DESCRIPTION WATER TREATMENT METHOD AND WATER TREATMENT SYSTEM
TECHNICAL FIELD [0001] 5The present invention relates to a water treatment method and
awatertreatmentsystem, and more patrticularly, to a water treatment method and a water treatment
system for reducing COD (chemical oxygen demand). BACKGROUND ART 10[0002] COD, which
is generally used as an index of water quality, wg}gim(g;lﬁ%sptrhf %]mount of oxygen that is required to

7~ . 2" DES )
oxidize an amount of a substance to be oxidized in the watér. COD is also used as a standard value

fo the discharge walgt foih faclafias, (o SYBMRIE: 18 1O {BE PRISHSGING of BIRleEng the

environment, regulations on t al amount o coming stricter every year. [0003] An
example oflaEt%(H'ﬁ:%g ng%:argigBal method for reducing COD is a flocculation and separation method, in
which a flocculant'suc as aluminum sulfate, PAC, ferric chloride, ferric sulfate, and polyferric
sulfate is ao{ d then a filtration apparatus or a sedimentation apparatus is used for separation.
However, in a tlocculation and separation method, the COD reduction rate is low, which makes it

dificult i meet the fecent reqularions on iqtal, 23.00D-amount. [00041, .. .Anather method for
reducmg COD is bioc eﬁnca removal In ajbloreactor. However, this metﬁoa SU%GFSIPI'OW] %e pro lem
that it has a lowreduction fate, esRECAll for solyble persistent organic 3 matler, o ¢ rcatment
method and a water treatment system for reducing COD (chemical oxygen
demand) .
BACKGROUND ART
10 [0002]

COD, which is generally used as an index of water quality,
indicates the amount of oxygen that is required to oxidize an amount
of a substance to be oxidized in the water. COD is also used as
a standard value for the discharge water from factories, for example.

15 From the perspective of protecting the environment, regulations
on the total amount of COD are becoming stricter every year.
[0003]
An example of a typical conventional method for reducing COD
is a flocculation and separation method, in which a flocculant such
20 as aluminum sulfate, PAC, ferric chloride, ferric sulfate, and
polyferric sulfate is added, and then a filtration apparatus or
a sedimentation apparatus is used for separation. However, in a
flocculation and separation method, the COD reduction rate is low,
which makes it difficult to meet the recent regulations on total

25 COD amount.



[0005] A further example for reducing COD is adsorption and removal using active carbon.
However, some kinds of organic matter (for example, highly polar matter, matter having a large
molecular 10 structure etc.) are not easily adsorbed on active carbon, so that the reduction rate cannot
be said to be sufficient. [0006] Conventionally, investigations have been carried out into a method
for reducing[r%:é)OD4 rT!{Jsing a manganese filter medium, instead 15 of the above-described reduction
methods (for example, see Patent Literature 2). Further, investigations have also been carried out into
a manganese filter K}?g%m thate rtehm%v%sogglaenéc matter C(gotg %xsargglgb ee Patﬁnt Literatuies 31t05).

However, the manganese iltel media for reducing COD oF femoving organic matter that have 28 been

conventionally inve stigated have been very impractical in terms of durahility and production cost.
Theretore, GRTE K re bACHE Raed bt BuCh TS aNeaE ot eis Ave Cur /AL i ot mbady

for practical use. Consequently, most COD reduction eguipment now being emplqoyed use one .or a
combination S Tt Gon i ot Sl R oA ert Al San RS S Ao Beban
adsorptig)n an rerpgval. [0007] Further, recently there is a lot of attention being paid to 5 the problem
of endocrine disrupters and the like, and there is a high level of interest in whether organic matter that
may changef q?)t ﬁndocrine disrupters (for example, phenol) is being removed. Therefore, it is no
longer enough for current water treatment techniques to just be capable of reducing COD, these

techniques 10 also QGF&FE’}P&C%Q%% of rfg%g‘ﬁb@,r%e%%ﬁgccﬁ gapic Q&%‘Eefﬁ?uﬁs‘é'}‘hoé%”ice%‘%&

includes persistent organic matter (for exam e 0008] the COD reduction

rate with the copyentional methods 15 is,inspfficient, and it is;becoming spare difficyltto meetdhe
recent regulations on COD discharge. PRIOR ART LITERATURE
example, highly polar matter, matter having a large molecular
10 structure etc.) are not easily adsorbed on active carbon, so that
the reduction rate cannot be said to be sufficient.
[0006]
Conventionally, investigations have been carried out into a
method for reducing COD using a manganese filter medium, instead
15 of the above-described reduction methods (for example, see Patent
Literature 2). Further, investigations have also been carried out
into a manganese filter medium that removes organic matter (for
example, see Patent Literatures 3 to 5). However, the manganese
filter media for reducing COD or removing organic matter that have
20 beenconventionally investigatedhave beenvery impractical interms
of durability and production cost. Therefore, while they were
briefly looked at, such manganese filter media are currently still

not ready for practical use. Consequently, most COD reduction

equipment now being employed use one or a combination of flocculation



PATENT DOCUMENTS [0009] 20 [Patent Literature 1]Japanese Patent Application Laid-Open No.
2003-053350 [Patent Literature 2]Japanese Patent Application Laid-Open No. Sho. 56-84688 [Patent
Literature 3]Japanese Patent Application Laid-Open No. 25 Sho. 59-173192 [Patent Literature
4]Japanese Patent Application Laid-Open No. Hei. 1-99689 [Patent Literature 5]Japanese Patent
Application%_r%dH-é)%)en No., Sho. 49-64%48 D S?MMARY F THE#N\/.IE{NTION PROBLEMS TO BE

SOLVED B (SN (6016 2™ BXAnipisS Sfthe Sroblerms thatthe pre sehtinventiss is

directed to Ee;%vg?lg gn%%drep@leoanboa\llg&d%Sé:lggsg lp.roblems. Accordingly,

[0007]
Further, recently there is a lot of attention being paid to
5 the problem of endocrine disrupters and the like, and there is a
high level of interest in whether organic matter that may change
into endocrine disrupters (for example, phenol) is being removed.
Therefore, it is no longer enough for current water treatment
techniques to just be capable of reducing COD, these techniques
10 also need to be capable of removing specific organic matter. Such
organic matter includes persistent organic matter (for example,
phenol etc.)
[0008]
Thus, the COD reduction rate with the conventional methods
15 isinsufficient, and it is becomingmore difficult tomeet the recent
regulations on COD discharge.
PRTIOR ART LITERATURE
PATENT DOCUMENTS
[0009]
20 [Patent Literature 1] Japanese Patent Application Laid-Open No.
2003-053350
[Patent Literature 2] Japanese Patent Application Laid-Open No.
Sho. 56-84688
[Patent Literature 3] Japanese Patent Application Laid-Open No.

25 Sho. 59-173192



10 it is an object of the present invention to resolve the problems in the conventional art, to realize a
manganese filter medium that can be practically used as a filter medium for water treatment, and to
provide a water treatment method and a water treatment system that can reduce COD at a high
reduction rate. 15[0011] It is another object of the present invention to provide a water treatment
method and a water treatment system that can also remove specific organic matter, that may change
into an end ?r?r?ée Bi%n?p%? ARd igsrgp?‘rtiste%%‘gu J$tafce ?f%erréxa%ﬁ)ﬁé}%ﬁ‘etﬁcﬂfeﬁf&ﬁ%_o& \?e%’/l l}Cﬂ‘osfuch
organic maggr. IS |qq¥g%%§n the target treatment water. MEANS FOR SOLVING THE PROBLEMS
[0012] The watértréatment method of the present invention is a water 25 treatment method

adding a chjarine oxidizing agent to target treatment water that contains organic matter, passing the
target treat %r#\?v%%e rﬁﬁ%@%%él rrnean%gnesJeeafﬁtaerrl %Seed%?nt, ea%%%@@%rﬁ%%é%aqh%a&ré agfgerrnlaf}?%qf by
catalytic ox'gcﬁltion 19 I%CM:&COD (chemical oxygen demand), and is characterized in that the

manganese iifer 5 medium is in which a crystal powder of natural manganese dioxide (Mn02) that

includes5l3él}4ﬂgg§§{s%@polrﬁd \ﬁ/ﬁ(}ﬁﬂi?gﬁr on a surface of a particulate carrier, without performing

sintering, calcining, or a heat treatment at a temperature at which the 13-Mn02 undergoes crystal

transformati T treat t is treated by the present invention can
tﬂﬁi}aw TS-40 BE (get URAtment watenfhabis

include pheno ay change into an endocrine disrupter and is persistent. Because the
manganese Blgelrd'ﬁ\edium can also remove phenol by catalytic oxidative decomposition 15 therewith.
At that poin{, the manganese filter medium includes both natural 13-Mn02 and 7-Mn02. Further, it is

preferred that the 13:Mp02 contentibe fygher than the, 7:MoQg cantent; [0014] ; o, ; npdditian, i is

preferred that the carrier be formed from 20 ceramic particles, and that the manganese filter medium
havethefow3N¥@§y99?H@Si£g¥ﬂaéJthe above-described problems. Accordingly,

10 it is an object of the present invention to resolve the problems
in the conventional art, to realize a manganese filter medium that
can be practically used as a filter medium for water treatment,
and to provide a water treatment method and a water treatment system
that can reduce COD at a high reduction rate.

