DESCRI PTI ON METHOD FOR SUPPLYI NG REACTI ON GASES | N CATALYTI C GAS- PHASE

OXI DATI ON PROCESS 5TECHNI CAL FIELD The present invention relates to a
met hod for supplying reaction gases in a catal ytic gas-phase oxidation
reaction in which a material to be oxidized and a gas contai ning nol ecul ar
oxygen are m xed and the resultant m xture is supplied to a catalytic

gas- phase oxi dation reactor and subjected to a catal ytic gas- 10phase

oxi dation reaction, and when the cBsdsRiTdANof a gas at the inlet of the

catal yti c gas-phase i.dation reactor is changed, it can be perforned

saf el ))C whi ?e brpi ngi n%%ﬁ?‘d@lg%gﬂ?ﬁ%@ﬁ@aﬁﬁﬁ%ﬂ% GASEDHNduct i on process.
BACKGROUND ART 15So f for ppl vi ng reaction gases in a

catal yti c gas-phase ogﬁéiﬁ@?%£M§E|&Mﬁ9%PW%$ | to be oxidized

and a gas contai ning nol ecul ar oxygen are m xed and the resultant m xture
is supplied to a catal ytic gas-phase oxidation reactor and subjected to a
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2000 So6ashialytic gas JRAACHLARIGHNARRANT BRI L BHaRo SR AlikLef AR5; Phase

oxi dation reaction, there I's nostly a peculTar explosiomn
conposi t i onrgls doangRingeRtibbuIRB kYRR ACARRUNHY #R BbuaiTBhiktlRlis kopPe
oxi di zed anq nol ecul ar oxygen. 1n the
plied to a catalytic gas-phase oxidation reactor and subjected to a catalytic gas-
10 phase oxidation reaction, and when the composition of a gas at the inlet of the
catalytic gas-phase oxidation reactor is changed, it can be performed safely

while bringing out the maximum capability of the production process.

BACKGROUND ART
15 So far, a method for supplying reaction gases in a catalytic gas-phase oxida-
tion process in which a material to be oxidized and a gas containing molecular
oxygen are mixed and the resultant mixture is supplied to a catalytic gas-phase
oxidation reactor and subjected to a catalytic gas-phase oxidation reaction has
been known. For example, a method of producing methacrolein by reacting
20 isobutylene and oxygen and a method of producing methacrylic acid by react-
ing methacrolein and oxygen are exempiified (cf. Japanese Patent Appiication,

First Publication No. 2000-356450),

e Gree Gl Gilking & cosiaial 0 De Gyidizec o s aae coniaining
molecular oxygen and performing a catalytic gas-phase oxidation reaction,
25 there is mostly a peculiar explosion range in a compositional range resulting
from a combination of a material to be oxidized and molecular oxygen. Inthe

present invention, the explosion range means a compositional range in which



present invention, the explosion range neans a conpositional range in which
the material to be oxidized and oxygen possibly react to cause expl osion.
Besi des an expl osi on range can be ternmed as a conbustion range. On the

ot her hand, in the case of a catal ytic gas-phase oxidation reaction which
produces nethacrolein or nethacrylic acid by using isobutylene or

5net hacrol e, n as terial to be oxidized, it is inportant to avoid giving

a cata- | ysWed“?@ﬁaEﬁ%r@e HBER REFOY BBRPORELYI reaciiei trusefexytesiont aBpst

life, so th b%%hﬁ co[Eposition of a gas at the inlet of a catalytic

gas- phase o§ £ SAPIOSIAN [GhIe SAO D ErBed a5 SRIBPUEIPNRPEBSI on Tange, even

th h it i | ,o- si .. 10Further, in th i t,

unchanged {1 52Bffet REnG B efie’dd SRR S PhaE G G o ReRlBnt aki ng
fety int : ' [ h [ th [ d ds,

copec al |y WTERDLORIA ABnal BN B el 808ttt IR ISR RE:  on t her o

i e _ : f NG . | nh, ther
the cour e RRIBANE o PrelfEiqlie pl et P BNt B R oBy i RGRethe "

present i nugatd Ritiofdt SrRIBHERSIGTRE el hoihy SHAR! A0 iRBCL) AlbygRses 11 a

catal yti c gas-phase oxidation reaction rein a conpositional ge of

. _ . Ny 20 '
the reacti aorggssforcéna B8s B?H&h@?@fé%%%m%ﬁhééb Qilbé‘ﬁor?gé%(%t?f raxtmim

capability of a production process ev reaction
tends to become near an explosion range, even though it is outside the explo-

sion range,

10 Further, in the prior art, an unchanged fixed point in a concentration coOmposi-
tion was set up taking a safety into consideration, however, when changing as
the occasion demands, especially a concentration composition while continuing
an operation, there was no indication about a method of securing safety as for
a composition in the course of the change.

15

DISCLOSURE OF INVENTION
An abject of the present invention is to provide a method for supplying reac-
tion gases in a catalytic gas-phase oxidation reaction wherein a compositional
change of the reaction gases can be performed safely so as to bring out the

20 maximum capability of a production process even when the reaction is per-
formed under a composition of the reaction gases near an explosion range.

The present invention is a method for supplying reaction gases in a catalytic
gas-phase axddation reaction in which al leasi a material 10 be oxidized and &
gas containing molecular oxygen are mixed and the resultant mixture is sup-

25  plied to a catalytic gas-phase oxidation reactor, characterized in that, a feed
rate of the material to be oxidized and a feed rate of the gas containing molecu-

lar oxygen are adjusted so that when a composition of a gas at the inlet of the



formed under a conposition of the reaction gases near an expl osion range.

The present invention is a nethod for supplying reaction gases in a

catalytic thzecil and a gas containing nol ecul ar oxygen are m xed and the

resultant mxture is sup- 25plied to a catal ytic gas-phase oxi dation

reactor, characterized in that, a feed rate of the material to be oxidized

and a feed rate of th as contai ni ng nol ecul ar oxygen are adjusted so that
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to the conpasd tHeotorBoPation Bf fiht A8l sitiRs@X RS HABNEBHIFrhich the ma-
terial to be oxidized and oxygen possibly react to cause explosion (an explo-
sion range), and R{a) #* R(b} and O(a) ¥+ O(b)}, compositions on the way of
10 the change from the composition A point to the composition B point fall outside
the explosion range.
In the present invention, feed rates of the material to be oxidized and the gas
containing molecular oxygen are adjusted so that when the composition of a
gas at the inlet of the reactor is changed from a start composition A point to a
15 target composition B point, it is carried out by changing the composition not
along the shortest distance on a plot (that is a straight line connecting the A
point with the B point on the plot) but along a roundabout way in order that the
composition on the way between the two points falls outside an explosion
range, and especially doesn’t come up to the explosion range. Conseguently,
20 a reaction condition can be changed safely and the maximum capability of a
pmduction process can be brought out.  In other words, according to the pre-
sent invention, it is possible to change a compositional condition safely while
Drieging out the mesdmum capabiiiy of he production process aven i the caso
of performing the reaction with the composition near the explosion range.
25
BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a graph plotting compositions of a material to be oxidized and OXy-



