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SPECIFICATION

1. TITLE OF THE INVENTION
Method for Treating a Solution Used for the Regenera-

tion of a Denitration Catalyst

2. FIELD OF THE INVENTION AND RELATED ART STATEMENT

The present invention relates to a method for treating
a catalyst regeneration solution for a catalyst which has
been used to remove nitrogen oxides from an exhaust gas.

In recent years, much attention has been paid to nitro-

gen oxides (hereinafter referred to as "NC,") in an exhaust

gas as a cause of photochemical smog, and various techniques

for removing these NO, have been suggested. Of these tech-

niques, many catalytic reduction methods have been already

- put into practice in which NO, is reduced to harmless nitro-

gen in the presence of a catalyst by the use of ammonia as a
reducing agent. Typical examples of the catalyst which can
be used in these methods are a vanadium-tungsten-titania
catalyst and a tgngsten—titania catalyst.

However, iﬁ a combustion exhaust gas of a fuel oil such
as fuel oil C containing sulfur in a high ratio, there is
dust containing heavy metals such as vanadium, nickel and
iron and an alkaline salt such as Glauber'’s salt

(Na,;S0,+10H,0). Therefore, when this kind of exhaust gas is
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treated for a long period of time, components of the dust
adhere to and accumulate 6n the surface of the catalyst. As
a result, a denitration performance df the catalyst deterio-
rates, or an SO, oxidation performance (an SO, oxidation
rate) of the catalyst rises.

It is known that the deterioration of the denitration
performance of the catalyst is usually due to the accumula-
tion of alkaline components such as sodium and potassium on
the catalyst. Furthermore, it is also known that the rise of
the SO, oxidation performance of the catalyst is due to the
accumulation of heavy metal components such as vanadium,
nickel and iron on the catalyst.

The "SO, oxidation performance" of the catalyst means
an ability (or a performance) of the catalyst to oxide SO, in
the exhaust gas to SO5.

When the SO, oxidation performance of the catalyst
fises, the amount of SO, in the exhaust gas on the downstream

side of a denitration apparatus increases, and it is dis-
charged in the state of sulfuric acid white fume into the
open air to cause air pollution. Thus, in order to prevent

the air pollution, NH; (ammonia) is injected on the upstream

side of an electric dust collector to produce ammonium sul-
fate or ammonium bisulfate, and the thus produced compound is

collected and removed by the electric dust collector.
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However, when the discharge amount of SO, increases

beyond the collection capability of the electric dust collec-
tor, the sulfuric acid white fume is discharged in the form
of dust into the open air, so that the dust concentration in
the exhaust gas may exceed a maximum allowable value set by
pertinent regulations.

The catalyst whose denitration performance has deterio-

rated or whose SO, oxidation performance has risen is no

longer usable, and it will have to be disposed of or must be
subjected to an economical regeneration treatment. Hereto-
fore, as a regeneratibn treatment for the catalyst, water
washing has been suggested for the removal of alkaline compo-
nents, and washing with an aqueous oxalic acid solution has
been suggested for the removal of heavy metal components
mainly comprising vanadium. These treatments have been
recognized to be effective.

For the removal of the alkaline compénents, water
washing has been now put into practice. However, for the
removal of heavy metal components mainly comprising vanadium,
a great deal of cost is required to treat thé aqueous oxalic
acid solution containing the heavy metals after the regenera-
tion. This is the reason why the latter means has not been
put into practice yet.

In regenerating the catalyst whose denitration perfor-

mance has deteriorated or whose SO, oxidation performance has
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risen, it is naturally necessary to recover the performance,
and another requirement is to achieve the regenerat. = at a
low cost.

However, it is observed that water or the aqueous
oxalic acid solution which has been used for the regeneration
is colored probably owing to vanadium, the former being
colored yellow, the latter being colored deep blue. 1In
addition, these solutions contain heavy metal élements, such
as iron, which are severely restricted under governmental
?egulations regarding factory liquid wastes, and therefore
they cannot be discharged as they are. These waste solutions
must be treated prior to the discharge by a proper process so
that the content of the heavy metal elements becomes below
the regulated lével, but for such a treatment, facilities and
a heavy cost are required, which is disadvantageous from an

economical viewpoint.