15 [0011]

It is another object of the present invention to provide a
water treatment method and a water treatment system that can also
remove specific organic matter that may change into an endocrine
disrupter and is a persistent substance (for example, phenol) etc.),

20 even if such organic matter is included in the target treatment
water.

MEANS FOR SOLVING THE PROBLEMS
[0012]
The water treatment method of the present invention is a water

25 treatment method adding a chlorine oxidizing agent to target

4



MAIN COMPONENT 5102 AI203 Mn02 K20 Na20 BALANCE CONTENT(%) 30.0 - 75. 0 1.

10

15

20

treatment water that contains organic matter, passing the target
treatment water through a manganese filter medium, and decomposing
the organic matter by catalytic oxidation to reduce COD (chemical
oxygen demand), and is characterized in that the manganese filter
medium is in which a crystal powder of natural manganese dioxide
(MnO,) that includes B—MnOz is supported with a binder on a surface
of a particulate carrier, without performing sintering, calcining,
or a heat treatment at a temperature at which the P-MnO, undergoes
crystal transformation.

[0013]

The target treatment water that is treated by the present
invention can include phenol, which may change into an endocrine
disrupter and is persistent. Because the manganese filter medium
can also remove phenol by catalytic oxidative decomposition
therewith. At that point, themanganese filter medium includes both
natural B-MnO, and y-MnO,. Further, it is preferred that the B-MnO,
content be higher than the Yy-MnO, content.

[0014]

In addition, it is preferred that the carrier be formed from
ceramic particles, and that the manganese filter medium have the
following properties.

[Table 1]



0-20.03.0-50.00.0-3.00.0-3.00.0-5.0 PARTICLE SIZE DENS | TY (gicm3) BULK
DENS I TY(g/cm3) ATTRITION PERCENTAGE ES:0.35 --.1.0min UC: 1. 5 OR LESS

AN NENT Si0z Al203 MnO2 K20 Naz0 BALANGE

CONTENT(%)] 30.0~75.0] 1.0~20.0 | 3.0~50.0| 0.0~3.0 0.0~3.0 0.0~5.0

PARTICLE SIZE DENSITY(g/cm®)  [BULKDENSITY(g/cm®)| ATIRITION PERCENTAGE

ES:0.35~1.0mm

. ABOUT 1.2 2.8% OR LESS
UC:1.50R LESS ABOUT 2.5 L %

[0015]
Since the manganese filter medium of the present invention
hasahighdurability, the CODreductionperformance canbemaintained
5 over a long distance even if the manganese filter medium is cleaned
by periodically subjecting a filtration apparatus filled with the
manganese filter medium to back washing. For example, if the COD
regulated value is low (i.e., if the regulations are strict), the
above water treatment method can further include a step of adsorbing
10 and removing organic matter by passing target treatment water which
has already undergone catalytic oxidative decomposition through
active carbon. Further, for example, if the SS concentration is
high, the above water treatment method can further include a step
of separating and removing suspended components by adding a
15 flocculant to the target treatment water before passing the target
treatment water through the manganese filter medium.
[0016]
The water treatment system of the present invention is a water
treatment system for reducing COD (chemical oxygen demand), and
20 includes means for adding a chlorine oxidizing agent to target

treatment water containing organic matter, and a filtration

6



ABOUT 2.5 ABOUT 1. 2 2.8%0R LESS [0015] Since the manganese filter medium of the present
invention has a high durability, theCODreductionperformance can be maintained 5 over a long
distance even if the manganese filter medium is cleaned by periodically subjecting a filtration
apparatus filled with the manganese filter medium to back washing. For example, if the COD regulated
value is low (i.e., if the regHIations are 3trict), the above wateg freatment method can fur%her incI%de a
a ari us at includes ‘g ﬁanganese %lte¥ me 1uq t%;ou 1 WR1C
step of adsorbing 10 and removing organic matter By passing target treatment water which has
already undergone catalytjc oxidative decomposition through active carbon. Further, for example, if the
SS concen?%eakﬁ%ont %rr%8aﬁ, é]%ea gonQ/(?anvF/afNeér1 reegatr%%n‘f’}rlnle%‘ogéh}(lzaeln%l Htﬁé:rli%lu%ladét%bn(% sae%%erlgting
and removing suspended components by adding a 45 flasqulant fo the afget treqtment water hefore
passing the target treatment water throlgh the manganese filter medium. 6
Thewa}tertr%%tﬁeen} system of.the ﬁﬁnt invention is awater treatment system (fjpr rredfl%lng C%?

(chemical oxygen demarll&l? and 20 inc L?dfegen?eélr% for & él%% 3 chibrine oﬁaizmeg a%enta%o Lf‘lzliﬁrget

treatment water containing organic matter, a filtration a tus that includes a manganese filter

iy o LR Sl iR R g el st ot

added passes, and is ghgrascter,}zed in t@agthe manganese fil(; r megg_ym is a filter medi%m in which a
h € t

crystal powsﬁtler o? ﬁat%ral 5 mua{:ngaa(r:l%sg dioxi@gr(Mln%%?%a? inc ﬁéels 13-I\V/Iqﬁ ?susuﬁ)pec;:rteodr vn\}ﬁﬁ%

binder on assﬂ'{f@&?ﬁﬁ‘ padiculate Sgr”%& Vgitﬁggkpl?ﬂggmmgn infering, calcining. préa heatireaiment

at a temperature at which the 13-Mn02 undergoes crystal transformation.

the P-MnO, undergoes crystal transformation.
[0017]

10 For example, if the COD regulated value is low (i.e., if the
regulationsarestrict), the abovewater treatment systemcan further
include an adsorption apparatus that includes active carbon, through
which target treatment water which has passed through the manganese
filter mediumpasses. Further, for example, if the SS concentration

15 is high, the above water treatment system can further include means
for adding a flocculant to the target treatment water before the
target treatment water passes through the manganese filter medium,
and another filtration apparatus through which the target treatment
water to which the flocculant has been added passes.

20 ADVANTAGES OF THE INVENTION
[0018]

According to the present invention, COD is reduced by adding
a chlorine oxidizing agent to target treatment water that contains
organic matter, passing the target treatment water through a

25 manganese filter medium, and decomposing the organic matter by

5



[0017] 10For example, if the COD regulated value is low (i.e., if the regulations are strict) , the above
water treatment system can further include an adsorption apparatus that includes active carbon,
through which target treatment water which has passed through the manganese filtermediumpasses.
Further, for example, if the SS concentration 15 is high, the above water treatment system can further
include means fo[{1 a,gdin% a,f!?cgulant to }he 1_P"Pllrget treatmet t water before th% t rtqet treatment water
passes throtghthé Manganese filtdt meditim: afd hother fiftration apparatus throtgh Which the target
treatment water to, Whichh. thr? flocculant t1as begn addfd passes 20 ADVANTA%ES OdF leﬁ o
INVENTIOI{fT(?(?lé]n v %\%co?dfﬁ]éytgtiﬁe [ﬁggerﬁrln\(?enﬂon,uﬂféb Sredaced %y ald)cﬁﬁg Gch 8nﬁ2—:-
oxidizing agent to target treatment water that contains organic matter, passing the target treatment
water throubH B 25 Raaresd AREY mediLTHEAE Gcomposing te'digant mater by “Catatic™
oxidation. In t@% case, tJE'nOe manganese qu:tL rme iurré irsf%sf%ji%l wgicgta %rjystal pcogl/\idcer 19{ Iqaturg!:
manganeséjalomd% g\flin e2) that includes 13-Mno2is supporteg with a bindet ‘on & surface of a
particulate carrier, without performing sintering, calcining, or 5 a heat treatment at a temperature at
hich 1 OB ISR Ly B T TS PRt T TS Oy i SRR RO AABb than

that i 2 mangness fist medlumailcialy produeed iy dlegolyse,or e g, I addiigy. s stable

crystal structure can be maintained, because the crystal power is not subjected to 10 sintering,

calcining, o ﬁlg}gaﬁ]ﬁrggtrﬁn%a%;?ﬂ%ee@gur% }I?HN cq\g@l%%lhr%cgé%dﬁ%%%%m?ﬁ%&r éforggnation.