In the present invention, feed rates of the material to be oxidized and the
gas contai ni ng nol ecul ar oxygen are adjusted so that when the conposition
of a gas at the inlet of the reactor is changed froma start conposition A
point to a 15target conposition B point, it is carried out by changing the
conposition not along the shortest distance on a plot (that is a straight
l'i ne connecting the A point with the B point on the plot) but along a
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Fig. 5 is a flow chart showing an operating procedure of a computer when
using a specific program.
10 Fig. 6 is a graph plotting compositions of a material to be oxidized and oxy-
gen in a gas at the inlet of a catalytic gas-phase oxidation reactor.
Fig. 7 is a graph plotting compositions of the material to be oxidized and OXy-
gen in the gas at the inlet of the catalytic gas-phase oxidation reactor in Exam-
ple 1 (and Comparative example 1).
15 Fig. 8 is a graph plotting compositions of the material to be oxidized and OXy-
gen in the gas at the inlet of the catalytic gas-phase oxidation reactor in Exam-
ple 2 (and Comparative
example 2).
BEST MODE FOR CARRYING OUT THE INVENTION
20 In a method for supplying reaction gases wherein at least a material to be
oxidized and a gas containing molecular oxygen are mixed and the resultant
mixture Is supplied to a catalytic gas-phase oxidation reactor, a change in a

Cormpasition of reaciion gases of & catalyiic gas-phase oxidation reaction oo
curs depending on increase of decrease of an operating load.

25" A production process using a catalytic gas-phase oxidation reactor usually
has a collection step of a reaction product.  Therefore, generally, an exhaust

gas from the collection step is supplied as a portion of a gas at the inlet of the



Fig. 3 is a graph plotting conpositions of a material to be oxidized and
oxXy- 5gen in a gas at the inlet of a catal ytic gas-phase oxidation reactor.
Fig. 4 is a graph plotting conpositions of a material to be oxidi zed and
oxygen in a gas at the inlet of a catalytic gas-phase oxidation reactor.
Fig. 5is a flow chart show ng an operating procedure of a conputer when
using a specific program 10Fig. 6 is a graph plotting conpositions of a
mat eri al t oCHE@NBikiGdisAdhsamkidation rgantor to abigarsa aargeheompdstionfofaheghal yti c
gas- phase oxidation reactor. Fig. 7 is a graph plotting conpositions of
the mat eri afit ¥'§ iBiet ekihgi casalylin gasphges oxidatibe regmornt Fulber, mtber thant e

catal yti c gas-phase oxidation reactor in Exanple 1 (and Conparative exanple
1). 15Fi g. $98e£XGREAPHIGH GOINAE 986 5P6R 6 iNdFrIesf ot WisterHaRen arF atgaseb-

oxi di zed ang,gox%- gren in the gas at the inlet of the catalytic gas-phase
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duction process, it is not advisable to increase the supplying amount of a mate-
rial to be oxidized and oxygen to the catalytic gas-phase oxidation reactor white
10 keeping the composition of a gas at the inlet of the catalytic gas-phase oxida-
tion reactor constant in order to obtain a larger production capacity (high pro-
ductivity) with the same size of the equipment. This is because to keep the
composition of the gas at the inlet of the catalytic gas-phase oxidation reactor
constant, it is necessary to increase the supplying amount of the exhaust gas
15 and the like from said collection step and the like, and as a result, the total
amount of the gases that pass through the whole process including the catalytic
gas-phase oxidation reactor increases excessively to reach the capacity limit
earlier.
For this purpose, in a reaction in which a material to be oxidized and a gas
20 containing molecular oxygen are mixed and the resultant mixture is supplied to
& calalylic gas-phase oxidation reactor, an increase or a decrease of the oper-
ating load to the reactor {productivity) generally cause a change of a composi-
i&ﬂsgiagasatﬁwawmﬁ,aﬁﬁ?h@ﬁh&ﬂg@sﬁ?h&@@ﬁﬁ%&ﬁ%ﬁéan@aﬁga&@ﬁﬁ?as
effective and economical operation of the production process and should be
25 performed safely. The present invention is quite useful in such an occasion.
The present invention can be applied generally to & reaction in which a mate-

rial to be oxidized and oxygen have an explosion range. As the material to be



has a collection step of a reaction product. Therefore, generally, an
exhaust gas fromthe collection step is supplied as a portion of a gas at
the inlet of the catalytic gas-phase oxidation reactor to obtain a target
conposition of the gas at the inlet of the catal ytic gas-phase oxidation
reactor. Further, other than using the exhaust gas, an inert gas such as
nitrogen or vvater vapor, or a gas obtained after conbusting the exhaust gas
can be suppPriéiedopstiiane, tse6 utyienye terfeonpdyii alt@iwl oicroledn, gasthetcrolbim i nl et

of the reactor. The feed rates of said gases in conparison with the total
amount of gﬁ@@% & st cynBe exprlited.t Hes 1&5@ thegase thamséetialrigde oxi-

Ther ef or e, ch roduction process, is not advisable to increase
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resultant mxture |s supplied to a catal ytic gas-phase oxidation ré&actor,

an i nct@asecentamirte@ofasir Okyhe iLRglsletng adeastd By IHtPedR96 1r decreas-
(productivity) generally cause a change of a conposi - t he

inlet, and ingét haegireofion hwag dpotid explosion rangssad Yheaf thecsthee feumy
econoni cal operation of the production process and shoul d be 25perforned
saf el y. Therghe éssadjusted\yrincreasing itor decraagihglit toneacittv tve aropssition B
point so that the compositions on the way of the change from the composition A
point to the composition B point fall cutside the explosion range. Hereinafter,
15 a preferable embodiment is explained by using Fig. 1 and Fig. 2.

