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METHOD OF REMOVING SOLUBLE MANGANESE

TECHNICAL FIELD
[0001] The present disclosure relates to a method of removing soluble
manganese, and, in particular, relates to a method of removing soluble
manganese that includes treating raw water containing soluble manganese

using activated carbon.

BACKGROUND

[0002] Rapid filtration treatment using a particulate filter medium such as
filter sand is generally adopted as a filtration method for filtering raw water to
obtain filtered water in a water purification plant or the like. In a situation in
which chlorine is added to raw water containing soluble manganese in such
rapid filtration treatment, the particulate filter medium such as filter sand
becomes a manganese catalyst due to the chlorine addition, and this enables
removal of soluble manganese in the raw water.

[0003] In recent years, attention has been focused on the introduction of a
step of membrane treatment in water purification plants and the like (for
example, refer to Patent Literature (PTL) 1 and 2). Since soluble manganese
in raw water cannot be directly removed by filtration in a membrane treatment
step, it is necessary to take action with respect to soluble manganese in raw
water. PTL 1 describes a treatment method in which chlorine is mixed with
raw water to obtain water that is a target for treatment, and then this water is
brought into contact with the surface of solid manganese dioxide and is
membrane filtered. PTL 2 describes a treatment method in which at least some
soluble manganese in raw water is converted to manganese dioxide through
oxidation with chlorine, charcoal powder is subsequently added, organic
substances are removed to inhibit formation of disinfection by-products, and
then water for treatment is subjected to membrane treatment and biological

treatment.
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PTL 2: JP 2003-230895 A

SUMMARY
(Technical Problem)
[0005] However, the treatment method according to PTL 1 necessitates
large-scale treatment equipment and leaves room for improvement in terms of
cost and installation space. Moreover, the treatment method according to PTL
2 is implemented with biological treatment and thus leaves room for
improvement in terms of treatment performance under low temperature
conditions, such as during the winter. Furthermore, the treatment methods
according.to PTL 1 and PTL 2 cannot sufficiently remove soluble manganese
that is present in a dissolved form in raw water.
[0006] Accordingly, an objective of the present disclosure is to provide a
method of removing soluble manganese that can improve water treatment
efficiency through reduction in size of water treatment equipment and can
sufficiently reduce the concentration of soluble manganese in treated water
that is obtained thereby.
(Solution to Problem)
[0007] The inventors conducted diligent studies in order to achieve the
objective set forth above. The inventors discovered that soluble manganese
removal performance can be significantly increased when activated carbon
powder of a specific size is used, and in this manner completed the present
disclosure.
[0008] Specifically, the present disclosure aims to advantageously solve the
problems set forth above by disclosing a method of removing soluble
manganese comprising: a mixing step of mixing water for treatment, activated
carbon micropowder having an average particle size of not less than 0.1 pm
and not more than 10 pm, and an oxidizing agent to obtain a water/activated
carbon mixture; and a membrane filtration step of membrane filtering the
water/activated carbon mixture to obtain treated water. By mixing activated
carbon micropowder of the specific particle size set forth above and an
oxidizing agent with water for treatment prior to membrane filtration in this
manner, water treatment efficiency can be improved through reduction in size

of water treatment equipment and the concentration of soluble manganese in
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treated water that is obtained can be sufficiently reduced.

The “average particle size” of activated carbon referred to in the
present specification is the value of a volume-average particle diameter D50
at which, in a particle diameter distribution (volume basis) measured by laser
diffraction/scattering in accordance with JIS Z 8825, cumulative volume
calculated from a small diameter end of the particle diameter distribution
reaches 50%.

[0009] In the presently disclosed method of removing soluble manganese, an
input amount of the activated carbon micropowder in the mixing step is
preferably not less than 0.5 mg/L and not more than 30 mg/L. By setting the
input amount of the activated carbon micropowder in the mixing step as an
amount that is within the range set forth above, soluble manganese can be
efficiently and rapidly insolubilized and the concentration of soluble
manganese can be more sufficiently reduced.

[0010] In the presently disclosed method of removing soluble manganese, the
activated carbon micropowder is preferably added after the oxidizing agent
has been added to the water for treatment in the mixing step. This is because
removal efficiency of odorants that may be contained in the water for
treatment can be increased by adding the activated carbon micropowder after
the oxidizing agent has been added in the mixing step.