Therefore, due to this stable crystal Structure, the filter medium Further, because

electrolysis of g high @Pgrﬁ”_{ﬁé‘%%%e.a”@%r%%E‘Bfi%%([i%‘i’n%ts%%@i%d%g%’%&9%%939@&3

reduced by the amount 15 that it would cost for such a treatment. Consequently, the COD reduction

performance gan be maintained.over,a long distance gvenit the filiration apparatusjs;a tyne.that can

be subjected to back washing. In addition, as is clear from the below test data, the filter medium has a

functiopfor reducing COD-and for removingphene! 20 at ahigh decompgsitiopsate. Cansgquently,
this filter medium can be practically used. BRIEF DESCRIPTION OF THE DRAWINGS [0019]

the B-MnO, undergoes crystal transformation. Therefore, due to this
stable crystal structure, the filter medium has a high durability.
Further, because electrolysis or a high-temperature heat treatment
is not carried out, so production costs can be reduced by the amount
15 that it would cost for such a treatment. Consequently, the COD
reduction performance can be maintained over a long distance even
if the filtration apparatus is a type that can be subjected to back
washing. In addition, as is clear from the below test data, the
filter mediumhas a function for reducing COD and for removing phenol
20 at a high decomposition rate. Consequently, this filter medium can
be practically used.
BRIEF DESCRIPTION OF THE DRAWINGS

[0019]



Fig. 1 is a diagram illustrating the main configuration of a water treatment system according to a
preferred embodiment of the present invention. Fig.2 illustrates X-ray diffraction charts of the
manganese 5 filter medium used in the above water treatment system. BEST MODE FOR CARRYING
OUT THE INVENTION [0020] The water treatment method and water treatment system according
to a preferred emb jmen!'[ of the present invenii?n will now be %g described wit _referegce to th
attached drawings. However, the techfiical Scope of the presentinvehtion' siculd ot be interpreted as
being limited to the embodiment described below. [0021] Fig. 1 illustrates an example of a water,
oatment Sy e S S ARG 10 B Tl GG e e et Fvea i A o rdled in
Fig. 1, the water treatment system 1.according to the present embodiment includes a raw water tank 2
. the prese rnvention. .
which stores orggnlc melft%er-con aining water (raw water) that is the target treatment water, means 3
for adding a flocculf?.nt toéhglt?r et 20.treatment water, a first filtrati%aarpcpsaraystﬁ efor sgﬁaratigg

. o —
suspended matter I’d_f% the targe r%%trﬁgnt W]é?é]r, meansabCFolr%ge(Cilng a ch?orlne OX?(HEI{ZI Srége;ent to

the target trgflir]egr%t.vmvaelg{u% 58%0@%9 f.|Itra,tC| n apparatus, gttg%t r%q:se a manganese filter medium for

. . t .. .
decomposmg organic matter contalneldlln the target treatment Wateralgeby catgﬁ/tlgrgmdatlon, and an

adsorption aprar Et%ﬁa@z&%’ﬁgﬁa@@? f%%%ﬁ%&% gmnic matter contained in the target

treatment water. Reference numerals 21, 22, an in the figure represent pumps for pumping the
target treatrpgg&w ter between the respective apparatuses. 5[0022] In addition, the water
treatment system 1 according to the present embodiment includes a tank 8 for storing target treatment

water that has been-feated by the seqend flitaionappaais 6+ ARartien, ofhe farget aatment water

stored in the tank 8 is

to a preferred embodiment of the present invention will now be
10 described with reference to the attached drawings. However, the
technical scope of the present invention should not be interpreted
as being limited to the embodiment described below.
[0021]
Fig. 1 illustrates an example of a water treatment system 1
15 according to a preferred embodiment of the present invention. As
illustrated in Fig. 1, the water treatment system 1 according to
the present embodiment includes a raw water tank 2 which stores
organic matter-containing water (raw water) that is the target
treatment water, means 3 for adding a flocculant to the target
20 treatment water, a first filtration apparatus 4 for separating
suspendedmatter fromthe target treatment water, means 5 for feeding
a chlorine oxidizing agent to the target treatment water, a second
filtration apparatus 6 that has a manganese filter medium for
decomposing organic matter contained in the target treatment water

25 bycatalyticoxidation, and an adsorption apparatus 7 that has active

9



10 fed to the first and second filtration apparatuses 4 and 6, through which the flow of water has been
temporarily stopped, as a cleaning solution for washing (i.e., back washing) the first and second
filtration apparatuses 4 and 6. The cleaned discharge water is sent back to the upstream equipment as
feed raw water. The back washing 15 is carried out by feeding the cleaning solution into the filtration
apparatus, separating from the filter medium, the impurities such as SS trapped in the filter medium
basect on a SheRrRg BET 6 the Wt O 170 aBbar o AR LG g TS g atehe e
impurities V\Vlgthttglt_; cle gipgrsgllgionnfr%rgrtgfsa%ara%i. The Z%fjelsgnghi%n ihere éh% ecleraenseéjn ‘
discharge WALET s 'sen may also bé the raw water tafik 2 a[682 e first filtration apparatus 4
mainly has the role of separatin filtration the suspendedmatter in the target treatment 25 water to
hich & foC AR 1 TR EAIED By B TEeL A Ao AT B R o ctie SRk ol the
first filtration a paratus é has a filtration layer formed so that water passes through, in order, anthracite
41, sand (fiﬁg mealums) ZfZ, and filtration gravel 43. The water may be made to pass through by a
gravity sé/ster f%? by a pressure system that uses a pump, for example. The anthracite 41 has, for
example, an effective size of 1.2 mm, and a uniformity coefficient of 1.4 or less. The sand (filter
medium) 42 has, fot gxample. A effeclive size of 0.0.mm, And ayniarmity ceefficient of &, Aqless
However, the average pariicle siz€ and the unﬁ‘ormlty 10 coefficient are not Timited to the values
described goove. The ifzation arayvel 4% Aginas 2 supnorb ayer for e anfragite. 41 and.sand (iler
medium) 42. Fur'ﬁ1er, the %tra%}%n gravel 43 eﬁso%as the role %f mégkﬁrr%%ﬂ%é Watéfepasst ?ough evenly,
and the back washing he farrigd.out uniformly, Howeyer.dhe fitration, 15 gravel 43 can be replaced

with a support member that has a plurality of water-passing holes or slits. [0024] The second

filtration apparatys 6 maigly hasthe Jole-qf decomposing By catalytic.xidation theorganic ratier in

the target 20 treatment water to which a chlorine oxidizing agent is added by the oxidizing agent

additiopgneans  Asiaprafered expmple, thesecopd diltration gpparaius.§ has adiliration layer,

formed so that water passes through, in order, anthracite 61, a manganese filter medium 62, and

filtration grayel 63. The walgr may,ke made 0pass 25 frough by @ grayilysystem, orhya pressure

system that uses a pump, for example. The anthracite 61 has, for example, an effective diameter of

0.8 mm, and & uiformity coefficient of 14 or I.e,ssbgeﬂh%atgﬁﬁ%hraglﬁ% 614 alsoprgvidedlny _
prevent suspended matter that could not be removed by the first filtration apparatus 5 4 from adhering

to the manganesediltes medivm §2.andhindering thegatabyticoxidaion Jn-adsdition e {iliraion
gravel 63 has the same role as that of the above-described filtration gravel 43. [0025] More
specifically Jheideeppnositian of 9rganiG MPalterdy s feed raw water. The back washing
15 is carried out by feeding the cleaning solution into the filtration
apparatus, separating from the filter medium the impurities such
as SS trapped in the filter medium based on a shearing action of
the water flow in the apparatus, and discharging the separated
impurities with the cleaning solution from the apparatus. The
20 destination where the cleaned discharge water is sent may also be
the raw water tank 2.
[0023]
The first filtration apparatus 4 mainly has the role of

separatingby filtration the suspendedmatter inthe target treatment

25 water towhich a flocculant has been added by the flocculant addition
10



10 catalytic oxidation, which is the main role of the second filtration apparatus 6, is based on the action
of the manganese filter medium 62. However, the mangane se filter medium 6 2 of the pre s ent
embodiment should be a filter medium that can be put to practical use, especially as regards durability
and production costs. Therefore, a filter 15 medium in which a crystal powder of natural manganese

dioxide (Mn02) that jncludes 3-MnQ IS rsggpgrted V\ill'éh at?}llnedegiornstthg fs_z{face of a partlculat% carrier is

used. The SIStAPpowder of hakiral mahgansss diokide may be dBtained by, ToF 8Xampies Mikikg an

ore that incl q%sma e se dioxide, crushing the minecjh re into a powdery 20 (for example
average pabicle 27t S RE 0 By ASiEhial LG Hoshar br Bt or GRABIS SR

purifying the powder terial to a purity of 90% more%.se arating out_ impurities using a
agnetic SORSIalG: AP e Soaoaty Ine s SR o hess ks St are
artificially produced 25 by electralysis or by, heating. Still theminingmethod andthe method for forming
the powden, el a2 R A 15 (PemeOt Sob et Shove [DOSET Alth g T Tacral

mangangs%dioxide ore contains both Jh3él1\:/ln02 5 and 7-Mn0gbthe 13'MT32, cantent igtl}ligher.tpgn the

tem t . ,
7-Mn02 contgn?. %ﬁgrse (l)lrre? tﬁ Sma?rﬁnganese%ﬁee:rsmaeglﬂw& ofrtheexﬁarrggent em oﬁlr%ent cgr?télns more

13-Mn02 thg{l %—Mno Fig. 2 iIIusireateg1 X I%scof X-ray diﬂ‘rafct'on2 from whigh it can Pg cng?n{irmed
that the mangan%gé filter medium 62 in t is%?econ%giﬁed 13-Mn02 and 7-Mn02 in a ratio 10 Of 6.4,

[0027] A j eramig is, used-far the carrier orti Cr der. ceramic is
mainly forme%%?r{gn%%%%%nﬁa 20542. (\§/\$helr% agc]'era%rﬁﬁcg isSS i%gegd %&%@%arﬁgﬁtqggrg‘%rE%%tha%Ee 15

ceramic be a filiet ymediym thatas;the properfies shewp,in the beloy tahle., Amongst those, it s
preferred that Si02 is 72.0%, Al202 is 16.0%, Mn02is 3.0%, K80 is 3.0%, Na20 is 2.0%, and the

balance (f%?)@.'ﬂpé% irQBgrjtie%S%Liéré";oc%e[g@@f“‘a%]e %Micle sizeandtheuniformity