Fig.1 is a graph plotting compositions of a material to be oxidized and oxygen
in a gas at the inlet of a catalytic gas-phase oxidation reactor. In this graph,
the ordinate axis represents an oxygen concentration (%) in the gas at the inlet,
and the abscissa axis represents a concentration of a material to be oxidized

20 (%) in the gas at the inlet. An explosion range showing as an upper range of a

curve means that there is a possibility of an explosion when the compositional

rate of the material to be oxidized and oxygen comes into this range.  In the
case of synthesizing a product with a calalytic gas-phase oxidation reaction us-
ing & maleriai 1o be oxidized and oxygen, a composition of a gas at the inlet of
25 the reactor is determined to avoid this range.
As mentioned hereinbefore, in the case of a catalytic gas-phase oxidation

reaction producing methacrolein or methacrylic acid by using, especially, isobu-



The present invention can be applied generally to a reaction in which a
material to be oxidized and oxygen have an expl osion range. As the materi al
to be oxidized, propylene, isobutylene, tertiary butyl alcohol, acrolein,
nmet hacrol ein and the like can be exenplified. Especially, in the case the
material to be oxidized is isobutylene, tertiary butyl alcohol or

nmet hacrol ein, the present invention can be applied effectively. In the
present i nvelfncoferiahchityhalneiolgr mejhacrecimposimateriaj todte teideree, theppl vi ng
to the catal ytic gas-phase oxidation reactor, a feed rate of the nateri al
to be oxi di paﬂgo%o addsraitle relia qpialyieataphrsgondaieraactoxygen are
adj ust ed byt tﬁki ng t he exepl osion range into consideration. Especially, in
the present €A% dAPPENTe e @npRiesihianceoewri} thoudhiids patside ke expla- such a

way that on f thebfeed rates of tq materi.al to be oxidized and the gas
10cont ai ni n Oﬁé?'%%%l fF%%@@é%*WB%&ﬂ ﬁgﬁ}é@di%\“%@l@éﬁ"&%ygﬁ T GG A0St or
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mat eri al tWm@h%hé&@%@p@lﬁémgefﬁéékgfoa%ﬁ?r%et he inlet of a catalytic

gas- phase oxidation reactor. In this te ordinate axis represents an

oxygen concein tras t&se 604n bpedditn @S rﬂirmtah%amla%rm%ﬂﬂrohbeti\?g}?F§t f}ssﬁr@“ S

represents a concentration of a material to be oxidized 20 e gas at

the inlCet. riw exiphitsa@onigudgrséfanpagarbeaiet RiIREsEMBd By Phe A\ GYiHYH MEANS
that there is a possibility of an expl osi on when the conpositional rate of

the materi dfigtb beudherlirzthe case thaygeopeatios above thdhermidingad id Meddie case
of synthesizing a product with a catalytic gas phase oxidation ing a
mat eri al t Gane aixepiratiog dedl isxyyeaseditaciepbieictionnf tfe B poat iatFid.hethianl et  of
is, to the direction where concentrations of a material to be oxidized and oXy-
gen in the gas at the inlet are increased. A change of the composition of the
15 gas at the inlet from the A point to the B point generally follows the route shown
as the dotted line in many cases, but, such a method may not be safe, because
the composition may get nearer to the explosion range than it needs and may
fall into the explosion range due to the effect of fluctuations of process condi-
tions such as a disorder of a gauge and the like. Moreover, from the practical
20 point of view, following this route changes (increases) the feed rate of a gas

containing molecular oxygen such as oxygen gas, air and the like as an oxygen

source and the feed rate of the material to he oxidized at the same time, and it
is difficull 0 change the condition by following this dotied line without ansroach.
ing to the explosion range.

25 Consequently, in the example shown in Fig. 1, at first, only a feed rate of the
material to be oxidized out of the feed rates of a material 1o be oxidized and a

gas containing molecular oxygen is increased and a composition of a gas at the



25t he reactor is determned to avoid this range, As nentioned herei nbefore,
in the case of a catalytic gas-phase oxidation reaction producing

nmet hacrol ein or nmethacrylic acid by using, especially, isobu- tylene,
tertiary butyl alcohol or nethacrolein as a material to be oxidized, the
conposition of a gas at the inlet of a catal ytic gas-phase oxidation

react or tengﬁ to becone near an expl osion range, even though it is outside
the expl osi SHelamvedfermdae A poinkioi thpdripeint tAd the bindingi thengorcaratadibyst a

reduci ng at rrﬁg_5 SB%raﬁg{ romthe view point of the catalyst life. In the
case of synPhEE PRIFjaMR haoxslizadisWesarvedivanerepepd inaempresen avthdheisdn of
i sobutyl ene aF‘g tﬁé){ en, for agxa |l e, an operatjon of a normal load is
carried out P & GBneRNtratioR; ¢ oxyaemisch little desrrasedinsiepinpates wih t he

o oduet i vi 19RO AAE S ng BurPRET T & Giap Bro smaighisb GO ne
inl - . ' W Fig. 1. Further, i he. h
operat | an above TRY nd e FiSale % blcboudon, 56 B8hup e issaav i he
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15gas at the inlet fromthe A point t0 the
rout e Showmgé&@ordﬁwr@niolé&fdrrbxggéb{ otifSPhe BB ratd R 13 FREOAS 1B not be

saf e, because the conposition may gét nearer to the explosion range than it

needs and naxidizatilandnthe dadecopdhPig iRblebaRg Bxfuth SanéRassd bastthe comno-
fluctuations of process conditions such as a disorder of a gauge arPé)the

l'i ke. Nbr eosition of trengadat thiedalet tahoOP @ the @fgatiBepsint. ol en, Mgk EHiid ROt e
changes (increases) the feed rate of a gas containing nol ecul ar oxygen such
as oxygen gegnesting dime btprwintto Kiee Bspaint ioXygdieing betaesa it the §aad reat e of
the material to he oxidized at the same tine, and it
son as the above, the proportion of the material to be oxidized in comparison
with the whole gas at the inlet is decreased relatively, as a result of the in-
crease of the feed rate of the gas containing molecular oxygen. According to
15 the above procedure, the risk is reduced in comparison with the route of the
compositional change represented by the dotted line and it is possible to
change the composition of the gas at the inlet safely.
In the next place, an example where a decrease of an operating load is nec-
essary is explained by using Fig. 2. Fig. 2 is, same as in Fig. 1, a graph plot-
20 ting compositions of a material to be oxidized and oxygen in a gas at the inlet of
a catalytic gas-phase oxidation reactor. in this example, changing the compo-
sition from the A point to the B point corresponds to decreasing the operating
wad. A ctenge of the composition of the gas ai the inlet from the A naint @
the B point generally foliows the route shown as the dotted line in many cases,
25 but, such a method may cause the composition to get nearer to the explosion

