1 DESCRI PTI ON APPARATUS AND METHOD FOR CATALYTIC
COVBUSTI ON Techni cal Field The present invention
relates to a catal ytic conbustion apparatus and a
catal ytic conbustion nethod for treating by
catalytically burning a gas o be treated containing
a conbusti bl e organi c conpouhd. Background Art An
exhaust gas exhausted froma chem cal plant may
contain one or nore coABYSRIBHIIONr gani ¢ conpounds
such as saturated hydrocarbons, unsaturated
hydr ocar bons, organic acids, esters, and al cohols. In
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to diffuse conbustible organic conpounds into the air,
and therefore, it 1is necessary that the exhaust gas
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pl wever, it is known that catalytic activity of the

pl'ati num group netal - supported catal ysts gradually
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Application, First Publication No. 51-106691 discloses that a catalyst in which platinum
and palladium are supported on an alumina carrier is effectively used as a catalyst for
purifying an exhaust gas. Furthermore, Japanese Unexamined Patent Application, First
Publication No. 2000-33266 discloses that a tin oxide on which palladium, or palladium
and platinum are supported is effectively used as a catalyst for purifying an exhaust gas.

However, it is known that catalytic activity of the platinum group metal-
supported catalysts gradually decreases due to catalytic poisoning, that is, adhesion of a
catalytic poison to an active site of the catalysts, or heat deterioration by sintering or the
like. When the catalytic activity is decreased, a method of raising the reaction
temperature to maintain purifying capacity is usually adopted.

The amount of the combustible organic compound can be sufficiently reduced



2 by raising the reaction tenperature even if the
catal ytic activity is decreased; but on the other
hand, the tenperature increase accel erates heat
degradation of the catalyst, and then the catal yst
life may decrease. If the reaction continues using the
degraded catalyst, the anount of the conbustible
organi ¢ conpound is not efficiently reduced and
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Disclosure of Invention

In view of the aforementioned problems, an object of the present invention is a
provision of a catalytic combustion apparatus and a catalytic combustion method which
make it possible to constantly treat a gas to be treated at the optimized reaction
temperature at which long life of a catalyst is preserved while the gas to be treated is
sufficiently purified by simply monitoring a condition of the purified gas to be treated
containing a combustible organic compound.

To solve the problems described above, the present inventors have intensively

researched and have found that there is a correlation between a pH value of a



To sol ve the probl ens described above, the present
i nventors have intensively researched and have found
that there is a correlation between a pH value of a 3
condensate of a gas after reaction and a rate of
purification of the conbusti?le organi ¢ conpound. The
present inventors have focused on this point, and then
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gas to be treated containing a combustible organic compound, comprising the steps of
generating a condensate by condensing a part of a gas after catalytic combustion, and
adjusting a catalytic combustion temperature of the gas to be treated based on a pH of

the condensate,

Brief Description of Drawings
Fig. 1 is a diagram showing a catalytic combustion apparatus of an

embodiment according to the present invention.

Best Mode for Carrying Out the Invention
An example of a structure of a catalytic combustion apparatus of an

embodiment according to the present invention is explained with reference to Fig. 1.



Best Mbde for Carrying Qut the Invention An exanpl e of
a structure of a catalytic conbustion apparatus of an
enbodi ment according to the present invention is
expl ained with reference to Fig. 1. 4 The catal ytic
conmbustion apparatus of this, enbodinent is mainly
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The oxygen-containing gas is used in order to supply required oxygen to
completely effect combustion of the combustible organic compound, and a specific
example thereof includes air. The feed rate of the oxygen-containing gas is suitably
determined according to the amount of the combustible organic compound in the gas to
be treated, and particularly, it is preferred that oxygen concentrate in the gas after
reaction is adjusted to be between 0.5 to 10%. The non-combustible gas is used in order
to adjust temperature of the inside of the reactor 10, and specific examples thereof
include nitrogen, water vapor, carbon dioxide, and a mixed gas thereof. Particularly, the

gas after reaction (after purification of the combustible organic compound) is preferably



determ ned according to the anount of the conbustible
organi ¢ conpound in the gas to be treated, and
particularly, it is preferred that oxygen concentrate

in the gas after reaction is adjusted to be between
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conddidste s@be fafriedsind tEmmdldeehmm*rﬁpn&utecarfrﬂshn furthermore, a cooling
temperature of the gas after reaction in the condenser 91 is suitably determined by a
concentration of water contained in the gas after reaction or the like, and is not specially
limited. Usually, the cooling temperature is set to 50°C or less, preferably 30°C or less.
As the pH meter 92, an electrode pH meter can be used.

