|  DESCRI PTI ON APPARATUS AND METHOD FOR CATALYTIC
COVBUSTI ON  Technical Field The present invention
relates to a catal ytic conbustion apparatus and a
catal ytic conbustion nethod for treating by
catalytically burning a gas to be treated cont ai ni ng
a conbusti bl e organi c conpound. Background Art An
exhaust gas exhausted fDBESCRIBTEONcal plant may
contain one or nore conbustible organic conpounds
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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.



reaction tenperature to maintain purifying capacity is
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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



tenperature at which long |life of a catalyst is
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combustion temperature of the gas to be treated based on a pH of
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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




t he condensate. Brief Description of Drawings Fig. 1
is a diagram showi ng a catal ytic conbusti on appar at us
of an enbodi ment according to the present invention.
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Furthermore, the reactor 10 comprises a temperature controller 71 such as a TIC, which detects
its inlet temperature and controls the heater 72 according to the detected |
temperature. ‘
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 efcamples thereof include

nitrogen, water vapor, carbon dioxide, and a mixed gas thereof. Particularly,



Furthernore, the reactor 10 conprises a tenperature
controller 71 such as a TIC, which detects its inlet
tenperature and controls the heater 72 according to
the detected tenperature. The oxygen-contai ni ng gas
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limited. Usually, the cooling temperature is set to 50°C or less, preferably 30°C or less.
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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



non- condensabl e gas pi pe 94 through which the
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combustible organic compound and the pH value of the condensate of the gas after
reaction can be determined, for example, by carrying out gas analysis after reaction
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
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expression for each combustible organic compound.



exhibit nore inconbustibility than the other
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According to the 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




reaction and insufficient purification of the gas to
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treatnimt 6fp gagftd beiremdd sontaamingadarde scidsasuch o acetiaanid and

degradajion of _catalytic activity. this capdition.is
meth{SEAS | & P FOBUATEE, ST AAMBIE PRERMIFY. o oy tsed for 2
comblifi®lPstEarlié Ehpoand WherRin@IYrgdmaRRed i YorR¥d b5 Besmbdatt Qering a

catalytic conbustion tenperature can be carried out.
burninggeactiodx haust i on of the conbustibl e organic conpound

in an anmount not sufficiently reduced out of the

catal ytic conbustion systemcan be 8 imediately
Exampteevent ed. Furthernore, since the catalytic

c stion. tenperature is adjiusted using the. nini num

o VR s et SEFPRIR s By RGR etk AmlE Rl e
example gdh be desoiipalmdolasvsa ref erence, there is no risk

that the catal yst is. heated nore than necessary, .and .

ha king;iBg Rl e GAmBRStioR FPRaretyF P e above iR GRbadgment, catalytc
combhididh tetrdny Of ad bdsCtoChNtrbRe® ¥ RARAE -coMbusBKRC bighi compounds was

~above, according to the present enbodi nent, treatnent
contigyougly gargighiitst i bl e  or gani ¢ conpound can be constantly

C b ' r [ re at

wh ir crh %%h%g Koaﬁéota%% dgp I)élggwg’oén%@ﬁésltt g%l gtgﬁ%?tg&a %lﬁ’gﬁ compound
methassnleib avas 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 tﬁat the

oxygen concentration of the outlet gas of the reactor was 4.0% was continuously



sufficiently reduced while long |ife of the catal yst
can be ensured. Moreover, especially, the present
enbodi ment is favorably used for the treatnent of a
gas to be treated containing organic acids such as
acetic acid and nmethacrylic 8cid as the conbustible
organi ¢ conpound. Particularly, it is favorably used

sipplied  Fronihe holeombigidl @s%gam;? Pipsé, MeSYal hftertBactiol &

acid.s formed as_an internediate during a burning
pyrdication pf thegampustibleerganic sompaund) veas sontinususly suppliede

LRy:ent | ti . I i.ll b
e crEaHE Bl boButif R Bbsitfed i Hith £ pBlintmJipported
alampjmarcatrits wak ubdibasahentudies cdthlost forfining TR ieactor undetithe
coggnbustl n treatnent of a gas é@gbe treated containing

1on dhat SVe(spacgavelagsity) s GasNL{Gatrdus| y
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cxcha Seritr of OGP CtTlSiof Rt s S4BBY # £ ARG inte
tetnperatypoof thé acaeton uhdia SH0IT Giitlst Sepdratury of théfeactor, and thenathe

coptinuously supplied. VWen a conposition of the use
£33 %S%IJ&"“@&&HW condensateafter thepechoyss from thepperation starg svere
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ratp pfipurification iof isabiity}ena wdis 100%p the rafe ofputificationi qfaca?i atid was
ar aQ a

