PF 0000057343/M As originally filed Method for the safe operation of a
gas- phase partial oxidation 5 Description The invention relates to a nethod
for the safe operation of a continuously operated heterogeneously catal yzed
gas- phase partial oxidation of at |east one organic starting conpound in a
react or who$¥r QQRADYII3IMIKt ure stream conprises 10 at | east one diluent gas
substantially inert under the conditions of the heterogeneously catalyzed

gas- phase paitdlnafifidgti on, in addition to the at |east one organic
starting co partially oxidized and nol ecul ar oxygen as an
oxi di zing agent and is produced by conbining at |least two different starting

streans, i npduéd ot tHe dafd gﬁbr&fiont&% SipHRe FRARMSAGRRL Of the concentration

of one 15 or nore selected constituents in the feed gas m xture stream
itself, in one or nore of the starting streans producing the feed gas

m xture Stremgcdpidhor in the product gas mxture streamprevents the
reactor frombeing fed wwth an explosive feed gas m xture streamor a feed
gas m xture streamwhich is otherwise uncontrollable, where, for the online
measur ement . Tha paertiobt retstos ab 4 haethes 30 tisé rsatondperdiion agfak yeerdinusushach case

I s passed caontinupusl on_one side) into.a ne ri.ng.cell of an analytical
apparat us anfere Netelogenelly, raplied o8t Dhfse, PRAR! prlidte! atleadloBla {on
anot her si deygamit stafting ltempearsdiin a geactdr whote féeel gasahixture atrearagpanpeases i nto a
di schar gg atgopplier, 2,dHe Ba" Lirlartihy’Ghe "y er e GARNES AT b9
conpound wi t'h nol'ecul’ar OXygen as an oxi di zIl ng agent” i's understood as

meani ng t hodetaregeneopusiy cafalyzhd gasgphase padiabexidatignc wngudsitics torthe lag lggstsence of
nol ecul ar o ' iH6loxidEuWP ' ' from CO,
C®2 and HZOf%lgﬁd? \ Tﬁ%ﬁia}‘@ggétqrﬁ ns Phtgq% |E§g§ (_)or_)l(I nun%eq]ﬁlgﬁcg{aﬂbg%n%%e car bon
atom i n t he agtoXidiging agret and)improdueed by coBpiinmat leasBbve differant statitg i n t he

organi ¢ st algiehis Cif WHAH i eluSIBR of fle Ghihé Alda@iRnfing of A8 cBh&E ratiBn oPaRd | cul ar
all reactions of an orgggl c_starting conpound wth nolecul ar oxygen to give

at | eastlSond' marg seleslgrsoNMHURNS M fepd 9asmsture eirpam WgelimPRA 8T MOBpr i si ng

at | east onefaxy GRaHing @Weﬁﬁl_%eprbl‘i@dir&@ hRe J6&PQRS rhilkRird ISHBaMOBRGBAGH thd
particul ar, ox dehéghﬁ)ﬁenat I ons and oxi dati ve dehydrogenations (

_ in the
latter, 35 5P WieGEA™ Rrevethnile leactor o BRI fedi WHNEAMBHIGN and i s
at | east parfeéd gaexmiktredstreann stubisfegdegds &iiprel etréit®) whith Siat othaiwiske
hydr ocar bons to o Blt urzht ed ; hytﬁlroc rbons are altso arrtt | al oxi g_'at lons (e.qg.
of propane t”(S'CB'P 603@ gn& ere, for’the online measurement, a part-stream "of the gas
20 stream to be analyzed in each case is passed continuously (on one side) into a
measuring cell of an analytical apparatus and, while the measurement is being
carried out, is passed (on another side) out of the measuring cell of the analytical
apparatus into a discharge atmosphere.

25  The partial oxidation of an organic starting compound with molecular oxygen as
an oxidizing agent is understood as meaning those reactions of the organic
starting compound in the presence of molecular oxygen to give at least one target
compound differing from CO, CO, and H,0O, in which reactions the oxidation
number of at least one carbon atom in the at least one organic target compound is

30 greater than in the organic starting compound. Partial oxidations are therefore in
particular all reactions of an organic starting compound with molecular oxygen to
give at least one target compound differing from CO, CO, and H,O and
comprising at least one oxygen atom more than the organic starting compound. In
particular, oxydehydrogenations and oxidative dehydrogenations (in the latter,

35 molecular hydrogen is formed at least as an intermediate and is at least partly
oxidized in a subsequent step to H,O) of saturated hydrocarbons to unsaturated
hydrocarbons are also partial oxidations (e.g. of propane to propylene).
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BO5/ 0073PC | B/ HKE/ cd PF 0000057343/ M -2- Partial oxidations of organic
starting conpounds are wi dely used for the preparation of organic target
conmpounds (for exanple, the preparation of acrylic acid from propene and/ or
pr opane, thel_p Q&)ratlon of ethylene oxide from5 ethylene, the preparation
of met hacr yPFcORRIAS7BA3MY sobut ene and/ or i sobutane or the preparation of
propyl ene from propane). For this purpose, usually at least two nmaterial
starting streans, nanely at |east one starting stream conprising the at

| east one organic starting conpound (the starting substance or substances of

the reacti P@)tmﬁﬂﬁhcﬁtnoh@aéﬂ oﬁghﬂlcswrﬁngquoﬁiﬁo@ﬁﬂé CQEDWIC@IWQJS@E' fRFUthRr oxygen,
are m xed 10 with. anot h as. m xture str t he
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helr e, Ihowevdaha prppammm nhpriopylehafremt dwepdrﬁa)plFmpBlstgu;pose umuplaeliaaatmOoft :
mol ecul ar o [ reaction to
G ve the t oL sRsuE e hrleh P GREEGHT Stanfilishecl Sl B IE T 6 certai n
conposi ti onleaahgles organicretartieg dompsund {theslartingrsubstaonce sesdistarives of dwct i on as

a rule not ?ﬁdﬁgn)dﬂd é_}‘i’éa%ft 6hd/ stakl g;?r'eﬁﬁﬁ cgdmoufr‘rm %Hé\leétﬁalﬁt%{xagn Rir& Tk,

uni nt enti ona ndesir UI‘ ce as a spar or an
20 uni nd@nt |V\ﬂihame>ﬂr@t*@rrm@swedh%tﬁe|daa9§)mameﬁheambmerrglxm being capaklpop with

very consi aahaigbB &uvalich HSCERRMS 1) Mol bAAT kAN, TRIBLINGSInAh

expl osion or even as a detonation., Safe control e effect
possi bl e undBdesied mauesds e 7 Prduch gasairtrenaireays CROPYPING éhe at legst al | only

at an_enor nus taRet corﬁﬁcsurﬂxarﬁels@armg aurbmg@rmwherﬁm%aam rﬁl;n of the
reacti on apparatuses, which then have to be di nensi oned gher

pressure t hé‘f?%cwd?)nw?fﬁtﬂ AER todiReysed; here, however, pf%domrpaqtlmf@ve I“E‘%lson t hat

there ig5a peopeityCmQne Présepeé o ickdcuiah ok'y”gbnr et baiRy %bbéVl@l SHIRESD Rdt gily tai n

d I I t h tset f 30
or cvent i ng. 6 Pasiiec /RaEER oobiie e e cOMPRUNY bH 2 1b SIS0 BAEREH < or o

consunmed i n rédutions i ctadf ccanmmrtto_nerhngw afahe teed dasamixiing tthiowogas ofithe ur es
3T LB P A BT B e
readily conmnmiténhbhelly) (e.g. an undesired ignition source, such as a spark or an
20  unintentionally overheated surface) and then being able to develop with very
considerable pressure increase in a deflagrative manner as an explosion or even
as a detonation.

Safe control of the effects of all possible undesired courses of reaction would be
25 possible, if at all only at an enormous cost, for example by an exceedingly
expensive design of the reaction apparatuses, which then have to be dimensioned
for much higher pressure than can occur in normal operation, and it is for this
reason that there is a major economic potential in the reliable avoidance of certain
dangerously explosive feed gas mixture compositions from the outset for
30 preventing certain undesired courses of reaction. Since the reactants are
consumed in the course of a partial oxidation, the reaction gas mixtures arising in
the course of a partial oxidation from the feed gas mixture are as a rule readily
controllable whenever the feed gas mixture itself is readily controllable.

35 The guideline to Directive 1999/92/EC of the EU Commission in the final version
of April 2003 gives a basic synopsis as well as a procedure and conservation
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35 The guideline to Directive 1999/92/EC of the EU Commi ssion in the final
version of April 2003 gives a basic synopsis as well as a procedure and
conservation BO05/0073PC PF 0000057343/ M -3- appropriate to the prior art
and the rules. General avoidance of ignitable feed gas mxtures is

achi evabl e iAF 0BROGDIAMSMrof the organic fractions in the feed gas mxture
is kept safely bel ow the m ninum 5 vat8e required for ignitability (I ower
explosion limt the concomtant use of inert diluent gases (i.e. gases
whi ch renai @PBW@HQ‘ZPQ@@I‘QW%@”@O@M rggs.at least 95 mol % preferably to an
extent of at |east 98 nol % or nore, in the course of the partial oxi dati on;
typical inert di I uent, gases, are, for, exanple, nolecul ar gitér obl e

gases and st@gR[al RYRIEGEe of igBitablgfeqd.gas a‘ggurﬁﬁys griugvalle F'&HEB sly 10
i gnitable gatse ofgam Rsctioh®lin eafgeldegaspiiaaeds ikept Mel?&ﬁﬁbv@fth@nmﬁfnhhm

| dat i I I d I t
A,
pri olr art VI/milluénltcgﬁﬁels](c)(u et Imseab_ﬁhimmamnanbhangé@rtb arslnxtem quatcm.’hu{ e
results as ru in.fe S XL ur e [ suc ow_concentr.ati on
(ying very Sltsi SFEBeS Bhabielt 8 Aiapet e el T e ROFE LR | he
desi red reaqartah oxlsIammmypnataidrydlweﬂagasnstaxgetwaaxmmpleg mestgoaithr anittageAn