rahge than it needs as mentionad above.  Consequently, in the example

shown in Fig. 2, only the feed rate of the gas containing moleculfar oxygen out



this dotted |ine wthout approarh ing to the explosion range.
25Consequently, in the exanple shown in Fig, 1, at first, only a feed rate
of the material to be oxidized out of the feed rates of a material to be
oxi di zed and a gas contai ning nol ecul ar oxygen is increased and a
conposition of a gas at the inlet is noved fromthe A point to the b
point. At the b point, the concentration of the material to be oxidized is
deservedl y Phifedaseipn of impanaterin tawe loxidize dhapbthet gasheantaimng oyttt r at i on
of oxygen is a litt]e decreased as conpared with the A point, and the solid
Ii ne connec® AYYIHLISAqseeaied @ firplandhther oasapeaitorbofdbiergasstitbe dtdel isni ng.
This is becausedh_he E{fg’gorti on of oxygen in conparison with the whol e gas
at the inl 'OV 4E8} o tathe btg/megiatg b paigl 1 YbserBenth: edisheof t he
feed rate terial to be oxidized. Subsequently, only the feed rate
of the gasoffc?SﬁFg?e%ﬁﬁer%ﬁ“@Eﬁ'l tafbeow&éﬁg&w fheifred raled of e materialie

mat er i t oxj. di d the.gas containing nolecul ar oxygen is
increazéed %%S{iﬁyegoﬁp%ﬁhg%ﬁqq%%n@g WH%CH% ogygqm@ C?]Qﬂf%éschaﬂ%m to the
target B pal ol.J.d_Line.connecting the b point to the B point
is inclini %%%%%@ﬂggt tth\%%% %tﬁgeﬁﬁ@s’?ﬁ%\?&ﬁﬁ%@ 1Y %%B&Q,tﬂ‘?r%pﬁ’%porti on of
the materi adcdPding 18Xh&l | ISP, W . | as .at the inlet
is decreased rela ivel?%,bﬁg\ge 2&@%@5&%@@%@?@25&@?% v‘ﬁ’tgetaerate of

the gas Coﬁbéi@bme%hﬂﬁﬁitﬁna%ﬂ&% Ee%??%r%@%{;gﬁ% gjétt%ﬁ’ Iiﬁ?%\ég éf'%.op% dure,

the risk is reduced in conparison e rou e co al

change r eprsiisiend eflahye thecsiapbsidoh bﬂﬂwf@?’s ht thieﬁrrlllﬁfﬁéﬂeﬁ). e T'h% e8aBe hathe

conposition of the gas at the inlet safely. I ext place, an exanpl e

wher e @ dedheastid dfic sonogetingtthB g boiadid thel®pEHS ARY thé sENEPlrE &?r%etlﬁingsi ng
Fig. 2. Fig. 2is, sanme as in Fig. 1, a graph plot- 20 ting conpositions

of a mat er itae btpoibttodke @ peidt ardslopingds thensameas iathd besd of Blg. af a
catal yti c gas-phase oxidation reactor. in this exanple, changing the
conposi tion FHEREE fifethe gasentheroexibts Bcpntertrationrod spoatisiat b deoxegidng t he
operating A change of the conposition of the gas a
corresponding to the lowest oxygen concentration of the explosion limit, an ex-
ample which excludes a method of changing a composition across the above
15 concentration of the material to be oxidized is explained. For example, in the
case that isobutylene or methacrolein is used as the material to be oxidized in a
catalytic gas-phase oxidation reaction wherein at least the material to be oxi-
dized and a gas containing molecular oxygen are mixed and the resultant mix-
ture is supplied to the catalytic gas-phase oxidation reactor, an explosion range
20 generally has the lowest oxygen concentration of the explosion limit.

Fig. 3, as well as Fig. 1 and Fig. 2, is a graph ploiting compositions of a ma-
terial to be oxidized and oxygen in a gas at the inlet of a catalytic gas-phase
oxdation reactor

A conceritration of the material to be oxidized corresponding to “the lowest

25 OXygen concentration of the explosion limit” i the present invention means a
concentration of the material to be oxidized at the minimum composition point

such as the C point. In case of changing the composition directly from the A



the B point generally follows the route shown as the dotted line in many
cases, 25but, such a nethod nay cause the conposition to get nearer to the
expl osion range than it needs as nentioned above. Consequently, in the
exanpl e shown in Fig. 2, only the feed rate of the gas containing nol ecul ar
oxygen out of the feed rates of the material to be oxidized and the gas
contai ning nolecu- |ar oxygen is decreased at first and the conposition of
the gas at phietimthet Bipspintecenssfthemotripesifiopqiontt duehtdsethi @ pomedioateam- poi nt .
Subsequently, only the feed rate of the material to be oxidized out of the
feed rates Ble BR&iastan tingecablideoxvakiekd lamsdich lrecayas apanttaduisidg thel ecul ar
oxygen i s decreased and the conposition of the gas at the inlet is noved
fromthe b BY¥ABIONFangR sBCchhas e CApeivt Havigg ttocarheosilimvie wikithadcondea-ri sk i s
reduced in copparjson wth the route of the conpositional change
repr esent edtrﬁgg'? Aethgdnatedial Inkee axidized qosraspessadipndo the oMm@syexyden composi ti on
of the gas at tqe i(ﬁl t sarely.,T_he reason that 10the solid |ine connecting
the A pdint “¢F e tﬁ%ieﬁp Ogith tpkagdBndHyoRE coBRRIIEAtIoNG titte lewpbihan t o t he
B point are,sloping is the sang as in the case of Fig. 1. Further, in the
case there g&ﬁ@ﬁ@sgo’éy&?@e(fﬂqﬂﬁp r%?Prb?Pthr?éip o4} ﬁ%%%%‘d%h%%ﬁ anin-
correspondi : west. g en. concentration of the explgsion |imt, an
exanpl e V\hi{:%mtg%cqtt%gglsn?'a @%Wﬁgﬁg8P'rg'h%ﬁamﬁséfoed?rﬁ%@ri'qqdo%mg’éa’ﬁgstotteﬁ% above
15concent r aty f teri 10. b i di-zed ined. For exanpl e,
in the casgéﬂt)ﬂpabt Rlleé% uftr%etﬁé 'Cgbmh&ohtg]g%lpg)l”ﬁ aﬁgfrﬁsgﬁgﬁeqlﬁg TRRITE t o be
oxi di zed in j * i i i i st the
is%rféﬁgi@g)frtdn‘? tr%ﬁg PGABE A E?gﬁfn?ac&?rﬁfrg'ctmh%%% @ﬁ&épé%%

material to be o i zed a gas contar ni ng mol €cul’ar "ox _ i xed and
the resyl t apbilthit WiEcompBYIRBhicaA HebHdigeadafblyt i ¢ gas- phase oxidation

reactor, an expl osion range
In shont, the example, as represented by Fig. 3, is the one in which, in the

case there exists the composition C point [the concentration of a material to be
oxidized: R(c), and the concentration of oxygen: O(c), wherein O(c) < O(a),
O(c) < O(b) and R(b) > R(c) > R(a) or R(a} > R(c) > R(b)] of the lowest oxygen

15 concentration of an explosion limit in an explosion range, a feed rate of a mate-
rial to be oxidized and a feed rate of a gas containing molecular oxygen are ad-
justed so that the compositions on the way of the change from the composition
A point to the composition B point pass through the composition C’ point [the
concentration of a material to be oxidized: R(c'), and the concentration of oxy-

20 gen: O(c’), wherein R(c}=R(c), O(c’) < O(c)]. Inthe present invention, such
an embodiment is aiso preferable.