Furthermore, in this embodiment, the catalytic combustion apparatus comprises
a controller 100 for controlling the temperature controllers 71 and 81 based on data
measured by the pH meter 92. Accordingly, the heater 72 and the flow rate controlling

valve 82 are controlled based on data measured by the pH meter 92, the inlet

temperature and outlet temperature of the reactor 10 are controlled, and then, at least the



tenperature of the gas after reaction in the condenser
91 is suitably determned by a concentration of water
contained in the gas after reaction or the |ike, and
is not specially limted. Usually, the cooling
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using gas chromatography together with pH measurement of the condensate of the gas
after reaction. Then, the pH value of the condensate, which is a minimum value for
sufficiently reducing the amount of the combustible organic compound, is obtained
based on the obtained relationship. Hereinafter, this pH value is referred to as the
“reference value”. Furthermore, the reference value changes in response to a
composition of the gas to be treated, the amount of gas to be treated, a kind of catalyst,
and the like. Moreover, the rate of purification is calculated by the following expression

for each combustible organic compound.



the gas after reaction beforehand. The relationship of
the rate of purification of the conbustible organic
compound and the pH val ue of the condensate of the gas
after reaction can be determ ned, for exanple, by
carrying out gas analysis aﬂ}er reaction wusing gas
chromat ogr aphy together with pH neasurenent of the
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matter o t hat

course automatic control can nmake _
oper atdcordirsg topthe catalytic combustion apparatus and the catalytic combustion

method of the present embodiment, purification conditions can be easily monitored
based on the pH value of the condensate. Therefore, if the amount of the combustible
organic compound is not being sufficiently reduced due to, for example, degradation of
catalytic activity, this condition is immediately detected, and an operation for improving
the purification treatment capacity by increasing the catalytic combustion temperature
can be carried out. Then, exhaustion of the combustible organic compound in an
amount not sufficiently reduced out of the catalytic combustion system can be
immediately prevented.

Furthermore, since the catalytic combustion temperature is adjusted using the



In addition, a frequency of the pH neasurenent of the
condensate is not |imted, but, preferably, the pH of
the condensate is continuously neasured and
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can be ensured. Mreover, especially, the present
buBHBRFRRRENY | S favorably used for the treatnment of a

gas to be treated containing organic acids such as

acetic acid and nethacrylic acid as the conbustible
Exam@pini ¢ conpound, and further, the present enbodi nment

can be applied to a %as to be treated.containin
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compounds was continuously carried out.

From the gas to be treated supply pipe, exhaust gas generated when
methacrolein was produced by vapor-phase oxidation of isobutylene was continuously
supplied. When a composition of the used exhaust gas was analyzed, there was 72.9%
of nitrogen, 5.5% of oxygen, 15.6% of water, 1.8% of carbon oxide, 2.7% of carbon
dioxide, 2500 ppm of isobutylene, 2000 ppm of acetic acid, and 200 ppm of methacrylic
acid,

From the oxygen-containing gas supply pipe, air of a quantity so that the
oxygen concentration of the outlet gas of the reactor was 4.0% was continuously
supplied. From the non-combustible gas supply pipe, the gas after reaction (after

purification of the combustible organic compound) was continuously supplied.



Next, an exanple according to the present invention
and a conparative exanple will be described as
follows. Using the catal ytic conbustion apparatus of
t he above-descri bed enbodi nent, catalytic conbustion
treatnment of a gas to be trﬁﬁted cont ai ni ng
conbusti bl e organic conpounds was conti nuously
carried out. Fromthe gas to be treated supply pip
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methacrylic acid was 99.3%, and the pH value of the condensate was 4.0.