al ter nat i ve ghdichia 8l NN OBIAPLS, 185405, T KbiaiSoldy (he safe

i ncrease of oncen Ion O e organi c I ons I mum
val ue, 190 tlmmtabl&m sech apor ewpmlesmroname i the chke oﬁasmwmwgéorobf such a

procedure ' ne ! dr Pp;{l Hﬁ&e)‘)fahd‘@@cﬁé@ bPQx Eén BEQH&%thdS)t o the

prlor art IC contro concentratlon res tlng fee m xt ures
have as a r WVih thgiusg qférg?@ﬁurlﬂg)annaéatuw@c@prd"&@tth@nrlorcafhw ish cpoird the yi ng

very far abqygvémbftionedbniehflistich %r&fbdﬁfer lslivs &4 § rulBGh fé@%lrngasrrﬁ&ﬁlréy e, so
that only lowreaction rates result and secondly general have a very

| arge excesd'Ndosyphng dO‘QtW?W&‘t@Ub(é\t'%(‘!éryom“f"hé’e%é*ﬂq Gﬁss"@ﬁvllnf'\‘bngl se to

the necegsi taonednt@BRY idt et BédirelX 2o 1i® BcbRSmicamH diddiamagebiiEt ofas
m xture and rec cling it into the feed gas m xture, both of which are

econoni cal | y XpedigAt ant ageous. Furthernore, an excess of the concentration
of the organl c fractl ons relative to the reaction stoi chi orretry usual | y has

an adverse eff t o t he cfalta |lf Athird pos I|t i s, for
xampl o to rbaiETaRY SBraiyr B Fniine lesab pd GRS 8 e e
increase of the concentration of the organic fractions beyond a maximum value,
20 the so-called upper explosion limit. The disadvantage of such a procedure is that,
with the use of measuring apparatuses according to the prior art which control this
concentration, the resulting feed gas mixtures have as a rule, with regard to the
target reaction, compositions (lying very far above this upper limit) which firstly are
not very reactive, so that only low reaction rates result and secondly generally
25 have a very large excess of organic starting substance of the reaction, giving rise
to the necessity of separating this excess from the resulting product gas mixture
and recycling it into the feed gas mixture, both of which are economically
disadvantageous. Furthermore, an excess of the concentration of the organic
fractions relative to the reaction stoichiometry usually has an adverse effect on the
30 catalyst life.

A third possibility is, for example to reduce the concentration of molecular oxygen
in the feed gas mixture below a lower limiting value, so-called limiting oxygen
concentration. Regardless of the other composition of the feed gas mixture,
35 ignitions are then no longer possible. With the use of measuring apparatuses
according to the prior art which control the oxygen concentration, this requires a
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in the feed gas m xture below a lower limting value, so-called limting
oxygen concentration. Regardless of the other conposition of the feed gas
m xture, 35 ignitions are then no |onger possible. Wth the use of measuring
apparatuses according to the prior art which control the oxygen

concentrat i 6, 0000@57HGMres a B05/ 0073PC PF 0000057343/ M - 4-
concentration significantly bel ow the abovenentioned |initing concentration,

as a result of which, as a rule, it is |ikew se not possible to achieve
hi gh reacti SANGaRtration pigatfisansiy helavethe abavameptiened; lniting Fenaenkiation, as a

di sadvant agessulttd1&itecH, as@ ARGt kQkeWRBS16t ipBSsIBIBRG 28hiueE highYehetibrcand r ol  the
contents or concent rat i ons and in regul ar oper ation, al so ensure as

subst ant i al cAPYS$9R{q8%H as possible of the still safe conposition range in
the sense of approachi ng the limts of ignitable feed gas m xture

[ b ' b f el. d_whi ch
hrough She 1§ Bl K RS InsRe dsaBletiodss. Biede Bl ndodtor Pk elvalBis m ¢ ¢ e
mﬁxi gum_ pozMFM?&MDWES:DDU&NSCIB@?NC&%UGM?@:I]‘\/mg_ﬂlanbpemtlﬂﬁ aﬂmareénné;urdaar Lyr f Fre
the desire (o) 0 . I I S u
t he econom c(é #jb%ﬁaogél tﬁgéﬁquaggg)ﬁggl%d%#o%gf ét@pﬁe}qét g*ﬁogqgg % @ g’h
het er ogeneomsshse @&ta@p;cmuingameimniwgasigmﬂalsle feed dpisi t nn@r(efmmmsﬂnplas in the
partial oxi %ﬁpétg idff 3@’ b@&ﬂﬁetb t Rh el ?Gﬁlﬁhdﬁ*)ro r{esresghiﬁgfrﬁ ard to

the course o ron and an econom ca ex e per ation
even dd8i r aertial tme%e;ur%ﬂoqu dhef wadtagiss paimit dhe: rn@mmum tppaﬁblemmrmrmna wi thin

the range ofygnkifléd &ﬁ@é&nféﬂiﬂ?{)@téé ety fmé%egﬁé’tﬁé’d&ée ﬂeﬁ&ﬁ)n‘?@? of an

undesired ignition is 20 safely control 'abl e at a cost IS st

conpar at i velRarjal gridatiprpgnd iercgiasa "é'ﬂdh?)BFQT@"a?RleFO%@gN@HaEﬁPO‘{SHBOQﬁ ant .
However, complpé@tigxhaustion of the abovenentioned option requires

nmeasuri ng appar atuses which control contents/concentrations and ensure that
the ignition limts are exceeded to a safely limted extent, i.e. in an

exact | y 1gontih ghticiss ﬁm@ﬂgéneo@g@ da(tjdly&teﬁ'#artm ges bn&smudﬁuohmf@r em”m;ﬁlafxi eI }‘ egld
as regi nes e de no ner rol | anl e
gourseg of ttﬁ Bﬁ’étq’?@ﬁ.o"rﬂkax Igaes g‘? P% '%FP‘B@W% ’y‘bl'sb "t"g" ?/?%El? certain

partial oxi d@ursecofpiher@actionoand ph cweasmizally egpediere maode of byeret{qﬂedvant manner
is often re contr ?h anner t he

exceedi ng oiﬂe’ﬂ@ﬂ? ?éw?%lgi)iiisﬁq%%%a%sg'ﬁ'?’&f%:?@F'FQIB?@?\H'S”W%C" 3R ithin e FERGES

ignitable compositions but whose behavior in the case of an undesired ignition is

20 safely controllable at a cost which is still comparatively limited by suitable

equipping and/or design of the plant. However, complete exhaustion of the

abovementioned option requires measuring apparatuses which control

contents/concentrations and ensure that the ignition limits are exceeded to a

safely limited extent, i.e. in an exactly controlled manner, and rule out penetration

25 into ignitable feed gas regimes to an impermissible depth with possibly no longer
controllable courses of the reaction.

The possibility of being able to carry out certain partial oxidative preparation
processes in an economically expedient manner is often realized at all only by
30 limiting in a controlled manner the exceeding of the limits of the ignition region
assignable to the organic constituents of a feed gas mixture and the simultaneous
maintenance of a sufficiently safe difference between the feed gas mixture
composition and, for example, ignitable stoichiometric mixtures, i.e. those
mixtures in which the molar ratios of reactive oxygen and organic constituents are
35 stoichiometrically ideal for complete combustion of the carbon of the organic
constituents to CO,, and in which as a result the effects of undesired ignitions in
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assignable to the organic constituents of a feed gas m xture and the

si mul taneous nmaintenance of a sufficiently safe difference between the feed
gas m xture conposition and, for exanple, ignitable stoichionetric

m xtures, i.e. those mxtures in which the nolar ratios of reactive oxygen
and or gani cPERMQ0578ABMeEr e 35 stoichionetrically ideal for conplete
conbustion of the carbon of the organ|1:5-const|tuents to CO2, and in which
as aresult the effects of undesired ignitions in B05/0073PC PF

0000057343/ ke fogn of Her examalefdrastisroressaipaed tempesatute ibeease weulgke thenper at ure
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i n such a menegjeeditfest lichits LeNéd fdrhl@dﬂtﬁe Ieﬁeét@bﬂﬁn@fnptahﬁe@ma’uléﬁ umhel n an
economi callx advant ag(ﬁous mapner. The baﬁ 6‘? Eﬁ) contr and kmt ng
measur es i s &% SHERCPERRGI RHGY& AT AL BY I:eco rof ie \F‘&PVB%Q P 3PRY& Y ar anet er s
10 and her ein an pesrionticklyradvantzheowsomanmdrr The dasis of subtecomfcxt\aantllrrmmgst i tuents
of the feed as_m.xture vgi?ch are reseg)}]‘a mantlonedd for ex .
Che publ | caTeamrer A diatlioludios, & e of e Vel Hiosk Sharielg o' [
cust omalq f and hbee inpartcalar chtheaoscaftratiohedft thel reie\nmr consdintents of thééeedeed gas
mxture str £“rh|§(r%?éf |dh”are ges%t Qi%rﬁneﬂﬁc%rf?ﬁefért g Bt 8 nEQtF nP" oduci ng

the feed ga ure stream and/ or uct gas m-x Pt eam
produced by DEhd 1§a3S2#8dsen pruden t obtain dhlsllcmmoédge elxmhetomrary é@ﬂ

ol coul ar SUURRRSIdd oPLASA cbeihliP TP folool3pe Mk Sheshr £AT A7

unconverted 1 n the art I a at I on m ne ex eri nen
online, theopel maeqfthe retarting, sweam%dorb@r@ﬂuqnag meefq@dogﬂscmmﬂe dtreene  f eed

gas m xggre t I be 20
St opped by SrLEnol g g oroarte P Tuerrideel U 1% Al e, A

feed gas m %@a@ow?wam hef ’PE'HQ%F‘Q',QSW{W EXyean Fé'"rli?ﬁfiﬁenhtﬁ‘\mQBFOduﬁl 83 be

present  whegxRe s?r@é'rfneahd ojnc@sﬁmreal ﬁf t@éYpQ#ﬂ“hl'éklﬂéi%nf qsdbcgacﬁatéﬂﬁfﬁwe is too
| ow so that the cat | enent oxi de

whi ¢
mat eri al s aﬁ&p%ff’@e’ﬁ%'ﬁﬁé'uﬁﬁl tpeéﬁﬁLﬂtérﬂ?F%}"Pé&rﬁé?%fle{?é’aﬁb t%F*@dHP@“‘é‘PB %h&9 onger
sufficientl Yeédegas etk duéarﬁgand he tﬁ@@dr@ﬂne%sd&hé%rﬁdl%ﬁﬁyoh herwf ore be

R %bl toppgg % vﬂtthlng organlc gtar?hng substance (cf. DE-A 102 32 482).

