PF 55708 }p gg%god for the production of acrolein, acrylic acid, or a

m xture thereof from propane Description 5 The present invention rel ates
to a process for preparing acrolein or acrylic acid or a nixture thereof
from propane, by A) feeding to a first qreaction zone A at |least two
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propane fed in this way to a heterogeneously catal yzed dehydrogenation to
obtain a peedigb,gas m xture A conprising propane and propylene, B):
conducti ng product gas m xture A out of reaction zone A and, in a first
separation 15 zone A, renoving at |east a portion of the constituents,
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C in a second reactl onpg%%e Byi(o charge at | east one oxidation reactor

and, in the at 20 |east one oxidation reactor, subjecting the propyl ene
present i A)pr @eding tgadirst méadtion eor Atab leasiisel gaseowse prdpahecogerisog fdeg

catal yzed gasciphase aPREb He dWHRAldoRiprishé FrQsH”‘BJgggr\l%, ;’%@d%)f@é‘dﬁoﬁ Qo Ke a
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conduct i ng pr dehycltoggastion tetabtain B poaducb@as mixtuiure dncangmieing paohneiamda second
separation ZQEr%pﬁené,e”DVi ng target product present in product gas mxture
B, and, of the remaining residual gas conprising unconverted propane,

nmol ecul ar oxygen and, if appropriate, unconverted propyl ene, recycling
at | east B) poearidontirgOprodugd gias midurent oulval reastiop zommA and nio ladfit skl sspamkiggen

and, h# appropdreAh GemoWing @Mt £8brabi0BYthe REnABuMRE offer iR RbpdrRastd tWwo
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pol ymer s whi chiixiure Aépphprsitl propaneaacthplopyledd sper sed i n aqueous nedi um -
as a binder. Acrolein is an inportant internediate, for exanple for the
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acrylic acid or a mixture thereof as the target product and also excess molecular
oxygen,
25 B | |
D} conducting product gas mixture B out of reaction zone B and, in a second _
separation zone B, removing target product present in product gas mixture B,
and, of the remaining residual gas comprising unconverted propane, molecular
oxygen and, if appropriate, unconverted propylene, recycling at least a portion
30 comprising unconverted propane, molecular oxygen and, if appropriate,
unconverted propylene as one of the at least two propane-comprising feed
streams into reaction zone A.

Acrylic acid is an important basic chemical whose uses include as a monomer for

35 preparing polymers which are employed, for example, dispersed in agueous medium,
as a binder. Acrolein is an important intermediate, for example for the preparation of
glutaraldehyde, methicnine, folic acid and acrylic acid.

The process, described in the preamble of this document, for preparing acrolein or
40  acrylic acid or a mixture thereof from propane is known (for example from

WO 01/96270, US 2003/0187299 A1 and from the documents DE-A 10245585 and

DE-A 10246119 and the prior art cited in these documents).
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In theP;gr%%gses for renoving target product present in product gas
mxture B target product is transferred fromthe gaseous into the
condensed phase, for exanple, by absorptive and/or condensative
measures. Useful absorbents include, faor exanple, 5 water, aqueous
solution and/or organic solvent. In the course of this "condensation" of
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appropri ateidudnggverted propylene. In the further course of the 30

extractive, distillative, crystallizative and/or desorptive renoval of
the target product fromthe condensed phase, this unconverted propane
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from the condensed phase, this unconverted propane and, if appropriate, propylene is
normally recovered as a constituent of at least one further gas phase and preferably
recycled into reaction zone A. This may be effected, for example, in a mixture with the
main residual gas (in that case, referred to in this document as overall residual gas).
35 However, it may also be effected in the form of independent gas streams to be recycled
info reaction zone A. The latter may be oxygen-free or else oxygen-comprising
(secondary residual gas) (for example, when it is obtained by stripping by means of air
or at the top of a rectification column flushed by means of air as a polymerization
inhibitor).
40
In the context of this invention, main residual gas, overall residual gas and secondary
residual gas are all residual gas comprising unconverted propane, molecular oxygen




In the corgeadzogfl this invention, main residual gas, overall residual gas
and secondary residual gas are all residual gas conprising unconverted
propane, nol ecul ar oxygen PF 55708 3 and, if appropriate, unconverted
propyl ene which can be recycled into reaction zone A According to the
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a process has g rl) r|n% acrolern or ¥ (% aclL.d or a
described above but simultaneously dividing the product gas mtxtu e A formed In
30 reaction zone A into two portions of identical composition and recycling one of the two
portions into reaction zone A as the hydrogen source. However, a disadvaniage is that

the deactivation rate of the dehydrogenation catalysts in this procedure is not fully

safisfactory.
35  ltis therefore an objebt of the present invention to provide a process, improved over
the aforementioned processes, for preparing acrolein or acrylic acid or a mixture

thereof from propane.

_ Accordingly, a process has been found for preparing acrolein or acrylic acid or a
40  mixture thereof from propane, by

- A) feeding to a first reaction zone A at least two gaseous, propane-comprising feed



40 m xturepghergof from propane, by A) feeding to a first reaction zone A
~at | east tvvo gaseous, propane-conprising feed PF 55708 4 streams, at

| east one of which conprises fresh propane, and, in reaction zone A,
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dehyd ti A d
or oyl ene. ( pr odliet =0 dt e e PE R opBFarR e Gofirbo e i [ LOh PR ar s
hydrogen), B) #4hirsiiog ihelf nserangded @abtsmayttgraéweﬁeromna@ﬂsly@atadyzeﬁ zone A
and, tltn a Il I StietfaREALticAMNo oBRiIea &odnetrga\élmlgtu?é Alceﬁ:@hs@g@ﬂiﬁah@ragaftthe
constituents in_product gas
m xture A, and&]&)gﬁgné {bg&d%[ E‘F@%g‘ Wlﬁ)agﬁé(rafiy ﬁ?ﬁ g?lﬁﬁrseAm I(?B@BI’I Si ngg

pr opane® and prwgﬂﬁ\ C in a second reaction zone B to charge at | east
one oxi dation reactor and, in the at |east one oxidation react or,

subj ectin to a
(seJI ecti vg he? erd g%@gﬁ%& 8%at éi“ifgé“b‘g Lag’gpeﬁﬁg‘g%z%)gr%%ﬁq ’B%F‘&%PFB?PR%’ wth
mol ecul ar oxy g&ifets rgm\énaaqdfsaﬂ@oqo e eensétuBnisoatber thandgrepanslasin or
acrylic acid ofropylsheprésent iRt g mixeuré Ar 868 uSh@eBIBAiniAY Pralugogaxcess

ol ecujar oxy,g&mreR) %ﬂ%ﬂgeérgga &%B%ﬁg% m xture B out of reaction

zone B and, in a sécon para on zo renovi ng target product
- present in product gas mxture B, and, of the renaining (min and/or
secondary ©y oOwersgcbid reasiichisdnedid charge atdédsg onsl BLOANLET regctopaal antde at

ol ecul ar %Y Gedst B ’ox#d}atI@rPr%lE:&BF 'sﬁfq%etn’{é’}gg@)’cﬁ{y lead pré’sre%%' p?&?uctp%yf' '7209/0

at least a portion g
by vol ume and MEbte r@r%ﬁsaispl eaﬁeteé?aein%wy @qiag@ﬁ Qfﬁs ré*e?@ﬁ Pagaboxigation

i ndi vitiial | 'y owittt ieleovler atygen esgidelalprghst gdsdmixtore B gonsiridingl acgasinand/ or
the secondar Y?Jrﬁé'aﬁwadr Affdube AR 2S ‘tH&aF&{&%Fﬁ‘b‘ﬁH% Qé&@f’d& rr[?(iaé lar

oxygen and, $ roprlate unconverted ene as one o Ieast
two propane- cO¥BFTsing feed streans into reaction zone A wherein this
recycling into reaction zone A along the reaction path of the
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secondary residual gas)) comprising unconverted propane, molecular oxygen
and, if appropriate, unconverted propylene as one of the at ieast two propane-
comprising feed streams into reaction zone A, wherein this recycling into reaction
zone A along the reaction path of the heterogeneously catalyzed
30 dehydrogenation of propane in reaction zone A is effected such that, af the feed
point, at least 5 mol% of the (total amount of) propane fed (beforehand) to
reaction zone A via the other feed streams has already been converied under
dehydrogenating conditions in reaction zone A'(based on single pass through
reaction zone A).
35
When the entire amount of the {(main and/or secondary or overali) residual gas
obtained (overall) in separation zone B is not recycled into reaction zone A in the
process according to the invention, this other portion, as already mentioned, may be
used further, for example, for the purpose of energy or synthesis gas generation or as
40  adiluent gas in reaction zone B. However, generally at least half or two thirds (i.e. 50%
by volume or 66.6% by volume), preferably at least three quarters and most preferably
the entire amount of the aforementioned (each individually with regard to the main
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dehydr ogeapioiAg of eompetiartoothet than @aspsdesi on in the heter ogeneously _
catal yzed dehydrogenation) of this propane. 35 In this docunent, the
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the sa0e propane fed to reaction zone A via the (other) feed streams other than the residual gas
from separation zone B through reaction zone A as a function of the dehydrogenating
conversion (the conversion in the heterogeneously catalyzed dehydrogenation) of this
propane.

35 In this document, the starting reaction gas mixture or else charge gas mixture fed to
reaction zone A will refer to the sum of all gases fed with the fresh propane at the same
level on the reaction path in reaction zone A.

According to the invention, the {main and/or secondary or overall) residual gas along
40  the reaction path in reaction zone A is recycled into reaction zone A such that, at the

feed point, at least 10 mol% or at least 15 mol%, preferably at least 20 mol% or at least

25 mol% and even more preferably at least 30 mol% or at least 35 mol% and at best
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30 conditions in the inventive reaction zone A, the thermodynamic conditions in reaction
zone B are substantially not influenced by the molar reactant ratio, since the selective
heterogeneously catalyzed gas phase partial oxidation of propylene to acrolein or to
acrylic acid or to a mixture thereof is under kinetic control.

35  The ratio of the amount of propane which is fed to reaction zone A via the recycled
(main and/or secondary or overall} residual gas stemming from separation zone B to
the total amount of propane which is fed to reaction zone A via other propane-
comprising feed streams in the process according to the invention will generally be
from 0.1 to 10, or from 0.5 to 5, preferably from 0.5 to 1.5 or from 3 to 5.

40
In one embodiment of the process according to the invention, only one stream of fresh
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30 forced by oxygen present and in which free hydrogen is neither formed as an
intermediate {the hydrogen pulled from the hydrocarbon to be dehydrogenated is pulled
out directly as water (H;0)) nor is detectable, the inventive heterogeneously catalyzed
dehydrogenation refers to a (“conventional”) dehydrogenation whose thermal
character, in contrast to the oxydehydrogenation, is endothermic (an exothermic

35 hydrogen combustion may be included in the process according to the invention as a
subsequent step) and in which free molecular hydrogen is formed at least as an
intermediate. This generally requires different reaction conditions and different
catalysts than the oxydehydrogenation.

40  In other words, the process according to the invention proceeds normally under H;
evolution and especially up to the recycling of the residual gas from separation zone B
into reaction zone A, which is why the reaction gas mixture, at the corresponding feed
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zero) or exothermic (positive). In the inventive manner, it is additionally necessary
30 merely that the recycling of residual gas stemming from separation zone B into reaction
zone A is effected as required in accordance with the invention. Equally, the catalysts
recommended in the aforementioned documents may be employed in the process
according to the invention.

35 Typically, the heterogeneously catalyzed partial dehydrogenation of propane to
propylene requires comparatively high reaction temperatures. The achievable
conversion is normally restricted by the thermodynamic equilibrium. Typical reaction
temperatures are from 300 to 800°C or from 400 to 700°C. One molecule of hydrogen
is generated per molecule of propane to be dehydrogenated to propylene.

40 S

High temperatures and removal of the H, reaction product shift the equilibrium position’

in the direction of the target product.
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zone (i.e. are emc altered to an extent of less than 5 nmol % -
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generally oxidic support. Among others, it is thus possible to use all dehydrogenation
30 catalysts which are recommended in WO 01/96270, EP-A 731077, DE-A 10211275,
DE-A 10131297, WO 99/46039, US-A 4 788 371, EP-A-0 705 136, WO 99/29420,
US-A 4 220 091, US-A 5 430 220, US-A 5 877 369, EP-A-0 117 146, DE-A 1998 37 196,
DE-A 199 37 105 and DE-A 199 37 107. In particular, it is possible to use the catalyst
of example 1, example 2, example 3 and example 4 of DE-A 189 37 107.
35
These are dehydrogenation catalysts which comprise from 10 to 99.9% by weight of
zZirconium dioxide, from 0 to 60% by weight of aluminum oxide, silicon dioxide and/or
titanium dioxide and from 0.1 to 10% by weight of at least one element of the first or
second main group, of an element of the third transition group, of an element of the
40 eighth transition group, of the Periodic Table of the Elements, lanthanum and/or tin,

with the proviso that the sum of the percentages by weight is 100% by weight.
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30  Itis characteristic of the partial heterogeneously catalyzed dehydrogenation of
propane, as already stated, that it proceeds endothermically. This means that the heat
{energy) required for the attainment of the required reaction temperature and for the
reaction has to be supplied to the starting reaction gas mixture either before and/or in
the course of the heterogeneously catalyzed dehydrogenation. If appropriate, the

35 reaction gas mixture has to withdraw the heat of reaction required from itself.

In addition, it is typical of heterogeneously catalyzed dehydrogenations of propane,
owing to the high reaction temperatures required, that small amounts of high molecuiar
weight organic compounds having a high boiling point, up to and including carbon, are
40 formed and are deposited on the catalyst surface, thus deactivating it. In order to
minimize this disadvantageous accompanying phenomenon, the propane-containing
reaction gas mixture which is to be passed at elevated temperature over the catalyst
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30 the reaction tubes. 1t is favorable to apply this direct form of catalyst tube heating only
to the first about 20 to 30% of the fixed bed and to heat the remaining bed length to the
required reaction temperature by the radiative heat released in the course of the
combustion. In this way, an approximately isothermal reaction is achievable. Suitable
reaction tube internal diameters are from about 10 to 15 cm. A typical dehydrogenation
35  tube bundie reactor comprises from 300 to 1000 reaction tubes. The temperature in the
reaction fube interior varies within the range from 300 to 700°C, preferably within the
" range from 400 to 700°C. Advantageously, the starting reaction gas mixture is fed to
the tubular reactor preheated to the reaction temperature. it is possible that product
gas mixture A leaves the reaction tube with a temperature which is from 50 to 100°C
40 lower. However, this outlet temperature may also be higher or at the same level. In the
context of the aforementioned procedure, it is appropriate to use oxidic
dehydrogenation catalysts based on chromium oxide and/or aluminum oxide.
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surrounding 30 the reaction tubes. It is favorable to apply this direct
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conducted per hour through one liter of catalyst bed. The hourly space velocity may
also be based only on one constituent of the (starting) reaction gas mixture. In that
case, it is the amount of this constituent in | (STP)/I*h which is conducted per hour
through one liter of the catalyst bed. Instead of | (STP)/i*h, “h™ is frequently written for
short.
35
The heterogeneously catalyzed propane dehydrogenation in the process according to
the invention may also be effected in a moving bed. For example, the moving catalyst
bed may be accommodated in a radial flow reactor. In the reactor, the catalyst moves
slowly from top to bottom while the reaction gas mixture flows radially. This procedure
40 is employed, for example, in the UOP-Oleflex dehydrogenation process. Since the
reactors in this process are operated quasi-adiabatically, it is appropriate to operate a
plurality of reactors connected in series as a battery (typically up to four). Within the
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dehydrogenation temperature is generally from 550 to 600°C. The heat required for the

30 dehydrogenation is introduced into the reaction system by preheating the '
dehydrogenation catalyst to the reaction temperature. The above dehydrogenation
method is known in the literature as the Snamprogetti-Yarsintez process.

Alternatively to the above-described procedures, the heterogeneously catalyzed

35 propane dehydrogenation in the-proceé.s according to the invention may also be
realized by a process developed by ABB Lummus Crest (see Proceedings De Witt,
Petrochem. Review, Houston, Texas, 1992, P1).

In both aforementioned processes, the inventive addition of residual gas can be
40 effected as a simple feed stream at the point on the reaction path according to the
claims.



het er ogengguslrygcat al yzed propane dehydrogenation in a fluidized bed. 25
According to the invention, it is possible, for exanple, for two
fluidized beds to be operated in parallel, of which one may be in the
state of regeneration fromtime to tinme without negative effects on the
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dehydrogenation. The use of steam, as already mentioned, also has an advantageous
effect on the lifetime of noble metal-comprising dehydrogenation catalysts. If required,
30 molecular hydrogen may also be added as a further constituent. The molar ratio of
molecular hydrogen to propane is generally < 5. The molar ratio of steam to propane
may be, for example, from = 0 to 30, appropriately from 0.1 to 2 and favorably from 0.5
to 1. An advantage of a procedure with low propane conversion is that, on single pass
of the reaction gas through reaction zone A, only a comparatively small amount of heat
35 is consumed and comparatively low reaction temperatures are sufficient to achieve the
conversion. '

As already stated, the propane dehydrogenation may also be carried out in accordance
with the invention (quasi-)adiabatically and endothermically. The starting reaction gas
40  mixture is generally initially heated to a temperature of from 500 to 700°C (or from 550
to 650°C) (for example by direct firing of the wall surrounding it). On adiabatic pass
through the at least one catalyst bed, the reaction gas mixture wilt then cool by from
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Useful inventive catalyst charges for a heterogeneously catalyzed propane dehydro-
genation are especially the cétalysts disclosed in DE-A 199 37 107, in particular all of
those disclosed by way of example.
35 7
After a prolonged operating time, the aforementioned catalysts can be regenerated in a
simple manner, for example, by initially passing air (preferably) diluted with nitrogen
and/or steam in first regeneration stages over the catalyst bed at an inlet temperature
of from 300 to 800°C, frequently from 400 to 550°C. The catalyst (bed) hourly space
40  velocity of regeneration gas (for example air) may be, for example, from 50 to
10 000 h™' and the oxygen content of the regeneration gas may be from 0.1 or 0.5 to
20% by volume.
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In the simplest case, the fixed catalyst beds in a shaft furnace reactor are arranged
axially or in the annular gaps of concentric cylindrical grids. However, it is also possible
to arrange the annular gaps in segments one above the other and to conduct the gas

‘ after it has passed radially through one segment into the next segment above it or

35 below it.

Appropriately, the reaction gas mixture is subjected to intermediate heating in the tray
reactor on its path from one catalyst bed to the next catalyst bed, for example by
~ passing it over heat exchanger surfaces (e.g. ribs) heated by hot gases or by passing it
40  through pipes heated by hot combustion gases.

When the tray reactor is otherwise operated adiabatically, it is sufficient for propane



20 accor digpggésgt he invention can be realized as a tray reactor, which
enabl es the "netering of the residual gas from separation zone B bet ween
two trays in a particularly sinple manner. This conprises nore than one
catal yst bed catal yzing the dehydrogenation in spatial 25 succession.

Th talyst b | . to 20 iately f 2 to 8,

o or'se FRBIFSORDORS 50 Rk can s ghuhet Lo aRL AR S BrSosbedini eved

i ncr easi nd¥ErArERAET 107, w;rtdmallmi*roeasnfﬂig axempiry embodisnests, Theondatidhg st beds

g:;& PI:SI Ierré@&thbn%'é& anaed ihd tﬁ@gé@ﬁdrﬁenaﬁ’éﬂ @bgt%t’gr%ﬁgiﬂee% a't_'érﬁﬁérﬁfhre of

catal yot byaﬁ%dn‘{o For i holPanitu il ISl eidh s hERY rBRbore i xea

cat al y$t dddsmpanstheitas enfirgrnmeranerdehipdrogenation aan fnigdw reabidedlat yeryriown t he

ag 2 gl glr egaaﬁp@famwwwlg foudid ltd DS bhgiBliady fad@rabléqwt erifetinte éﬁh@hﬁéﬁt .
| nents one _apove e other an

P’ conducoat BT B o, AR SLerIRRE, b5 AR R o Bt e iRt | nt o

t he next ﬁgﬂf@ﬁﬂfﬁaB@V@mpﬂat@W ceBdurediftd the dapysregrnadipe rsactartpseheaiast toon gas

mxture lwwébte%ﬁeestute@ (tHek & xR Mealptto ITOBLE )Nhdi K pt WEhih kY elelBgt Or on its
path f 'bomté’rﬂ er%a& %@é &ttngltllag et catal yst bed, for exanple by

passi ng It aces (e.g. ribs) heated by hot gases
or by passi ng it 40 through pi pes heated by hot conbustion gases. Wen
the tray neieev@r mofe eduittd sfmoRne tind sisbvadiutipat imt&nadiate heatingdnbfdietent

f P

ot ng e Wy lBy SRR etn GRS RS O oy ATt o mbBoRE! SyBUh HadkiBa],

the exenpliafhp réﬁﬁ@ﬂl&?ﬁﬁ‘?'%*“rec%th@bh%m@t‘”ﬂ% thF%Etth%stﬁ%taW >&e@r Bthak o the
dehydri6gerats te staticd craciisredesathixtliré ehauld esmpristt added dficleduiamydi@enp 5500

and 10 KeShaldl polclh hd B RIRSLRINE 882000 1l RSIedaplNE AL AN dfaFiar - °

This ne tire

an
at very | &Wthe @?ﬁi’éf%ﬁeﬂ?@ CE\WV%W"]%‘*U&W&"&’G”B@ b3 rpitgdgampustionflabl e
for the | infe¢cuter hytiroghe whickeslpresantah it rebetts dastmirtere, thas beeytmeedtn ons.

For hi ghertheP&&J?@e”@f tﬁé’ﬂ&%Foi;‘eﬁ@&JsM &Qali}f‘é%%rb Rihe GRGdFIg8haHdR én'ii/or has
appro e e‘/ a%cg (i% fi g %atbl on reac%oi\?rﬁre ea BS
hi ghe rL?ﬁ &P 309R%Y0 e F?@& O'}&%F 'BB‘ G5y ARE IRERS Nt /N FPPHALION
el evat ed 1oint efpew & nsert catalyet badsummettm reacigr whiele atgr charged witresadalystor e
3/; ;g?gh : g f[i)vr?g%f;Eebﬁl&ﬂ’érlytsﬁéaﬁmy%Mrbél@%télfﬁe@ﬁ?@%&rﬁb&thﬁfﬁ hﬁtﬂoféh aI di rect
e ecul ar
oxygen i st s ﬁlstaﬁxg ?talé(%tf "B:ILF j@oﬁﬁ 0%1“26}?3%7854* 6?&8 ’f | ows
t hrough t hES-Ai4r886 928t HByA 6 458 209 Uﬁﬂﬁﬁ?ﬂﬁtéé%ﬁ\ta@?s@?&aﬂdwg reaction gas
{Zan\)l(\:1 ups o WA;%&@@W ﬁ:‘?es’a@lﬂﬁ@ s"aah%ww b@&@magse)acc@ﬁ%@éte@m e ey t he
e P Fiam Ao e o DR Bt P bbb L TR e
conmbust i omeastion néased|tiaus Allpds signlilsdibiarmal opettientof the hetrrogeneoublyn gas
mxture, RagnRegprdpah&BEhydiogenation in a virtually autothermal manner (the gross:
exothermicity is essentially zero). As the selected residence time of the reaction gas in
30 the catalyst bed is increased, propane dehydrogenation is thus possible at decreasing
or substantially constant temperature, which enables particularty long lifetimes between

two regenerations.

In general, oxygen feeding as described above should be undertaken in accordance

35  with the invention in such a manner that the oxygen content of the reaction gas
mixture, based on the amount of molecular hyd'rogen comprised therein, is from 0.5 to
50 or to 30% by volume, preferably from 10 to 25% by volume. Useful oxygen sources
include both pure molecular oxygen and oxygen diluted with inert gas, for example CO,
CO,, N, and/or noble gases, but especially also air, and nitrogen oxides. The resulting

40 combustion gases generally have an additional diluting effect and thus promote
heterogeneously catalyzed propane dehydrogenation.
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30 a) product gas mixture A is divided into two portions of identical composition and

one of the two portions (as dehydrogenation cycle gas) is recycled into reaction
zone A as one of the at least three propane-comprising feed streams (preferably
as a constituent of the charge gas mixture (starting reaction gas mixture) of
reaction zone A) and of the other portion of product gas mixture A (preferably all

35 of the other portion) is further treated in accordance with the invention in the first
separation zone A, and

by the feeding of the (main and/or secondary or overall) residual gas from
separation zone B into reaction zone A along the reaction path of the
40 heterogeneously catalyzed dehydrogenation of propane is undertaken in such a
~way that, at the feed point, at least 5 mol%, or at least 10 mol%, preferably at
least 15 mol%, or at least 20 mol%, more preferably at ieast 25 mol%, or at least
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.30 the molecular oxygen required for the combustion are advantageously inert diluent
gases.

When, along the reaction path of the heterogeneously catalyzed dehydrogenation in
reaction zone A, another molecular oxygen-comprising gas is conducted into reaction

35 zone A in advance of the recycling of the molecular oxygen-comprising residual gas
from separation zone B, irrespective of the specific configuration of reaction zone A, it
is appropriate in accordance with the invention to make sure that such molecular
oxygen added in advance does not too greatly reduce the hydrogen content in the
reaction gas mixture in reaction zone A up to the feed point of the residual gas

40  comprising molecular oxygen to be recycled from separation zone B.

According to the inventibn, the residual gas recycled from separation zone B into
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. in this second section of reaction zone A, with formation of product gas mixture A
comprising propane and propylene, combusting molecular oxygen present in
reaction gas mixture A* with molecular hydrogen present in reaction gas mixture
A* under heterogeneous catalysis to give water (advantageously at least

40 25 mol%, preferably at least 50 mol%, more preferabiy at least 75 mol%, better
at least 90 mol% and at best at least 95 mol% of the amount of molecular oxygen
present in reaction gas mixture A*) and dehydrogenating propane present in
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catalysts for the second section of reaction zone Aare all of those
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adiabatically. In the latter case, preference is given to an endothermal to autothermal
gross thermal character over the first reaction section of reaction zone A based on
30 single pass of the starting reaction gas mixture added (fed) to the first section of

reaction zone A through the first section of reaction zone A.

The reaction conditions in the second section of reaction zone A (reaction temperature
(for example from 400 or 500 to 800 or 700°C), reaction pressure (for example from 1

35 to10orto5orto3 bar) and hourly space velocity on the catalyst bed of reaction gas
mixture (for example 500 {or less) to 80 000 (or more) | (STP)/I*h)) may in principle be
selected similarly to in the first section of reaction zone A.

In principle, the second section of reaction zone A may also be configured isothermally -
- 40  or adiabatically. in the latter case, preference is given to an exothermic gross thermal

.character over the second reaction section of reaction zone A based on single pass of

the starting reaction gas mixture (reaction gas mixture A*) added (fed) to the second
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combustion gases, for example tubes. :

In the context of the process according to the invention, the above-outiined
intermediate heating is, however, preferably carried out at least partly by a direct route.

35 To this end, a limited amount of a molecular oxygen-comprising gas (preferably air or
mixtures of oxygen and inert gases such as CO,, N, and noble gases, or pure Oy} is
added to the reaction gas either before it flows through the first catalyst bed and/or
between the downstream catalyst beds.

40  Atone, or at a plurality of, or if appropriate at all, catalyst beds, a limited amount of
molecular hydrogen added beforehand to the reaction gas and/or formed in the course
of the dehydrogenation is combusted. The heat of reaction released thus enables, in
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catal yst beds are flowed through preferably radially or axially by
reaction gas. |In the sinplest case, the fixed catal yst beds are arranged
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a further enbodi nent of the process according to the invention, a bed of
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large number of trays promote the conversion of the dehydrogenation within the first
section.of reaction zone A.

For the second section of reaction zone A, preference is given to employing the same

35 reactor type as for the first section of reaction zone A. However, it generally comprises
only one catalyst bed. Preference is given to using simple shaft furnaces in both
sections. |

The molar ratio of molecular oxygen to molecutar hydrogen (in reaction gas mixture A*)
40 inthe second section of reaction zone A may be from 1:2 to 1:10, preferably from 1:2 to

1:4. In other words, in the second section of reaction zone A, substantially all of the

molecular oxygen present in reaction gas mixture A* may be combusted with molecular
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adlabatlcally exothermlc operation of the second section of reaction zone A) an
elevated temperature and secondly, likewise owing to the oxygen combustion, a low

30  oxygen content and a significant steam content. The hydrogen contents are generally
likewise low. Especially at relatively low dehydrogenation conversions in the first
section of reaction zone A, it is possible to supplement reaction gas mixture A* before it
is fed into the second section of reaction zone A by adding to it external molecular
hydrogen (this is molecular hydrogen which is itself neither a constituent of cycle gas

35 recycled into reaction zone A nor is formed in reaction zone A (or in one of the other
reaction/separation zones of the process according to the invention)) in order then to
attain, for example, the desired temperature of reaction gas mixture A (and elimination
of molecular oxygen therein) in the second section of reaction zone A.

n
I

40  According to the above, such product gas mixture A recycled into the first section of
reaction zone A as a constituent of the starting reaction gas mixture is particularly
suitable to heat the starting reaction gas mixture fed to the first section of reaction zone
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(dehydrogenatlon) cycle gas proportion is from 50 to 70% by volume.

In a very particularly elegant manner, the recycling of aforementioned product gas
mixture A into the first section of reaction zone A can be configured as foliows.

35 '

~Initially, the (main and/or secondary or overall) residual gas, comprising molecular

oxygen, propane and, if appropriate, unconverted propylene (unconverted in reaction
zone B), from separation zone B will be fed to product gas mixture A* by the principle
of a jet pump operated with this residual gas as the driving jet (figure 1 of

40 DE-A 10211275 illustrates this principle; in this document, it should also comprise the
principle of the gjector jet nozzles), and the conveying direction of the driving jet
decompressed through a driving nozzle (1) via a mixing zone (2) and a diffuser (3)
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of a redUQ@ﬁ'ctiahQSﬁélF\eoﬂtﬁebh@r%blﬁllsh%gpm%‘ﬂgés miytuhAch  product gas
m Xture A* is sucked in fromthe first section of reaction zone A and,

while simultaneously mxing with the driving jet, is transported as
react i26n dfaveriprttigularinerefarradrmgbodimentraf seangon sere A ohtherarasasg aceasdinavi a
the di ffU&@thealn@bmlehaaam@téfcbratc@nﬁgh.ee@g@mndwéan@%qmsqﬁte@fsch@a@ﬁdau irzone A

(1 he nure Gl ¢ BUSICRRTRohE LA Rch S hlenta Shaflia dapurent). The

pressure Vi cessarl & Serect ed (the pressure
setting will normally be effected by neans of a radial conpressor or (in

rel ativel yRdaafieh £ARES 17 conbigired @hddpblast bs Ghesdweddsyritst, ayaal
conpr %Sorcomb rﬂahl)r?\g? AL SRBL. ﬁeéc?ﬁaég “l%p Lémlt and “two-section variant”, and the

following measures are additionally fulfilled:

L. at least one feed stream comprising gaseous propane, which comprises fresh
propane (5), is fed to the first section (0) of reaction zone A, and, in this first
35 section of reaction zone A, the propane fed to it is subjected to a
heterogenéousfy catalyzed (partial) dehydrogenation to obtain a product gas
mixture A* which comprises propane, propylene and molecular hydrogen and
which has been obtained by converting under dehydrogenating conditions at
" least 5 mol%, or at least 10 mol%, advantageously at least 15 mol%, or at least
40 20 mol%, more advantageously at least 25 mol%, or at least 30 mol%, very
- particularly advantageously at least 35 mol%, or at least 40 mol%, and even
better at least 45 mol%, or at ieast 50 mol% (but generally less than 70 mol%, or



15 pressure to starting pressure)) in such a way that the pressure of the
product g®¥ s5708ture A formng in the second section of reaction zone A
is above the pressure of the product gas m xture A* which forns in the
first section of reaction zone A. A sinple tube connection between the
outl et of the second section of reacti zone A and the inlet into the

first section g th&R6H R Z8S50 ok ot thaltdth) ARERBNHI b SN Bt ARsiaed as
a 20 T-piece with qu#antl.t ative ogtl on of
€

diyider, in order to’'pass a
product gas meRbnet Raatipdzons /A 1 isstassion i B aoRe ROPPRERPHD | y
suf fici ent toregatien zere 4, pgtemed Prensss satianieansfin turathaselin whicb et i on) ,
recycling (folafrumbatidnad cBhRsSiR AuBbadi Ztr ehil Rpldeq by IS¢ =S(zi/t1uon of
reactlgn zone&% ),f the other portion of product gas m xture A 25 A very
particularly e\f rred enbodi ment of reaction zone A of the process
according to the invention is therefore configured as follows and is -
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foll omng neasures are additionally fulfilled: 1. at |east one feed
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het er ogensediish yf caicidryzend A gandbthk)mid éhaudtiogas alutoterin @Bdaitinllyzgropduct
gas mxture A* which conprises propane, propylene and nol ecul ar hydrogen
and which has been aobtai ned by converting under dehydrogenating

condi 19 onthedirst seglipty of seaglipozong Adg Pretssably tenfigyres ind@y sHuey@ous| y at | east
15 nol % or at |east 40 20 nol % nore advantageously at |east 25 nol % or

at least @@y |sg/|‘hct\{|?er(56 pRAELbIG thAbhYe BLg ,Oﬁ’\ﬁez' Bferd mPxo"R| % o(r)
LR e ek e e L

<_ 50 nol efannfle tmsmaﬁumaca)muadiam ()‘orpaxgapmlmeinﬁimjammjlartgap‘s iof sdnceskict i on of
reactp®n ggR8ricAl idd) ahd afd EcttesPESdihd idveY fhh&,g%a%ngfor} ygp%a?étmn in
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reaction zone A "préferred process variants are in turn thosé i n which
the af or®fenti oned conversion numbers Zu are each replaced by ZuKr =
(Z1/1 + 5 KGY)); the first section of reaction zone Ais operated

subst ant i gltyayaglaat hepbt Yedite® forBa@npleS in £8P8RIkALbYoNELIBAEs
to,nor renoved fromthe first section of reaction

(del i ber at ef'lyl,'éé' fe !
zone A vi ®WEROQ/PIUE di sposed outside the first section of reaction
zone_Zﬁ ; 10 based on single pass of the charge gas mxture of the first
section Ofhelcaftfst BEYFAE Prlerabl) PHERAWIR ddtdipdts HoCoiAthiOfhotgaft i on zone A,
t he gross %_fk(ei%% ,Iﬁldarsactg@&ﬁver[. ﬁ%ﬂe fi rstf sectll on_of reac%hl on . zone Ais
endot her n? 40P (S PEYTYUP TSI TH Y VRLELREMBIENN 5ty Way that when

the catalyst bed is flowed through by a reaction gas whose composition permits a

competition reaction between heterogeneously catalyzed hydrogen combustion and

30 heterogeneously catalyzed propane dehydrogenation, in flow direction, the
heterogeneously catalyzed hydrogen combustion initially proceeds more rapidly;

preference is given to feeding to the starting reaction gas mixture fed to the first section

of reaction zone A neither external molecuiar oxygen nor external molecular hydrogen
35 nor external molecutar steam (in this document, gas fed externally at any point in

reaction zone A (or another reaction/separation zone of the process according to the

invention) refers generally to gas which is itself formed neither in reaction zone A (nor

in one of the other reaction/separation zones of the process according to the invention)

nor is recycled in cycle mode, emerging from reaction zone A, directly and/or indirectly
40  into reaction zone A);

- preference is given fo adding to the (starting) reaction gas mixture {of the first section



15 the firpﬁ_i £R) tion of reaction zone Ais preferably configured in tray
structure; t?’ue ray structure (6) preferably conprises from2 to 20, nore
preferably from2 to 100 and nost preferably from2 to 6 catal yst beds
which are preferably arranged axially ggor exanple in a shaft furnace)

.or radiall for exampl in the annul.ar S..0 oncentfr.i 20. cvlindrical
o has o o gt SR St A TRA RS IR 1 oSBDETih kBB
reacti on bgipse eagfepassdrovgh acetaivst heg: downslecan ehibe firsd catelyahbrdin flow a
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cat al yzed sRy, o £ neously catal yzed propane
dehydr oger?gt/(i @ﬁ%ﬁ%&,}%ﬂcﬂwﬁﬁ%@ﬂgﬁ? %ﬁﬁ@{%geneousl y catalyzed
hydrogen conbustion initially proceeds nore rapidly; preference is given
t o feedi ngréferenhbeissiivanttb ngingaedql) sns@ghanvxybem-eorhpdsinggddi@olvevet itsect i on
of reggti L m| '

mol ecaPar & 53%%?2(% 550 Bl S Ba B LR BB L8 2800y,
fed exter MaiPNG/CANORIR G235 PltNitrepen i i on zone A (or anot her
reaction/ separation zone of the process according to the invention)

ref ers genrbahb b dordaipiRirglbdshak v babdy WRFlcaBid Rl fdfertRchikon zone A
(nor in one of the 0%‘?? r.eacgwr}j segar ati1.on qioneg agf[ tgggdprocess

accor di ng PEESESHROHAN & 5tatisRyixer{8t berareipaieinde HRpErdeigRe emer gi ng from
reactil®on zone A, directly and/or indirectly 40 into reaction zone A);

pr ef er encnd @nfpedfitet WithAdha drst SedtiBR of Adadfidr 2k A 8RrbRPatPRepliaXfrifne ( Of
the first gggtt@c?cl?F 55708 28 of reaction zone A), after 1t has passed

t hr ough t ABYH9 catalyst bed in flow direction, before each pass

t hrough a catal yst bed, downstream of the first catalyst bed in flow

di recti onthedforking prédstite WiGH tRYFiref socBSCHfi redctivbaRrend\A i@ pldfsfablgdroaioBns of a
nol ec?bar %éygen-corrprl sing gas, and the anmobunt of oxygen fed in each
case fo tﬂg gaction gas 5 mxture is restricted in each case in such a
way that the resulting oxygen content of the reaction gas m xture, based

on the hyheogerfing repboh ghdiinais,(9) fad td pfidst SettionSd redctibe zodd8o(ky vol une,

preferabl y, £ com 10t 02k Hony b8 IE70PEQL §F B85 1Rk (ILkeRe Kk Qrateidig, @l r (7)
noé< n- ¢ | a,{%oweer,-ﬁU}l% fg N 83 %ﬂ’e

gas

as such a nrbd/ge TTEI’IS ng gas _ al SO possi to use
pure oxyg&AMHy-Sip HY Ranypeefem U%@é‘?ﬁ@ﬂ@”‘ﬂ@lé@fﬂm@t&ées such as C2, N2

and/ opsnobl e gases or nitrogen oxide; after the oxygen-conprising gas has
been adde t r j nef passes through a static
m xer (8) grBrenf ﬂf‘g E?Jf(gyh?grogéﬁh% b&e\{%re@?n%{f pgéﬁag'leyst' bed; 15

from 310 10 (e.g. 7.5 or 5.5) % by volume of propene,

from 5 fo 20 (e.g. 9 or 12) % by volume of steam,

from 0.01 to 6 (e.g. 3.9 or 4.3) % by volume of molecular hydrogen and

30 from Oto 0.02% by volume of molecular oxygen;

_ the hourly space velocity on the catalyst beds of féaction gas is frequently from 250 to
5000 h™ (in high-load operation even up to 40 000 h'"), preferably from 10 000 to
25 000 | (STP)/I*h, more preferably from 15 000 to 20 000 1 (STP)/1-h;

35
in order to heat the fresh propane fed to the first section of reaction zone A to the
reaction temperature, it is édvantageously conducted in indirect heat exchange (in a
gas cooler of customary design) to the hot product gas mixture A conducted out of the
second section of reaction zone A into separation zone A;

40

apart from those already mentioned in this document, preference is given to feeding no
further external gases to the first section of reaction zone A;



t he tenpepptg5|7§§ within the first section of reaction zone A are
preferably kept at from 400 to 700C, the working pressure within the
first section of reaction zone Ais preferably from0.5 to 20 10 bar;
the starting reaction gas mxture (9) 2®d to the first section of
reaction zone A (its tenperature is preferably from400 to 700C (e.qg.
5600), pressure is preferably fromO0.5 to 10 bar) preferably has the
fol | owi ngsf@cﬂw@m gas pixtyre i farmadgn s firet spctiamofypastion dang W@ﬂemﬁly bas
pr opane, therfollowdng cordént§:e.g. 7.5 or 5.5) % by vol une of pr opene, fromb5
to 20 (e.qg. 9 or 12) %by vol une of steam from0.01 to 6 (e.g. 3.9 or
- 4.3) % by u ecul ar drogen and O fromO to 0.02% by vol une
of m)l cufrgm St)tg‘;&e("nby‘fq{‘émﬁé%gi pzofg/e Vé‘P'HB‘IeSQfWﬁp?"Ffe cat al yst beds of
reacti on fgaw 3 to Riepuetthy (£.0090258 Hyoolubss) ®f ptopene, hi gh-1 oad operation

cven up, | fofl® @0y louib gt 81 a0by SR BIIARANG: > 000 1| (STP)/Ih, rore

preferabl fro er to heat the
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reaction tr@rmﬁbto@t(lﬁ“/ebywoium ddwdenubayesygany conducted in indirect heat
exchanpge (in a gas cooler of customary desi gn) to t he hot product gas

separat i ohPBEoK A3 trg"%r? % g1 FTTa00 S P LR renb TRt S Tagedsh™ °
docunent, a;«wéﬂ@@rﬁwre Heruélite Wé@tﬂa ng no further external gases to
the first section of reaction zone A, PF 55708 29 the product gas

