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In particular, partial oxidations in this context are intended to refer to those conversions
25  of organic compounds with the reactive action of molecular oxygen in which the organic
compound to be partiaily oxidized, on completion of conversion, contains at least one
more oxygen atom in chemically bonded form than before the partial oxidation was

carried out.

30 Inthis context, diluent gases which behave substantially inertly under the conditions of
the heterogeneously catalyzed gas phase partial oxidation are those diluent gases of
whose constituents, under the conditions of the heterogeneously catalyzed gas phase
partial oxidation, taking each constituent on its own, more than 95 mol%, preferably
more than 99 mol%, remain unchanged.

35
it is common knowledge that heterogeneously catalyzed partial oxidation of various
organic precursor compounds with molecular oxygen in the gas phase allows numer-
ous basic chemicals to be obtained.
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25 The catalysts to be used are particularly frequently solid oxide compositions or noble

metals (e.g. Ag). in addition to oxygen, the catalytically active oxide composition may

contain only one other element or more than one other element (multielement oxide

compositions). The catalytically active oxide compositions used are particularly fre-

quently those which include more than one metal, in particular transition metal, ele-

30 ment. These are referred to as multimetal oxide compositions.

As a consequence of the generally marked exothermic character of most heterogene-
ously catalyzed gas phase partial oxidations of organic compounds with molecular
oxygen, reaction partners are typically diluted with a gas which is substantially inert

35 under the conditions of the heterogeneously catalyzed gas phase partial oxidation and
is capable of absorbing the heat of reaction released with its heat capacity, thus having
a favorable effect on the reaction rate.
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aiso be carried out in one stage (both’steps in one reactor); cf., for example, EP-
A 990636 and EP-A 1106598) heterogeneously catalyzed gas phase partial oxidation
of at least one organic compound when the target product is removed more or less
selectively (for example by absorption into a suitable solvent; cf., for example, DE-

30 A 19606877) from the product gas mixture. in general, it consists predomionantly of the
inert diluent gases used for the partial oxidation, and also of steam typically by-
produced in the partial oxidation and carbon oxides formed by undesired complete
secondary oxidation. in some cases, it also contains small amounts of oxygen which
has not been consumed in the partial oxidation (residual oxygen) and/or unconverted

35 organic starting compounds. Typically, only a portion of the residual gas is used as
cycle gas. The remaining amount of residual gas is normally incinerated.

A heterogeneously catalyzed gas phase partial oxidation is normally carried out over a
fixed catalyst bed or in a fluidized catalyst bed.
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Typically (for example in the case of acrylic acid and in the case of methacrylic acid),

the target product removal from the product gas mixture is carried out via extractive,
25 fractionally condensing and/or rectificative separating processes in separating columns

containing separating internals, through which the product gas mixture is conducted

(cf., for example, DE-A 19606877, DE-A 19631645, EP-A 982289, DE-A 19740253,

EP-A 982287, EP-A 1 041 062, EP-A 778 255, EP-A 695 736, DE-A 19 501 325 and

EP-A 925 272). The residual gas which remains, as already described, is used, if re-
30 quired, as cycle gas for diluting the starting reaction gas mixture.

To convey the reaction gas mixture through the catalyst charge of the heterogeneously
catalyzed partial gas phase oxidation, and also through the downstream workup, a
pressure differential is required between reactor inlet and residual gas outlet.
35
In practice, this pressure differential is typically generated by adjusting the starting re-
action gas mixture, before its entry into the oxidation reactor to an elevated pressure
compared to the air pressure of the environment. These pressures are typically from
0.2 to 5 bar gauge (bar gauge means elevated pressure compared to normal atmos-
40 pheric pressure) or more, frequently from 0.5 to 4.5 bar gauge and in many cases from
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25 These constituents (for example the oxygen source, air, and the diluent gas source,
cycle gas) can be compressed in spatially separated compressors or in a single
commpressor (cf. Fig. 1 of EP-A 990636). if required, a plurality of heterogeneously
catalyzed gas phase partial oxidation processes can be supplied via an air compressor
with compressed air (for example via appropriate feed lines).

30
The portions of the charging gas mixture {starting reaction gas mixture} which stem
from various sources and are substantially at (or brought to) reactor inlet pressure are
then, coming from several lines, initially mixed in a, for example static, mixer {generally
chambers with internals which generate turbulences), and subsequently optionally

35 heated to inlet temperature and then fed to the oxidation reactor (the entry of the indi-
vidual gases into the line fed to the static mixer is appropriately selected in such a way
(both in sequence and amount) that the formation of explosive mixtures is prevented
(in the case of a partial oxidation of propylene to, for example, acrolein and/or acrylic
acid, this entry sequence could appropriately be, for example, first cycle gas and/or

40 steam, then crude propene and then air).
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creasing the cross section. In one-stage compressors or downstream of the last stage

25 of multistage compressors, spiral housings are frequently used. The housing of this
type encloses the rotor in spiral form. The cross section increases toward the pressure
outlet. The gas flowing through is thus slowed down which implies a simultaneous
pressure increase.

30 Instead of the spiral, it is also possible to use stators, particularly in the case of multi-
stage (e.g. 1- to 3-stage) compressors. The stator is installed in the housing and is in
the form of an annular space. it encloses the rotor. Guide blades which form channels
with one another which widen continuously in an outward direction are arranged in the
stator. In this embodiment, the gas is not accelerated directly into the housing but first

35 flows through the blade channels of the stator. Owing to the widening in the flow direc-
tion, they once again produce a decrease in the fiow velocity and the consequent pres-
sure build-up.

