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ABSTRACT

It-is to provide a process of treating a selenium-containing
ligquid which can inexpensively treat the selenium-containing
ligquid.

The formation of selenate is inhibited by adding at least one
selected frpm a group consisting of Ti and Mn into the

selenium-containing liquid.
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Process of Treating Selenium-Containing Liquid

BACKGROUND OF THE INVENTION

Field of the Invention

'The present invention relates to a process of treating a
selenium-containing liquid.
Background Art

In general, coals used in the coal fired power plants contain
a very small amount of selenium. When the coals are burned in a
coal fired power plant, the selenium in the coals is mixed into
coal ashes captured by an electrostatic precipitator or into an
absorbing solution (desulfurization slurry) from a wet flue gas
desulfurization unit. Since the effluent standard value of
gselenium has been already set (0.1mg/l) in Japan, the absorbing
solution from the wet flue gas desulfurization unit may have to
be treated to satisfy this standard even as desulphurization
wastewater.

Selenium in the wastewater exists both as selenate
(hexavalent selenic ion: Se0,°") and as selenite (quadrivalent

selenic ion: Se0.?"). In this case, the selenite can be treated

by a general treatment process such as coagulat ion-sedimentation
using iron or ion exchange method. On the other hand, the selenate
cannot be treated by such a process. Therefore, there 1s known
in the art a method of reducing the selenate into selenite or
zero-valent metal selenium using granulating irons as a reducer,
the selenite or zero-valent meta.l selenium being treated by the

coagulation-sedimentation or other method (e.g., see a non-patent
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documeht, Yoshihiro Etoh and Others, Chemical Equipment of

"Processing of New Effluent Standard Ttems,

Selenium/Fluorine/Boron", No. 8, 42 (2003)).
SUMMARY OF THE INVENTION

This method of the prior art can retrieve the selenium since
selenate which is difficult to treat is reduced into selenite or
zero-valent selenium. However, the method of the prior art raises
problems in that a large quantity of granulating 1rons are
required to reduce the selenium and a large quantity of 1ron
hydroxides (sludge) which are costly to treat are thus produced.

Therefore, an object of the present invention is to overcome
the problems in the prior art by providing an inexpensive proceSé
of treating a selenium-containing liquid.

The present invention provides a process of treating a
selenium-containing liquid, wherein the formation of selenate 1is
inhibited by adding at least one selected from a group consisting
of Ti and Mn to the selenium-containing liquid.

According to the present invention, the formation of

selenate which is difficult to treat can be easily and simply
inhibited by adding at least one selected from a group consisting

Ti and Mn to the selenium-containing liquid to suppress the
oxidation created from the selenite to the selenate, rather than
by reducing the selenate into the selenite after the selenate has
'been produced. Here, it is conceivable that peroxodisulfuric acid

1s an oxidation agent for oxidizing the selenite to create the
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selenate. According to the present invention, the formation of
selenate can be inhibited by adding Ti to decompose this

peroxodisulfuric acid. In this case, the aftertreatment of Ti can

be performed without addition of cost. If Mn is added, the
peroxodiSulfuric acid reacts with Mn preferentially before it
reacts with the selenite to produce manganese dioxide. Thus, the
oxidation of selenite can be ihhibited. As a result, the formation
of selenate can be inhibited. Since the selenite is absorbed and
immobilized by the manganese dioxide, the selenite which can be
oxidized to create thé selenate is further decreased in quantity.
Thus, the formation of selenate can be further inhibited. In this
casé, Mn can be aftertreated without addition of cost as in the
case of Ti since Mn will be settled as manganese dioxide. In this
regard, the selenium-containing liquid in the present invention
includes liquid-like materials containing selenium such as
- aqueous solution, dispersion and suspension (slurry) which
contain selenium, but not include solid-like or gaseous materials.
In the present invention, the selenate designates hexavalent
selenic ion (Se0,°") while the selenite denotes quadrivalent.
selenic ion (Se0,%).

Tt is preferred that Mn is added to the selenium-containing
liquid so that the concentration of Mn becomes equal to or higher
than 2 mg/1l in the selenium-containing liquid. This is because
if the concentration of Mn is equal to or higher than 2mg/1l in
the selenium-containing liquid, the formation of selenate can be
efficiently.inhibited.

In this case, it is preferred that the formation of selenate
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is inhibited by adding Mn into the selenium-containing liquid so
that the concentration of Mn is in the range of 2 mg/1 to 12 mg/1l.

This is because if the concentration of Mn exceeds 12 mg/l, the

selenate may be easily forméd.

It i1s more preferred that the formation of éelenate 1s
ihhibited by adding Mn into the selenium—coﬁtaining liquid so that
the concentration of Mn is in the range of 5 mg/l to 9 mg/l. If
the concentration of Mn is in the range of 5 mg/l1 to 9 mg/l, the
oxidation of selenite to create selenate can be performed more
effectively with immobilization of the selenite to manganese
dioxide.