5 f bly h
The. for1 obi ng "ianehliet Sonbh o396 s Bliof G barRBfIRoRe RO a L8R Y "eS
vol un® of pr BigRARe and, ifFpPRTgte]l 2069 Yeied afﬂ@yke@e @unoynwte@%' madien une) of
propene, froparke B)erala%ebwaﬁﬁh gome Bas subsdduerntly I&dtoprodat tiyref* st eam
fromo0.1 to 6§)é’dg¥rbté§/é%m§r g %cgord r?c%rw: W&Qan\éﬂ{lm)legt Tgplpﬁa‘&fg a% épf%ﬁ[ (Pgens

and fromO t ecul ar
a tenper at ur ethGee gyaster %@Z‘ﬁ mgstseieraly e @gmmm Ogﬂ\ﬁéﬁ?rﬁﬁéﬁweﬁ a
wor ki ng pr essesiuaf gdsraptaifedib sepaffiobaone B) and iheiresidting/ reactdagasgdary or

overaid) rest filre96% HATH Sy TOLGA AachiaaE a; 15 Propane and, if

appropri at e, unconverte propyl ene (unconverted in reaction zone B),
from separation zone B is subsequently fed to product m xture A*
the residual gas fed to product gas mixture A* comprises generally from 0.5% by

volume to 10% by volume, frequently from 1 to 8% by volume and preferably from 2 to
5% by volume of molecular oxygen;

25
the contents of the (main and/or secondary or overall) residual gas fed o product gas
mixture A* are preferably as follows:

from 10 to 40% by volume (e.g. 15 or 32% by volume) of propane,
30 from 0 to 1% by volume of propene,
from > 0 to 5% by volume (e.g. 3-or 4% by volume) of molecular oxygen,
from 1 to 10% by volume (e.g. 2% by volume) of steam, and
~ from O to 0.5% by volume (e.g. from 0 to 0.3 or from 0 to 0.1% by volume) of molecular

hydrogen;

35 | o
preference is given to feeding the residual gas to product gas mixture A™ in such
amounts that the oxygen content of the resulting reaction gas mixture A*, based on the
hydrogen present therein, is from 15 to 50% by volume, advantageously from 25 to
50% by volume and more advantageously from 30 or 40 to 50% by volume;

40

reaction gas mixture A* (12) preferably has the following contents:



(advant aggg%ﬂfsi n accordance with the invention at |east half,
preferably at [east three quarters and nost preferably the entire anount
of the aforenentioned residual gas obtained in separation zone B) and
the resulting reaction gas 20 mixture 3% is fed to the second section of

reaction zone A resi dual fed Lo produc as_m xture A* conprises
gener al | y?r?%@e?é%%"a%? ﬁeﬁ%g@or @E&V‘gﬁﬁnﬁﬁ@%p@?%ent ly from1l to 8%
by vol uneframd foriéfepuitlyme (& Pbethy vokwmed pf proban® of nol ecul ar oxygen; 25
ny or overall) residual gas fed
a

t he cogt eftbis Ofo d.w/obyr&bmmrtﬂmta@%@@agﬁv | f
to produc 2 *oar [ ef.er . from10 to 40% by
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of propenBOMiGbip 8% by velubw (5ya. ¢# aneolyrae)pf nlepulardwyBipoed] une) of |
nol ecul ar oxygen, from1l to 10% by volune (e.g. 2% by vol une) of steam
and from 2 : 0 B 1% by
vol une) o eﬁ%ﬁng(e:%f{?é?%f %35%5%3%%%%‘%%? ea%g%@gg?%fg{f\r/%ﬁ%p%% é((jabdlgn%' ‘he
resi dual e 408 tpPBYGathg RESsatne al reachien pas Biie Alibadvantageatsly lemok§gen
content obr@.6B¢on2bafting reaction gas mxture A*, based on the hydrogen
presegy therein, is from15 to 50% by vol une, advantageously from25 to
50% by vo] une and re advant Fziqgieo sly from30 or 40 to 50% by vol une; 40
b é%spclpaﬁ

reacti on YESMRINGNHY SREORARSY OffFver 93s 9B SERATRERG AP B Mt ent s PF
55708 30 prefeyabli Gedto pB@¥Mchyasmixture Al €119 by 1ite princ88oby jof plmpwpesdtegr opane,

from 3 t o9 MARILER ds8h@driviid RY. kAt BInva]inB LRB&IRA of HiLPiRVEhd ja¢ 0. 05%

b | f ol | f to 20% | : 7 12% b
Vol ure) | ofeceriiBed dioush § Jiihe hORE ony Ui el d ey of
nol ectd ar pdigigrinigdirg sedoad sesiios htaactionionee® (13) end feessurkinguirection (e

advant agegQusklng dcliomo? @i duRrkRQA6z4I€ (4 -poiriid RS BF=dtion 2P He)firsiidaetdH essure of

reaction gas,.mxture A* is advantageously _fro .5, or 0.6 to 12 bar; 10
ho (i BRI B afthine s BR B RAr TP d 2Pt Usgh s sir ATt Zone
B is pref$aeapinectienibetyepn theftrst agddherbeaond segtion(of 1§aaipnhee A i nci pl e of a
jet punp operated wth this residual gas as the driving jet, and the

oz 129 (St bretoreblyiela kit of ASHTRIS B8 % BOSTAHY 2 pRE6en
second se®ftffosn3 & 6 banerefarabydien Atg ¥8pNand t he sucking direction (the

the residual gas (15) conducted out of separation zone B into reaction zone A is
preferably heated to this temperature by indirect heat exchange (14) with hot product

25 gas mixture A (16) conducted into separation zone A (preferably after the fresh
propane has already been heated with this product gas mixture A);

the residual gas conducted out of separation zone B into reaction zone A is preferably
- compressed to the aforementioned pressure by means of a radial or axial compressor,
30 '
apart from the gas streams mentioned in this document, reaction gas mixture A*
preferably does not comprise any further added gas streams;

lll.  inthe second section of reaction zone A, with formation of product gas mixture A
35 comprising propane and propylene, molecular oxygen present in reaction gas
mixture A* is combusted with molecular hydrogen present therein under
" heterogeneous catalysis to give water (advantageously at least 25 mol%,
preferably at least 50 mol%, more preferably at least 75 mol%, better at least
90 mol% and at best at least 95 mol%, of the amount of molecular oxygen
40 present in reaction gas mixture A*) and, if appropriate, propane present in
reaction gas mixture A* is dehydrogenated under heterogeneous catalysis fo -
give propylene (generally less than 40 mol% or less than 30 mol%, usually less



sucki ng apfiggapgof the sucking nozzle (4) points in the direction of the
first section of reaction zone A and the "sucking nozzl e-m xi ng

zone-di ffuser” connection fornms the " sole connection between the first
and the second section of reaction zon® A; 20 the driving jet preferably

has a te”perafttﬁnezd%ol% i S ﬂQnH@nﬁW%n@%ﬁeﬁie@%ﬁﬁé frolRlofth@™m 3 10

6 bar (prefera 3 ucted out
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tenperature by indirect heat exchange (14) with hot product 25 gas
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reaction t'erogeneous
cat al I&i smmtﬂre@u vieit o alep be (fgewanam yntp&%retch%{ﬁd rgidva %sdﬂ 9} igistot han 30
mol % usugklrysUltegreRftiocnmé@nidtlre Ahan 20 nmol % frequently | ess than 10
nol % and often |l ess than 5 nol % of the propane present in reaction gas
mxture A*): the second section of reaction zone IS opera
substanti amars/fr%ﬂmsﬁireaw Ve("ﬁ'o"@ i, i decyimestt, rlPé?f?‘f?@ty ’(thg'rth?feﬁtxéﬁ*'@?‘y) fed
to nor w pdsetsavefadriothd sezoad sectibnsd eddction edner&acti on zone A via heat
carrigfs disposed outside the second section of reaction zone A); based

on single pass of reaction gas m Xt re At ugh t he se tion of
Rt o B Rt R e e bl o s o A B S SERRES o o ot
reacti on framdOAte 85&°C (exome@ite 700C)prder to ensure this positive

thermal character, it may be appropriate, especially in the case of
conparat i Small dehydr ogenati on co ver inthe firs sectl on of
e’ react PBITOARBPasS A HUINGEGE SERE ARG aheaananne S PEtbEbl g
m xt 2% OS5 thy2beedi ng external hydrogen; appropriately from an
application point. of view, thi s feed of nolecular hydrogen wl|
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resul t i ngwhiclabaveosisg beemiacbmmendsy jn this document as being suitable for the
heterogeneously catalyzed dehydrogenation in the first section of reaction zone A,
30 since, as already mentioned at the outset of this document, they are generally also
.capable of catalyzing the combustion of molecular hydrogen (this is especially true of
the catalysts of DE-A 18937107 (especially those listed by way of example), which is
why these catalysts are used with very particular preference in both sections of
reaction zone A; in a competition situation between heterogeneously catalyzed
35 propane dehydrogenation and heterogeneously catalyzed hydrogen combustion, the
latter generally proceeds substantially more rapidly over the catalysts mentioned and
dominates the former); however, it will be appreciated that useful catalysts for the
second section of reaction zone A are also those which are tailored specifically to the
selective combustion of molecular hydrogen; such catalysts are, for example, those of
40 the documents US-A 4788371, US-A 4886928, US-A 5430203, US-A 5530171,
US-A 5527979 and US-A 5563314,



apart frorp é’ﬁﬂ% al ready nentioned in this docunent, preferably no
further externa gases are fed to the second section of reaction zone A
20 the tenperatures within the second section of reaction zone A are
preferably kept at from 400 to 750C (@2 from 500 to 700C); the working

pressure within t econd se Qf reaction zone A.is preferably from
5005 ¢ o Learth faclafs BP AR RSttt reaRRg: A8 L PFdn Pl e ad o
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section of reaction zone A, the reactor for the second section of
reaction zone A preferably does not conprise a 5 multitude of catalyst
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poi nt of wnewndthd sareneaciat;al yst bed i s acconmpdated in a sinple shaft
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vel oci.ty on the aforenentioned catal, bed, of reaction S m xture A*
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000 | ( STR)is kttrayrfibecwith edtelyatih a tfayora@or, 000s¢ cerddnig @rays 4€ERpighbd (at onl y
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and predom nantly exclusive conbustion of nolecul ar oxygen with
mol ecul ar hydrogen, the 15 aforemnentioned hourly space velocity may even
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20 advant ageously from an application point of view, the second section
of reaction zone

from 7 to 30% by volume (e.g. 12 or 24% by volume) of propane,

from 3 to 12% by volume (e.g. 6 or 8% by volume) of propene,
from O to 0.05% by volume of molecular oxygen,

30 from 5 to 22% by volume (e.g. 10 or 13% by volume) of steam and
from 0.1 to 8% by volume (e.g. 4% by volume) of molecular hydrogen;

the temperature of product gas mixture A is advantageously from 400 to 700°C; the
pressure of the reaction gas mixture is advantageously from 0.4 fo 10 bar and is
35 preferably simultaneously above the pressure of product gas mixture A*;

IV. the product gas mixture A formed in the second section of reaction zone A is
divided into two portions of identical composition and one of the two portions (10)
is recycled into the first section of reaction zone A as a further feed stream

40 comprising propane (as dehydrogenation cycle gas) (preferably as a constituent
of the starting reaction gas mixture of the first section of reaction zone A and
preferably in natural circulation following the pressure gradient existing to the
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absor bent bbby ERSIRE 1 GRBE3 s LA, bl bl gner a1 Ly be ot
constituents, other than propane and propylene present therein as a secondary
component discharge, before it is further used to charge reaction zone B. In this
context, the requirements of DE-A 10211275 should be noted. When product gas
30  mixture A still comprises significant amounts of molecular hydrogen, the
aforementioned removal will generally be accompanied by at least a partial removal of
the hydrogen or stich a hydrogen removal will advantageously be carried out
beforehand.

35 The latter may be effected, for example, by passing product gas mixture A, if
appropriate after it has been cooled beforehand in an indirect heat exchanger
(appropriately, as already mentioned, the heat removed is used in reaction zone A to
heat a feed gas required for the process according to the invention), through a
membrane which generally has a tubular shape (but a plate or wound module are also

40 possible) and which is permea'bie only to the molecular hydrogen. The thus removed
molecular hydrogen may, if required, be partly recycled into the heterogeneously
catalyzed dehydrogenation of propane (i.e. into reaction zone A) and/or fed to another



from 400 tpF g¥pgor to 500C, in favorable cases from 450 to 500C. Wile
EP-A 117 146, DE-A 3 313 573 and US-A 3 161 670 recommend the use of the
product gas m xture A forned in the heterogeneously catal yzed propane 25
dehydrogenation as such to charge reacB#on zone B, it is necessary in
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char ge realebipossiziotepdtly oHNe vaviovel (forlaampleaoyycqnaemSIItgjbmy from et ageous
feature Oéaé rtﬁ%tdrétﬂ ﬁ{y ﬁé}&v ﬁr‘eggrﬁ%érgﬁq:efore it is further processed in reaction zone
30 B. it will be appreciated that, if required, it is also possible in the context of the removal
of moiecular hydrogen and/or steam, to undertake a removal of other constituents,
other than propane and propylene, of product gas mixture A.

A simple means to this end is, for example, to contact (for example by simply passing

35 through) the preferably cooled (preferably to temperatures. of from 10 to 100 or 70°C)

' product gas mixture A, for example at a pressure of from 0.1 to 50 bar, preferably from
5 to 15 bar and a temperature of, for example, from 0 to 100°C, preferably from 20 to
40°C, with a (preferably high-boiling) organic solvent (preferably hydrophobic) in which
propane and propylene (appropriately preferentially over the other constituents of

40  product gas mixture A) are absorbed. Subsequent desorption, rectification and/or
stripping with a gas which behaves inertly with regard to reaction zone B and/or is
required as a reactant in this reaction zone (for example air or another mixture of
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30 ethers having bulky (sterically demanding) groups on the oxygen atom, or mixtures

thereof, to which a polar solvent, for example the dimethyl 1,2-phthalate disclosed in
DE-A 43 08 087 may be added. Also suitable are esters of benzoic acid and phthalic
acid with straight-chain alkanols comprising from 1 to 8 carbon atoms, such as n-buty!
benzoate, methyl benzoate, ethyl benzoate, dimethyl phthalate, diethyl phthalate, and

35 also what are known as heat carrier oils such as diphenyl, diphenyl ether and mixtures
of diphenyl and dipheny! ether or the chlorine derivatives thereof and triarylalkenes, for
example 4-methyl-4'-benzyldiphenylmethane and its isomers, 2-methyl-2'-benzyl-
diphenylmethane, 2-methyl-4'-benzyldiphenylmethane and 4-methy!-2'-benzyl-
diphenylmethane, and mixtures of such isomers. A suitable absorbent is a solvent

40  mixture of diphenyl and diphenyl ether, preferably in the azeotropic composition,
especially of about 25% by weight of diphenyl (biphenyl) and about 75% by weight of
‘diphenyl ether, for example the Diphyl® obtainable commercially (for example from
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Preference is given to aromatics-free conmercial products, for exanple

those of ‘rﬁéa propane and the propylene may be removed from the absorbent by stripping, flash
- evaporation (flashing) and/cr distillation. '

35  The propane and propylene are preferably removed from the absorbent by stripping
and/or desorption. The desorption fnay be carried out in a customary manner by a
pressure and/or temperature change, preferably at a pressure of from 0.1 to 10 bar, in
particular from 1 to 5 bar, more preferably from 1 to 3 bar, and a temperature of from 0
to 200°C, in particular from 20 to 100°C, more preferably from 30 to 70°C, particularly

40  preferably from 30 to 50°C. An example of a gas suitable for the stripping is steam, but
preference is given in particular to oxygen/nitrogen mixtures, for example air. When air
or oxygen/nitrogen mixtures are used in which the oxygen content is above 10% by
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200C, 1 n particular fr
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30 To support the' separating effect, it is possible to install internals which increase the

quench surface area in the quench chamber, as are known to those skilled in the art
from rectifications, absorptions and desorptions.

Water is a preferred scrubbing agent in that it normally does not interfere in the

35 downstream at least one partial zone. After the water has washed the absorbent out of
the outlet stream faden with propane and propylene, the water/fabsorbent mixture may
be fed to a phase separation and the treated outlet stream fed directly to reaction zone
B.

40  Both the absorbent stripped to substantially free it of C3 and the absorbent recovered
in the phase separation may be reused for the absorption task.



Preferred 5.?)0%' ons in the distillation or rectification are a pressure
of fromO. 5 bar, in particular fromO0.1 to 4 bar, nore preferably
froml1l to 3 bar, and a tenperature (in the bottom) of from50 to 300C,

in particular from 150 to 250C. 15 Befgre it is used to charge reaction
zone B, a-g ture obtai ned fromthe '
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ef fecy for exanple, at the top of a desorption colum using a liquid
coIIec gbtra by counterspraying of water or _in a dedicated  apparatus.
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known to W&%%%é #o'li&ﬂnb’h&l%}‘?aﬁ‘éstdareffulﬂ rectifications, absorptions and

desor ptions ter is a preferred scrubbi ng agent inthat it normally
does not interfere in the 35 downstream at | east one partial zone. After
t he wdber phpaneastupene hbl, absddfiertherat of the outlet stream | aden with

propane and PPV eNeo e Wi 6 iaBsekPent mixture may be fed to a phase
separation and the treated outlet streamfed directly to reaction zone

B. 40 Both the absorbent stripped to substantially free it of C3 and the
absor bent Adeardeggasly, ihe aftremehtgedsegar mtivoarenimyadserdaseswih frerinvention,

absor pti or 1 @&skio o 5@}9@0@8“0@@09@@1%)@ yre which conprises propane and
propegg and is obtained in a renoval which can be carried out as
e

descr d by way of exanple can thus be used in a manner known per se to
charge a Hds aisofoahliswher theafgreagntiensdonelseragos atealn aasridaacs with die
propylenenﬁ@nﬁgfoleln and/or acrylic acid, as described, for exanple, in

Sodrasio SRk LIS ERPWERIS BT A 10205200, O oA 16908054,
DE- A 10313208 and DE- A 10211275. The oxi di zi ng agent added may be pure
nol ecpgar iPX yieRer iHown [ ¥6eRe BBlersdRPeo@ly cAbly2atyg# fiise MarialbgdatfonoXxygen
and i nert of opylenle0 to acrylic acid with molecular oxygen proceeds in two steps successive
along the reaction coordinate, the first of which leads to acrolein, and the sécond from

acrolein to acrylic acid.

30  This reaction sequence in two steps successive in time opens up the possibility in a
manner known per se of implementing reaction zone B of the process according fo the
invention in this case in two stages, i.e. in two oxidation zones arrahged in series, in
which case the oxidic catalyst to be used in each of the two oxidation zones can be
optimized (the reaction may also be terminated at the stage of acrolein). For instance,

35 for the first oxidation zone (propylene — acrolein), preference is generally given to a
catalyst based on multimetal oxides comprising the Mo-Bi-Fe element combination,
while preference is normally given for the second oxidation zone (acrolein — acrylic
acid) to catalysts based on multimetal oxides comprising the Mo-V element
combination. -

40
Corresponding multimetal oxide catalysts for both oxidation zones have been
described many times before and are well known to those skilled in the art. For
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The af oreg&ﬂhbﬁq&&g 5‘5881‘? Do QImﬂascl ose gas phase par t7| al oxidation

processes accordance with the invention.

25  Also suitable for this oxidation step are the muitimetal oxide catalysts comprising Mo,
Bi and Fe which are disclosed in the documents DE-A 10046957, DE-A 10063162,
DE-C 3338380, DE-A 19902562, EP-A 15565, DE-C 2380765, EP-A 807465,

EP-A 279374, DE-A 3300044, EP-A 575897, US-A 4438217, DE-A 19855913,
WO 98/24748, DE-A 19746210 (those of the general formula I1), JP-A 81/294239,

30 EP-A 293224 and EP-A 700714. This applies in particular to the exemplary
embodiments in these documents, and among these particular preference is given to
those of EP-A 15565, EP-A 575897, DE-A 19746210 and DE-A 19855913, Particular |
emphasis is given in this context to a catalyst according to example 1c from
EP-A 15565 and also to a catalyst to be prepared in a corresponding manner but

35 whose active composition has the composition Mo,,Nis sZn2Fe:BiiPg 00s5K0.050x *

10 SiO,. Emphasis is also given to the example having the serial number 3 from

DE-A 19855913 (stoichiometry: Mo1,Co7Fe;BigsKo.0sSi160x) as an unsupported holiow
cylinder catalyst of geometry 5 mm x 3 mm x 2 mm (external diameter x height x
internal diameter) and also to the unsupported multimetal oxide 11 catalyst according to

40  example 1 of DE-A 19746210. Mention should also be made of the multimetal oxide
catalysts of US-A 4438217, The latter is especially true when these hollow cylinders
have a geometry of 5.5 mm x 3 mm x 3.5 mm, or 5 mm x 2 mm x 2 mm, or 5 mm x



For the fipgpskssigep of the partial oxidation, the heterogeneously
catal yzed gas phase partial oxidation of propyl ene to acrol ein, useful
mul timetal oxide conmpositions are, as 15 already stated, in principle
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formul'a I'l), JP-A 91/294239, 30 EP-A 293224 and EP-A 700714. This

appl i es i i Which thaiyasiables afﬁhéafé’%@‘ﬁ'ﬁﬂéﬁ?f@ﬁ’%dl nents in these documents,
and anong these particular preference is given to those of EP-A 15565
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given in this con catal yst according to exanple 1c from EP-A
15565 and %arso thadiug, @ataﬁ‘la%’ietﬁ'@”ﬁ@rBF‘@K&F'&I‘?@W met@br r espondi ng manner but
35 whadse a<6t=| venncmrmplnctruszrarm tbb&)ncanfpﬂmyt tiorcerium, lead and/or tungsten,
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exanpl e hgl nggt %rngl(rPT?a ﬁﬁ &rrg’% - A 19855913 (stoichionetry:

Mb12Co7Fe3Bi 0. 6Ko. 06Si 1. 60X) as an unsupported hollow cylinder. catalyst
of geonetmy=5 MMO.8tn x 2 mm (external dianmeter x height x internal

di anet er) pand tdh ltimetal oxide Il catalyst
) b #bs . @P ol d) réf?:%%%rng:ﬁg% g‘é' y

according to 4 210. Mention should al so be made
of thgbrmPtl me raqu)ggﬂ(g)eprecf’%{@gy & 1%s- A 4438217. The latter is

especi al | @ £r uéomtieio 4 pederablylfioond.09lio Bders have a geonetry of 5.5 mm x

3 mmx 3.3 gmfrg,q., @to%?‘ef&aﬂ?‘fﬁén?om or 5 Mm x PF 55708 40 3 mmx 2 nmm
or 6 mmx_3 m"nx3mnx4mn(each external dianeter x

hei ght x fnter am fio Wﬁngr) Furt her possible catalyst geonmetries in this
context are extrudates (for exanple length 7.7 nmand dianeter 7 nmm or

| engt b nmmauﬁmémﬁewdéerﬁu ?ytﬁee EH!:;FéﬁdJ?@%Mnc%BﬁhB‘é\énhéFﬁéﬁ'

oxi de acti ve c ons suitab or the step ropyl ene to
acrol ein can b hﬁ%gﬁéﬁnby the general formula IV
Mb12Bi aFebX CX2dX3€X"f O (lv) 10

They are obtainable in a manner known per se (see, for example, DE-A 4023239) and
are customarily shaped in substance to give spheres, rings or cylinders or eise used in

30 the form of coated catalysts, i.e. preshaped inert support bodies coated with the active
composition. it will be appremated that they may also be used as catalysts in powder
form.

In principle, active compositions of the general formula IV can be prepared in a simple

35  manner by obtaining a very intimate, preferably finely divided dry mixture having a
composition corresponding to their stoichiometry from suitable sources of their
elemental constituents and calcining it at temperatures of from 350 to 650°C. The
calcination may be effected either under inert gas or under an oxidative atmosphere,
for example air (mixture of inert gas and oxygen) and also under a reducing

40  atmosphere (for example mixture of inert gas, NH,, CO and/or Hy). The calcination time
can be from a few minutes to a few hours and typically decreases with temperature.
Useful sources for the elemental constituents of the multimetal oxide active



I n which tZd?-eE\f% gi ables are each defined as follows: X = nickel and/or
cobalt, -X hal | ium an alkali nmetal and/or an al kaline earth netal, 15
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25 The multimetal oxide active compositions of the general formuia IV may be used for the
“propylene — acrolein” step either in powder form or shaped fo certain catalyst
geometries, and the shaping may be effected either before or after the final calcination.
For example, unsupported catalysts can be prepared from the powder form of the
active composition or its uncalcined and/or partially caicined precursor composition by

30 compacting to the desired catalyst geometry (for example by tableting or extruding), if
appropriate with the addition of assistants, for example graphite or stearic acid as
lubricants and/or shaping assistants and reinforcing agents such as microfibers of
glass, asbestos, silicon carbide or potassium titanate. Examples of suitable
unsupported catalyst geometries include solid cylinders or hollow cylinders having an

35 external diameter and a length of from 2 to 10 mm. In the case of the hollow cylinder, a
wall thickness of from 1 to 3 mm is advantageous. It will be appreciated that the
unsupported catalyst can also have spherical geometry, and the spherical diameter can
be from 2 to 10 mm.

40 A particularly favorable hollow cylinder geometry is 5 mm x 3 mm x 2 mm (external
diameter x length x internal diameter), especially in the case of unsupported catalysts.



The starting conpounds for preparing nmultinmetal oxide active conpositions
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30 desired coating thickness (cf. EP-A 714 700).

Multimetal oxide active compositions to be used for the step from propylene to acrolein
are also compositions of the general formula V

35 [Y1a’Y2b’ Ox‘ ]p[Ysc’ Y{"d’ Y5e’ Ysf‘ Y7g' Y2h' Oy‘ ]q (V)
in which the variables are each defined as follows:

Y'= only bismuth of bismuth and at least one of the elements tellurium, antimony, tin
40 and copper, _ ‘

Y? = molybdenum or molybdenum and tungsten,

Y® = an alkali metal, thallium and/or samarium,



Useful supppikzg@terials are the customary porous or nonporous alum num
oxi des, silicon dioxide, thoriumdioxide, zirconiumdioxide, silicon
carbide or silicates such as magnesi um silicate or alum numsilicate.
They generally behave substantially ina3tly 15 with regard to the target
reaction c r i The
omor e ool SrEORANE BHERRE8, AEER R SBeb Bab R A B RPRR o oce
is given to re%]'lﬁ'l’%[rm%fc%rﬁaped support bodi es having di stl nct surface
r oughness, Yﬁrnonroremanasplaad&pteesmeoaftﬂimélbmwawhmdiemmd&anbmbl e support

bodi es ar eYasu o@&hérﬁéla\&en’}?'ﬂg% %ﬁ%%ﬁ{' Iy roughened spheri cal supports
1

made of st to 10 nmor to 8

pref er abl yY f'r oﬁﬁaae eAtsMetal TR0 SFrcoRiymy aﬁw%mwm rf@@mnhgutaﬁ@um o)
cylinders whosaotiemgsitver, gofd; alminune, ghlliummiraiuh iiese, gsttraniug, leadi, aneter is
from4 to 10 'Tﬂbndrﬂah@/@rﬁr%ﬁﬁnpf rings suitable in accordance with the

i nvention as support bodies, the wall thickness is also typically from1l
to 4 mm Annul ar support bodies to be used with preference in accordance
wi th the ialwerftono0.(Mdw8 a 25 length of from2 to 6 nm an external

di ametgy qf f rup 4 4ty 3§ mm and a wall thickness of from1l to 2 nm
Support bodi es, sui tagl e in accordance with the invention are in

parti cul ar® & P PAYE of geonetry 7 nmx 3 nmx 4 nm (external dianeter x
length x d'mt dramaltdP@neter). It will be appreciated that the fineness of
the catal yd |_cq+dny>@pt5|2\@e oxi de conpositions to be applied to the surface
of the su portf ﬂ¥ s adapted to the 30 desired coating thickness (cf.
EP-A 714 "YFE? Het al oxi de active conpositions to be used for the
step f1r50mg)|=op°§dneﬁé0ﬂ@ acrolein are also corrposi tions of the general
formula VB35 [f6nB Y, O( ] [Y3c' Y4d' y5 e' Yé6r Y7g Y'h' 0y' Jq (V)

in which the variabl es as, fol bIS th or
bismuth s Ty 2h & BRamlfed B fhe vta@nﬂa@i’%“”?ﬁe%ﬂc.‘/ﬁ%ﬁvye'%mﬁ SJb and
copper, rm\i’915'§é’ﬂilamoéygemﬁr3¢bdenum and tungsten, = an al kal i
net al , thad,d‘ EHUNREE Rhoseasra Fatlos o 5108043 Y4 = an aI kaline earth

net al ,20ni ckel, cobalt, copper, nmanganese, zinc, tin, cadm um and/or
mercury, YS = iron or iron and at |east one of the el emantf_w chrom um and
cerium mmr@wegfmﬁ@ﬁmen%qr@ém@ns%tr@rphsﬁwad;poraﬁwtrﬁﬁln‘ppY O whichyafegr e

eart h met ajelimited fBMUARIr BcalGmRiroimerlictliguathdivdifédetntont fiaitionMont thelteni um

rhodium  ShLaf hrAl s, ALUIRORY M Hal derd 4O ke 8Tk B BRONHD

| ead, tho
30, c'= ftheaemer e the region and connecting two points on the surface (interface) of the

25 region)is from 1 nm to 100 pm, frequently from 10 nm to 500 nm or from 1 ym to 50 or
25 um.

Particularly advantageous inventive multimetal oxide compositions V are those in which
Y'is only bismuth. |

30

‘ Among these, preference is given in turn to those of the general formula VI

[BixZ?Oply [2422%Z ¢FeaZ’vZ°gZ wOyly vy
35  in which the variables are each defined as follows:

Z* = molybdenum or molybdenum and tungsten,

Z* = nickel and/or cobalt,

Z* = thallium, an alkali metal and/or an alkaline earth metal,
40 Z°= phosphorus, arsenic, boron, antimony, tin, cerium and/or lead,
' Z°% = silicon, aluminum, titanium and/or zirconium, -

Z'= copper, silver and/or gold,



d' froqu:g 0%0 from>0to 20, f' fromO to 6, 15 g =fromOto
15 ' from8 to 16 X'",y" = nunbers which are determ ned by the

val ency and frequency. of the elenents in V other than oxygen and p,q =
nunbers whose p/q ratio is fromO0.1 to440, 20 conprising

t hree- di nensi onal regions of the chem cal conposition Yla' Y2b' Ox. which
are delimted fromtheir local environnment owng to their different
conpositién ¥fom@Aédd, | ocal environment, and whose maxi mum di amet er

(1 ongest dquﬁorﬁmg%pas& ng through the center of the region and
connecti ng, w% 810 {5 0n the surface (interface) of the 25 region) is
froml nmto %Pﬂ Qrequently from1l0 nmto 500 nmor froml pmto 50
or 255pmd’ Paifiomc@Patd 8 advant ageous inventive nul tinetal oxide

conposi ti ens= Yol @01 ROS Gorifradh b 0Yf ol only bisnuth. 30 Anong these,
preferenc& lggl v§%’ %n turn to those of the general formula Vi

[ Bl a" Z2b" 1273c" Z' d~Fee"Z5rZ' g"Z' h"Oy")q" (M) 35 in which the
vari abl es gar‘efr@a’b@\tQj‘te ned as follows: Z2 = nolybdenum or nol ybdenum and
tungst en, h*Z3 frismd kel and/or cobalt, Z4 = thallium an alkali netal

d/ Ka
and ougan el S35 8 eyl VUSRI S Ve R
and/ or zirconi h?thzrthan@esmm silver and/or gold, PF 55708 44 a" = from

0.1 to 1, pby" =nimbersOvtibst @) ratie'is fromoMod, beefd@bly fE:mdb 540fr om 0. 02 to 2,
e" fromO 01 to 5, preferablyfrom01t03 f from Ot 05, g" from
Oto 10, h" =from0O to 1, 10 x",y" unbers Wmch are determ ned by
the val en@pd ¥Ry Haﬂéctﬁ‘l?étﬁ’é%fe@f‘c? ﬁeﬁ"@”etﬁérr"ﬁS@ Goppositionst Weh whitin  oxygen,

15 Z% = (tungsten), and Z%;, = (molybdenum)..

It is also advantageous when at least 25 mol% (preferably at least 50 mol% and more
preferably 100 mo!%) of the total proportion of [Y'Y?,Ox], ([BizZ%Oyly) of the -
multimetal oxide compositions V (multimetal oxide compositions VI) suitable in

20  accordance with the invention in the multimetal oxide compositions V (multimetal oxide
compositions V1) suitable in accordance with the invention is in the form of three-
dimensional regions of the chemical composition Y'.Y?,0, [Bi,-Z%,0,] which are
delimited from their local environment owing to their different chemical composition
from their local environment, and whose maximum diameter is in the range from 1 nm

25 to 100 um.

With regard to the shaping, the statements made for the multimetal oxide composition
IV catalysts apply to multimetal oxide composition V catalysts.

30  The preparation of multimetal oxide active compositions V is described, for example, in
EP-A 575897 and also in DE-A 19855913,

The inert support materials recommended above are also useful, inter alia, as inert
__ materials for the dilution and/or delimitation of the appropriate fixed catalyst beds, or as
35 a preliminary bed which protects them and/or heats the gas mixture.

It should be mentioned at this point that all catalysts and multimetal oxide compositions
which have been recommended as suitable for the step from propylene to acrolein are
in"principle also suitable for the partial ammoxidation of propylene to acrylonitrile.

40
FFor the second step, the heterogeneously catalyzed gas phase partial oxidation of
acrolein to acrylic acid, useful active compositions are, as already stated, in principle all



p",q" = nlc.rﬁagg-rf‘osv\hose p"/q" ratiois from0.1 to 5, preferably fromO.5
to 2, and very particular preference is given to those conpositions VI
in which 15 Z2b' = (tungsten)b, and Z212 = (nol ybdenum 12 It is al so
advant ageous when at | east 25 nol % (prdferably at |east 50 nol % and nore

FEET :Eggla t@gsgﬂ”{%} Qgrwéﬁ?t lo‘ﬁ%%@%pgéﬁ eocaél%gg)rt%g e\}%?%ofgft#)ﬁé al oxide

conpositid 38.suitable in 20 accordance with the invention in the
mul timetal oxide conpositions V (nultinmetal oxide conpositions VI)

sui tabl e '/ﬂpmﬁﬁlﬁﬂireqﬁé}gﬁf réﬂntet?arhglg tllr \éecﬂtﬂl':oﬂ 19 1$f81t Egn %%H@gpatsgéggy the

di mensi_on 1 ons COMpoSi |on Yra
[ Bi a, z2b" '9eRere] fopRvlanllare  del i ni ted fromtheir |ocal environnment ow ng
to their differ ent cherri cal conposition fromtheir |ocal environnment,

and whose maxi 4y yisiy t he rang roml nm 25 to 100 tam Wth
regard to the s p| n )ﬁé( gggdtgg)r?ents rrad@l”;)or the multinetal oxide
conposition 1|V catal yst s apply to multinetal oxide conposition V

cat al yst s.in @Bicfiliee yarapes are eachodefinad &6 fdibak: oxi de active conpositions V
is desgri bed for exarrpl e i n EP-A 575897 and al so in DE-A 19855913. The

i nert sup XV?\S a] nded above are also useful, inter alia, as -
inert ma h.de, Fl@n pr i on and/or delimitation of the appropriate

fixed cat aqzy%tCLbéld;Qo 6e, s an%an,pr el iminary bed which protects them
and/ or heaps tdpey@as gin xture. It should be mentioned at this point that
all catal ysts and mult'i tal xi de conpositions  which have been
recom‘rendéﬁ Qngﬁffn&[ﬁ@‘ %e step from propyl ene to acrolein are in
princilpl e X3l=s one of mats €k$|@19 aanb medalsi al anmoxi dati on of propylene to
acryl oni t ig®l=e gj 40 Frapdloher, second step, the heterogeneously catal yzed- gas
phase partial oxi dation of acrolein to acrylic acid, useful active
conpositions are, as already stated, in principle al | PF 55708 45

mul t i net ald oxire@ tdositions conprising Mo and V, for exanple those of
DE-A 1004692&om/.owd & tude thereof, for exanple those of DE-A 19815281,

can bg,en 5 gener aI formul avi |
l\/DlZVg?(lbg‘(ZcXg%fﬁjjg(%/% (VI1) in which the variables are each defined
as fol | ows: = frgmdtos Nb Ta, O and/or Ce, X2 = Cu, Ni, Co, Fe, M

and/ or Zng -X&om(ﬂmzand/ or Bi, X4 = one or nore alkali netals, 15 X5 =
one or noge akkaldpe, earth netals, : '
g = from 0o 40 and
25 n = anumber which is determined by the valency and frequency of the elements

in VIl other than oxygen.

Embodiments which are preferred in accordance with the invention among the active
multimetal oxides VIi are those which are encompassed by the following definitions of
30 the variables of the general formula VII:

X'= W, Nb and/or Cr,
X?= Cu, Ni, Co and/or Fe,
X3= 8b,

35 X*= NaandlorK,
X®= Ca, Srand/or Ba,
X8 = Si Al and/or Ti,

= from 1.5t0 5,
= from0.5t0 2,
= from0.510 3,
= from 0 to 2,

40

o O T W
|



X6 = Si, Abgskpg@nd/or Zr, a =fromlto 6, b =from0.2to 4, 20 c =
from0.5to 18, d = fromO to 40, e =fromO0to 2, f =from0Oto 4, g =
fromO to 40 and 25 n = a nunber which is determ ned by the val ency and
frequency of the elenments in VII otherd46t han oxygen. Enbodi ments which
are preferged gngh.'@\q/‘;%réjance with the invention anong the active

mul timet al , oxi des | "are those which are enconpassed by the follow ng
defini ti orfls=offTOB@ e A@Ndari abl es of the general formula VII: X1 = W Nb
and/ or Cr,nX2 an@GuberNihiclOs datstminedisy, the ¥dercySind fesyuddcy-ofitbe alkeiepts K, X5 =

Ca, Sr and/or iﬁ@ﬁllotﬁ@tﬁanc‘i)xygék and/or Ti, a =from1l.5to 5 40 b = from
0.5to2, c¢c =from0.51to 'd =fromO to 2, PF 55708 46 e = fromO

to 0.2Yf = fromO to 1 and n = a nunber which is determ ned by the
val ency andoweweguenltyetd otiles €l edmizhtage veng pdtticulatin erefémhahinaxygeancédwith

However, nMbidvaRticH ar@thokesorYhd g%rﬁ'?%r?rﬁﬁ‘a V@ry particularly preferred in

accordance with the invention are those of the general fornula VIII
MD12Va' Y' b, Y2c, Y5r Y59, On' (MII1) 10 where Y1 = Wand/or Nb, YZ = Cu
and/or Ni, 15 Y5 = Ca and/ orM&pV.Y¥8’° S y@nd/ o Vi),

10

where

Y'= W and/or Nb,

Y? = Cu and/or Ni,
15  Y®= Ca and/or Sr,

Y® = Siand/or Al,

a= from2tod,
b'= from1to 1.5,
20 c¢'= from1to3,:
= fromQ0to0.5
g'= fromOtoc 8and
n' = anumber which is determined by the valency and freguency of the elements
in VIil other than oxygen.
The multimetal oxide active compositions (VII} which are suitable in accordance with
the invention are obtainable in a manner known per se, for example disclosed in
DE-A 4335973 or in EP-A 714700.

30 In principle, multimetal oxide active compositions suitable for the “acrolein —» acrylic
acid” step, especially those of the general formula VI, can be prepared in a simple
manner by obtaining a very intimate, preferably finely divided dry mixture having a
composition corresponding to their stoichiometry from suitable sources of their
elemental constituents and calcining it at temperatures of from 350 fo 600°C. The

35 calcination may be carried out either under inert gas or under an oxidative atmosphere,
for example air (mixture of inert gas and oxygen), and also under a reducing
atmosphere (for example mixtures of inert gas and reducing gases such as H;, NHs,
CO, methane and/or acrolein or the reducing gases mentioned themselves). The
calcination time can be from a few minutes to a few hours and typically decreases with

40 temperature. Useful sources for the elemental constituents of the multimetal oxide
active compositions VIl include those compounds which are already oxides and/or
those compounds which can be converted to oxides by heating, at least in the



a'=fronkto4, b'=fromlto 1.5 20c =froml1lto 3, f' fromO to 0.5
g' = fronotpBgebgn’ = a nunber which is determ ned by the val ency and
frequency of the elenments in VIII other than oxygen. 25 The nulti netal
oxi de active conpositions (VI1) which are suitable in accordance with
the invention are obtainable in a mannédd known per se, for exanple

di scl osed prBsereEofod@@h973 or in EP-A 714700. 30 In principle, nultineta
oxi de active conpositions suitable for the "acrolein acrylic acid" step,
especially those of the general formula VII, can be prepared in a sinple
manner by BIstHeHNG gorapwslds forthe peararation of evdimsfalicxisiel prmpogitidradVid cgn

m xture had ingmatelyrPRBOHI driy @R in0OEtITOSRN VIR MGey Grd Mbed irbd9ifeHH, engétadtingr om

suitable s their. . gl t. G EEUent.s. cining. it at
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ei t her undecaiching afigagbdng andi drapRrrrsiated soMpactiennideyever coreferaicedkaimpl e ai r

(m xture abiitineité mpasg idvekt gontgen) , and al so under a reducing atnosphere

(for exanple mxtures of inert gas and reduci ng gases such as H2, NH3,

CO, nethane _and/or acrolein or the reduci ng gases nentioned thensel ves).