Epom the ox n-.cont ai nj ng, gas_,supply pipe
99 ko i 15 GlpAriToRon Qhyelbsbrzis e nes B9 §56.or hersd value of
theddnledsa@as 8§ tilldGvds@agt or was 4. 0% was conti nuously 9
supplied. Fromthe non-conbustible gas supply pipe,
t he dherefercace valuof the pHafaluerof theicoridensste was déterniined after

twé g%ﬁfg&'} %e%p%%fqrﬁ © mggﬁ\éﬁ%ta%%%g %a,lgé reactor was
loveped R{233°CRIYCCihdEthh 228 T URISHP BAY 4rRd re&ki?fg}aﬁqil elcionrl]céensate

carrier was used as a combustion catal yst

at qagl temeperatite, wern @balyzdddby gasichiamasography, agla pEpeadue of each

' et to 20000 Gas-NL/Cat-L. Operation of
co \aﬁ}é&géa§'§%vp$@e§‘onbusti on apparatus was started at a

240CWithl thé inléteerapératurd 6f tBE réadfor aE293°0, titdtedf piflfication of
. out]et tené)erature of the reactor, and then, the gas
isobytylepe vas £9G%:;the mite of purifivation of aeetigfacis was9%5%htherate of

purfﬁcgﬁbﬁ megﬂl%&iik SRR ) o,raend the pH value of the condensate was 4.5;
at 230°C, the rate of purification of isobutylene was 100%, the rate of purification of
acetic acid was 99.1%, the rate of purification of methacrylic acid was 99.6%, and the
pH value of the condensate was 4.3; and at 228°C, the rate of purification of isobutylene
was 100%, the rate of purification of acetic acid was 98.2%, the rate of purification of
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 if the pH

value was lower than the reference value, the inlet and outlet temperatures were




sanpl ed, and these sanples were anal yzed by gas
chromat ography. As a result, the rate of purification
of isobutylene was 100% the rate of purification of
acetic acid was 99.7% and the rate of purification
of methacrylic acid was 99. 9 The pH val ue of the
condensate at this tinme was 4.6. The reference val ue

inofeatddo ait the rhiserfird JTRhE SEIP RS Red/ BB WAS RiiSkAbyafer
two days fromthe operation start. That is, the i'nlet
t enpelBsyanopsratingstandart was defined, andeontinuaus 2peratioreyesyarried

ot 36 S Elbn " AR A reniNor AR B oF el B BB TB0 PP o
chrtmatogiaply ardifrequRicly of ¢iide\aahaeR, tie rae o Puﬁﬁéuii%ﬁ%ﬁséw@fene

recorded. Wth the inlet tenperature of the reactor at
wassHiB%.; Hurthgrraorss the lowest value of thefratejof purificationeof aeetic acid was

e
Thednle® 8ndsatleatethperaturiesiof the weactdr dfi3ix OMES Reveer®60°€ did

SC%I’ 230C,.the rate of purification of isobutylene was
JoogsPEstivelyat e of purification of acetic acid was

CordatAivelBeminid € of purification of nethacrylic acid
O?V\g% 99.6% and the pH value of the condensate was
4. 3; Aacefalytic &stRstivh ereataient of a gasr to fbie thied wasfcarried out under

oS5 5 oAbl B it
coR®nBAE bY tHegad aftét r’é@c'ii\c/)\%gvé%t editied Bg% p{lhé@éig?:é,qg? Feldilt of

condensat e was 4. en a target
anglysis of thetgasafterasactind by Pas Ehtonfatography wiiich pas cdrried biroonce a

eachy C usti bl e organi c co nd, jf th H val ue
wek vBR TR teioeraied SlsSareof b Be gatelystipikel oytiga: - That
is, ivbeA id ' ﬂ@’ﬂ&%
e puri fsiiogg?ilﬁgﬁ ,V‘{iﬂi(stdt?{\ﬁgtseap?l gg}aae?%at t %ﬁgﬁ%&lﬁ??ﬁ@i&ﬁp&ﬁﬂe of
tpdyst-Dacksdportinn wessraised ntil isohnitylenggasi wasaw longer detected in

€Al
Therefore..the reference value of the pH val ue of the
thec%%ﬁﬁ%s%%%’%s set to 4.5. Then, pH values of the

condaeectimghs gmmmﬁew%wdmwémﬁﬂouﬁé&ﬁﬂmmfs dt%Hied out

val ue was | ower than the reference value, the inle
for siximenths.c t When therges afterreastion was arialyzed by gas chromatogeaphy, the

lowle SRR IRE 2 of AiARANGH HFPRFIES WS B0 sHo chE e il of
the catabf purdfication ©f atdtieacitbwa98.1%cahd B lowest valus ofieirie of

: a result of analysis of the gas after reaction by
P“fgiéﬂ%ﬂ wethaeryHa geid vas 99.0%e qilibeinjetand entet temperatures; afdhe

readtét §ix Hontht hlel 4Rl PFoo€lankt %9% Yésﬁ&?ively. The catalyst-packed
portion was heated to about 10°C higher than the catalyst-packed portion of Example.