In multistage compressors, compressed gas (for example air) may advantageously be
40 withdrawn downstream of each compression stage. This then enables, for example,
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fact that whbEni w2k gf theggfited at the outset), it may, for example, be the organic precursor
25 compound to be partially oxidized (for example butadiene, propylene, isobutene, ac-
rolein, methacrolein), or the target product (for example acrylic acid, methacrylic acid,
acrylonitrile, methacrylonitrile) or an intermediate (for example acrolein or methac-
rolein)). Especially in the case of cocompression of air and cycle gas (according to DE-
A 102598023, the compression of the cycle gas and air can be carried out in two sepa-
- 30 rate radial compressors which are driven by two separate motors, or in two compres-
sors which are operated with one motor or in a single compressor which is driven by
one motor), polymer particle formation starting from such residual monomers in the

course of compression is virtuaily unavoidable.

35 However, detailed analyses of long-term experiments have shown that neither the rec-
ommendation of DE-A 10258023 nor that of EP-A 990636 is completely satisfactory.
Rather, it has been found that, surprisingly, very fine solid and/or liquid particles (hav-
ing a longest dimension of generally < 100 pm, frequently from = 0.1 or 2 0.2 to 50 pm)
present in the tiniest amounts in air used as an oxygen source actually have a nonneg-

40 ligible, adverse effect both in the course of air compression (even when this is carried
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con- 25 pending on the main forces acting, a distinction is drawn, for example, between the

following separation principles:

- impingement, impactive and centrifugal forces in deflection separators,
- centrifugal forces in centrifugal separators,

30 - impactive action and adhesive forces in filtering separators,
- electrostatic forces in electrofiiters.

In other words, gas cleaning apparatus which employs a mechanical separating opera-
tion and is suitable in accordance with the invention is, for example, chamber, im-

35 pingement and centrifugal separators which utilize gravitational forces. However,
acoustic separators can also be employed for the process according to the invention.
Preference is given to aerocyclones. In a simple manner, the mechanical separating
operation used in accordance with the invention may also be filtering.
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tion of very fine particles on the filter element) and diffusion, although other factors
25 such as gravity and electrostatic forces also have an influence. Although the filtration is
not a pure sieving procedure (surprisingly, the particles separated by filtration in the
process according to the invention are frequently substantially smaller than the pores of
the filter medium), narrow-mesh filters have a higher degree of efficacy in the process
according to the invention than wide mesh filters, although at the cost of resistance, i.e.

30 economic viability.

It is appropriate from an application point of view to use fabric filters, among other fil-
ters, for the process according to the invention. Suitable in principle for the process
according to the invention are filter fabrics made of natural or synthetic fibers. In other
35 words, both filter fabrics made of PVC, polyamides (Perlon®, Nylon®), wool, polyacry-
lonitrile (Redon®, Dralon®), polyesters and polytetrafluoroethylene (Teflon®), and sili-
conized glass fabric are suitable in accordance with the invention. According to the
invention, random fiber webs of the same materials can also be used instead of the
fabrics. They usually consist of synthetic fibers which are applied to a support fabric
40  with the aid of a needle process (for example polyester fibers on a polyester gauze) or
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preferably at least 99%.
25
Typically, the filter fabric or web will be replaced by new fabric or web (or passed to its
cleaning) at the latest when the pressure drop at the aforementioned superficial veloc-
ity has risen by 10 mbar, preferably only by § mbar, more preferably only by 2 mbar.

30 The rate at which the air, for example aspirated by a radial compressor, flows to the
filter fabric or web in the process according to the invention is frequently from 0.5 to
3 m/s.

It is essential to the invention that the filter fabric or web does not significantly stretch
35 under the superficial velocity of gas to be filtered.

In addition, the stretching of the filter fabric or web in the temperature range from about

-30°C to +50°C (typical possible external temperatures) should not change signifi-

cantly. In particular, the filter fabric or web should not become brittle at the possible low
40 external temperatures.
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tenper at ur esyefahn Ry bittkfs, for example in series or parallel design. The aspirated or blown-in
15  crude gas (according to the invention, normally the air) generally enters the bags from
below, passes through the filter fabric (cloth), deposits the very fine particles present
therein on the fabric and leaves the filter at the top as clean gas.

A more space-saving design is what is known as a flat filter. The dust is retained in
20 filter bags which consist of frames covered with filter cloth.

The cleaning of used filter fabric can be carried out, for example, by compressed air
flowing in the opposite sense and/or by vibration. Instead of cleaning, the fabric can be
replaced by fresh fabric.
25
in a particularly advantageous manner from an application point of view, an embodi-
ment as a fully automated roll belt filter will be selected for the process according to the
invention (for example according to Fig. 4 in Ullmanns Encyklopédie der technischen
Chemie [Ullmann's Encyclopedia of Industrial Chemistry] 4" edition, Verlag Chemie
30 (Weinheim), Vol. 2 (Verfahrenstechnik | [Process Technology 1]}, 1972, p. 238. When
an adjustable pressure drop rise has been attained (generally from 0.05 to 10 mbar or
from 0.1 to 5 mbar), the motor drive is activated via a pressure differential control and
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needl ed to pol yester gauze and, at a superficial velocity of 5000 n8
(STP)/nm2 h and a pressure drop of from@2l 5 to 5 nbar in the fresh state,

ach| eve the f cqrdi N EN 77 I lter Iass
These rig g T bl et et rethigel FabPathe erpureatinn bt &fmAl bacea