The cal ci K4t BoyPigallgdonahy pexing E‘ﬁlséﬁ'r?"&/\f;‘?ﬁ"mhr@§ ity onerPapthebinrtae & of

typi cad y atesmxpueasesoiutidnhandibrisagpeersainuPearticliagy intimstedrg esixtlias drdebairegent al

const it ueng tefrix-AriRst BELkd YefiTne a%mn}gg?&@ma@téﬁ@%w&é'sog&%ls&s&-ﬂe
S i'C or t unds

t hose conpoun re already oxldes se COo whi ch
can be corlepEaENFHC %Hﬁé‘%w df?éé?’?ﬁ’\ &rmafrﬁ? é%"%?”ti”ﬁe‘? [FePriEransy\yaten 7
presence dubszgumty, (e aqetcustcongposibom obiathed fidridd) eng thepdiying pootees is

mul ti net al ' SRR [l ' | ¢ rin
wet faorm ?ﬁ?gﬁg&? ar ?yﬁp}%&ﬁduﬁhbé%ﬁg%ﬁs n?%ﬂe}rgsa%tgx git%wgtug%nggﬁggs are

approp1|5i,at in the formof finely divided powder and subjected to
calcining after mxing and, if appropriate, conpaction. However,

one by .o AtEMUbElbAEE LB, biposRlly Hdsplor TR cenbmLIALEA LY 1,
A U S W. . LN ormao

o aauoud Tk B e S SRR R Yehet RERMERT M bt Aheed T P vt ur o0

are obt ai rf@tplyst aeemnetrips, @nddghgslapingsmee be effoead hatere eraftes therfineghg mat eri al s

are exol usdaktfiations For eRsmeik, unPpERNENAIFts COMBE ipkabRfddSirdr til Samley @shf or m

T oot bR SoPE Sl 0t Rk Shp RIS MBS g e
ef fect ed Wipskest eafalystygenmeirn dongxrreria bititatiefing oiexieyqing): Eaprrpatiale adthdhe f r om
15 100 t o zb8RiEh of assistants, for example graphite or stearic acid as lubricants and/or shaping
assistants and reinforcing agents such as microfibers of glass, asbestos, silicon
25  carbide or potassium titanate. Examples of suitable unsupported catalyst geometries
are solid cylinders or holiow cylinders having an external diameter and a length of from
2 to 10 mm. In the case of the holiow cylinders, a wall thickness of from 1 to 3 mm is
appropriate. It will be appreciated that the unsupported catalyst may aiso have
spherical geometry, in which case the spherical diameter may be from 2 to 10 mm (e.g.

30 82mmor5.1 mm).

It will be appreciated that the pulverulent active composition or its pulveruient precursor
composition which is yet to be calcined can also be shaped by applying to preshaped
inert catalyst supports. The coating of the support bodies to prepare the coated

35 catalysts is generally performed in a suitable rotatable vessel, as disciosed, for
example, by DE-A 2809671, EP-A 293859 or by EP-A 714700.

To coat the support bodies, the powder composition to be applied is appropriately
moistened and is dried again after application, for example by means of hot air. The
40  coating thickness of the powder composition applied to the support body is
~ appropriately selected within the range from 10 to 1000 um, preferably within the range
from 50 to 500 um and more preferably within the range from 150 to 250 pm.



The resulting multinetal oxide conpositions, especially those of the
general fqpwdmg VII, nmay be used for the acrolein oxidation either in
powder form or shaped to certain catalyst geonetries, and the shaping
may be effected before or after the final 20 cal cination. For exanple,
unsupported catal ysts can be prepared ##omthe powder form of the active
conposition or its uncal ci ned precursor conposition by conpacting to the
desired c%a st geonet r.é gafor gq)l(a | e t?.é tabl et n% or.extrugi n { i f
appr opri at €W £HP AGHAP RIS Y SRR SONRYPUSFLIMYTU B¥dshistigony
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agent s sUGhaghgsilihCdiRbtds Aurhul ARate. TRO SSHIRP: botiidsl AN hAR & Aigdiafer or
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its pubveru @Rt ofB. ¢ &l Sdweven FRRSHIé bspotioeiisi Ssditiutl® chiiddeslwhdied can
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Coati ng o RLsTonPER, 101 bt PhsshaRilal dihibior BH 438 18 R0 s cabl®
gener al | y 9hERForhEPPPH badies thaweb thigngssnis alsotxeisally from 1dp denbstanuians
exanpl e, BypE¥t Bodk0BGEluseERItA pPF38h0e bavdy [dRBtof FlohY 28 6 Fron caraéxtérel
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l
noi stened and 1s dried agaln after application, for exa s
hot ailP. PREIESZ6° dlsat fi#ﬁré'ieﬁ%gfsg%?ﬂ?%twg raamérmre BEWHF‘%XB‘%E”%{&&W%EHO

t he supportletgidy interrapginoptaratietiy bs epgetiattdwhatiha fibdreess ahthe datadytically t o

1000 pm aeweewaa a/o#%otsnﬂoﬂs {d¥e 535188 to feQlale 5fqh599%@ag8@d}g i€ Blidbted to

preferably wtfl the range fro 50,1 ¢ 0O pm PF 5
support né’ﬂee‘ij‘?séﬂeg CQ?@%E@?WW%%T‘%&@OB nonpor ous al um num oxi des,
silicon dioxide, thoriumdioxide, zirconiumdioxide, silicon carbide or

si | i capes FayehbRMuTRSRESHWTAdvE IcERAbBsifENnsAb Wl URHA S iths CRt&ein TH@cSMOPOr t
bodi es may have | t hough preference is

J a regular or.5 irreqular shape,.
given to @EQUF@PI?‘V glg%ﬁ}%'apgﬂtﬂ?ﬁ&ﬂfEkl?o%ﬁ”@éalﬁ%{(}{&ﬁ?dxadi stinct surface
roughness, for exanple spheres or hollow cylinders with grit |ayer.
Sui t abl e support bodi es incl ude [gﬂpgt anti al lyynonpor ous, _
sur f ace-roughened, spheri cal suppor%s made of steatite, whose dianeter
is froml1l to 10 nmor to 8 nm preferably from4 to 5 mm |n other
wor ds 25 suin whick theptesiablealarey efined astpfonsive di ameters of 10 8.2 nm or
5.1 mm However, suitable support bodies also include cylinders whose

l ength is from2 t ang ternal dianeter is from4 to 10 mm
In the case of rllﬁ@&ﬁ%ﬁzﬁgﬁ?dﬁés the wall thickness is also
typical |l yErom 1 tDLuphOnnul ar support bodies to be used with
preferencg'have a\wergtth, o ahs@rTCd to 6 nm an external dianeter of from

4 to gomnzandza WB&J l\hrP;oC 18R, a%fd/ofrrz%,m 1 to 2 nm Suitable support
VAR Sb and/or Bi,
z' = Li, Na, K, Rb, Cs and/or H,
Z¢ = Mg, Ca, Sr and/or Ba,
~Z® = Si Al Tiandlor Zr, |

35 7 = Mo, W, V, Nb and/or Ta, preferably Mo and/or W,
a" = from 1to 8,
b = from0.21t0 5,
¢ = from 0 to 23,

40 d' = from O to 50,
e’ = from 0 to 2,

f” = from 0 1o 5,



15 bodi es parf7g4S0 in particul ar rings of geonetry 7 nm X 3 mm x 4 nmm
(external dianeter x length x internal dianeter). It will be appreciated
that the fineness of the catalytically active oxide conpositions to be
applied to the surface of the support #dy is adapted to the desired
~coating thickpess r(oﬁ{ tEgﬁA 714 700). 20 Favorabl e nmultimetal oxide _
active co 03|t|or§ %Qo 'used for the "acrolein -> acrylic acid" step
are al so Bonp@si t ifi®A%4 & 3@he general formula IX [DJp[Elq (IX) 25 in

whi ch thej'var kabl é®nad 6 2aghd defined as follows: D =

Mdl2Va" Z1 2c. Z3 Nb Ta, O
and/ or Q go Z2 ﬂ%ﬁ&s@oﬁﬁe%ﬁtem@ﬁa bﬁé(ﬂ% %\c!?‘ang}regué} r Bi, Z4 =
Li Na5 K Rb, cSeaﬁBPt§r'nh<°fh25t angRfygeandsr and/or Ba, Z5 = Si, A, Ti
and/ or Zr p,g35=27 muribers\éthev thaream dhose Wq,raﬂﬂleffr%hﬁtétb{']fdﬂ&ind/ or W a" =
from1l to 8§, b" = fromO 2 to 5 c¢c" = fromO to 23, 40 d" fromO to
50, e" from = omOto , PF 55708 49 g¢g" —fromOto 50,
h" = fr onﬁad WBICQ@fe Pbtamapiﬁ&msgp@'@teszr&mmm 3 mulimetativgis campesition &
determ ned by the val ency and frequency of the 5 elenents in 1X other
than gxygen ag g.hunbers other than zer )/\,hose p/q ratio is from
160:1 to 1:1, and |(V:h are obtai nabl e by segarately preformng a

mul ti metal oxide conmposition E 10 Z?12Cun"H I Oy" (E) in finely divided
form (st aintfinely diodgabformi(giartiby camgositidrs eareirsubyequenty moorzpb'ra”aigg tfinee

pr ef or medpe@drhfdd Sbfd §tbﬁﬂ:g%9mﬁ>9§ihéﬁ @rht& ah 3296&@ SRAMBR Ush &R Fl&é on, an

el eneEET 2 iy ey 3R, gt s o e enl s £ 22

abovehent 2o el amhich comprisedhes abdvehieptienadyel@nents in the stoichiometry D
Md12Va" Z1b" Z2c" Z3d' Z4e Z5FZ269. (D) (starting conposition 2) in the

desired p:q rﬁomg, Z 'ing’I Qezaqueous m xtur?DWm ch, if

(starting composition 2) in the desired p:q ratio, drying the aqueous mixture which, if
20 appropriate, results and calcining the resulting dry precursor composition before or
after drying at temperatures of from 250 to 600°C to give the desired catalyst geometry.

Preference is given to the multimetal oxide compositions [X in which the preformed
solid starting composition 1 is incorporated into an aqueous starting composition 2 at a

25 temperature of < 70°C. A detailed description of the preparation of multimetal oxide
“composition Vi catalysts can be found, for example, in EP-A 668104, DE-A 18736105,
DE-A 10046928, DE-A 19740493 and DE-A 19528646,

With regard to the shaping, the statements made for the multimetal oxide composition
30 Vi catalysts apply to multimetal oxide composition IX catalysts.

Multimetal oxide catalysts which are outstandingly suitable for the “acrolein — acrylic
acid’ step are also those of DE-A 19815281, especially having multimetal oxide active
compositions of the general formula | of this document.

35 |
Advantageously, unsupported catalyst rings are used for the step from propylene to
acrolein and coated catalyst rings for the step from acrolein to acryiic acid.

~ The first step of the partial oxidation, from propylene to acrolein, may be carried out
40  with the catalysts described, for example, in a single-zone multiple catalyst tube fixed
bed reactor, as described by DE-A 4431957,



20 appropriate, results and calcining the resulting dry precursor
conpositiopEBsfag e or after drying at tenperatures of from 250 to 600C
to give the desired catal yst geonetry. Preference is given to the

mul timetal oxide conpositions I X in which the preformed solid starting
conposition 1 is incorporated into an &Jueous starting conposition 2 at a

25 tenper atiy &idknt ﬁsgﬁgox@éﬁemeh% |Q§§Sétb@tab ‘Prﬂe l%rt Eh?eﬁb?@@ﬁ@&éé’&f Hf

mul ti met al ﬁ%l de conposi 5}‘:/0 6% % f oun or exanple, in
EP- A 668107 NBEXESISFP %Cfd% folingo be pegaEs 383 ‘BE%QB%%M% and DE- A
19528646. Wth regard to the shaping, the statenents nmade for the

nul ti net al Fragichay Co Qﬂbﬁé OblkygdR : Meh 28 Y(RALN SIS s@é%%)mmérﬁ swmeaib ofxi de

conpo

oot ot st gl w@ﬁ?@ a@"%ﬁ%ﬁ“%{@“”ﬁﬁ& ERITEH P S TR D e a1 co
t hose of DFefsudBigIcaly inebhpsanad frgmHdeirkgr andl thenavesall pricelveladtyiise
conposi t i qrsfedblyt fien 960@ {4 000 BALE | {STHY/IhHtr nHe CTHEERbpyIS%e loading is

Advant ageqv&tggg%grfwgoﬁoaqsﬁai ﬂjax‘s%tsrgwg?].@l% éjrsrfi% for the step from

propyl ene el n an rings T t he step from
acrolein to acrylic acid. The first step of the partial oxidation, from
propyl1ne The fRevioltied ﬁnglﬁ&}bn@mﬂmlé tatalystitibe e Middrebdior sfahabhHhS gas

e r eact e EERTRIEY thh B0l 3G pedgBoRgd @é%@al&%h*%@%%&%k used

is oxygen. SQQM%EH Ree EF"@*"%&P%%"@S 04 §0%rky weightiof priageiim njiaate (KN@and 4¥% ai r
as the oxywyewreigitiwf eediumg nitoten(laN@.Her pBFi% oy M@ﬂdh} obpbtasiag eittate (KNO,),

Frequent | Yano I
FLEGUEN! | 10o8sPURRH, 5PV oS 2996y HERPLHALPBrsAGgRINREAT™ (
2.3): (1150 to 15) is used. The reaction pressure is typ| caIIy in the range
from 1 to \debed owndhd recov eakimelissraceastieh@as tnyixtuse mpy bé eorhlicted either 1500

to 4000 orgy &%)nt ?él(n%BP}n(elréhn%rnt RESalt it n@,é?;y;%]r@l’é?atllypééﬁd'ﬁ&eﬂ% atypically

from90 to OOI or nore. 10 The flow to
the singl 0S8Kiegn é?réar%'ﬁ}daltf‘9§?t38’ﬁbé‘g??xed bed reactor of the charge

gas mxture is preferably from above. The heat exchange nedi umused is
appr ol atyghdn fhe fl%ﬁll tb tr@é&tawm@&n@hbm tsmb%c&fdnm& .%p@@&(ﬁéw tErh e traf

potassiumnitr n mani t e

b 5356 by TANSRIEat B CHEDAL TR P *a%é“‘f%ﬁzia’}oﬁowa@%fﬁﬁf'%. T AT
nitrite (Nemddg chaige Fegusycavs apmrostsdowivaisedi trate (NaNG3). 15 Vi evved
over the reactor, salt nelt and reactl on gas m xture may be conducted

refer abl'y corliticaiending TRERHBER SR U Efalet “I@Ls%ﬁ%sne*?me;es.
20 Whé5 the fmta!!séwamﬁartewf;pgtamshmmag materalitbp latier.thesedapthe i s

appropri ate tongha geakiftfup & picplodtoh HyuiRaght W U t€ 20% by teidHt esached Com t o
top as follows (for the flow frombottomto top, the charge sequence is

appropri at ely reversed):
following this, to a length of from 20 to 50 or to 40% of the total tube length,

either only catalyst or a mixture of catalyst and inert material, the latter, based on
30 the mixture, making up a proportion by weight of up to 40% by weight (section
B); and . '

- finally, to a length of from 10 to 20% of the total tube length, a bed of inert
material (section A) which is preferably selected such that it causes a very small
35 pressure drop.

Section C is preferably undiluted.

The aforementioned charge variant is especially appropriate when the catalysts used
40 are those according to example 1 of DE-A 10046957 or according to example 3 of
| DE-A 10046957 and the inert material used is steatite rings having the geometry

7 mm x 7 mm x 4 mm (external diameter x height x internal diameter). With regard to



- first, tg:gedggnoth of from40 to 80 or to 60%of the catalyst tube

| ength, either only 25 catalyst or a mxture of catalyst and inert
material, the latter, based on the mxture, making up a proportion by .
wei ght of up to 20% by weight (sectionsf); - following this, to a length

catal yat - ope Seinbsl bt Pla SaBrishly 8 R el dhov e o or . based

on. 30 the m xture, making up a proportion by weight of up to 40% by
wei ght  ( seiwensr, i) firsegigp of the paliayexidfliod, f&h f’tdby@cnefté abfolkth, tr’rﬁiay?eﬂ%ﬁé t he

total tUb%aH:'él'a%tquéﬁtl%e t Rst BS%Ctrtbqu&eé)éaﬂ'l\Pl ?r?gtt\b??or%@mglbf\e cg'l@%st dr op.

pr ef er abl y se
Secti of Ctyhe Wéf@ﬂdﬁ@%ﬁor@&ﬁqsﬁﬁ'w Ym%‘AaTQ%@ N BA8Pf reaahprewgseribed | s
especi al | yasgtrepsropéee sdmesrsidneachiivad ys kihglegeds ishioravatly bhesesasfeagai ng to

exanpl e 1 1o DE: & éﬁorgﬁﬁ/g%%gcﬂ'eﬁaﬁﬁﬂcg'o?ﬁets%cgﬁ(&%%%f %e,ﬁ?rtlalpgx é‘atgo%oﬁ'g%m

and the inert naterl
7 M x 4 W%%&f‘éﬁ‘%ﬁlc afich mayde saripg %ﬂ"”ti@ th%?éa'uatﬁ d&ﬁ%ﬁ?@fiefpﬁ eXWE"ﬁ 'F‘egard

t o PF 557@Sifgle-zoieemsitible daédlyst tibeiizedbed esactdnas sieadribee iy DOA 428103431957
a0P! Y 10M0M Yeeral B frbdih mbR o el oA bhai SKIelttn Rcr T ProBY! ene

to acroleln escrlbed for
exanpl e, |°H”%F°tt%/%aszﬂ-f’?@ (frappropfiate cacgmpitios of WE%WF’B@E%CQ?@BQ theseafhi-eas
descri bed withroiDESedorn®8y 650 Fondanh rdmdval, dfto tHecacatleimenxitiation tdoamalyliccases, t he
propene conversion achieved on single pass is normally at values of > 90

| 9 > 95 % Th h t f t |
e E TR Bt B Neou Sed bt b Sened SptatB i pierahf B e
cat al 16t s theefoomiobeid and isrgemetalipladded direcly & thglpeodushgasmixturplottheat al yst
tube fi Xe%rcﬁ@%n@%ﬁta%mé@tndﬁ%&&é@dt rl%ﬂ Qﬁo%irééé%/l@él&eser%% iHa sﬂ@r’ﬂﬁ@ al, the

d |
P onduict oq réictbgft "?”rﬁﬁ?)’%ﬁ%Pf°£y€R8HaE@L$’f"iﬁti°8 o L e oM nte sooling

thereof), i.e. wthout secondary conponent rermval into the acrolein .
oxi dati onjd Qer@é?élyihbccha@ecbas'ﬁhiﬁtuﬁé(mﬁh l’aﬁ@wolleﬂrﬁigémél dﬁt@naﬁmdna%ttﬁ@ of the

Sgﬁte'rgh%'@@ g anielbl Edeht BT, sthmanel dhe AU TEl (S8 sl 2
Darti al  oi(dde P tpROIEErD) TP et 1 FEGy IO GE BSERE i h o

starting reaction gas mixture for the propylene partial oxidation). In

general 5—{%?9 &gafhfq;erie%ﬁﬁm ?ré%tsﬂlre 1S ggnéﬂﬁr‘fr&ﬂ 1at§ rISQJa? 'aﬂd H’?er 5Je?éll %?é'cg ation

then has t téam : inert
gas vol umelpgifyiip p(erfer@gmo;ﬂ P00 tp:3890+ & ta8QR)! &SJ F’ilbj\ 0(31% T96)acroieief er abl y
of 1:04 t @adjng(idtypidaly 6n:80%ot100 1d)o 261 ESTPYDH ok hbré.eact i on pressure is
generally from1 to 3 bar and the overall space velocity is preferably
from 1000 _to 3800, or to 4800 | (STP)/1h or nore. The acrolein 25
| oadi ng i 3hefipvéatheorerznnesoitinle salglysidibe Bxerded repdippylthe charoRgRE. The
flow to thextords pesterabylikewibe fromt abloys i THalat Exotadad akdiveaasarindfie t he
charge 983econd stage is appropriately also a salt melt, preferably consisting of 0% by weight
30 of potassium nitrate (KNO;) and 40% by weight of sodium nitrite (NaNO,) or of 53% by
weight of potassium nitrate (KNO5), 40% by weight of sodium nitrite (NaNO;) and 7%
by weight of sodium nitrate (NaNQO;). Viewed over the reactor, salt melt and reaction
gas mixture may be conducted either in cocurrent or in countercurrent. The salt melt
itself is preferably conducted in a meandering manner around the cat_alys’t tubes.
35
When the flow to the catalyst tubes is from top to bottom, it is appropriate to charge the

catalyst tubes from bottom {0 fop as follows:

- first, to a length of from 50 to 80 or to 70% of the catalyst tube length, either only
40 catalyst or a mixture of catalyst and inert material, the latter, based on the
mixture, making up a proportion by weight of up to 20% by weight (section C);



- m xture isppiefey ably |i kewi se from above. The heat exchange nmedi um used
in the second stage is appropriately also a salt nelt, preferably

consi sting of 60% by wei ght 30 of potassiumnitrate (KNG3) and 40% by
wei ght of sodiumnitrite (NaNO2) or of 83% by wei ght of potassium
nitrate (KNO3) % ' [ hd. I . ) wei ght
of sodiumnit r%{léﬂr{%@{wg«%ﬁ%ﬁ& %g?@% ﬁg%rdég%%ﬁmfs%ll?@@l%%arnﬁw
reaction gas TARY roéarf‘&‘?”fﬁao YR ead insry Rienainthedattary kased gp the,

count er cur r ent mixitre, mating me kbtproparised by wsigptr affupria b0 wr ap 4 ¢ weighd
nmeander i ng ManRekiRMPUAGH t he catal yst tubes. 35 When the flow to the
cataly tubes is fromtop to bottom it is appropriate to charge the
cataly tubes frombottomto top as follows: - first, to a |l ength of

from50 to 80 fé)‘ralilf,do A0SO otﬂlmnéetoaD%sq;f theitntal lhelregeingth ea béxbof ipert ynatetial
catal yst or a (@exidars viHicttid prdréiblyafbctdduich TRt A daBbes 4 D&y lshal| fresshAs ed
on the m xtur b maki ng up a proportion by weight of up to 20% by wel ght
(section O; B5708 52 - fol | ow ng this, to a length of from20 to 40%
of the total tube length, either only catalyst or a m xture of catalyst

and i m;e‘{t sertief Cas Eréfélﬁblk/@h?iﬂft%d.%S@Qui@{‘géﬂtgg/llyghébégeeiﬂttﬁ@lké't@@géﬁe&gy g
proporti o | .1,0 Or 0. 0 wel (se .QN , o an
B PPoal 1 oty e Y pndle Do gt obBrbign P sle At WhpetRER il 5 e
of inert rasfeeinapurly sneceivelecitips anithencatalyphet@ndibigh sedra sortgnts et fhe hat it
causes a \uhabgeSyEslrhixiure) ssastion BdhiPalsd Qofmsnstiof b SudcssdeedespdIdiutioadi | ut ed.

o » : . 4
Shase par (oL ARB T Boselor RRARE nbipbEmbElefl P aRd ﬁ@ﬁgé&%%@%%%@ar 'y at high
acr ol éi°n IFE0FTIVYS Faem beEpHdp terisitighly wieue i 2% Sy weiaht ghinerimsters! eam

contents dbllawee bydleam g0taisy weighitoeD, orse ¢0%edy vikighe\of estonstend) istthatf  t wo

successi Vecagé‘ts%lcﬂé%c‘?é %r‘é?ér%?unéifu%d.t he purpose of m nim zi ng hot spot

tenperature an ot spot tenperature 15 sensitivity). Frombottomto top
initially with up to 20% by weight of inert material followed by from>
20% by weiFghflowdo $@ catalysh td@Scoyn bedioghto top, theeatalysttube chdrgeisn t hat  case,

secti op Caipﬁro(b'iist{?ﬁ/r@%%ed‘.ndi luted. For flowto the catalyst tubes from
bottomto top, the catal yst tube charge is 20 appropriately reversed.

The aforenentioned charge variant is especially appropriate when the
cat al yst s Theedoremestidgredshamecaridntig espeqillg papaprisie vdeartie eatdlysts UBEd A

o et oat | (e eas et R 1 Baphiauo Merd B TERA00uES Srifisk diBbEfy 3¢
5 s ACRB IS Ardine T AT eed i meatte ok faving e SRRTEFY 7 M n
r egar @5t o xthmnea# mrbat R nirexpenst ud eym (¢rchsixtareateiametendesight xEemal4 319
49 apply. didmdtsr) A&ME Fetfak/toXRE 86k BEhIEYGPertlé, thE StaBrhi€hRdE@NVEr si on
' DE-A 44 319 49 apply. It is generally selected such that the acrolein conversion
achieved on single pass is normaily > 90 mol%, or > 95 mol% or = 99 mol%.

30 However, the second step of the partial oxidation, from acrolein to acrylic acid, may
also be carried out with the catalysts described, for example, in a two-zone multiple
catalyst tube fixed bed reactor as described in DE-19910508. For the acrolein
conversion, the same applies as was stated above. Also in the case that this second
step is carried out in a fwo-zone multiple catalyst tube fixed bed reactor, the charge gas

35  mixture will appropriately be generated by directly using (as has been described above)
the product gas mixture of a partial oxidation directed to the first step (if appropriate on
completion of intermediate cooling thereof). The oxygen required for the second step of
the partial oxidation is preferably added in the form of air and is added directly in the
second case to the product gas mixture of the first step of the partial oxidation.

40
In the case of a two-stage method with direct further use of the product gas mixture of
the first step of the partial oxidation to charge the second step of the partial oxidation,



achieved on single pass is normally > 90 nol % or > 95 nol % or ? 99 nol %
30 Howeverpf gdmgsecond step of the partial oxidation, fromacrolein to
acrylic acid, nay also be carried out with the catal ysts described, for
exanple, in a two-zone nultiple catalyst tube fixed bed reactor as
described in DE-19910508. For the acrob&i n conversion, the same applies

as was st af,g¢dnalene uﬁilp%ocawyét e%és btee?%a&&g%g%@&@&% of%ﬁg%preﬁ& ﬁta”' ed

out in a two-zone nu cat a % | Xe
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partial oXEAticop152. acrolein to acrylic acid, is usually from 200 to -
350C. Pn addition, the heat exchange nedi a (preferabl y salt nelts) are
nor rra? y 15 conduct ed through the rel evant nultiple catal yst tuPe fixed
bed react drahould alspche mapRpgE SNeRENE Tt APPTiep Shile Tefdmas T "%t and
t hei r out fiedt steprifpespliance—i sraein’y madyl he cycle geE. comimgefrem,thapardiliredthyion
nment i oned, regfah%‘eg% ps of the partial oxidation of propylene to acrylic
acid may Iso | emented in one reactor over one charge as descri bed
in DE-A 10121592. 20 It should al so be nentioned once nore that a
porti@d ofThishe asharegdy gatedna xtaleceid oxydemeconiprissiy getsephich renans atee the *
acr ol ei n" ), oy RYqf £QYNC 5 RATdVaR froRXinE o Rt g4d esi dual
gas). 25 rﬁ@t pch;ﬁJc‘EY&ﬁfxaggg?ﬁéW‘a 8 &m ;{&éu ﬁ gxy% ?} tgé ﬁ gas -
whi ch r enliiddregfiths parfa oxidation and can be recycled partly as ine dlluent as into the

charge for the first and/or, if appropriate, second step of the partial oxidation of

propylene to acrolein and/or acrylic acid.

30
However, preference is given to recycling such cycle gas comprising propane,
molecular oxygen and, if appropriate, unconverted propylene (residual gas) exclusively

in the inventive manner into reaction zone A of the process according to the invention.

35 It should also be mentioned that an inventive partial oxidation may be carried out in
such a way that a reaction gas mixture which does not comprise any oxygen is initially
passed over the catalyst charge. In this case, the oxygen required for the partial
oxidation is provided as lattice oxygen. In a subsequent regeneration step with an

. oxygen-comprising gas (for example air, oxygen-enriched air or oxygen-depleted air),

40 the catalyst bed is regenerated in order subsequently in turn to be available for an

oxygen-free reaction gas mixture, etc. '



target product renoval (acrolein and/or acrylic acid renoval) fromthe
product ga¥ ssgEpgt ure of the partial oxidation and can be recycled partly
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appropriate, second step of the partial oxidation of propylene to

acrol ein and/or acrylic acid. 30 Howevé#, preference is given to
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30
In principle, the two oxidation zones in the process according to the invention may be
configured as describéd, for example, in DE-A 19 837 517, DE-A 19 910 506,
DE-A 19 910 508 and DE-A 19 837 519. Typically, the external heating in the two
oxidation zones, if appropriate in multizone reactor systems, is adjusted in a manner
35  known per se to the specific reaction gas mixture composition and catalyst charge.

In the case of a two-stage propylene partial oxidation to acrylic acid, it is possible to
add the entire amount of molecular oxygen required as an oxidant for the reaction zone-
B required in accordance with the invention in advance to the charge gas mixture of the

40  propylene oxidation stage in its entirety. However, it will be appreciated that it is also
possible to supplement with oxygen after the propylene oxidation stage. Preference is
given to the latter in the case of acrylic acid preparation.
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vel ocity of propylene may be from 100 to 200 or 300 and nore | (STP)/I1h.
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30  does not require such a removal.

Useful sources for the molecular oxygen which is required in the at least one partial
oxidation and is added, for example, to product gas mixture A’ before it is used to
charge reaction zone B are both pure molecular oxygen and molecular oxygen or

35 nitrogen oxide diluted with inert gas such as CO,, CO, noble gases, N, and/or
saturated hydrocarbons.

Appropriately, at least part of the requirement for molecular oxyg'en will be covered by
: using air as the oxygen source.
40
Metering of cold air to hot product gas mixture A’ may also bring about cooling thereof
by a direct route in the context of the process according to the invention.
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will 20 béhegRsraigdte’l t hat such a pressure regul ating device may al so be
di sposed only downstream of one of the zones nentioned. In other words,

It isin H‘hé 'ﬁ%o‘ﬂllc?gfs%ixfﬁé B leaving the reaction zone B to be employed in accordance

30 with the invention is, in the case of a preparation of acrolein and/or acrylic acid,
generally substantially composed of the target product acrolein or acrylic acid or a
mixture thereof with acrolein, unconverted molecular oxygen, propane, unconverted
propylene, molecular nitrogen, steam formed as a by-product and/or used as a diluent
gas, carbon oxides as a by-product and/or used as a diluent gas, and small amounts of

35 other lower aldehydes, lower alkanecarboxylic acids (e.g. acetic acid, formic acid and
propionic acid) and also maleic anhydride, benzaldehyde, aromatic carboxylic acids
and aromatic carboxylic anhydrides (e.g. phthalic anhydride and benzoic acid), if
appropriate further hydrocarbons, for example C4 hydrocarbons (e.g. butene-1 and
possibly other butenes), and other inert diluent gases. -

It

40
The target product may be removed from product gas mixture B in a manner known per
se in a separating zone B (for example by partial or complete and, if appropriate,
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30 The residual gas constituents are primarily propane, if appropriate, propylene
unconverted in reaction zone B, molecular oxygen and frequently the inert diluent
gases also used in reaction zones A, B, preferably especially nitrogen and carbon
dioxide. Depending on the separating process employed, steam may be present only in
traces or in amounts of up to 20% by volume or more.

35
Of this (main) residual gas, at least a portion (which preferably has (main) residual gas
composition and) comprises propane, molecular oxygen and, if appropriate,
unconverted propylene (unconverted in reaction zone B) (preferably the entirety, but in
some cases also only half, or two thirds, or three quarters of this entirety) is recycled in

40  accordance with the invention into reaction zone A as a propane-comprising feed
stream. However, (main) residual gas portions may also, as already described, be
recycled inte reaction zone B and/or be combusted for the purpose of energy



nentioned gt sk outset) that, at the top of the particular separating
col um corrprl sing 20 separ atl ng internals into whose | ower section
product mxture Bis fed, nornmally after preceding direct and/or indirect
cooling, a residual gas stream (main regidual gas) normally remains and
conpri ses qsé Q&Eaﬂt iall'y those constituents of product gas mixture B
whose boi Iing point at standard pressure (1 bar) is < -30C (i.e. the
constituents which are difficult to condense or else are volatile). 25 In
the | ower |se&ad woRupbf thbeoméabha@ @&l tbepurpbie of eaRHVIMGIted target product),

consti tuentis \akeifk ﬂfé&:to[)dt o n ’fﬁé%@er%’on é%él?%dé%éﬁ?l%ngc@rt%qmjt@r target

product, are norna in a I dual gas
const i PuerBedal §apss EH‘ErOP fajnask eipshan attwnaﬁdﬁpewal treadedp spsycieribe entire
unconver t egndunt blerebnverterignepade predent il @odax yge mixond A intoreantidryzdneer i ner t

di | uent ezér@ag%@r ek bahisRRF Al réﬂaﬁaﬁ 3. AnoBian meeéggﬁalaw GGl 1Y

n|trogen an I OXI ara FOCGSS

enpl oyed, PEPRAR aRdyif B%prBP@%HEOPM{%P? tf‘ﬁ f"?‘ﬂ%?(?'@& “BrI ngﬁra%mﬁesafm up to 20%
by vol une nslecmareaxy@s @het ey ((mallirc))mpese dlmwcu@asxym theqsite @feyoed toon

(whi chgpr g4 ﬁ'ﬁ@@édﬂﬂ%? ad Q@doﬂbar"y‘?'éél Wﬂhb?é?&e?f’h‘% SRER pS S

propane, nol e conve | ene

i onver Tedcie] a4k PS8 Agaqgpn 55&‘2?*0 i it B oAb tep cualgas i oo
cases al sanarvesalliresifiyal gas.tHawvevki, itds alsomosmleéo gearatelysitite suvhSurimgri r et y)

is recycl erésmmuﬁeséa:,CFef%w‘e %émh@%rbmmhéyaré fm@ofrrﬁaééumrbxy@éw A as a
propane-co orti.ons

P OPane. CQIBLINY Bk ofcestlehe At pE RS Kbt T be 55t s SRSHESH GOTS |
be corﬂEusttwstaﬁmgtre@ctlpugp@wtw’e B reacyn PPNEATIDE BB pagsiver atrpersle thamt he

wor kup of ifthbee£tiD et aphsiRer(Jott whaa tiey R sabsthntifphek dEmokeulear get
pr oduct), w} r{ S possi ble in accordance with the invention (as already

' rrentloned) further 5 residual gases are obtained, since an attenpt
is normally made to recycle the entire amount of unconverted pr opane
present i mhprpesiueblygmspigty regyeling dfthe(niainahd/onsecondark or aletalaesiggaver |t

I n theyco ggﬁfoﬁ%gtaf’a{tgﬁkoﬁeeﬁ‘)\)éﬁkh Fﬁr‘{ R-tb%e tah:%ﬁﬁecgﬁﬁ%fghlu)‘?! gor i se

propane a propriate propy, er conprise
any nol eSEPHALRGGIANS APk i aPREPriats. @-tr’ihlefs M%s%opﬁﬁt‘é%ﬂh%r g&ygen t hey
are referredmng, ihf neacttdmlz&nd@cwmentthea;srosascamﬂandy'\gtesmllmaént@ases) They

may ther e‘;?%FfSrnﬁdéd t?orﬁﬁﬁ@cﬁfs|yafh%sl?§sult§ gﬁ%ﬁtﬁgodsnéoﬁ’ivéﬁ%n'd? ?%Haer g? ]E@r?ﬁé ion

zone A co mal n resi as to give esi dual
gas. Howe@Eld and{oriagroldine possibl e to separately utilize such further
resi d2al gases. For exanple, they may, provided they are free of

mol ecul ar 105 ¥ORial ta%eh@érlnxn m@ﬁe i fvgm Bihg &t é\"tﬁé’(rﬁﬁn%ﬁ&%%@&nﬁg?‘y‘)

reaction zone consti tuen ction gas m Xt
of reacti &R og@gﬁl@ rg\adtpql gpg%rgms%:pﬁ@élgp BpRe (5ntp é%ayz@p@g? can 2chidve a ure

conversion of propane to propylene in the latter with virtually one hundred percent
selectivity.

30 _
The inventive procedure is advantageous both at low (< 30 mol%) and at high
(2 30 mol%) dehydrogenation conversions (based on single pass of the reaction gas
mixture through reaction zone A). This is essentially because high dehydrogenation

~ conversions in reaction zone A are generally associated with high propylene fractions

35 in product gas mixture A and, resulting therefrom, also increased propylene streams in
the charge gas mixture of reaction zone B. The latter normally leads to increased
residual oxygen streams in the (main) residual gas which are in turn suitable for
combusting the increased amounts of hydrogen associated with the increased
dehydrogenation conversions in reaction zone A, In other words, the process according

40  to the invention advantageously comprises a control mechanism which is thus self-
optimizing. However, lower overall gas hourly space velocities on the catalyst charge in
reaction zone B are possible with higher propane conversions. Generally, it is favorable
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o aoryi i Ve B SR Bet HHBp R PR bRrelefiRitl cBR Ry P R0 R RSOt on
that the i3PVerfisean at'pastistrjchiemetne ratiedp theeryoen skeadimitheyecysiedover al |)
resi dual gasidislgasseparati on zone B into reaction zone A can achieve a
conver? on of propane to propylene in the latter with virtually one
hundred percent selectjvity. 30 The inventive procedure is advant ageous
bot h at IOWE(WEC%EG %?r%”géﬂ SDVENtgR ce@bs@mﬁmw& B RoURRyBAIRgINgANer —
conver si onghdnompartialamrmaoxightonpd peopehe tdracrylenitrtie sreagdsl outirkteackort foneugh

reaction Thi Sl j : Y e D 8t i on
Conver ai org | aialsd B Embbyes SgflepBhikol SBH N Bodthe § Mbasngl 0

propyl ene $IUEINSIR Ee3EHOR ZORG 6@@&“5‘9‘%“'%‘9@8%@8@ ErRertigly oxidtzed i gher ef rom
al so i1cr easredp@riimyhenerdt reaatian zane B tvtemethacrgleirgarsd/on metheeyiaf agigtact i on
zone B. The latter normally leads to increased residual oxygen streans
in the (main) residual gas ich are in turn suitable for conbusting the
i ncreased Qﬁ{?g"eo?xam?g?soﬂg;exég? iated with the increased

dehydr ogenati on conversions in reaction zone A |In other words, the

process aqsQpsdragvedXahipid e i nvention advant ageously conprises a control

mschar]lissm which is thus self- optimzing. However, |ower overall gas
~hour | y*“space velocities on the catal yst charge in reaction zone B are

possi bl e vt h Gerjigeration opeaastiguzonerss(adihe debyrwoanation stags)s f avor abl e PF
55708 59 in accordance with the invention when the hydrogen streamin

th ti ' [ , Qi th
e L e A L U
st oi chi ongEpPectedin seried apweharggd bransideriicsl Manneravith«lefydregenatioicataiyst.gas.
5 The 20r ocess according to the invention can be enployed in a

corr eSp.Ondlﬂ'i%%mHHQrtub ?Qa?orﬂ%sté @‘Jee?tﬁgggétgﬁltab%&eglfofﬁquﬁ"zﬂgriél%no.
acrylonitrile is carried out in reaction_zone B. Tt can also be enpl oyed
cor r espondi-#RA Ty ofiraght 1380 FrrapsslEthickngsspl G e eHaTg ke HAsRigheS | MMed®& i on
zone A andubhlier reesiolstwerg easiofiowsahihroughpigrtbhée sddciiorogagimzade ifmometoh@o
correspongjfigymenner in reaction zone B to methacrol ein and/ or

met ha(:2r5yl ic acid. Conparative exanples and exanpl es

At the lower end of each tubular reactor was disposed a support grating made of the
same stainless steel. On the support grating was disposed, from bottom to top, the
following charge:

30 175 mm  bed length of steatite spheres (diameter 4-5 mm) of steatite C-220 from
CeramTec;

21 mm bed length of steatite spheres (diameter 1.5-2.5 mm) of steatite C-220 from

CeramTec; ‘
35 _

210 mm  bed length of dehydrogenation catalyst (Pt/Sn alloy which had been
promoted with the elements Cs, K and La in oxidic form and which had
been applied to the outer and inner surface of ZrO, « Si0O, mixed oxide
support extrudates (average length (having a Gaussian distribution in the

40 | range from 3 mm to 12 mm with a maximum at approx. 6 mm): 6 mm,
diameter: 2 mm) in the elemental stoichiometry (mass ratios including
support) Pty aSngslas oCsosKoz (Zr02)ss 2(SI02)7.4 (catalyst precursor



Conpar at i g le 1 15 A) Configuration of reaction zone A (of the
dehydr ogenat1 on stage) The dehydrogenati on stage consisted of three

i dentical tubular reactors which were connected in series and charged in
an identical manner with dehydrogenatieo catal yst. 20 The indi vi dual

172843) of T engt nOEEAGURR eno AR B ST Eiistain PIMIRAR of anet or
53.1 nm The tubQFah 19238869k were each flowed through by the reaction
gas mxture fromtop to bottom 25 At the |ower end of each tubul ar

t | - | f | teel .
o the-supolin® Gy B8 RaR Rl AL ARBRE D & 2 ] B e FRE LA ol ng
charge® 30 175 mi-BEI86h8®h of steatite spheres (dianeter 4-5 mm) of

steatite C220 from Ceranifec; 21 nmbed | ength of steatite spheres

(di amet er gl R7 ; ' - rec; bed

| engt h of fgéﬁ’yﬁ}%eﬁﬁﬁ’ﬁﬁ%tgﬁf@%‘ g{'ﬁ%@%{ogﬁggy \/\ﬁ%B cﬁ%ﬁ%aﬁ%ﬁ%ré’g;romt ed
with the SPIRBMEHY 4-00m)R! slRatiteL-240 BRIGr&amdPe and whi ch had been appl i ed
to the outer and inner surface of Zr@2 Si 2 m xed oxi de support
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i aet or haigs Bantand o83 hediiy s M, EeMethary. ERHY.Fdth a1y,

t he rdfai AOAGManigmal diametar 10Gwomawhich adly surrodrgedthembed of steatite
spheres (dianeter 4-5 nm of steatite G220 from CeranfTec. 10 The

o e o ol LI phAPUAL WESRFH B0 3L o yRUspeces
bot t om (t SREMEerRE foraupp@h ©f GPRMM e infiagh care hie paisieé thesmatydesyatingopper
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one another. The insulating half-shells were in turn surrounded by a cylindrical

envelope made of stainless steel (external diameter = 173 mm, internal diameter

= 167 mm}, to which was applied, for the purpose of trace heating, a heating sleeve

(length = 675 mm, internal diameter = 173 mm) from Horst, Heidelberg, Germany. In

25  this manner, it was possible in the adiabatic zone to minimize the heat flux from the
“environment into the reaction tube and out of the reaction tube into the environment.