It is preferred that Mn added to the selenium-containing
liquid has its valence lower than quadrivalence, that 1is,
zero-—valénce or bivalence so that the formation of selenate can
be effectively inhibited byoxidizing Mn itself to create the
manganese dioxide that is quadrivalent. The zero-valent Mn means
a solid-1like metal Mn. Further, the bivalent Mn meahs a solid-like
bivalent Mn compound (e. g., MnO) dr an aqueous Mn solution which
is prepared to have bivalent ion (Mn*?*) by dissolving a bivalent
Mn compound. Furthermore, it is preferred that Mn is added in the
state of an aqueous Mn solution so that the handling and
concentration control can be facilitated.

It is preferred that the selenium-containing liquid is an
absorbing solution or desulfurization wastewater from the wet
flue gas desulfurization unit. If the absorbing solution or
desulfurization wastewater from the wet flue gas desulfurization

unit is treated according to the process of the present invention,
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the formation of selenate which 1is difficult to treat can be
inhibited. Here, the absorbing solution denotes a liquid which 1is
within  the desulfurization system (absorption tower  or
recirculation section) and which absorbs sulfur oxides under
> desulfurization reaction (gypsum slurry or the 1like). The
desulfurization wastewater designates a liquid which flows out
of the desulfurization system until 1t reaches the wastewater
treatment equipment.
According to the process of treating selenium of the
10 present invention, the formation of selenate can be inhibited so
that most of the selenium 1n the selenium-containing 1ligquid
remains 1n the quadrivalent state. The selenite can be treated by
any process which has been used 1n the prior art. Accordingly,
the present invention can remove the selenium only by any existing
15 wastewater treatment equipment without installation of any new
fécility for reducing the selenate. Therefore, the present
invention provides a superior advantage that the cost required
to remove the selenium can be drastically decreased.
According to another aspect, there 1s provided a
20 process of treating a selenium-containing liquid wherein the
fbrmation of selenate 1s 1inhibited and the selenium-
containing liquid 1is an absorbed liguid from a wet flue gaz
desulfurization unit, the process comprises adding Mn which
1s zero-valent or bivalent to the selenium-containing liquid
25 which contain selenite and peroxodisulfuric acid, and
réacting the peroxodisulfuric acid with Mn to produce
manganese dioxide, thereby 1nhibiting oxidation of the

selenite with the peroxodisulfuric acid.
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Brief Description of the Drawings

Fig. 1 shows graphs showing the results of Experimental
Example 1: Fig, IA showing measurements by the ion chromatography;

and Fig. 1B showing measurements by the DPD method.
Fig. 2 shows graphs showing the results of Experimental

Example 2 and showing the existing ratio of selenium when various

conditions are changed.

ba
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Fig. 3 shows a graph showing the results of Experimental
Example 3 and éhowing the existing ratio of selenium when the
peroxocdisulfuric acid 1s decomposed.

Fig. 4 shows graphs showing the results of Experimental
Example 1 and showling changes 1n the concentration of
peroxodisulfuric acid.

Fig. 5 shows a graph showing the results of Experimental
Example 1 and showing changes 1n the concentration of
peroxodisulfuric acid.

Fig. 6 shows graphs showing the results of Comparative
Example 1 and showing c¢hanges 1in the concentration of
peroxodisulfuric acid.

Fig. 7 shows graphs showing'the results of Example 1: Figs.
7A - 7C showing the concentrations of selenium and Mn which are
variable with time. .

Fig. 8 shows a graph showing the results of Experimental
Example 6: Figs. 8 showing the existing ratios of selenium when
various conditions are changed.

Fig. 9 shows graphs showing the results of Example 2: Figs.

9A _ 9E showing the existing ratios of selenium when the
c_oncentration, of Mn 1is changed in varioﬁs desulfurization
slurries.

Fig. 10 shows a graph showing the results of EXample 2 and
showing the efficiency of inhibition for the formation of

selenate.
Fig. 11 shows a graph showing the results of Example 3 and

showing the concentrations of selenium and peroxodisul furic acid.
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Description of Preferred Embodiments

The present invention 1s directed to treat a
selenium'-containing liquid such as industrial wastewater or
wastewater from the wet flue gas desulfurization unit in the coal
fired power plant. The behavior of selenium in the absorbing
solution (desulfurization slurry) of the wet flue gas
desulfurization unit will be described by way of example. In the
coal fired power plant, flue gas from a boiler 1s exhausted to
the atmosphere through the NOx removal equipment, electrostatic
precipitator and wet flue gas desulfurization unit. The flue gas
from the boiler contains selenium which is introduced into the
~wet flue gas desulfurization unit thrdugh the NOx removal
equipment and electrostatic precipitator. In the wet flue<§as
desulfurization unit, the selenium first exists as selenite.
However, it has been believed that the selenite 1is gradually
converted into selenate since the selenite 1s oxidized with
oxidation agents which are produced in the oxidizing atmosphere
within the desulfurization unit.

The oxidation- agents 1nclude peroxodisulfuric acid,
hypochlorous acid and hydrogen peroxide. However, the main
oxidation agent which oxidizes the selenite 1in the
selenium-containing liquid is peroxodisul furic acid. To decrease
this peroxodisulfuric acid, it 1s conceivable that the
selenium-containing liquid is heated at a temperature equal to

or higher than 65 "C at which the peroxodisulfuric acid is
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decomposed. However, this is impractical.