A feed gas mixture which is no longer controllable may, however, also be present
when the content of molecular oxygen in the feed gas mixture is too low so that
the catalysts which as a rule comprise multiclement oxide materials and are
25 usually extremely expensive to prepare are no longer sufficiently reoxidized during
the partial oxidation and may therefore be irreversibly damaged, which in the end
also entails stoppage of the partial oxidation. Otherwise, after the target product
has been separated from the product gas mixture stream, the latter may also itself
be starting stream for the production of the feed gas mixture stream in a partial or
30 complete recycle gas procedure.

US-A 2004/0181090 states that the measuring apparatuses or systems of the
prior art for determining such gas concentrations have considerable inaccuracy
and are therefore not sufficiently trustworthy. As an alternative to increased safety
35 margins from the permissible limiting compositions, it is proposed, as a possible
solution, to assume the presence of an error only on simultaneous indication of
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al so entails stoppage of the partial oxidation. Qtherw se, after the target
product has been separated fromthe product gas m xture stream the latter
may also itself be starting streamfor the production of the feed gas

m xture streamin a partial or 30 conplete recycle gas procedure. US-A
2004/018109@%@@@%&4@(‘\4{% measuring apparatuses or systems of the prior
art for determ ning such gas concentrat®ons have considerabl e i naccuracy
and are therefore not sufficiently trustworthy. As an alternative to

( oL | Ny ,
i ncreased sdtetmpesmissiieysiate by g Heperd pepparatiyhrecontigl metpcaithisPiitbons, it
LY on e T e O o e e e oS00 S L ot he
only on sinultaneous i cation o . -6- the
i mper ni ssi bIS@t'g‘i‘%{?@ Banllegg%otﬂdV'EtHﬂﬁa I°F @S Mol 3 r'B&aliPélPHoﬁy%d‘"ﬁb bri ng
about a shu}cdnuspmﬂimlgelmgermmeﬂ p:astt-:{ ladue@uqndmé mgaMﬁy\ehe\_vimg ttmi lsbej s not
very satisfactaor nd l.eads to.virtua twice as high an installation
effort with 308%‘8?&@8%%%’9%"9‘%%&%%ﬁé‘?%’%‘éﬂ‘r(e%ost S, questionable reliability
having to be 5 accepted at |east for sone of the apparatuses. Qur own
i nvestigati I th | bl a S 1 Of Y | ' l; have
produced th moﬁnomvgaﬁ%ﬁh#ﬁg th;er é& o?ﬁlér)\ gﬁ@&%uﬁbn%r&gﬁ'%ﬁﬁ%%%ﬁégéﬁc}'% met hods
for the onl ihawe paelugedrinedollawvingf concentrations in gas m xture determne a
particle density (nunber of particles per unit volune) of the species to be

determned in a predeterm ned gas volune (e.g. the volune of a neasuring
cel ). TRe rlileberedamingalr tiumbes, ok, knowip| eeagusisg imethods feasthiee@niig ume

obeys the T efefdif@itn PG ebitc@htratiorls2 i gkgd@%r@rﬁe%iné@%m'MEW'

t hernodynam cs and, in the range of vall y of the ideal gas |awwhich can
typically bdnyskemet pediclesuedr Heihygluee)iof Hier eRaqgp t‘bP@p@?‘?T%‘Hﬁ‘l’ BAthe

absol ute prgﬁm&naﬁvéh hae eslGREYe R EROVAILMBJ alBeddifingReM). The nurEpefature in
t he neasured volune. 20 For exapple, the c nceg}tpratlon et er n] nat I.OP (in

particul ar iRRTYARS: Lk EQUgCulaRy I KNG PAUSLPIIME eyt e fescearigehphysifa
procedurigs dgss in thedrdaoftghenomendlogieditieermoimainied aad,an theaafig®bt validity

102005052923.. . The, basi s, of these js. inter alip, that electro netic
radiation hatith dgatgasdew witeh San Ricaly b asspad Tor sichympasiies BRI absor bs
i s passed t lpropagtioriah¢o tesaabsoluty presdure@fint teversely ptopoetionabtoatheadtablite and t hat
fraction of t&rtﬁﬁer'%ku%tir{f?]m@a% o \I"oéﬁjirlng_tlon whi ch i s not absorbed

20  For example, the concentration determination (in particular in the case of
molecular oxygen) can be effected by the procedures described in the
publications DE-A 10117678 and DE-A 102005052923. The basis of these is,
inter alia, that electromagnetic radiation having a wavelength at which the species
to be determined absorbs is passed through the measuring cell of the analytical

25 apparatus and that fraction of the electromagnetic radiation which is not absorbed
by the species to be determined which is present in the measuring cell is
measured behind the measuring cell.

For example, the oxygen concentration can be measured by means of a laser
30 beam whose wavelength is adjusted to one of the rotational fine structure bands
of molecular oxygen. For calibrating the measurement, the laser beam can pass
through a calibration cell which comprises a gas having a defined oxygen content
or through which a gas having a defined oxygen content is passed. For example,
the abovementioned laser may be a diode laser whose wavelength can be
35 adjusted to one of the rotational fine structure bands of molecular oxygen in the
range of from 759.5 to 768 nm. The modulation range may be +0.05 nm. In
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by the species to be determ ned which is present in the neasuring cell is
nmeasur ed behind the nmeasuring cell. For exanple, the oxygen concentration
can be nmeasured by neans of a |aser 30 beam whose wavel ength is adjusted to
one of the rotational fine structure bands of nolecul ar oxygen. For

cal i br ati ngPFHROGAISSIASMAt . the | aser beam can pass through a calibration
cell which conprises a gas having a def{ ned oxygen content or through which
a gas havi n%Ba defned oxygen content is passed. For exanp
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Germany may be swtabl e for thi s purpose However, neasuring net hods which
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anal yzers ofexamgleOnoERuUlal bxydehni s 4 E6p affbﬁi&}‘ﬁl%ﬁ atwagrewg@ébegga%zers of
I ngen,

PMVA(Tr) seri fro Z[l\é%gtPProducts Anal y h Hin _D 408

Ger many. Th s ig ydii ¥ eXYoen %B&?@t‘ﬁé@%aﬁbﬁ"éh sefigs fiom glemensiand b Yery

; api ?hr esponrsggdn éﬁatlyzbhtﬁbff ngﬁltslendf&dr&wvm&o?mdu&te g(naly@éhttéélﬂﬁls mt ifivity
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OnM ng to its paranag ne r ves
methods of determlnatlon for m ecular oxygen in the range from 0 to 100% by

20 volume. A diamagnetic handle having a mirror present at the pivot point is
fastened to tensioning belts in the abovementioned apparatuses and mounted in
an inhomogeneous magnetic field. Owing to its paramagnetism the oxygen strives
to enter the inhomogeneous magnetic field of the measuring cell. The O,
molecules exert a torque on the handle and cause it to deflect according 1o the

25  oxygen concentration. Optical scanning electronically generates a current which
flows through a wire loop which is placed around the handle and turns the latter
back to the neutral position. The compensation current is proportional to the
oxygen content of the measuring gas, with the result that the O, indication is
absolutely linear.

30
In principle, however, gas chromatographic or electrochemical methods are also
suitable. In the latter, the species to be analyzed is ionized by suitable energy
supply, and the electrical conductivity of the gas present in the measuring cell is
continuously determined.

35
According to the methods of the prior art for the purpose of carrying out an online
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to enter the inhonbgeneous magnetic field of the measuring cell. The 02

nol ecul es exert a torque on the handle and cause it to deflect according to
the 25 oxygen concentration. Optical scanning electronically generates a
current which flows through a wre |loop which is placed around the handl e
and turns t RE 0QAQAS73488MK "t o the neutral position. The conpensation current
I's proportional to the oxygen content-®f the nmeasuring gas, wth the result
that the 02 |nd|ca}|on is absolutely | 30 I n pringi gas

| wever ,
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Pressure in nLJ&Eg&ficelBtc{fGlﬁé”rﬁ%sﬁﬁ?@ﬂﬁbe’{réﬁg a‘fHBdfr&ﬂethBFee%ﬁUé %ghlﬂ dé ”easur ed

volume (in t asurin measurl aratus)
transport appaipafike \ﬂfﬁséhfe gradiephitep digeharge pﬁm@mh\eee g{eam%ﬁtmosphe@ t he

measur ed volgigRyHidming pdiestrdBiR 3 ldt HdwhCATtey 196 niddBurBRRIN haB bedRRAMLS and
fromthere, once again on the basis of the pressure gradient, to a

di schar ¢@ aPHﬁs’ﬁH@rsé'"?'iVs '@'S rﬂ%b%imm’i@?t@tmp?ﬁh?rwh%H'Sﬁmﬁg%éWQ@ﬂ"P@am is |et

down after ftchR, WBWEWHreHRd bBagn RRRRIANRT pro@btetiO afhdspher®) Sbr Sxaible thdhi s may
be the anbi ent at nos tere t he di schd';\ ge atgo ghere can, however, al so be
o P

an artifici &Mgs B FPATGBIGSRRY wider fpduce U, BY MBANSIRYACUYM 4 space

present und@Unfpe(duambr@upaaun@dwn@pmsur@j, a3 VRENIRUalRURP s4ine présdare
super at m)spherg%tprf sure% rul.e virtual ressur as that

of the discfar §pﬂ'8 @r%%ta?mﬂsw?l I'Hrp%/m%‘nﬁra??eatvﬁﬁﬂ?"ﬁfo ¢ 15
di schar d& atdischpigerambsphege éeingdstatiisiedvivithinitheé ineasaeauwohdne Glithine tHem t hi n

the | easuriehstihd Jolf W d Uy LEEN PRl HESTONE SidlhaBpifiol e i schar ge

line. In a corres nner ressure vartati ons ormin the gas
streamto be

In a corresponding manner, pressure variations also form in the gas stream to be
analyzed in the measuring cell.
20
However, changes and/or variations of pressure and/or temperature in the
measured volume ({the measuring cell) lead directly to changes to values of the
concentration to be determined and are presumably the cause of the problems
discussed in US-A 2004/0181090. in addition, owing to the necessity of
25 maintaining safely determined minimum differences from the above-described
ignitable compositions to be ayoided, they require a limitation of the accessible
concentration range for the desired partial oxidation, since the inaccuracies
discussed must be taken into account by an increased safety margin.
Alternatively, a control variant according to the teaching of US-A 2004/0181090 is
30 required.