Into each reaction tube was additionally inserted centrally a 1370 mm-long thermowell
{(external diameter: 6 mm, internal diameter: 4 mm), into which a muitithermoelement (a

30 total of 10 measurement points every 4 cm from the lower end of the reactor upward,
thickness 3.2 mm) had been inserted. '

Upstream of each individual tubular reactor was connected a steel tube, filled with
_ steatite rings (made of steatite C-220 from CeramTec and of geometry 7 mm X 3 mm x

35 3 mm = external diameter x internal diameter x height), of length 1300 mm as a heater.
In this tube, the reaction gas mixture was in each case preheated to the inlet
temperature of the downstream tubular reactor and simultaneously mixed in an ideal
manner. For this purpose, the heater tubes (stainless steel of DIN materials no. 1.4841,
wall thickness 3.6 mm, internal diameter 53.1 mm) were electrically heated for the

40  central 1200 mm iength of the fube by means of heating sleeves from Horét,

" Heidelberg, Germany applied to them. The connection between heater and tubular

reactors was brought about by stainless steel tubes (stainiess steel of DIN materials



15 500 mmpg ggggnal di ameter 100 mm which fully surrounded them From
bottomto top, each of the tubular reactors, for the purposes of an
adi abatic zone,  was inserted for a length of 600 mminto in each case
two pairs of thermally insulating halétshells (thickness of one

hal T - shel lng=1 284 IRY Qishf et §Hﬁ?ﬁnt§rnfaf&15§1§%r Clrrﬂ@gféjﬁnng by, MBny.

whi ch vver% nount éd one.on tOCP om one
anot her . TRE MMkiheapalypsviate ‘é’ﬁ'éP‘F%O'ﬁéwé’eiah'”ﬁi!lﬁwf‘sm??e&aﬁded by a

cylindrical envelope made of stainless steel (external dianeter = 173

mm inter rﬂﬁﬂstr@érﬁ@?t%rmlet dfKe PaBktion aé’\mxﬁne%tl%o&dlﬁﬁar He@fer W€ mRdLRse of

S eien e alesipbsebe o U

possi bl e ireadtine gaslimatiarei Ehe steedy gaieiindesaribed hersfrdwiow.| ux from the
environnent into the reaction tube and out of the reactlon tube into the
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m), i nt o ohBPeb/heof enidei rropranedBistiprenang-gorgprising feed @trea_ro) @@agm efeater poi nt s
every 14 Cféh& rsema nﬁofl (OWRAI) PEHI L gésh@s émgﬁ(sew&opaﬁehwmg&@ Be@ MM

had been| La ,Ee gratlf'r,eﬁfgéoﬁ?rp]dag[egg!g Oglz lﬁat?"m ar reactor was

connect ed gs (made of steatite
C- 220 from OeramTec and of geonetry 7 mmx 3 nmx 35 3 nm external _
I n

di anet er x‘hem;hﬁermbpﬁeadmipmeed( height), of length 1300 nm as a heater,
this tube—the—reacttongas—myture was i n each case preheated to the
inlet tepperature of the domﬁmgjbul ar reactor and simultaneously
m xed i n mrethateal  manner. Hor thPs purpose, the heater tubes (stainless
steel of ANngetertars no. 14843 Wall thickness 3.6 nm internal
di anet er . u_@%%‘_heet ed for the 40 central 1200 nm
| engt h of [ethie8et ube by neans jof RE¥i ng|sl eeves from Horst, Heidel berg,
Ger many a@mﬁa@g to them The cogpect i on bet ween ‘heater and tubul ar
reactors ‘5 biy stda: tess steel tubes (stainless steel of
DI N mat er péﬁ@”ﬁk"égyﬂﬁ@ 61 no. 109841 |external diameter 21.3 nm
i nternal gHaneter 16.1 nm IengthOapprox. 700 mm thermally insul ated
wi t h cust qrary threat—insufatijon erials. Upstreamof the inlet of the
reacti on gdas nmxture.into fHe_pE,u,uLar heater was nounted 5 a feed
tap, throMgh which conpressed ai®9tould in each case be supplied to the
reaction ggs m xture. The stleady gtate|is described hereinbelow. To the
first dehydregenation—reactor—was—fed-a starting reaction gas m xture
conposed té?z 395 g/ h of crude pr ocbane first propane-conprising feed
strean), @&Qu’@hb of water 10 antlg8649|/g/ h of (overall) residual gas as
cycl e gasi{secondproepane-conpri-stng—feed stream at a tenperature of
400C and bdi ure of 2.8 bar. q’ﬁ% crude propane conprised: % by vol .
net hane Otrans butene 0.0003 _ '

isobutene 0

cis-butene 0.0014

1-butene 0.004

butadiene _ 0

15 The (overall) residual gas (cycle gas) comprised:
% by vol.

methane 0.002

ethane 0.083

ethene 0.021

propane 26.56

. |propene 0.129
H; 0.033




et hane 0. Fk g5giggene 0. 004 propane 96.29 propene (propyl ene) '0.05 H2 0
02 0 N2 0. 94 CO0 CO2 0 isobhutane 1.84- n-butane 0.56 trans-butene
0. 0003 isobutene 0 cis-butene 0.0014 1-butene 0.004 butadiene 0 15

The (overall) residual gas (cycl e gas) 62onpri sed: % by vol. nethane
0.002 et]| 3—ethenme - U(?)O pt ukane 26.56 propene 0.129 H2 0.033
PF 55708 02 3.01_N2 67 38 CO2 1.92 isobutane 0.31

n- but ane 3\‘2065 trans-butene|0 57s%ut ene 0.0004 cis-butene 0.0014
1- but ene @003 but adi ene 0| Theggenposi tion of the crude propane and all
ot her gasrgconrpesttions—were—determ-nedy by gas chromat ography [HP 6890
w th ChemStZation, detectors: FlI ﬁ),gZTCD, separati ng

isobutane 0.31
n-butane 0.065
trans-butene 0
isobutene 0.0004
cis-butene 0.0014
1-butene 0.0003
butadiene 0

The composition of the crude propane and all other gas compositions were determined
by gas chromatography [HP 6890 with Chem-Station, detectors: FID, TCD, separating
columns: Al,O4/KCL (Chrompak), Carboxen 1010 (Supelco)]. In the case of steam-
5 comprising gas mixtures, the steam was condensed out of the gas chromatography

analysis in a water separator by cooling and decompression if appropriate beforehand.
The uncondensed gas was analyzed and all data relates to this gas on a dry basis {i.e.
the amount of steam present in the gas mixture which was actually to be analyzed was
not taken into account). '

10 _
The starting reaction gas mixture was generated in an evaporator which was
connected upstream of the first heater. The evaporator itself was likewise designed as
a heater. To it were fed 395 g/h of gaseous crude propane (65°C, 5 bar), 3648 g/h of
(overall) residual gas (cycle gas) (50°C, 2.8 bar) and 500 g/h of water (20°C, 3 bar).

15  The heating of the evaporator was controlied to a gas mixture outlet temperature of
200°C. The evaporator was connected to the first heater in a manner corresponding to
that in which the reactors were connected to the heaters.

The heating of the first heater was controlled in such a way that the gas mixture passed
20  from the evaporator into the first heater left the first heater at a temperature of 400°C
- (the wall temperature required for this purpose was approx. 440°C). The starting
reaction gas mixture was then conducted into the first tubular reactor and heated
further in the preheating zone thereof to a reaction zone inlet temperature of 423.3°C.

25  When it passed through the first tubular reactor, the temperature of the reaction gas
mixture passed through a maximum (known as hotspot temperature) of 549.1°C (the
“guantitative data reported here relate to the operating state after 200 operating hours;
in the further course of operation, the different temperatures were adjusted such that
the conversion based on single pass and the space-time yield remained substantially
30 constant; the corresponding procedure was also used in the first 200 operating hours),
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Its temperature was 500,1°C and its pressure was 2.55 bar.

Before entry into the downstream heater, 130 | (STP)/h of compressed air were
metered to the reaction gas mixture (23°C, 4.2 bar).

The reaction gas mixture was then heated to 477°C (2nd reaction zone inlet) by means
of the electrical heating means of the heater (wall temperature approx. 540°C) and the
preheating zone of the downstream (second) reaction tube (wall temperature approx.
560°C). The pressure of the reaction gas mixture at this point was 2.55 bar.

When it passed through the second tubular reactor, the temperature of the reaction gas
mixture passed through a maximum of 515.5°C which migrated in flow direction in the
course of the continuous operation of the experimental plant owing to gradual catalyst
deactivation (the migration rate was approx. 0.1 mm/h). The reaction gas mixture
leaving the second dehydrogenation reactor had the foliowing contents:



02 0 N2 6@r357¢4d0 0.053 CO2 3.36
trans-but ene 0. 050

but adi ene
bar .

conpressed air were

0. 0015

i sobut ene 0. 001
Its tenperature was 509.1 C and its pressure was 2.55
10 Before entry into the downstredh heater,
metered to the reaction gas m xture (23C, 4.2 bar).

sobut ane 0.34 n-butane 0.077
ci s-butene 0.004 1-butene 0.0004

130 | (STP)/h of

The reactj ated to 477C (2nd reaction zone
inlet) byl nmeans 15 of tﬁ%b%Y@ctricél heati ng means of the heater (wall
t enper at ufraethppe ox. 540CP.CcaBd the preheating zone of the downstream
(second) [HAGAd O tube ti—temperature approx. 560C). The pressure of
the reactjon gas mxture at this point was 2.55 bar. Wen it passed
t hrough t H8"®¥cond tubull802Beact or, |the tenperature of the reaction gas
20 m xt ur porppeed throughsa maxi mum of 515.5C which migrated in flow
di rectionrip éﬂ; bUUIa,4v‘ the—eont i nuous .operation of the experinental
pl ant ow pg (o) gradual c¢at'alyst deactivation (the mgration rate was
appr ox. o H: mr h). The n8#6tion gas|m xture |eaving the second
dehydrogep@f i on reactor [pad The Tollow ng contents: PF 55708 64 % by
vol . net hgre—6-615 eth"g“ f—t+t—ethene 0.023 propane 24.0 propene 4.78
H2 3. 40 0 N2 63,84 0.068 €2 3.29 isobutane 0.28 n-butane
0. 062 CO 0.068
CO; 3.29
isobutane 0.28
n-butane 0.062
trans-butene 0.084
iso-butene 0.001
cis-butene 0.007
1-butene 0.0003
butadiene 0.0016
its temperature was 483.8°C and its pressure was 2.5 bar.
Before entry into the downstream heater, 195 | (STP)/h of compressed air were
5  metered to the reaction gas mixture (23°C, 4.2 bar).
The reaction gas mixture was then heated to 464°C (3rd reaction zone inlet) by means
of the electrical heating means of the heater (wall temperature approx. 480°C) and the
preheating zone of the downstream (third) reaction tube (wall temperature approx.
10  480°C). The pressure of the reaction gas mixture at this point was 2.5 bar.
When it passed through the third tubular reactor, the temperature of the reaction gas
mixture passed through a maximum of 492.8°C which migrated in flow direction in the
course of the continuous operation of the experimental plant owing to gradual catalyst
15 - deactivation (the migration rate was approx. 0.1 mm/h). The reaction gas mixture

leaving the third dehydrogenation reactor had the following contents:
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Its temperature was 480.4°C and its pressure was 2.45 bar.

5

- This resulted in an overall dehydrogenation conversion of the propane over the

dehydrogenation stage, based on single pass of the starting reaction gas mixture, of

1

9.83 mol%.

in the event of advanced deactivation of the dehydrogenation catalyst beds, the

10

process was interrupted and the dehydrogenation catalyst beds were regenerated as

described in DE-A 10028582, This was essentially always the case when the hotspot
temperature in all three tubular reactors was approx. 580°C.

Surprisingly, the deactivation of the dehydrogenation catalyst beds progressed more

15

B)

slowly at elevated working pressure.

Configuration of separation zdne A

Direct cooling with sprayed cooled water (T = 20°C) cooled the product gas mixture

20

leaving the third dehydrogenation reactor (product gas mixture A) to 40°C in a direct

cooler (quench) in cocurrent (the remaining gaseous mixture was conducted out of the
water quench in the opposite direction to the product gas inflow direction). About 75%
by weight of the steam present inthe product gas mixture (steam was added to the
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mi xtur & AY" ths cpyesef %ie‘ijlcP%'E’Lg E%S‘P"é?ené i forrped was epraticted v of th
remai ni ng vwgierepescand feddo iwadispaszl bg tredne uf levdl cohizol. OdisewisgUupaedatdrn t he

opposi te %Eéf&r'dﬂ&ttc‘aoﬁ af?:ﬂ%tteogﬁf ggﬂfgtn%g HEdsd !E])Pfﬁ)ir(ed?‘lﬁgb‘ttex%ﬁa/ a%egy q

wei ght of t st eam as m xt st eam was
to the PF&8 7’6‘8’35’8%39 péqrtthqﬁaur,pgg% #CheROlig xt ure of the reaction zone A
and was formed in the dehydrogenation stage as a result of combustion of

hydrogen aidedd SrQndamsth 9+ ing WﬁﬂrvPé%éF&%Bn i Yhe%rB@@d?B?é hiixt QR ihe Ne heat

of conbustj on, subst.antj a e reactl o erature in the
Ceaction GEBVIPSRTAIEN at@g?@ée/?é?wn%webeA?ooé%%h%%ﬁg Sighina "e3rEOR 8% se of
di rect cootiktogg toHeded tmitie nishydrogdriabion lapeéid ANAEC cwithdihe treetustigasomixtire

wat er que"H?Qn ﬁ‘ﬂﬁeéi%ai&ché P eRAhpiBYh é‘ﬁ%@%uﬂ&le”@éﬁéx&@ﬁééﬂﬁ
O herw se, was circul ted ( by

punpi ng) , P%LEB%\\{\BH'” uﬁtﬁEﬁuFrgett) ﬂ‘é%‘fooi&ﬁ‘ﬁé’ﬁ%%‘%t AR EPEd®agai n for the
pur podé oﬁebydfemnabgrmstaggfromhmtﬁ%@ tofrorheppiex. €00 te 880 Cnag wi t h wat er
described, the product gas m xture fromthe dehydrogenati on stage may
also initi ooI ating the artﬁxﬂg?reatlon m xture to

also it Uikl ¥ermo ol e PaHEE o dererie) pPet it e as
m xture iefieeiRd Prgpingdtn Aridireddivahgyehangesio axalipe slartinggasupeiupuisathe heat
exchanger pafiat&iddtioRtil 86 bé eSHBBY AEMIHDRN, of thEMrépaRdenctdied pripduct gas

m Xt ubg O‘E;Efwy ogé‘n%tnﬁrg géosﬁ%%tbg%@ ﬁtztatg%a 3n8§ﬂr?eb§d§torb%9%%és°?c§o iR <P Pr O

200 to
dehydr ogeFFaW gpscsibag Belewningee Desfarably é\ﬁo-ﬁgﬁgawa@ls'qn thAreghby MgpPeet heat

exchanger ekgarfsattutbiressbreats ichmpegste for itthyragivhgte ihbipienplagdtingl oxi dat i on,

still to be described herei nbeI ow of the propane generated in the 20

dehydrogenati on stage, and/or usi n% it to balance the absorber offgas
e

cool i ng, éfterwarditge B@daétsﬂﬁsufﬁ'é@%@l% mperafise B aquit 480 Sipsagusghy. it
expanggonig ﬂi@‘awtolmon’t?ﬁmsteﬁfperﬁmﬁammecrangelfr@mrBE)SC to 60O vepenskdie for

it by adv ng. Afterward, the product gas mxture is at
Ad/or kql}%lcg vo%[ﬂé 1%@%?& . . ; .

a tenperat Subsequently, it 25 is possible to cool it
to a tenperature in the range from 30C to 60C by nmeans of air and/or
sur f ace wi@kr@letcs@ph@tas integrated into the coolers or downstream thereof collect the water

condensed out in the course of cooling and feed it to disposal under level control.

30 |
The thus cooled and steam-deburdened product gas mixture of the dehydrogenation
stage, having a pressure of about 2 bar, was subsequently compressed to a préssure
of from 10 to 13 bar.

35 In an appropriate manner from an application point of view, the compression was
carried out in two stages in order to avoid excessively high compression temperatures
(this purpose was also served by the cooling carried out in advance; the steam _
separation additionally deburdens the compressor output to be expended). Inrthe first
stage, compression was effected to a pressure of from 4 to 4.5 bar. The outlet

40  temperature of the gas mixture on leaving the compressor was about 115°C.

In a downstream indirect heat exchanger (air cooler or surface water cooler), the gas



Dr opl et s%p_ar ators integrated into the cool ers or downstream thereof
col l ect tRESRAP8r condensed out in the course of cooli ng and feed it to
di sposal under |evel control. 30 The thus cool ed and steam deburdened
product gas m xture of the dehydrogenagjon stage, having a pressure of
about 2 bar, was subsequently conpressed to a pressure- of from10 to 13
bar. 35 | A dAreis eaplaceacaimiafan 4P 1o R0 %n inibeicoeseicd whishifuthessteagmew, t he
conpr essi-oondeased dabplebskemaitoiscdivtiesd tRORBdeNsas g6 dischaaysd id usdagesdivel y
hi gh conppgsgion tenperatures (this purpose was also served by the
cooling carried out in advance; the steam separation additionally
deburdens the conpressor output to be expended). In the first stage,
conpr essi brntheascatd emmdsdon stagpr esspressiaf whs efiected starting floar a pEssumLtfl et
40_temper ahélfia, 6l 14 BF ol Aralblc!i G d B2 018, TP RRIRARRARLEEIcAAY!
115C. In downstream i n |re%§geat exchanger (air cool'er or surtac
“water coolErSPTRFRSOEYES BRoY 67 mixture was cool ed again to from 40
to 60C, in the course of which further steam condensed. Dropl et

contr ol o B IR Huh Sfod IiRSEA 1Rt SRAaRuaS TAMERLa 4 HLISN (3 fofflall =

coart Thy ReshehdE aataRneSLERe s Bk Aoy SETBRTASK PRud Treill FEIBke 10 1o
13 bar. Tiherigotansitherasufagawaten podierhihe gompreesashansraikiine waasoalsdut 126C.
n It Wwo 12 Uihitiagy tocffmﬁlab te80I0 &t thefto BEA. vexehameie Esndenbed bal was @gsi.gi‘ r

cool er | S1¢Y e
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wat er coo$eeNd comeressan ihesgasdmbige pbcamerisResO- e Gotyareiahtaf waign The &% r om
40 t 0150Cvatedcortent prevedtbiphddiety inthecdowrstidamn sedorptitn aesthadegmpreseprar at ed
and condughgte OHE a%@?ﬁ#’h%s%eﬂf %@ghﬁéq REF BRI G sy of\ébgé}?gaﬁn.' eaves the

second conpressor, as mxture only conprises 0. y wei ght of
wat er. The |l ow 15 water content prevents biphasicity .in the downstream
absor pt i oWhie tirbdnemiyiregsopy @esildubricatédc eéry-ruhring mootactiess cabyoedsons) are

(o i 1 -J58 e BUEBETRCocBle @PRARIDAR of (ibRsbish Y0P BRBNESSONE 12 M, on

the i st Pae SRbERan st DG, Satbatnu iy ee e TaheT P keBRfassdiy 1 e

12 MH  207am Sepwererused Vern s pentip BEMAC MEssaeR y) 3y BadrB#s@ither ienbr ane

gorrgr ?Ssoéléqtisi%@!ﬁﬂo‘ﬁﬁé%rP@biﬁpﬁiﬂ%abﬁ{r&neé.rFrétlfLi_elﬁﬂj/,Riri@i,ngtﬂye/aﬁ@mEthﬁ_%s)iéS may
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m xt ure, FvIseptigngobivipiiesdedbers the ettonéaprroms2Reahy.dt hagthadsawieg on

col urps didepedrityy above the bottom (approx. 4220 g/h). It had the foll ow ng
25 contents: %by vol. nitrogen 64: 39 '

% by vol.

nitrogen 64.39
oxygen | 0.27
propane 23.21

 |propene 5.08

- jmethane | 0.02
ethane 0.11
n-butane 0.06
isobutane 0.17
n-butenes 0.04
isobutene 0.10
1,3-butadiene 0.00
hydrogen 3.32
carbon monoxide| 0.04 -
carbon dioxide | 3.16




- oxygen O.éz 96$pane 23.21 propene 5.08 nethane 0.02 ethane 0.11
n- but ane OF 68 sobutane 0.17 n-butenes 0.04 isobutene 0.10

1, 3-but adi ene 0.00 hydrogen 3.32 carbon nonoxi de 0.04 carbon dioxide
3.16 PF 55708 68 The absorption col ungg consisted of 1.4571 stainless
steel. The colum internal dianeter was 80 mm -the wall thickness 4 mm
and the colum length 1.70 m 5 About 70% of the volunme of the absorption
col um washd abhdogmtioni colunivbedrsispecdfi 1457 1edtainiens steeMohe zolBBHHMbMhal speci fi c

surface agigReterWa8B0Mh, Be v&ﬂﬁ%&ﬁﬁés@%ﬂw&taﬁ{dgﬁ% %glymw%ggﬁ‘?.“/iow el ement s

were directly adjacent and began at the hel the colum
Tength from bel ow The absorption colum was neither cool ed nor heated
ext er rfal | Abouhi7 0%l theoyrherhe phihecabisarptipn telohnmivead fillgd ate Marttz patedane from

Hal t er mandlemafts @AbARMSH-250, tdpecitK¥iiratle ares 750 RE/MMEs EIdrAHIGRG radIs AN

I nt roductyon t erature of .30C as._an_.absorbent s. chr t pgr aph

el vai o T RASEG Sl Enis diers ARl dRARESRD o i Righie I e
conposi t i &rHraR length femabelowf Fles Apsorptianrgoieaawes neigser cosled npeheaigi@cane

47. 3% | rexpenbiBdacmeeoy oe comﬂwt@flméamﬁaae ?ét’nadeéhdéamﬂa@@rﬁ%nh?- 1% and
resi : . (% ' | er
pprol oGRS oFths PRYT oF RBR RS hESeed BOH i Ral dp RS R Bich o

val ues: mY Fiagarzbsorpenbioas shiomaiegrapiacanalysiobsmpansmoffdRdgirstianeaee 49

n- hexadecha &lbwBYHGC ardaép tardposdiiun £3helStadrflesh):

n-tridecane 7.6%,

- 15  n-tetradecane 47.3%,
n-pentadecane 7. 0%,
n-hexadecane 3.2%,
n-heptadecane 14.1% and
residual sum 20.7%,

20
~ this composition changed in the course (after approx. 3000 h™) of continuous process

operation to the following values:

n-tridecane 2.6%,

25  n-tetradecane 39.5%,

" n-pentadecane 9.4%,
n-hexadecane 4.8%,
n-heptadecane 23.4% and
residual sum 20.3%).

30 : _ :

The trickle density was 15 m® of absorbent per m? of free cross-sectional area and hour

(= 25 kg/h of tetradecane). '

The offgas stream conducted from the absorption column to the combustion still. -

35 comprised 1700 ppm by volume of propane'and 400 ppm by volume of propene. On
the industrial scale, this offgas stream is conducted via an expander {for example an
expansion turbine) into the combustion, in order to recover the majority of the
compression output expended in the two-stage compressian and to recycle it into the
two-stage compression. Appropriately, the expansibn is also carried out in two stages

40  in order to prevent undesired condensation. The mechanical energy obtained in the
decompression may be utilized either directly as a secondary or main drive for one of
the compréssors and/or to generate electricity. '



resi dual ppms2683%9. 30 The trickle density was 15 nB of absorbent per n?
of free cross-sectional area and hour (= 25 kg/h of tetradecane). The

of fgas stream conducted fromthe absrmsptl on colum to the conbustion
still. 35 conprised 1700 ppm by vol um®%f propane and 400 ppm by vol une
of propene. On the industrial scal e, this offgas streamis conduct ed VI a

an expand e a I on. turni ne e Cco usti: on,
order to 5%1:809\/%? dleeﬁ%rqﬁ?f%?cr?%? gas '86’95(3 %@HREGPWEFS"@Q EARYPS n the
t wo- st ageaRR5PRIIAEE 8N e indiptiad swew;reemve therbydregen preaentdhergis. Toispnassi on.
Appr opr i ameeéfyectédweor@xpmw By phssid) e offgad trra@bgchta miefhbrak2, gShereBSsiHbetin

PriThd BB AR e B e TSR0 Rl ENEh gl Pt al ned

econpress ctl secondary or
nmain dri v'eoleeﬂ aphiregen ff'ﬁeb‘é taryeled dor exagmig. dratOttfaﬁ @etﬁegaﬂeo@rye%ataimc{ y. PF
55708 69 deBglimgenative ardedivnetee dtikdadon fer exahfrgam fusl cetigiduct ed to the
conmbustion, it may be appropriate on the industrial scale to renpve the
hydr ogen . resent herein. This ma e effected, for exanple, by passing
the of f gd W‘H?’B'ﬁgh\’ YH@%P&%OV%E@@%Q%@P&&@H%W BariakGpRaensaticah i s

per meldb| eadsnaipfion antleeretbiication frefeyatiyogreter plissuteh i3 examplees a preksarel ar

hydr ogen griyg Q@S,dr@rﬁa\h?'@rdthefrﬁﬁusﬁ'ﬂgﬂi@ it ib BH&U&M})@%@@%EW@H@J% tgatal yzed
dehydrogenatl qg b gf &t{ t| i zattl on { E%HE FF!

cel I's). 19 BYFas ﬁ’r"sé’r S IRLIRS, B S ?é'FHB Ve %?%685&8 @P‘f"d’k 8%y
parti al d@ﬁémﬁwﬁt&jh 10 adsorption and/or rectification (preferably
under pressure, for exanple as a pressure swi ng adsorption). On the

: ES”Z‘%&L?"@&?E'%@F@“& *We%éﬂ*%* Ao o RGP B @R Ehs BB EPEL

order tdheahRe ? teit. 15 The absorbate corrprlsed the foll ow ng
contents (% by wei ght based on the weight of the absorbate): % by wei ght

: n| trogen0-08%4—propane—2: ‘q,}'ab eﬁ-}éﬁ me—O0—55—ettane 0. 006 n- buf[ ane 0.009
i sobut ane._0.024 n-butlenes 85‘1 sobutene 0 014 carbon di oxi de 0.074
et hene 0Ond®pen 0.094 ,

propane 2.65
propens 0.55
ethane ' 0.006
n-butane 0.008
isobutane 0.024
“n-butenes - 0.006
isobutene 0.014
carbon dioxide 0.074
| ethene 0.001
tetradecane approx. remainder up to 100% by weight

Before the absorbate was conducted to the top of the downstream desorption column,
20 it was heated to from 36 to 37°C in an indirect heat exchanger. The heat carrier used
was the liquid effiuent from the desorption column which had a temperature of 37°C.

Subsequently, the ebsorbate (this may be performed, for example, in an inverse pump
or by means of a valve) was decompressed to a pressure of from 2.5 to 3 bar (the

25 mechanical energy released in the case of the inverse pump is appropriately also used
to recompress absarbent freed in the desorption column) and the biphasic mixture thus
‘generated was conducted into the desorption column at the top. '

Air was conducted at a pressure of 3 bar rhto the desorption column (intemnal diameter



tetradecapg sappg Ox. remminder up to 100% by weight Before the absorbate
was conducted to the top of the downstream desorption colum, 20 it was
heated to from36 to 37C in an indirect heat exchanger. The heat carri er.
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top of the absorption colum. The aqueous phase was recooled and
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d
G o Aty ARSI o bR PN AROBAIEA0 0588 o o GAR GBI, |
wash@ g&sniepisdwhenilte debhidiveeeiion fonyeraiondt rastiearonedt elctadedaf at or s
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ol et ed GGl %@e%@ﬁ@ag,%@ﬁggr%@%w@h@ 15k By BRG AR AREE. A0S
from 8 t &Y ¥ohume o\ PERRERE andﬂ6r5°/e?¥1ﬁﬁlp@e i) washed gas stream may al so

have 15% by voI une of propane, 10% by volune of propene and 14.5% by

vol unme of—62): % by vol.
nitrogen 48.11
oXygen 12.20
propane 30.53
propene - B6.68
ethane 0.09
n-butane 0.08
- lisobutane - 0.21
n-butenes | 0.05
isobutene ‘ 0.13
hydrogen . 0.04
carbon monoxide 0.00
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%)by voI nltrogen 48. 11 oxygen 12.20 propane 30.53 propene 6.68

et hane 0. 85 °3%{%ut ane 0.08 isobutane - 0.21 n-butenes 0.05 isobutene
0.13 hydrogen 0.04 carbon nonoxi de 0.00 PF 55708 71 carbon di oxide
0.85 water 1.00 ethene 0.02 The tenpejpature of the gas m xture was
increasedto 250C by indirect heat exchange and the gas mixture wth the
aforenentP@ﬁ@ﬂdE@ﬁb03|t|on wék8%Zondudted i n an amount of 2260 | (STP)/1h

and an in{,\,g{erpressure of 2.1 pgs as & new starting reaction gas 5 mxture
C) Configuration of

I nt O t he TOU I UOU‘II |J’OII ¥ o C T Ul appar at US
‘reaction ?’BﬁmeB (the partlal Og%matlon stage) 1. First fixed bed reactor
for the step of partial oxidation of the propene (propylene). 10 to

acrol ei n TR@terf3tRAR0S tﬁ@@éé‘mﬁlﬁr@%as?ﬁéréaé%'té z@@*@bﬂnungct%feaﬁ&@nw%&m ght
of potassw nltrate um ni

Nei Gt o “UbMR A e W A E At PR ROSE Y cPRBENE i AR b
4200 nm ofZits@rlrﬁ&TP)ﬂri*ammm@@prﬁwure@ffzérhmlasm ravestertinggeagtion 2@swal |

t hi cknes smitirlintReRCdcHnstréRMPasiat oRiation aspspdtesl cyl i nder made of
stainless steel (cylindrical guide tube surrounded by a cylindrical
outer vessel). The wall thicknesses were wuniversally from2 to 5 nm 25
The i nt er®hl ~ @pafigsration of raastiorzanerB (9 padiat oygaion@d®n  The internal
di ameter of the guide tube was approx. 60 nm At the top and bottom the

jacketed gyl ﬁ%%x%eacl%gabﬁto?%eb&e@ﬂ ﬂ)é?tlé‘?}%%datnon of the propene {propylene)

10 " to acrolein

Q\[L dat 1

Heat exchange medium used: salt meit consisting of
53% by weight of potassium nitrate,
40% by weight of sodium nitrite and
15 7% by weight of sodium nitrate.

Dimension of the catalyst tube: total length 4200 mm,
internal diameter 26 mm,
. external diameter 30 mm,
20 - wall thickness 2 mm.

Reactor: Consists of a jacketed cylinder made of stainless stéel {cylindrical guide
tube surrounded by a cylindrical outer vessel). The wall thicknesses were
universally from 2 to 5 mm.

25
The internal diameter of the outer cylinder was 188 mm. The internal

diameter of the guide tube was approx. 60 mm.

At the top and bottom, the jacketed cyhnder was completed by a lid and
30 bottom respectively. -

The catalyst tube was conducted through the cylindrical guide tube and

mounted in the cylindrical vessel such that it projected at the top and

bottom end thereof (with sealing) through the lid and boftom respectively in
35 each case by 250 mm.

- The heat exchange medium was enclosed in the cylindrical vessel. In order
to ensure very uniform thermal boundary conditions at the outer wall of the
catalyst tube over the entire catalyst tube length within the cylindrical vessel



30 bottonprespgscti vely. The catal yst tube was conducted through the
cylindrical guide tube and nounted in the cylindrical vessel such that
it projected at the top and bottomend thereof (with sealing) through
the Iid and bottomrespectively in 352each case by 250 .mm The heat

exchange medi um V@? @ﬁﬁ)%@%ehpe%hﬁnﬁé%b A G ciNERs %jﬁ%eéﬁﬁggﬁﬁtrogteﬁ t he

ensure very unifaq rH ary” con |t| ons at t
catal yst tube ové? %%W%‘Pfﬁaf‘é“—seak al yst tube length wi t hin the cylindrical
vessel PF 55708 72 (3700 nm), the heat exchange nedi um was circul ated by

| ﬁ,pf‘{g' gg th reoggrs mear&mtﬁevhé.ﬁgihmgén \fﬁéﬁ@étexayargﬁarﬁédm V\FééQ:orn;vé %tgp -
the cylindrical 3 éOtP OR '%%&eﬁyy\,acﬁ'gﬂ’ "Bce% gwrb%rgﬁr th&B&%b\%}'ﬁ’ the
i nternedi ate spadt@m@ftawbrerthe;wﬁermdia&wagaub@éwqammh@dmal avidle h@ﬁlamﬂ out er
vessel (circul at Ic@mc@f:ammlvegg@@ma&u@@af & BPghRinaed tay 8o bbachisveed

on the outer | Sék?%% <8 a8y 1 RelipR dop et BhbER mI0GR ﬁgahﬁE”ESd
exchange medi um tePuRd ereliercateriaskel wascabie tpEro! thedemparaiuraiof theogatng.
React1or charge: \éxehwgeonetiurh eiteaitsired levslabthemwisk, Bk waasit caslirgas

m xture were conducted in countercurrent. The reaction gas m xture
entered the reactor at the to was 15 conduycted into each reaction

tube at X REPENFTET e of H@Wﬁﬁéersfé?tfeﬁ%‘?rts hrel aad (33t 98%dr i cal
gui de tube at the bottom at mixtdre meee adnduetell'in co@ReCuneant. Thé teactien

SYHndri cal o t20 gui _?_? tubg astrlﬂ&tdré’Bn@eﬂhﬁ@@ﬁé@t%@toﬁ%‘%&usThe Tout)/ 2
i ence between Ti" and Tou ou :
Cat aI st tube charge: Sectloﬁonﬂ”mﬁaﬂg? %re@mf%{%ﬁag%%%er?%r% 8t t om |
Preliminary bed of steatite 250Gs (steatite C 220 from Ceranifec) of
geonetry 7 mmx 7 mmx 4 mm (external diameter x length x internal

di aneter). = Section B: |engt 1% ré%%’ég%tﬁ ste%%ﬁtngh%? U%Qé}u e

honbgeneous m xture of 30% atl %e C.220
from Ceranifec) of geonetry hspt?@m Rt Btempesatorenim 1 83Q @rﬁﬂﬁil 'e@ﬂ@rﬁ?ﬂ‘@ﬁ”%'
| engkb x internal dianmeter) guidk i(B&abiheviep ght tedfperatnsPfoThediffeadrakey st

fromsection C hetween T and T° was about 2°C.
Taverage — (Tin + Tout) /'2.

-Catalyst tube charge: Section A: length 50 cm
25 (fromtopfo boﬁom) Preliminary bed of steatite rings (steatite C 220 from
| ' CeramTec) of géometry 7mmx7mmx4mm
(external diameter x length x internal diameter).

Section B: length 100 cm _

30 Catalyst tube charge with a homogeneous mixture of 30%
by weight of steatite rings (steatite C 220 from CeramTec)
of geometry 5 mm x 3 mm x 2 mm (external diameter x
fength x internal diameter) and 70% by weight of
unsupported catalyst from section C.

35
Section C: length 170 cm
Catalyst charge of annular (S mmx3mmx2mm =
external diameter x length x internal diameter)
unsupported catalyst according to example 1 of

40 DE-A 10046957.

Section D: length 50 cm



35 Secti opfF §57d8ength 170 cm Cat al yst charge of annular (5 nmx 3 nmx 2
mm = external dianmeter x length x internal dianmeter) unsupported

catal yst according to exanple | of 40 DE-A 10046957. Section D: I ength
50 cm PF 55708 73 Downstream bed of d@eatite rings (steatite C 220 from

Ceranffec) of geonetry 7 mnXDBwHéﬂéfanﬁ‘b@@bfét@éﬁt@hH@é (s@éa@i@éggoxrohength X
internal dianmeter). 5 2. e. Ccoo | nterr%gl at e oxygen

feedi ng The. product gas mxt Fream &35/%%6‘%“?% X{iWBE b8 react or was
conducted for the purpose ofeXtaﬁn@rdmm@tant@e@gtmrnt;errqahdmm%@"bl y by neans
of air) through a connecting tube (length = 400 mm internal dianmeter =

26 e el | WAERKORAS oo Ty BIALSL d0oal Abglges steel) which, mount ed

centrally ' for alen mm  Was h an inert bed of
steatite spheres (Steatlte from Cer aniec) of dianeter from5 to 6 nm and
fl anged dineecbduct gmd mitre ieemingl this first fked lodd febetof was tordduckd foether eact or .

0 ana Peickp By Fihfedfed b %"ﬁ%@mgg%?’&ﬁs%* DB EE Rl P S 1

(STP)/h 6?”8‘8@?%@%"&?‘?3 Hamaler 5, 2Pge, WelENGRS 2 2 MR8 8 t he gas
m xt Ube. stidessestedl} whighohaurged gergratty firuar iength xé 2800 mma vetsathegediwitr amas f ed
at a temesatdy & sﬂafatztezs?&g ésf{sEéé%tJ Fra‘rﬁ‘é:e%ﬁTé %@H%ﬁxefté%rfro‘hhé t$6 Eim%nd

parti al | dat | . Second fixed bed

r eact or %Pg?#@m@%B”tBEh%EI%?'lyﬁtlt”%%(?@é?|f'63r§?6? B%drr(?la@;oﬁ to acrylic acid A
fi xed bed reactor was used which was of identical design to that for the
first stepe %@'n’itxtur@érfter@ﬂ%é&ﬂﬁbb 10188 afTh e@am@r@rﬁ@@cﬂmm Oend

cocurken r. th t.ak

coon e SUEL B 08 8RS : S @e"%@q%gﬁé i ol E et e
(from botaﬁéquwﬁtltﬁﬂw‘%@a\@ere%éﬁ ‘c)’ﬁh K‘e gasmyHre0 cm 30 Prel | m nary bed of
steatite rings (steatite C 220 from Ceranifec) of geonetry 7nmm Xx7mx4nmm

‘f;renxégr?;gtrgg SRR cntige T4 rtlrd BhEH R %E@EX%WFS%%/&%‘QME%U‘WW 0
steatite ?@ gt the g’f%"iatquréa@oﬁf?ﬁ BER @fe?%é’é)daﬁ?” eﬁﬁﬁ@ pyo & WWF?C'@ mm X

4 nmeQexternal diameter x length x internal dianeter) and 70% by wei ght
of coated C@E@érﬁﬂsf&ea BREYSLE M step of partlal oxidation of acrolein to acrylic acid

A fixed bed reactor was used which was of identical design to that for the first step. Salt
melt and reaction gas mixture were conducted in cocurrent viewed over the reactor.
25  The salt melt entered at the bottom, the reaction gas mixture likewise.

The catalyst tube charge (from boftom to top) was:

Section A: length 20 cm _

30 Preliminary bed of steatite rings (steatite C 220 from CeramTec) of geometry
7mmx7 mmx4mm
(external diameter x length x in'ternalrdiameter).

Section B: length 100 cm |
35 Catalyst charge of a homogeneous mixture of 30% by weight of steatite rings ‘

(steatite C 220 from CeramTec) of geometry 7 mm x 3 mm x 4 mm

(external diameter x length x internal diameter) and 70% by weight of coated

catalyst from section C.

40 Section C: length 200 cm
' Catalyst' charge of annular (7 mm x 3 mm x 4 mm = external diameter x length x

internal diameter) coated catalyst according to preparation example 5 of



40 Section_C__length 200 cm Catal yst charge of annular (7 mMmmx 3 mmx 4
nm = ext ePR&5788aneter x length x internal diameter) coated catal yst
according to preparation exanple 5 of PF 55708 74 DE-A 10046928 (at this
point, it is also possible to use analﬂpous coated catalysts and those
prepared in a correspondi ng manner, but whose active conposition has a
st oi chi oret r yDBfA (245928 EaitRenoink diks slso Mp3ve i6Wde 3miogaecpateds Sect i on

D: length 50 estailoanst teRe pagshred ind &tdsbending Bminbst BatwideGcBed from

Cer anifec) of . Koo xternal t I ith x
i nternal  di anﬁﬂ%ﬁt{%&%ﬁ%é@@% é%@?’%%ﬂ’g’szb@h@g"éy% G SO 3850
g/ h of charge gas m xture. Taverage 1is as defined for the first fixed
bed remctor aBectwad:2gth 5Tbe propene conversion in the first reactor was

97. 7 mol % a”dDB\WﬁstPe%FrPﬂ){d Qﬁgé%{gregw;sg&geg{it@ d 5% ﬁ&rﬁ%’é?aﬁn?g&tcﬁ@e}éﬁ%t 9.4

mol % 15 The contents o S mxture |eavin second fi xed
bed reactor af ™ X{dRPer4ffte of 283C and a pressure of 1.8 bar (product
gas m xt ure Bexisenz diz¥eisr xehgth ximtermagdiamg®rB7 oxygen 3. 03 propane
27.48 propene 0.14 nethane O ethane 0.07 n-butane 0.08 isobutane

0. 34 _ .n-hut enes i sobutene 0, 1 3-butadiene, O drogen .0. 03__&anbon
romoxite HISERCoR AP aEs APRE W Ao 95 O LG GR M. Tacp
aci d 5. 3 is asglefincdhior thedirgidixed bedieactos pud @2 £74°C.