10 coefficient are not limited to the values described above. The
filtration gravel 43 acts as a support layer for the anthracite
41 and sand (filter medium) 42. Further, the filtration gravel 43
also has the role of making the water pass through evenly, and the
back washing be carried out uniformly. However, the filtration

15 gravel 43 can be replaced with a support member that has a plurality
of water-passing holes or slits.
[0024]

The second filtration apparatus 6 mainly has the role of

decomposing by catalytic oxidation the organic matter in the target

20 treatment water to which a chlorine oxidizing agent is added by
the oxidizing agent addition means 5. As a preferred example, the
second filtration apparatus 6 has a filtration layer formed so that
water passes through, in order, anthracite 61, a manganese filter
medium 62, and filtration gravel 63. The water may be made to pass

25 through by a gravity system, or by a pressure system that uses a

11



..5102 Al203 Mn02 K20 Na20 BALANCE COMPONENT ONTENT (%) 30.0- 75. 0 1.0- 20.0

10

15

20

25

pump, for example. The anthracite 61 has, for example, an effective
diameter of 0.8 mm, and a uniformity coefficient of 1.4 or less.
Further, the anthracite 61 is also provided to prevent suspended
matter that could not be removed by the first filtration apparatus
4 from adhering to the manganese filter medium 62 and hindering
the catalytic oxidation. 1In addition, the filtration gravel 63 has
the same role as that of the above-described filtration gravel 43.
[0025]

More specifically, the decomposition of organic matter by
catalytic oxidation, which is the main role of the second filtration
apparatus 6, is based on the action of the manganese filter medium
62. However, themanganesefiltermediumé62of thepresent embodiment
shouldbe a filter medium that can be put to practical use, especially
as regards durability and production costs. Therefore, a filter
medium in which a crystal powder of natural manganese dioxide (MnO;)
that includes P-MnO, is supported with a binder on the surface of
a particulate carrier is used. The crystal powder of natural
manganese dioxide may be obtained by, for example, mining an ore
that includesmanganesedioxide, crushingtheminedore into apowdery
(for example, average particle size of 20 to 40 pm) material using
a crusher or an attritor for example, and then purifying the powdery
material to a purity of 90% or more by separating out impurities
using a magnetic separator or the like. Specifically, this is
different from manganese dioxides which are artificially produced

by electrolysisor byheating. Still theminingmethodandthemethod
12



3.0-50.00.0-3.00.0-3.00.0-5.0 PARTICLE SIZE DENS I TY (gicm3) BULK DENS |

TY(g/cm3) ATTRITION PERCENTAGE ES:0.35-1.0min UC: 1.5 OR LESS ABOUT 2.5 ABOUT 1. 2

2.8%0R LESS 20

10

15

20

for forming the powdery material are not limited to the methods
described above.
[0026]

Although the natural manganese dioxide ore contains both B-MnO;
and Y-MnO,, the P-MnO, content is higher than the Yy-MnO, content.
Therefore, the manganese filter medium 62 of the present embodiment

contains more B—Mnoz than y-MnO,. Fig. 2 illustrates examples of

X-ray diffraction, fromwhich it can be confirmed that the manganese
filter medium 62 in this lot contained B-MnO, and y-MnO, in a ratio
of 6:4.

[0027]

A particulate ceramic is used for the carrier supporting the
crystal powder. The ceramic is mainly formed from SiO, and Al,0;.
When a ceramic is used for the carrier, it is preferred that the
ceramic be a filter medium that has the properties shown in the
below table.

Amongst those, it is preferred that SiO, is 72.0%,

Al,031is16.0%, MnO, 1is 3.0%, K;01s 3.0%, Na,0is 2.0%, and the balance

(for example, impurities etc.) is 4.0%.

[Table 2]
AN NENT SiO:z Al20s3 MnO: K20 Naz0 BALANCE
CONTENT (%)) 30.0 ~75.0] 1.0~20.0 | 3.0~50.0} 0.0~3.0 | 0.0~3.0 | 0.0~5.0

DENSITY(g/cm®)

PARTICLE SIZE BULK DENS1TY(g/cm®)| ATTRITION PERCENTAGE

ES:0.35~1.0mm

2.8%OR LESS
UC:1.50R LESS

ABOUT 2.5 ABOUT1.2

[0028]
13



[0028] Another feature of the manganese filter medium 62 used in the present embodiment is
that the crystal powder of natural manganese dioxide is supported with a binder on the carrier surface,
without performing sintering, calcining, or a heat treatment at a temperature 5 at which the 13-Mn02
undergoes crystal transformation. An example of the support method is to support the crystal powder
on the carrier surfa%e viglha bir%dertbL}/ coat%n%he binder on the surface of the carrier, an?(;_! thegﬁdding
the crystal powder and Granulating © However thasthport Hethod s nBEfimited 16 this: Farther the

components 10 of the bg%d%{.arg r]coti%sg%cail%llyé wgg{fe% @tlglovg\!i%ggwedero rpar}/?l%% ggﬁdmgﬁé};actlriénen e

. . Present empo n r

inorganic of organic binders. However, a binder guires ering or calcining n or

such as an luming cement, is no u:aed..AH ex mgl of a usa}tl)le binder is a bincrier formed from a
; 1loxlde 1S SUpporte cXut ﬁ 1 er auF ?Fe w1tPout

mixture of an aluminum co und and an alkaline ound. In the Presen

r on t arri
5earth me?afcomp
embodimentéip f’ghir%kl‘ a c%(.Lst%l epralvrvlder g(fj @Canggneseogi%i%% 1Cs Sy gg%g% on ttahe cargieerrsg{facg, if
the averagéjparticfe sizéd of the man&énese d}oxﬁgtrystal powder IS more ﬁ1an 30t3| , ItiS difficult to
uniformlg su%port th%c stal Qyuder over the whole carrier s%rface.fConverseI , if the average 20

. ._a Whl?h 9%8 — ﬂ1 uncFrﬁoes cr%aﬁfl. rans P matlo¥H n exaé%%e
particle Size'is less than m, the’ powder flies arou uring granulation, So that the granufation

efficiency detetigrates, (00291 Ths,adserplion.apnaralus f mainjx as the.fale, of adsprbing fne grganic
th e

matter contained in arget treatment water. 5 adsorption apparatus 7 has, for example, an

active carbqn, jayer { U?%::S%@ﬂ‘&@?”ﬂ%&"%tga‘%? NG C@B‘%"%fr\@a xample gtthe adtive carhon fhat can

be used is active carbon (trade name: ACW8-32#) manufactured by Serachem Co., Ltd. However, the

type and shape, of dhe Qﬁtﬁ’&%ﬁbao&ﬁrﬁgn%g@g‘%% 19, this, A0y, K0RWR ACHYS Garen S may e Lised.

[0030] The flocculant addition means 3 and the oxidizing agent addition means 5 are configured

so that chapnels (for-example. jpipes anghthe bikg)3l,and e, which-are respectielyJg compypication

10 with (not illustrated) supply sources, are connected to a target treatment water channel so that the

flocculagt apg t@ﬁ&hwmeqxiq@%@ze@?c[a@a%ﬂ q i thefargehtreatmentyvaige T he,gdded

amount can be regulated by, for example, flow regulation means 32 and 5 2 , which may be a valve or

the like. To.improve; theimis ity Ipguith the targetireatment yater, a siiging.apparatus, sueh-as a

line mixer or a stirred tank, may be provided. It is noted that the supply location illustrated in Fig. 1 is

an example, Jhe supply lacation is petlimited to. this. pasitign The flaceulapt ghowld be added ;<
upstream from the first filtration apparatus 4. The
an alumina cement, is not used. An example of a usable binder is
a binder formed fromamixture of an aluminum compound and an alkaline
15 earthmetal compound. 1In the present embodiment, inwhich a crystal
powder of manganese dioxide is supported on the carrier surface,
if the average particle size of the manganese dioxide crystal powder
is more than 40 um, it is difficult to uniformly support the crystal
powder over the whole carrier surface. Conversely, if the average
20 particle size is less than 20 um, the powder flies around during
granulation, so that the granulation efficiency deteriorates.
[0029]
The adsorption apparatus 7 mainly has the role of adsorbing

the organic matter contained in the target treatment water. The

25 adsorption apparatus 7 has, for example, an active carbon layer

14



20 oxidizing agent should be added upstream from the second filtration apparatus 6. Further, the
flocculant may be added at more than one location. For effective removal of residual suspended
matter with the anthracite 61 of the second filtration apparatus 6, flocculant addition means for adding
the flocculant may be additionally provided between the first filtration apparatus 4 and the second
filtration apparatus 6. &O?g(l)]mExam les Rfafltoccul%nts that can be uied includc?L inoriganic % Elgcculants

such as PAC (ctémicdl hame LpdiyaltRiniTm brde) Firsh (chemicst fiane “polytsric Sditate),