It was therefore an object of the present invention to permit the concentration
measurement of especially those substances of a feed gas mixture for a partial
oxidation which are relevant with regard to the safety in respect of ignition
35 Dbasically with such a high accuracy that this measurement is not the limiting
element with regard to the safely useable composition range of the feed gas, and
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anal yzed in the neasuring cell. 20 However, changes and/or variati ons of
pressure and/or tenperature in the nmnmeasured volune (the neasuring cell)

| ead directly to changes to values of the concentration to be determ ned
and are presunabl e cause of the problens discussed in US-A
2004/0181096’F¢QD&1§T|3636W owi ng to the necessity of 25 maintaining safely
determ ned mini mum di fferences fromthe? above-described ignitable

conpositions to be avoided, they require a limtation of the accessible
concent r at i ghthessage e ‘tt'ﬁBO%'é'P ﬁ‘éﬂ‘sﬁﬁrﬁﬁq with anjexaensive, methed dimitgd with
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ex pgnsi vebnmamganimmamgwmounqgam na(matllbl@xftmmajﬂ nnogecular oxygen asf ds ?f ety,
as descri be ﬁﬂ? or

t he safe op%r %%%Ato%ﬁ% 883&% B}grag&'ét %tel&greggﬁlglgﬁ%nﬁsﬁ yzed
gas- phad@ p@trearas, lommmm@usuom otathelcmget rr@ﬁeurealeot gfathe@oewntratl@rgofc@wpound in
a reactor WRpgRd Qégctgé%oﬁét?fﬁé#i@mgyhé ?éHE‘éé%W&Lu?@éth m it8&f in Qﬁ@?ndr'nbl‘éent gas

subst anti al |;§a¥ | nert under condi ti ons et erogeneously catal yzed
gas- phase p tthey staslingi Streams Rraduging the feado gah dnigiurg éHﬁ@m moroﬂ'gﬁ?ﬂ
starting compgiiiRfgidmburatrebml privéhis ﬁ@@ﬂct@ﬂﬁoﬁ‘ﬂe@ﬁ‘ﬂeﬂ%fﬁ%%l@s&e an

oxi di zi ng aq ‘# and | s groduce bg conbi ni H’g’“ | east two di ffgrent starting
10 streams, 19§f W8 cCHIXYIR| Sitgagh % a tfRed SRS 18 SRR RICly 15 ; pfRerwise

concent nat i @bnm‘auablme whefe, & the DAlies nedswremehi, ayeit-strdam bhthef ecst@am m xture
streamitself tartin eans producing the feed

t h
gas m xturetgib? R’%ﬁﬁ?’iﬁgﬁ‘e’?ﬁ's eﬁi&?mdﬁ‘?gﬂyk?tﬁrae PEER e?}eqﬂs t he
react or froranblyticed abparatist dndy rwhile the seasurefresd iggbsingricatrisdeou tis passed a f eed

gas mxture (aitsél'?a?géd&hbﬁth o} $he trﬂS&é’MrﬁS cell of the analytical apparatus into an
atmosphere (the “discharge atmosphere”), the gas stream to be analyzed, and/or
20 the discharge atmosphere, being subject to pressure variations, wherein the
influence of variations of the pressure of the gas stream to be analyzed and/or of
the discharge atmosphere on the measured pressure in the measuring cell in the
analytical apparatus and hence on the result of the measurement

25 a) is computationally correct and/or
b) minimized by keeping constant or regulated the measured pressure in the
measuring cell of the analytical apparatus independently of the pressure of
the gas stream to be analyzed and/or of the discharge atmosphere by
means of a pressure control apparatus.
30
By far the most measuring methods for the online determination of concentrations
in the gas phase determine, as mentioned above, the particle density of the
substance to be analyzed. The number of particles, e.g. molecules, per measured
volume obeys the recognized physical laws and, within the scope of validity of the
35 ideal gas law, is directly proportional to the absolute pressure in the measured
volume and inversely proportional to the absolute temperature in the measured
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15 control |l able, where, for the online nmeasurenent, a part-stream of the gas
stream to be analyzed in each case is passed continuously into a neasuring
cell of an analytical apparatus and, while the nmeasurenent is being carried
out, is passed (discharged) out of the nmeasuring cell of the analytical
appar at us iﬁ’fcpgﬂooﬂﬁf’r@@ghere (the "di scharge atnnpsphere"), the gas stream
to be anal yzed, and/or 20 the di schargéoat nosphere, being subject to
pressure variations, wherein the influence of varjations of the essure of

;
the gas str ¥eHMeoWHb aknawiedae of mapssure,and Weﬁtﬂwaﬁ‘@%”@?ﬁ'ﬂgﬁﬁ"eg‘@n t he
measur ed pr gsdntentiBnéd)orfiRaatidran Boréadtibn isthbRforepoasillel it Al compatablys and
hence on the result of the neasurenent 25 a) is conputationally correct
and/ or b) ms'mpi? T8y keepi ng constant or regul ated the measured pressure
in the measuring cell of the analytical apparatus independently of the
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vol ume obeyrassarer ¥t diomimeasuphg stedalwhicinsaanks refludeidnby Heesssispecoptrobal i dity
of the 35 'mguﬂe@%? %%Nbst’atﬁtiéilkﬂféﬁfshh‘ugﬂeg%f Wit st t @tr?eb%mcrlrngowessure
in the neasure vol ume and 1 nversely proportional to the absol ufe

t enper atfr e of ihe rerated gapPhasepatigbeatatioppredochshroaghtabout premaiigle. Wth a

knowl edge OfowiHdE &S YaRnAbubetCIBRPAREY" @in' Be ISBSERAIY’ AVdiiedied! take8lace
abovenenti oned conputational correction is therefore possible in a

conpar at i velore &argly| andipgiater on,avith thg gensequenes afgielier gosteiarcy yyery
substanti al sepdtantrutiizationienNtertged aas @bmposifion RMYES pdirfidsivletwitt fregarrt ual
principle of mea urtahrent%ﬁeof suchq measuretment ﬁé g}eet hot(]:ls aCéi.ordi g to the
prior art i40FAeNAMG Rpeeronmaie IMensVEeaetiaving 1 thedyaher readivitg.of 1 ¢ he
measuri n§ cethd feedigas mixtare. be reduced by pressure control neasures to a
substantially vani shing degree, with the result that the switching off 10 of

t he operated gas-phase partial oxidation previously brought about
pr enmat ur el y Asoteserbadalsaviee agediding do the methods ©f tenpiiier ssutos ttanpirabse obvoi ded

or takes pl %%ﬁying out an online analysis of a gas stream, a part-stream of the same

composition is taken from this gas stream, usually by means of a suitable

20  quantitative metering apparatus (in the simpiest case a fixed or a variable cross

section) and then flows, either on the basis of the gradient between the pressure

in the gas stream to be analyzed and the pressure in the measured volume {in the

measuring cell of the measuring apparatus) and/or by a transport apparatus which

generates such a pressure gradient into the measured volume (into the measuring

25 cell} of the measuring apparatus and from there, once again on the basis of the

pressure gradient, to a discharge atmosphere (i.e. the atmosphere into which the

part-stream is discharged or passed after the measurement has been carried out;

or simply, this may be the ambient atmosphere; the discharge atmosphere can,

however, also be an arificially generated atmosphere, for example the

30 atmosphere of a space present under reduced pressure by means of vacuum
pumps) into said discharge atmosphere.