[0011] In the presently disclosed method of removing soluble manganese,
residence time from a point at which the oxidizing agent is added until a point
at which the membrane filtration step ends is preferably not less than 1 minute
and not more than 30 minutes. By setting the residence time from the point at
which the oxidizing agent is added until the point at which the membrane
filtration step ends as a time that is within the range set forth above, a more
sufficient effect of soluble manganese removal can be achieved.

[0012] In the presently disclosed method of removing soluble manganese, it
is preferable that the oxidizing agent is a chlorine-containing oxidizing agent,
and the method of removing soluble manganese further comprises an
oxidizing agent input amount determination step of determining an input
amount of the oxidizing agent such that residual chlorine concentration in the
treated water is 1 mg/L or less. By determining the input amount of the

oxidizing agent such that residual chlorine concentration in the treated water
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is 1 mg/L or less, input of an excessive amount of the oxidizing agent in the
mixing step can be avoided and soluble manganese can be ecfficiently
removed.

(Advantageous Effect)

[0013] According to the present disclosure, it is possible to improve water
treatment efficiency through reduction in size of water treatment equipment
and sufficiently reduce the concentration of soluble manganese in treated

water that is obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] In the accompanying drawings:

FIG. 1 illustrates an example of schematic configuration of a water
treatment apparatus that can implement the presently disclosed method of
removing soluble manganese; and

FIG. 2 is a graph illustrating a relationship between soluble

manganese concentration in treated water and residence time.

DETAILED DESCRIPTION

[0015] The following provides a detailed description of embodiments of the
present disclosure based on the drawings. It should be noted, however, that the
present disclosure is not limited to the following embodiments. The presently
disclosed method of removing soluble manganese may be used without any
specific limitations in any application in which treatment of water containing
soluble manganese is necessary. More specifically, the presently disclosed
method of removing soluble manganese may be used for removing soluble
manganese from water for treatment in various types of water treatment such
as tap water treatment, service water treatment, sewerage treatment,
wastewater treatment, or the like.

[0016] The presently disclosed method of removing soluble manganese is not
limited to a specific apparatus configuration and can, for example, be
implemented by a water treatment apparatus having the schematic
configuration illustrated in FIG. 1. A water treatment apparatus 100 illustrated
in FIG. 1 includes a mixing tank 10 and a membrane filtration device 20. The

mixing tank 10 has an oxidizing agent supply device 11, an activated carbon
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tank 12, and a milling device 13 for milling activated carbon supplied from
the activated carbon tank 12. Water for treatment that contains soluble
manganese is supplied to the mixing tank 10 via a treatment water line 31, is
subjected to agitation by an agitation mechanism such as an impeller (not
illustrated), and is mixed with an oxidizing agent and activated carbon
micropowder inside the mixing tank 10 to form a water/activated carbon
mixture. This water/activated carbon mixture is transferred to the membrane
filtration device 20 via a water/activated carbon mixture line 32. The
water/activated carbon mixture is membrane filtered in the membrane
filtration device 20 and becomes treated water that is then discharged via a
treated water line 33.

[0017] No specific limitations are placed on the mixing tank 10 so long as it
enables mixing of an oxidizing agent and activated carbon micropowder with
water for treatment. For example, a water tank that can typically be adopted in
various types of water treatment equipment may be used as the mixing tank 10.
The inside of the mixing tank 10 may be divided into a plurality of zones and
may include, in any order, an oxidizing agent mixing zone for mixing of the
water for treatment and the oxidizing agent, an activated carbon mixing zone
for mixing of the water for treatment and the activated carbon micropowder,
and so forth. In a case in which the mixing tank 10 includes a plurality of
zones, a structure in which an oxidizing agent mixing zone is disposed at an
upstream side and an activated carbon mixing zone is disposed at a
downstream side of the oxidizing agent mixing zone as viewed in a direction
of flow of the water for treatment, and that enables mixing of the activated
carbon micropowder with a mixture of the oxidizing agent and the water for
treatment is preferable. This is related to the addition order of the oxidizing
agent and the activated carbon micropowder as described further below.
Moreover, it is not essential that the mixing tank 10 is configured as what
would be referred to as a “water tank”. In other words, the mixing tank 10 may
of course be substituted for a structure that enables consecutive or
simultaneously addition of the oxidizing agent and the activated carbon
micropowder to the water for treatment inside a line for transferring the water
for treatment. Moreover, it is of course possible to adopt a configuration in

which the activated carbon micropowder is added in a mixing tank 10 formed
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by a water tank and in which the oxidizing agent supply device 11 is
connected to a treatment water line at a stage preceding the mixing tank 10
such as to add the oxidizing agent to the water for treatment thereat.