Therefore, the present invention inhibits the formation of
selenate by adding at least one selected from a group consisting
of Ti and Mn to the selenium-containing liquid to decrease the
peroxodisulfuric acid. In such a manner, the selenium can be
treated simply and inexpensively, in comparison with the method
of the prior art in which the already produced selenate is reduced
into the selenite.

Here, the addition of Ti will be described. It is preferred
thet Ti is adjusted and added in the form of an aqueous Ti solution
which_is prepared by dissolving a Ti compound (e.g., titanium
dioxide, titanium sulfate, titanium chloride melt or the like)
oY metal Ti with an acid (e.g., sulfuric acid, nitric acid,
hydrochloric acid or the like) . If the addition of Ti is performed
in such a manner, the oxidation agents can be decomposed to inhibit
the formation of selenate even in an ambient temperature of 40
- 50 °C at which the oxidation of the selenium is easily promoted,
that is, the atmosphere within the wet flue gas desulfurization
unit. The more Ti is added; the more peroxodisulfuric acid is
decomposed. Howéver, it is preferable that the amount of Ti to
be added is in the range of 10 mg/l to 50 mg/l, for example. This
is because if the amount of Ti .to be added is within this range,
Ti may be added to the wastewater.

Next, the addition of Mn will be described. Since when Mn
1s added to the selenium-containing liquid in the form of a metal,
the peroxodisulfuric acid preferentially reacts with Mn. .Thus,

the reaction of the peroxodisulfuric acid itself with the selenite
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can be inhibited, thereby suppressing the formation of selenate.
Additional.ly, Mn in the selenium-containing liquid is oxidized
with the peroxodisulfuric acid to produce manganese dioxide as
sediment, this manganese dioxide serving to absorb and immobilize
the selenite. Thus, the amount of the selenite itself can be
reduced to 1nhibit the formation of eelenate.

In such a case, 1f the chcentration of Mn 1in the
selenium-containing liquid 1is lovéer than 2mg/l, Mn in the
selenium-containing liquid will be gradually absorbed and
consumed by the manganese dioxide, then reduced. As a result,
the selenate may probably begin to be produced. On the other hand,
if the concentration of Mn in the selenium-containing liquid is
equal to or higher than 2 mg/l, the effect of Mn can be maintained
to inhibit the formation of selenate even thoﬁgh Mn 1s oxidized
‘with aﬁd gradually absorbed'by the manganese dioxide.

The preferred concentration of Mn is in the range of 2 mg/1
to12mg/1. If Mn is added with its concentration exceeding 12mg/1,
the selenate may be easily formed. The concentration of Mn i1s more
preferably in the range of 5mg/1 to 9mg/1 to inhibit the formation

of selenate more efficiently.

As described, Mn is oxidized with the peroxodisulfuric acid
to produce-the manganese dioxide. If no peroxodisulfuric acid
exists in the selenium-containing liquid, therefore, the amount
of Mn in the selenium-containing liquid will not be changed since
Mn is not oxidized with the peroxodisulfuric acid. That is to say,
Mn itself remains in the selenium-containing liquid without

reacting 1f no peroxodisulfuric acid exists in the
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selenium-containing liquid although Mn has been added thereto.
Accordingly, once Mn is added to the selenium-containing liquid,
Mn itself remains in the selenium-containing liquid till the
peroxodisulfuric acid is formed in the selenium-containing liquid.
Thus, Mn will not be wastefully consumed.

Since this manganese dioxide is produced by oxidization of
Mn with the peroxodisulfuric acid as described, the manganese
dioxide will not be produced even if the selenium-containing
liquid includes a substance other than the.peroxodisulf‘ur‘ic acid
(e. g., hypochlorous acid or oxygenated water) as an oxidation
agent. Thus, the amount of Mn will not be decreased. Accordingly,

the present invention can similarly provide an advantage in that

‘Mn will not be wastefully consumed.

If the peroxodisulfuric acid continues to exist, Mn will
be oxidized to lower its concentration in the selenium-containing
liquid with elapse of time. If Mn is periodically added in the
selenium-containing liquid to maintain the concentration of Mn
equal to or higher than 2 mg/1, the oxidation of selenite, that

is, the formation of selenate can be continuously inhibited.

Accordingly, when the process of the present invention is applied

to the selenium-containing liquid, only the concentration of Mn
in the selenium-containing liquid may be monitored rather than

monitoring the state of the selenium-containing 1liquid.
Accordingly, the present invention can provide a process of

treating a selenium-containing liquid which can be applied in a

simple and easy manner.

It 1s preferred that Mn to Dbe added in the

10
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selenium-containing liquid is zero-valent or bivalent. This is
because 1f zero-valent or bivalént manganese 1s used, the
‘oxidation of selenite to produce selenate can be inhibited
efficiently. It is conceivable that the zero-valent or bivalent
manganese\serves as a reducer.