and alum earth (che 'ca#name: luminum sulfate), and polyacrylamide arganic flocc S. ng
those, PACE T et e i DUl oFadiitg e HOCL T 1 15 TsITEE e el e 2Aded
matter in the 10 target treatment water. And the flocculated sus ende% atter is separated b
filtration, wﬁnéarréﬁyg?%gc%é tgt\él %?é:éanclg %grééjn)’inﬁ%% Targlgtvfregfa?ﬁwén f\gvéatit_é?/]?seréal ucestj'l a h?r?dering
of the catalytic oxidation due o suspended matter adhering.to the manganese filter medium 62 is
orevetod. 1500 - B ot chiine ShG SCArS that L B (Lad hefide thoroe
dioxide %0102 ig/gochlorites such as sodium hypochlorite (Na010), and potassium permanganate

a e Used. . : e - .
(KMn04). The'main purpose of adding the chlorine oxidizing agent is to decompose the organic 20
matter by oTigl@ggn with the manganese filter medium 62 acting as a catalyst. An especially preferred

example of the oxi]dizing agent employed for the oxidative decomposition of the organic matter using

ihe manganese fiter mediygL62 s shiodae floxide ((102). Burher. when smptiasipo pheno

decomposition efficiency, sodium 25 hypochlorite (Na010) is preferr Next, the method

for reducing. the; COD ys ing the water, é@f‘&’?ﬁ@%%’%tg@ﬂa)@ ustraterLindFig- 1 will be described. The

type and pollution of the target treatment water (raw water) that is treated 5 by the present system are

not especially jmited. T D]?etﬂr%elt traiment walermay.he yarus types of organic matter-coptaining

water, such as general discharge water, industrial discharge water, sewage, river water, groundwater,

and lakeywafer. The, rgw %@%rst@%@et&%at@g%%i@ﬁ below-examples hag g color degreg of 141,10 a

turbidity of 14.11, and apH of 7.65. However, the target treatment water is not limited to this. Further, if

the raw watgr is,acidic.or,alkaline, Appropriate, pEadiustment £ap becarded oyt inadvancs,asa
pre-treatment. [0034] 15The target treatment water (raw water) treated by the present
oxidizing agent can be added to the target treatment water. The
added amount can be regulated by, for example, flow regulation means
32and 52, whichmaybe avalveor thelike. Toimprovethemiscibility
15 with the target treatment water, a stirring apparatus, such as a
line mixer or a stirred tank, may be provided. It is noted that
the supply location illustrated inFig. 1 is an example. The supply
location is not limited to this position. The flocculant should
be added upstream from the first filtration apparatus 4. The
20 oxidizing agent should be added upstream from the second filtration
apparatus 6. Further, the flocculant may be added at more than one
location. For effective removal of residual suspended matter with

the anthracite 61 of the second filtration apparatus 6, flocculant

additionmeans for adding the flocculant may be additionally provided

15



system is temporarily stored in the raw water tank 2, then pumped by the pump 21 towards the first
filtration apparatus 4. During this pumping, the flocculant is added by the flocculant addition means 3.
The added amount of the flocculant is set to 5 to 30 mg/l, 20 for example. The target treatment water
to which the flocculant has been added is fed to the first filtration apparatus 4, where suspended

matter is removed by separation when passing through the filter mezﬁiiu . [0035 . To the target
eatment /e (SEhar et SGioh) TERPGAER R SBbHGed Atel Tas Bost Lebblitad by tho fst
filtration apgaratus % the6chlorine oxidizing agent is added by the oxidizing agent addition means 5.
The added amoun o}lﬁne oxidizing agent 5 is set, for example, to 1.25 mg/1 for chlorine dioxide
(C102), ang bocﬁ1 g/1 for sodium hypochlorite (NaC10). The target treatment water to which the

nt ha

oxidizing age been added is fed to the second filtration apparatus 6. When the target treatment

water passes through the mangapese filter medium 62, organic, matter is 10 decomposed by oxidation
by the chlorine dioxg ea\s\n/ﬁ%ﬁe ?nPar?g?aonce%Ié%t%F ?net ﬁrtn gf gcﬁr?g %geaécalt%ﬁ/sf%oég]org(ymﬁh%
target treatment wa erh'n Whichhor anig terhhas.be n decomposeld by oxidation bl){thes cond
itraton AppaAT & 12 15 (Hsoraly 2iorel T Ehe Fink 6. Than phseat g e B 55 touiards the

adsorption ggRYRLyS 7. Wheq (0 farge reatment uater passasitvayoh the pctive, caron pver 71in
the adsorption apparatus 7, the organic matter is adsorbed on the activé carbon layer 71. The

thus-obtained,COD-redu arget tr t water an eptable . )| e Is clear
from th.e res%l%th.s %‘Qtﬁrg %e%%\?\l/n %kargn%fll&% i0037i Th%s?%céorﬁﬁ% t%% é? p%gggl?le{r%rbo %rigzgnf%? §y _adding
a chlorine ax{dizing Agent to targst reatment waler that gontains, arganic:matier,; and passing this
target treatment water through a manganese 25 filter medium 62, the organic matter is decomposed

by catalytic gxidation, 50 that the,¢ QR cap be reduced, Mereauer, themapganess filter medium,62 of

the present embodiment is configured such that a crystal powder of natural manganese dioxide

(Mn02) thatinclydes 13:Mn02,is sypparted with,a binder on the surface.of.a,particulate 5.carrier,

Therefore, compared with a manganese filter medium artificially produced by electrolysis and like, for

example, the¢rystal stiueiyre-ismore stahle. | addition His sigble erysial skycire can bepon)
maintained, because the crystal powder is not
inthetarget treatment water isreducedandhinderingof thecatalytic
oxidation due to suspended matter adhering to the manganese filter
medium 62 is prevented.
15 [0032]
Examples of chlorine oxidizing agents that can be used include
chlorine dioxide (C10O;), hypochlorites such as sodium hypochlorite
(NaCl0O), and potassium permanganate (KMnO4). The main purpose of
adding the chlorine oxidizing agent is to decompose the organic
20 matter by oxidation with the manganese filter medium 62 acting as
a catalyst. An especially preferred example of the oxidizing agent
employed for the oxidative decomposition of the organic matter using
the manganese filter medium 62 is chlorine dioxide (C10;). Further,

when emphasizing phenol decomposition efficiency, sodium

25 hypochlorite (NaClO) is preferred.
16



subjected to sintering, calcining, or a heat treatment at a 10 temperature at which the 13-Mn02
undergoes crystal transformation. Therefore, due to this stable crystal structure, the filter medium 62 of
the pre sent embodiment has a high durability. Further, because electrolysis or a high-temperature
heat treatment is not carried out, production costs can be reduced by the amount that it would 15 cost
for such a treoagryﬁ t. In addition, as is clear from the below test data, the above filter medium not only
merely redu[ces the COD, but it is also capable of removing persistent phenol at a high decomposition

rate. Consequently, thi s mangane se filter medium can ractically used. 20[0038] The

above-mentioned a?éir?t’uag% u?etaoéﬁ!stfgorsé:se i’?llfjurrc%eltrrl1 a%gé)e?ﬁ%e}l%%n %?o?qrgetqeu%#]ﬁe@ﬁﬁént

However, it is not cle I‘W{‘Ifth r rtg% manganese d|(1X|de ﬂ_P tenéethgrat%ree s ?&ngtgg%gr%c:ggt or
ed ng the

an artificial f)?/os&uec? ur er}lﬁwe manganese filter medium is 25 Sintered and mo

production process.. Therefore, it.is highly likely that the manganese dioxide crystal structure is
Reomed o D e et R S Py
Washing5 P%ten,tC iterature 5, .in Whi%h calciningn%tt400 to 100Qﬁ is ciarri% o&:t, is%!%o ,tcr}je same.

e

5[0039] Furt Sr,%raetgﬁt t|tesr$1/tf1ree 3 discloses a filter medium that has a mix ayer%??[%-MnOZ

and7-Mh02, However,.the_13-MnQ2is.formed in_layers on th rrier surfa 0 the manganese
» However, the 1 prme Yer §{ syrfage due to the mang
salt solution Egi%gnhe%t treated. Eﬁ%her, the 13-Mn02'Acts as aagfﬁr%‘erls%pportjléng 1é the 7-Mn0

particles O%tgﬁesﬁ}‘,r face-af the &E@%Y"%ﬂ‘f@éﬂ% thatthe decompesition parformance %SEE%'}?S on

the 7-Mn02. Therefore, as Is clear from the blending ratio disclosed in the examples, the ratio o

7-Mn02 is f@%%?‘iée,r thapdbe fatia pf 13:Mn02; Moreover, f;MnOghas a brittle grystal stryetyre, and

often breaks up during 15 back washing. Consequently, the decomposition performance deteriorates

with use. [00401 ; 5 In-adalitign; Ratent lﬂéeféwrgxﬁfa%‘i@eﬁa?sﬁ'éercg‘le&j:“mci@é‘@%h313'&"419?,

particles produced by electrolysis or particles that
10 aturbidityof14.11, andapHof 7.65. However, the target treatment

water is not limited to this. Further, if the raw water is acidic
or alkaline, appropriate pH adjustment can be carried out in advance
as a pre-treatment.

[0034]

15 The target treatment water (raw water) treated by the present
system is temporarily stored in the raw water tank 2, then pumped
by the pump 21 towards the first filtration apparatus 4. During
this pumping, the flocculant is added by the flocculant addition
means 3. The added amount of the flocculant is set to 5 to 30 mg/1,

20 for example. The target treatment water to which the flocculant
has been added is fed to the first filtration apparatus 4, where
suspended matter is removed by separation when passing through the
filter medium.