A pressure of the discharge atmosphere which has been imposed on the
measuring apparatus in the measured volume (in the measuring ceil) by this
35  procedure according to the prior art can, according to the present invention, now
be decoupled from the pressure of the discharge atmosphere and regulated in a
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nore rarely and/or later on, with the consequence of better cost-eff iciency
by very substantial utilization of the feed gas conposition ranges

perm ssible with regard to safety and by better or nore intensive reaction
ow ng to the higher reactivity of 15 the feed gas m xture. As descri bed
above, accoPﬁ@@OQQﬁm‘i@/M’ét hods of the prior art for the purpose of

carrying out an online analysis of a galé "stream a part-stream of the sane
conposition js taken fromthis gas stream usually by neans of a sujtable 20

quant i t ati vEMRIE JPARNET pp Mherdniemediate eonaeshone Letwerrt measpiting csf 3% ar i abl e

CL 0ss  sect idahargd atinbgpheréouBan @idfusibleoand/Be chrrliableffidwrrdlighdorifizge. bet ween
t he pressur
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moasor cd vorsRending S i ERRAEs g Miaesied vallitad, P n¥ SRAHMBOIRY Mo or
by a transpant irapheadischasgenbindsphegrenthisaiiestteoudh arifice s gariesl igrsadh arway nt o t he
nmeasur edvol | ' | 1.). .of ' at us and
(rom thete. tilca Sl el PRABHY bGsdR drRlait fung MedbinahloNe P |
di schar ge atmssptirg eel()i indeperidently nbiheheressure tro thehdisthardgee atmespherst argam i s

di schar ged PRAR %Eﬁ ' : si npl y,
this may be%ﬁ?@@%ﬁgg{'ﬁygt frrthgg)ﬁere; EllEnhe i%c atrr*g%g'ﬂg?&rrgé%@g@%gm? ttﬂ;'}'10\/\/ever,
al so be an #measufieg e¢llly generated atnosphere, for exanple the 30 atnosphere
of a space present under reduced pressure by neans of vacuum punps) into
sai d di scharge atnosphere. A pressure of the discharge atnosphere which has
been i ngBse meges thalather bagic asivaipler ot the Pf%é“'f?eﬁ@'ﬁf%cﬁc\?@'l tq ithe t he
nmeasuri ng cehehtibty céhipisesIogaMiChe rRrateartidiing thrblh e Inkdasarifg ealn.
according to tge resent invention, now he decgulﬁ)l e'(; romthe\@gressure of
the di schar g e rANEERl SERRIARISGHR at ¥elUS rindePoRgRIoBY 1 IPoGhtsD @S a3/ M
-11- sinpl e press0ess ifyhd dischanjeatidphére of ANhe glak Gfredrhed be@Ralyzak ur i ng cel |
and discharge atnosphere) of an adjustable and/or controllable flowthrough

orifice. Depending on the pressure states in the neasured volune (in the
measuri n§ celdcprdiraniod the invbetich, frid basie padoigls Ehepedichtly sartibdout by wegins ori fi ce

the measur ed! Son AR LT PR PRIy e AT oSS Costr e
in the di schamgspherercagshéar éheardorm aif san iadiistabied passagepffot lexamplet irsttheeam
f1ow ng i nt Qs BBpMBASHI § TokBbWENd hify bNELitaBRASHILNG &Rke! dpparatus (for
example a movable needle with conical cross section). Suitable drive energies are
20  both energies of the measuring system itself, such as, for example, pressure
differences acting on membranes (for example the pressure difference existing
between discharge atmosphere and measuring cell or the pressure difference
existing between measuring cell and gas stream to be analyzed) and external
energies, such as, for example, gas and liquid pressures decoupled from the
25 actual measuring system (for example “compressed air’) and/or mechanical
energy applied, for example, by means of spring(s).

A controlled equilibrium between the amount of gas flowing from the gas stream to
be analyzed from the gas-phase partial oxidation into the measured volume (into

30 the measuring cell) and the amount of gas flowing out of the measured volume
into the discharge atmosphere is thus established, with the effect of maintaining a
virtually constant pressure in the measured volume itself.

The introduction of a further appropriately designed pressure control apparatus

35 between gas stream to be analyzed and measuring cell additionally improves the
pressure constancy in the measuring cell.
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10 This nmeans that the basic principle of the pressure control according to
the invention conprises regulating the part-stream flow ng through the
measuring cell of the analytical apparatus to a value independent of the
respective act ual ressures in the di scharge atnosphere or in the gas
streamto b&FPR0 fMr According to the invention, this basic principle
IS expediently carrled out by neans ofl2g pressure control appar at us
arranged between neasurlgg and di scharge, atnosphere and in the form of

an adj ust abPecyggdgdne in "t\QS?a'HﬁdQ'“PH 1q the usgol & PERIPHIR CAURrOLACIIINGIC val ve

havi ng a suitfiealventish, ustis rgpétientetoapiacatine ifffuence eXanplvariationsy eblie needl e
w th conical_cross [

ection). Suitable Ve ener |es are, 20 both energies of
t he neasuri Hbeagyg@%ﬁerinpg@@re W th EBSUEO?f §3? eﬁ?%@s@f %eealnﬂf g'fences
acting on meerbpemtse (dfothee xaegslised Iveiumees(sfurtree dnéaisenegnceellﬁaxd:cmstamg bybet ween

s oe 2 SRS Bor AFASY KRk It S LA ' o1 0
energi es, swah bg,placad, dramxampleyais andoridltqmled moes s Tihermogtating pole thef r om t he

25 act ual P f h I
R - T L e L S

bet ween the anount of gas flowing fromthe gas streamto be analyzed from

the gas- pha%eﬂﬁéthbé‘hc&%ﬂiﬁé"té% .h%ﬂ.ohhepmarfeﬂm\é%dm@n(éaeaeme%%f he
measurin anbunt of gas flow ng out of the measured vol une

ool S 5%&9@@@@1«% phepe of qrR felestadeAnstitvents i the 1e9 g% redref

mai nt ai ni Ng streaivi tdetfain mé:ﬁfwuamgagbhﬁﬂaw Strdain tdﬂ.afdmesﬂee@lr Hiordl e the sel f.
The introduction of a furt

riately desi ned ressure control
appar at us ST sieams Reodiking: He: (edcdas VYU SRR feader FARCERbRIon
addi ti onal | ynéasorewves dbfng poesing copeedatidhantyal eohthe:oueaautermneelhdly
BO5/ 0073PC PE, 000 §057343/ |vr .]12- .(@?COI’dI ng to the invention, in addition to
the use of FYFEE @F@PE'B?EP%TF%% 8'i"ng to the invention, it is expedient
to redudé the influence of the variations of the neasuring tenperature on

the result ol deo T2 B RTERba ity B Mo Eorcl BB R 1o Begiig U

vol une (of the measuring ce r pose,
t he anal yti db¢ meapaedtruessore inhibe anedsyting a¢ll ofptpacanlytical appalatusecqmllsméd for

exanple, in Hdéﬁt O5fe TRAM plARLAP t%'d?&hgf d 83U fRguafihg Wi thin
t he anal ytlcﬁ(iléb% ar tus Fs O\R/ever ?fﬁe uent | gﬁosgﬁ fédu 6
said measured pressure can advantageously be in the form of an integral,
20  compact unit which in particular may be commercially available, and as such is
expediently installed at the outlet of the gas stream from the measuring cell, i.e.

between the analytical apparatus and the discharge atmosphere.

It is also possible for the pressure control apparatus to be in the form of a

25 noncompact unit, two or more of the functional units constituting it — measuring
apparatus, control apparatus and actuator (flow controller including drive) — to be
in the form of units separated mechanically from one another. Thus, a measuring
apparatus determines the actual pressure in the measured volume (in the
measuring cell} and then sends a signal to the control apparatus, which in turn

30 sends an adjusting signal to an actuator, which varies the flow-through cross
section and thus adjusts the pressure in the measured volume.

A transport apparatus for the part-stream or part-streams to be analyzed, whose
concentration of one or more selected constituents is measured can
35 advantageously be introduced in addition to the pressure control apparatus at the
outlet of the gas from said apparatus, i.e. between pressure control apparatus and
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The met hod according to the invention is provided for the online nmeasurenent
of 10 the concentration of one or nore selected constituents in the feed gas
m xture streamitself, in the product gas m xture stream and/or in one or
nore of the_starting streanms producing the feed gas m xture stream 1i.e.
for concent Pkt 9@P0 Enment during ongoing operation of a continuous

het er ogeneously catal yzed gas-phase pé?rial oxi dation. 15 The pressure
control apparatus to be used according to the invention for keeping the
measur ed pr SSE0ReAMOIANefRsasuring cel | of the anal ytical apparatus constant
I ndependently of the actual pressure of the di scharge atnosphere or

neeoral | 2dMEofip BB, aitar R BoftBediRl B8 HHohin e P IUL | bl e,
and as such geserabxqikeeli geoénlly meistimary pumpd)eegut pisgton ometdringgaesmpsream from

t he neasyri Gekl e ] t t ha_ di schar ge
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t he form of stagexBimpsm doppdiculangas diapheagm paope, especially fofi e hpeaMSeeX t s
constituti NGk 1 | . i s, I or (flo
Trol Ler fion] KNFRERGID-FABAGE &, Ganent, %ﬁ%?ﬁtﬂ%#?%ﬁgfﬁ dgpor (How

controller inc
nechani cal | #Xample, §ae diapbrags pumpe ! the ipgNB6 apd NB7iEemRIKNF-Nevkergehes t he

act gal pr _essmr@tidua? ﬁ.hBr.,”G%ﬁHt la:qdaf«f@lue{mws{ baﬁbbﬁbf_tﬁéf?a‘éﬂéé ?rl:gz.getbldﬁ 2@ér Ej _hent _
sends a gign o the contr appar gt us, lch in turn sends an adj usting
signal dB anSRRem B Ralingen, GarDany 8ie e Suipble DIRRNAGREUTBR, and ¢ hus
adj ust s t he tor @amiple of thet thpe FRAS1LT1EMom TR in D-Taciin Gemvrs Sbudsd or the
part-stream or%t@art-streams to be anal yzed, whose concentration of one or

more sel ect S§"¥®Pstituents is measured can 35 advant ageously be introduced
in addition to the pressure control apparatus at the outlet of the gas from

sai d appar at L. e  he . 0 par at us. 0073PC PF

0000057343/ F ﬁl'is":"%aﬁi'?&t%'ﬁ?‘g@*’@{ﬁ%3{%@?@&p%#%Jf?@gh'gﬁﬁ%%gﬁ%&%%&ﬁ34" “h

advant adéousitabld measdied ghesayne putine, measuring cell oh §readnalyticer appawatus jor pf

customary p ; ' I1,N rStidlat EShIiHiR or

ot her speci gﬁ?? ng é%tl eagjp%fj%%hse%ggﬁﬁdgl ggggté%ésﬁgé?sug? %éégg'?ggggbpunp'sﬁy I n

particul ar gukitrayamranagm fpumpthe esediealin ythef diserargy patmosplsre. In one
embodiment, the measured pressure may be below the pressure of the discharge
atmosphere; in another embodiment, however, it may also be equal to or higher

20 than the pressure of the discharge atmosphere.