The zero-valent Mn means a solid-like metal Mn. The bivalent
Mn means a solid-like bivalent Mn compound (e. g., MnO) and an
aqueous Mn solution which is prepared to have bivalent ion (Mn®*)
by dissolving metal Mn or a bivalent Mn compound. Mn to be added
to the selenium-containing liquid is prefei:ably provided by
adjusting an aqueous bivalent Mn solution which is prepared by
using anacid (e.g., sulfuric acid, nitricacid, hydrochloric acid
or. the 1li1ke) to dissolve metal Mn, a bivalent Mn compound (e.qg. ;
"oXide, chloride, sulfide or sulfate) as well as metal Mn or a
bivalent Mn ciompound. It is particularly preferred that Mn is
added in the form of an agqueous Mn solution so that the handling
and concentration control can be facilitated.

It is further prefei‘red that Ti and Mn are added together

into the selenium-containing liquid. Although the decomposition

of peroxodisulfuric acid with Ti provides an advantage in that

it 1s more effective than the reaction of Mn with the
pé;roxodisulfuric acld, the speed of decomposition is slower.
Therefore, the simultaneous addition of Ti and Mn can more
effectively inhibit the formation of selenate.

‘The above process of treating a selenium—containing liquid
1s applied to selenium-containing wastewater such as industrial

wastewater and desulfurization slurries in the wet flue gas

11
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desulfurization unit. If the present invention 1s applied to
desulfurization slurries from the wet flue gas desulfurization
unit, the formation of selenate can be simply and easily inhibited
by locating means for adding an aqueous Ti or Mn solution at a
location Where the selenite exists to provide a possibility of
advancing the oxidization of the selenium (e.g., the interior of
a desulfurization tower or piping upstream of the site in which
slurries from a circulating line or wastéwaters from a
desulfurizétion ﬁnit are introduced into a wastewater treatment
-equipment).

The present invention will now be described in detail with
reference to examples and comparative examples based on
experimental examples. In the drawings showing experimental
examples, examples and comparatiw‘fe examples, the selenite 1s
shown by Se*" while the selenate is shown by Se®*.

Experimental Example 1:

This experimental example checked whether or not
peroxodisulfuric acid was included in desulfurization slurries
as an oxidation agent.

Three samples of desulfurization slurries were sampled from

the wet flue gas desulfurization unit. These samples of
desulfurization slurries were then filtered and'each diluted to
its volume 10 times larger than its original volume to provide
samples (1) - (3). These samples of desulfurization slurries were
analyzed through the ion chromatography together with comparative
sample (4) (an aqueous peroxodisulfuric acid solution in which

the concentration of the peroxodisulfuric acid was 10mg/l) . The

12
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ion chromatography performed the measurements in a non-suppressor
manner by using a guard column (ShodeJT-:MIC IA-G, Showa Denko) with
a separation column (Shode;MIC I-524a, Showa Dénko) . Eluant used
was an agqueous solution consisting of phthalic acid and
tris-aminomethane (which was also referred to as
2-amino-2-hydroxymethyl-1, 3-propanediol). The results of
analysis are shown in Fig. 1A.

Fig. 1A 1is a graph showlng measurements 1in the ion
chromatography. It is found from this graph that the samples (1)
- (3) contained the peroxodisulfuric acid as an oxidation agent
in the desulfurization slurries since these samples had peaks of
intensity within substantially the same time period (about 17
minutes) as in the comparative sample (4) which was an aqueous

peroxodisulfuric acid solution.

Subsequently, 1t was checked whether or not the samples
contain any other oxidation agent than the peroxodisulfuric acid.
Desulfurization slurries sampled from the wet flue. gas
desulfurization unit were filtered and then each diluted to its
volume 100 times larger than its original volumelO0 to provide |
samples (5) - (17). The concentrations of oxidation agents in the
samples (5) - (17) and samples prepared by furthér diluting the
samples (1) - (3) each to its volume 10 times larger than its
previous volume were measured using a residual chlorine analyzer
(HI 95711 Type€ HANNA instruments company) which utilized the DPD
absorptiometry. For comparison, the sample (4) was divided into

three samples (4-1), (4-2) and (4-3) of different concentrations.

These samples (4-1), (4-2) and (4-3) were similarly measured. The

13
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resulting measurements were calibrated oh the assumption that all
the oxidation agents were peroxodisulfuric acid. The results of
these measurements are shown in Fig. 1B.

Fig. 1B is a graph having a vertical axis which shows the
concentrations of peroxodisulfuric acid measured through the i1on
chromatography and a transverse axis which shows the compensated
concentrations of the other oxidation agent measured bf the
residual chlorine analyzer. From these results, it 1s found that
the main oxidation agent in the desulfurization slurries 1s
peroxodisul furic acid since the concentration of oxidation agent
substantial ly corresponds to the concentration = of
peroxodisulfuric acid in all the samples.

Based on this experimental example, it was found that the
oxidation agent in the desulfurization slurries was
peroxodisulfuric acid.

Experimental Example 2:

In the experimental example 2, 1t was checked whether or
not the selenium was oxidized with peroxodisulfuric acid to
convert selenlite 1nto selenate.

Selenite was added to the following samples (18) - (20).