3. OBJECT AND SUMMARY OF THE INVENTION
The present invention intends to provide a rational
treatment method for the regeneration solution of a deterio-

rated denitration catalyst in view of the above-mentioned

technical level.
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According to the present invention there is provided a
method for treating a tungsten-titania or
vanadium-tungsten-titania denitration catalyst regeneration
solution comprising the steps of

- regenerating a tungsten-titania or a
vanadium-tungsten-titania denitration catalyst with water
or an aqueous solution of oxalic acid recovering a
regeneration water or an aqueous oxalic acid regeneration
solution.

- injecting the regeneration solution or the aqueous oxalic
acid regeneration solution, either singly or as a mixture
with fuel into a furnace generating combustion gas.
According to this method the aqueous solution containing
the heavy metals produced while regenerating the catalyst
can be treated at a low cost.

Vanadium, nickel, iron and the like are accumulated in the
form of sulfates or oxides on the surface of the catalyst,
and vanadium compounds occupy 80% or more of these
compounds. As a means for dissolving the vanadium compound,
it is most effective to use the aqueous oxalic acid

solution.
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According to the results of experiments which the present
inventors have carried out, water can only dissolve 20% of
the vanadium compound, but when the vanadium compound is
allowed to stand in a 1 N aqueous oxalic acid . solution at
room temperature for 4 hours, it can be dissolved substan-
tially completely therein, as shown by the following chemical
reaction (1):

V,05 + 4H,C,0, = H,y(V0y),(Cy0,)3 + 3H,0 + CO, (1)

The amount of oxalic acid which is consumed for the
dissolution of the vanadium compound is merely several per-
cent of the total amount, and unreacted'oxalic acid remains
in the aqueous solution. Oxalic acid is an acid, and natu-
rally its aquecus solution indicates acidity. Therefore,
prior to the discharge into a public sewerage, oxalic acid
must be neutralized with an alkali reagent, such as sodium
hydroxide. In addition, costly facilities ‘and high opera-
tional costs are required for a precipitation treatment of
the dissolved heavy metal elements and the like.

On the contrary, according to the present invention,
unreacted oxalic acid is oxidized and decomposed to harmless
water and a carbon dioxide gas, as shown by the following
reaction (2): .

2H,C,0, + 0, - 2H,0 + 4CO, (2)
Also, the heavy metal elements dissolved in oxalic acid

become stable oxides, and they are collected by a dust col-
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lector on the downstream side and then treated at a low cbst,
as in the case of inorganic compounds in the fuel and un-
burned carbon.

As described above, according to the present invention,
the regeneration cost of a catalyst can be decreased by a
simple method in which a cataiyst regeneration solution is
injected into the boiler furnace, which makes it practicable
to remove the accumulated heavy metal components from the
denitration catalyst with aqueous oxalic acid solution or

water.

4. BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 shows a flow sheet of an exhaust gas treatment
by the use of a fuel oil-fired boiler in an embodiment for

the description of the present invention.

5. DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Next, the present invention will be described in refer-
ence to a flow sheet of an exhaust gas treatment by the use
of a fuel oil-fired boiler shown in Fig. 1. A catalyst
'regeneration treatment solution is injected into a boiler 1
through a treatment solution injection line 11 connected to
an injection line for fuel o0il 0 or through a treatment solu-
tion injection line 12 disposed in the vicinity of a combus-

tion burner. This catalyst regeneration treatment solution
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is obtained according to the procedare mentioned above.
Heavy metal elements contained in the treatment solution
become fine particles of oxides in a high-temperature atmo-
sphere of the boiler 1, and they then pass through a flue 3
via an economizer outlet 2 together with an exhaust gas, and
then reach an electric dust collector 8 via conduits 4 and 5,
a gas parallel flow catalyst layer 6, and an air heater 7.

In the electric dust collector 8, the fine particles of the
oxides of the heavy metal elements are removed together with
fine particles of unburned carbon contained in the exhaust
gas, and the exhaust gas which has been made harmless is then
discharged into the open air through an exhaust gas blower 9
and a chimney 10.

In this connection, oxidized heavy metals, such as
vanadium, may adhere to and accumulate on the surface of the
catalyst 6, when they pass over the surface of the gas paral-
lel flow catalyst layer 6. However, the amount of the ad-
hered and accumulated heavy metals is so small that their
negative influence can be ignored.