on the total thé\‘c%ﬁspﬁ'@'@%todfeshlf@erd%ﬂ“ﬂ hasibegn gtaingdrAgainsi ze) 50. 5pnD- 5%

z0. 5and: 51 pnl5-35% 2z 1 and :5 3 pnB0 - 55 % a3and55pn60- 90% ?5and5

%g}rjngiaggi% I%Q)n@%?sﬁlgcémlﬁc‘ldkr?ﬂt EQE?I%%%A% g? Bégrggg lh %sstt%[]dg }alfl filled,
class G & (D“RP'EN Her §psh Atanbeltis sypplisdycaniipyeysly atra logfate; Inskead §@nnbwa9

enbodi ment ofredhefitter belbmndsebre‘ssiu’eeirsp tantrol, ltiee (il Gek fiterasabGiish hﬂgsdp@hémm i n-
vention is bgghid éo‘?ﬁrﬁf ér%rxaﬁé%r@e?yi @d%?%}i es or parallel design. The
: T A

aspirated or bl own- cru gas (according to the invention, normally the
air) generally enters the bags from bel ow, passes through the filter fabric
(cloth), depsisrnativelyefiltezcandiesiearpaise be ussd for bmeprocesstaecardingdo thehinventibni ¢ and

| eaves t fﬂ\és‘%raré‘%lsﬁé'l?ﬂt Iéhert ﬁﬁdggg{f‘ﬁoroﬁs "E&Fé‘rné%@(%1l§%¥)b%9p&%blg” s

what is known a [ S retaln

whi ch consi sf9 %fsthP e(':"d(}%%%gf lFFI) qre|cylinders whigh a"len%loﬁﬂ epé'rﬁr}?é'qeﬁa ed
filter fabrisealshatiiiee cpen érgtindhe botfoom obthe rpparatusyaccammodatingdhernr The diowi ng i n

the opposi t ens@HRRLBAMIO holdw MiiRGEH M thel REdi®aRwald S8 MudGurifiée fabric can
be replaced by fresh fabric. 25 In a particularly advantageous manner from

an application point of view, an enbodi- nent as a fully automated roll belt
filter wi5| Appropiliately.che pisfitratien piy the pmceag aenonding ta the inventisnis samried out inor

exanpl e accog giurdlint 6f stages (for eXarkple HR6 BagEE)C kPl §pe&for tRCtel ttdiRA Chemi e

u | E 4 Ch
50 (Vel nhei n%‘%%%%‘*ﬁ%?@% AR e tRRb il e L0 S By o4 %tg%agém b,
238. Wen afPssiteiBiosh rectanqudan fiter @ff‘-@ﬁ“ﬁ)sl C@élnﬁa%flt%@fpvhmctr &E'rfé@r elgewebal | y
from 0. 05 t oarddbatfitero(bagishapadiilter eRnentipaedtangbisr fravter drive is activated

via a prggsure differential control and
For the second filtering stage, useful filters are in particular bag filters and cassette
filters.

In the higher filtering stages, higher filter classes (“finer filters”) are appropriately used.
25 A favorable combination would be, for example, a bag filter for the first stage and a

cassette filter for the second stage. A further possible combination is a roll belt filter in

the first filtering stage and a bag filter or cassette filter for the second filtering stage.

A suitable combination for a two-stage air filtration is also the pairing of a filter of the

30 GAE YTS Roll type (Manufacturer: Airguard Industries) for the first filtering stage and a
filter of the Koch Multicell 95-K9242412 (Manufacturer: Koch Filter Company) for the
second filtering stage.

Preference is given in accordance with the invention to the filter classes F6 (lower filter
35 class) to F9 (higher filter class) according to DIN EN 779 and/or ASHRAE 52.1.

Oil-wetted metal filters are also suitable in accordance with the invention. Especially
suitable for the process according to the invention is, for example, a rotary filter with oil-
wetted metal filier ceils. The filter cells are circulated continuously in a paternoster-like



PF 54790 12 g Héd:i ent filter belt is supplied that the target value of the
pressure drop %for exanple that corresponding to fresh filter belt) has
been attained again. In one possible enbodinment, the roll belt filter can

al so be operated in a steady-state 5 mamger, i.e. fresh filter belt is

supplied coni I 10 t | hst.ead, of, suppl yi fresh filter belt
under pressuﬁ‘gnﬁé}g’g %rgﬁ{orr gp\fe.w&feﬁ@ﬁcel e?'ﬁcugltei’hq'y aggﬁg%c’]@?d’otﬁroé‘g BIC}ie@ﬂ"un-
der time coningyessel ard ensigntis pavkedand mevdpyetted pereer natively, filter candles
can al so be used for the process according to the invention. 10 These are
usual ly filt m LG, t ' | .ol d
I ngs. These gl&:loﬂgﬁ e e%éﬁr;@gﬁ?rggmegﬁéfé?ﬁyé@é@ﬁeﬁﬂaﬁgﬁe.\?d(%w(?ﬁerggtevﬁ !: oé’il’aogg%h one
si de and 5 sededhaithe aecaspalpe Bafitgrad tagethes Mtb #¥ele 98ke appar at us

accommodat i nThe latten is Bppropriate i pantisulahwicargdir &id sycleoddstave Cpmpredeed fnran@ t he
out si de i nwaggy AR airr%éomb? fupified. 15 Appropriately, the air filtration in
the process according to t?’ue I nvention is carried out in a plurality of
stages (for exanple two stages). Useful filter types for the first

filtrati on HEowegeerapractice haarshown itreat filtkdringfod tHeomyicieggdsiis tefrindiymesible, liat filters
(for exappl eqkhdiyiRt heddskhigrs), cassette filters (rectangular filter

el enent), ca?tri cje;’e filters’(cylindrical filter elenent) and bag filters
(bag-shaped filter elenment in rectangular frane). 20 For the second
filtering stHogesuiragditets danl alss lse vsas fonthppredess basortliag td hetimestienehichsatet t e