With regard to the accuracy of measurement, it is advantageous to work at an
excess pressure relative to the pressure in the discharge atmosphere, because as
a result, even in the case of very small leaks due to manufacture, no gases
25 penetrate from outside into the measured volume (into the measuring cell), which
gases might falsify the result of the measurement. This variant of the method is
expedient, for example, particularly when the constituent of the gas stream which
is to be analyzed and the concentration of which is measured is oxygen, since the
atmosphere surrounding the measuring apparatus and hence the measured
30 volume is as a rule oxygen-containing air.

if, on the other hand, the gas stream which is to be analyzed and of which the
concentration of at least one constituent is measured comprises a toxic
substance, a measurement at reduced pressure is frequently preferable to a
35 measurement at the pressure in the discharge atmosphere (frequently the natural
measuring environment), in order to avoid leaks of the toxic substance to the
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from KNF- Neuberger D-Freiburg i. Br., Germany, have proven useful, and, for
exanpl e, gas di aphragm punps of the type N86 and N87 from KNF- Neuber ger
D-Freiburg i. Br., Gernmany and bell ows punps of the series P 2.2 to P 2.6 or
10 US-P 2.6 from Buhl er D-Ratingen, Germany are al so suitable. D aphragm
punps, for PEXQEANS7S43(Me type FM 1101 from Furgut in D Tannheim Ger many
are also suitable. In this enbodi ment ldonprising a transport apparatus, it
is possible to work with a 15 stable neasured pressure in the nmeasuring

cel | of theOHigigleyHowgyer, g greates sgfetyfs ingepstaiingircpmsiances @shiexed abthe whi ch

neasur ed presstuifea Minfté®tscuricypobmeas@ineAt bingabthé lpRhEtrARANGI extéman t he
pressure in _the discharge atnosphere. In one enbodinent, the neasured

pressure may@Pe bel ow the pressure of the discharge atnosphere; in another
enbodi ment, however, it may al so be equal to or higher 20 than the pressure

of the discharge atnmosphere. Wth.reqgard to the accuracy of uenment, it
S advan% ag%ﬂgulag‘yv@’fq% anﬁ%naccgﬂl&gopﬁgsm%lqneltﬁ{e i Br@gflﬁet ﬁg%gr sure in
t he di schar geastirings pélbwd!, diiecbyi et awre shares10Q mbav omi thetjresstas @ Ufe very

sl |1 eaks ol SRBLRRL B Fom B9 HBSE o TPBTRE LiBLE b EETALAL dfud 1 0, Che

measur ed volUne _ € measurin , jases ‘mght Ta y the
resul t of tIsuationsuisesrbecauseithespregsurasoniod! ledpcacestdingita the inveptiofi st f or
exanpl e, partigu te s tint as, HidEdBWAghosis to be
anal yzed andrét ebﬁéﬁ%!gw%i%nso?aahinc%% ?r‘éaés%%e i%ls oiygen, s?ngfe t he

at mosphdfe sAasY@MANGgAS oUW daTgei MEsisp sfterensea havaarcadvanse peuared 30

vol ume i s agygh by pesdsuflstnitdiyng air. If, on the other hand, the gas
stream which 1s to be anal yzed and 'of which the concentration of at | east

one constituent is neasured conprises a toxic substance, a measurenent at

reduced pressud Guither’ havhitidovis PddieRipAling diothe BRoceBaRUaBERBiIhgafo the
pressure in.the. di schar%e at npsphere (fre uentl%,t ne natural ., nmeasuring
envi r onment YTVeNHOR,; PRESIEMSA Mo PERICLS g#s g‘l‘%‘“ﬂ% ich affp dgpendent of one

BO5/ 0073FC Rinofhedand k3da andlyzetidndapehdentsy. of dowawether tirebg feebih@aciisdsdy is in
e oot PG ERE MAEHBE pEriis SBibaRf SopSe B RARNOCRYuR],
expedi ent | y neeasoratnery of thet teepéative gbnaantratitre oporess sumere oifsthdie comsdituents

and, for the purpose of the pressure control of the measurement in each individual

analytical apparatus, the gas streams emerging from the analytical apparatuses

20  can be mixed with one another to give one mixture stream and fed only to a single

pressure control apparatus and then discharged into the discharge atmosphere.

The above variant proves to be advantageous particularly when the different gas

stream constituents are chemically compatible with one another.

25 A substantial advantage of this variant of the method is that the error
consideration is identical for all gas streams to be analyzed since the
concentrations of one or more selected constituents from all gas streams to be
analyzed is determined under identical conditions in each case. Moreover,
because only a sihg!e pressure control apparatus is required for all

30  measurements, there is also a cost advantage.

The transport apparatus described above for the part-stream or part-streams of
the gas streams to be analyzed the concentration of one or more selected
constituents of which gas streams is determined, can advantageously be used

35 according to the invention for recycling the part-stream or part-streams to be
analyzed into the respective gas stream from which they were taken.
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measuring cell will differ by not nore than +100 nbar fromthe pressure in
the discharge atnosphere or fromthe pressure in the gas streamto be

anal yzed. This situation arises because the pressure control | oop according
to the invention nust react generally very sensitively in order to achieve
a hi gh accuPEBPOPO5T848MMsurenent. As a rule, large pressure differences
have an adverse effect on such a requﬂ?ed pressure sensitivity. In a
further advantageous devel opnent of the procedure according to the

i nvention, PAPteRRGABAR Wih fegycling Abie dalvzedrrRathelreams RY dpeansnefeliendent of
one 1ﬁ anoﬁﬁgﬁpoﬂn%pbﬂrahﬁ ﬁﬁl?' yaEed a@dﬁ]&,@ﬁdﬁ[ﬁfl _)fhé)}c c@ﬂiﬂu@u"&{l’} heperaret bf ;epl
in each case to an appropriate nunber of analytical apparatuses operated in
par al | el foPetFWé’e"ﬁ%%@u?éﬂlﬂ?ﬁdeg?s'P'P@er & OQM@ngrPafPiQ?na’lﬁ’V’gﬁe or nore
of their Cohqjakﬁdmth$d:jlaﬂd%edL13rpam:a3Nﬁrli)ﬂTBEI:asfedhﬁdéﬁi@ﬂ?\@ﬂs@s@ﬂﬁbmr of the
measurenent jn each individu analytical apparatus. the gas. streans

ener gi n? f r'gbr?'f h'g ‘3n8?‘§ﬂSP%’é{| ?oap%gqc’g?ugtass%ﬁ'agfﬁc’@%mm'?(e'Hg RS S8 not her to
gi ve one m appropristé messu@sdn frisicantéxt arousuadly aljbady pesad forectberneassnsappar at us

and then di f525gRpb0l T e bR AR AR DRRRIFERY subRS BB YRR GTC PrOves

to be advantageous icula erent gas 'stream constituents
are cheni caldrgetepedmgt)i bl e with one another. 25 A substantial advantage of
this variant of the nethod is that the error consideration is identical for
all gas streans to be analyzed since the concentrations of one or nore

sel ect et colsa furthenembpdigiang|an agigditional waketianefiibe dayialiansea the pressdieni ned

under i dent p&ttol CaHpAIAIS RN Be e@&ﬁbv%aSS)%, 19T &QVRIle, TdBFRQUTE ORbstantSI Nl e
pressure control apparatus is required for all 30 neasurenents, there is

al so a cost 24ienA ages stieam (gAEiSHr9as RySRmN udfteredasnaraly BEBReN) ofhet he

part - st r eamrasiiiig celitdreadEsuAhg célReariPthe PréstarBcdrirob gppatatuy Z&sithahthe _
concentrati on of one OL nore sel ecte con%tgl tuent s glf whi (irb{gag streans i s
g W H@ ARG efit

det er mi ned, PEESRUERAITCLgeRATRlYS aluayishep a-ptahle sigmuyn 9%n for
recycli o tbﬂemlv\ﬂ'\ichtﬁrfem to\rll\u}]enaert tos theqrantial bﬁdﬁmn (@@ln)til@djldrn'ﬁtmgehﬁs
respective s stream fro ich they were taken. B05/0073PC PE
0000057343/ ARvantagesifl I3 ebiiihd e PRl B0 gust % RSl ylignal
part-streamstreggmneans of the transport apparatus into the gas streans of
t he continuously operated heterogeneously catal yzed gas-phase parti al
oxi dation which are to be anal yzed

Frequently, the selected constituent or one of the selected constituents of the gas

20  stream whose concentration is measured in the analytical apparatus is molecular
oxygen.

Frequently, the selected constituent or one of the selected constituents of the gas
stream whose concentration is measured in the analytical apparatus may be
25  propylene and/or propane.

Finally, it should be mentioned that the method according to the invention can be

used in particular for determining the oxygen content for the process described in

DE-A 102005052923. It is furthermore suitable for concentration determinations
30 for the process described in DE-A 102 32 482.

On the basis of the abovementioned, the method according to the invention is
particularly suitable for use in a heterogeneously catalyzed partial oxidation of
propylene and/or propan to acrolein and/or acrylic acid.

35

The invention is explained in more detail below with reference to a figure and
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I's particularly advantageous particularly in the case of undesired | osses of
yield or 5 when it is necessary to dispose of special problematic
i ngredi ents since appropriate neasures in this context are usually already

present for her for said disposal in the process (parti al

oxi dati on aﬁ%m%égmt’sol ation of target product). 10 In a further
enbodi nent, an addrtronal reduction of Phe devi ations of the pressure
control apparatus can hi evegas?é exagg feef nst ant
addi tional YR59¥ reé‘ﬁmp r'f€efing t"reeéﬁ?w%ft rrepyisn o dn "S‘FUB t he
mﬁasurrh ng cetamatnns nemewxyg@ cotickstration mé&um’rﬁ@ﬁmmeaﬁgf bban aiapearse?ries, SO

t hat the cont n s a stable ni mum f | ow

avai | abre. " RS B ica CARAIAL Bodrdiy Yo Ih iy B Borwihdlh RS0 dat i on
(e.g. nol ecubratrol rapparagxsrlgtr ccsnpaaldmaandtgemumiayymaleippamms bavimg & praskerei nventi on

gf such BﬁP&PEE?’gg‘ tdce&%!nlg tﬁttﬁeeﬂg%nt{éh?q“em ly, the selected constituent

one 0 e se consti tuents e gas 20 stream whose
concentratron is measured in the anal ytical apparatus is nolecular oxygen.