[0035]
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20 have undergone crystal transformation to 13-Mn02 by heat treating 7-Mn02Issupported.
Inthiscasealso,theabove-describedproblems tend to occur. [0041]
Employingthemanganesefiltermedium62thepresentembodiment 25 allows the second filtration
apparatus 6 to be used as a back w ashing type apparatus, which can periodically perform back
washing. Consequeptly, this allows the COD feduction performance g be malntained, On (e, other
hand, since conventional manggnese%ﬁer Medra Are Bither a?f?ﬂma?y produced using a chemica
reaction 5 ar.include artificially produced components, a hi Il;\%e eratyre heat treatment is required
dring the BARC I BIOLE s e oAb SHe rahg o S OB el Sl e oot s 7 ho2
has a brittle cr%/sta(‘!l gtruc%lére and Qis under%one c?stal transf r@gtlgndg% tgat Q}Lljrablllty is

substantiallf}z? uced: Al OEE}? bac Ovﬁsfhelngxfodé a fiffef Medium is known ﬁ/er sg, %?ladﬁnzaﬁggnese

dioxide filter medéum iéthe filtration a pg:\ratulsnis simgl da(%i)e th@t can erform.tg;tck.washin% t@e
. ) ddit ) . ad ) !
filter medium-breaks ap%trtl(fur}ln%et%%%ack Wasrenn%, which means that t e?lItC|9§>t<'[|lonlp%(—:-lrlf“l(%'rﬁa1 ce

canmot he e oyet 2Jong perod o s (., e Bl merlum e s e, 150042

/ . d
According to the present embo ment, COD can be reliab uce er the above-described

catalytic oxidatiye dlegompasition, passinglhe fargel reatent water thiough aofive carban s fat the

organic components that were gecompo by 20 catalytic oxidation are adsorbed. As stated above,

although it is difficulf fo adsorh sgme 5%99&02‘ Pﬁ%a%li&é‘?l ttey (for,examnle, Jughly pojar mafter, atter

having a large molecular structure etc.), the catalytic oxidative decomposition decomposes the organic

matter into molechles that cap £asily, Bs adsprhedson the actiye catbon, Gonseauenily, the, COD

reduction rate due to the active carbon can be improved. [0043] In addition, according to the present

embodiment, COD, C@HPS%EE'@?Q’ feduced by, betare nassing the target jteatmept wafer thrqugh the

manganese filter medium 62, removing suspended matter by a flocculation and separation method to

prevent the catalytic, 0xid %?eo%ﬁ%rtqféﬁ%?%r@é% tep mediym; 6.2 fromydetarioaling , 0044]

10In the above, the present invention was described in detail based on a specific embodiment.

However, agaersan having Qrdinary kpqwledge in the, arpestaining to the subject technical field would
clearly understand that various substitutions, modifications, changes and the like relating to the form

and detail s;@fthe jnvention 15 could be made that fall within the spirit and scope of the invention as
prescribed in the claims. Therefore, the scope of the present invention is not limited to the above

embodiment and attached;drawings -anchsheuldbhe constiugd hased an the-claims and, gquiyalgnt

subject matter thereto.

decomposed by oxidation by the second filtration apparatus 6, is
15 temporarily stored in the tank 8, then pumped by the pump 23 towards
the adsorption apparatus 7. When the target treatment water passes
through the active carbon layer 71 in the adsorption apparatus 7,
the organic matter is adsorbed on the active carbon layer 71. The
thus-obtained COD-reduced target treatment water has an acceptable
20 COD for release, as is clear from the results of the below examples.
[0037]
Thus, according to the present embodiment, by addingachlorine
oxidizing agent to target treatment water that contains organic
matter, and passing this target treatment water through a manganese

25 filter medium 62, the organic matter is decomposed by catalytic

18



20 [Examples] [0045] Examples carried out to confirm the advantageous effects of the present
invention will now be described. However, the technical scope of the present invention should not be
interpreted as being 25 limited to the examples described below. [0046] (Example 1) InExample
1, raw water was treated based on the flow illustrated in Fig . 1. The main test conditions are

listedbelLLow. ,SO?amplgs tals<gnt g@r@ﬁge Jaw wgrtlegaémdet e égget tl(?oatggnte \évat%afteg1 a fir%tefjs!téation
treatment, SHer CataIfiic oxiative detSnposition, And Siter At adsofption treatment By REVE Sarbon,

respectivelx_j were mea l{ﬁanq Eog %O%%ge ree, turbidi%b%n(giCOD. The measurement res%ltstrgre
ble 3. ASu [ dfor ﬁ1e

e
. resen ment 1S con ure SUC
shown in Ta aric acid-acidic p LSS 6 permanganate method was employe

back Washiggbturbitdit ,anélgcech @eaas&rlerrgcfn%meth%de. gir tgltraggn Mo nt}rggi{e (1.21-u1d4 300

mmH 15Sand (63./@ - _aL.4)p mmE Filiation ratea(E‘%’E O mihr }ﬁoccuﬁant A)d ition of 30 mg/i AC

Cauﬂyﬁc01¥§ﬂ&% is supported with a binder on the surface of a particulate

5 carrier. Therefore, compared with a manganese filter medium
artificially produced by electrolysis and like, for example, the
crystal structure is more stable. In addition, this stable crystal
structure can be maintained, because the crystal powder is not
subjected to sintering, calcining, or a heat treatment at a

10 temperature at which the B-MnO, undergoes crystal transformation.
Therefore, due to this stable crystal structure, the filter medium
62 of the present embodiment has a highdurability. Further, because
electrolysis or a high-temperature heat treatment is not carried
out, production costs can be reduced by the amount that it would

15 cost for such a treatment. In addition, as is clear from the below
test data, the above filter medium not only merely reduces the COD,
but it is also capable of removing persistent phenol at a high
decompositionrate. Consequently, thismanganese filter mediumcan
be practically used.

20 [0038]

The above-mentioned Patent Literature 2 discloses a manganese

filter medium for reducing COD. However, it is not clear whether
the manganese dioxide in Patent Literature 2 is a natural product

or an artificial product. Further, the manganese filter medium is

25 sintered and molded during the production process. Therefore, it

19



20Anthracite (1.0 - 1.4) 200 mmH Manganese filter medium (shown in Table 3) 600 mmH Flow rate
SV = 10/hr However, 10 mg/1 of polyiron was added as a flocculant before the catalytic oxidation.
25 - Active carbon Active carbon 800 mmH Flow rate SV = 10/h [0047] [Table 3] EXAMPLE 1 COLOR
DEGREE (DEGREES) TURBIDITY (DEGREES) COD (mg/l) RAW WATER

is highly likely that the manganese dioxide crystal structure is

deformed and unstable. If that is the case, the manganese filter

medium will break up during back washing. Patent Literature 5, in

which calcining at 400 to 1000°C is carried out, is also the same.
5 [0039]

Further, Patent Literature 3 discloses a filter medium that
has a mixed layer of B-MnO; and y-MnO,. However, the p-MnO, is formed
in layers on the carrier surface due to the manganese salt solution
being heat treated. Further, the f-MnO; acts as a binder supporting

10 the y-MnO, particles on the surface of the carrier, which means that
the decomposition performance depends on the y-MnO,. Therefore,
as 1s clear from the blending ratio disclosed in the examples, the
ratio of y-MnO, is far greater than the ratio of B—Mnoz. Moreover,
Y-MnO, has a brittle crystal structure, and often breaks up during

15 back washing. Consequently, the decomposition performance
deteriorates with use.

[0040]

In addition, Patent Literature 4 discloses a filter medium
in which B-MnO; particles produced by electrolysis or particles that

20 have undergone crystal transformation to PB-MnO, by heat treating
Y-MnO; Is supported. Inthiscasealso, the above-described problems
tend to occur.

[0041]

Employingthemanganesefiltermedium62 thepresent embodiment

25 allows the second filtration apparatus 6 to be used as a back w

20



14.1 14.11 16.5 AFTER FIRST FILTRATION TREATMENT (ADDITION OF 30 mg/10F PAC) 9.5 4.59
15.3 AFTER CONTACT OXIDATION (ADDITION OF 1.25 mg/10OF C102 AND 10 mg/IOF
POLY1RON) 9.9 4.0 7.8 AFTER ADSORPTION TREATMENT 4.6 3.65 2.4

ashing type apparatus, which can periodically perform back washing.
Consequently, this allows the COD reduction performance to be
maintained. On the other hand, since conventional manganese filter
media are either artificially produced using a chemical reaction
5 or include artificially produced components, a high-temperature
heat treatment is required during the production process. In such
acase, theratioofy-MnO,unavoidablyincreases. 7Y-MnO,hasabrittle
crystal structure, and has undergone crystal transformation, so
that durability is substantially reduced. Although back washing
10 of a filter medium is known per se, for a manganese dioxide filter
medium, if the filtration apparatus is simply a type that can perform
back washing, the filter mediumbreaks apart during the back washing,
which means that the filtration performance cannot be exhibited
over a long period of time (i.e., the filter medium life is short).
15 [0042]

According to the present embodiment, COD can be reliably
reduced by, after the above-described catalytic oxidative
decomposition, passing the target treatment water through active
carbon so that the organic components that were decomposed by

20 catalytic oxidation are adsorbed. As stated above, although it is
difficult toadsorb some kinds of organicmatter (for example, highly
polar matter, matter having a large molecular structure etc.), the
catalytic oxidative decomposition decomposes the organic matter

into molecules that can easily be adsorbed on the active carbon.