[0018] The oxidizing agent supply device 11 includes a tank that can store
any of the various oxidizing agents described further below and an oxidizing
agent supply mechanism (not illustrated) that can release a desired amount of
the oxidizing agent from the tank. The oxidizing agent supply device 11
enables a certain amount of the oxidizing agent to be supplied to the mixing
tank 10.

[0019] The activated carbon tank 12 is a tank that can store activated carbon
and includes an activated carbon supply mechanism (not illustrated) that can
supply a desired amount of the activated carbon to the milling device 13 from
the tank. The milling device 13 is not specifically limited and may be a wet
milling device. Fine milling devices such as a bead mill, a rolling ball mill, a
vibratory ball mill, an attritor mill, and a jet mill can suitably be used as the
milling device 13 without any specific limitations.

[0020] The membrane filtration device 20 may be a membrane filtration
device that is internally divided into a primary side region and a secondary
side region by a filtration membrane and that has a function of filtering a
filtration target that is introduced into the primary side region by causing the
filtration target to flow into the secondary side region through the filtration
membrane so as to obtain filtered water. The filtration membrane may, for
example, be a microfiltration membrane (MF membrane).

[0021] The following describes, as one example, a case in which the presently
disclosed method of removing soluble manganese is implemented using the
water treatment apparatus 100 illustrated in FIG. 1, which has been described
above. The presently disclosed method of removing soluble manganese
includes: a mixing step of mixing water for treatment, activated carbon
micropowder having an average particle size of not less than 0.1 um and not
more than 10 pm, and an oxidizing agent to obtain a water-active carbon
mixture; and a membrane filtration step of membrane filtering the
water-active carbon mixture to obtain treated water. By using activated carbon
micropowder having an average particle size of not less than 0.1 pm and not

more than 10 um in the presently disclosed method of removing soluble
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manganese in this manner, soluble manganese can be more rapidly
insolubilized.
[0022] Enabling more rapid insolubilization of soluble manganese means that
the reaction time of additives such as the oxidizing agent and activated carbon
micropowder with the water for treatment can be shortened. It has generally
been the case that increasing the size of a component part of an apparatus that
ensures reaction time of additives with water for treatment, such as the mixing
tank 10 in the case of the water treatment apparatus 100, has been adopted as a
means of increasing reaction time. Therefore, enabling more rapid
insolubilization of soluble manganese and shortening of the reaction time of
additives with water for treatment in the presently disclosed method of
removing soluble manganese means that a component part of an apparatus
such as the mixing tank 10 can be reduced in size. This is hugely beneficial in
light of the increasing need for size-reduction of water treatment equipment in
recent years. Moreover, as a consequence of the presently disclosed method of
removing soluble manganese enabling shortening of the reaction time of
additives with water for treatment, it is possible to inhibit production of
undesirable substances through reaction of organic substances with the
oxidizing agent, which is one of the additives, in a situation in which the
water for treatment contains organic substances. More specifically,
chlorine-containing oxidizing agents that are typically used as oxidizing
agents may react with organic substances to produce trihalomethane as a
by-product. However, as a consequence of the presently disclosed method
enabling shortening of the reaction time of additives with water for treatment,
production of trihalomethane can be inhibited even in a case in which a
chlorine-containing oxidizing agent is added to water for treatment that
contains organic substances.