The propene conversion in the first reactor was 87.7 mol!% and the acrolein conversion
in the second reactor was 99.4 mol%.

15 _
The contents of the product gas mixture leaving the second fixed bed reactor at a

temperature of 283°C and a pressure of 1.8 bar (product gas mixture B} were:

% by vol.
nitrogen 52.87
oxygen 3.03
propane 27.48
propene 0.14
methane 0
ethane 0.07
n-butane . 0.08
isobutane 0.34
n-butenes 0
isobutene 0
1,3-butadiene 0
hydrogen . 0.03
carbon monoxide 0.42
carbon dioxide 1.85
water 7.92
acrolein 0.03
acrylic acid 53
acetic acid 0.18
formic acid . 0.01
formaldehyde 0.17
benzaldehyde - 0




f ormal dehyde 0.17 benzal dehyde 0 PF 55708 75 %byvol. mal efic anhydride
0.04 ethppres@o®2 The catal ysts used in the two reaction stages nmay al so
be replaced by the catalysts wused in the exanples of DE-A 10351269. The
catalyst of the first reaction stage may also be replaced by the

catal ysts of the exanpl es and conparat{¥e exanples of 5 DE-A 10344149.
The cat al yst of ~The Second%l’WI on stage may al so be repl aced by the
e-exafples 10360057 and DE- A 10360058. D)

cat al ysts the les 03660

Conf i gur atm@ﬁ":@ﬁhw'ﬁ%rpatl oqtb‘zlone B (renpvjal of the acrylic acid target

product |fatiane he product @}ﬁ% m xture of fthe partial oxidation) 10 In a
di rect cool er Tne not—product gas m xture (product gas mxture B) was

cooled to 80C in a uechI|U|d conpri 57. 4%
by et ght Tt CAIRRTS A9P0 bk S0 FR S staaes Al RO raR BN PaREI I by
wei ght ofussddn mmmm&aamamoaanzsa dhpeatatyst af the ﬁrrst fe@@tMmsta@@@tawhl ch
was al so Hsele ?e%lédé% @Qﬁ@b@tﬁ%ts difhe &%rﬂpﬂ%’ﬁnd%n%%ﬂv@%x%wpk@%fd' rect

he afberDEeutian 147 i of R Een (rpbbar Sindk mal GRatedr IR ch |1

was r ecdbe edtalystseof e exaraplgmel F-& 1&3@0%%3111(&@5%1@31?@05& ect cool er
imrersed into the collected quench liquid. The cool ed product gas

m xture t ti e quench
Circuit. Poh %ﬂ‘?ﬁﬁgﬂof*%*’s%ﬁ%toﬁ%?ﬂ%’@%%%E?%%ac&ﬁc SRy ol

di schar ged. Ffrf%t'ﬂﬁhém H@r%ﬁ neixteEpfithe pafhiakaXdgon 1 kg of quench i quid
was tfoerefore di scharged di sconti nuously once per day into a vessel

whi ch wasy ‘ggﬂ%‘ég dbﬁ’ebrdfhé%%t‘éﬂo%&ﬁsh Lé‘@k&%cf%é’s rﬁxttﬁ‘e @2%%&3608%@% rator.

The purifi ciLrcuit and
the | osscPPEX- 4B 6t Besrrayife ie? upi é‘ﬁ’é'ﬁt BRSNS 2 - M’ Yd’i’%gf?}fc’ dirs1eany |
et her, dighmeng0.7%nuy weidhinad tdiphlenplland 21084 by wei@bt Fredicetiyedhthalatiyof gas

m xture wasp 5%98%%1140%01sbk@mﬁkh:‘ﬁ%a%télé?ﬁuééa%fme abaygertthe thodgm The
I aneter of 50, mm

b t
Ot ?ﬁ”&%cat 1B Ao Sapies, T8 it s s ol N radeSBESPB | on
col um w&s ﬂrrmnmﬁ%(sedrceobfﬂma)meﬁcayssmhwa & hpat exchwoper infwhickat wag, had a
segnment edefASE T%Q ph@ficedas rﬁtmemhbeect iortﬁé diPss kbH8s immh&rssdirtd g bel ow,

the ard oPIeArERPEehIdlg 5 Ghled BFan Bt Putd Etn IS B BR (a5 woul o
occur on dowestrm@bwatlors@wrem lothel@@ench cBodt. highrboiliag byiniedustsed. The
absorpt i RceALMEA aMh=aN6 baldrdhalged. Krom the qasntihecirelit b @htidrast. 1 Rpef gl ass
J acket W%@ea& D’drugne\%aé fHoPerbile s HERALA S oRFUTRLY Dol BLdhy oS vigH, t O
i npose th
which was worked up discontinuously with the aid of a rotary evaporator. The purified
absorbent was conducted back into the quench circuit and the losses of absorbent
were supplemented with a mixture of diphenyl ether, diphenyl and o-dimethyl phthalate.
o5 | _ _ .
The cooled product gas mixture was conducted into the absorption column above the
bottom. The absorption column was 5200 mm lon‘g, had an internal diameter of 50 mm
and comprised Kuehni (Switzerland) Rombopak 8M packings. The absorption cofumn
was manufactured from glass and, for reasons of heating, had a segmented glass
30 jacket. Above the first packing, viewed. from below, was installed a pressure decoupling
valve (adjustable throttle), with the aid of which a pressure drop over the absorption
column {as would occur on the industrial scéle) of 100 to 300 mbar was simulated. The
absorption column was operated at a top pressure of 1.35 bar. The glass jacket was
divided into five separate segments, which were used to impose the desired

35 temperature profile.

From bottom to top, the segments had the following temperatures (thermostating by
means of water pumped by circulation): '



35_terrpers%g grofl |l e. From bottomto top, the segnments had the

fol |l ow ng ﬁ%@ atures (thernostating by neans of water punped by .

circulation): PF 55708 76 1st segnent, length 1020 mm 90-115C, 2nd

segnent, length 1250 mn 88C, 3rd segmgpt, length 950 nm approx. 60C

4t h segrrent | ength 950 mm 50-55C; 5 5th segnent, length 1250 mm 18C.

~ Bel ow the ﬂﬁﬁ%@%%{enﬁﬁbmmd“%ago é@&i | ecting tray from which water-rich
condensat 2nd gegonaht viength Y1 25@&sndr&@WD; of f. 1t was cool ed to 20C using a heat

exchanger3,.a ﬁWérgﬂw oddhh, bhErogbsPEpti on col um via the uppernost
packi ng noun;é?%gbg 10 water of reaction) was discharged

under v% S@%WFPB eng %560% acid water discharged was fed to a
phase %ep‘éth&egmanﬂlmgtM%@mmph&ﬁe was recycled into the absorption
colum via the second packing, the aqueous phase was di sposed of.

| medi at e Iowthe coll ecti ng r . 3.5 bs tlonll wer e
e r oducertiay e UoreiBefthaREb yps arciéaisd iy e phich e die optig ke

di schar gel@cidtwater vuaaplrawn efhdt \M%%@?qﬁd ’@rﬂb@lbﬁm a(heai exg@ngerand recggedar )
had the fiald thwiabgoreoH eINirhh vidothy upsdrmosnbddokP@esndthe kcesXargaiunt &hgé

prop n

| sobmnyﬁggg r858@>ﬂ?®a9 d%gharggé Eﬁ{b‘?ri]%ebg&ﬁi% el‘h% aQ'r?ou ogﬁ@ﬂlgt gn 0. 04

- car bon nof¥EEREAVaEYed f R PRASIPIPET 38" {hggrgqm@}asgv@gre & ‘éiionthB 03

acryl i c aatisdrfdion column via the second packing; the agueous phase was disposed of.
immediately below the collecting tray, 3.5 I/h of absorption liquid were introduced at a
temperature of 40°C.
15 _
The (main) residual gas discharged at the top of the absorption column (T = 18°C,
P = 1.35 bar) had the following contents:

% by vol.

nifrogen 61.17
oxygen 3.51
propane 31.80
propene 0.18
methane 0
ethane ' 0.09
n-butane 0.09
isobutane 0.39
n-butenes 0
iéobutene 0
butadienes 0
hydrogen 0.04
carbon monoxide . 0.49
carbon dioxide 212
water | ‘ 0.09
acrolein 0.03
acrylic acid 1 0
formic acid 0
formaldehyde 0
benzaldehyde 0




formec acbg 52? éormal dehyde 0 benzal dehyde O PF 55708 77 nmuleic

anhydri de A8ne 0.02 Tndirect heat exchange heated the (main) residual
gas to 40C (in order to rule out undesired condensation) which was
conpressed to 2.75 bar by nmeans of a KNF Neuberger PM 17739-1200
conpress dndustrial scale, a turboconpressor 5 driven by an

el ectri cgma@ #MYdiide exaRpl e of the 12M#B type from Mannesmann DEMAG,
Ger many) @ﬂﬁ.dnéecycled as ple cycle gas fraction (as the first fraction of
t he . (overatt)y—restduatgas)—+nte reacti on zone A to charge the first
dehydrogenation reactor. Fromthe bottom of the absorption colum, 3.9
I/ h of bthﬁﬁﬁltlheqm)@hm%h@ﬁtad\ihEdﬂTamrﬁ%mualgas A" Cdimrde to regstond,

smal | er stricame® torppestion) Mhizhvdy sbafréRey &b Qd’SIU&?@yHé%nQbf@WF cool er

f th h tiall
e b oRbuBLgS 92501200 Uforcllls (PEEIMBL ERL W BB, t) 21 1Y
porti oh o@”"reésqycﬂﬁ‘a?leﬁﬁ%a' (Ttﬂi‘é'f @f aﬁarpplméwéﬁwdcﬁ%aﬁemwww antially
free it ODEMAGIGeemany)Bnd rebelddoatetne sidlé pas fract@agasrte firktdrachen vethgc| ed

into the(o@@%ﬂf R0 %‘%? h‘w‘i‘&‘re%%t» _%iﬁpﬁdch' e'ﬁrsjfgéf%%gc?%n W@Z r&qaguct ed

tothe to stri ng col um |nterna | anet er ngt h 2000
nm made of gl ass, jacket for the purpose of heating (150C), 20 sieve
trays ( hofrendinarettem o6t atrsorption anlgoina 8. Spintaf tepttom Albidlvease lbeavireof under

(espe al byeIRHAPSNK sashdP5RRR R reath e aB'?fJerO Bfgh g‘};?rszrggyr?%gi][lﬁtltoﬁge ggg%’fr bggt
i

medi um boj | | e acetic acid
evapor at e‘%?f’g?? f%%é?@fagpﬁﬁaafn%r& nmbar and 150C. Fromthe bottom of. the
stripping colum, a circulation stream (200 I/h) was w t hdrawn by neans

of a purrprr(ehaﬁrmt éfBuert QRhith MayanidallyReyed Qbjdoiddiotarisping, kiR cegchisddim ( at

190C h h | Th

strenm o 2A TRReSES Aot Rba L caY (ﬂ%f??g%%?ﬁm’ SAORAEAE ) | O
degr €& ofsubsiaafialy figert ofipgalic eid) e 'adew pirieringogs Msydhen bo FP%’@PQ r‘ﬁ‘ifoand was
fed backhbabswptidrecaturhh as desgibed &yDBIA MBB@BB&)hmy\airﬁmteﬂ to #mabpafial aci d

wat er) r a r
conductﬁf’pﬁf%@ﬁﬁmﬂ@@m@%% '*af"n“é{;g? B 0Bl SRy e to
ascend i "¢ RBPPSE 8 '?ﬁ?rtl@@tt('é‘so %@ |SiRVediaY ‘?H’t??%{\ﬁh'? Y g artﬁj‘(ﬁtfj't’om of
this col Wtrowrboiiers despentallp prop@e bindpropeng)utieedajotity ofithe atniieacidexchanger
:a'? a‘Qf(@;C hnéd;?mrb%ﬁ’érs o(r) E%’aﬁ ?%@ét}@ébnd(’)}’?a%? ﬁeﬂl M&%f@ﬁ@'a%@@rﬁ%@%&g%iﬁ?ﬁ% ﬁq' g?
this comﬁq ag@g lﬁ1 Pﬁ %@ngpgg %%{%F%&P&Hﬁgn%@p’ﬁﬁe”@& A c acid
tar get prouduia’uqn stecaor (28Ad/haves witbdiawn dly regserdd @rpimp (hethhE%i/hh@ﬂd
acrylic %‘d:yéle%iarﬁto tlb@strrlﬁﬁ‘ﬂg @8iubih @t TRNCEVia kM AN RManES (FdredcPlikiulgdn At the
top of t Q!%slggvaupngpator)efehe stream of solvent which was descending at the bottom and had

25  alow degree of loading went back to the acryhc acid absorption column and was fed

back below the collecting tray at which the water of reaction (acid water) was

discharged.

The vapors leaving the stripping column were conducted into a column free of internals

30 in order to allow them to ascend in their condensate. The latter was withdrawn from the
bottom of this column in an amount of 100 I/h, conducted through a heat exchanger in
which the heat of condensation was removed and subsequently recycled at a
tempei'ature of 20°C at the top of this column.

35  From the bottom of this column, 600 ml/h were also withdrawn (comprises the acrylic -
acid target product water and also residual absorbent), from which the acrylic acid can
be removed in a manner known per se if requ;red At the top of the column free of
internals, an acid water quench was again attached and was separated from the
column by a collecting tray. The condensate drawn off at the collecting tray was mixed

40  with the acid water withdrawn from the absorption column (for the product gas stream



internal s__an aC| d water quench was again attached and was separated from
~the col uﬁﬁw collecting tray. The condensate drawn off at the
collecting tray was m xed 40 with the acid water withdrawn fromthe
absorption colum (for the product gas,gtream PF 55708 78 ‘of the partial
oxi dat i on) and recycled into the acid wat er quench cooled to 18C. Excess
aci d wat ePf YlaPaticserdatippuand ireygad inte g ark waler assnghwarled to 181G Ewass

r ecyc: ed add avatdruvdshtischarpiddTin ggaRaging iy Sdid@aRe gREH vwditret ¥e é]f ed
propyl ene Leagt rther cycle - -gas
fraction ! e%%%gld?&%&%mp??m?ﬁ%&g dng?”‘%%sg%&g%l"g £§ to char ge t he |
first dehYIPRIGEHERIIHA reacdien gpne Sagpaiu 5P?W°@>«£~bﬁ$ﬁ'[9é“% fﬁﬁéo fercdian roé thet
conparéat i {oseedpresideallgasp crepgathedirstdehparegendtibe regotuct gas 10 mi xture
A leaving the third dehydr ogenation reactor was divided by a flow divider
into two_hal ve of |d ical conposition and one half was recycled |nto

separat i 090'?81"“ Wei‘;ﬁ?ﬂp? e other half into reaction zone A as a
constituent of the starting reaction gas mxture of the flrst

dehydr Ogﬂg?ébr%ﬂedﬁéﬁﬁ éHmpé'rgts\;Eoeiam eQfs réﬁé%te(cp%bér) tHeS5r a?] ‘t"ﬁs
e oG el e e TR
conveyi ngwdiheéesiobideofical h@’ﬂdw‘wm@ﬁq @ne mmmw@ﬁlntmﬁawmnmnelfgh a
drivi ngt AHOZAE Bthéek Aalintd ?@aﬂﬁbn’-ﬁit?% @BQE%oﬁétftu%ﬁ?l;] thB%'teﬂErﬂj’réa@ﬁ& o
evaporat 9 er, an e sucking nozzle pointe
| n the dléﬁgéﬁﬁg;ﬂgﬁggﬁgwe P ¢ gorroduct 20 m xture A flow and the
"sucking nozzle - mxing zone - diffuser” connection was the sole

conneid i ofo thiat eneicthet (Beerbil résiaibial piae dsgtcoripréssee tda bresberel F ayir aeld et t he

t t
operat; ng iERS ?ﬁé%%ﬁ wifind YR colEL s (ol rodail o 428 BUBOTRY 10%115.
activity. ané& gPvey e diRaliRm & fze ra\@ngeje&ﬁwmpmseeﬂ%%@m Boygh 3 ﬂrﬂvgng
docunent rmzelea/msa)mmmg zgreeswiy diffusarmloassd eicpthe evaporaist apstcbant biehaifisst) 30

A) Confi %@@r'mtﬁé saa@ﬁhmaez&d?m$é\rf] Eoﬁrea.o@hedmﬂ ﬂﬂﬁeﬁﬁ%bﬁiﬂ?cﬂc@ge) The

dehydr.ogenati on st age ,consi ree enti eactors which
e s TR A H 8 e SRS ey s R aﬂm?aef@ & FoRRsHHIRR Was LiF
dehydr ogenkt danedimhdlepgzan the halfloéprioddetwnnigiued Atiobetenycledaod dre was a st eel

t ube (St%Qb&%@r%bﬁ%aﬂ&ft@é%’ré?%@t&k als no. 1.4841) of length 1300 nm
‘'wal | thickness 3.6 mMmmand internal dianeter 53.1 mm The tubul ar

reactors were each flowed through by the reaction gas mxture fromtop to
bottom 46 sarlyiehafteoneenttwdupbperaing irdaf ¥ hribadebydroganation patslydtsa
suppost gf%ﬂﬂg[dga@@ﬁﬂ@_the sane stainless steel. On the support grating

was di sposed, frombottomto top, the follow ng charge: PF 55708
Comparative example 3 (as always, all pressures in this document are absolute
pressures, unless explicitly stated otherwise) '

30 A) Configuration of reaction zone A (of the dehydrogenation stage)

The dehydrogenation stage consisted of three identical tubular reactors which were
connected in series and charged in an identical manner with dehydrogenation catalyst.

35 The individual tubular reactor was a steel tube (stainless steel of DIN materials no. -
1.4841) of length 1300 mm, wall thickness 3.6 mm and internal diameter 53.1 mm. The
tubular reactors were each flowed through by the reaction gas m;xture from top to
bottom.

40  Atthe lower end of each tubular reactor was dispoéed a support grating made of the
same stainless steel. On the support grating was disposed, from boftom to top, the
following charge:



79 175 mm bed I ength of steatite spheres (dianmeter 4-5 mm of steatite
C- 220 fromF @&i08nrec; 5 21 mm bed | ength of steatite spheres (dianeter
1.5-2.5 m) of steatite C 220 from CeranfTec; 210 mm bed | ength of

"~ dehydrogenati on catal yst (PUSH al | oy kch had been pronoted with the
elements Cs, K and La in oxidic formand which had 10 been applied to
the outer and inner surface of Zr@2 Si02 m xed oxide support extrudates
(average heBgih (DAY ieRgtndor Shispe s@ﬁeﬁys%@h%ruowng,&f@f‘eaﬁfeacﬁmofrﬁoﬁﬁn 3 mm
to 12 mmw th a npxi at approx. 6 nm: 6 nm ianeter: 2 nmm in the
el enent al st oi chi SHEYTY(mass ratios including support)

Pt 0. 3Sno. 6La3. 0CsosKo. 2 (Zr02)B8. 3(Si 2) 7.1 (catal yst precursor 15
prepargti on naRd apéd eabiho stdtifephaesi(Mianel-al 33 ms) bisiexaeelz2akreh

DE-A 10 219 879).(:% ecbed | ength of .steatite spheres (dianeter 1.5-2.5
mr) of steatite C from CeranTec; and 20 finally, the remaining

| ength of the tubular reactor, again a bed of steatite spheres (dianeter
4-g Irm) oR1ghent i bed IBngBQf Hewyaréanandie catalTePESh @Nldyorhieh heaebeof the

t ubul ar reactors : el . ! g zone,
For the first 500 oot P ECcrfind B3, RABERRTofe ortrort BHIEA A2
suppolf® grating) PRRNARPIRA tedhe oufee pNd iNngHIBUEICe @b pHer* I P AXIOEHR ckness =
2000 mMm  whi ch ensupperterirbdates Givstage bergtio(haokhg tahBawsnrdistobutivadt tisuppl i ed

and were electric HBARK : i . om Hor st ,
Hei del berg, Ger Irna%hbé( roRSARisOE RFAN SnafimlfRbl &g’@l'%ﬁ’ g i o fully

X th 500 mm 1 nternal dianete . )
surrounded t hem d%r@e F%B’Bﬂ’i%ﬁ\eﬂ%“?'gﬁ',“‘é&&?m8wn§ﬂ%gstrﬁmﬁ BelugiBdct ors,
for the purposes sfppar) BidiSthatd:eCeaKe; (ZrOns »(Si3er 1 (edtafyst praclsogt h of 600

M ing® in each CasEarkWeh AR sdivafior! BERETBLIVE chftfiet 84 iMWkantild foshel | s
(thi ckness of onﬁD%h\glrLd%ﬁ }9: 25 mm nmade of MPS- Super fromM crot herm
-in Germany, which’w t%d one on top of the other offset by 90 from

35 one another. The insulating half-shells were in turn surrounded by a

cylindricai mnenvede@nendtRdestehtits bphdtks ffarfibteeh 5(BE hih N lstekititn®oen frond 73
mm internal di arﬁﬁérgﬁﬂgc:']aé nmm, to which was applied, for the purpose of
trace heating, a heating sl'eeve (length = 675 mm internal dianmeter =
173 r’r-?ﬁ from Horst, Heidelberg, Germany. In this manner, it was possible

i n the adiirdiatthe rarosiging fenmtinbfthe eubutdnecdvid] addiniy bt eMsiebite4Bhemsl r onment

into the @%@ﬁ%&%s%ﬁoﬁ@éﬂa@&&-ﬁb ftoﬂ‘?cgr%%%g on tube into the environnent.

PF 55708 nt o each reacti on tube was a &itional‘ly inserted centrally
a 1370 mm | ong t her mowel | -
The exterior of each of the tubular reactors was inserted, for the purposes of a

25  preheating zone, for the first 500 mm of tube length from top to bottom (toward the
support grating) into two half-shells made of copper (coating thickness = 200 mm)
which ensure uniform distribution of the amount of heat supplied and were electrically
heated by means of a heating sieeve (from Horst, Heidelberg, Germany, length
500 mm, internal diameter 100 mm) which fully surrounded them.

30 _

From bottom to top, each of the tubular reactors, for the purposes of an adiabatic zone,
was inserted for a length of 600 mm into in each case two pairs of thermally insulating
half-shells (thickness of one half-shell = 25 mm) made of MPS-Super G from
Microtherm in Germany, which were mounted one on top of the other offset by 90° from

35  one another. The insulating half-shells were in turn surrounded by a cylindrical '
envelope made of stainless steel (external diameter = 173 mm, internal diameter
=167 mm), to which was applied, for the purpose of trace heating, a heating sleeve
{length = 675 mm, internal diameter = 173 mm) from Horst, Heidelberg, Germany. In
this manner, it was possible in the adiabatic zone to minimize the heat flux from the

40  environment into the reaction tube and out of the reaction tube into the environment.
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(external dianeter: 6 mm internal diameter: 4 mm, into which a

Cnmul tither MedE®nt (a total of 10 neasurenment points every 4 cmfromthe
| oner end of the reactor upward, thi'ckness 3.2 mm had been inserted. 5
Upstream of each individual tubular g tor was connected a steel tube,
filled with steatite rings (made of st€atite 0-220 from Ceranifec and of

- geonetry Tnioeezh Bactioxtubd wan addéhalhniaserdidaentaly 137t remAahg tHeametvell x

hei ght ), @éxtérﬁaga.&nét%% mm %ﬁeﬁar@%s{er 4 mﬁa)tlmow.absm&tnﬁerﬁ%@@nh&n (gas

m xt ure - case e er at

IO MR LR =l SR R R L S A
For this fhickpese 3. 2rhm) heabeen trebred. (st ai nl ess steel of DIN materials no.
1.4841 wall thickness 3.6 mm internal dianeter 53.1 mm were
electricaypé heat ed for .t t h._ of the y neans

of “heat | niPorRa et EaqrDheiudiay SBUAL Baepr Ay Cohas B A S B e e The
connect i oRteBtiteviNGA (mede of staaiite CuBRA fiom Deranahes @100 \GROMSEY UG XaB aum Xby

st ai nl ess 3shpel etethardismbrl Rimemasdianktepk hBIgh) rrﬁtlﬁfgt@hsoo fen ad adidisr.

external dRIRLEL 16drch IR ohOhER Rl HIRIELELcLoydodliy AT EPPT 0. 700

Upst r é8m éﬁmlffer'iétur%?féhe gewnsiesanepHiah FPE’@H% affl gimittangqiisyy mixed ;ﬂbﬁ'ﬁ Mﬁﬂl ar
heat er wamanmentecthis2furpodes ik ficater tubroe@inledsistde) obDIN maseidisaid. 1c484d1d in

each case ﬁtrﬁ&l&%@é §% r%ﬁ}bﬁnﬁﬁnaira%’rﬁ%tbf’ﬁ%ggﬁnﬂéﬁ%‘éreectncgﬁfh e tﬁ%ggeai S

descri bed |nb | on reactor was
starting F%'H | %‘P\O @Q% eﬁQ’S@tQﬁrﬂ?@ WB%M@H?”S&C h%{j@g@ 1a9ves remUiRSthor opane
(first prbpaebeon@rrmanngpiicado dianedine, coBiéctigh betfeenwdteater a28 tandai83768 g/ h

of (0‘(§r aPéaktJr@ﬁszB?du H?&bd’ﬁ b@é&*rﬁe%asﬁeél mgr@a;ﬂ%@%@rm halagis’ eed

t { b | at
The. | ntust: P o0 R ERRRS FiRilsfiale® Bt deiel danet Ja RS ARRGRRI R cly |

approx. 0780 ar) thérgledly jnsulatesh digr customarabeatioswation roéteti#le. | ncr eased
pressure drop (caused by higher flow rates) in reaction zone A). 30 The

‘crude pro co S vol . ane et hen
o opane. BEREED PR Ee s b b oas Tauare e e Bl eyer Rpat8ryas e b
5570820 afeed tap, through w ;ch compressed air could in each case be supplied to the
reaction gas mixture. The steady state is described hareinbelow,

To the first dehydrogenation reactor was fed a starting reaction gas mixture composed
of 300 g/h of crude propane (ﬁrs’t propane-comprising feed stream), 375 g/h of water
25 and 3768 g/h of (overall) residual gas as cycle gas (second propane-comprising feed
stream) at a temperature of 400°C and a pressure of 2.6 bar absolute (on the industrial
scale, the inlet pressure selected was appropriately approx. 0.5 bar higher, in order to
take account of the increased pressure drop (caused by higher flow rates) in reaction

zone A).
30
The crude propane comprised:

_ % by vol.
methane 0
ethane : 0.156
ethene 0
propane 96.18
propene (propylene) 0.002
Ho 0
O, ' 0
N, _ 1.70
CcO 0




81 (02 0 isobutane 1.245 n-butane 0.711 trans-butene 0.0005 i sobutene
0 cis-buress7080015 1-butene 0.0048 butadiene O The (overall)

residual gas (cycle gas) conprised: %by vol. nethane 0.009 ethane
.0.088 ethane 0.038 propane 29.56 pro ene 0.122 H2 0.050 02 3.35 N2
64.05 CO 0.538 CX® 1.85 isobutane 08234 n-butane 0.098 trans-butene
0. 00005 [cgpbutene 0. 0005T JCIs-kytene 0.00144 1- but ene 0.00048
but adi ene—0-0087+The conpositionof the crude propane and all other gas
conposi t i |SR8UEB? e determ ned 5 ##5gas chr omat ogr aphy [ HP 6890 wi th
Chem St at hwtardet ectors: FI D, T@D,ﬂsep arating columms: A1203/ KCL
( Chr onpaky;—~Carboxen—1616—(Supe YA—1n the case of steam conprising
gas m xt E@S}ﬁﬂtﬂ%e S eam was conQ;g ed _out of the gas chromatography
anal ysi s [isnbutenat er separ at or by ool i hg and deconpression if appropriate
bef or ehangds, {Hpg UNcoNdense T 74Tyl gas was anal yzed and all data
relates t s—on—a-dry asls {i.e. the anount of steam conprised
in the gd&bHieREur e which was acﬁ%ﬂsl y fo be analyzed was not taken into
account) .bth@esd arti ng reaction -gas mixture was generated in an
evapor at or—whi-ch—#as—connected—upstream of the first heater. The
evaporator itself was |ikew se designed as PF 55708

The (overall) residual gas (cycle gas) comprised:

‘ % by vol.

methane 0.009

ethane 0.088

ethene 0.038

propane 28.56

propene 0.122°

Ho - 0.050

102 3.35

N . 64.05

co ‘ 0.538

CO; _ 1.85

isobutane - 0.234

n-butane 0.098

trans-butene . 0.00005

isobutene _ 0.00051

cis-butene 0.00144

1-butene 0.00048

butadiene ' 0.0087

The composition of the crude propane and all other gas compositions were determined
5 by gas chromatography [HP 6890 with Chem-Station, detectors: FID, TCD, separating
columns; Al,Os/KCL (Chrompak), Carboxen 1010 (Supeico)]. In the case of steam-
comprising gas mixtures, the steam was condensed out of the gas chromatography
analysis in a water separator by cooling and decompression if appropriate beforehand.
The uncondensed remaining gas was analyzed and all data relates to this gas on a dry
10 basis (i.e. the amount of steam comprised in the gas mixture which was actually to be

analyzed was not taken into account).

The starting reaction gas mixture was generated in an evaporator which was
connected upsiream of the first heater. The evaporator itself was likewise designed as
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82 a heater. To it were fed 300 g/h of gaseous crude propane (65C 5
bar), 376®FHH08f (overall) residual gas (cycle gas) (50C, 2.8 bar) and
375 g/h of water (20C, 3 bar). The heating of the evaporator was

controlled to a gas m xture outl et tenpggrature of 200C. The evaporat or

was connected to the first heater in a franner corresponding to 5 that in
whi ch t he arheatarof & it werefadditfarh etgasecuherube atapans (516, hdar)i fhtag/htdie

first heat(wermsem @9&, t@dnelgasﬁes@lfc P, %yr)fah@ta?s m CEEE (zow,‘ & pagsed

f h
Lenper at ulBEBRe 08 o PraPlaP! WS rbird e fetmha R oRBEaBlie Bl was
approx. 440¢¢C. Tﬁﬁeevgp@'atqrrw@spgnm@é%ﬁ fodhe firpbhealstt in eensRnST chBeSROGEMICPed

into the tHiatst whidhtieeabioRClere caRfedieioas hestefdher in the preheating zone
thereof to a reaction zone inlet tenperature of 460C. When it passed

through the first tubular reactor, the tenperature of the reaction gas
m xture padsssaatng Fipminst hesterwrs sanieler BSURDE NRYthaidhp Brautep RAssed
549. 1' C (frbm thd eqasorkiot Atd the fitktthaatee péirthe drshhsater &l abmpbmtiroef aper@t i ng

state af e 40 ISEBLIO RS for il BuBE: Ll BBSCOFEE 106 opgig | on. the

different 'te res conver |on ased on
si ngl éYpat&acy ’ag?%@’%‘ﬂfﬁd’@stw%c%dé’F@dH'@Prén%fé'at tybyat gAcicRPIY hedigHst ant ;

t he cor r efpihedintibe praveetig zonsaberabiio ausedionreohh dnlétitespe200e opéB8@iG.ng

hour s), vvhi ch migrated in flowdirection in the course of the conti nuous

doact i vat Yt imsSns SV Bt i st st BY oo Bt FadiedP @zt i on
gas m xt un@dmreamswd thneughi & maxithey inoge: aahptspotrtem@emturhh@f G48et *Colthewi ng
C?gt 3256 538@651’:%’(% dgﬁi regoﬂ&i her8@el8teld $he @iéﬂﬁ Hatd QRer 240 ERRathPHBurs;
obut ana e ATl ERTeS pEcherston iy dafﬁege'ﬁﬂ?rgR%fa@?%%weweﬁﬁ%szﬁal}%%ﬁ
ci s- but en*éweo:oowsron based on single pass and the space-time yield remained substantially
constant; the corresponding procedure was also used in the first 200 operating hours),
which migrated in flow direction in the course of the continuous operation of the
20  experimental plant owing io gradual catalyst deactivation (the migration rate was
approx. 0.03 mm/h).

The reaction gas mixture ieaving the first dehydrogenation reactor had the following

contents:
25 .
% by vol.
methane 0.045
ethane 0.109
ethene 0.042
propane 30.3
propene 2.88
Ha . 5.00
0, o
Nz 59.13
CO ' -0.06
CO, o 3.24
“isobutane 0.257
n-butane . 0118
trans-butene 0.05
isobutene 0.001
cis-butene 0.004




PF 55708 &% 58¢gay vol . 1-butene 0.001 butadiene 0.003 Its tenperature
was 509C and 1ts pressure was 2.56 bar. Before entry into the downstream
heater, 80 | (STP)/h of conpressed air were netered 5 to the reacti-on
gas mxture (23C 4.2 bar) The reacti & gas mxture was then heated to

465C (2ndreactionmr—zoneintet)—h qumb of the electrical heating neans
of the heater (wall tenperat 540C) and the preheating zone of

t he downstlr-ewteng second) react ond&i[’oe (wal | tenperature approx. 10

560C) . Thﬁ&,upgoges@ure of Thée TeAcTtpgazgas m xture at this point was 2.56
bar. Wen4+t—passed through-the-second-tubul ar reactor, the tenperature

of the reacti on gas mxture p;ssed t hrough a maxi mum of approx. 560C
which m grltstterdpenatdréMscﬁoeﬁband)ris piasstieevasolibS barof t he conti nuous
operation of the experinental plant owing to gradual 15 catal yst

mxtur s | AR KA By SaRtd it FYRSl 6PN YO BRI

cont en®s: to%ebyavtiﬂn.gammwrmw 0782 batlhane 0, 144 ethene 0.063 propane
26.6 propene 4.94 H2 6.43 02 0 N2 58.58 CO 0.384 CO2 3.58

| sobut ane 1 32l WL 5 A b TRURARULEES: D050, cba0o L ERey S0l
its press@f thefiacinca hegfing megmsgy Hogheater (B@i'é?fép%fﬁWF%/aWM% HAL)Fvwhter eam
heat er, 9%ieHealisd Bhridiofafe donmstesae@Geasdrid) Weddtion tube (wall temperature approx.

10 560°C). The pressure of the reaction gas mixture at this point was 2.56 bar.

When it passed through the second tubular reactor, the temperaiure of the reaction gas
mixture passed through a maximum of approx. 560°C which migrated in flow direction |
_in the course of the continuous operation of the experimental plant owing to gradual
15 catalyst deactivation (the migration rate was approx. 0.1 mm/h). The reaction gas
mixture leaving the second dehydrogenation reactor had the foliowing contents:

[ ' % by vol.
methane 0.078
ethane 0.144
ethene 0.063
propane 26.6
propene 4.94
H, 6.43
O, ‘ 0
N, . . |58.58
CO 0.384
CO; _ 3.58
isobutane 0.22
n-butane 0.094
trans-butene 0.063
iso-butene 0.001
cis-butene 0.01
1-butene 0
butadiene 0.004

- Its temperature was 493°C and its pressure was 2.52 bar.



met ered t g Agrggeaction gas mxture (23C, 4.2 bar). The reaction gas

m xture was then heated to 521 C (3rd reaction zone inlet) by nmeans 5 of
the electrical heating neans of the heater (wall tenperature approx.
540C) and the preheating zone of the 8bwnstream (third) reaction tube

(wall te ) l : | gas

it ur ety ooy AP owp a0k hodldl, BMTREHAR Bl et Rl B0 o
tubul ar r GHEEGE © HedepeivparauKEroi3ihe-£ 880t i on gas 10 nixture passed

t hrough a maxi mum of 570C which nmigrated in flow direction in the course

Cat ol vt °F’gggﬁ?‘?‘“ﬁzﬁggﬁ%@%thwﬁ?ﬁﬁafg?‘if 0! Bl 2adiln 24elidod By hal
oot B ShEe g AL hoRt g oA e e ek IRsan o SAD O EAe: he

f ol | owi ng pozveatng soneléfitlye doimstreamt (tranie raaction Bibedwhlhtear@raide apprdrene

0. 0743  pisgpaileTROprR3surl bPRRNMEadtion bas lxifirddS thif ot wh 26 g CO 0. 237
CO2 3.54 isobutane 0.201 'n-butane 0.085 trans-butene 0.070 i sobutene
0.0013 cis-butene 0.011 1-butene 0.0004 butadiene 0.0056 15 Its

t enper at uVéendsparged frougidthe tirdiubglgueacipn she tesmepatrre afihe raagtien ga@8l i n an

gwﬁr gh b deiintdie0gRB&d thesughMmakifiLanofd 70 O evhiiroRRRRe@efow Bifection in the

enydr oge i - - [ gas
moxtur oy gporeegt bR saS gl aed oA 2P Re dy Aok oRIELL PiFBERNAY TR0
dehydr ogeﬁﬁ@qtk‘s’ﬁt'%‘a@@ Wigratigadate WateaPRpo Scls®nills The feackiompaamidtier €t he .
dehydr ogew@ivingnhe tiirdIdgB ydrbgsitatior reactw dhad eiafotiowiag conestst | bed in DE-A
10028582. This was essentially always the case when the hotspot PF 55708
85

‘ % by vol.

methane 0.1046
ethane 0.144
ethene 0.0743
propane 25.22
propene 5.51
Ho 4.69
Oz 0
Nj - 60.10

Ico - 0.237
CO, . 3.54
isobutane 0.201
n-butane 0.085
trans-butene 0.070
isobutene 0.0013
cis-butene 0.011
1-butene 0.0004
butadiene 0.0056

15 -
Its temperature was 480.4°C and its pressure was 2.48 bar.
This resuited in an overall dehydrogenation conversion of the propane over the
dehydrogenation stage, based on single pass of the starting reaction gas mixture, of
19.91 mol%.
- 20 '

in the event of advanced deactivation of the dehydrogenation catalyst beds, the
_process was interrupted and the dehydrogenation catalyst beds were regenerated as
" described in DE-A 10028582, This was essentially always the case when the hotspot



tenperaturge sgy@gd | three tubul ar reactors was approx. 580C. Surprisingly,
t he deactivation of the dehydrogenation catal yst beds progressed nore
slowmy at elevated working pressure. 5 E) Configuration of separation
zone A Direct -cooling with sprayed cool&d water (T = 20C) cool ed the

product gatémﬁi)aﬁ‘attt%%i%gl ¥ R uFaPF‘eatc{Hié Hads %@&.%ﬁé.“ on reactor (product

gas m xture _ In a direct 0 coo (quench) in cocurrent (the
remai ni ng gaseous m xture was conducted out of the water quench in the
opposi t e deurptsingy the deddivatiardeidhe dalsydrogehelivrdiatagstiben’ profineased Ta8e by

wei ght of did\ay ot 880ARE QRAMg plRskdie. Product gas mixture (steam was added
to the,. starting reaction gas m xture of the reaction zone A and was

formed 9 n the dehydr ogenati on stage as a result of conbustion of

hydrogen #@nd &edigpwéon bf seppmatiopdooedr bon wit h at nospheri c oxygen; the
heat of conbustion substantially maintained the reaction tenperature in

the reacti s . xture of reaction ne, A ond e in.the course
of i root 05t Eory Ml B eBREY VRibran T R BB PR el e BRI e
wat er queriedvinghifertiied dehvdtogenpitpusartobiprorsghgasomixuse &) tedhCrip|a direct

Qt her wio)se,coblee (quhen) in esegtrdn (thélréregihing @abédie miRtire ks ubmiuetbd(dut of the )
punpi ng), J to i fopr the
P pose. of A Aieen Binb BobbSE irein B4 BRAR:tas TP AIEED, RBLY 8
descri bed PYtWRIOH b MectteyB Lrenert firthe progheiase miglers Gfesgeas ddedicdse nay

- al so i ni tisdrting Eectoogadmixjurd eathengadtive zebaAtandgvascataedin flgms m xture to

be fed 10 JeheudetyAibRIeRAlds Y reShREdni ti&%@f‘”@d?or#eﬂ APy € 1 n the
25 range frqom 350 tq 4500 wth the rogu t s mxture 1n an iI'ndirect
heat  a¥chdl @Pa'%eﬁw'th@iaﬁ%wﬂpﬁxag%ﬁ@ gt SrmustoR SRl MATERRET r ent
or in counhterexagtioretetperattriesn theoebstianrgaspnisiive of rgastiom zone ¢ cofidarised out
{hperof anC RS off TR L IS DS RIE,
Lo om anfidhauee ST A8 S BRbosdl of s of Bhe ara TRy S Rr oRE NS ge

m xture ofUsethior gEpstcootngneies orcuiateddycuimpng), reseaed bylingieddieatexahangs an

i ndi regt heakpeyehapgiafortthe Begosé BEdifdcaeddling. gas mixture for the partial
oxidation, still to be described hereinbelow, of the propane generated in

t he - dehydrogenation stage, and/or by using it to bal ance the absorber
of f gas codIsters ofdhe firecdsoelipgtydthaeaier Q?éﬂbftfglﬂlﬁ/@mﬁlﬁpttgﬁé nirteredraptye
t wo- st age dekyrirogeration brage afayysomarialy i codedipniseAing thy fanieg ,rem:t’:iohq:;éas t
Con? e ikl oty NG 05PN E Ty e G0 BN b
possi BPe fapoedmm £20 fotoR el et Ripeudt g3 mextyrgryan iNdBRFITE: eXhepeshy
means of #or exaffplamid fubebuntiadeatatobbnga0h escurrebr @fih ebursterearattprthis
Lot egrat edodi0if B8 85 Rl or SR BSHERALRS 28l 6% Shfdpbitind'BLaree
from the high outlet temperature of the dehydrogenation stage (for example from 450 to
550°C) to from approx. 200 to 300°C.
30
A further cooling of the product gas mixture of the dehydrogenation stage can be
effected by using it in an indirect heat exchanger to heat the starting gas mixture for the
partial oxidation, still fo be described hereinbelow, of the propane generated in the
dehydrogenation stage, and/or by using it to balance the absorber offgas cooling, still
35  io be described beiow, in the preferably two-stage expansion thereof by means of

expansion turbines, or fo compensate for it by advance incipient heating.
Afterward, the product gas mixture is at a temperature of about 180°C. Subsequently, it
is possible to cool it to a temperature in the range from 30°C to 80°C by means of air

40  andfor surface water coolers.