Test Example 1

A Ti0,-WO4-V,05 catalyst was treated with a 1 N aqueous

oxalic acid solution by the use of a fuel oil-fired boiler
shown in Fig. 1, and in this case, the composition change of

the catalyst is set forth in Table 1.

-8 -
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Table 1

TiO, WO, V,05
Early Stage 88.9 10.5 0.6
Before Regeneration 88.2 10.4 1.4
After Regeneration 88.8 10.5 0.7

The 1 N aqueous oxalic acid solution which was used for
the regeneration contained 620 mg/liter of vanadium. This
aqueous oxalic acid solution was added to a fuel oil in such
an amount as not to impede combustion (about 1/1000 in weight
ratio), followed by'mixing sufficiently. The fuel containing
oxalic acid was then injected continuously into the boiler 1
together with the fuel oil through an injection line 11.

The exhaust gas was sampled at point A of the flué and
then analyzed to find the concentration of.organic carbon in
the gas so as to determine whether or not oxalic acid remains
therein. Furthermore, the dust in the exhaust gas was col-
lected at point B of the flue and then analyzed for vanadium.
The results are set forth in Table 2.

Test Example 2

A 1 N aqueous oxalic acid solution which was used in
regeneration under the same conditions as in Test Example 1
was injected at a position in the vicinity of a combustion

burner of a boiler 1 through an injection line 12 shown in

-9 =
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Fig. 1. Analysis was carried out in the same manner as in
Test Example 1, and the results are set forth in Table 2.

Test Example 3

The same inactivated Ti0,-W0,;-V,05 catalyst as in Test
Example 1 was treated with water, and in this case, the water
contained 100 mg/liter of vanadium. This treatment water was
injected into a boilexr 1 together with fuel oil as in Test
Example 1. Analysis was carried out in the same manner as in
Test Example 1, and the results are set forth in Table 2.

Comparative Example

The same procedure as in Test Example 1 was effected
except that any regeneratibn solution was not injected into a
boiler 1, and analysis was also carried out as in Test Exam-
ple 1. The results are set forth in Table 2.

Table 2

Organic Carbon V,05
(in terms of C)(ppm) (mg/Nm3)

' ‘Test Example 1 5.0 <1.0
Test Example 2 5.0 <1.0
Test Example 3 5.0 <1.0

Comp. Example 1 5.0 <1.0

It is apparent from the analytical results that in Test

Examples 1 to 3, oxalic acid was completely decomposed to a

- 10 -
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carbon dioxide gas in the furnace and made harmless, and thex
vanadium in the regeneration solution was all collected by

the electric collector and then made harmless.
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The claims defining the invention zre as follows:-

1. A method for treatinn a tungsten-titania or
vanadium-tungsten-titania denitration « alyst regeneration
solution comprising the steps of

- regenerating a tungsten-titania or a
vanadium-tungsten-titania denitration catalyst with water
or an aqueous solution of oxalic acid recovering a
regeneration water or an aqueous oxalic acid regeneration
solution.

- injecting the regeneration solution or the aqueous oxalic
acid regeneration solution, either singly or as a mixture
with fuel into a furnace generating combustion gas.

2. A method for treating a denitration catalyst
regeneration solution substantially as hereinbefore
described with reference to the accompanying drawing.

3. A method for treating a denitration catalyst
regeneration solution substantially as hereinbefore
described with reference to any one of test examples

1 to 3.

DATELD FEBRUARY 12 1992
MITSUBISHI JUKOGYO KABUSHIKI
KAISHA

By their Patent Attorneys
RELVIN LORD AND COMPANY

PERTH, WESTERN AUSTRALIA
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7. ABSTRACT OF THE DISCLOSURE

A method for treating a denitration catalyst regenera-
tion solution which is characterized by injecting, into a
combustion gas generation furnace, a regeneration water or an
aqueous oxalic acid regeneration solution formed thle regen-
erating, with water or an aqueous oxalic acid solution, a
denitration catalyst whose denitration performance has dete-

riorated or whose SO, oxidation performance has risen so as

to recover the original performance of the catalyst. Accord-
ing to this method, a solution produced when a catalyst is

regenerated can be economically treated.
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