Exanples 2 to 4 and Conparative Exanple 2.

[0080] [Table 2]

Example 2 | Example 3 | Example 4 | Comparative Example 2

Aerobic tank pH 6.0~6.3 6.0~6.3 | 6.0~6.3 6.5~6.9
Nitrification tank pH 6.2~65 | 6.0~6.3 | 6.0~6.3 6.5~6.6
Denitrification tank pH 72~175 7.3~15 7.5~17.7 7.3~175
pH 6.4~6.6 5.9~6.1 6.2~6.4 7.9~8.0

Final tank M-alkalinity 50 10 20 155

(mg/L as CaCOy)

Amount of NaOH (mg/L) 380 200 200 500

Amount of HCI (mg/L) 50 20 0 70

TOC(mg/L) 50 53 5.3 5.0

Treated water
NH,~N(mg/L) <0.1 05 0.5 <01
[ 0081] The followi ng can be drawn fromthe above results.

[ 0082] The treatnment by the node (2) in Exanple 2 was
performed while maintaining the Malkalinity in the fina
tank to a low | evel as conpared to Conparative Exanple 2,
and consequently the amounts of NaOH and HCl used for
neutralization were reduced.

[ 0083] As conpared to Exanple 2, Exanple 3 attained
approxi mately 50% reduction in the anmount of NaOH used for

neutralization and al so achi eved about 60% reduction in the



amount of HCl. The concentration of NH,-N in the treated
water in Exanple 3 was as low as 0.5 ng/L, although slightly
hi gher than that in Exanple 2.

[ 0084] Wiile the Malkalinity in the final tank in Exanple
4 was a little higher than in Exanple 3, the anmount of NaCH
used for neutralization was equal to that in Exanple 3. No
HC was used in Exanple 4. The concentration of NH,-N in the
treated water in Exanple 4 was as |ow as that in Exanple 3.

[ 0085] As di scussed above, Exanples 2 to 4 attained a
reduction in the amounts of NaCH and HC used for
neutralization as conpared to Conparative Exanple 2. It has
been denonstrated that the node of biological treatnent

whi ch does not involve neutralization in the nitrification
tank as is the case in Exanples 3 and 4 provides sufficient
removal of NH;- N except when the treated water shoul d be

hi ghly cleaned of NH;-N, and al so nmakes it possible to
realize further reduction in the amounts of NaCH and HC .

[ 0086] The node used in Exanple 4 may be adopted provided
that the pH adjustnment can control the Malkalinity to stay
in the prescribed range. If the Malkalinity is caused to
exceed the prescribed range, it is preferable to adopt the
node of Exanple 3 which involves pH adjustnment in the extra
t ank.

[ 0087] The biologically treated water (the water separated

in the sedinentation tank) obtained by the treatnment node



(2) was coagul ated by the addition of a polysulfate salt,
and the water fromthe coagul ation treatnent were subjected
to ion exchange treatnent. In Exanple 4, the coagul ation
treatment was acconplished with 1/4 of the anmount of the
polysul fate salt used in Conparative Exanple 2, and the
frequency of the regeneration of the ion exchange resin used
in the subsequent ion exchange treatnent was reduced to 1/4.
It has been thus confirned that the reduction in the anount
of a neutralizer in the biological treatnent allows the
downst ream coagul ation treatnment to be perforned with a
reduced anount of an inorganic coagul ant and al so nmakes it
possi ble to reduce the frequency with which the ion exchange
resin used in the ion exchange treatnent is regenerated.
[ 0088] Al t hough the present invention has been described
in detail with respect to sone specific enbodi nents, the
skilled person will appreciate that various nodifications
are possible within the spirit and scope of the invention.

This application is based upon Japanese Patent
Application No. 2014-187799 filed on Septenber 16, 2014, the
entire contents of which are incorporated herein by
ref erence.
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CLAIMS
[Claim 1]

A biological treatment method comprising passing
organic wastewater from a manufacturing process of
electronic devices sequentially through two or more
biclogical treatment tanks arranged in series, wherein

at least two tanks of the two or more biological
treatment tanks are aerobic biological treatment tanks,

one of the aerobic biological treatment tanks is a
final-stage biclogical treatment tank,

a pH in at least one biological treatment tank other
than the final-stage biological treatment tank is adjusted
by adding an acid or an alkali,

the treated water discharged from the final-stage
biological treatment tank is subjected to at least one
advanced treatment process selected from coagulation
separation, reverse osmosis membrane separation, and ion
exchange treatment, and

an addition amount of the acid or the alkali is
controlled so that an M-alkalinity of a liquid in the final-
stage biological treatment tank is maintained at not more
than 30 mg/L as CaCO; and that an M-alkalinity of a liquid
fed to the advanced treatment process is maintained at not
more than 30 mg/L as CaCOs.