(18) Base: Ion-exchanged water
Peroxodisulfuric acid: 0 mg/l

(19) Base: Aqueous peroxodisulfuric acid solution
Peroxodisulfuric acid: 200 mg/1

(20) Base: Filtrate of the desulfurization slurry in the wet
flue gas desulfurization unit

Peroxodisulfuric acid: 274 mg/l

14
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Although the sample (20) uSes the filtrate . of the
desulfurization slurry rather than the desulfurization slurry
itself, this is because the selenium is prevented from being
absorbed by any solid material (e. g., gypsum). The prepared
samples were distributed into four glass absorption bottles,
respectively, and maintained for 12 hours under the following
conditions before changes in selenium concentration were checked:
(i) Temperature: Room temperature

Atmosphere within the beaker: Sealed air atmosphere
(11) Temperature: Room temperature

Atmosphere within the glass absorption bottle: Air bubbling
(iii) Temperature: 50 °C

Atmosphere 1in the glass absbrption bottle: Séaled air
atmosphere
(iv) Temperature: 50 °C

Atmosphere within the glass absorption bottle: air bubbling
The results are shown 1n Figs. 2A - 2C.

In Fig. 2, a vertical axis shows the ratio of existing
selenium 1f 1t 1s assumed that 100% selenium exists 1n its initial

state, wherein white-colored parts showing selenite while

black-colored parts showing selenate. Although Figs. 2A and 2B
show that the samples (18) and (19) included only the selenite,
Fig. 2C shows that the sample (20) comprising the filtrate
initially included the selenate.

As can be seen in Fig. 2A, in the sample (18), the selenium
remained quadrivalent at room temperature. The selenate of about

10% was produced only when the sample (18) was maintained at 50 °C.

15
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Thus, it is found that even if the peroxodisulfuric acid 1s not
included, the selenium is oxidized at a certain i1ncreased
temperature. It is further found from Fig. 2B that in the sample
(19) containing the perdxodisulfuric acid, the selenate 1is
produced even at room temperature while the selenate entirely
occupied at 50 °C. This shows that the oxidation of selenium 1is
promoted by the peroxodisulfuric acid. It 1is further found from
Fig. 2C that not much the selenate was prOducled at room temperature,
but all the selenium in the filtrate was converted into the
selenate at 50 °C. It is thus found that the peroxodisulfuric acid
contributed to the oxidation of selenium even in the filtrates
of the desulfurization slurries which contained various
substances.

Based on the experimental example 2, 1t was decided that
the peroxodisulfuric acid participates in t.he oxidation of

selenium and that the oxidation of selenium 1s promoted at

increased temperatures. It was also found that the
peroxodisulfuric acid more contributes to the oxidation of
selenite rather than introduction of oxygen by air bubbling.

Experimental'Example 3:

In the experimental example 3, 1t was checked whether the
oxidation of selenium could be inhibited by decomposing the
peroxodisulfuric acid.

Selenite was added to the'following sample (21):

(21) Base: Sample prepared by heating the sample (20) at 90 °C
to decompose and remove the peroxodisulfuric acid

Peroxodisulfuric acid: 0 mg/l

16
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"Thereafter, the sample (21) was divided 1into four beakers which
were maintained for 12 hours under the same conditions (i) - (iv)
as 1n the experimental example 2. Changes of the selenium
concentration weré then checked. The results are shown in FIG.
3.

It is found from Fig. 3 that in the sample (21) in which
all the peroxodisulfuric acid was decomposed by heating, all the
selenium in the filtrate was not oxidized into the selenate even
at the temperature of 50 °C. In respect to this regard, the sample
(21) is largely different from the sample (20) since the selenium
in the sample (20) in which the peroxodisulfurlc acid was not
decomposed by heating (see the experimental example 2) was all
converted into the selenate ap 50 °C.

It is thus found from this result that the formation of

selenate can be inhibited by decomposing the peroxodisulfuric

acid.
Experimental Example 4:

In the experimental example 4, changes in the concentration
of peroxodisulfuric acid were checkéd by adding a Ti containing

liquid into the following samples (22) and (23) which were in turn

maintained at 50 °C for 20 hours and 48 hours, respectively. The
Ti containing liquid was an aqueous Ti solution (Trade Name:

Titanium Standard Solution, Product Number 40882-1B, Kanto
Chemical Industry Company) . On addition, the concentration of T1

was 50 mg/l.
(22) Base: Aqueous peroxodisulfuric acid solution

Peroxodisulfuric acid: 300 mg/l

17
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(23) Base:. Sample prepared by adding the peroxodisulfuric acid
into the filtrate of desulfurization slurry in the wet flue
gas desulfurization unit
Peroxodiéulfuric acid: 300 mg/l

_The results are shown in FIG. 4.

It is found from Fig. 4A that when the aqueous Ti solution
was added to the sample (22) , the concentration of the
peroxodisulfuric acid was largely decreased from 300 mg/l to 50
mg/l within 48 hours. It is also found from Fig. 4B that even when
the aqueous Ti solution was added to the sample (23), the
concentration of peroxodisulfuric acid was largely decreased from
300 mg/1l to 50 mg/l within 48 hours.