Further, an embodiment to mainly attain a higher productivity in the present

Wiy B moervimiryesed by ginieos Bl 4 i A oo sprndl me e e 0 e
AR I S AW S I S i) PR e A e ] :‘:ﬁ'. RN HER L™ N S S A P e P N A S A A I “k for Ch
3 b t pue; b

graph plotting compositions of a material to be oxidized and oxygen in a gas at
25  theinlet of a catalytic gas-phase oxidation reactor. The D point in Fig. 4
represents a composition of the gas at the inlet of the reactor at an operating

condition of a standard productivity, that is, at a normal load. And the E point

10



20general ly has the | owest oxygen concentration of the explosion limt.

Fig. 3, as well as Fig. 1 and Fig. 2, is a graph plotting conpositions of a
material to be oxidized and oxygen in a gas at the inlet of a catalytic
gas- phase oxi dation reactor, A concentration of the material to be oxidized
corresponding to the | owest 25 oxygen concentration of the explosion
limt" in the present invention nmeans a concentration of the material to be
oxi di zed at refeseiifiancompesias ot thenggodtrite susthatam dp@afh@obntitiohdi gase of
changi ng the conposition directly fromthe A point to the B point across
t he conposi PIGBRF PEACUCTite h Aud thieee Eoipbierresdnds aesimifpl ieteravedixtplpesiter r ange
can't be avoided. In such a case, a point outside the explosion range such
as the C pbithe Made AGFg. donpbogher. sietted cithiestaraund teebtpointiam i & he
material to be, oxi di zed corresponding to the | owest oxygen con- 5
centration BPINt HEAERIYENS reHeseMi OnapRpitionabianges \eoiablennrascootarael with ke

| ower than the | owest oxygen concentration of_the explosion limt may be
taken a anrqaﬁpgfa}%@iga(f‘@' A opeuafipgalshiepo; hbe sireiposadii efthese ehianged

e Bt M st bl ™
crangea 2o 0137 HEg O PlsdFal i o P RGBT "13, s v
concentration" 525]8 g%rrg? @ﬁ%asfé}féos%b@%%oz} ltzereég’gs&%%e)?ﬁiohﬁﬁ atbmég’c'ﬁf’?c &5ati on of
SHESUCHT RS L R T N
[imt 1m arcompbsifoRforPhaciodpdiRess & forthe 2alhid usbbdh tidohRagx) fl.zed and

a feed rate of a gas containing nolecul ar oxygen are adjuste t the

conposi t i orection. t e onty tofvbidethetaageing @b sNeerBORROSIcléaB eawprﬂbmttaiﬁo the
conposition B point pass through the conposition C point h e

concent r at iamatdr raticwt exygdn and bemadridi wese ol inand rdwgagresM.r ati on of
oxy- 20gen: 0(c'), wherein R(c')=R(c), 0(c') < 0(c)]. In the present
i nvention, &aadse armelabtionefmixygsnal Fhepnaberatiol @rrdspohtisto aaomndogiznent to
mai nly attain a higher productivity in the present
straight line DE in Fig. 4. And an extension of the straight line DE enters into
15 an explosion range as shown in Fig. 4.
In an actual operation, it is necessary to consider a compositional fluctuation
within a range of a dotted circle, and the upper limit of the E point when in-
creasing both the concentrations is a point where the dotted circle around the E
point contacts with an explosion range. On the other hand, a radius of this cir-
20 cle can be reduced in accordance with the precision of a control system or with
the precision of a gauge or an analytical apparatus monitoring an actual com-
position.  Especially in the present invention, the radius of the circle can be
recuced by a method of observing all the times a camposition of & reaction Gées
at the inlet with a display such as CRT and the like and preferably connecting
25 the composition with an automatic shutdown system in the case of an unusual
access, and as a result, a higher concentration of a compaosition of the [ point

can be adopted safely to attain a higher productivity, That is, in the present
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graph plotting conpositions of a material to be oxidized and oxygen in a
gas at 25the inlet of a catalytic gas-phase oxidation reactor. The D point
in Fig. 4 represents a conposition of the gas at the inlet of the reactor
at an operating condition of a standard productivity, that is, at a nornal
| oad. And the E point represents a conposition of the gas at the inlet at
an operating condition of a higher productivity. And the e point represents
a simlar i WVePHYHiHEe vy irefgsablp entwdipast ©F atpigingla high prestuctidot toed
circles around the D point and the E point qualitatively represent

conposi ti ondIOW FRFRLIQEIPN ENae anl aprerahreRPRstienal misken spliseplay g in
facilities er gger tipnal, states. Trﬁ‘@size f the radii of these cir- cles
can be det ef!% néd @%%H@l epe & tedimes the @alipndretygep theiexplosiont a

| vt gal at itori t ual ition. In th
Catal vt o it Rt AR aE i on menti oned above. it 1S necessary to.
t [’ ' t wh h [ th
Toconped: 11 on Tran R R RRAEES H BB e o i ebiedlien «ne
cop: ! | . B ¢!
R e e e T

O (o0 1 dehie driaditfaRind 85 HIRERS for SHERIAY of M islay M ¥ORRosBFa T &

ratio corresponds to a slope o e stralght 1r1ne

extensi on ghoibth@hRhigr@breséhtdd i |6fhe eadlirBd VarRsBfRbLASEAT: a@%g@f s shown

in Fig. 4. In an actual operation, i't 1's necessary to consider a

conposi ti omabkidilats bisloazed &fd DxfyerANGLgad abtahicrds Bichfdiftc ASlphg, upper
limt of the E point when increasing both the concentrations Ts g poi nt

wher e tthe dpddatibreieactar saneelnds teekplosiontrasgat acts with an expl osi on
range. On the other hand, a radius of this cir- 20cle can be reduced in
accor dance wiFith & ise2 flowchaitahosfingao aperatingsyretedurerofwi tdmpbeerpresi si on of
a gauge or an anal ytical apparatus nmonitoring an actual conposition.
Especi al | y Ysing aiddiregesm. | Em@m based phelatadf as esplosios range lad acspectic
material to be oxidized and oxygen being used, the explosion range is shown
on a display (501). Here, the data of the explosion range may be newly input

15 data of a user or already known data previously stored in a program or a com-
puter memory. Secondly, from a measuring device of a concentration of a ma-
terial to be oxidized (R) and a concentration of oxygen (O») of a gas at the inlet
of the catalytic gas-phase oxidation reactor, a present measured value (R, 0»)
is received in turn (502). Thirdly, coordinates of the measured vaiue (R, 0s)

20 are obtained (503), then the present compositional point is shown together with
sald explosion range on a display (504). The showing on the display is con-
tinued till the end of the operation of the catalytic gas-phase oxidation reaction

So far, each embodiment for carrying out the present invention has been ex-

25 plained, however, the present inventidn is not limited with these embodiments.