Droplet separators integrated into the coolers or downstream thereof collect the water



condensed out in the course of cooling and feed it to disposal under

| evel contAFo#5708The t hus cool ed and st eam deburdened product gas mixture

‘of the dehydrogenation stage, having-a pressure of about 2 bar, was

- .subsequently conpressed to a pressure sg of from10 to 13 bar. In an
appropriate manner from an application-point of view, the conpression was

carried owbndamsedwoutsitdgesouirse of abefing endfesdd te xispesalwetyr ived bordoripr essi on

tenperatures (this purpose was al so served by the cooling carried out in

advance; e.steam 10 separati addj t debur the c essor .
it put 1 o TS R RRTBATS TereHEb R RST biepld ot R SIS B RRET oa o
a pressur étage, having aipressure 3f Bbeut 2Thas, was wtsequmwgoammsee@foa heesgaes

m xt ur g obffr&aviong igar.conpressor was about 115C. In a downstream
indirect heat exchanger (air cooler or surface water cooler), the gas 15
m xture was cooled again to from40 to 60C, in the course of which
further sieahAPRIBRIEER SEANSTFYPEaEPSlGHEeRPEINE O deW.dbe semplResiep@ensat e and

di schar gedamw Bodatwb elegks ircarger @l avoldrexcbssi e RigH cEMPRISEISR BmSdragees

conpr eSS| t f I 4 bar to
an end pr ssur QJOEFR\%% %%iﬁé lBe)PﬁJle JOBmga?a{%é‘dséb{ [ﬁgmam%%ggfré%énrl ate to
conpr 3s pepasatianadsitionally dghyrdens the B%'F‘Pr&ﬁﬁprrﬁﬁ‘it%)t to %@XRﬁ'}E‘P@t IntOggEstat ur e
on | eavi ngtage henpoegsiessay effertediocupredAGECS framtdno 4 RibahThe doteist r eam

i rect RARerSNRIT0LEs, ChALIR kARG BARLET whd Sl Iy & | 25 tube

bundl e heat 'exchanger e gas t e cool ed appropriate ows t hrough
the tube  interior) and then a surface water cooler), the conpressed gas
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here. In princi e conpressors nmay be driven either by electrical
motors or by vapor or gas turbines. Frequently, driving by vapor turbines
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vol . nit r'B&ERN @d n a surtace water cooler), the compressed gas mixture was cooled
lnlt;aliy to from 40 to 60°C and then to 30°C. Water which condensed out was again
separated and conducted out by means of droplet separators. When it leaves the
second compressor, the gas mixture only comprises 0.2% by weight of water. The low
30  water content reduces the occurrence of water and thus prevents operating problems
~ caused by biphasicity of the liquid in the downstream absorption and the high pressure
reduces the amount of absorbent required for the purpose of absorption.

While turbocompressors {non-oil-lubricated, dry-running, contactless compressors) are
35 used on the industrial scale for the purpose of compression (for example of the 12 MH

4B type from Mannesmann DEMAG, Germany), MV 3459 [l membrane compressors

from Sera were used here, In principle, the compressors may be driven either by

electrical motors or by vapor or gas turbines. Frequently, driving by vapor turbines is

the most economic. The gas mixture, cooled and compressed as described, was fed to
40 an absorptlon column. dlrectly above the bottom (approx 4650 g/h). It had the following

© contents: -
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The absorption column consisted of 1.4571 stainless steel. The column internal
diameter was 80 mm, the wall thickness 4 mm and the column length 1.70 m. -

About 70% of the volume of the absorption column was filled with Montz packing
elements (Montz BSH-750, specific surface area 750 m*/m°) as separating internals,
The packing elements were directly adjacent and began at the height of 1/5 of the
column iength from below. The absorption column was neither cooled nor heated
externally. At the top of the column, technical-grade tetradecane from Haltermann,
Germany, of the PKWF 4/7 af type was introduced at an infroduction temperature of
30°C as an absaorbent (gas chromatography analysis by means of FID detection gave
the following GC area% compasition at the start (fresh): -

n-tridecane 7.6%,
n-tetradecane 47.

3%,

" n-pentadecane 7.0%,

.n-hexadecane 3.2%,
n-heptadecane 14.1% and

residual sum 20.7

%;

this composition changed in the course (after approx. 3000 h™") of continuous process
operation to the following values:

n-tridecane 2.6%,

n—tetrad_eoane 39.5%,
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n- hept adecane 23.4% and residual sum 20.3%. 5 The trickle density was
.15 nB of &FsTHMENt per nR2 of free cross-sectional area and hour (= 28
kg/ h of tetradecane). The offgas stream conducted fromthe absorption
columm to the conmbustion still 10 conprjsed 950 ppm by vol une of propane
and 250 ppm by vol unme of propene. ﬁh industrial scale, this offgas
st ream i.s ngmEmihderecte 948,an expander (for exanple an expansion turbine)
into the ¢oMlusiiB.4 49 order to recover the majority of the ~conpression
out put expended i n the gvvo tage conpression and to recycle it into the
t wo- st age''c §371% 3j4&;ﬁff‘d§pri ately, the expansion is also carried out
in two st agpdual Bu20ci%)er to prevent undesired condensation. The
mechangcal energy obtained in the deconpression may be utilized either

directly .secondary _or _ngi rive for gne.of the co essors, and/ or
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Before the decompressed absorber offgas is conducted to the combustion, it may be
20  appropriate on the industrial scale to remove the hydrogen present therein. This may
be effected, for example, by passing the offgas through a membi‘ane, generally shaped
to a tube, which is permeable only to the molecular hydrogen. The thus removed
molecular hydrogen may be recycled, for example, into the heterogeneously catalyzed

dehydrogenation or fed to another utilization (for example in fuel cells).

25
In principle, the hydrogen removal may also be undertaken by partial condensation,
adsorption and/or rectification (preferably under pressure). On the industrial scale, it is
additionally generally appropriate to conduct the absorber offgas through the acid water
yet to be described below in order to concentrate it.

30

- The absorbate comprised the following contents (% by weight based on the weight of
- the absorbate):

" % by weight

nitrogen 0.147
propanhe 4.58

propene 0.915
ethane 0.07

n-butane - 0.015
isobutane 0.023
Ln-butenes _ 0.009
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i sobutene 0.024 carbon dioxide 0.086 ethene 0.000 tetradecane approx.
renmai nder Rip5%798100% by wei ght Before the absorbate was conducted to the
top of the downstream desorption colum, it was heated to 60C in an

i ndi rect heat exchanger. 5 Subsequent]l t he absorbate (this may be
performed,__for exanple, in an'inverseaéa or by nmeans of -a val ve) was
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the desorption column (if appropriate through a mechanical droplet separator) was
washed with water. In other words, it was conducted through a packing element from
Montz (Montz BSH-750, specific surface area 750 m*m?), to which water (70 /h) was

25 introduced in countercurrent at a temperature of 18°C. Below the packing was mounted
a collecting tray (chimney tray), from which the agueous phase could be conducted out.
In a phase separator, separation was effected into an aqueous phase and into an
organic phase. The very small amount of organic phase was combined with the
absorbent stream recycled to the top of the absorption column. The agueous phase

30  was recooled and introduced back to the packing element supplemented with fresh

water (in order to compensate for evaporation losses). The washing was effected
attached to the desorption column.

From the wash section, the washed gas stream was conducted out via mechanical

35 droplet separators (separated liquid phase is recycled into the wash) with the foliowing
contents (when the dehydrogenation conversion in reaction zone A is selected at'a
higher value, the subsequent propene content may also be from 8 to 12% by volume;
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t he washed gas stream nmay al so have 15% by vol une of
vol unme of propene and 14.5% by vol une of 02):
oxygen 11.84 propane 32.53 propene 6.81
i sobut ane 0. 12
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5 The t enfpeexarople, he washed)gas stroamumay wes Hane 1 8%slaovaliome 50@obgne, idi% ect
heat exchanggumabfipiobendasd i stu\evoNirhd of §§: af or ement i oned conposi tion

was conducted i n an anount

of 2128 |

(STP)/Ih and an inlet pressure of

2.1 bar as_a new starting reaction gas mxture into the downstream
partial oxidation apparatus%byovof) Configuration of reaction zone B (the
partial o, on stage] I. kgL Tixed bed reactor for the step of
parti al oxidati-on—of—the-propene Lnrppylene) to acrolein 15 Heat
exchange [f¥8fUim used: sal t n£V§4con5|sting of 53% by wei ght of potassium
nitrate, mﬂ@&%by melght of sggpgmnitrite and 7% by wei ght of sodi um
ni trate. 20—-Brrenstonr—ot—the ""%a.'“ tube: total length 4200 nm
i nt er nal MAPRFRS er 26 “exBinal di aneter 30 mm  wal |l thickness 2 mm
25 React ¢athar@onsi sts of | a ja@Kﬁted cVIinder made of stainless steel
(cylindricgh-gOgide —tube SUrpggnded by a cylindrical outer vessel). The
wal | thi > sses.were Pk 557 91 universally from2 to 5 mm The
i nt er nal IRDY%r of the out &2yl inber was 168 nm The internal
n-butenes 0.05
isobutene 0.13
hydrogen 0.07
carbon monoxide 0.00
carbon dioxide 0.61
water 1.00
ethene 0.00
-5 The temperature of the gas mixture was increased to 250°C by indirect heat exchange
- and the gas mixture with the aforementioned composition was conducted in an amount
of 2128 | (STP)/I*h and an inlet pressure of 2.1 bar as a new starting reaction gas
mixture into the downstream partial oxidation apparatus.
10 C) Configuration of reaction zone B (the partial oxidation stage)
1. First fixed bed reactor for the step of partial oxidation of the propene (propylene)
to acrolein
15 Heat exchange medium used: salt melt consisting of
53% by weight of potassium nitrate,
40% by weight of sodium nitrite and
7% by weight of sodium nitrate.
20 Dimension of the catalyst tube: total length 4200 mm,
internal diameter 26 mm,
external diameter 30 mm,
wall thickness 2 mm.
25 Reactor. Consists of a jacketed cylinder made of stainless steel (cylindrical guide

tube surrounded by a cylindrical outer vessel). The wall thicknesses were

.



di anmeter of the guide tube was approx. 60 mm 5 At the top and bottom

t he j ackePEBETPBI nder was conpleted by a lid and bottom respectively.
“The catal yst tube was conducted through the guide tube and nmounted in 10
the cylindrical vessel such that it pr Lect ed at the top and bottom end
thereof (with sealing) through the lid¥and bottomrespectively in each
case by 250 nm - Thigersellit fram @Hadgemnedi um was encl osed in the cylindrical
vessel. In order 15 to ensure very uni form thernal boundary condi tions

at the outer wall of the t ube over the |re t ube
ot i o e TR et e Shint SRe B ahSs TR TR e et um
was circul ated bydigpetayiohtherguideoiybn wais@pprax. 6§ inndr i caI vessel . 20 By
nmeans ®f the rising nitrogen, the heat exchange medi um was conveyed from

bottomto top in | i urd i,n order th o. f| ow back.
downard i n e i B SpaRur A ROt B8 SRR ATy Rr o Fermp e v 188 anc
cylindrical outerbvmmspeﬁlvﬁb/ul at| on of equal goodness can al so be
achieved by punped circulation (for exanple propeller punps)).

El ectrical heati ”gh%t?at?i?’s‘t%ﬁgwgg c&hﬁt&%‘dttﬁ oubﬁ%e%mdg % a|%8%<{t%lt%§ E‘e

tenperature of th rw se,
therelbhas air cooferfylindricglyesss! Séﬁ'aﬂ’@é‘t PW@%X%‘HE‘UO%FORW hotiggr e7d  sal t

mel t and reacti onthgesf (With seaéngyeh@eugio trauiet ed bottomorespetiosly iresdch dave
reaction 30 gas W%éd%?n entered the reactor at the top. It was

conducted into each reaction tube at a tenperature of 250C. The salt

mel t entered the cylindrical guide tube at the 35 bottomat a tenperature
T " = 335C and | eThe hdwd exghangd mieghiim m@aiedelotsed)'m tbe cylindritad pesdel.dn order

t errpe{ ature Tout dhesdieffopy @rﬂfb‘?m tlt)é'rrn‘é(?ﬁéhn-ﬁar AMditibnd aV@s O@Q?Wall?o@the

e T o+b%??%1ts¥ht3tn Qi ey Baverting BRefy Reeyidical Teel 390
from CeranTec) of7g@ompt thg heahexchafgermegdium was FiFcUBBFOBY Sparging xtiteegeal

di-aneter x | engt hinxhd &\liigdms vébisameter) . Section B | ength 100 cm
Cat al yst tube charge with a honobgeneous m xture of 30% 5 - by wei ght of

steatite rings (steatite C 220 from Ceranflec)
20 By means of the rising nitrogen, the heat exchange medium was conveyed

from bottom to top in the cylindrical guide tube in order then fo flow back
downward in the intermediate space between cylindrical guide tube and
cylindrical outer vessel (circulation of equal goodness can also be achieved‘
by pumped circulation (for example propeller pumps)). Electrical heating
25 mounted on the outer jacket might control the temperature of the heat
' exchange medium to the desired level. Otherwise, there was air cooling.

Reactor charge: _ Viewed over the reactor, salt melt and reaction gas
mixture were conducted in countercurrent. The reaction
30 - gas mixture entered the reactor at the top. It was
conducted into each reaction tube at a temperature of
250°C.

The salt melt entered the cylindrical guide tube at the
35 " bottom at a temperature T" = 335°C and left the cylindrical
' guide tube at the top at a temperature T°. The difference
between T" and T°" was about 2°C. :
Taverage = (Tin + Tout) 2.

40  Catalyst tube charge: Section A: length 50 cm
{from top to bottom) Preliminary bed of steatite rings (steatite C 220 from
CeramTec) of geometry 7 mm x 7 mm x 4 mm
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of geonetry 5 mmx 3 nmx 2 mm (external diameter x Ilength x internal

di anet er) P%rﬁ:ﬁ"ﬁﬁ% by wei ght of unsupported catal yst from Section C. 10
Section C length 170 cm Catal yst charge of annular (5 Mmx 3 mMmmx 2 mm =
external dianeter x length x internal gjanmeter) unsupported catalyst
according to Exanple 1 of DE-A 10046957. 15 Section D. length 50 cm
Downst ream bed of steatite ri(gyerneatiemsiar« leng@po inteodl diewetafiTec) of
~geonetry 7 mqmx 7 mmx 4 nm (external diameter x length x internal
dianeter). 20 2. Internediatesg [y} i-nternmedi ate oxygen feeding The
product gas mixture |eaving t eéﬁglll’lra's&n?%%%gg Bed reactor was conducted for

the purpose of internedi ate CcHalstigby chiries with pyhomipassasts oixtuae ©f 38%r ough .

a conngcting tube 25 (I|engt hyw§t oreteatittridigs abtestite TE2 XY from 2eramiasal |

thickness = 2 mm material = ' [ rally
for a length of 200 Mm was cﬁ?r@g@%{?ﬁ?tﬂﬁhgﬁ %Fﬂg?mé%@%ﬁggﬁae@?%é
spheres (Steatite from Ceranifedth sintainahdizmetery a3 8% sy ereight &hd 1 anged
directly onto the catal yst t ubeusdort=bieafalyssfrofmi Sextiobe€d reactor. 30 The
gas m xture entered the connecting tube at a tenperature of nore than
310C and left it at a tenperatyre _of about 140C. Subsequently, 269 |
(STP) ?‘E of conpressed air a®e§ O%deaﬂt%sﬁer% were nmixed with the gas
m xture. The resulting charg&ajaigstwhatgare anhued{Sonmax $trat k€ minyxeer was f ed

at a tenperature of 35 220Cdqrdi@idcteck BRGNHEAGHR dfietiie Step of
partial oxidation of acrolein to acrél |%‘rl¥ag| d. .3 Sﬁconq fi >1ged bed
reactor for the step of part i“SPURREMELCPEIYSHRCREIRY M a P ad X ic acid A
fixed bed reactor was used wWhHEh WR45YHI7.i dentical design to that for the
firstystep. Salt 40 nelt and reaction gas m xture were conducted in

cocurrent viewed over the re ) alt nmelt entered at the bottom
the reaction gas m xture Iik%}’@eﬁ Dlﬂén@g%@%@S The cat aﬁ% ube charge

] al yst t
(frombottomto top) was: Séowmnskesn bedghsieatite rogs fteatitelrOfryBd of
steatite rings (steatite C 2Z2@ram0se)Ceyasiery 7 afm gFameixrymnd 7mmx7mx4nmm

(external diameter x length eﬁ&%glrcﬂ%et@}Q%@ﬁ{%gw&erﬁ%&ié—rﬁ&ﬁﬁf | engt h 100

cm Cazt;oal yst charge of a honpbgeneous m xture y wei ght of steatite
"~ rings ' o _
2.  Intermediafe cooling and intermediate oxygen feeding

The product gas mixture leaving the first fixed bed reactor was conducted for the
purpose of intermediate cooling (indirectly by means of air) through a connecting tube

25 - (length = 400 mm, internal diameter = 26 mm, wall thickness = 2 mm, material =
stainless steel) whiéh, mounted centrally for a lehgth of 200 mm, was charged with an
inert bed of steatite spheres (Steatite from CeramTec) of diameter from 5 to 6 mm and
flanged directly onto the catalyst tube of the first fixed bed reactor. '

: 30 The gas mixture entered the connecting tube at a temperature of more than 310°C and
left it at a temperature of about 140°C. Subsequentiy, 269 1 (STP)/h of compressed air
"as an oxygen source were mixed with the gas mixture.

The resuiting charge gas mixture mixed on a static mixer was fed at a temperature of
35 220°C to the fixed bed reactor for the step of partial oxidation of acrolein to acrylic acid.

3. Second fixed bed reactor for the step of partial oxidation of acrolein to acrylic acid
A fixed bed reactor was used which was of identical design to that for the first step. Salt

40 melt and reaction gas mixture were conducted in cocurrent viewed over the reactor.
The salt melt entered at the bottom, the reaction gas mixture likewise.



10 (steatite C 220 from CeraniTec) of geonetry 7 mx 3 mm x 4 mm
(external PFi@¥8er x length x internal diameter) and 70% by wei ght of
coated catalyst from Section C. Section C. length 200 cm 15 Catal yst
charge of annular (7 mMmx 3 mmx 4 mﬂ-sexternal di aneter x length x
internal dianeter) coated catal yst _accgr ding to preparation exanple 5 of
DE- A 1004892&ataitst urieschpedenfromi hotlos taltem wasssi bl e to use anal ogous coat ed
catal ysts and those prepared in a correspondi ng manner, but whose active
conposition h oj.chi try of Mb12V2.8WL. 2Cu2. 40x or '
Mp12V355WL. 3 cﬁ@i :’en%’()%g%?_i on D: length 50 cm Downstream bed of
steatite ringdrelmiaaryihes of sabites ingm(steptiaitedd0 foam Gesrates) of gaemem4m:
(exterpal diameherx X MeRatAnx internal dianeter). 25 The second reactor
was charged - w QX . as mxture. T 11,e is as
defined for ,tﬁ%ﬁ??‘r%g@géﬁ(ez%q%n@g’é ?éngéﬁn%rﬁéa'ﬂ%e as 284C. The propene '
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Section C: length 200 cm 7
15 Catalyst charge of annular (7 mm x 3 mm x 4 mm = external diameter x length x
internal diameter) coated catalyst according to preparation example 5 of
DE-A 10046928 (at this point, it is also possible to use analogous coated -
catalysts and those prepared in a corresponding manner, but whose active
composition has a stoichiometry of Mo,V W, 2CUs 4O, o M1V, sW, 3CU5 4 O,).

20
Section D: iength 50 cm :
Downstream bed of steatite rings (steatite C 220 from CeramTec) of geometry
7 mmx 7 mm x4 mm - :
(external diameter x length x internal diameter).

25 '

The second reactor was charged with approx. 3607 g/h of charge gas mixture, T2¢29
is as defined for the first fixed bed reactor and was 284°C.

The propene conversion in the first reactor was 88.0 mol% and the acrolein conversion
30 inthe second reactor was 99.8 mol%.

The contents of the product gas mixture leaving the second fixed bed reactor at a
temperature of 281°C and a pressure of 1.8 bar (product gas mixture B) were:

7 % by vol.
nitrogen | 51.54
oxygen 2.3
propane 28.20
propene 0.110
methane 0
gthane 0.077
n-butane 0.101
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The catalysts used in the two reaction stages may also be replaced by the catalysts
used in the examples of DE-A 10351269. The catalyst of the first reaction stage may
~ also be replaced by the catalysts of the examples and comparative examples of
DE-A 10344149, The catalyst of the second reaction stage may also be replaced by
_the catalysts of the examples of DE-A 10360057 and DE-A 10360058, In addition the
partial oxidation may be carried out as a high-load process, as described in DE-
A1D313210,DEﬁA10313213,DE#A10313212,DEwA10313211,DE#A10313208,
DE-A 10313208 and in DE-A 10313214, and the prior art acknowledged in these

~ Configuration of separation zone B (removal of the acrylic acid target product

from the product gas mixture of the partial oxidation)

In a direct cooler, the hot product gas mixture stream (product gas mixture B) was

cooled to approx. 180°C in cocurrent (after combination with the laden stripping gas
stream described below) by spraying in a quench liquid (comprising 57.4% by weight of
diphenyl ether, 20.7% by weight of diphenyl, 20% by weight of dimethyt o-phthalate
'(DMP) and, as the remainder, up to 100% by weight of phenothiazine (up to 1% by

5
10  documents.
D)
15
20

weight) and high boilers (e.g. acrylic acid oligomers)) of temperature from 140 to

150°C, which was also used as the absorbent. in the lower section of the direct cooler,



guench liquid was therefore discharged di scontinuously once per day into
a vessel ppagipgwas wor ked up discontinuously with the aid of a rotary

evaporator (8 nbar, 10 180C). The purified absorbent condensate obtai ned
inthis way was fed to the buffer vessel described below for the bottom
effluent fromthe residual gas stainle88 steel pressure wash colum, and
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bottom temperature was approx. 113°C. The glass jacket 'wasrdivided into five

successive, separately operaied segments which' were used to impose the temperature
30 profile below on the absorption column. This segmentation was also followed by the |

inner structure of the absorption column.

The segments had, from top to bottom, the following temperatures (they were each
thermostatted by means of water pumped in circulation, or with heat carrier oil of
35 corresponding temperature in the 1st segment) and were configured as follows:

1st segment: length 1020 mm (upward starting from the feed point of product gas
mixture'B), 113°C, 0.4 m of Rhombopak between the feed point of
_ product gas mixture B disposed directly above the bottom of the
40 absorption column and the feed point of bottoms liquid which is
continuously withdrawn from the column bottom and recirculated into the



descri bed _bel ow as di sposed 0.5 m of Rhonbopak. 10 3rd segment: |ength
950 nmm 6BT5560% m of Rhombopak which begins directly above the |ow

boi |l er condensate introduction point of the 2nd segnent. 4th segment: -

| ength 950 nm 50-55C, 0.6 m of Rhonmbqpak whi ch ends directly below the
I ntroduction point of the main absorbent stream described below. 15 5th
segnent: | engt h 1260umim(atZeperox0 163 i.dh arReoYshellepperwdeh/mmnddbbineet i ng
tray nmounted direrhbibaiRvol8thidPsenkaiah poptr oduction in the 4th
segnent for the X t.he aci t r\ﬂgg i I and the
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The organic phasenehﬁcﬁawh&e%ag%ﬁégﬂﬁé;@g'o@&%%sawéﬁ rsamnof the absorbent

having a | ow | oadi ng by neans ed- conveyance nenbrane netering
purrp2 nd this overall stream (approx. 3.0 I/h, 40C) was fed as already
descri bedrodithesfrgmdrdioosd thilechng daywdisprsed ot thedith sgproerdywalsr-titke nai n

e e g AL S
130" bar P HBAN RS PR % R ED8: T SO Ak P Rt R o588 Sy n
2.67 pr epxiomigtigZbove the uppermost Rhombopak packing (70 liters/h). The nonrecycied
25  proportion of the acid water withdrawn (the reaction water) was discharged under level
control and sent to an acid water extraction stage. In this stage, the discharged acid
water was combined and mixed at ambient pressure with the smaller substream of the
absorbent (described below) having a low loading (of acrylic acid and secondary '
“components) in a stirred glass vessel kept at ambient temperature (volume 1 liter,
30 diameter 80 mm). The resulting mixture was discharged continuously into a glass
phase separation vesse! (volume 7.5 liters, diameter 150 mm) likewise kept at ambient
temperature by free overflow. There, the liquid mixture which had overflowed was
separated into two liquid phases, short-chain acidic secondary components (for
example acetic acid) being transferred preferentially into the aqueous phase having
35  lower specific gravity and acrylic acid preferentially into the organic phase having
~ higher specific gravity. The organic phése is combined with the larger substream of the
absorbent having a low loading by means of a forced-conveyance membrane metering
pump and this overall stream (approx. 3.0 Ith, 40°C) was fed as already described
directly below the acid water collecting tray as the main absorbent stream to the
40  absorption column. |
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The (main) residual gas was heated to 40°C by indirect heat exchange (in order to rule
out undesired condensatidn), compressed to 2.70 bar by means of a membrane
compressor (on the industrial scale, a turbocompressor driven by means of electrical
motor, for example of the 12MH4B type from Mannesmann DEMAG, Germany) and
about 78% by volume were recycled as cycle gas ((main) residual gas) into reaction
zone A fo charge the first dehydrogenation reactor.

About 22% by volume of the compressed (main) residual gas were branched off with
decompression to 1.6 bar and washed in a stainiess steel pressure wash column
(material 14571, internal diameter 30-mm, charge: 2 m of Rhombopak 9M} in

‘countercurrent at approx. 1.6 bar and approx. 51 °C with the total stream, described

below, of absorbent having very low loading (the absorbent having very low loading
was introduced at the top and the gas was conducted into the column at the bottom).

In a further stainless steel pressure column (material 1.4571, internal diameter 30 mm,
charge: 3 m of Rhombopak 9M, jacket heated with oil = stripping column), this washed
gas stream at approx. 1.5 bar and from approx. 119 to 125 °C was utiized in order o
strip low-boiling components out of the laden absorbent stream which was drawn off
continuously from the bottom of the absorption column (approx. 3.5 i/h, approx. 113°C)
(for example as described in DE-A 10336386). The resulting gas stream (laden
stripping gas) laden with low boilers (more volatile than acrylic amd) was heated in a
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100 mbar, For the purpose of polymarization inhibition, 52 1 (STP)/h of air were fed in
above the level of the bottoms.

30 ‘
Between the bottom of the vacuum distilation cofumn and the influx of the product-
laden stream from the bottom circuit of the stripping column into the vacuum distiliation
column were mounted first 6 bubble-cap trays (tray separation: 5 cm) and above the
influx a further 15 bubble-cap trays (tray separation: 5 cmy), above which the possibility

35 of sampling by means of a miniature membrane metering pump existed. '

- Above this sampling point, 10 sieve trays (6 equidistant holes of diameter 6.5 mm per
tray) were mounted (tray separation: 5 cm) which extended upward up to a collecting
"~ tray, from which approx. 364 g/h of purified acryfic acid were discharged continuously

40  as the target product and stored after cooling in a stock vessel.

Secondary component contents of the target product were:
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| ow boi | dPCEGIERNLE o ¢ conrprised—1t BPPM: aeid 08, 4206 by wei ght acetic
aci d 1. 020CBRCUE AR waror 0 4270 jBQZEBmL _methacrol ein 0. 012% by

wei ght et ﬁir;@%—a&iﬁ&%f‘%}#y&y mag.’?f’ B—h——0. 009% by wei ght
propi onic acid 0.024% by wei ght furan-2-al dehyde 0.010% by wei ht 9IF |
acr | ate Afogsahpunke{7§Rmlhacf atrgicracd] diedirdnd fven gie caleciimgtitay was al | ow

boi | er copg é@itreo fHel AN AN hilE elm;ﬁmngqé WaBbriaRa ttewérat@er@ n
fed as refl ux Ium1

stream of _5 S ba, a '
bel ow 1 he i ot B e briteehost € PP i g syt Dok e GIaroRad bor 1 e
condensat &a¥t r eam of 20 190 m/h which remined was cooled to 40C and fed
to the acrylic acid absorption colum above the 2nd segnment thereof. To

\é\?;b} lhfz‘é\%tl,wév% thg E)a g%}rﬂogél}& BgﬁheﬂE% Weﬁee&xsé)c{]sgglé%rthéﬁ geﬁéveocr'a R 56 Wb of |
diameter 5.5 mm per tray, tray separation 5 cm) which permitted low boﬂers which
10 were still present to accumulate toward the top of the column. Above these sieve trays
was mounted a further collecting tray in order to collect the fow boiler condensate
which occurs as a result of indirect cooling caused condensation in the top of the
column (26 °C, absolute pressure 100 mbar). The temperature at the collecting tray
~ was 73 °C. The iow boiler condensate comprised:

15

acrylic acid 98.42% by weight
acetic acid 1.02% by weight
water 0.427% by weight
methacrolein 0.012% by weight
methacrylic acid 0.021% by weight -
Diphyl : 0.009% by weight
bropionic acid 0.024% by weight
furan-2-aldehyde 0.010% by weight
allyl acrylate _ 0.009% by weight
acrolein 0.002% by weight

From the total low boiler condensate stream withdrawn from the collecting tray, a main
stream of 570 mi/h was fed as reflux back into the distillation column below the low
boiler condensate collecting tray. The residual low boiler condensate stream of

20 190 ml/h which remained was cooled to 40°C and fed to the acrylic acid absorption
column above the 2nd segment thereof. To wet the walls for inhibition, a target product
stream of 51 mi/h stabilized with 0.5% by weight of phenothiazine and having a
temperature of 25°C was spréyed in through a 4-hole fulljet nozzle in the uppermost
region of the purifying column head.

25



terrperature of 25C was sprayed in through a 4-hole full-jet nozzle in the
upper nost PFr&&d08n of the purifying col um head. 25 PF 55708 100 The gas
stream drawn off by neans of a menbrane vacuum punp at the top of the
~ purifying colum consisted mainly of i ﬁrt gases and |low boilers. In a
cold trap cooled to 8 C, it was p055|1b e to remove fromit another 4.6
g/ h of cofitie gealstrearh avavirootf by megps ptiaalemboinsoresHur. pUTH & theetoipdiidhe
ggnggg}egt PGRIY ﬂ%%@hﬁu SRRt BEinlyTbf ||rieﬁl{:}a€e§ BhdNOW ISENERY, nrssdeg/id%mddoceﬁ?m d
0 DYy L C 0
S8 o B Sl Pt B PLIRLON ortlsh bt LN

met hacrol €1 h
0. 059% byf%U@hﬁomEﬁftﬁﬁtsoﬁh'é ra%ﬁildﬁlgompg%rﬁyomname Seaa@i@ﬁ@néfnwéﬁom 0.021
% by wei gbdmprdddy[ ac | ate 0.007% by wei ght acrolein 0.037% by wei ght
The "inert gas" streamremaining mnus the residual conmponent condensate
had the fallow mrarrnoqu‘uan 10 OlnmL vol une nit ogn remai nder to 100%
ox en 1.2 FIQﬁQ%Q 18 8 Propane. 089.63% By Weight 004 t hane 0. 052

n- but ane PCRERCY sobut ane 0 146 n-lh48%BY weighiohlit ene 0.0 but adi ene
0.010 ca vBiSA nonoxide 0. 372  carban /dA4YsPuweighbs | et hene 0. 022 It was
recycl ed MEMECIPRANond segnent of tHe Cal8(ds BY W8Nk ol uim above the pressure

methacrylic acid 0.025% by weight
Diphyl ' | 0.059% by weight
propionic acid 0.020% by weight
furan-3-aldehyde 0.021% by weight
allyl acrylate 0.007% by weight
acrolein 0.037% by weight

The “inert gas” stream remalnlng minus the residual component condensate had the
following compuosition:

10
' % by volume

nitrogen remainder to 100%
oxygen 1.20
propaneg 18.8

ropene 0.08
methane 0.004
ethane 0.052
n-butane : 0.069
isobutane 0.146
n-butenes : 0
isobutene 0.0
butadiene 0.010
carbon monoxide 0.372
carbon dioxide 1.88
ethena 0.022

- It was recycled into the 2nd segment of the absorption column above the pressure
decoupling valve and below the Rhomopak packing disposed above it.

15 At the bottom of the purifying column, the absorbent freed substantially of acrylic acid
was drawn off under level control and passed as a total absorbent stream having very
| low loading to the stainless stee pressure wash column already described, and the
pressure increase of the bottoms circulation pump of the purifying column was utilized
for discharge from the vacuum.
20 . |
The absorbent having very low loading comprised:
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upstream of the compressor there and subsequently compressed. Based on propane
used, a yield of acrylic acid of 78.9 mol% was thus achieved.

est ers; of
Conmparat i

10

The crude acrylic acid obtained as the target product may be further purified by

crystallization or rectification, as described in the document EP-A 616998 (taking

account of the teaching of EP-A 912486) or as described in the document DE-A
19606877 (the mother liguor may be recycled into the absorption column and/or into
the purification column) or as described in EP-A 848732, to give pure acrylic acid which
can then be free-radically polymerized in a manner known per se to produce water-

15

superabsorbent polymers. Both the crude acrylic acid obtained and the pure acrylic

acid obtained are outstandingly suitable for preparing esters of acrylic acid, for example
_for preparing alky! acrylates. '

Comparative example 4

20

Similarly to the procedure in comparative examples 1 and 3, in a reaction Zone A
including downstream separation zone A, a starting reaction gas mixture for a reaction
zone B is generated and has the following contents:

Constituent % by wt. (based on total amount}
water 1.10

tetradecane 0.0101

n-butane 0.091

ischutane 0.47




Simlarly to the procedure in conparative exanples | and 3, in a reaction

zone A i REIRRI08g downstream separation zone A, a starting reaction-gas

m xture for a reaction zone B is generated and has the foll ow ng

contents: Constituent % by wt. (based total anmount) water 1.10

tetradecane 0,0101 n-butane 0.091 isobutane 0.47 PF 55708 102 . 1-butene .

0. 054 i spbtiwésre 0. 176 propane 40. 04054ropene 8.596 C2 1.44 N2 36.9 02 -

- 10. 92 nmefhsixend.- 002 ethane 0. 204 gepdiyrene 0.034 hydrogen O Reaction
-sts—of—two—tandemreactor—systens—opdrated in parallel

(react or | PIPAB&) of which each is cOhructed inthe sane way as the

t andem r epipenesystem from the wor Bid®g exanpl e gf DE-A 103 51 269 and is

zone B conaststs—of—two—t

charged Wegy catatyst. Each of the yyfy 5 reactior lines is charged with
61022 nBHH{StP)fh—ef the-aforenentioned.-st ' eaction gas m xture.

The interiediate air feeg bet ween t A%t wo partial] oxidation stages is
11200 nB| O8TP)/ h per line. In both 1e$2ial oxidatjion stages, reaction gas
and sal t [pEliaear € comdutted T Tt urrent—vijewed over the reactor.
10 The hpurtfy .sp%&mwgmg%;ewn stage of propylene is
about 11pEHa0&TP)/1 h. The entrancd #¥hmperature of the salt bath in the
first reaetyienestage is | 346C, the ®834 tenperature of the salt bath from

“the firs h o?@&éfri-m' stage; s 349C—Th entTance—tenperature of the salt
bath int ne” second reaction stage 1's 272C. _The'exit tenperature of the

salt bath fromthe second reaction stage is 275C. The starting 15
reacti on Basctivhxbos & dossiEiadf two tameefr resttosdyatpens @scted irapard@ Geathe gas

entrance g RAEAESoH 10 EBndiR AR FWs S fb) t h$ GystERerod! ¢
|t r - )
T e e s 2 A A
i nt o the macinrdines &cthanyedsyitdy81022 i @TRMh. of THeeafpreomyitiemss glarivmgrsadioni n
the firstgdeastdromMmrilif@embda® LirBbIbEiRRSR thedfhvoSianeH %xi@éﬁ'ﬁﬁ?stag&ﬁs 20
";‘ﬂ,g: o gagg&s%ﬁas%)m Dot 1% FEIMDaHRRSHAADERLR {edction shePla &i%asgd on
are conducted in countercurrent viewed over the reactor.

10 The hourly space veioci’ry of the first reaction stage of propylene is about _
110 | (STP)/I'h. The entrance temperature of the salt bath in the first reaction stage is
346°C; the exit temperature of the salt bath from the first reaction stage is 349°C. The
entrance temperature of the salt bath into the second reaction stage is 272°C. The exit
temperature of the salt bath from the second reaction stage is 275°C. The starting

15  reaction gas mixture is fed to the first-stage reactor at 300°C. The gas entrance
temperature into the second reaction stage is 230°C. The salt melt pump outputs are
as specified in DE-A 103 51 263. The entrance pressure into the first reaction stage is
1.9 bar. The entrance pressure into the second reaction stage is 1.4 bar. The
propylene conversion in the first reaction stage is 97 mol% (based on single pass). The

20 -acrolein conversion in the second reaction stage is 99.3 mol% (based on single pass).

The two product gas mixtures leave the two second partial oxidation stages with a
temperature of 275°C. They are combined to give an overall stream of
145 000 m® (STP)/h which has the following contents based on its total amount:

25
nitrogen 42.75% by weight,
oxygen 3.0% by weight,
carbon oxides  3.11% by weight,
. water _ 4.87% by weight,
30 acrylic acid 10.84% by weight,

acetic acid 0.30% by weight,



The two ppgdiszgggas m xtures | eave the two second partial oxidation
stages with a tenperature of 275C. They are conbined to give an overall
“stream of 145 000 nB8 (STP)/h which has the follow ng contents based on
its total anmount: 25 nitrogen 42. 75%t wei ght, oxygen 3.0% by weight,
car bon oxi des % by weight, water 4.84% wei ght, 30 acrylic acid
10. 84% by wei gé?r?’pe'”;ceti c acid 0.30% byéﬁ'giﬁ’og%’?‘?(’e'\gﬁt557os 103 acrol ein

0. 06% by wei ghPPWDi phyl 0% by wei ght,  O¥o®n¥eiglei d 0. 03% by wei ght ,

f or mal dehyde Ofcd@lbdmid wei ght, 5 propi onDO3&chydwighD4% by. wei ght ,

furfurals 0.0089 jgght, allyl acry by wei ght,

benzal dehyde 0%(5/%%%28'?)%3?@ ght, maleic b%ﬁgb% @g@%ﬁ) 127% by wei ght, 10
benzoit acid 09@?@‘%%%‘ i ght, net hacr $IOPE7RYWIgM01 9% by wei ght,

met hacr ol ei n OfudfuBds by wei ght, pht hal i 0.088%yyrwelghtD. 001 % by wei ght,

net hane 0.001 Swbycyicght, 15 hydrogen @%phy, piei&i:, et hane 0.17% by

wei ght, ethen 0.'%’%?/0 wei ght, but anﬁ§08° Ab % b%htwei ght, butenes 0.14%
by wei ght, 20 ?Q}S By . 8% by wei ght an 6’r 36%‘?{ 0. 14% by wei ght .

Cool i ng of proaaic apiydidet ure B 25 Proddét%dwsveightt ure B is conducted
into gpdirect sapbrrackf custonary desi gnowsdbhbyaveightameter of 2.6 mand a
hei ght of 14.5 i.ch.Ls manufactured nitic steel (material
1.4571). Parti 'EF{*‘S‘W'%?% ion of the abs%b%%my%vﬁéﬁh is withdrawmn fromthe
bott om of the BBYGFIIEG™N col utm cool s t BBT1PeIINRIGHas nixture to a

t enper at ur e of phiddify.dpBydridei s i s done byQ.00tHbgtweightt he cool i ng nmediumin

cocurrent to thepgpeduct 0.001% by weight,

15 - hydrogen R 0% by weight,
ethane 0.17% by weight,
ethene 0.03% by weight,
butanes 0.47% by weight,
butenes 0.14% by weight,

20 propane - 33.8% by weight and
propene  0.14% by weight.

Cooling of product gas mixture B

25  Product gas mixture B is conducted into a direct cooler of customary design with a
diameter of 2.6 m and a height of 14.5 m, which is manufactured from austenitic steel
(material 1.4571). Partial evaporation of the absorbent which is withdrawn from the
bottom of the absorption column cools the product gas mixture to a temperature of
165.5°C. This is done by conducting the cooling medium in cocurrent to the product

30 gas mixture B to be cooled and introducing it into the direct condenser via an
impingement plate nozzle.

The cooled product gas mixture B is conducted into the boftom of the downstream
absorption unit together with the unevaporated absorbent.