21



5 [0048] (Example 2) In Example 2, hypochlorous acid was added as the oxidizing agent instead
of the chlorine dioxide used in Example 1. Other than 10 changing the oxidizing agent, the conditions
and the like were the same as in Example 1. The measurement results of the color degree, turbidity,
and COD of each sample are shown in Table 4. [0049] [Table 4] COLOR DEGREE (DEGREES)
TURBIDIT\% DEGREE%) gODtﬁrgg& RAW WATER

nsequen D reduction rate due to the active carbon can
be improved.
[0043]
In addition, according to the present embodiment, COD can be
5 reliably reduced by, before passing the target treatment water
through the manganese filter medium 62, removing suspended matter
by a flocculation and separation method to prevent the catalytic
oxidative power of themanganese filter medium62 fromdeteriorating.
[0044]

10 In the above, the present invention was described in detail
based on a specific embodiment. However, a person having ordinary
knowledge in the art pertaining to the subject technical field would
clearly understand that various substitutions, modifications,
changes and the like relating to the formanddetails of the invention

15 could be made that fall within the spirit and scope of the invention
as prescribed in the claims. Therefore, the scope of the present
inventionisnot limitedtothe above embodiment andattacheddrawings,
and should be construed based on the claims and equivalent subject
matter thereto.

20 [Examples]

[0045]

Examples carried out to confirm the advantageous effects of
the present inventionwill now be described. However, the technical
scope of the present invention should not be interpreted as being

25 limited to the examples described below.
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14.1 14.11 16.5 AFTER FIRST FILTRATION TREATMENT (ADDITION OF 30 mg/10OF PAC) 95 4.59
15.3 AFTER CONTACT OXIDATION (ADDITION OF 5 mg/10F NaClO AND 10 mg/1OF POLYIRON)
7.3 3.17 8.6 AFTER ADSORPTION TREATMENT 3.2 3.11 6.3

[0046]
(Example 1)
InExamplel, rawwaterwas treatedbasedontheflowillustrated
inFig. 1l. Themaintest conditions are listedbelow. Samples taken
5 from the raw water and the target treatment water after a first
filtration treatment, after catalytic oxidative decomposition, and
after an adsorption treatment by active carbon, respectively, were
measured for color degree, turbidity, and COD. The measurement
results are shown in Table 3. A sulfuric acid-acidic potassium
10 permanganate method was employed for the back washing, turbidity,

and COD measurement method.

— First filtration

Anthracite (1.2 - 1.4) 300 mmH

15 Sand (0.6 — 1.4) 300 mmH
Filtration rate (LV) = 10 m/hr
— Flocculant

Addition of 30 mg/l PAC
- Catalytic oxidation
20 Anthracite (1.0 - 1.4) 200 mmH
Manganese filter medium (shown in Table 3) 600 mmH
Flow rate SV = 10/hr
However, 10 mg/l of polyiron was added as a flocculant before
the catalytic oxidation.

25 - Active carbon
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15 [0050] (Comparative Example 1) Comparative Example 1 was carried out in the same manner
as Example 1, except that catalytic oxidation was not carried out. 5 Specifically, in terms of the flow
illustrated in Fig. 1, the second filtration apparatus was omitted, so that the target treatment water that
had been subjected to the first filtration treatment was passed through the active carbon. The
measurement resul}&ség,the color de ree, turbidity, and COD of each sample are shown in Table 5.

10[0051] [Table 5] *COtBR DECREE(DECREES) TURBIDITY (DEGRFFS) C:011)(mg/0 RAW
WATER 14.1 Flow rate SV = 10/h
[0047]
[Table 3]
EXAMPLE 1
TR | R [ coowmen
RAW WATER 141 14.11 16.5
AFTER FIRST FILTRATION TREATHENT :
(ADDITION OF 30 mg/I OF PAC) 9.5 459 153
AFTER CONTACT OXIDATION (ADDITION OF 9.9 4.05 78
1.25 mg/1 OF G102 AND 10 mg/| OF POLYIRON)
AFTER ADSORPTION TREATMENT 4.6 3.65 24
5
[0048]

(Example 2)

In Example 2, hypochlorous acid was added as the oxidizing

agent instead of the chlorine dioxide used in Example 1. Other than

10 changing the oxidizing agent, the conditions and the like were the
same as in Example 1. The measurement results of the color degree,

turbidity, and COD of each sample are shown in Table 4.

[0049]
[Table 4]
EXAMPLE 2
TURBIDITY
0 (DEGREES) | COD (me/1)
RAW WATER 14.1 14.11 16.5
AFTER FIRST FILTRATION TREATMENT
(ADDITION OF 30 mg/1 OF PAC) 9.5 459 153
AFTER CONTACT OXIDATION (ADDITION OF 73 317 8.8
5 mg/1 OF NaClO AND 10 mg/| OF POLYIRON)
AFTER ADSORPTION TREATMENT 3.2 3.11 6.3

15
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14.11 16.5 AFTER FIRST FILTRATION TREATMENT (ADDITION OF 30 me | OF PAC) 9.5 4.59 15.3
AFTER ADSORPTION TREATMENT 7.8 4.46 12.4 [0052] The results in Tables 3 to 5 clearly confirm
that COD can be 15 reduced by passing target treatment water to which a chlorine oxidizing agent had
been added through a manganese filter medium. It was also confirmed that COD can be reliably
reduced by Jo&?;%‘uf target treatment water that has been subj ected to catalytic oxidation through
active carban. As the oxidizing agent, although NaClO is 20 more effective when focusing on
chromaticity and turbiqait%/, re rdir:lglCOlP reduction , it was confirmed that C102 i s more effective.
When us iné 164 the ' COD after paes S ?ng through active carbon i s reduced to 2.4 mg/l. More
specificaly, it was qonfirmed that 0102, ¢an decompose.graanic matter in g mapnerthat cnablegit o
be more easily adsorbed on ﬁme Active carbon; b

Example 1, except that catalytic oxidation was not carried out.
5 Specifically, in terms of the flow illustrated in Fig. 1, the second

filtration apparatus was omitted, so that the target treatment water

that had been subjected to the first filtration treatment was passed

through the active carbon. The measurement results of the color

degree, turbidity, and COD of each sample are shown in Table 5.
10 [0051]

[Table 5]

GOMPARAT I VE EXAMPLE 1

COLOR DEGREE TURBIDITY
(DEGREES) (EGREES) | COD (mg/1)

RAW WATER 14.1 14.11 16.5

AFTER FIRST FILTRATION TREATMENT 95 4.59 15.3
(ADDITION OF 30 mg/| OF PAC) ’ '

AFTER ADSORPTION TREATMENT 78 4.46 12.4

[0052]
The results in Tables 3 to 5 clearly confirm that COD can be

15 reduced by passing target treatment water to which a chlorine

oxidizing agent had been added through a manganese filter medium.

It was also confirmed that COD can be reliably reduced by passing

target treatment water that has been subjectedtocatalyticoxidation

through active carbon. As the oxidizing agent, although NaClO is
20 more effective when focusing on chromaticity and turbidity,

regarding COD reduction, it was confirmed that C10, ismoreeffective.
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5[0053] (Test Example 1) In Test Example 1, it was confirmed whether the mangane se filter
medium used in the above example s has a phenol decompo s ition function . The test was carried out
by filling a sample of the filter medium 10 to a height of 600 mm in a 1000 mm column with a diameter
of 50 mm, then adding chlorine dioxide and sodium hypochlorite to raw water and performing a

water-pass%/rﬁgetest atafi %aotlon rate SV =f5/gr. The addeq amouqlgzaof the chlorlgg dioxide and sodium

. nusin the CODafter pas hro tive carbonds requced
hypochlorité Were'Set So that the respective concentrations Wwere’ 15 the same as i Exampies 1 and 2.

Thirty minutes after passing the water, a sample was taken from the treated water and.its phenol
concentratic%rﬂ3 v%a’simlélgzg:éd. reeregﬁl?sc zjir%]afs aL()Wv?ﬁ] in T%bl"éaé It i%nc%é:r ?oma%ﬁg%regﬁt%s)zinclaarble 6

that in the sam oIes (tjos \évh(i)ch s%diium ham?cplolri%e Qad g)egn adfdﬁgtph%g% was (:‘{%cotmp%seeqn toorle.z 20
mg/l, and that in the sampffe%ato which chforing dicxidé had been added p

enol'was 8ecomposed to
6.4 mg/l. Theusé Ir?m ghc?se rtgétdresult%hlte was conflrmeq: ghoarg the manganese filter medium of the

. a O n active ca . . . .
present invention ﬁ/as a%unctlon f%r removing p]henoi:, which may Change into an endocrine dlsrupter,
and is a e:[s&%tégt substance. 25 [Table 6] PHENOL DECOMPOSITION TEST RAW WATER FILTER
MED ITUM + S I]UM HYPOCHLOR I TE FILTER MED I UM + CHLORINE DIOXIDE -1 Omg/I 1.