[Claim 2]


tohnd
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The biological treatment method according to Claim 1,
wherein the addition amount of the acid or the alkali is
controlled based on the M-alkalinity of the liquid in the
final-stage bioclogical treatment tank.

[Claim 3]

The biological treatment method according to Claim 1,

wherein the at least two biological treatment tanks
include an aerobic tank, nitrification tank, and a
reaeration tank, the organic waste water being passed in
this order,

wherein the addition amount of the acid or the alkali
is controlled based on a correlation previously determined
with respect to the M-alkalinity of the ligquid in the
reaeration tank of the final-stage biological treatment tank,
and

wherein the indicator correlated with the M-alkalinity
is the pH of the liquid in the aerobic tank to which the
acid or the alkali is added, and the addition amount of the
acid or the alkali is controlled based on a correlation
previously determined with respect to the M-alkalinity and
the pH.

[Claim 4]

The biological treatment method according to any one of

Claims 1 to 3, wherein the aerobic biological treatment

tank(s) other than the final-stage biological treatment tank



is a nitrification tank, and the pH in the nitrification
tank is controlled to be not less than a prescribed value.
[Claim 5]

The biological treatment method according to any one of
Claims 1 to 4, further comprising recovering and reusing the
water treated by the advanced treatment process.

[Claim 6]

A biological treatment apparatus comprising two or more
biological treatment tanks arranged in series through which
organic wastewater from a process of manufacturing
electronic devices i1s sequentially passed, wherein

at least two tanks of the two or more biological
treatment tanks are aerobic biological treatment tanks,

one of the aerobic biological treatment tanks is a
final-stage biological treatment tank,

at least one biological treatment tank other than the
final-stage biological treatment tank has a pH adjusting
unit that adjusts the pH by adding an acid or an alkali,

the apparatus includes at least one advanced treatment
unit selected from a coagulation separation unit, a reverse
osmosis membrane separation unit and an ion exchange
treatment unit so that the advanced treatment unit treats
treated water discharged from the final-stage biological
treatment tank, and

the apparatus includes a controller for controlling an



addition amount of the acid or the alkali by the pH
adjusting unit so that an M-alkalinity of a liquid in the
final-stage biological treatment tank is maintained at not
more than 50 mg/L as CaCOs.

[Claim 7]

The bioclogical treatment apparatus according to Claim 7,
wherein the controller controls the addition amount of the
acid or the alkali by the pH adjusting unit based on the M-
alkalinity of the liquid in the final-stage biological
treatment tank or an indicator correlated with the M-
alkalinity.
[Claim 8]

The biological treatment apparatus according to Claim 8,

wherein the at least two biological treatment tanks
include an aerobic tank, nitrification tank, and a
reaeration tank, the organic waste water being passed in
this order,
wherein the addition amount of the acid or the alkali
is controlled based on a correlation previously determined
with respect to the M-alkalinity of the liquid in the
reaeration tank of the final-stage biological treatment tank,
and
wherein the indicator correlated with the M-alkalinity

is the pH of the liquid in the aerobic tank to which the

aclid or the alkali is added, and the controller controls the



addition amount of the acid or the alkali by the pH
adjusting unit based on a correlation previously determined
with respect to the M-alkalinity and the pH.

[Claim 9]

The biological treatment apparatus according to any one
of Claims 6 to 8, wherein the aercobic biological treatment
tank(s) other than the final-stage biological treatment tank
is a nitrification tank, and the apparatus includes a
controller that controls the pH in the nitrification tank to
be not less than a prescribed wvalue.

[Claim 10]

The biological treatment apparatus according to any one
of Claims 6 to 9, wherein the apparatus includes a recovery
unit that recovers the treated water from the advanced

treatment unit so that the water recovered is reused.