Each of the steps included in the presently disclosed method of
removing soluble manganese is described below in detail.
[0023] Firstly, water for treatment, activated carbon micropowder having an
average particle size of not less than 0.1 pm and not more than 10 pm, and an
oxidizing agent are mixed in the mixing tank 10 to obtain a water/activated
carbon mixture in the mixing step. Mixing of these materials in the mixing

step enables highly efficient insolubilization of soluble manganese on the
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surface of the activated carbon micropowder. No specific limitations are
placed on the order in which the activated carbon micropowder and the
oxidizing agent are added to the water for treatment. For example, one of the
activated carbon micropowder and the oxidizing agent may be added before
the other thereof or both may be added simultaneously. However, it is
preferable that the activated carbon micropowder is added after the oxidizing
agent has been added to the water for treatment. By adopting an addition order
in which the activated carbon micropowder is added after the oxidizing agent
has been added, it is possible to increase odorant removal efficiency in a
situation in which odorants other than soluble manganese are contained in the
water for treatment. Although the reason for this is not clear, it is presumed
that in a situation in which odorants are present in the water for treatment in a
state contained in tissue of microorganisms or the like, by adding the
oxidizing agent in advance of the activated carbon micropowder, contacting
with the activated carbon micropowder can occur after at least some of the
odorants contained in the microorganism tissue are released to outside of the
tissue (i.e., into the water for treatment) through oxidation treatment of the
microorganisms. In other words, it is presumed that at least some of the
odorants encapsulated inside the microorganisms are released into the water
for treatment to enable the creation of an environment that facilitates
treatment of the odorants by the activated carbon micropowder.

[0024] The average particle size of the activated carbon micropowder used in
the mixing step is preferably 5 pm or less, and is more preferably 3 pm or less.
The use of activated carbon micropowder having an average particle size of 5
pm or less enables higher efficiency insolubilization of soluble manganese.
Consequently, the residence time from the mixing tank 10 to the membrane
filtration device 20 can be further shortened. This enables further
size-reduction of the water treatment apparatus 100.

[0025] The activated carbon micropowder can be prepared by, for example,
using the milling device 13 to perform milling to obtain an average particle
size such as set forth above with respect to activated carbon obtained through
chemical activation treatment using zinc chloride, phosphoric acid, or the like
or physical activation treatment using water vapor, carbon dioxide, air,

combustion gas, or the like performed with a carbon material such as coconut
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shell charcoal, coal, sawdust, or woodchips as a starting material. The
activated carbon micropowder has a porous structure. The specific surface
area of the activated carbon micropowder is normally not less than 500 m?/g
and not more than 2,500 m?/g.

[0026] Note that the milling device 13 can increase or decrease the particle
size of the activated carbon micropowder obtained through milling depending
on the concentration of soluble manganese and the concentration of odorants
in the water for treatment prior to introduction into the mixing tank 10, the
concentration of a slurry produced by mixing of the oxidizing agent and the
water for treatment inside the mixing tank 10 (hereinafter, also referred to
simply as the “slurry concentration”), and so forth. Moreover, the milling
device 13 can increase or decreasec the particle size of the activated carbon
micropowder obtained through milling depending on the concentration of
soluble manganese and the concentration of odorants in treated water that has
passed through the membrane filtration device 20, the slurry concentration,
and so forth. For example, the milling device 13 can adjust the milling
conditions such that the activated carbon micropowder has a comparatively
small particle size in a situation in which the concentration of soluble
manganese in the water for treatment is high, a situation in which the
concentration of soluble manganese in the treated water is high, and a
situation in which the slurry concentration is high. The activated carbon
supply mechanism (not illustrated) included in the activated carbon tank 12
can increase or decrease the amount of activated carbon that is supplied
depending on the various concentrations described above.

Through dynamic control relating to the particle size and supplied
amount of the activated carbon micropowder in this manner, the soluble
manganese treatment conditions can be optimized in accordance with changes
in properties of water for treatment.