]t : : E ers, ) ! n {HaSahiedMee off ddnhBEtbd Bowh@EaM, ahd SliRbIel bl dardting R8s, ie. klper

e _appraopr.i ately use 25 avorabl e conbynafiop would be, f
exanpl . a- bEgA ARG Fis Prosatt i e £ o phoist 18- Rl LR e Gt FRatpe e
second stagethemin. Aftehthe ippingeniest enihsifitar materials the mists| ndvoblly ddgdiareeratenin t he
first filterbiigr ptBeeqrAtpAGABuf dflthefiteds. Conespbridindly tdridtruéted bhé aitsre epnd

filtering stggﬂ%b@e%%%??[sgﬂ%gpj%nation for a two-stage air filtration is
I 'Ng of a r '

al so t he pai e he 30 GAE YTS Roll type (Manufacturer:
Airguard Industries) for the first filtering stage and a filter of the Koch
Mul ticell 95HK@R?Ad cortbmruifiquitl droplets Ikahe ghs td I filfepepdiryexafiple thbair) $eeond

filtering,st i ' i nce with the invention to the
filter c?%ss@‘gﬁ%'gg?ﬁ?%rﬁ'"@ﬁft@?g*ag‘g‘n%'ﬂﬁesg@?%&%g (higher filter class)
according to DIN EN 779 and/or ASHRAE 52.1. Ol-wetted netal filters are
al so sui t abl & ig theredare agpropdatelin hcddngance wathtthe imvetdipeshenl thy tensparatald ef ther t he
process accoygl | | 1 Sainyfi rotary filter with
oil- wetted ﬁg%ia%ﬂne}ﬂetégf(fdg%ﬁ@ﬂe éﬁﬁ‘s?lptlée)fm?éﬁ%&%pg%é’i rcul ated conti nuously
in a paternoster-Iike

25 Itis preferably at least 30°C above the dewpoint.

or

In order to ensure the latter, the gas to be filtered, which is fed to the compressor or
aspirated by it, before it is filtered, is appropriately conducted through a heating register
and appropriately heated.

30
In the simplest manner, such a heating register consists of a network of pipes conduct-
ing hot steam. However, it could alternatively consist of an electrically heated wire
braid. It is also possible in principle to use indirect heat exchangers of any type for this
purpose (for example tube bundle heat exchangers).

35

In order to prevent damage to the filtering and/or heating apparatus by coarse aspi-
rated material, it is appropriate to position a coarse-mesh screen upstream of it, which
has an appropriate repulsive action.



PF 54790 13 by a notor drive. Wien the cells circulate, they are
conducted through a clean- ing vessel and constantly purified and newy
wetted here. According to the invention, the air is nornmally filtered al one.
However, it will be appreci- 5 ated that 1ghe air can also be filtered

together wt e . . Q5. | opriate in_particular when air
and cycle ga\g’hge{gec%a% rgg%@%ﬂa%ﬁ&%aﬁéélohz%%%rﬁgl dgé '0%8%&5?96? muﬁgl ver,

practi ce hasstagrRsnAnd pempressectsacapdaly airifas &g/ke addrsktoithe reactiomaidse bet bl e,

i.e. 10 genweshkhe inoividosictssal iy is ddvantagesusditewlst td BpSly @i pratess d2gordmgd f or
t he process t@‘*‘tﬁé’fn%r’ﬂﬂunttfi’tdi?ﬁir.i nvention which, at the same tine or connected
downstream are suitable tfor separating msts, i.e. sub- stances which are

pr esent ith the form of droplets, i.e. liquid, in the gas (for exanple in 15
the air). AfAdvantdgecustpinrepeoriahceowith the ihvdrtien, priniaey binto bé hddad tettise startiral | y

aggl onerate : ; : ' r ;

Cor r espondi nlh€§e%ﬁ§9?%@{%ﬁg§§8lé?l&?dtdépjsélg*re‘ l%'(.:gadr?gpétB ﬁ:él r%é#téoﬂ%g n?i' é’Be find
use. HoweverPetyeenestageswil %]g‘?‘apr&F?ﬁﬂ tegethprand subjpcleq tgaether 1o thelnken-( f or
exanpl e t he thiermechanicald®pardting operatisn.t o foul i ng of, for exanple, the filter
fabric. {3 is therefore appropriate in accordance with the invention when

the tenperatyre of . th s to be filtered or ex |l e of the air) is not
bt the Bewpol Frsurisngina SRS atianianseys fSqiE olthe brssaB A oRIBad HiRta™ 1 1
order to enstignecanthe dejeated evenhwhegetbe contsatsiof veryfiod solishparticlesinfthel air oseche

Comér etssgr t ﬁi'h th@ﬁtﬁi‘tfnﬁtr@%tibb{ ghé mi)@ltﬁ?é% € 150 mMgImf idr kqudTgfhf], &FFH(P'H ﬂgﬂ} ﬁhét/h
conduct e r oug. eat i regi ster. .and appropri at.ed. n the
ci mpl et marAdretOaEns ot e catrier 2 BRI 8Re 1B Toe PR AR i bes
conduct - 1§ ngfinsotolid padicies ipaie generally eddrag/al’t er nat i vel y consi st of an
electrically heated wire braid. It is also possible in principle to use

bundi o heat - TG Paaaa: ey (e nBfiohd! sbilcen: M forto el S Ry 4)°

and/ or heat i Fighigadaresasseoly Wy the hauly spacgvelocitnelstarting reactionsgagypide i at e

t o position ghagtgasmisiore ondle catplybt chargeoespdcialiwin the cab@sf afixeidopr i at e

repul si vey aciyL8k) il fcredded in these processes, an increased amount of starting reaction gas
mixture, and thus an increased amount of compressed air, per unit time are conducted
through the reactor and the catalyst charge.