Frequently, | iR sii&hbGe, FRUMidH A prBssuPd fiihak déeatﬁﬁhﬁ?éréﬁ’s E\@’h%ﬂftdrklue”t s of

t he gas st ream whose concent ration 1s nea ure e anal yt I Cca appar at us
may be 25 EKEpAl awiramaenrinpthgpaaesuringnspacy) piin whalisdplodedwditndohed t hat

the method ap6qsdd BAd! Met F&‘sultrﬂde@é\héﬁ%ncﬁ‘tn tRE redpERfved Qné&émérﬁéHtarh trer
determ ning the oxygen caontent for the process descri bed DE- A

10200505992@0”?95‘"?"50’? HQ H'erﬁ‘ﬁS?%"tsfu‘i”f‘a‘i‘S‘Pea‘FtB?"VcéﬁtCEH'ﬂcre&‘FPB‘?f‘ etuer ff at i ons

30 for the Wéf@ﬁ#r&é g&esrrarvr 8l dehifigl- oe»mya;amaa rél%tteﬂraréﬁgetﬂ&a@ﬂdﬁua@é THee

abovemrent i oned t hod accordin }1 [&11 ﬁ ér on ﬁ%‘&% i cul arl y

sui t abl e foFeﬁ'élé"‘tSd" @?8?‘66‘@%‘81%8? Qg 1ar ARG F‘?‘?“é‘i""% Rrigha

pr Oloyl eng anme/ withqut pmaurte&oatrompparatmddoordnag:roythe inveatich in3be frieasuring: 8t7 iggg ::fé
ai ned i

0000057343/ 1Pt Bh e SiePlira) dBbSHiS: bl ORHEATIEE Th8 Ariphtbfa el T of

measur ed5valdinensieniésstdeviations oftthe deteyrgmd@bmmnemteatibo vakesadieteéfom n t he

case of N Mg aBERSHEE prePRndvih B b 6 borBRFARN 5 EFRNSlsYp Lo the

prior art,
prepared test gas are plotted here against the ambient air pressure prevailing in

each case, for a large number of measurements carried out on different days. This
is also shown for a method according to the invention, comprising pressure control

20 apparatus of the analytical apparatus, by open squares. The species to be
determined is molecular oxygen, and the analytical apparatus for the oxygen
concentration is an apparatus of the type Siemens Oxymat 5F (from 0 to 10% by
volume).

25  As is evident from the figure, the deviation in the measurement in the method
according to the prior art was about +5%, compared with only about +0.3% in the
method according to the invention. On consideration over an even longer period
there would be considerably larger deviations owing to the then even greater air
pressure variations due to changing weather conditions.

30
Working examples

Comparative example

A part-stream having the same composition as a gas stream to be analyzed for its
35 residual oxygen content (about 3% by volume) was taken from the product gas

stream from a continuously operated reactor for the partial oxidation of propylene
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control apparatus for conparison and in an anal ytical apparatus having a
pressure 5 control apparatus according to the invention. In the single
figure, the anbient air pressure (discharge atnosphere is the natural
external environnent in the measuring space) p in nbar is plotted along the
absci ssa anBRtROGOSIIMBIMY deviation in_the respective neasurenent in the 10
concentration dQ in percent fromthe adfually set concentration value of a
reference gas having a certified conposition is plotted al ong the ordinate.

The devi at fORIVIGAGH@ndwas fed e A Siemeas oMt PEroxyosRBRJSIREERIAIUSy to the
prior art, which .wadihftaidd ipreSEicbRdifeEd Salylipaapphkifusior!. Bongeduantijie

I nvention i the nmeasur "?J'ﬂ cel | .of the@glﬂlal Xt I cal ag&ar at.us l?épsol I d
triangl es. YISMEBTHINOLE! Uhie Analydica apPREUS Wag exRarea IR vaulions\f 4PPWns of the
det er mi ned @3°@ dmtentooat teonperatureein the courdd of aryeat, hwhictc tormédppndeto apr eci sel y
known val ue ,of. e. 02 C | of reviousl Par tesy gas are
pl otted her g&g%ﬁaclmng‘t ﬁe@@é%@%@%b{ §ﬁheprogssafe\£ﬁ p#ea H ?E\% rbﬁgg%é)glh{hgase, for
a | arge nunbenteot) coerespondingripghe influeack oUthedemgiefatiae emt théademsityrbf the i s al so

shown for a [h?‘% ding to the invention, conprising pressure control
20 appar at ugH(E;i aﬁaq#aéﬁytical apparatus, by open squares. The species to be

determ ned is nol ecul ar oxygen, and the anal ytical apparatus for the oxygen

oy vol uge) Mg saniks RRNEIY e ahall 2% hipfor doiFEfom Y BRbiyfical GppaE {0 10%
measur eh@nt Nt thenamaiephatmospbersr Mariajions of fe yhbight pressuia of 2k Mbasied conpar ed

w th only akogévidliod¥in MelasurEthéiislofhie @, Eontnt & dbdet +NgaNtion. On
consi deration over an even |longer period there would be considerably |arger

deviations owing to the then even greater air pressure variations due to
changi ng we@Exampleondi tions. 30 Wrking exanples Conparative exanple A
part-strea aving the sane conposition . .as a gas streamto be, analyzed for
e 35" oo AL BRI SEERP B AR ERERICI AN By SIS e DARGITRT A « he
product 1§as cosmpactaunif wasnirirodacdd downstieanppiethat sidhiytiealcappardtas, videvhio ti al

CxL 9210 e SRRt SRH B OOCR Hlht e 9 s o010 ane

ambient atmosphere. The pressure in the measuring cell of the analytical

apparatus was controlled with a tolerance of +2 mbar. As a result of the pressure

control the deviation in the measurement of the O, content was reduced to about
20 1/8 compared with the prior art.

By additionally installing the analytical apparatus in a conditioned room and thus

keeping the room temperature constant with a tolerance of £0.5°C, the measuring

error due to the temperature influence was additionally reduced to about 1/6
25  compared with the prior art.

Altogether, it was possible to reduce the deviation of the measurement to below
0.5%, based on the O, content.

30 Example 2
Example 1 was repeated, but the pressure control apparatus is in the form of a
non-compact unit. Here, a pressure transducer of the type Labom CD1020 from
Labom in DE-Hude, Germany as a measuring apparatus determines the actual
pressure in the measured volume and then sends a signal via an input card
35 SM331 to a PID controller (has a proportional, an integrating and a differential
active component) which is programmed in a Siemens PCS7 process control
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whi ch was installed in an unconditioned anal yti cal apparatus room
Consequently, the neasuring cell in the analytical apparatus was exposed to
variations of about +3C in the roomtenperature in the course of a year,
whi ch corresponds to a 5 deviation in the neasurenent of the 02 content of
about 1 % ( as@RPQIP 734e IV'(:ontent) corresponding to the influence of the
tenperature on the density of the gas 186 be anal yzed. The part-gas stream
to be analyzed was |et. down fromthe anal ytical apparatus into the

anbi ent  at WO Wk B 1EhSSHe A edtsttcn BT pAPHF o SR Ped o
devi ati ons an dchatorda pneameatidatly dfivérh@/Hitdy G3a4638-MBf fittig tromtSwageélolEnanpl e 1
The conpar atd ye anp .[epeat e t ure roller. ip the form
of a 15 co#ﬁﬁ’gt %Em?’t b%r'a"fﬁwf'}@ i Seg“edﬁ\yiﬂs&f)gé%%gtfont ﬁ@g%'éﬁ ?ﬂu&ﬁ H‘&ppar at us,
via which pressser ¢ dlontmedduerd vblsnmeamithgte sdsultatimat dhéd edesvimdiby ziedtheas

rel easedgto ' P u i the nmeasuring cell of

t he anal ?/ti g{ae{égugg'p@grg ugéhﬁg’é@&;ﬁ@r&& 'ée}% ogm{rférs]é?a&ﬁ](tﬁdg'r ance of 2 nbar. As a
result of the pressure control the deviation in the neasurenent of the 02
content was Erxﬁﬂgﬁ@? to about 20 1/8 conpared with the prior art. By
additionally 1nstalling the analytical apparatus in a conditioned room and
thus keepi @amﬁl@ 2 doreraatgsk uaingra ferdies timprovdt experinentsl Ai@agemeat IC, t he

nMeasuring i a eRsthM Adiitidn@RE lstrbliinGis 1184 lit 8BRiAC WRS andiddl @bphlayus’ educed
to about 1/6 25 cogpared with the prior art. Alﬁogether, it was possible to

reduce tfe @89ibeiarehe prespiye Roqtiol- PRS- Aha eyt 8 fudperyadudiondn thee 02

content. 30 deviatign ef thebxasgure conivelsapparsas Rlachisved| 5 tiizit @86 dediatiombf ol
apparatus ig in the formo non:co ac%&ﬁe nit. Here, a pressure transducer