For example, in said embodiments, feed rates of a material to be oxidized and

a gas containing molecular oxygen are increased or decreased separately, but,
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reduced by a nmethod of observing all the tinmes a conposition at the inlet
with a display such as CRT and the |ike and preferably connecting 25 the
conposition with an automatic shutdown systemin the case of an unusual
access, arid as a result, a higher concentration of a conposition of the E
poi nt can be adopted safely to attain a higher productivity. That is, in
the present , invention, it is a very preferable enbodinent for attaining a

hi gh pr oductqoit/riql%/q? tESCS AW %g@ﬂﬂﬁﬁsﬁ“dge samgeirand lbispossivin icadipesing onal
ol at i on bethabr e aibe syt vefeo dha cknBoenBORt fonal point. SThe
comput er unctHoRCEYEeEH AP AT eat EheudoR NG HEaR ErpAeR FomaNge on a
whioh 1 s PRSP oot R Bdb R SRR e Boestare ot
gas. phase. 1650 daRmERBaReomiRol Pl Wi b by Sab B 4l aotlhiy o5 s a

o ona i PG RAORSIAHNN RERGEC R OboBu el R pdliHfle 31 A% ©

program Firstly, b d on data o n expl oS

material to h&H i i e i I IS shown
on a displ ailﬁ?g%}")@d mﬁn?ﬁ?ﬁgﬁgbeg?{h?ﬁ’eﬁﬁp ro\g{;@r?’ frﬁgﬂﬁggh?rﬂ?/ t%g’gﬁng y

i nput 15 dapairfthr@uyhiefic Ve Alte @At OMALIRE B2DHEVHAUS ShShRieHid @ a
programor a conputer nmenory. Secondly, froma neasuring device of a

concentr at i onHefeinafta] tici @esént ikeeiondwiled éieraNititdeans Aty 2tdeRcOto
oxygen (02) of a gas at the inlet of the catal ytic gas-phase oxidation

react o0 a preebdowimeasampidsval ue (R, 02) is received in turn (502).
Thirdly, coordinates of the neasured value (R, 02) 20are obtained (503),
then the prE&xamplednpositional point is shown together with said expl osion
range on a di S{)I_a .(504) . The showing on the display is continued till the
end of the opRtfist dsptufylene @agnyaridnitiagenwese nyxed withomriveacomposi-
So far, eacg enbodi nent for carrying out the present invention has been
ex- 25pl ai neHONHJREORPY Ushg 3t exrerimeniabaeyien aryl exerinmentakdatai aficonese
enbodi nent s, ...For exatrrpl e,.in Sﬁli d enbodi nents, feed rates of a naterial to
be oxidi z edsggaal points causing explosion and not causing explosion were taken. The
15 experimental data were input into a computer installed with the program men-
tioned above, and the computer was set to show an explosion range with re-
spect to isobutylene and oxygen on a display.
in a production process in which isobutylene and oxygen is subjected to re-
act to produce methacrolein, then isobutylene, air and an exhaust gas from a
20 collection step were mixed and, as shown in Fig. 7, the mixed gas (the A point)
adjusted to have isobutylene concentration of 3.5% by volure and oxygen
concentration of 11% by volume was supplied to the inlet of an oxidation reac-
Wi The exbaust gas from the eollection step was used ag a gag for dilsion
order to adjust the composition.  From this state, an operating load was
25 changed to isobutylene concentration of 4.5% by volume and oxygen concen-
tration of 12% by volume (the B point}, without changing a feed rate of the gas

for dilution.  When the change was performed, a feed rate of isobutylene was
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a gas contai ning nol ecul ar oxygen are increased or decreased separately,
but, both the rates may be changed at the sane tinme if it is possible to
adj ust the conposition at the inlet to be out of the explosion range.
Further, in said enbodinents, although a sinple change fromthe conposition
A point to the conposition B point has been explained, it is possible to
re- Speat said nethod of enbodi ment plural tines in the case that it is
necessary ttﬁ'cb%ﬁf%é‘rﬁ‘ﬁfésﬂtaﬁwt&ﬂﬁﬂ@ @pamtraﬂ@@r:de% Oriey wpeviefarchbkygen t i s
possi ble to repeat .the nethod shown in Fig. 1 three tines, in other words,
to reach th&o} '@g'OB%&prﬁz% RY QYK€ K]Té'efti Q@HI nfad than afeecheitacs a1, b2,

b3, b4, t)5 shown (ﬂ g?]enafter F present invention wll be

ent ered mt\ﬁ’aaéﬁ%ﬂaf"%e Oc*ﬁop‘étﬁ’ 8%0?8"@@}?'?1@ 0% BYiVAYMS AR Y Exanpl e 1
At first, g nd nitrogen re mxe th various

conposi ti ong(ﬁpcr%ﬁ aggn@y?ééﬁ ﬁbng”&mmﬂ:@ﬂ?' MM} BERP ‘grfﬂ"% €80fent al data
of conpgsit I Si.n I05|ona ot ca sion were
b N e SRR R e R

t he progra t C S xpl osi on
range V\nthrrt]re éggﬁ‘t‘égaﬁg@ﬁﬁt ﬁ%rgﬁéﬁjgﬁd gﬁ%ée Sﬁﬁige ﬁf%\%bgggrrﬂegﬁaﬁ

producti on M@ggﬁﬁ del M ihle (s)%@?g ér‘?%g"ﬁnQS %qnlﬁ%s?ubj ected to react to

produce mnet hacrol ei n then is ene air an exhaust gas froma
20col | ecti opxghpre sere m xed and, as shown |n FI g. 7, the mxed gas (the A
poi nt) adjusted to have isobutyl ene concentration of 3.5% by vol unme and