This means that the process according to the invention is particularly advantageous for

25 continuous heterogeneously catalyzed gas phase partial oxidations of at least one or-
ganic compound in which the hourly space velocity of the at least one organic com-
pound on the catalyst charge is = 120 | (STP)/l of catalyst charge « h (normal loading
extends from 60 to < 120 1 (STP)Yl+ h), or 2 1301 (STP)i+ h, or 2 1351 (STP)/I  h, or
2140 [ (STP)1+ h, or=2 1501 (STPYl + h, or 2 160 | (STP)/l » h. In general, the afore-

30 mentioned catalyst hourly space velocity will be < 600 | (STP)/I » h, frequently < 400 |
(STPYl«hor=<3501(STP)/l+h, or< 3001 (STP)1+h, or <2501 (STP)/1 +h and some-
times < 200 {STP)/ « h.

The aforementioned is especially true when the gas phase partial oxidation is the par-

35 tial oxidation of propene to acrolein or the gas phase partial oxidation of acrolein to
acrylic acid (correspondingly, the aforementioned catalyst hourly space velocities are
the propene or acrolein hourly space velocity).

These high-load partial oxidations can otherwise be carried out as described in docu-
40 ments DE-A 4 431 957, DE-A 4 431 949, DE-A 19 948 241, DE-A 19 910 506,



14 \WWen theppgg.,wase partial oxidation is a partial oxidation perforned in
mul tiple stages, and conpressed secondary air has to be added to the
reaction m xture be- tween the individual stages, it is advantageous

| i kewi se to apply the process according 180 the invention to this air. 5

Phe ot acto o bBeBeeeEPal G408 508 DR MY RTOf o RietBhY B o, O rhe ' °
reaction gas Q@’Q3%57%E€%€n139@%4ﬁages will be conpressed together and

subj ected together to the inven- tive nmechanical separating operation. 10 It

i's surprising,d Fé%to}%ngs 4 Qﬂbﬁ%@qﬁbee%rﬁ?et%ﬁ&forst he procedure according to

the inven- tion can ecte ven en the contents of very fine solid
parti cl esin the air used in the starti ng reaction gas mxture is :5 150
mg/ N8, or S TRDstadihgBeadbion fas ixtorerd thelirepeneyRsihagea badiaboxdutioh typioatly been

carried out RaV@eFLRWH té@r}ﬂ%@“@n@?%ﬁ%ﬁ%ﬁ@ very 15 find solid

particles in air is genera rocess according to the
invention is significant in particular for what are known as high-1Ioad
processes in which the hoprdpgnspacgeneinedigageo{incloding stegmj eacti on gas

m xture 44charging gas mxture) e the pai@l-y5io @_ﬂar ge (especially in the
case of a fixed bed 20 charge) is increased; 1n these processes, an

i ncreased anount of starting reaction gas mxture, and thus an increased
anount of cofipe stediad redation gas mixtune of thecacaoleinggar ghese dartialoxaation typiaiieact or

and the cat ahyssﬁ,eqa@m@co‘ﬁmogmgﬁmrﬁ@@#sﬁﬁ))em%pcess according to the
or

invention is particularly advant ageous 25 ‘conti nuous het erogeneously
catal yzed gas phase partial oxidations of at |east one or ganic conpound in
whi ch th& hourly space vel ociagkpledt : exygent sleamist ingr@asesgyani c com pound on

the catalyst charge is z 120 | =(1S{Pxd B) Qb t6¢ abyal(g3s 3¢harge h (normal | oadi ng
extends from60 to < 120 | (STP)/I  h), or z 130 | (STP)/I h, or a 1351
(STP)/1  h, or 1z 1401 (STP%_/I h, or ? 1501 (STP)/l h, or z 1601 (STP)/I

h. In gener aFxampig agd spEPaBtivReXaMRd catal yst hourly space velocity will be
56001 (STP)/I h, frequently 5 4001 (STP)/I h or < 3501 (STP)/I h,

or . 390 | af STEMdral st of §ibrbaiciBR}ey T and some- times < 200

| (STP) /1 he "af orement’1 oned 1's eSpeci y true when the gas phase
partial oxidation is the par- 35 tial oxidation of propene to acrolein or
t he gas phas&h@exdm@é and tteadanparative asamblel were eaaied \dut in aeroduction plant for

(correspondi B¥ring SGyIRTARICHRER IsAMRFafedliy tHe brddesd bEFRIEA 048! REbAdIAS of " ©
three parallel production lines of which each comprises two multitube reactors con-
25 nected in series. The first reactor serves in each case for partial oxidation of propene to
acrolein, the second for partial oxidation of acrolein to acrylic acid.

The acrylic acid-containing reaction gases which left the second reactors were com-
bined and absorbed in an absorption column with a mixture of Diphyl® and dimethyl

30 phthalate in accordance with DE-A 19 606 877. A portion of the reaction gas (cycle
gas) which had been virtually freed of acrylic acid by washing and consisted mainly of
nitrogen was recycled as a constituent of the charging gas mixture for the first reactors,
while the remaining portion was disposed of. The liquid effluent withdrawn from the
absorption column which consisted predominantly of the absorbent and acrylic acid

35 was fed to its further workup.