f 0,
of the type?'lea'ﬁ'Sﬂ?‘t‘ﬂfﬁﬁtdSPP'gmzﬁé’Bm HWCPEYude, Germany as a measuring
apparatus determ nes the actual pressure in the neasured volume and then
sends a signal via an input card 35 SM331 to a PID controller (has a
proportional, an integrating and a differential active conponent) which is
programmed in a Sienmens PCS7 process control B05/0073PC PF 0000057343/
-18- systemand which in turn sends an adjusting signal via an output card
SMB32 to
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an actuator (a pneumatically driven Witey SS45-S8-MM fitting from Swagel ok
in Solon, Chio, USA) which varies the flow cross section and thus adjusts
the pressure in the neasured volune with the result that the deviation in
the 5 neasurenent can be reduced bel ow 0.3% of the 02 content. Exanple 3
Exanpl e 2 i EF{QQ00068848 g a furt her |rrproved experi mental arrangenent in
which a constant additional N2 streantil®-fed in behind the anal yti cal
apparatus 10 and before the pressure control apparatus. As a result, a
further red™&%¥Min the deviation of the pressure control apparatus is
achi eved, so that the deviation of the rreasurerrent |s only 0.2% of the 02
content. /007 PC P 8 005 343 -19- h ’t' AL%F thod for the safe
operati on o a contTRUBYsI'Y" o | OH%'iag?rbgé’ e8us°r‘§’/‘ UQUSY, , ORPTA®Y. phase

partial oxi Heterogenedushit catalyzed cgae—phagarpaﬁlal oxidation iohgt deagtcanedodgania r eact or
whose fegd

subst an'?lf al g\%ﬁ‘rﬁ %“Lfl?ﬁa‘z ? %ﬁcﬁoﬁ% sag%escﬁ%s 'ﬁﬁ(ﬁ}rﬁg g?%gcgﬁﬁ’g;ﬁgﬁggﬁeﬁ%ﬁ alyzed
gas- phase pang iddbendgadasubstantially mddiunden theo corditicns d)feihethateregmqgmaiyc
starting co ) I ze I an

oxi di 21 g AP, pspRaBZ ol OBt CRIAh, PR 4 Wech oI DrgRnic
starting st slading, cqmpoyodmlb@rpamrﬂﬂvlmd@mdcﬁndt melegmar aygenasuare medizingf  t he

concent rat| afeftfarRf1e Hoafoy ShBRIRIaCRASE hid BMefort hdrfify CoEsmach m Xt ure

streami t sel in one or nNore o starting streams producing the feed
gas ni xi@r e Waichdagivsipr b thg anftneempasdementgeisthe rﬁoﬁﬁ%nt@t'gﬂ b QRE I VBt s t he

reactor f roﬁélﬂébﬂg:oﬁﬁﬁué’mé» th e fexdyas hﬂﬁufeeﬁfbaﬁﬂﬁselmﬁ(bﬂé 8r Aloreanner a feed
gas m xture stream which i s _otherw se uncontroll able 5 where, for the

onl i ne neas SRgMGRTeAMSRAPUAG B PR JahBgYE %rteﬁ‘@a"i‘ﬁd/‘ﬁ 'Béhe BAHGAas i n each

case is pas &ﬁadufféoétteawptWemsl b OredctOE REMI tbélﬁlg ¢t bwtﬁfanaéxpl@s"\@ Bé*edcgds
apparatus an

asurenent is n arr Qut, i out of
e roasur | AU 3G OF8 TRAd 76 TRIure, SESR i i aferiss bnsBTR Gos phor .
the gasl5tr ehsrd, dobaharoliye ateastunghent, tahpadistedrar qethiat gas Eream tddieng
subject to ur t n f I .ations of
The. or essur SnaPEgth Y et YelsBL 5o BlssoHCfillodslls iR op oFer PR X oEiderge
at nospher e analytical aglawattscandpwhﬂs thee measuriement Eshaing garcied lout, ris phssedinal yt i cal
appar at us aggl HRE frddBuriflfcdifstthd analytical apparatus into a discharge atmosphere,
the gas stream to be analyzed, and/or the discharge atmosphere, being subject to
20  pressure variations, wherein the influence of variations of the pressure of the gas
stream to be analyzed and/or of the discharge atmosphere on the measured
pressure in the measuring cell in the analytical apparatus and hence on the result
of the measurement

25 a) is computationally correct and/or
b) minimized by keeping constant or regulated the measured pressure in the
measuring cell of the analytical apparatus independently of the pressure of
the gas stream to be analyzed and/or of the discharge atmosphere by
means of a pressure control apparatus.
30
2. The method according to claim 1, wherein the pressure control apparatus
is in the form of an integral compact unit.

3. The method according to claim 1, wherein the pressure control apparatus
35 isin the form of a non-compact unit.
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of the measurenent 25 a) is conputationally correct and/or b) mnimzed by
keepi ng constant or regul ated the neasured pressure in the neasuring cell

of the anal ytical apparatus independently of the pressure of the gas stream
to be anal yzed and/ or of t he di scharge atnosphere by neans of a pressure
control appBFRQRP057843/Mmhe net hod according to claim 1, wherein the
pressure control apparatus is in the-#8rm of an int egral corrpact unit. 3.

The net hod accor?Ln to claim1, wherein the pressure control Barat us
isinthe férmo %il'F?(S'FPQ:%‘FFﬁ%‘L‘Q oy, OfBlﬁmédﬁQIﬂCWf‘BﬁllkﬁecEFﬁsﬂ%Q H657343/ M

-20- 4. Thepﬁ@%ﬁ@ﬂn&ﬁl@&hélnﬁ@shm@ﬂdﬂ aha/et merms&\atg?éfthmnestreahhﬁomassage of
the part-sfreaminto ﬁ@e measur | g\&rﬁel |.,and/or t di scharge of the

part-strea qerrBﬂ"i‘SUt"ch IS LEFePY hesaid of AiMARSRAT ARAFHUBhe aid of a

transport apparat us. 5 5. The method according to claim4, wherein the

t ranspor para en, prf nt r ol ratus and

di schar gge m)spEH§ rhétgog.é]cge%@{gng rBof”dl ﬁé’eﬁj o%ﬁ aﬁ%ort \ﬁﬁ§$r8ﬁ§ Pre
transport appalnwdjmtweerapreSSlaprmpalgmha]ppmptusmdwisc‘hla@ermmnheiecordi ng to any
of clainmse 1 to 6, wherein the pressure in the neasuring cell is belowthe
pressure in the discharge atnmosphere. 8. The method according to any of
claims 1 to6e, wibednethoth@cperdinguioeclaim bhwhens thearapsnegt aenaratug imiagher t han
t he pressurg,abﬁ\ﬁgh{aplghﬁcharge atmosphere. 9. The nethod according to any of
claims 1t erein the pressure in the neasuring cell corresponds to
the pr ed@ure in the dischar ge atnosphere. 20 10. The nethod according to any

of clainms 17to GThW%tﬁéd‘aédb?dlﬁ??w aﬁ(y @rrblalﬁustme Wr@ﬁahlrtwe prasédle ifmeasuri ng
cell both fromthe é)ressure i.schar ge atm)s here and fromthe

pressure i nMeREUNG %'t'?@%'ﬁ\"’tt B@Sﬁ'ﬁ&I"}9’@(9‘?@afﬂﬁatﬁi9§%her9han 100 mbar. 25 11.
The nmethod according to any of claims 1 to 10, wherein, after it has been

di schar ged fom Lhg ISASYEL00uRS 1 and SBRGY 218 SHD SN iR bm Lo be

15  measuring cell is higher than the pressure in the discharge atmosphere.

9. The method according to any of claims 1 to 6, wherein the pressure in the
measuring cell corresponds to the pressure in the discharge atmosphere.

20 10. The method according to any of claims 1 to 6, wherein the deviation of the
pressure in the measuring cell both from the pressure in the discharge
atmosphere and from the pressure in the gas stream to be analyzed is not more
than 100 mbar.

25 11, The method according to any of claims 1 to 10, wherein, after it has been
discharged from the measuring cell, the part-stream of the gas stream to be
analyzed is recycled into the gas stream to be analyzed.

12. The method according to any of claims 1 to 11 wherein a constant
30 additional stream is fed in between measuring cell and pressure control
apparatus.

13.  The method according to any of claims 1 to 12, wherein at least one of the
selected constituents of the gas stream to be analyzed is molecular oxygen.

35
14.  The method according to any of claims 1 to 12, wherein at least one of the
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anal yzed is recycled into the gas streamto be analyzed. 12. The net hod
according to any of clains 1 to 11 wherein a constant 30 additional stream
is fed in between neasuring cell and pressure control apparatus. 13. The
met hod accordin o_any of clains 1 to 12, wherein at |east one of the

sel ect ed coﬂl,sjt(lq(%)lﬁﬂé)ﬁ?g4 the gas streamto be analyzed is nol ecul ar oxygen.
35 14. The method according to any of-élains 1 to 12, wherein at |east one
of the B05/0073PC PF 0000057343/ M -21- sel|lected constituents of the gas
stream to beelegied wopstituents i piipcgrs sheamrio pe anahed 115 propdenstaidiPraccor di ng
to any of chRpame.l to 14, wherein it is carried out in 5 a plurality of
anal yti cal apparatuses operat ed in parallel, and the pressure control for
all measuring cells of the various analytical apparatuses is carried out

with only ofle CORBTRtHdEEROfdNG ML cldifé a tohiacWhilem P& éarféd 6@&TR to be

anal yze fro ariqus, measurin var | .ous anal tlc
appar at za%a'géa%/%%ai Ica L{ se ?Pei%teaﬁearﬁﬂ?eihﬁ?fj cRYPET4IS P%tmjny of
clainms 1 tof015u maasuringcedill ef thesmhamsgmalwtcabmﬁaeatesesss cheied autiwitth oalybi ent

Gi sonbr e 96 somBBnFEpalie LRV R kY ellteBlrRorhd ndeed R "

met hod accotrei vagiotis regasudng celis ob the variold, anahyicali appandusesnprer feduaseaof  t he
measuri ng Cﬁ]'i)ln?rei. s additionally kept constant. 20 B05/0073PC

10
16.  The method according to any of claims 1 to 15, wherein the discharge
atmosphere is the natural ambient atmosphere.

17.  The method according to any of claims 1 to 15, wherein the discharge
15 atmosphere is not the natural ambient atmosphere.

18.  The method according to any of claims 1 to 17, wherein the temperature of
the measuring cells is additionally kept constant.

20
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