[0027] The input amount of the activated carbon micropowder in the mixing
step is preferably 0.5 mg/L or more, and more preferably 1 mg/L or more, and
is preferably 30 mg/L or less, and more preferably 5 mg/L or less. By setting
the input amount of the activated carbon micropowder within any of the
ranges set forth above, soluble manganese can be rapidly insolubilized, and

soluble manganese concentration can be more sufficiently reduced. Note that
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setting the input amount of the activated carbon micropowder as not more than
any of the upper limits set forth above is preferable in terms of cost versus
effect because the effect of soluble manganese removal reaches saturation
upon input of an excessive amount of the activated carbon micropowder.
[0028] The input amount of the activated carbon micropowder can be adjusted
through the supply mechanism included in the oxidizing agent supply device
11. The oxidizing agent supply device 11 can increase or decrease the supplied
amount of the oxidizing agent depending on the concentration of soluble
manganese and the concentration of odorants in the water for treatment prior
to introduction into the mixing tank 10. Moreover, the oxidizing agent supply
device 11 can increase or decrease the supplied amount of the oxidizing agent
depending on the concentration of soluble manganese and the concentration of
odorants in the treated water that has passed through the membrane filtration
device 20. More specifically, the oxidizing agent supply device 11 can
increase the input amount of the oxidizing agent in a situation in which the
concentration of soluble manganese in the water for treatment is high and in a
situation in which the concentration of soluble manganese in the treated water
is high. Through dynamic control of the input amount of the oxidizing agent
in this manner, the soluble manganese treatment conditions can be optimized
in accordance with changes in properties of water for treatment.

[0029] No specific limitations are placed on oxidizing agents that can be used
in the mixing step so long as they can oxidize soluble manganese in the water
for treatment. For example, an oxidizing agent such as a chlorine-containing
oxidizing agent (for example, sodium hypochlorite, calcium hypochlorite, or
chlorine), potassium permanganate, oxygen, or ozone may be used. Of these
oxidizing agents, sodium hypochlorite is preferable.

[0030] The input amount of the oxidizing agent in the mixing step is
preferably set as an amount such that residual chlorine concentration in the
treated water is 1 mg/L or less. When the residual chlorine concentration in
the treated water is 1 mg/L or less, use of an excessive amount of oxidizing
agent can be avoided and soluble manganese can be efficiently removed.
Moreover, when the residual chlorine concentration in the treated water is 1
mg/L. or less, the production of by-products through reaction of residual

chlorine with other substances contained in the treated water can be inhibited.
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The input amount of the oxidizing agent in the mixing step may be determined,
for example, based on the concentration of soluble manganese in the water for
treatment. Alternatively, a feedback configuration may be adopted in which
the residual chlorine concentration in treated water that has passed through
the membrane filtration device 20 is measured and the input amount of the
oxidizing agent is reduced in a case in which the value for the residual
chlorine concentration exceeds 1 mg/L. Moreover, the input amount of the
oxidizing agent in the mixing step is more preferably an amount such that the
residual chlorine concentration in the treated water is a higher value than the
lower limit of detection of a measurement instrument (for example, 0.05 mg/L
or more). By setting the input amount of the oxidizing agent in the mixing
step as not less than this lower limit, soluble manganese in the water for
treatment can be rapidly insolubilized and the concentration of soluble
manganese in the treated water can be more sufficiently reduced. In addition,
proliferation of bacteria or the like in the treated water can be inhibited by
setting the input amount of the oxidizing agent as not less than the
aforementioned lower limit.

[0031] In the membrane filtration step, the water/activated carbon mixture
obtained in the mixing step is membrane filtered in the membrane filtration
device 20 to obtain treated water. Note that although blocking of a filtration
membrane occurs if filtration is performed continuously, this blocking can be
resolved by washing the filtration membrane at a certain timing. The method
of washing is not specifically limited and may be a membrane regeneration
method such as backwashing that is typically adopted in a water treatment
apparatus including a membrane filtration device.

[0032] The residence time from a point at which the oxidizing agent is added
in the mixing step until a point at which the membrane filtration step ends is
preferably 1 minute or more, more preferably 5 minutes or more, and even
more preferably 30 minutes or less. A more sufficiently high manganese
removal effect can be achieved when the residence time is not less than any of
the lower limits set forth above. Moreover, sufficiently high soluble
manganese removal treatment can be efficiently implemented when the
residence time is not more than the upper limit set forth above because even if

a long residence time is set, the effect of soluble manganese removal reaches
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saturation. In addition, when the residence time is not more than the upper
limit set forth above, it is possible to inhibit production of undesirable
by-products such as trihalomethane, for example, through reaction of the
oxidizing agent (for example, a chlorine-containing oxidizing agent) with

organic substances that may be contained in the water for treatment.