35 | '
Absorption unit

The absorption unit is designed as a tray column having 45 valve trays (the valve lids
of the individual valves not being mounted) and 3 chimney trays, and is operated with a

40  top pressure of 1.2 bar. A design with sieve trays or dual-flow trays as separating
internals in the tray column is likewise conceivable. - - '



30 gas m kWl t0 be cooled and introducing it into the direct
condenser via an inpingenent plate nozzle. The cool ed product gas

m xture B is conducted into_the bottom of the downstream absorption unit
together with the unevaporated absorbeitd. 35 Absorption unit The.

absorptio if [ d_; LT (o} : j | . (the
val ve i dghgo@“‘etnlﬁés_tﬁn i@%u%%%ﬁ\obgg&no 'ls ﬁg’lg 'ﬁgggnéggtgégéj;:%n%g%%ﬁﬁe ey
trays, anHay Peakyeris say. i gasamixege lesyingrtae sipdecigas dirgctapolingiisdeniqyad wi t h
Si eve trafrsmahe dbsdrbéntanetdmysteat Hepabiaig digatraiti€rnal s in:-the tray colum
is |likew se conceivable. PF 55708 104 The |owernost tray of the
absorption colum i s designed as a double-walled chimey tray. Bel ow
this t?ay/h MXYELl MPKYaRCEALE® AbTABR 1 FEd prosigteasyRte featina doR firas i s
renoved Eoding ishietradheoed irdo thauatesoapionabehn with B éargeofial gpeippa atdiene 5 The
m xt ure of r i ] g the
i oot - o P e B B B S B e o e
tangential inpulse. A cyclone ring prevents direct entrai nnent of drops
into the €The boltym tEmpehatutecovighereisorpicanunitTh é6D 3G drromdng bothinupbthef t he
absor pf | OfbddRbton it LER7HEYh BF BERdSidRR hAMOhe FIBWHY RsRkfbI ivin
1067 nB/ h. ,s:‘éP%ot t%ﬁ’sﬁcl%i qﬁg hgéﬁ ng tcﬁg{ fﬂ‘qggtweﬁg@cﬁr%posi t isgiﬁhgr%ﬁftﬁ awn
of f: Diphyl" (m xture of diphenyl and diphenyl ether in a weight ratio of
15 2.8:1) 54.27% by wei ght, dinethyl phthalate 36.97% by wei ght,
di acrylic aci doighd%hixaye Wetiphknyl apgrylic acid 4. 75% by wei ght,
phenot hi azi ne 0 i . . hal i ¢ anhydride 0.1 % by wei ght,
benzoi c acid 1&%%%%/}%%5%?%'%%%@2% anhydride 0.24% by wei ght,
benzal®dehyde 2-81) % by weight, form c HeftedyoE®toy wei ght, 25 acrolein
0. 002% by wei ghinethyveritiediatd. 01 % by wei g¥8.97%agetdightaci d 0. 04% by wei ght

and furfural SdecrﬂQ?éoéi y wei ght. 30 They Bed;t n\;Fei {tfquid (liquid effluent
n’ unj 1y e t’

of the absorptio is predom nantly_recyc as coolant with the
aid of a centr3¥§&F'%unp into the dir %?ﬁdw of product gas mixture
' phenothiazine 0.85% by weight,
20 phthalic anhydride 0.1% by weight,
benzoic acid 1.87% by weight,
maleic anhydride ' ~ 0.24% by weight,
benzaldehyde 0.11% by weight,
formic acid 0.005% by weight,
25 acrolein 0.002% by weight,
' water 0.01% by weight,
acetic acid - 0.04% by weight and
furfurals 0.003% by weight.

30 The bottoms liquid (liquid effiuent of the absorption unit) is predominantly recycled as
coolant with the aid of a centrifugal pump into the direct cooling of product gas mixture
B. A portion of 0.3% based on the total amount is withdrawn and sent to a distillation -
unit. ' '

35 The feed of fresh absorbent and of absorbent having low loading into the absorption
column is at the 34th tray counted from the bottom, directly below the 3rd chimney tray.
This feed of absorbent having low loading consists of a polymerization inhibitor-
containing substream of 86.6% by weight based on the total amount of feed, which
stems from the scrubbing unit which is used for cycle gas scrubbing and is still to be
40 describ'ed below, and of a substream of 13.4% by weight based on the total amount of
“feed from the acid water extraction. The temperature of the feed stream is 51.9°C.



B. A portion of 0.3% based on the total anmount is wthdrawn and sent to a
distillatimmsszos t. 35 The feed of fresh absorbent and of absorbent
having | ow | oading into the absorption colum is at the 34th tray
counted fromthe bottom directly below the 3rd chimey tray. This feed
of absorbent having | ow | oadi ng consi st of a pol ymeri zati on i nhibitor-
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acrylic acid (of the absorbate) .are withdrawn (as a further liquid

ef fluent of th&®igdysorption colum). The 5gig5hEbawaight,t enperature is

119. 6C. The ab off via a ceRty . pUNp conprises the 5
%%é%gﬂﬁgﬂ{ﬁﬁ% 83t /f g@@%@ﬂy

follow ng const|tu ) proportions ar%% d”on the total anount):
Di phyl 52.55% BPCHEIEEAE,  di met hyl pht hdt3%e by ¥eiobtos by wei ght ,

di acryibi ¢ aci datryB8&6ithy wei ght, 10 acryl3Dci%by deddt,1 % by wei ght,
phenot hi azi ne @npO3%pikyinyei ght,  phthali @@@@W%%@, 0. 08% by wei ght,
benzoic acid 1. %%‘V% b%_| wajgght , maleic aﬁg?égjj' de EG% by wei ght, 15
benzal dehyde 0PBTAE HYVREYht, formic °b¥0’ Bby wei ght, acrolein
0. 007% by wei ghenzoigegier 0.20% by wei ght!,22%abeweightici d 0. 28% by wei ght,
20 propane 0. 1@f4dwyamBidg@é, propioni c agsds; By Qdighe by wei ght,

f ormal,dehyde O %.by wei ght, allyl yl at 05% by wei ght,

furf ubgl s 0. 02%%)1?“\/\%%%' and 25 net hac?fﬁrﬁ/‘]’cg’é@ﬁghg. 07% by weight. 11.4%
by wei ght baset®™®if adfe total ampunt of PHEabswelAte is fed to a

desor ption uni keroleth 1 % by wei ght basedo@o7twy weighd, armount is fed
directly to thg hottom of the absorptioBzD%)tg higAnd 85.5% by weight is
recycled into tﬁe_ absorption unit via seri gzs-conﬁeét ed 30 heat exchangers
in which it is2¢86/%6H by 15 K to the siReR%P¥yeigBunt ed from the bottom

20 propane 0.12% by weight,
propionic acid 0.01% by weight,
formaldehyde - 0.001% by weight,
allyl acrylate 0.005% by weight,

- furfurals 0.02% by weight and

25 methacrylic acid 0.07% by weight.

11.4% by weight based on the total amount of the absorbate is fed to a desorption unit,

3.1% by weight based on the total amount is fed directly to the bottom of the absorption

column and 85.5% by weight is recycied into the absorption unit via series-connected
30 heat exchangers in which it is cooled by 15 K to the sixth tray counted from the bottom.

The heat removed in the first heat exchanger designed as a tube bundie heat
exchanger is used to partially evaporate the acid water obtained in the condensation
unit which is stili to be described. The exit temperature of the absorbate leaving this

35 heat exchangeris 113.3°C. The absorbate is further cooled to the feed temperature of
the recycling in air coolers. '
The trays between the first chimney tray up to this feed tray are designed as 4-flow
valve trays (VV12 steel without lids). The distance between two trays is 0.7 m. The
trays above this feed tray up to the 13th tray, counted from the bottom, are designed as

40 two-flow valve trays (VV12 steel without !ids) and are mounted in a separation of 0.5 m.

Above the 13th tray, counted from the bottom, is mounted a further collecting tray



‘The heat removed in the first heat exchanger designed as a tube bundle
heat excﬁ’ﬁrfégpal s used to partially evaporate the acid water obtai ned in
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tray, méﬁcﬁh@%ﬂce%e@leé’ﬁhg%yé%Dlﬁ%).by wei ght based on this anount of
reflux are utilized 5 for spraying the second collecting tray via

nozzl €s. The renmi ni ng anount drawn off is cooled to 59.4C wth the aid
of air cobheagyiatid-nentaidingde boileristredratwithtiramn dathetted of thegestificetitrot t om
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Cacrylic alePdnesheenln ari- pwﬁrb@ig|Sé'ea@ﬁrf@aﬁxamlﬁeﬁémc oiuge epeie a@dcﬁr t he

T ﬁCt :j 15 caéargam aciﬂ:d:dntmhmgtétremﬁrbhql othér pgrecede Seigebgidr @?dnqme erinLﬁQ fed into
t he draw L y. I'n addition, this point

is al so sul cﬂ;reb%}%n&? ttl“rarﬁg'{] Bﬁ%&%tgm%%t[ﬁt he feeding of acrylic

aci d- cont ai n| ng st reans, for exanpl e of f-spec crude acrylic acid or 15

acrylic. a‘ﬁiajtfaysmtbai/elthmm gt treproeuhtediinoot the bofiomciedbe Eeagmint of te feasnpl e
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wi t hout |tl’a§'$es\§‘nE@a@a@oﬁb%ﬂ%leg%hm tidye trays of in each case 0.5 m
Above the 34th tray counted fromthe bottomis disposed a third

collecting tray designed as a doubl e-wai | ed chimey tray. The remai ning
resi dual Theodmehingaresiniiaitpreduchpas mixters wiith hasaret Abeoabratdbschinty thige 25
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30 collecting tray. 2% by weight based on the entire amount of acid water condensate
drawn off at the third collecting tray is discharged at a temperature of 45°C and sent to
an acid water extraction. The acid water discharged has substantially the following

contents:

35 acrylic acid 4.02% by weight,
acetic acid - 5.04% by weight,
water _ 89.84% by weight,
Diphyl 12.95% by weight,
dimethyl phthalate - - 2.51% by weight,

40 formaldehyde 0.02% by weight,
- diacrylic acid 0.2% by weight,

allyl acrylate 0.004% by weight,



30 coll ec%Fn%? %y 2% by wei ght based on the entire anount of acid water:
condensat g off at the third collecting tray is discharged at a
temperature of 45C and sent to an acid water extraction. The acid water
di scharged has substantl ally the fol logyyng contents: 35 acrylic acid
4.02% by weight, acetic acid 5.04% by wei wat er 69. 84% by wei ght,

Di phyl 12.95% BY™W@&$ ght,  di met hyl pht h§|0§?febvzws'9h% by wei ght, 40

f or mal dehyde Op(bz%‘:iwaoﬂal ght, diacrylie. MGB% @\B@(g}hty weight, ally)

acryl ate 004%% ght PF 55708 107, 61‘2 §t 0. 02% by wei ght,
propi oni ¢ aci db j)c{l?g by weight, for l%; 83% by wei ght,
benzal dehyde 0 Y | ght, 5 maleic YW@'Q 05% by wei ght,

benzoi€ acid 0m2Ed dhydedeght, naleic aGJOd"/o]byMngby wei ght, phthalic

anhydri de O. Ol%r%lcvmcght , - phenot hi azi pesg, Gy é%py wei ght, 10 - acrolein
0. 02% by wei ght met hacrol ein 0. 005%

acrylic acid 0.05%
by wei ght, Wﬁﬁ"ca 21 % by wei ght angd‘la Wewg'gg‘b 08% by wei ght. 15 The
undi schar ged a@hfhafWa?d‘@VdFWndensate is coOt¥doyweigBIC in a tube bundl e heat

exchanger. 79%MahotdAry based on the amggm% Wiwaghtd water condensate -
cool e%to 33C &Blgml ntroduced at the 40@j tf‘ ggtht ed fromthe bottom
The remai ni ng Afdunt of acid water con ga (s tooled to 16Cin a

further heat eXelaaybsacidhis heat 20 ex@ﬁé%dé’rw$'§h’fcoupl ed energetically
to the evapor amethatmidin needed for the egapsatyivesiglaf the |iquid propane.

The resi dual gg}_;‘t fdgXture remaining in g@g@g}u&,@g Wy the acid water
condensation | eaves the absorption unit_at erature of 29C and -

conprises subt&Sially the foll owi ng Q:Qﬁé‘tqyt"&% f's: 25 nitrogen 50.40%
by welght, oxygen 3.57% by wei ght,
The undischarged acid water condensate is cooled to 33°C in a tube bundle heat
exchanger. 79% by weight based on the amount of acid water condensate cooled to
33°C are introduced at the 40th tray counted from the bottom. The remaining amount of
acid water condensate is cooled to 16°C in a further heat exchanger. This heat
20  exchanger is coupled energetically to the evaporator unit needed for the evaporatlon of
the liquid propane. The residual gas mixture remaining in gaseous form in the acid
water condensation leaves the absorption unit at a temperature of 29°C and comprises
substantially the following constituents:

25 | nitrogen ~ 50.40% by weight,
oxygen ' 3.57% by weight,
“carbon oxides 3.65% by weight,
water 1.46% by weight,
acetic acid 0.058% by weight,
30 ' acrylic acid , 0.041% by weight,
acrolein 0.087% by weight,
Diphyl 0.008% by weight,
formic acid 0.003% by weight,
ethane _ 0.20% by weight, .
35 ethehe 0.03% by weight,
butenes _ 0.15% by weight,
butanes 0.55% by weight,
propane ' 39.62% by weight and
propene 0.17% by weight.
40

The residual gas stream remaining in the acid water condensation (cycle gas) is
conducted out of the column via a demister and superheated by 6 K in a tube bundle



car bon om%és F?H565% by wei ght water 1.46% by weight, acetic acid

0. 058% byp % 30 - acrylic acid 0.041 % by weight, acrolein 0.067%
by wei ght, Diphyl 0.008% by weight, formic acid 0.003% by wei ght,

et hane 0. 20% by weight, . 35 et hene 0.{3% by wei ght, butenes 0.15% by
wei ght, but anes 0.55% by weig ropane - 39.62% by wei ght and
propene 0h&atpxshangsr.ghts p@@eqtﬁ@ Wé%‘g@ﬁﬂdgﬁé‘ﬂg'ﬁ inethmoffaamead lingsi Ahithe aci d

vater conessiial gmst(misaog@sésses to & @rebdgieast 3BIbardly driele@iddiparivem a
dem ster ﬁj}% eated by 6 Kin-a tube bundle PF 55708 108 heat

exchanger revents a possi bl e condensation in the offgas gas |ines.
This residual gas streamis conpressed to a pressure of 3.3 bar by an
el ect r$ calff shislrasidenl gatswtrteacroﬁ‘ﬂ%’@s@umébﬁedtdm thentatai amadnt gbihesesidaal 20%

by vol unegbagechn?ard Lh't%dta%ts?rlga lin ‘Qfscmﬂ)%mrﬁ%imvbvhlcﬂ"f’égz&rt‘é%@ are used
as strlpp | bed.

et oo PShBEd ik R TepPaal AAs Ty [ReUORR I feachen S i At of

het er ogenbelegiggneciishl salazqol wppare deydwgegaivat i on. 10 Desorption unit The
absorbate effeéctively discharged fromthe | owernost collecting tray of-
t he tiop uni.t is fed to a desorption unit in order to free it of
| ow bort | ebgs%rf){]ch urﬂﬁ' esent therein. The absorbate is initially heated to
130C'in a steam heated tube bundl e heat 15 exchanger and then fed to a

desor pti omh@thsumtateffé&meltymchb@ea%m s IdirndsScdlieBhg tEéJﬂ)oflﬂ’}é wei ght of
absor bat ea@s% n;?t}{:ﬁch (s f‘ég% 9%§&§ﬁon Bﬁl?%dorgé} tB ﬂ?etltootf%dv ?&Bﬁ"snétlllgvreééhﬁ

absor bat e t he

col um wai Pgem Tthﬁ@bﬁarrbmﬂ fé"atrﬁuyméteé@ u%ﬁh qﬂa@oﬁte%h?ﬁtedé@%wa%h@ﬁnm s
used 15 t&ehdagaraptitiosm fed e eaeasrptiGBealuah af thevop traysofols thid i fdonb,aﬁ%l es

are mount §Hteof%§8rb9{ea§|j5? 8 n‘?gngtri&%zﬂaé ar)é%eé! %Egﬁ’e EBEAI %ﬁ%ﬂhtt count ed

from the romtray 11
up to t heatlsﬁfp%? sgrﬁéo theegRIPtion RRIUFalp %‘&Yﬂ%ﬁr at W&ﬁt%‘@?@\féé%ﬁ@ WAk vi dual
trays is tbenanhoEhenctibp cpluesdwod. of the desorption colum is 1.83 bar.
25

20  The column internals used in the desorption columri are 38 dual-flow trays on which
baffies are mounted. The hole diameter of the trays is 30 mm from tray 1, counted from
the bottom, up to tray 9, 25 mm on tray 10 and 20 mm from fray 11 up fo the top of the
column. The tray separation between the individual trays is 0.5 m. The top pressure of
the desorption column is 1.83 bar.

25 .

The heat is supplied in the bottom of the column via two evaporators with forced

circulation operated in parallel.

The stripping gas fed directly in the bottom of the desorption column is a substream of

30  the residual gas stream from the top of the absorption unit after it has been scrubbed in
the scrubbing column which is still to be described. Before it enters the desorption
column, the stripping gas is mixed with a substream of the bottoms liguid withdrawn at
the bottom of the desorption column and heated in the evaporator, and preheated to
120°C in a tube bundle heat exchanger. The substream of the bottoms liquid which is

35  mixed with the stripping gas is 9% by weight based on the total amount of bottoms
liguid drawn off. If desired, this mixing with heated bottoms liquid may also be
dispensed with.

The acrylic acid-laden absorbent obtained in the bottom of the desorption column
40  comprises:



The heat g@)lled in the bottomof the colum via two evaporators with
forced é 7% i on operated in parall eI The stripping gas fed directly
in the bottom of the desorption colum ' is a substream of 30 the residual
gas streamfromthe top of the absor pq?g)n unit after it has been scrubbed
in the scrubbing colum which is still to be described. Before it enters
t he desorpti orPPPed| unm, the stripping JEs8%dyiwsigd. with a substream of

the bottons |idmeghywpHihglstewn at  the botd pwgfwdidte, desor ption col um and
heated in the Y. @@Qra%oor and preheat ed1 %tg bdj%g%ql n a tube bundl e heat
S

- exchanger. The stream of -the bottons ich is 35 mxed with the
stripping gas 3°8/I8GLy wei ght based on 1th1e otyt¥aigmount of bott ons
| i qui & dr awn cicktic &diddesired, this m x@@dl%nb@hvd@ﬁ,t ed bottons |iquid may

al so be dispeggsgd Wyt h. The acrylic a orbent obtained in the
“bottom of the deso?l n colum 40 coCd ?%3@@5708 109 D phyl 62.8%

by weight, diffeR¥y aﬁat hal ate 14.7%b Ywe'g(ﬁ‘lt'acryl ic acid 1.8% by
wei ght, acrylphendbladlnw 1% by wei ght, (BO%éwmelgml d 0.04% by wei ght,
formc acid O.fpddie Qy,{hmaght pr opi onlcp@@ qvngrQOG% by wei ght,

phen tOhI azine 0.04% h éewel ght, pht hall &EI’I e 0.1 % by weight, 10
ben20| c acid f’ 3):"% ight, maleic anh S 7 by wei ght, :
met hacrylic a(EinE'QBOB%ﬂld? wei ght , benz‘1a1°(ﬂé’blml'® 62% by wei ght and
furfural 0.02%diyaomgicatd 15 The bottor@odo,ggym.gfajtthdr awn fromthe bottom

of the col‘urmfb'e%ﬂgeg@,g t he forced- ci (rsjzéﬂofabb% eyapor ators with a

tenperature o and heated to 15 KLt FeAm of 63% by wei ght
based on the f¢fid anount of bottons | OfiA% Pvmeisdawn is recycled into
the dgsorption colum to the 8th tray counted fromthe bottom 20 The

Strippi ”gggor B3k ‘ﬁEuIH %wth&%% 14rk bhel %ohpéfltﬁ% Eolaﬁm id &dqmn’%{ Bfdqat the top

of the T@Jlonc um | S recy utilized for
cool i ng Girevlgionsvaagietors yifs aﬁpwpgr,ag,lrgof HkS t%@%h%@ie‘l‘?;?d t’f\l ppi ng gas
al so i nclsubseahef 3% by deight bassminentte ddtal driv@int pplestivost liguidayithalrawh &

desor pti oabyeRLHID tA G LRRA cBRMSIBARE Bl tHR dotinfeR8rdnPine DM,
20 _
| The stripping gas which is faden with low boilers and is obtained at the top of the
desorption column is recycled into the direct cooler utilized for cooling of the product
gas mixture B. The recycled laden stripping gas also includes the liquid entrainment of
the uppermost tray of the desorptio‘n column and comprises substantially the foliowing

25 constituents:

nitrogen 26.75% by weight,
oxygen 1.88% by weight,
carbon oxides 1.94% by weight,

- 30 acrylic acid 36.84% by weight,
Diphyl 7.57% by weight,
water 0.95% by weight,
acetic acid - 0.56% by weight,

_ dimethyl phthalate 1.38% by weight,

35 formaldehyde 0.0% by weight,
acrolein 0.01% by weight,
formic acid 0.05% by weight,
propionic acid 0.01% by weight,

o ~ allyl acrylate - 0.01% by weight,

40 diacrylic acid 0.18% by weight,

phthalic anhydride
benzoic acid

0.0% by weight,
0.15% by weight,



25 constituents: nitrogen 26.75% by wei ght, oxygen 1.89% by wei ght, -
carbon oximessApg94% by weight, 30 acrylic acid 36.84% by wei ght, D phyl
7.57% by weight, water 0.95% by weight, acetic acid 0.56% by wei ght,

di ret hyl phthal ate 1.39% by wei ght, 35 fornal dehyde 0. 0% by wei ght,
acrolein 0.01 %by weight, fornic aci ‘bﬂQ) 05% by wei ght, propionic acid
0. 01 % by wei ghﬁalem@hﬂx riqgdcrylate 0.01 40 diacrylic acid

0. 16% by wei gh th |ic anhydride 0.Q% benzoic acid 0.15%
by wei ght, %’?%@d % mal ei ¢ anhydri coﬁjeﬁ;y& e&‘/’ttwel ght, benzal dehyde
0.27% by wei ghtfurfuralarfur al's 0.01% by weiOght’ by sefghhe 0.1 % by weight, 5
propane 20. 4% kyhasei ght, propene O. 1% oyt 9Bl Gldlight, but enes 0. 06% by

wei ght and bu&);%%% 0. 23% by wei ght. e/t fication unit The substream
p 1o Bk LGt

whi ch |s wi t hd romthe desorption ‘he forced-circul ation
evaporators an@®@¥A8i sts mainly of acryl0i'®t &g weighbi phyl and di net hyl
phthal ate is @ogdgsted into a rectifi catos%b;am,etghggﬂimrl sing a rectifying

section and a ing 15 section. The G on unit consists of 43
dual - f 1 ow tray?hg)ahgahl ch baffl es are noun ?e%by%%@“trays havi ng different

hol e dianmeters: 50 mmfromthe 1st tray, counted fromthe bottom up to
the 100h Reafffica@bnomitfrom the 11th tray up to the 13th tray, and 14 mm 20
fromthe 14th tray up to the uppernost tray The di stance between the

i ndi vi dua ase, 0.4 The di stance between 8th and 9th

ra N each ¢
tray, couhf’@&“¥?tww C'Blf‘t"t"g}ﬁr awry frofp tﬁﬁ desrEPion YnikRmes thedarcstCicwption a t op
pressure eVapxpatorsand conhiets| raaiely chlbslibacid, Bipkddnd dimethy! phthalate is :
conducted into a rectification unit comprising a rectifying section and a stripping

15  saction.

‘The rectification unit consists of 43 dual-flow trays on which baffles are mounted, the
trays having different hole diameters: 50 mm from the 1st tray, counted from the
bottom, up to the 10th tray, 25 mm from the 11th tray up to the 13th fray, and 14 mm
20  from the 14th tray up to the uppermost tray. The distance between the individual trays
“is in each case 0.4 m. The distance between 8th and Sth tray, counted from the bottom,

i51m.

The column is operated with a fop pressuré of 106 mbar. The laden absorbent freed
25  partly of low boilers in the desorption unit is fed via a ring line havmg several nozzles fo
the 8th tray counted from the bottom.

Below the 1st tray, 430 m® (STP)/h of air are fed to the column via a ring line having |
several feed points. ‘

30
The heat is supplied in the bottom of the columns via two external circulation
evaporators with forced circulation operated iri'parailel. The bottom temperature of the
rectification unit is typically 188°C. The high boiler fraction which condenses into the
bottom of the rectification column comprises substantially the following constituents:
35 _
Diphyl - - 75.6% by weight,
dimethyl phthalate 17.7% by weight,
diacrylic acid 1.85% by weight,
acrylic acid . - . 0.79% by weight,
40 . phenothiazine 0.05% by weight,
"7 phthalic anhydride ' 0.1% by weight,

benzoic acid 1.75% by weight,



25 partl yppf5517ggv boilers in the desorption unit is fed via a ring line

havi ng several nozzles to the 8th tray counted fromthe bottom Bel ow

" the 1st tray, 430 nB (STP)/h of air are fed to the colum via a ring line

havi ng several feed points. 30 The hddtl is supplied in the bottom of the

colums via twy, ~Circulation eyap with forced circulation
a 6{ eﬁ;@hd& Ve @Bﬁﬁgfgﬁh

operated in para e bottom tenperature o e rectification unit:
is typically 18862°pigafidgh boil er fractiP8W WhieEMcondenses into the
bott om of the b&waidehgdd i on col utm conpPi7d#sbyswbightaartd al |y the fol | owi ng

constituents: g3 phyl 75.6% by wei ghpo154igyRldyht, pht hal ate 17.7% by
wei ght diacrylic acid 1.85% by weight, acrylic acid 0:79% by wei ght,
40 phenot hi azi ne 0.05% by wei ght, phthalic anhydride 0.1 % by wei ght,
benzoi ¢ athelbatioresdigyd weich fi wittRFags 08 the tectifiedtion ainh@hg dpingdses. 1B% by

vei ght,  Aghbafiny labSorBEmtdn oltEHs &Y fonRiig B char§enipadrishyaer 83%A% W¥ighei ght
and furf rsalds Ot O}SCV 'bﬁé ﬁe}'eg:hﬁc i5 Th(? b@ttorr'gdl i ﬁl d V\/ﬂl Cth |% W t hdrawn
from the PESFaTSISSSHNG T kitcatBnsrt aad oneed pagh s P a8 gent in
condensedintaihmbogorireginapivd redifigatiomaotimn. dhegisrhargedesvy heiler fasken isn t he
feed 1t osdriteo reaichibbiatimividabblicanepaey ¢tyetbnepatd Yuppisméntbert exchanger

into the - i o I ] i | ow
boi I er 1 r Ay eats B9Bth Boeckp (3Ehy enGRirhaly EdRe), A¥dh SERREARL 10
(cycl one)"-grfdb)é‘ﬂﬁ'ﬁh%ﬁﬁé’ﬁ the tOtQAGﬁWGBF‘Pfé{O@C’Wﬁ 1'ﬂﬁ*'€§ﬁ*§°§ﬁ'§8?‘b‘?e?ﬁmé r|z?ny| and
di met hyl ipittonalesgios) of e siembptioaubst ream of 1. 2% by wei ght based on the
total anmount of bottons |liquid discharged is sent to the bottomregion

of the absorption. 15 Crude acryli cidis w.thd via side_draw '
fenovi  fCOREESNIE 25 S BEIAR VR Y AR AN BTV AP E] ITRVS RGBS BHARAC The
crude acripkirecticatoni eiunirt. Atie awdevdcaylia adigdds withdrawnviaya ditaliflow treyegitiat ed

central GR@WrAbP centhf dMhn QY RNOWRhHERN2FEAE AcbyIRGR Wfsb§§§bstanﬁal!%
substantltgl he fo{.btlu%\glgng constituents: 20 acrylic acid 99.66% by

2 i lowingEoap®

wei ght , % by weight, water 0.007% by wei ght,
20 acrylic acid 99.66% by weight,
| acetic acid | 0.135% by weight,
water 0.007% by weight,
formic acid 0.002% by weight, -
- propionic acid 0.036% by -weight,
25 - furfurals 0.022% by weight,
allyl acrylate 0.011% by weight,
benzaldehyde _ 0.008% by weight,
maleic anhydride 0.008% by weight,
methacrylic acid | 0.06% by weight,
30 diacrylic acid 0.02% by weight and
phenothiazine 0.025% by weight.

The Withdrawn crude acrylic acid is cooled to 25°C by means of two heat exchangers
connected in series. Of the withdrawn crude acrylic acid, 15.5% by weight, based on

35 the feed into the rectification column, is discharged and a smaller substream is used as -
solvent for the polymerization inhibitor. ' '

The low boiler stream removed at the top of the rectification column is cooled in two
stages by two direct coolers. Both stages are designed as a cocurrent quench, the
condensate of the first stage having a temperature of 52°C and the condensate of the
40 second stage having a temperature of 24.5°C. The vapor line of the second
' condensation stage leads to the vacuum unit. Two liquid-ring pumps are operated in



form c acpg 437892% by weight, propionic acid 0.036% by wei ght, 25
furfurals 0.022% by weight, allyl acrylate 0.011 % by wei ght,

benzal dehyde 0.008% by wei.ght, naleic anhydride 0.008% by wei ght,

met hacrylic acid 0.06% by weight, 30 dit@8crylic acid 0.02% by wei ght and

phenot hi aEér@ﬁeioar%zﬁﬁe/olﬁYne%@hﬁBtuseJ Eeac‘ﬁfo‘i'cm BYIEA- Wﬁﬁﬁé {}l‘ué Eor?d\érga’ces

cooled to an ers conne |n seri

the wit hdff%\’iﬂl(r? %%%‘H’é‘ &P ?'?S@"'%?fd‘ge 1'5 TG yResel, HB%E%P' Rhasgs the feed
into the pmoaril theatngimuih Iuseparated tiomdhangeadanshie Sadbhewhistbetn tem i s

used as §@g{a‘é%’!tthé Rictifi 3ol Qhiy, MRl ﬁa%téLfBQtahMPyl?hé 3] IowfﬁB"coHﬁ\%!?&ﬁ ller stream

renove, he top of the rectification colum is cooled in two stages
by two’ direct. coolers. Both stages are designed as a cocurrent quench,
the condensat®trogern he first stage havi #fedytvesighér ature of 52C and the
condensat e of $R8eAd0 second stage havi ngy. g%t@m@ gture of 24.5C. The
vapor |ine of th seco condensati on %%‘5 eaé to the vacuumunit.
Two |i qui d- rlnﬁ% rﬁ% are operated in P% % ? parallel, and the
barrier |iquidegfedcids, according to DEO.AS%(NA85EH, t he condensate from

the sgrond conggiepation stage. In a dowmgbyeneigissel , the |iquid phase,

primarily the liquid, is separated h condensabl e fractions
which formth édr&?ﬁngas of the rectifica p%ﬁ)}nu& v‘feré’r#hl s has substantially

the foll owing €BAEESKLi on: 5 nitrogen 4@35)6%3}33’%'@% oxygen 14.5% by
wei ght, acrylaligt awyldte?. 3% by wei ght wom%cbya-m:@to 09% by wei ght, 10

wat er 0.25% by_, %Qides acrolein 0.001 % t formc acid 0.04% by
wei ght al |yl acr ate 0.004% by wei ght oxi des 0. 03% by wei ght,
15 propane 33.%883%y wei ght, pr opene %%55%%%9 Rht, but anes 0.85% by
wei ght and butrepm® 0. 21 % by wei ght. 2D0THéyoidigias of the rectification

unit is incinesgfed together with ot herp psRIYGHiIGR and
' butenes - 0.21% by weight.

20 The offgas of the rectification unit is incinerated together with other production
residues. However, it is also conceivable at high propane contents of this vacuum
offgas to recycle this stream into the absorption.

The low boiler stream femoved via the top of the rectification column comprises
25 - substantially the following components:

acrylic acid : 98.44% by weight,

acetic acid 0.84% by weight,

water 0.35 by weight, |
30 ~ phenothiazine 0.028% by weight,
diacrylic acid 0.027% by weight,

allyl acrylate ' 0.05% by weight,
furfurals : 0.008% by weight,
_ propionic acid 0.034% by weight,

35 methacrylic acid 0.01% by weight,

| formic acid : 0.07% by weight and

acrolein 0.001% by weight.

- A substream of the liquid withdrawn as low boiler fraction of 47.6% by weight based on
the feed into the rectification column is used as reflux which is introduced via several
40 nozzles. A small portion is also utilized to spray the column hood and the vapor line
with inhibitor-containing condensate by means of nozzles. 1.3% by weight of the low



residues. However, it is also conceivable at high propane contents of
this vacuﬁﬁ15 5p$gas to recycle this streaminto the absorption. The |ow
boil er streamrenpved via the top of the rectification colum conprises
25 substantially the foll ow ng corrponqgg acrylic acid 98.44% by wei ght,
acetic acid 0.94% by weight, water O by wei ght, 30 phenot hi-azi ne

0. 028% bybeiler fretion bﬂsa@pplthe:feéélfrdo@mv%csb/owml@nﬂ is digghlajgecbndy| ate 0. 05%
by wei ght recydied fnts tlesati8oQAi6NUBY avBegibed tHef@pi oni ¢ aci d 0. 034% by wei ght,
35 nethacrylic acid 0.01 %by weight, formc acid 0. 07% by wei ght and
acrolein 0.001% A substream of the |liquid wi thdrawn as | ow

boi l er fr&& P@Mms%/zazth?n%%m \PT {es iR PhBAYBIaZIAR: Th%'@htpé%rds Mecs upres a

recti fa cagolaionomitruaminhibitorsechcargtratien lofi X, 19 by weight innhe odide @drylic acigever al

40 nozzl egmoeg Rl éldep&raw Bhol & a%lo%gcﬁﬁédldr%l% 125} cﬁlﬁ’t'frﬁ%uélggo ﬁ@'d&pBeH%d and

the vapor li1n bitor-containn nozzl| es.
1306 by W GRIEbEN a6 cBROaEARS o e Siog re@?ﬁfif@? 8 PRl BB EUHORID f eed
i nto the undicThéisclit stelilizeoliummterad idiis tedoge df f#akes or pelietd wd comtayirtche

absor pt i ogréld IntPhedeshilzEPREktiReE8se The pol ynerization inhibitor used is
phenoﬁn azine, The inhibitor is made up as a 5 solution with an o
i nhi bitor concentration of 1.1 %by weight in the crude acrylic acid
renoved VPeuhigeudit aw renoval as described and added continuously to the
~condensed |ow boiler reflux and the condensates of the two direct

0011 19 StA0ES Mlnd DS EER 414685 AR = WO becsliy S0l st algeT (o

netered in1n into

t he st abiipiepeis %@&ﬂ?@uﬁlé@éﬂraysl@V%r%w ﬁ@”lﬁ‘ﬁ"tf’f?ﬁénf@cﬁ' ®sherp E8Ysum i s
oper atsed amk rioumtddopitiPs erag sEgargiondofl@d m. The separating internals used are

dual - f| OV“I'%%W?%J@ ;c{&% l?se*&% ﬁwe%"ﬁ%ts%aﬂ Z{ro?’r?th%%ctﬁ@atﬂ{jnbdrﬁe’?ﬁe Eéépﬁﬁmge e

~are nounte
the bott diFkid i %”0(9”?%*‘{‘% Prcé@lq $GrERRINDEPIYMAD W‘th?ﬁémﬁéﬁaﬁ-ﬂﬁloﬁ “Giquidis
i nt r oduceBEiaw thchlewboposdtray e sydieibis agnicg fromtheliabboratitrennieis é&dmeaftn‘i' it50C.

Bel ow t h%ajs%é‘%ﬁ ’Egélbd tbé%)‘e-ghatna% %Cérﬁraﬂé’éte%ﬂ@rélgré 6fQ§@§‘°é PEhPRR QIR F @PcieNi T

f t
{ arpeat (48 O 55016 BYHBIOALGUNE SOPURLA B BONGG RdE 1 « 3796 by wei ght of

t he anpunfthediguisicrbtaibéchig thé qelbminfbetiom comprises substantially the following

components:
Diphyl 75% by weight,
25 dimethyl phthalate 17.6% by weight,
diacrylic acid 1.9% by weight, -
acrylic acid 0.8% by weight,

maleic anhydride -1.3% by weight,

30 phthalic anhydride 0.1% by weight,
benzoic acid 1.7% by weight,
acrolein 0.02% by weight,
water -~ 0.17% by weight,
acetic acid 0.02% by weight,

35 benzaldehyde 0.74% by weight,
furfurals 0.015% by weight,
methacrylic acid 0.06% by weight and
propane 0.5% by weight.

40

phenothiazine

0.05% by weight,

The bottoms liquid obtained in the scrubbing unit is discharged and divided into two
. portions in a weight ratio of 7.2 to 1. The larger substream is infroduced into the 7
absorption column as described, while the smaller substream is sent to the acid water



The |i qui @gpodyzagned in the col umm bottom conprises substantially the
foll ow ng conponents: D phyl 75% by wei ght, 25 dinmethyl phthalate 17.6%
by weight, diacrylic acid 1.9%by weight, acrylic acid 0.8% by wei ght,
mal ei ¢ anhydride 1.3% by wei ght, phendihi azi ne 0. 05% by wei ght, 30

pht halic ggtg%cg-rohde 0.1 % by weight, benzoic acid 1.7% by wei ght, :
acrol ein 0. 02% y weight, water 0.17% by weight, acetic acid 0.02%Db
wei ght, 35 benzal dehyde 0. 74% by wei ght, furfurals 0.015% by wei ght,

met hacr yl iTbe aciubdb€d 6G% das stillicghipriserdsubptantiallyeh idiwing cvesiibénisThe bott ons
| i quid obtained in the scrubbing unit is discharged and divided into two
40 portions in weight ratio of- 7.2 to_]1. _The |arger substreamis
introdiced i nt B'PA®Y absorption col um aiﬁa‘@g{yr‘?’%@g‘; while the smaller
substreamis sexgeno the acid water PF 358@8byiddightextraction. The
scrubbed cycl ecg8sn 8kikéd conprises subssant) @) hyighie fol | ow ng
constituents: 5 nitrogen 51.62% by wei Q@t o OX gagtr 3.66% by wei ght,
carbon oxi des Watgho, by weight, water 1. 1 7R rght, acrylic acid

0. 02% by wei gha&sryloaddl phyl 0. 03% by wei 882% byoeeightl dehyde 0. 01 % by

wei ghtp  mal ei piphphydri de 0: 015% by wei gty pyokagane 38. 96% by wei ght,
propene 0.16% ¥ 'ggci 15 butanes 0.4 ?5 %/ V@é@@}t butenes 0.11 % by
wei ght and et hane 5. % by wei ght. The 'C?J b%’e ytl e gas is passed as
stripping gas MAlE akydilssor ption unit @838%ityereight2o

propane 38.96% by weight,
propene : 0.18% by weight, .
15 ~ butanes 0.42% by weight,
butenes : 0.11% by weight and
ethane 0.2% by weight.

The scrubbed cycle gas is passed as stripping gas into the desorption unit described,
20
Acid water extraction

The acid water condensate from the absorption unit is extracted in an extraction unit
using & portion of the liquid effluent from the scrubbing unit which is sent fo it. The
25  extraction unit consists of a stirred vessel with a fwo-stage impeller stirrer and a

- horizontal settling vessel. inlet and outlet in the settling vessel are separated from one
another by internals at right angles to the flow direction. The entrance temperature of
the acid water condensate into the extraction unit is 45°C. The mass ratio of amount of
bottom effluent of the scrubbing unit and acid water from the acid water condensation

30 is0.8to1.