oxygen concerkirfiét, AretRacrdkin, Rikyyeh UhE HesgaRBle RfkdPwitheatibli§ toffpolN
oxi dation reac---the exhaust gas from
10 tional ratios by using an experimental device, and experimental data of compo-
sitional points causing explosion and not causing explosion were taken. The
experimental data were input into a computer instalied with the program men-
tioned above, and the computer was set to show an explosion range with re-
spect to methacrolein and oxygen on a display.
15 In a production process in which methacrolein and oxygen is subjected to re-
act to produce methacrylic acid, then methacrolein, air and an exhaust gas
from a collection step were mixed and, as shown in Fig. 8, the mixed gas (the A
point) adjusted to have methacrolein concentration of 3.5% by volume and
oxygen concentration of 9.65% by volume was supplied to the inlet of an oxida-
20 tionreactor. The exhaust gas from the collection step was used as a gas for
dilution in order to adjust the composition. From this state, an operating load
was changed to methacrolein concentration of 3% by volume and oxygen con-
centration of 5 28% by valume dhe B oot} without changing a fead rate of the
gas for dilution.  When the change was performed, a feed rate of air was de-
25 creased at first to methacrolein concentration of 3.65% by volume and oxygen

concentration of 8.17% by volume (the b point), and then a feed rate of methac-

rolein was decreased to methacrolein concentration of 3% by volume and oxy-
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order to adjust the conmposition. Fromthis state, an operating |oad was 25
changed to isobutyl ene concentration of 4.5% by vol une and oxygen
concentration of 12% by volunme (the B point), w thout changing a feed rate
of the gas for dilution. Wien the change was perfornmed, a feed rate of

i sobutyl ene was increased at first to isobutylene concentration of 5.09%
by vol une and ox%gen concentration of 10.82% by volune (the b point), and
then a feed9PACENBENERTORMAISS.RR%r aveldmen wWhileneyitasing aoreednot an epploof 4. 5%
by vol une and oxygen concentration of 12% by vol une, while nonitoring a
graph of ans@ﬁ'ﬁﬁ\ég?é’ﬁ'dﬁi FRmPBSIHAtR P IOt PR ALISHAY AF SBAINNDTIYa8.di spl ay
as shown in_Fi qnd a target d change was perforned. The | oad change

e d | o
was perfornﬁadg‘atﬁéqesf A Chrrae vagperipEaed: o! PRALENBGEOMAS HREermad shown
in Fig. 7. AL, first t hacrolein, o en and nitrogen were m xed
:Ni t hI gari ougg%gpn%g%%'-db\nf(ﬂét&%ﬁf g @?'Wo@ﬁqﬂf)%g HRPEYIN t%-lg devi ce, a)r(ld
experi ngnt apoﬂ?ﬁa‘?af?\;e Egg@%&enfi tional points causing explosion and not

causi ng expl osi'on wer € The experinental data were input into a

g&”"lﬁéeéhiov”fQﬁ'Aeéﬁd‘é”‘%?%%5@%&%@%@%&%&%?ﬁ@é?@ﬂs% W 8BeiGen on a
et to show an eXpl osr o 1 ashe . i
e A A R T L R e

and an exha@sﬁ%a)?t\fm@r%a(tr@Alp%%j.orFr% thié."'ﬁ(a?e,rfhé%grr@;&giﬁoﬁswﬁgﬂ’f%{on Fi g.

8, the m xed gas he A point) adjuste o have netha el n concentration

of 3.5% by wisdnye b@!ﬂﬂcr@é&é@\%ﬁ feRacent bisbBtyRinearRPAGd MRb kbp*r%irvﬁﬁhéupp' I ed

to the inlet of an oxida- actor. "The exhaust gas omthe

col | ect® on sdrap tines witherit ahanagiggs feed reid oittheydsTopdiflgiont & adibuglieddre _
conposition. Fromthis state, an operating |oad was changed to nethacrol ein

concent r at i ernasihtrddiobwf vdi% iy \arame ey glenxygenaancentraidn oMHo.bhy2adule vol une
(the B poi n&%é W t hout changing a teed rate of. the gas for dilution. Wen
t he change Boreinby indaywing theatbtiedtlimedh Fag.r7.wadoweva@birtbasmslirag of thest t o
met hacrol ein concentration of 3.65% by vol une and oxygen concentration of
9.17% by votanBogitipralichesgat the compagiion was deblertatcond intethimexplosion was

decreased to nethacrol ein concentration of 3% bx vol une and oxy-
fange in the vicinity of the X point, so, thereafter the operation was discontin-

15 ued.
Comparative Example 2
* In a production process same as in Example 2, the mixed gas was adjusted
to have methacrolein concentration of 3.5% by volume and oxygen concentra-
tion of 9.65% by volume (the A point). From this state, the composition was
20  tried to change, by decreasing a feed rate of methacrolein and a feed rate of air
at the same time, without changing a feed rate of the gas for dilution, to
methacrolein concentration of 3% hy volume and oxygen concentration of
9.23% by volume (the B point}, following the dotted line in Fig. & However, in
the course of the compositional change, the feed rate of air fluctuated and the
25  composition was liable to come into the explosion range in the vicinity of the Y

point, so, thereafter the operation was discontinued.
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gen concentration of 9.23% by volune, while nonitoring a graph of an

expl osi on range and a conpositional point shown on a display as shown in
Fig, 8 and a target |oad change was perfornmed. The | oad change was
perfornmed safely and didn't get near to the explosion range, as shown in
Fig. 8. 5Conparative Exanple 1 In a production process sane as in Exanple
1, the mxed gas was adjusted to ha\ﬁé)j'@ butyl ene concentration of 3.5% by
vol une and oxygen concentration of 0 § volune (the A point). Fromthis
state, the conposition was tried to change, by increasing a feed rate of

i sobutyl ene and a feed rate of air at the 10 same tinme, w thout changing a
feed rate of the gas for dilution, to isobutylene concentration of 4.5% by
vol unme and oxygen concentration of 12% by volune (the B point), follow ng
the dotted Iine in Fig. 7. However, in the course of the conpositional
change, the conpokiti ofymgdkod fosburplying taastion gases irmecaiaipliosdsophasange in t he
vicinity of the X point, .so,.thereafter the operatio s _discontin- 15ued.
Conpar ati ve %&‘g ndesction ip Hihéfli“&ﬁﬁfﬁﬁ MgHer ?boctg%gx'é'é‘)rfgsﬁ' rﬁ‘%e@fdﬁpl e 2, the
mi xed gas wegoRd et 8rtlfy Ay Ll BHNBCHRIHELAIGANGAN JRLbMAIMhe RoRXfRY Vol une
and oxygen concentration of 9.65% by volune (the Apoint). Fromthis state,
t he conposi t xygemas rABebd bed theaeskitamg eyixtbye id egpdiad tmg catafyeie gas-ahaseof

nmet hacrolein and a feed rate of air at the sane tinme, w thout changing a

feed rate of OttRsiagdsagier carpeerianf inthatnefarddpin ithe eierahte e PYAized 3% by
vol ure and Owcpaef%ﬁﬁg?qéeeg?ﬁ%a{s%gn%?nirtw%molecular ggyggﬂgﬁégéggﬂng%gohna%#gef ol | ow ng