When a target of the rate of purification was made 99.5% of rates of
purification of each combustible organic compound, if the pH value of the condensate
was 4.5 or more according to the relationship of the pH of condensate and the rate of
purification, it was found that the combustible organic compound was sufficiently
purified. Therefore, the reference value of the pH value of the condensate was set to
4.5. Then, pH values of the condensate were continuously measured, and 1if the pH
value was lower than the reference value, the inlet and outlet temperatures were
increased, and the temperature of the catalyst-packed portion was raised by 1°C.

Thus, an operating standard was defined, and continuous operation was carried



condensate was recorded. Wth the inlet tenperature of
the reactor at 235C, the rate of purification of
i sobutyl ene was 100% the rate of purification of
acetic acid was 99.5% the rate of purification of
met hacrylic acid was 99. 9% Bnd t he pH val ue of the
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ter reaction by gas chronatograp was carried
out dne@vaof the results of Example and Comparative Example it was found that

a combustible organic compound can be purified satisfactory and stably without heating
catalysts more than necessary by adjusting the temperature of the catalyst-packed
portion of a reactor (catalytic combustion temperature) according to pH data of

condensate of a gas after reaction.

Industrial Applicability
According to the catalytic combustion apparatus of the present invention, since
the catalytic combustion apparatus equipped with a reactor for catalytically burning a

gas to be treated containing a combustible organic compound comprises a condensate



week was reflected on a tenperature adjustnent of the

cat al yst - packed portion. That is, when isobutylene

was detected by gas chromat ography anal ysis, the

tenperature of the catalyst-packed portion was raised

until isobutyl ene gas was ng | onger detected in the

gas after reaction. Accordi b to such an operating

standard, continuous operation was carried out for
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1orpgamaloymg@my§danp@éﬁsum was heated to about | OC
hi gher than the catal yst-packed portion of Exanple. In
view of the results of Exanple and Conparative
Exanple, it was found that a conbustible organic
conpound can be purified satisfactory and stably
wi t hout heating catalysts nore than necessary by
adj usting the tenperature of the catal yst-packed
portion of a reactor (catalytic conbustion
tenperature) according to pH data of condensate of a
gas after reaction. Industrial Applicability According
to the catal ytic conbustion apparatus of the present
i nvention, since the catalytic conbustion apparatus
equi pped with a reactor for catalytically burning a
gas to be treated containing a conbustible organic
conpound conprises a condensate 11 form ng neans for
condensing a part of the gas after the reaction in the
reactor, and a pH measuring neans for measuring a pH
of the resultant condensate, a purified condition of
t he conbusti bl e organic conpound is sinply nonitored
and treatnment of the conbustible organic conmpound is
constantly carried out at an optinmum reaction
tenperature at which the conbusti bl e organic conpound
is sufficiently purified while long life of the
catal yst can be ensured. 12 CLAIMS 1. A catalytic
conmbusti on apparatus conprising a reactor for
catal ytically burning



a gas to be treated containing a conbustible organic
conpound, and further conprising: a condensate form ng
nmeans for condensing a part of a gas after reaction in
the reactor and form ng a condensate, and a pH
nmeasuri ng nmeans for neasuring a pH of the condensate.
2. A catalytic conbustion aﬁgaratus according to claim
1, further conprising a tenperature adjusting neans
for adjusting a tenperatucbAdMSat | east a

cat alyst -packe rtion. .of I r e - .
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nmet hacrylic acid as a conbusti ble organi c conpound. 5.
A catal ytic conbustion apparatus according to claimi4,
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4. A catalytic combustion apparatus according to claim 3, wherein the gas to be
treated contains at least one organic acid selected from the group consisting of acetic

acid and methacrylic acid as a combustible organic compound.

5. A catalytic combustion apparatus according to claim 4, wherein the gas to be
treated is an exhaust gas generated when methacrolein or methacrylic acid is produced

by vapor-phase oxidation of isobutylene or tertiary butyl alcohol.

6. A catalytic combustion method for a gas to be treated containing a combustible
organic compound, comprising the steps of:

generating a condensate by condensing a part of a gas after catalytic
combustion, and

adjusting a catalytic combustion temperature of the gas to be treated based on a

pH of the condensate.