The propene used was propene of chemical grade quality. It contained 2 95.0 mol% of

propene and 2 4 mol% of propane and was withdrawn in gaseous form from a line. The

reaction gas mixture leaving the first reactors was cooled and conducted into the sec-
40 ond reactors with the addition of secondary air.



the propene gg ﬂfg@l ein hourly space velocity). These high-load parti al

oxi dations can otherw se be carried out as described in docu- 40 nents DE-A
4 431957, DE-A 4 431 949, DE-A 19 948 241, DE-A 19 910 506, PF 54790 5 15
WO 00/ 53556, EP-A 1 106 598, DE-A 19 910 408, WO 00/53559, WD 00/53558, WO
00/ 53557 and DE-A 19 948 248. The reactors used are normally tube bundle
reactors. The starting reaction gas m xture of the propene gas phase parti al
oxi dati on typhesfimary avgequirgs fopiheslaring ©aaiirigas rokture andithe seror irrati 0):

propene : oxpgRited wereddpirgRadont theanvidbringert tafer usga tlrbo rédialcdnipréssd) (5
to 25). 15 T arﬁké’étﬁHeP&Hﬁ-fﬂFofth@v%%)%\wfﬂféH £ thl Bltolagssa&ra%rgb%rgﬁﬁ B*B?F?\STP))

partial oxidation t

ratio): aeroheatig: re@i'?b@'ﬁ’a edyithhpar of ﬁ@ai“)@&@ the-a'l before ity gpmpyressiqndot o 20)
1 (3 to 30). 38CaMbkeycedas vapaompressecaadpirvedéd Wind-e separhtedadial copipres: of
the pr oductl 5t fRlniHe ,ﬁ%fg,%@rgpbﬁl_ﬁ%dghévo@yg)ar ative exanple were carried
out in a pro uctlon pl ant preparing acrylic acid which is illustrated
by the process of EP-A 784 046. It consists of three parallel production

| i nes of whi The esctors e tube budie reastdrs bithe typeat=sorteddio the2d&ocumentsd i n
series. Jhe f;p[,@tm@ggggﬁagpg(y@jsﬂm each case for partial oxidation of
propene to acrolein, the second for partial oxidation of acrolein to
acrylic acid. The acryl i c acid-containing reaction gases which |eft the
second r eact dhs firstreactopneortainedia fevdthebsandiobies (coaled alitbangitensalt csltuath wi t h a

m xture of Didhpdrétive éBﬁoQ'ZQ@t’@Y!as%Qi AB'sBI i rRadtBrsAEEAESRINE Monkh BaiDEalt 19
606 877. A pg;%bgﬁeg%t%ﬁgaégﬁ%goghgas (cycle gas) which had been virtually

freed of acr d consisted nmainly of nitrogen was
recycl edlds a constituent of the charging gas mixture for the first

reactors, Wrhé ﬂrst PeactorWertl dhargedl withodh Wistipgortainsslyfin adddeddnica witd Bt f | uent
W thdrawn fr gmg Pf ﬁ@%"{ @égegéhfﬂaﬁﬁg %@Hn%ﬂe&@@ vﬁérS%hQF E&’%%‘%’B‘a{é& c%ia the

absor bent an ﬁgy
used was pr ob/éh'@ 9Gf3°r§ﬁ’é¢ﬁ with P@Pé@@mhﬁ’éﬁmﬁ'? 5 of DEHAP £4A S48 iStQ’Sh'Gm % of
Mo1,VsW, 2Cu; 40,).

20
The plant was operated in such a way that 17 t of acrylic acid were generated per hour.
The composition of the charging gas mixture from the first reactors was:

25 from 6 to 6.5% by volume of chem. grade propene,

from 3 to 3.5% by volume of H,O,

from 0.3 to 0.5% by volume of CO,

from 0.8 to 1.2% by volume of CO,

from 0.01 to 0.04% by volume of acrolein,
30 from 10.4 to 10.7 % by volume of O, and, as

the remainder ad 100%, molecular nitrogen.

The amount of air required for the starting reaction gas mixture fed to the first reactors
was 44000 m® (STP)/h. The amount of secondary air required for the second reactors

35 was 12000 m® (STP)/h. The total amount of air to be compressed was thus 56 000 m®
(STP)/h.

Under these conditions, the production plant was in each case operated for eleven
months with the following variations:



propene and EF?M?%#]% of propane and was w thdrawn in gaseous formfrom a
line. The rea gas m xture leaving the first reactors was cool ed and
conducted into the sec- 40 and reactors with the addition of secondary air.
PF 54790 16 The primary air required for 47he starting reaction gas mxture
and the secoggar% al o required were aspirated fromthe environnent together
using a turb faﬂpsorrpressor (manuf acturer GHH, nodel Gv 10/3) and fed
to the process at a pressure of 2.5 bar. A 5 heating register (heated with 4

bar of steanpowagtieh bithe AbatingatgkRr Was a%rmgpaséa Q!a,sttréam 3bfhe c’é%r@és} @ gas

anut sor uy or (LR ARG ERHE YEHenkralble P RRAAF wal ) ter BRLPGT e Bhipnd PIIb. ",
the type 2 Slos Ber(SoobH (Barii, braps named 1BROBANDAT I slass SHUNEN A/900 714, The