Tt is thus found that the concentration of peroxodisulfuric ,
acid can be decreased by adding Ti to the selenium-containing
ligquid. Accordingly, it is found from the experimental examples
3 and 4 that the formation of selenate can be inhibited by adding
Ti to the selenium-containing 1liguid to decrease the
concentration of peroxodisulfurié acid.

Experimental Example 5:

In the experimental example 5, the sample (22) was checked

in respect to the concentration of peroxodisulfuric acid under
the same conditions as in the experimental example 4 except that

the aqueous T1 solution was added to the sample (22) withdifferent
concentrations of 10 mg/1 and 20 mg/1l, respectively. The results
are shqwn in FIG. 5. Meanwhile, for comparison, Fig. 5 also shows
the results of the experimental example 4 and changes wi'th time

in the concentration of peroxodisulfuric acid of the sample (22)
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when the aqueous Ti solution was not added thereto.

As can be seen from Fig. .5,. the concentration of
peroxodisulfuric acid slowly decreases with time even when Ti 1s
- not added to the sample (22). On the contrary, if Ti was added
to the sample (22) with ‘a concentration of 10 mg/l, the
concentration of the peroxodisulfuric acid reached about 160 mg/1
after 48 hours. If Ti was added to the sample (22) with a
concentration of 20 mg/l, the concentration of the
peroxodisulfuric acid reached about 120 mg/l after 48 hours.
Further, 1f Ti was added to the sample (22) with a concentration
of 50 mg/l, the concentration of the peroxodisulfuric acid
decreased the most to about 50 mg/l after 48 hours. It is thus
 found that the addition of Ti can provide more advanta'ge than that
of the sample (22) when the aqueous Ti solution was not added
théreto, in that the concentration of peroxodisulfuric écid can
be decreased that is, the more Ti concentration being added, the
more advantage being provided.

It is found from the foregoing that if more Ti is added to
the selenium-containing li'quid, the formation of selenate can be
more advantageously inhibited.

Comparative Example 1:

In the' comparative' example 1, the concentration of
peroxodisulfuric acid was checked in the sample (22) under the
same condition as in the experimental example 4 except in that

an aqueous Fe solution (Trade Name: Iron Standard Solution,

Product Number 20247-1B, Kanto Chemical Industry Company) and an

aqueous N1 solution (Trade Name: Nickel Standard Solution,
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Product Number 28577-1B, Kanto Chemical Industry Company) were
added to the sample (22), respectively, in place of the aqueous
Ti solution. For comparison, the samples (22) and (23) were
checked 1in respect to changes in the concentration of
peroxodisulfuric acid after these samples had been left for 48
hours. The results are shown in Fig. 6.

In the sampie (22) shown in Fig. 6A, i1t could not be found
that even when any other aqueous metal solution.was added thereto,
the concentration of peroxodisulfuric acid was largely varied in
comparison with the case when no agqueous metal solution was added
to the'sample (22) .

.Example 1:

In the example 1, the concentration of Mn and the change
of the selenium concentration with time were checked.

180 ug/l of selenite was added to an aqueous
peroxodisulfuric acid solution (peroxodisulfuric acid: 300 mg/1) .
Subsequently, an aqueous Mn solution (Trade Name: Manganese
Standard Solution, Product Number 25824-1B, Kanto Chemical
IndListry Company) was added to the same aqueous peroxodisulfuric

acid solution so that the concentration of Mn became equal to 2

mg/l, 5mg/l and 10 mg/l, respectively. In such a manner, samples
(24) - (26) were provided. These samples were maintained at 50 °C
which was the actual temperature of desulfurization slurries in
the wet flue gas desulfurization unit. Thereafter, the Mn
concentration and changes thereof were checked. The results are

shown 1n Figs. 7A - 7C.

Figs. 7A - 7C show graphs in initial Mn concentrations: Fig.
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7A 2 mg/l; Fig. 7B 5 mg/l; and Fig. 7C 10 mg/1l, respectively. It
is found from Figs. 7A - 7C that the concentration of Mn was
gradually decreased with time. At this time, sediment was
gradually produced in the sample. It was found through analysis
that this sediment was manganese dioxide. The manganese dioxide
was produced by oxidizing Mn with the peroxodisulfuric acid which
was an oxidation agent. It is found from Figs. 7A - 7C that the
concentration of selenate began to 1ncrease when the
concentration of Mn became less than 2mg/1l, the concentration of
selenate suddenly increasing as the concentration of Mn decreases
close to 0 mg/l, and all the selenite being finally oxidized and
converted into the selenate. For example,. in Fig. 7C, the
formation of selenate could not be found even aftter about 22 hours.
However, the concentration of selenate began to increase
substantially after about 37 hours when the concentration of Mn
became less than about 2 mg/l. It is apparent from this fact that
the formation of selenate can be efficiently inhibited i1f the
concentration of Mn is equal to or higher than 2mg/l in th'e
selenium-containing liguid.

Experimental Example 6:

In the experimental example 6, change with time in the
concentration of selenium was checked in the selenium agueous
solution that no peroxodisulfuric acid was added.