EXAMPLES

[0033] The following provides a more specific description of the present
disclosure based on examples. However, the present disclosure is not limited
to the following examples.

[0034] In the examples and comparative examples, the concentration of
soluble manganese in water for treatment that is a treatment target for the
presently disclosed method of removing soluble manganese and in treated
water obtained through a membrane filtration step of the presently disclosed
method of removing soluble manganese were measured by inductively coupled
plasma mass spectrometry in accordance with Tap Water Testing Methods
(Japan Water Works Association, 2011 Edition).

In addition, the residence time was measured as the time from a point
at which an oxidizing agent was added until a point at which treated water
obtained through a membrane filtration step was collected.

[0035] (Example 1)

Artificial raw water obtained by adding manganese chloride to pure
water was used as water for treatment containing soluble manganese, sodium
hypochlorite was used as an oxidizing agent, and activated carbon
micropowder having an average particle size of 1 pm (volume-average
particle diameter D50 based on laser diffraction/scattering in accordance with
JIS Z 8825) and having a wood-based material as a raw material was used as
activated carbon micropowder.

First, the activated carbon micropowder was added in a mixing step
such that the concentration of the activated carbon micropowder in a
water/activated carbon mixture was 1 mg/L. The concentration of soluble
manganese in treated water was measured for treated water obtained in cases
in which the residence time until the end of a membrane filtration step was set

as 5 minutes, 10 minutes, 30 minutes, 60 minutes, and 120 minutes. The
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results are illustrated in FIG. 2. Moreover, the residual chlorine concentration
in treated water measured by the DPD (diethyl-p-phenylenediamine) method
was not less than 0.05 mg/L and not more than 1 mg/L for treated water
corresponding to all of the residence times.

[0036] (Comparative Example 1)

With the exception that activated carbon having an average particle
size of 15 um was used instead of the activated carbon micropowder, the
concentration of soluble manganese in treated water that was obtained was
measured in the same way as in Example 1. The results are illustrated in FIG.
2.

[0037] It is clear from FIG. 2 that the soluble manganese concentration in
treated water decreased dramatically between 1 minute and 30 minutes in
Example 1 in which activated carbon micropowder having an average particle
size of 1 pum was used. On the other hand, it can be seen that in Comparative
Example 1 in which activated carbon having an average particle size of 15 pm
was used, a residence time of approximately 120 minutes was required in
order to achieve an effect rivaling that achieved with a residence time of 5
minutes in Example 1. Thus, it can be seen that the method of removing
soluble manganese in Example 1 enabled rapid and sufficient reduction of the
concentration of soluble manganese in treated water. Moreover, since the
residence time can be dramatically shortened in Example 1, the size of water

treatment equipment can be dramatically reduced.

INDUSTRIAL APPLICABILITY

[0038] According to the present disclosure, it is possible to improve water
treatment efficiency through reduction in size of water treatment equipment
and sufficiently reduce the concentration of soluble manganese in treated

water that is obtained.

REFERENCE SIGNS LIST

[0039] 10 mixing tank
11 oxidizing agent supply device
12 activated carbon tank

13 milling device
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20 membrane filtration device

31 treatment water line

32 water/activated carbon mixture line
33 treated water line

100 water treatment apparatus



10

15

20

MCSLLP

_15_

CLAIMS

1. A method of removing soluble manganese comprising:

a mixing step of mixing water for treatment, activated carbon
micropowder having an average particle size of not less than 0.1 um and not
more than 10 um, and a chlorine-containing oxidizing agent to obtain a
water/activated carbon mixture;

a membrane filtration step of membrane filtering the water/activated
carbon mixture to obtain treated water, and

an oxidizing agent input amount determination step of determining an
input amount of the oxidizing agent such that residual chlorine concentration
in the treated water is 1 mg/L or less, wherein

the activated carbon micropowder is added after the oxidizing agent
has been added to the water for treatment in the mixing step and

residence time from a point at which the oxidizing agent is added until
a point at which the membrane filtration step ends is not less than 1 minute

and not more than 30 minutes.

2. The method of removing soluble manganese according to claim 1,
wherein an input amount of the activated carbon micropowder in the mixing

step is not less than 0.5 mg/L and not more than 30 mg/L.