first reactors contained a few thousand tubes (cooled with nolten salt, salt

bath tenper dW|th

nol ten salt, ?ﬁé‘ﬁlfer%%r% t:m%?era U%gd%h‘g I%}é?edé%c@%l@erf@@%od}éir@go@hﬁ f| rst
reactors WerEeStsFﬁi}tQE'de%PWﬁ%ﬁ -[ﬂ%ﬂ‘ﬁ’p')éﬁ"if%f@ ared wey 4P-8im’ (Reeagthdd At & feloht Ex-
anple 1 of DESBN)O 046 957 and the second reactors were charged with a
coated cgya- lyst in accordance with preparation exanple 5 of DE-A 10 046
928 (stoichi? try: | F% 2Cu2. 40%% The pl ant was o&grated in_such a way
that 17 t of PSH%PE‘eae eflipemaieralusre suphinah sse funslion @ tsoLluma fiow fate he
char gi ng gasVnintheifresH stete gine the fallbwinggréesause daps AProm 6 to 6. 5% by vol une
of chem grade propene, from3 to 3. 5%by vol unme of H2O from 0.3 to 0.5%

by volune of CO fromO.8 . e—of—COR from 0.01 to 0.04% by
vol une of acrolein, from 10.%4M "7”" o by v@lpdﬁgjaﬂf 2| and, as the
remai nder ad 100% nol ecul ar ni trQ@Qen The anmourd.1of air| required for the
starting reaction gas m xture fegghg the {TTSt gE@ECtors

4000 0.22

5000 0.31

6000 0.42

16  The dust storage capability was approx. 400 g/m?.
The roll belt was controlled via a pressure drop measurement.
As soon as the pressure drop had attained a value of 3 mbar, the filter belt was rolled
20  on until the pressure drop was only 2 mbar (only a portion of the filter surface was thus
replaced by fresh surface, which reduces the total consumption of filter material).
The average degree of deposition was 88.1%.
25 No rotor vibrations could be observed in the radial compressor.
C) Comparative example:
There was free air access to the radial compressor which was screened by a large-
30 mesh sieve for safety reasons only. At the end of the experimental period, uneven
running and shaft vibrations could be observed in the radial compressor. The pressure

drop in the reactors rose more sharply than in B). The selectivity of acrylic acid
formation fell slightly.



was 44000 ”Bpf:% %@h The anmount of secondary air required for the second
reactors 35 was 00 nB (STP)/h. The total anobunt of air to be conpressed
was thus 56 000 nB (STP)/h. Under these conditions, the production plant
was in each case operated for eleven nomgs with the follow ng variations:

PF 54790 17 f t i ster

i sposed, upSk SAnEBr LRI anpl-atan fo. &0/fa)38. fEFoh Ao 24F5aR 08
(regener at ab peovisianal patentanplication Weos 68/5806 16 fileghen Becembert9, (3908 aqye indludeds
filter GrbH (Beelprégent SsphostionssiaitdrafdRORANERcd i | ter class G3 (DIN EN 779).
The filter material consisted of randomy |ayered pol yester fibers on a
rigid, tear- resistant polyester gauze. The filter surface area was 10.8 n2
(breadt h 9. 74Vith regardde the apoysmeptioned tegehings Byeeious sagificatiensiandideviaignser i al
were such t h#&om tas peeskntioveértion afe pdssibie lliiunay fhemforedemssiimed that ke fr esh

state, gave li

20000, 1 30008{1"%8@408@@@% iy %‘@%ggefga'ﬁ #ﬂ%&éﬁé’%&ﬁ@gr @gﬁﬁ%ﬁlﬁ

was appr ox. thahsrasificatydesglivedRareinuas controlled via a pressure drop
measur enent . As soon as the pressure drop had attai ned a value of 3 nbar,
the filter belt was rolled 20 on until the pressure drop was only 2 nbar
(only a portion of the filter surface was thus replaced by fresh surface,
whi ch reduces the total consunption of filter material). The average degree
of deposition was 88.1 % 25 No rotor vibrations could be observed in the
radi al conpressor. C) Conparative exanple: There was free air access to the
radi al conpressor which was screened by a |l arge- 30 nesh sieve for safety
reasons only. At the end of the experinental period, uneven running and
shaft vibrations could be observed in the radial conpressor. The pressure



drop in the f’?%ﬁ‘r@ﬂs rose nore sharply than in B). The selectivity of
acrylic acid ormation fell slightly. PF 54790 18 US Provi sional patent
application No. 60/492726, filed on August 6, 2003 and US provi sional

pat ent application No. 60/530616, filed or® Decenmber 19, 2003, are included
in the presepy {mm.ication by literature reference 5 Wth regard to the
dbovenent i oned taachi ng, nunerous nodifications and deviations fromthe
present invention are possible. It may therefore be assuned that the

i nvention, withi A prbeess deuperdting Recoammend edterd 'n@épwyatb@zé&%é@ﬁmd ina
different vay tgailial e Aiald bnd SAEHIOEHDRERE oy EiabA30ads) Whhee! ai m
1. A process for operating.a continuou eter geneousrfy catal yzecf_ as phase
partial oXi dati oR"¥BiNg19as Byxipreo HeagshtipRip thecd ierstinoe FOMBLHNSHP #81RBIRMNY eact or
whose 5 char gi ngogidzediand toteculan ogglintasdne bridariecampriseaat leastoneaipentydst o be

artiall oxi di : : | ' east
gne di | ugnt gas %Pgﬂgtfﬂﬂrﬁ%ﬂ .g%?pg%@%ﬂ? E@c{ltibﬁﬁ%lﬁt eerg %ﬁ&!{ﬁ %Igﬁétag%eé he
het er ogeneous| y &8t RN3EERATIZ), X000 BY HEIPG Rl PYR AR S Brygemgourss agd Hiernerbot h
as the oxygen sogassowoelfar the chasgibg gameorsmasitioa, wbich hhe bedracampres seals