2mg“ (Test Example 1)

InTest Examplel, it was confirmedwhether themanganese filter
mediumused in the above examples has aphenol decomposition function.
The test was carried out by filling a sample of the filter medium

10 to a height of 600 mm in a 1000 mm column with a diameter of 50
mm, then adding chlorine dioxide and sodium hypochlorite to raw
water and performing a water-passing test at a filtration rate SV
= 5/hr. The added amounts of the chlorine dioxide and sodium
hypochlorite were set so that the respective concentrations were

15 the same as in Examples 1 and 2. Thirty minutes after passing the
water, a sample was taken from the treated water and its phenol
concentration was measured. The results are shown in Table 6. It
is clear from the results in Table 6 that in the samples to which
sodium hypochlorite had been added, phenol was decomposed to 1.2

20 mg/l, and that in the samples to which chlorine dioxide had been
added, phenol was decomposed to 6.4 mg/l. Thus, from these test
results, it was confirmed that the manganese filter medium of the
present invention has a function for removing phenol, which may
change into an endocrine disrupter, and is a persistent substance.

25 [Table 6]
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6. 4mg/l DESCRIPTION OF REFERENCE NUMERALS [0054] 1water treatment system 53means for
adding a flocculant 4first filtration apparatus 5Smeans 5 for adding an oxidizing agent 6second filtration
apparatus 62manganese filter medium 107adsorption apparatus 71active carbon layer CLAIMS

1. A water treatment method, comprising: adding a chlorine oxidizing agent to target treatment water
that contains organic 5 matter; pas s ing the target treatment water through a mangane se filter

medium; and wEﬁeg%?ﬁqﬁﬂlcrEﬁﬁer by catalytic oxidation to reduce COD (chemical oxygen

D e | Ll BB | ORI,
10mg. 7| 1. 2mg 71 6. 4mg.”|
DESCRIPTION OF REFERENCE NUMERALS
[0054]
1 water treatment system
5 3 means for adding a flocculant
4 first filtration apparatus
5 means 5 for adding an oxidizing agent
6 second filtration apparatus
62 manganese filter medium
10 7 adsorption apparatus
71 active carbon layer
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the method characterized in that the manganese filter medium is a filter medium in which a crystal
powder of natural manganese 10 dioxide (Mn02) that includes 13-Mn02 is supported with a binder on
a surface of a particulate carrier, without performing sintering, calcining, or a heat treatment at a
temperature at which the 13-Mn02 undergoes crystal transformation. 152. The water treatment method
according to claim 1, characterized in that the targgig% tment water includes phenol, which is a
persistent substance, and that phenol is removed by catdlytic oxidative decomposition with the
manganese filter medium supporting the crystal powder of natural manganese dioxide (Mn02). 20

3. The water treatment method according to claim 1 or 2, characterized in that the crystal powder of

natural manganese dio%\ideaincéltrjd%go h g%l;grale %(I;/I 02carr1nd 7-i|\én912 .an%gllat a %3-&\4{1002 content is
higher than a 7-Mn62 content. £ The water rea rhen?n%fho&agdoradlng t%gany one of cfaims 1

to 3,_characoterli%pd ilnntha%l theenccarggr is formed from eréstmic article aantd that he.mang%n%%eifélter
medium has the %oﬁlovﬁng gropertles,%aﬁ%%%e ﬁrfﬁ\%%gﬁl\)&l\{ﬁ%%}i AI§8§I%\ﬁln d
5 matter; passingthe target treatment water through a manganese filter
medium; and decomposing the organic matter by catalytic oxidation
to reduce COD (chemical oxygen demand),
the method characterized in that the manganese filter medium
is a filter medium in which a crystal powder of natural manganese
10 dioxide (MnO;) that includes B-MnO, is supported with a binder on
a surface of a particulate carrier, without performing sintering,
calcining, or a heat treatment at a temperature at which the B-MnO,

undergoes crystal transformation.

15 2. The water treatment method according to claim 1,
characterized in that the target treatment water includes phenol,
which is a persistent substance, and that phenol is removed by
catalytic oxidative decomposition with the manganese filter medium
supporting the crystal powder of natural manganese dioxide (MnO;) .

20

3. The water treatment method according to claim 1 or 2,
characterizedinthat the crystal powder of natural manganese dioxide
includes both natural B-MnO, and y-MnO;, and that a B-MnO, content

is higher than a y-MnO, content.
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1(20 Na20 BALANCE CONTENT (%) 30.0-75.01.020.03.050.00.0-3.0

5

10

15

4. The water treatment method according to any one of claims

1 to 3, characterized in that the carrier is formed from ceramic

particles, and that the manganese filter medium has the following

properties,

[Table 1]

N ONENT SiO2 Al203 MnO2 K20 Naz0 BALANGE

CONTENT (%)] 30.0~75.0| 1.0~20.0 | 3.0~50.0| 0.0~3.0 0.0~3.0 0.0~5.0

5. The water treatment method according to any one of claims
1 to 4, characterized by periodically subjecting a filtration
apparatus filled with the manganese filter medium to back washing

to clean the manganese filter medium.

6. The water treatment method according to any one of claims
1 to 5, characterized by further comprising a step of passing target
treatment water which has already undergone catalytic oxidative
decomposition through active carbon to adsorb and removing organic

matter.
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0.0.--3.00.0-5.0 5. The water treatment method according to any one of claims 1 to 4,
characterized by periodically subjecting a filtration apparatus filled with the manganese filter medium to
back washing 10 to clean the manganese filter medium. 6. The water treatment method
according to any one of claims 1 to 5, characterized by further comprising a step of passing target

treatment water whigh %%sé a‘,[]regg\r/ under%one catal ij(‘:?chidative %5 decomgosition thr%ugli active

carbon to adsorb and removiig organic mater. " A& Watsr treatment thethod according to any

one of cla|n13 %go 66 cg%racterjcze]g.l?/e%lr heréglorlp&rllglng a stePiof .addlrJag gtﬂocc%l?nt E&’O{QS tagget

treatment water before passing the farget treatment water through the manganese filer medium to

separale 5 and remove & syspended component, . 8, A watey, teatment system foreduicing.COD
(chemical oxygen l(J:Iemang, characterize by comprising means for a dllnga o ﬁorine%mdizing
[ [

agent to target treatment, 10, water containing,oroanic Malter,and , o r medium to separate

5 and remove a suspended component.

8. A water treatment system for reducing COD (chemical oxygen
demand), characterized by comprising:
means for addingachlorineoxidizingagent totarget treatment
10 water containing organic matter; and
afiltrationapparatus that includes amanganese filter medium
through which the target treatment water to which the chlorine
oxidizing agent has been added passes,
wherein the manganese filter mediumisa filter medium in which
15 a crystal powder of natural manganese dioxide (MnO,) that includes
B-MnO, is supportedwithabinder onasurfaceof aparticulatecarrier,
without performing sintering, calcining, or a heat treatment at

a temperature at which the B-MnO; undergoes crystal transformation.

20 9. The water treatment system according to claim 8,
characterized in that the target treatment water includes phenol,
which is a persistent substance, and that phenol is removed by
catalytic oxidative decomposition with the manganese filter medium
supporting the crystal powder of natural manganese dioxide (MnO;) .

25
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a filtration apparatus that includes a mangane se filter medium through which the target treatment
water to which the chlorine oxidizing agent has been added passes, wherein the manganese filter
medium is a filter medium in which 15 a crystal powder of natural manganese dioxide (Mn02) that
includes 13-MnO2is supported with a binder on a surface of a particulate carrier, without performing
sintering, calcining, or a heat treatment at a temperature _at which the 13-Mn02undergoes crystal
transformation. 209" EFheTv(\?/le?teWf’?&‘?fmetr]fﬁtes"il/iéfftlaerrtr?) actdidind oSStk 8t Eﬁar%%te?%%ﬁ%n%hﬁghé target
wreatment water ingludes phenol. which is.a persistant subistance, and thaf phenal is remaved by
catalytic oxI ative decomposition with the maﬁ]ganesg?mer medium suppor mgqﬁe crys at powder of
natural manganese dioxide (Mn02). 25 10. The water treatment system according to claim 8 or
6, charactefiséa I eha: 17 EryStal Pomcdt PRt 7aN inkrigBnese R Ao s BRth Ratlidt ™"
13-Mn08 and 7-Mn08, and that a 13-Mn08 content is higher than a 7-Mn08 content. 5 11. The
water treatri‘Llcgn%1 sl)% em a{:cc%Pdiﬁlg Y(—)Nérﬁ?ﬂoﬁeo of Eims 8 to 10, characterized by further comprising an
adsorption apparatus that includes active carbon, through which target treatment water which has
passed through the manganese filter medium passes. 10 12. The water treatment system
according to any ong,of ¢laims § 19, 11, shargclerizerd by further comprising meang.for.adding., o
flocculant to the target treatment water before the tgrget treatment water passé/s tﬁroug the

manga”esegf%tgrl'ﬂ?dé%r& and apother 15 filration annaratushrongh which,the fargetireatment water

to which the flocculant has been added passes.

that includes active carbon, through which target treatment water
which has passed through the manganese filter medium passes.

10

12. The water treatment system according to any one of claims

8 to 11, characterized by further comprising means for adding a
flocculant to the target treatment water before the target treatment
water passes through the manganese filter medium, and another

15 filtration apparatus through which the target treatment water to

which the flocculant has been added passes.
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