An agqueous Mn solution (Trade Name: manganese standard
solutioh, Product Number 25824-1B, Kanto Chemical Industry
Company) was added to an agqueous selenium solution prepared so

that the concentration of selenite became equal to 180 ug/l to
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provide samples (27) - (29) having their concentrations of Mn

equal to 5mg/l, 10mg/l and 30mg/l, respectively. These samples

‘were maintained at 50 °C that was the actual .temperature of the
desulfurization slurries in the wet flue gas desulfurization unit
and thereafter checked in respect to change with time 1n the
concentration of selenium. Change with time in the concentration
of selenium was also checked for a comparative sample which did
not contain Mn and which was maintained at 50 °C. The results are
shown 1in Fig. 8.

Fig. 8 1is a.graph illustrating changes with time in the
concentration of selenium when the concentration of Mn was equal
to 0 mg/1l, 5 mg/l, 10mg/l and 30mg/l, respectively. It is found
from Fig. 8 that in any case, the selenate was not produced or
even 1f was pfoduced, 1t was a very small amount. No formation
of sédiment was found in any aqueous selenium solution and almost
no change in the concentration of Mn was found. It 1is found from
this fact that the oxidation cfeating selenate almost did not
occur 1f the peroxodisulfuric. acid as an oxidation agent did not
exist in the selenium-containing liquid and that even if Mn is

in the selenium-containing liquid, Mn would not be oxidized to

produce manganese dioxide without existence of oxidation agent,

thereby Mn remaining in the selenium-containing liquid without

being cbnsumed.

It 1s thus found that if no peroxodisulfuric acid exists
in the selenium-containing 1liquid, that is, if the
selenium-containing liquid contains no oxidation agent, the

oxidation converting the selenium from quadrivalent into
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hexavalent almost does not occur and at the same time the oxidation
converting Mn into manganese dioxide does not occur. As a result,
Mn will not be wastefully used.

Embodiment 2:

In the embodiment 2, Mn was added to desulfurization
slurries to check changes in the concentration of selenium.

Selenite was added to samples of desulfurization slurry
(30) - (34) adjusted so that the concentration of peroxodisulfuric
acid is equal to 300 mg/l, respectively. At the same time, an
aqueous Mn solution (Trade Name: manganese standard solution,
Product Number 25824-1B, Kanto Chemical Industry Company) was
added to the samples of desulfurization slurry (30) - (34) while
varying the concentration thereof. Thereaftér, the
desulfurization slurry samples (30) - (34) were maintained at
50 °C before the concentration of Mn and the existence of selenium
were checked. The results are shown in Fig. 9.

Figs. 9A - 9E are graphs each showing the relationship
between a different Mn concentration and a change with'time in
the selenium in each of the desulfurization slurry'samples (30)

- (34), the Mn concentration and Ph value at the respective time

being shown in the top of the graph. As can be seen from Fig. 9,

every sample (30) - (34) includes only selenate after 20 hours

if the initial concentration of Mn (which 1s initially measured
in the desulfurization slurry mass without addition of Mn itself)
is less than 2 mg/1. On the contrary, if the initial concentration
of Mn was higher than 2 mg/1l by adding Mn thereto, the existence

ratio of selenate included in the samples after 20 hours was
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decreased with some selenite existing therein. On the other hand,
the existence ratio of selenate increased if the initial
concentration of Mn was excessively high. In other words, 1f the
initial coricen_tration of Mn excessively increased, the selenate
was more formed. Particularly, if the initial concentration of
Mn exceeded 30 mg/l, the selenate was more formed in the samples
- (30) - (34), resulting in substantially the same measurements as
in the case of non-addition of Mn. It is thus found that it is
preferable té maintain the concentration of Mn higher than 2 mg/1.
It 1s also found that i1f the i1nitial concentration of Mn was too
high, the formation of selenate may not be effectively inhibited.
The reason why the ratio of selenium decreases after 20 hours
rather than the initial state (0 hours) 1s that the selenite is
immobilized by the sediment of manganese dioxide.

To know the optimum concentration of Mn which can
efficiently inhibit the formation of selenate, the inhibition
ratio of selenate formation was checked. Fig. 10 is a graph shbwing
the relationship between the concentration of Mn and the
inhlbition ratio of selenate formation. T'he inhibition ratio of

selenate formation 1s ((an initial amount of selenite - an amount

of selenate after 20 hours) /an initial amount of selenite) which

represents how much selenite was inhibited to be converted into

selenate.

It 1s found from Fig. 10 that peak inhibition ratios of
selenate f'ormation in the samples (30) - (34) are between 2'mg/l
and 12mg/1 in the initial Mn concentration. It is also found that,

i1f the initial concentration of Mn is between about 5mg/1 and about
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omg/1l, the inhibition ratio of selenate formation can be equal
to or higher than 40%. It is further found that, if the 1nitial
concentration of Mn 1is in the range of about 5.5 mg/l-to about
7mg/l, the optimum advantage can be obtained. In particular, the
inhibition ratio of selenate formation is equal to or higher than
60% in the samples (30), (31), (33) and (34).