the dotted |1 ne . wever e course t . n@hange,
the feed rat@mfosiion drlay@t Hﬁtth%dm@f‘é‘fth@%at%ﬁ?i@{éﬁ@ﬁ!\w{és‘e%idéﬁﬁn kéRRgsto come
e

into the explosion range in the vicinity o
changed from a composition A point [the concentration of the material to be

oxidized: R(a), and the concentration of oxygen: O(a)] represented by plotting a
concentration of the material to be oxidized and a concentration of oxygen in the gas
at said inlet to a composition B point [the concentration of the material to be
oxidized: R(b), and the concentration of oxygen: O{b}] [with a proviso that the
composition A point and the composition B point are compositions outside a range
in which the material to be oxidized and oxygen possibly react to cause explosion {an
explosion range)}, and R{a) # R(b) and O{a) # O{(b)], compositions on the way of the
change from the composition A point to the composition B point fall outside the
explosion range, wherein one of the feed rates of the material to be oxidized and the
gas containing molecular oxygen is adjusted in advance by increasing it or decreasing
it to the direction away from the explosion range and then the other feed is adjusted
by increasing it or decreasing it to reach to the composition B point so that the
compositions on the way of the change from the composition A point to the
composition B poind Tall culside the explosion range.

2. The method for supplying reaction gases in the catalytic gas-phase

oxidation reaction according to claim 1, wherein in the case there exists the
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point, so, thereafter the operation was discontinued, CLAIM 1. A
nmet hod for supplying reaction gases in a catal ytic gas-phase oxidation
reaction in which at |east a material to be oxidized, said material is

i sobutyl ene, tertiary butyl alcohol or nmethacrolein, and a gas containing
nmol ecul ar oxygen are m xed and the resultant m xture is supplied to a

catal yti c gas-phase oxidation reactor, characterized in that, a feed rate
of the material to be oxidized and a feed rate of the gas containing

nol ecul ar oxygen are adjusted so that when a conposition of a gas at the
inlet of the catalytic hase oxi dati react S G rom,a
conposi ti on W"b‘?ﬁsﬁ%/ oG P "%B’E%WF%WW %fftn? H@t‘?fﬁ’?é(? #’%Px'p‘ée‘g}qﬁ)x%‘gn%d

R(a), and th t r

coneent rati ok 5F MY por S PRt Oj YaERin ol P i iR e BT e o) B R0 %y gen
in the gas atr FE(a):dRicmi>Btb)}xﬁftae&ﬂmmsx\tgleﬁlﬁoﬁepmaﬂbn bf reexpiost@nkmatn e of t he
material to be oxidized: R(b), and the concentration of oxygen: O(b)] [wth
a proviso thetplasin r@Oaff)@sf?@d e Aftﬁ@lrﬁqteaﬁdobﬁ@x@aiﬁﬁ@gﬂﬁ|f@?3/ Btpef Hhe 8&? e
conpositions_out.si eria |d|z

oxyben poss; BTy bagestea it anueehalSriletst S T SoPsstBn i o7 HeBR )

R(D) and O(ajha#g0¢N the%eﬂ%%t.ah At Ro tecaMiosRlont DigoirhaRgehloemu e
conposition A point to the conposition B point fall outside the explosion
range, wher ecampuséicofC' pbint {thedonanesitioh of the matteesl talbetaxidiedoR{ctl aretithend t he

gas containing nmol ecular oxygen is adjusted in advance by increasing it or
decr easi ng i ©OneBNHEONREEEIre Rlahaherdin fic el [ekaiddd o Q&fhge and then the

other feed i's adjyst edny bSLEASLAR e ALHRGLEBh e ol A sagito the

conposition B poiTit so Re’to i hange from
the conposi tbﬂalaﬂ%nn@hatont&c&ﬁamgqamut WA Brefh PRI rBAgd |ﬂhﬁllh|@lﬂﬂfé‘ HgetiBao
expi osi on range. . The nethod for supplying reaction gases in the
catal ytic gabe pkidized axd obe/lgemnossekﬂmtaaolntoaxauwehphglqrdtfm @iphosion rahge)eind ai n t he
case there exists the osition C point %’ t he concentrati gheof t he
material to Bfé-‘s%%C&W@&'t'o@d’f"“téﬁﬂeﬁ?{ﬁe%ﬁe RN ERONG M ER R 3 maiesip!

wherein 0(c), qo%éﬁ%azecpgn@ox Q{R)th?ggs[ﬁ(tme infet e the caltﬁg ﬁ%rplﬁ:(sg)ox@aﬁéﬁ) >

R(b)] of the oxygen goncen I on an ex

expl osi on r ap@etorard SR AHdamehitdri@ oRAtdplal to be oxi di zed and a feed rate
of the gas containing nol ecul ar oxygen are adjusted so that conpositions on
t he way of the chfhnge Amovaremersed farabe tesmodrofmliimtl which hekepapoitieon B

poi nt pass t h the conposition C point [the conc ntratlon of the
material to ! 8t 2 BEANROE FhOVIAE OP RS IPGYIRPRASIHORE @"%&v&écﬁ ingpg )y,
wherein R(c’ éase aB(e%%] F‘P{a&&be ox(?cﬁ.ﬁ)of1 and a gas.cq nt?aml Qﬁomm%xg&% ar&ippl yi ng
reaction gases I n the ca yt| C gas ase a I on reactlion cordi ng to

claim 11, whemdied, pdssiblyriegas tdcali ah e&ﬂil@s.lﬁﬁ'(aife)@losto@ rege)xardi Zedmant foxygen
possi bly react to cause expl osion (the explosion range) and a present

conposi t i onathgyangen theptisdana eam bysitiona pmtngwti@h@%r@pfeé?mdévvaﬂotﬁlnéﬂmat eri al
to be oxidized and,o in the ) t he | of .th tic

gas- phase oxf"&ﬁf"lrﬁ'ﬁ")ﬁé%t? “%ﬁ"érag% \ﬁfﬁa]?ﬁ@a%ﬁhogqee@“%ﬁe‘g 'Hf g" N agas 4.
A program us?ﬂhg%legm 65?5 a@fphgkébm;tlowpegaomﬂf?@l @sﬁ@@ﬁfa@%n et i on as

a nmeans for owi ng on a sp ay a conpositional range wh he case
at least a material to be oxidized and a gas contai ni ng nol ecul ar oxygen
are m xed, possibly reacts to cause an expl osion (an expl osion range), and
as a neans for showing on the display a conpositional point which is
represented by plotting the nmeasured val ues of concentration of the
material to be oxidized and oxygen in a gas at the inlet of a catalytic
gas- phase oxi dation reactor as well as the expl osion range.

17