In view of 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



was 100% Furthernore, the | owest value of the rate of
purification of acetic acid was 99.5% and the | owest
val ue of the rate of purification of nethacrylic acid
was 99.7% The inlet and outlet tenperatures of the
reactor of six nonths later Mere 260C and 565C
respectively. Conparative Exanple A catal ytic
the eAtaNS t
¢ AR cORbLRR PPl cq RpBRF i atPactir B! EltlYially burming o
gaEiahptregted ﬁmﬁpmngrwomhmenhibior@ammmmund obmprises a condensate
focondensat di af t rea t| was, nqt carried
e Tt o ‘H‘S‘ arief the 8a rygqt@nan thefeaciersand a
pHrie@surin@@hdans forbuea@a&xgb Fnrawxree.mm Uhdehsat 3 éﬁﬁ%& ed
out once a was reflected on a tenperat ur
copditign pfrtlmcombusmle omaaicmnmoandk escsimplytmenitordchand tréatment of

I t ect t
e RS EB ke EopBne s sty oD ol QP cigh eaction
tenﬂpd‘rhﬂuﬁmat\/\ﬂﬁcli fHeTOfbUSHIE ofghRfe Coipdiifid BARMWet Duritied %ﬂule
detected in_ the ggs after reaction. According to such

longlifg € the gatalyst cambeensuredont i nuous operati on was
carried out for six nonths. Wien the gas after
reacti on was anal yzed by gas chromat ography, the
| onest value of the rate of purification of
i sobutyl ene was 99.8% the | owest value of the rate
of purification of acetic acid was 98.1 % and the
| owest value of the rate of purification of
nmet hacrylic acid was 99.0% The inlet and outl et
tenperatures of the reactor six nonths |later were
270C and 575C respectively. The catal yst-packed
portion was heated to about 10C hi gher than the
cat al yst - packed portion of Exanple. In view of the
results of Exanple and Conparative Exanple, it was
found that a conbustible organic conmpound can be
purified satisfactory and stably w thout heating
catal ysts nore than necessary by adjusting 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.
I ndustrial Applicability According to the catalytic
combusti on apparatus of the present invention, since
11 the catal ytic conbustion apparatus equi pped with a
reactor for catalytically burning a



gas to be treated containing a conbustible organic
conpound conprises a condensate form ng neans for
condensing a part of the gas after the reaction in the
reactor, and a pH measuring nmeans for measuring a pH
of the resultant condensate, a purified condition of
t he conbustible organic co dund is sinply nonitored

cLAPBG treatnment of the conbustible organic conpound is
constantly carried out at an optimumreaction

1.t efypaipkytic pembustiohnparatyseomprising @ resbter for gatalyticatlyrpming]
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c andvnd¢risata fappeg mtans fawopddnsing g part beagdsaiftef @action in the
catal.yti.cal |l y .burnin a gas to be treated containing
reaCt%\r aggr%ﬂlélﬁ ao?%'dg}sﬁtﬁhq acid, and further conprising: a
Cc angie Akadueing afcahs or ME@Nting PPHODHRRBAIMGt@ part of a
gas after reaction in the reactor and formng a
condensate, and a pH neasuring nmeans for neasuring a
2. PHA ehtalyhe cEARAEOS Abfaratds ac&)rﬁﬁi%% ¥halrfr 1CRIEMESIOnfRising a temperature
_ apparatus according to claimI, further conpr|S|n§ a
adjustipgrimennst for adjusting pstemperatnse of aff loast adjatatytsi-pagked portion of the reactor
t t . | yst - packed portion of
mma?ﬁ%ﬁ?@?%#%?d%%g%égi%ﬁi%g@%§%%§Sured by the pH
nmeasuring nmeans. 3. A catalytic conbustion apparatus
(ofo ing to.claim wherein the gas to be treated
s BSREOH S Soiishis LEFUGE B ey PG g 058
treated OMusthias itgaspbneaeRticd fiafi tHe fotp b&isRARE ¥ dcstiaci d as a
., combustible grganic acjd. 4. A catalytic conbustion
acid a&g B}flt%éf‘i}’ ¢ a¢id ¢ A rorpbUsHble EgaRicacidnher ei n the gas to be
treated is an exhaust gas generated when nethacrolein
or nethacrylic acid is produced by vapor-phase
4. Agataatic enmipistiprsaripataguis @apeording tosalaiingd, whisingthe gastobel . 5.
. cat ' ' hod for a.gas..to .be treated
reatef S Rkl s SOMTREL it BRI B i PG e
by vapdrgphgseafxidagiemef isthunydere o tortian batybalbghot.ondensi ng a part
of a gas after catalytic conbustion, and adjusting a
catal ytic conbustion tenperature of the gas to be

5. A ¢eajtRccontasibnGiiethod flla ghs folke teied edtaihMg a combustible organic acid,

comprising the steps of:

generating a condensate by condensing a part of a gas after catalyﬁc
combustion, and .
adjusting a catalytic combustion temperature-of the gas to be treated based on a

pH of the condensate.