conposi tjen, whi glroRamnlGes coM r?ﬁ%é@ov@&%ﬂhggbﬁé@uf o [QRTRaSOr froma

| ow starting pressure to, a highe I . pressu I ch colmprises
subj ecting the aPFESSW&s Which cpPHsas Sy Ieﬁ{”@p&hﬁ@'“ %fﬁf?r\l\"gs%w,'m? Nt |east one
mechani cal separ avinpeseretoadtileast biye mieckdnicah eepasating opesationdlyeehich thpeolsked i n

the air can be rggRi¥RE disherséd ifthRH@hDedemeléd.med in claim 1, which is
carried out over a fixed catalyst bed. 3. A process as clained in claim1 or

2, which is carried out at a superatnospheric pressure of fromO0.2 to 5
bar. 20 45 A2pr odayecess asicidimed in ¢laianl vdiichds samed put oves a fixed catalystbas. air i s
conpressed by neans of a radial conpressor. 5. A process as clained in any

of claims 1 o0 4, er ei . St J. Vi .

et hyl eni cal | % unéa‘é%lrma?easg eag cﬁ)ﬂ%ﬁ?g’ %%'ﬁ'g‘ﬁ P@W&%ﬁé&éﬁ@ﬁ%@ ﬁ%tdazg?pr?g%}g)ro g@’eeﬁ'é:ousl y
cat al yzed gas ph&msspgrafirgm @Rti@PAbn. 6. A process as clainmed in any of
clainms 1 to 5, wherein the at |east one organic

20 4 A process as claimed in any of claims 1 to 3, wherein the air is compressed by
means of a radial compressor.

5. A process as claimed in any of claims 1 to 4, wherein at least one chemical
compound having an ethylenically unsaturated double bond is involved in the
25 heterogeneously catalyzed gas phase partial oxidation.

6. A process as claimed in any of claims 1 to 5, wherein the at least one organic
compound is a compound from the group consisting of propene, acrolein, iso-
butene, methacrolein, isobutane and propane.

30
7. A process as claimed in any of claims 1 to 6, wherein the mechanical separating
operation employed is a filtration.
8. A process as claimed in claim 7, wherein the filter used is a filter fabric or a fiber
35 web.

9. A process as claimed in claim 7 or 8, wherein the filter is a fiber web based on
polyester.

40 10. A process as claimed in any of claims 7 to 9, wherein the filter is a roll belt filter.



compound is ﬁ:ggf%ound fromthe group consisting of propene, acrolein, iso-
hut ene, net hac €l n, isobutane and propane. 30 7. A process as clained in

any of clainms 1 to 6, wherein the nechanical separating operation enployed
is afiltration. 8. A process as clainedggn claim7, wherein the filter used

is afilter bric or a fiber .35 web. 9. ocess as clained in claim?7 or
8, wherein t 12 flhp{%qu? ESS'BF?%de'P %SPBIQ%MQ V@@(%&eefﬁterm B3g fﬂﬁr'process
as claimed in any of clains 7 to 9, wherein the filter is a roll belt
INL Iter. FE 51;27.|9?A%&;ce%§ras élaﬁﬁéd?if\%ﬁy%iclﬁinﬁ T'Eﬂﬂ,ﬂlhéféfn@rlfepﬁééﬁui’@dr%pto@tf%%

erein the fi | (o]e s clal. in any o
clainms 7 to 11, #\?\é}sehr@ieﬁu? eS}HPtléns(ZéF éoﬁ}gn@aﬁ%taﬁ%%rfﬁaégﬂogﬁ?&er used is from
0.01 to 0 nbar 2R00Ms(HENMM ¢ital vel ocity of 5 5000 n8 (STP)/n2 h. 13. A
process as claimed in any of clains 7 to 12, wherein the air is conducted

olamad (i any of PRRE 38 bkt BTy of Baintd 1 21, Mhereliubai i PRARERS B0 |
catal yzed gas phBduaba healing apparatushgfose thefilrdtigst one organic conmpound is

one in which the hourly space velocity of the at | east one organic conpound

on the cgjal WEt.ﬁ*b?r;]c%éﬁ% c%iﬂ@&in'an@%?ﬁla(n&éﬁ tolﬁ, %ﬁxeré?h Heehtifudis ©l al med in
claim 14, wherei n the hourly Space’velocity of 'the at _|east onhe organic
conpound on the BelerasgasousiyFatalyzed oas phgsq partigimxidation okat least pag iganiss
claimed in clai ntddpoundds enanintvwidcththerHoyrly space veklcity of thie af lebbteor@torgdréast one

organi ¢ conpound.QfndiHa &ﬁh?‘kgﬁégs%ﬁ?&eisizﬁzﬁi&ﬁﬂ’)‘ﬂrh(.s-rp)/'h- 20 17. A

process as clainmed 1 n any o Inms I"to 16, erein the nechani cal

separating operation enployed is a separation in a cyclone.
15 15. A process as claimed in claim 14, wherein the hourly space velocity of the at

least one organic compound on the catalyst charge is = 130 | (STP)/i+h.

16. A process as claimed in claim 14, wherein the hourly space velocity of the at
least one organic compound on the catalyst charge is =2 140 | (STP)/Ish.
20
17. A process as claimed in any of claims 1 to 16, wherein the mechanical
separating operation employed is a separation in a cyclone.