It 1s found from these embodiments and experimental
examples that 1f the concentratioh of Mn to be added is preferably
in the range of 2-12 mg/l, more preferably 5-9 mg/l and most
preferably 5.5-7 mg/l and when the concentration of Mn which
decreased by the formatioﬁ of sedimeht is thereafter maintained
equal to or higher than 2 mg/1 while inhibiting the formation of
sediment, the formation of selenate can be' inhibited by Mn which
exists in the desulfurization slurries to initiate the oxidation
creating selenate.

Example 3:

In the example 3, Ti and Mn were added to the
' selenium-containing liquid to check the inhibition effect of
selenate formation and changes in the concentration of
peroxodisulfuric acid.

180 ng/l of selenite was added to an aqueous
- peroxodisulfuric acid solution (peroxodisulfuric acid: 300 mg/1) .
An aqueous Mn solut.ion (Trade Name: Manganese Standard Solution,
Product Number 25824-1B, Kanto Chemical Industry Company) and an
aqueous Ti1i solution (Trade Name: Titanium Standard Solution,
Product Number 40882-1B, Kanto Chemical Industry Company) were

then added to the aqueous peroxodisulfuric acid solution so that
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the concentrations of Ti and Mn were equal to 10 mg/l. Such a
mixXture was used as a sample (35). The sample (35) was maintained
at 50 °C to check the concentration of peroxodisulfuric acid and
the ratio of selenium existing therein. The results are shown in
Fig. 11.

It 1s found from Fig. 11 that, when Ti1i and Mn are added,
the concentration of peroxodisulfuric acid decreases from 300
mg/l to 200 mg/l and further to 150 mg/l with time. In addition,
the ratio of selenium decreases from 100% to about 30% and finally
to about 25%. This means that the selenate was inhibited from being
formed. It 1s <conceivable that this 1is ©because the
peroxbdisulfuric acid is decomposed by the added Ti and at the
same time Mn oxidized with the peroxodisulfuric acid in place of
selenium to form the sediment of .manganese dioxide to which the
selenite is immobilized.

It is thus found that if Ti and Mn are added, both the
advantages of Ti and Mn can be provided. Namely, the decomposition
of the peroxodisulfuric acid by the addition of Ti and at the same

time the inhibition of oxidation creating the selenate and the

immobilization to the settled manganese dioxide by the addition

~of Mn can be realized.

The = aforementioned process of treating a
selenium-containing liquid can be applied to the absorbing
solution (desulfurization slurry) 1n the wet ~f1ue gas
desulfurization unit, desulfurizing wastewater and various other
industrial wastewaters containing selenium. For example, if this

proc:ess is tobe applied to the desulfurization slurries including
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selenium from the wet flue gas desulfurization*unit, means for
adding at least one selected from a group consisting of Ti and
Mn may be provided at a location where the selenite and an oxidation
agent such as peroxodisulfuric aclid may exist to promote the
oxidizing reaction of the selenium. Thus, the formation of
selenate can be inhibited in a simple and easy manner. In this
case, the process of the present invention may be simply and easily
applied to any kind of desulfurizétion slurries, although the
types and concentrations of .components included 1in the
desulfurization slurries from the coal fired power plant are
variable depending on the types of coals spent by the boiler
thereof. If the selenite exists without being oxidized to produce
selenate, it is not required to install a new facility for reducing
the se‘lenium. Thus, any existing wastewater treatment equipment
can be used to clear the effluent standard for selenium.

The process of treating a selehium-containing liquid
according to the present invention can be used to treat the
desulfurization slurries from the wet flue gas desulfurization
unit. Accordingly, the present invention is available in the field

of effluent treatment.
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What 1s claimed is:

1. A process of treating a selenium-containing liquid
wherein the formation of selenate 1is inhibited and the
selenium-containing liquid is an absorbed liquid from a wet
flue gaz desulfurization unit, the process comprises: adding Mn
which 1s =zero-valent or bivalent to the selenium-containing
liquid which contain selenite and peroxodisulfuric acid, and
reacting the peroxodisulfuric acid-with Mn to produce manganese
dioxide, thereby inhibiting oxidation of the selenite with the
peroxodisulfuric acid.

2. The process of treating a selenium-containing ligquid as
defined in claim 1, wherein the formation of selenate 1s inhibited
by adding Mn to the selenium-containing liquid so that the
concentration of Mn is equal to or higher than 2 wmg/l in the
selenium-containing liquid.

3. The process of treating a selenium-containing liquid as
defined in claim 2, wherein the formation of selenate is inhibited
by adding Mn to the selenium-containing liquid so that the
concentration of Mn is in the range of 2 mg/l to 12 mg/l in the
selenium-containing liquid.

| 4. The process of treating a selenium-containing liquid as

defined in claim 3, wherein the formation of selenate is inhibited
by adding Mn to the selenium-c¢containing liquid so that the
concentration of Mn is in the range of 5 mg/l to 9 mg/l in the
selenium-containing liquid.

5. The process of treating a selenium-containing liquid

as defined in any one of claims 1 to 4, wherein Mn is added to

the selenium-containing liquid 1n the form of an aqueous Mn

solution.
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