The aqueous extract obtained in the extraction unit takes up polar constituents such as

~ diacrylic acid (Michael adduct) and maleic anhydride from the bottom effluent of the
scrubbing unit, and the latter is hydrolyzed at the same time. It comprises substantially
35  the following components: ' -

water 70-85% by weight, .
acetic acid 2-10% by weight,
acrylic acid 1-5% by weight,

40 formaldehyde 2-10% by weight,
maleic acid 1-5% by weight,

diacrylic acid 1-5% by weight,



T e A e e e — e e

Aci d wat er extraction The acid water condensate fromthe absorption unit
is extracPEPS/88an extraction unit using a portion of the |iquid
effluent fromthe scrubbing unit which is sent to it. The 25 extraction
unit consists of a stirred vessel with,a two-stage inpeller stirrer and a
- horizontal settling vessel. Inlet and outlet in the settling vessel are
separat ed fronPifg! anot her by internal 8.04t0.85%y weiglites to the .flow
direction. ThedewdthapaRalarperature of gtibpsagivibigrt er condensate into

t he extracti on_ypi 45C. The mass ra}i f @?p nt of . bottomeffluent
of the scrubbi ﬁfgﬁa%ﬁy{ﬁeand acid water fré'r%BP%g' i%b%\)gf'gpt’condensati on 30
is 0.8 to 1. ThEURRIeous extract obtai nB§0ilH.9%1& bxweighti on unit takes up
pol ar gonstitutnihi spiech as  diacrylic api2ce Myehsaglt, adduct) and nal eic

anhydride fr O%%A}?H}%ﬂ&é&m ef fl uent of tB%LOS(%%”Bgi\n%%hltmi t, and the latter
he I ses ta

is hydrolyzed a Same time. |t conprises sub 'ally 35 the
fol | owi ng conpB?ERicaCidat er 70- 95% by weL§#H2% bywaight, acid 2- 10% by
wei ght, acryl maleiccadkd 1- 5% by wei ght, 40.5{3% bpwehydad 2- 10% by wei ght,
mal ei ¢ acid 1- %k [Wel: diacrylic b 0 ight, PF 55708 -115
Di phyj{Ji 0. 01- 0. 05% Ey%%et di net hyl gﬁ:‘ %afogt%go‘%\{%ﬁfﬁ% by wei ght, ally)
acryl te 0. 0005-0. 002% by weight, furfurals 0.001-0.001 %by weight, 5
fornm c ac¥ie Oisehagedyquesiug phasais imidaiztay drgethed Wit .tRSothby prediigion,  benzoi ¢
Anhyar | do T 0 Lo i e RcG! e Bk el AR ATIRGL, AREhed it

ydri -0. 1% by .wei i ueou |
Pne] ner at B0tV 3APASS BRI A A BOEUEE CROYS RS PUDE R B hangars: s
i nci ner at which chels gendensaleabtainehitetd 36 dasaphecorthe fMiteoheding tregui red for
this rpose is wthdrawmn fromthe absorption unit via tube bundl e heat

Frror col Tie.odAE breeeRaR el IrER Bfip @Al 0 thei B deferniioee G A8l o
uni t (thethedplfoning @MreRPISi ses substantially the foll owing conponents:
D phyl 76.3% by wei ght, '

Diphyl | 76.3% by weight,
20 dimethyl phthalate 17.2% by weight,
acrylic acid 1.1% by weight,
maleic anhydride 0.35% by weight,
diacryiic acid | 0.85% by weight,
phenothiazine 0.05% by weight,
25 ~ phthalic anhydride 0.1% by weight,
benzoic acid 1.55% by weight,
. methacrylic acid ' 0.03% by weight,
propionic acid _ 0.02% by weight,
benzaldehyde 1.16% by weight,
30 formic acid 0.05% by weight,
acrolein _ , 0.04% by weight,
. water : 0.7% by weight,
acetic acid ' 0.41% by weight and

furfurals - 0.02% by weight.
35 The discha_rged organic phase is sent in the absorption unit as described there.

High boiler distillation .

The described portion of the bottom effluent of the absorption unitis sent fo a
40 distilliation unit and separated therein by heating into a high boiler fraction and a low
boiler fraction. The distillation unit is designed with one stage and is operated at a



20 di net hyd alate 17.2% by weight, acrylic acid 1.1 % by wei ght,
mal ei ¢ anhydrl 0.35% by weight, diacrylic acid 0.85% by wei ght,
phenot hi azi ne 0. 05% by wei ght, 25 phthalic anhydride 0.1 % by wei ght,
benzoic acid 1.55% by weight, nethacryi8c acid 0.03% by wei ght,

ropi oni % 9% b i f

Do o s Doaytbu vl A0l aa‘*ﬁﬁé%s“@e%a‘* pe ot Bty W O ©
acetic acﬁ&péraﬁﬂg %t?j'valﬁéﬂe‘ﬁt‘ "Camseﬁwﬁf%'ﬁém%a '5032% e8noRvERAL . 35 The
.dlscharged organi ¢ phase is sent in the absorption unit as described

there. . 'I?Jé ?Lé%i ‘sesruggﬁeﬁ\hé Eﬁtek@maﬁb?c&{ea&Uaﬁ&ﬁs\[}’%{otr%tf}{] T‘Pl{e SBE hQQ@ﬁggB‘P

efflue Ion unit uni
separ ated ?%E‘Fcéi‘%'“ﬁqu@éiﬁrﬁ@sf’ﬁt B the Kisgiatien unitra temperatyre AAG8E Ifow

boi | er fr a&stabbshedThe distill ation unlt is designed with one stage and is
operated at a PF 55708 116 pressure of 90 nbar. However, -an industrial
design in distillation colu th the separatin |nternals known to

t hose ski I th%alpﬂH”teﬁ‘rP“'??dé%we&?éé’l“{i'ﬁﬁq'@ SVPREAY of PPRIOR MR ¥EaYWDi a an
ext er nal faodcaa‘tbrdlltutmml vaithi @ suiabiEpdivetiofor exhmpleuieetigicimagidd or ethaacl),

Ci rcul1gt| "lﬂ:lrléréﬂéti%g}éﬁ%r%t'h%ﬂ%r'ﬁrod%hé@?ésﬁiué&' |l'ation unit, a tenperature
of 188C is established. Fromthe anpbunt circulated in the ‘

forced-circul ati on evaporator, a portion is withdrawn and, after

di | ution vihethigh kaier Battien gompeses gubstanlyrtps éaildwrmmmproomtam de or

met hanol ), 10 incinerated together with other production residues. The
hi gh boil er fr i.on conprises substant I | owi ng conponents:

DI phyl, 25. 8% by%h P 15 di met hyl pht e %/%35 B5iobb, b by weight

phenof'fi azi ne Q@‘@Ihbg/wbvaiﬁéﬁ? ght, acr yI i 348 by WBIQB% by wei ght, diacrylic
aci d 0. 6% by wehgtthiazipdt hal i ¢ anhydri degQ938y wgighei ght, 20 benzoic acid

| % by weight, ,gniejg, anh_ydri de 0.02% by e} ghl,.BRd

diacrylic acid ‘ 0.6% by weight,
phthalic anhydride 0.3% by weight,

20 benzoic acid | 1% by weight,
maleic anhydride 0.02% by weight and
benzaldehyde 0.01% by weight.

Of the high boiler fraction, 1.7% by weight based on the feed amount sent to the
25  distillation unit is discharged and incinerated.

The low bailer fraction converted to the vapor phase in the distillation unit is cooled and
condensed by a combination of direct and indirect cooling. To this end, the already
condensed low boiler fraction is sprayed within the vapor of the distillation unit and

30 cooled together with the uncondensed vapor by means of a tube bundle heat
exchanger, and the cooled liquid is sprayed within the vapor above the heat exchanger.
The stream leaving the cooler has a temperature of 52°C and is separated in a vessel
into gas and liquid phase. The liquid low boiler fraction obtained in the distillation unit
comprises substantialty the following components:

35
acrylic acid 4.5% by weight,
Diphyl , 54.8% by weight,
dimethyl phthalate 38.7% by weight,
v diacrylic acid . 1.25% by weight,
40  acetic acid 0.04% by weight,
water . 0.01% by weight,

formic acid ' 0.005% by weight,



benzal dehpge;s9081 % by weight. OF the high boiler fraction, 1.7% by
wei ght based on the feed anount sent to the 25 distillation unit is
di scharged and incinerated. The |ow boiler fraction converted to the
vapor phase in the distillation unit i1d7cool ed and condensed by a
conbi nati on of 4l Land i ndirect cool hngso.l; L& end, the already
condensed | ow ggt—%r{o?rﬁ %”?Egcti on is sprayeg' %S{thﬁ/nﬁ@g@, vapor of the

distillation u ?'Izag{?ayqﬁ) cool ed toget heP- &k B ¥&8Muncondensed vapor by
means of a tubwalkimehhgdi@gmt exchanger, 02dé hheeigbibl ed |iquid is. sprayed

- within the vappdnaRoug t he heat exchangeirgy, gihgeight €am | eavi ng the cool er
has a temperature of 52C. and is separated,ln’a vessel into gas and.

l'i qui d‘§ phase. #ﬁgalv‘}ladﬁ?’%'q%ow boiler fra 3&%“9’5’0‘%@8&%% in the distillation
unit conpriselrfgtdst antial ly the fol | oWOAg%dymipldand: 35 acrylic acid
4.5% by wei ghtacrolPinphyl 54. 8% by wei ght g oogdergtuightpht hal ate 36. 7% by

wei ght, diacrylic acid 1.25% by wei ght, 40 acetic acid 0.04% by wei ght,
water 0.01 % by weight, formc acid 0.005% by weight, PF 55708 117
phenot hi a% icﬁ@tﬂ\t’ug@ia@%ms Weer do spray Hemlicuicilewypdeirachion By dararipae abowathsi c
anﬂygﬂj getuee Mgfdlby\emmﬁterer é@d&s@ﬁﬁecﬁlc%h%-b?%i@'yt onBHedialid viathabdvas bk C
anhydri de 0. : r - - in

0. 0029 by SR, T8 B on el SyBits s pe AEhESn P REGHE,

boi | er f ra¥tfegrciesiniibeabpergtiomBibbelnw the st ¢fien®idi- e heat transferer as
descr i bedTh&fgoldavinmethg kiistitdtiohhmitlin gesedbusidridecaprisas sutbstamtiatly ther '
fraction ed amounts sent to the distillation unit is

di schar ge mﬂ%egrgk%r&sg into the absorption unit below the first chi mey
tray.15The offgas leaving the distillation unit in gaseous form conprises
substanti al | y adngic akl | owi ng conponent sA4.8%%yaesighti c aci d 4. 8% by wei ght,
acetic acid 0.g2%ibyciuei ght, water 2.2% by, meig@bty, Diphyl 0.8% by

wei ght,, water 2.2% by weight,
Diphyl _ 0.8% by weight,

20 dimethyl phthalate 0.1% by weight,
formaldehyde 0.13% by weight,
acrolein 0.13% by weight,
propionic acid . 0.002% by weight,
furfurals 0.003% by weight,

25 benzaldehyde 0.07% by weight,
maleic anhydride 0.1% by weight,
benzoic acid 0.01% by weight,
phthalic anhydride 0.01% by weight,
diacrylic acid 0% by weight,

30 formic acid 0.02% by weight,
allyl acrylate 0.003% by weight,
butanes 1.1% by weight,
butenes 0.3% by weight and
propane 89.9% by weight.

35

This oﬁgés is incinerated together with the other production residues.

The crude acrylic acid obtained may be further processed in a manner known per se in
- further process stages to give pure acrylic acid. Suitable processes for this purpose are -
40  a one-stage process or, in the case of crude acrylic acid having significant fractions of
low-boiling secondary components, a two-stage distillative process with preceding
aldehyde treatment by a compound comprising at least one primary amino group (such '



20 di et thF Bg?hgal-at e 0.1 %by weight, formaldehyde 0.13% by wei ght,
acrolein 0.1 y weight, propionic acid 0.002% by weight, furfurals

0. 003% by wei ght, 25 benzal dehyde 0.07% by wei ght, maleic anhydride 0.1
% by wei ght, benzoic acid 0.01 % by waigght, phthalic anhydride 0.01 %

o1y acr o ydlaBRE XL el i RS il vorlte LI AGAL Gl L vl onL
by wei ght EBrfy2 %P%?)d&i’ewsé’ byndhalpgRICTYstalizatiya @m@?ss@,%@ord@g tadheer at ed
t oget her tgiathingéef BPRes 160998 ECLA G02 BT, ERI8S! 18hes Cantiecaes/gl40a. aci d

obtai ned may be further processed in a manner known per se in further
process stages to give pure acrylic acid. Suitable processes for this

pur pose af'&enipe 8“@@@%'?&‘6@ % Phleined inp crystallizativeproeessrstaga pieh &3y aci d
havi ng si gystallicativn, hotealy e pucd adrehe doid butraisosErcasrgdaracidceompainieg tnsothar

two- st agehzﬂ)o?ﬂabsh's?r&b%‘%s BB@&%&S\NHYEIF @aﬁb@?&gblﬁa as%l%g&mé?%%}('éag t by a

conpound rlsi n% one m no group (suc 708 118

as hydraz??%’”?ﬂone% HBWWP’HPH@? W&' F 85 %?'%onat e) according to the
teachings of EP-A 270 999, EP-A 648 732, and also a crystallizative
procegs acephsleng to the teachings of EP-A 616 998, EP-A 792 867, EP-A 1
189 861 and 98/ 01404. 5 When the pure acrylic acid is obtained in a
crystallizative process stage such as a layer crystallization, not only
t he pure &g procedureioficoyuparativosxampde il yais cepasitet. domeaen they ongrateresidual

| i quor / acy4k wad S&tBohSudSd mtdhe, ev%kbrﬁfbr Cip&trdaen 6ﬁﬁ¥ﬁ+seeleﬁar ®esethdred above
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npl e 1© exa was re
the (‘tﬁ/er%ﬂ, I“)’foﬂl&h‘%ﬁﬁ%ﬂ UpsijaaM\ea trd é%’m&iﬁﬁeé‘ét'@mﬁ@dtoﬁe evapor at or
upstream of the first heater, but rather, conpressed to the appropriate

pressure ﬁ%géb ?t%tté?tﬁ{r%aék%i ﬁm}é léa% Mfrﬁ%%ﬁﬁfﬁie%n rddlkg the

heater upstream ogenat T'OR Teact or cont ent of
t he react?L@ﬁe@%?é"”)ﬁ@é‘tf[ﬂnéslzéa{‘\/'i’lhbg‘t”ﬁé ? i r/‘d YW¥HyARogenat i on react or
subsequently fell from 3.25% by volune to 1.6% by vol une. 20 This

demongy r afes 4bMshstidiss haMRBIHVERIRY REESHUE sl &s88 888 vthefulbshbastidH df

combusti Opne% hydrocarbons involved reduced to less than half.

In addition, it was possible to operate this inventive procedure over a period of 7500
operating hours substantially without significant impairments.
25 -
' Example 2

Here too, the steady operating state is described.

30 A shaft furnace reactor which is designed as a tray reactor and configured adiabatically
has, as a first section of a reaction zone A, two catalyst beds arranged in series in flow
direction, each of which is charged as a fixed bed with a dehydrogenation catalyst
according to comparative example 1. Upstream of each fixed bed is disposed a static

_ gas mixer. '

35

" To the first catalyst bed in flow direction is fed a starting reaction gas mixture which has
the following composition:

‘ a)  recycled product gas mixture A which has a temperature of 617°C
40 : and a pressure of 2.75 bar in an amount of 132 872 m® (STP)/h,
comprising :



t he C3 hydrocarbons involved reduced to less than half. In addition, it
was possi F(-,55F830perate this inventive procedure over a period of 7500
operating hours substantially without significant inpairnents. 25 Exanple
2 Here too, the steady operating stateyis described. 30 A shaft furnace
reactor which is designed as a tray reactor and configured adi abatically
has, as a first section of6-4%yaelyremozAran®, two catal yst beds arranged
in series in flow directd.et beatimebf wabete isoiisreged as a fixed bed
wi th a dehydrogenation c ing to conparative exanple 1.
Upstream of each fixed bg%%%%‘f%%ﬁ%ggqﬁ static gas mxer. 35 To the
first catalyst bed in floWediveyemof d298ada starting reaction, gas

m xtur® whi ch has the fdd%bwvoyneosfdsi tion: a) recycled product gas

m xture A which has a tenperature of 617C 40 and a pressure of 2.75 bar:
in an anount of 132 872 nB (STP)/h, conprising PF 55708 119 26.4% by
vol ume of propane, 6. HYh by vol une of propene (propylene), 0.1% by volune
of H2, 8.8% by volune of H20 and .5 0% by volunme of 02 and b) 8758 ni
(STP)/ h of crude rowggrﬁhc(gqp% V7= T =

terrpe{qilture of tr?z crude pr opanerb?g&@ﬁ héqéﬁgtaatcﬁ@m?gﬁp%g?ﬁﬁ% %?;arﬁﬁg
“startimmg reaction gas mxture is 560C. 15 The anount of starting '
reaction gas mxture is 141 630 m. (STP)/h, with the follow ng contents:
31. 0% by W fefpefitulR’PBR Gude Bropdnd)s S(Rh wiEk 19 teRipRRRNE of 1RDstAihg %o by
vol une ofr H%to 'a%%i%%ﬁ evﬁl of H20 and 0% by volunme of 02. The pressure
of the st'&f fﬁ'gg At o % s'm xture before entry into the first catal yst
bed 25 is 2.75 bar. The bed height of the first catalyst bed flowed

t hrough Dbphd o af stanBigréfdibh @Bs Gfture is 141 630 m* (STP)/h, with the following
contents:

31.0% by volume of propane,

6.2% by volume of propene,
20 0.1% by volume of Hy,

8.2% by volume of H;0 and

0% by volume of O,

The pressure of the starting reaction gas mixture before entry into the first catalyst bed
25  is 2.75 bar.

The bed height of the first catalyst bed flowed through by the starting reaction gas
mixture is such that the reaction gas mixture leaves this fixed catalyst bed with the
following contents:

30
26.4% by volume of propane,
9.5% by volume of propene,
3.6% by volume of H,,
: 7.9% by volume of H,O and
35 | 0% by volume of O,.

The leaving amount is 146 533 m® (STP)/h. The leaving temperature is 500°C and the
leaving pressure is 2.65 bar. The propane conversion which is established in the first
catalyst bed is 11.8 mol% of the propane fed. |

40 | |
6250 m® (STP)/h of air are metered to the reaction gas mixture leaving the first fixed
catalyst bed as described. The air is préheated to 500°C and its pressure is such that



m xture is such that the reaction gas m xture | eaves this fixed catal yst
bed with ppes7dgpl | owi ng contents: 30 26.4% by vol unme of propane, 9.5% by
vol ume of propene, 3.6% by volume of H2, 7.9% by volunme of H20 and 35
0% by vol ume of 02. The l|leaving anmount is 146 533 mi (STP)/h. The | eaving
tenperature is 500C and the |eaving p#@ssure is 2.65 bar. The propane

conver si ofe Wishrel of testcablidrSitmixfurd R&ufting Shter $R1M vstkriked 265 8dr. 8 Mol %
of the propane fed. 40 6250 mM (STP)/h of "air are netered to the reaction

gas m xture leaving the first fixed catalyst bed as described. The air
i's preheatben tftﬁo‘ﬁﬁ)ég”r@@fdhﬁts§c@1fbf§@dﬁéfﬁh§t be thaffishtheprolsgragvizment he |

gr ggs%; e méﬂmmeaﬁmn 088 miFLretisl inttiali e Sethbudigd aith &ie mlbléc@h;rowgteﬁr: Pg }S

. r. : ; . . 0

t he nol _ecnt]?tar %ﬂn ﬁeoghﬂ%%[? te]‘{s@ggu’laﬁleh'mb?ﬁée)%gtﬂ{éo%ggtg’(shaéﬁ%xr%{'gé%&ﬁgsld;?t ially
conbustednmqwﬁgwwe@m%ﬂwww the gee@icdixer satahist ped e Iair to gi ve
wat er . . T]tﬁeﬁerbg}atebuﬁlheafagaéﬁ idehycgagenﬁtim}i of e theofam@Crhe bat hdightfofthiener
course o : oL i t i

not or ogerhas) peate S U B e b TR oo SRR IR g
of the  SEEDMIDEY 2La!EHEEIYR O1dd s 87 AGTPTHER Othre> PEABY B R8T xt ur o

| eavd$ t heneetanadnfamoent oicHi4al46sh® (85dP)at a tenperature of 513C and a
pressure of 2.55 bar with the followng 10 contents in an anmount of 154
746 nB (STP)/h: 22.9% by vglunme of propane, 11.9% by vol unme of propene,
3.9% by vol ume of H2, 15)5@:92@/(%%9/0\981%?%”?120 and 0% by vol une of 02.
To this product gas m xturneé€%byaplememnifpredenyg, fed 761.6 nB (STP)/h of
nol e]E:uI ar hydrogen.  Subsespeptblimeld$,792 nB (STP)/h of overall residual
as om separation zo 0 '

gver& I res!odual | gaszhgg g%gbgé’loﬁmaﬁg%@oﬁdeﬁt tszerrpgrléau(r%ebsf ngGZSr:e -cl)-Pe
propane, 0% by vol une of Ofr bpurleme cdfeby vol une of H2, 25 1.9% by vol une
of H2O and 3.0% by vol une of 02. The overall residual gas is fed by the

principl %o%is%réa%tct Eéénfﬂixﬂﬁg [ﬂ\ata?éjinWaﬁJ]feﬁhiiaﬁ.Goﬁée(ﬁli:l)/h of molecular hydrogen.
' Subsequently, 112 792 m* (STP)/h of overall residual gas from separation zone B are
20  added at a temperature of 567°C. The overall residual gas has the following contents:

31.1% by volume of propane,
0% by volume of propene,
0% by volume of Ha,

25 ~1.9% by volume of H,O and
3.0% by volume of O,.

The overall residual gas is fed by the principle of a jet pump operated with this overall
residual gas as a driving jet, and the conveying direction of the driving jet

30 decompressed through a driving nozzle via a mixing zone and a diffuser points into the
second section of reaction zone A and the sucking effect of the sucking nozzle points in
the direction of the mixture of molecular hydrogen and product gas mixture A*.

The resulting reaction gas mixture A* flows in an amount of 267 538 m* (STP)/h and at
35 atemperature of 536°C and a pressure of 2,85 bar into a second shaft furnace reactor
' which forms the second section of reaction zone A, is likewise configured adiabatically
and comprises a fixed catalyst bed which is likewise charged with the dehydrogenation
catalyst according to comparative exampie 1. It has the following contents:

40 26.3% by volume of propane,
8.4% by volume of propene,
2.8% by volume of Hy,



residual gas as a driving jet, and the conveying direction of the driving
jet 30 de B%F%sed through a driving nozzle via a mxing zone and-a
di ffuser points into the 'second section of reaction zone A and the
sucking effect of the sucking nozzle ggints in the directi on of the

m xture of .nol ecul ar hydrogen and product gas m xture A*. The resulting
reaction gas mxture A* f§.dMsby vplume ahddpendf 267 538 mi (STP)/h and at
35 a tenperature of 536C ‘B,B%@\Qﬂ@ﬁ§df@2_0f 2.85 bar into a second shaft
furnace reactor which forns the second section of reaction zone A is

| i kew se configured adi abatically and conprises a fixed catalyst bed

whi-ch i s YYPRe#TSwWs Enavgeliisint e fixerecatalvst bes goR Myepviar oxyeanRieseitddr di ng t o
conparéat i reectewayasingixtlre At ishrisallylvenfbobiedwiubstaaibally éullysvith4Be 26l@Uidry vol une
of propa 9 5708
121™" oF 1 SR et RYEE Gl MR ey néalf s R o DR 0
through this third fixed catal yst bed, the nol ecul ar oxygen present in 5
react i on Gwsbat hetight ef ive thisd fixeidtdatd!ysf bed isbaish dloat shdys isastillisedrhgll dagrey ofm t h
the nol eqjghdrbgerBbas ' g - L fiehvealsi khe
react1i on %as ﬁ?XHH%th?ly%%g%%%%rggﬁgdég%%ﬁgﬁ? @P%%I?%%%%ied rf:nét{tal yst
bed i€ sdedePHRt MALKRT PN 899 2 snal | degree of het er ogeneousl y

cat al yzed propane dehydrogenation in the reaction gas mxture until it

é? | reg\éesﬂt\st'&%shtﬂﬁ! 2;(6;3 Mg&g\di&@t)m'c%f ﬁFodtﬁﬁf_j%adsAﬁi_xﬁlré ﬁ%‘ét\}ei th@?ﬁrd?&éd &tﬁtaﬁﬁTP) /h
ey ot ea 4 Ehiedl R Or s AL Grl i€ oh 2 6 Baf M Ao BE o fiafo

fol | owi ngonEdit ents: 15 26.4% by vol une of propane, 6.6% by vol ume of
propege, 0.1 % by volunme of H2, 8.8% by volunme of H2O and 20 0% by

vol une of 02. Product ga o i ivided into two hal ves of
i dentical conposition. sﬁ])lﬁsgw@rl@ehozlp?@:égg‘r ecycled into the first

section of reaction zone 88%&YXoLBEEirQRENE. of 25 the starti ng reaction
‘gas m xture therefor. Th®. 1% hevolele ofids, fed via an indirect heat '

exchanger Wfor gases to?@ﬂ%&%fuﬂ% Jf‘?ﬂ@zﬁrd In the heat exchanger, the
resi dyal gas from separatlo one whi‘ch I's recycled into reaction zone

A isReated to 567C. 30 I BeprAEi%R2z0one B, the propane and propene
present in the second half of product ' _

Product gas mixture A is divided into two halves of identical composition.

Of this, one half is recycled into the first section of reaction zone A as a constituent of
25  the starting reaction gas mixture therefor.

The other half is fed via an indirect heat exchanger W for gases to separation zone A.
In the heat exchanger, the residual gas from separation zone B which is recycled into
reaction zone A is heated to 567°C. '

30 -
In separation zone B, the propane and propene present in the second half of product
gas mixture A are removed absorptively therefrom as in comparative example 1 and
subjected as in comparative example 1 to the two-stage heterogeneously catalyzed
partial oxidation of propene to acrylic acid in reaction zone B.

3/ |
From the resulting product gas mixture B, the acrylic acid is removed as in comparative
example 1 in separation zone B, and the remaining overall residual gas is compressed
(to approx. 4 bar) and fed as described via the heat exchanger W to the jet pump
operated with the overall residual gas as a driving jet and combined with the product

40  gas mixture A* supplemented with molecular hydrogen. The amount of acrylic acid
removed in separation zone B amounts to 332 kmol/h. The amount of residual gas in
the above-described gas mixtures consists substantially of molecular nitrogen and of



gas m xture A_are renoved absorptively therefromas in conparative

exanpl e ngrﬁf7°§ubj ected as in conparative exanple 1 to the two-stage

het er ogeneously catal yzed partial oxidation of propene to acrylic acid
in reaction zone.B. 35 Fromthe resul tj,pg product gas mixture B, the
acrylic acid is renoved as in conparative exanple 1 in separation zone
B, and t h&mMakawmcHME§f 6vepaPKdeedigRipcasasiepyitedian bsnparatgd evasgpr ox. 4
bar) and petbragd@essd suiethrtibly Wittouheafuctrgshanger Wto the jet punp
operated with the overall residual gas as a driving jet and conbined with
the pr odugt' 40 gas m xture A* supplenented with nol ecul ar hydrogen. The
anount of EX¥PPE% acid renoved in separation zone B anpbunts to 332
knol / h6 The anount of residual gas in the above-described gas m xtures
consi sts AURSLANAE Blckly BhedhrGilleAt dBLdiagen and of PP 55708 122 smal |
anounts of carbon oxides. The process Jescrl bed can be operated over a
‘prol onged period substantially w thout reduction. Exanple 3 5 Here too,
t he st ead# sbpkfurbagegesttat whicls isdiespmiebed.a tfayskeatior fnt caadigured adtabativdliych i s

IS0 o R s st A A bt
, . ( . .- | |

L ow Mo drehiet sanh SPuBRn & arithed & MTRh LTS AN HRCRR VAL o

dehydr oge#reerding ionoamppsativacsamdienly Urstreammph path fbeddedriptigpasedigpstietieam of

each fi xegiasha&e'r,s di sposed a static gas mixer. To the first catalyst bed

in flowdirectionis fed a starting reaction gas m xture which has 15
the follow ng conposition; a) recycled product gas m xture A which has a

t enper at uf@thffirg Fatahghbedin foMedisgiien isrfed aptarting repatigoasmBbiwe whichgBss10

M8 ( SEP) / the falloming im@sitid: 12. 3% by vol ume of propane, 8.2% by vol une of
propene (propylene), 2.2%by volunme of H2, 7.7% by volunme of H20 and 0%
by volune of 02 25 and 8758 nB8 (STP)/h of crude propane according to
conparative examd) e"efyde‘g%’o‘#H‘ét 9BE YRV M'Qﬁ‘fhacsrfbtembeé“rﬁrogﬁégé\’ Pad aych

t hat t he t enper at urgessure be1.36 &at inrep ameurd of 606 & XNA{FTR)é, 68@2ErIspe
anount of starting reaction gas mxture is 115 268 nB (STP)/h, with the
foll % ng contents: 12.3% by volume of propane,

8.2% by volume of propene (propylene),
2.2% by volume of H,,

7.7% by volume of H,O and

0% by volume of O

25
‘ and

b) 8758 m® (STP)/h of crude propane according to comparative example 1.

30 The temperature of the crude propane is such that the temperature of the starting
reaction mixture is 652°C.

The amount of starting reaction gas mixture is 115 268 m® (STP)/h, with the following

_ - contents:
35
18.0% by volume of propane,
7.6% by volume of propene,
2.0% by volume of H,,
, : 7.1% by volume of H,O and
40 ' 0% by volume of O,.

The prassure of the starting reaction gas mixture before entry into the first catalyst bed



35 19. 0% E’é V(% glrre of propane, 7.6% by volunme of propene, 2.0% by

vol unme of 25 98, 1 % by volune of H20 and 40 0% by vol une of 02. The
pressure of the starting reaction gas m xture before entry into the first
catal yst bed PF 55708 123 is 1.75 bargsThe bed height of the first

catal yst bed_flowed through by the starting reaction gas mxture is such
“that the is¢ht? Pam gas m xture |eaves this fixed catalyst bed with the 5
follow ng contents: 15.1% by vol une of propane, 10.6% by voI ume of

pr opene, % by
e Tﬁe ] ﬁé‘lgf‘%f‘fﬁ@ﬂ@f; %{%l?(lst%%dﬁlf%g&i gﬁ{%bﬂ;'@?‘%ﬂ& VI ng

t enper at UW&W@ '%9‘6?('5" gﬁe@d‘?'é%? W@d‘ﬂ'?é%aé’ﬁﬁéh@ X a'b%trbe T‘Hf@ tB# opane
conver&si oimllengh:ontentsstabl ished in the first 15 catalyst bed is 17.5
nol % of the propane fed. 2598 nmB (STP)/h of air are nmetered to the
reaction gas m xture Ieavi’%% the first fixed catalyst bed as descri bed.
The air is preheated to 550 NG4S BFRIGE#% is such that the pressure
of the reaction gas m xt ut@6¥eywduimgotpropena, he air netering is 1.65 bar.

20 When it flows through &he seesminde bi ed catal yst bed, approximately 18%
of th nmol ecul ar hydroge(?ﬁzresent I n % action gas mxture is

initially conbusted with byn‘f)qhér%f)g Qg}‘gen netered in the formof air
to give water. This heat sO%H¥ vobimea ¢fde-gas mixture to 618C. In the
further course of the flow through the second fixed catal yst 25 bed,

there is r The
bed et N SFTLRaT R4 19 p00 NF TETER AHeloghl el kP SR EPBE e 07
gas ni xt UPRVIN@AIRESUEHR - Géé’é‘bﬁ@efﬁfﬁ@d’\?&&ﬂé@r?@ﬂ Ve lates@bﬁfé'\?ﬁéfﬂ thaliret of
546C tnd aatglystbedietnb niol%of ey propade fetthe fol | owi ng contents in an anount

of 124 387 n8 (STP)/h: 30 12. 0% by vol unme of propane, 12.6% by vol une of:

ropene, 6% vol of H2, 7.5% by volune of H2O an % ol une
gf 82 352598 mg %%’P)/h of air are metered fo thoe reaction gas m?xture lea\nng the?rsot ?Xeg

catalyst bed as described. The air is preheated to 590°C and its pressure is such that
the pressure of the reaction gas mixture resulting after the air metering is 1.65 bar.
20 :
When it flows through the second fixed catalyst bed, approximately 18% of the
molecular hydrogen present in the reaction gas mixture is initially combusted with the
. molecular oxygen metered in the form of air to give water. This heats the reaction gas
- mixture to 618°C. In the further course of the flow through the second fixed catalyst
- 25 bed, there is heterogeneously catalyzed dehydrogenation of the propane. The bed
height of the second fixed catalyst bed is such that the reaction gas mixture leaves the .
second fixed catalyst bed at a temperature of 546°C and a pressure of 1.55 bar with
the following contents in an amount of 124 387 m® (STP)/h: |

30 12.0% by volume of propane,
12.6% by volume of propene,
8.6% by volume of Hy,

7.5% by volume of H,O and
0% by volume of O,.

35
To this product gas mixture A* are subsequently fed 89 715 m® (STP)/h of overall
residual gas from separation zone B at a temperature of 827°C. The overall residual
gas has the following contents:

40 14.6% by volume of propane,
' 0% by volume of propene,
0% by volume of Hy,



To this produc as mxture A* are subsequently fed 89 715 nB8 (STP)/h of
..overal | RisPY 'gas from separation zone B at a tenperature of 627C.
The overal | residual gas has the follow ng contents: 40 14.6% by vol une
of propane, 0% by.volune of propene, ,4p6by volunme of H2, PF 55708 124
1. 9% by vol une of H20 and 3.0% by vol une of 02. The overall residual gas
is fed by the principle ofl %ﬁjtélt"oi;uﬂ’l'ﬁﬁfdﬂé}%ﬂded with this overall 5
residual gas as a driving 3.&%hbyailinidief Gpnveyi ng direction. of the driving
jet - deconpressed through a driving nozzle via a m xi ng zone and a
di ffuser pr0| nts into the second section of reaction.zone A _and the

sucki ng di MEQVREH re¥idyalgas isdefl By thropincile i ist BUTR opsiated Witk thiseavesal t he
m xt ur & ofresivlagat as aWIdlmgganammem:bocbm’tg diestion aftthe eriditig jet 0 The

resul ting

(STP)/h an B bleaBe IR S Mgt ﬁ%z@gﬂm a Qffutdibobie e
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second shéPForqu§%E'égPr§Q °(5'rZ°nW‘ﬁ @Rdf ?HE*'FH rg@tto(g “%ee%‘{qkﬁ'ﬁ rl‘i‘FZr‘"‘eactl on
zone A, i polnikisving dirgatinfioftneauixtuce afraviecdbi ydreged ardmpeduntgaambitumedt”.
catal yst bed which is |ikew se charged with the dehydrogenati on catal yst

accor ng-to _conparative exa t .has the

CoonTBnO bR IR BLLYS BXRBLE A odts 138 A0C{ B S OM P CRBEEI i 4
of H2, 5. 29gmyperabirg @éS “CHINO aaprgsswe of 1 8%bay infoh gaeongfshafl furpaesrgactar| ows
thr Ough tmh&htfbrnﬁgithfelsée@hccﬁcﬂbryatrebeﬁbn Aohe AT ikeUdsarcopRygen apiBseddllyi n

reaction %ﬁ g}rféh%gs | é(ed' c%télyréyt %E?Wh}/chqg [?é%éee&ﬁﬁ&/@pfh'eadelhﬁdrﬁéL\lﬁtlow th

t he nol ecu
reacti on ga&! Yﬁf %‘%CGFCB"Q@ c@gg:@rattvggquﬁgletﬁed{ naéﬁ@%foﬂaw'nﬂr?@ntem&d fixed
catal y5t bed is such that there is still a small degree of

het er ogeneously catal yzed propgn tion in the reaction gas
m xture until it |eaves t “pﬁ}(@%grﬁgwé%gﬁgl yst bed. 30 As a result,

213 021 B8 (STP)/h of produck PHYAURE RIPeRe eave the third fixed
catalyst bed at a tenper &% by vdluG@eCHand a pressure of 1.75 bar. It

conprises the following eorfen g&umé%‘fﬁoﬁ/@%dVO| une of propane, 35 8.2%
by vobyme of propene, 2. %0y, ol %, M

When it flows through this third fixed catalyst bed, the molecular oxygen present in

reaction gas mixture A* is initially combusted substantially fully with the molecular

hydrogen present therein to give water, which heats the reaction gas mixture to 692°C.
25 |

The bed height of the third fixed catalyst bed is such that there is still a small degree of

heterogeneously catalyzed propane dehydrogenation in the reaction gas mixture until it

leaves the third fixed catalyst bed.

30  As aresult, 213 021 m? (STP)/h of product gas mixture A leave the third fixed catalyst
bed at a temperature of 677°C and a pressure of 1.75 bar, It comprises the following
contents:

12.3% by volume of propane,
35 _ 8.2% by volume of propene,

2.2% by volume of H,

7.7% by volume of H,O and

0% by volume of O,

40  Product gas mixture A is divided into .two halves of identical composition.

Of this, one half is recycled into the first section of reaction zone A as a constituent of



7. 7% by v%l ] f H20 and 0% by volune of 02 40 Product gas m xture Ais
di vided int hal ves of identical conposition. O this, one half is

recycled into the first section of reaction zone A as a constituent of PF
55708 125 the starting reaction gas msgure therefor. The other half is
fed via an indifect heat exchangter Wfor gases to separation zone A In

~ the heat &&paRHEreadtivg spe Sidu h@"&iorfrom separation zone B which is
recycled into 5 reaction zone Ais heated to 627C. In separation zone B,

i xtr o A e o BB B e e o R W W s o pRon 2008 A1 ¢ 1
and " sub LTEARL X8, ST A SR ABTE P3RS OF ENe oM bingaecycied o

het er o§eneeatibn zene Aliyheated 063Y4€t | al oxi dation of propene to acrylic
acid in reaction zone B. Fromthe resulting product gas m'xture B, the

acrylic acid is remve n co ative n zone
B And" 1 nd SRR IR Pe i 1OPEH HiLhiopgE pESaim fesestnd CRET BT s
bar) and fesmixuge’sers leaved abeqreti\reéretber@frcmasgercomptarﬁtwexqremlemmﬁ 15
oroe(r]I at ed ‘éU&}Bcth%sW@dSrﬁﬂzéraf\%SéxGHﬁiie gﬁﬁthasw@sergre\r-re&gog@reoaﬂg ce@npened \tMth
rodu a removed in separation
gone %5 ?r@é'rtr'tag%%&é{ §£fpr<or$8F$ﬁo ggfw% ac?é)’ﬂr{%%'roh%eg? §Ual gas in the P
above-descri bed gas m xtures consists substantially of nolecul ar
nitr ggen argn tiie 1®8atihg prvdULticRs Ghixttey Bothe axtylle acid Tenjaves as i caesaaiibed
can be o i on.
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i nvention a ore pe as

i nventi on® \‘Xﬁ - pﬁﬁ %'”EBOFBE"dB‘TT' graﬁé” %Mﬁ%&eﬁqrg’e%as r‘?ﬂ%u'ﬁé CSE?'?"(?r ned

di fferent Bu;bsrtaﬁtrarireof melgcpetirdgaraaridyof sowl eeedtshd cefben oRidesSTEsprp2ess What

i's clai mededcibed carf\b®bBERES cfv@Fanfcﬂ edlHeriag EQbRArtiafy wikdut réducaehd or a
mxt ug@ t hereof from propane, feeding to a first reaction zone A
t

t Wwo gaseous, propane- co r| si n feed streans, at |east one of

vvhr ch contBiRseysipraldiatent dpalication 6@/58 (8% flechitily brRO04) aadBP/EBRi ng t hei r
propane f @@h(ﬂl@dﬂ\kar&r 1&\2008) e Iﬂrtetr@crraeenﬂ@md pres@itaippiedod Bhyidraigenat i on

to obtai nre‘?erBEc? %’{h r%ﬁgrd%)fﬁeuet?ovementroned teachings, numerous alterations and
deviations from the present invention are possible. It can therefore be assumed that the
25 invention, within the scope of the appended claims, may be performed differently to the
way specifically described herein.



10 A conprising propane and propyl ene, B) conducting product gas m xture -
A out of Pﬁé’é?g%n zone A and, in a first separation zone A, renoving-at
| east a portion of the constituents, other than propane and propyl ene,
present in product gas mxture A, and1§?i ng 15 remai ni ng product gas

m xture A conprising propane and propylene C) in a second reaction zone
B to char §&ahie 9a¥a8d Sone oxi'dation reactor and, in the at |east one

oxi dat.ion reactor, subjecting the propylene present in product gas

m xture Ay to AOEP ] L i.dation
with nol Q?:'ul aA?JBc;)}%g\&% o gl \b@Iagmﬁg'lu%ctzrﬁ%aag%fﬁ%@%@rgﬁ%ﬁgﬁpﬁ?ﬁggﬂaﬂé’ '
~acrolein or aB¥ylic acid or a nixture thereof as the target product and
al so f&excess nol ecul ar oxygen, D) conducting product gas m xture B out of

reaction. ZO”eAF ?f@éhindo @uﬁfiéﬁ%‘é%n Zome FERAEAY it@&‘g%%&?ﬁ,gproﬁﬁ{@éﬂn@&iéiﬁd get

product present in pr ct s mxtyre, B, and, remal ni.ng residual
Gas compri sing urEHhYEATSY ShEaRRE, o WHshEomPAFEL ToRERoRRRE, nf. in
appropri ate, uncaogacsionegdnghopytjentiog theicyopanegfedin thiseesyt tosa porti on

conpri si tngduncon\rﬁfér@&rﬁbgwegtfaryteﬁa aér?uofégéhtém?% GHsln aidcro%%PBéé)ﬁﬁ%t@rTe& |
unconyerted propyl ene as one o at | east two propane conpri sing
feed %sqerearrs i nt é\?oé%%rfsi'n@rfjr%?{? %de @F!%ri'eh this recycling into reaction
zone A along the.reaction path of the heterogeneously catalyzed

dﬁhyd][ oggnat i BN ebnducipg pedubt gagsaﬁm@émmmef Mattonelohe @ &d, sughirst hat ,  at

t he eed point, r | one A
via the other fggéa 'Jsaﬁfrzéaorr% Nﬁgér@%%%g%a%e%ﬁ&ﬂ@]éﬁr?%_gn%ﬁ%ﬁé‘%ﬂj% _
dehydr ogenat i ng HBRNCSABRNE FUSPIPRY I PI§SEAt I hedukt 938 Miiiie 5y @ s'sing
accordi ng to cl aremainingipesckichgad mixéastd’ bahprigifig ploganesndip@bylgas whi ch
remains in separation zone B and conprises unconverted propane, nol ecul ar

oxygen and, if, appropriate, .unconverte ropyl ene is recycled into.
reaction zone®) 481p %\.Sg%o.n%'fﬁ%d'ﬁﬂ?%%g taegﬂﬁaiaﬁéa?@rﬁ %'4‘?\%?, R AN {he
entire anmpunt of thehat leass poe akidafis reRCIEE BOGeditip thevhioplilene peasest inn -

Separation zone. Brdiét GRTRRAEA WLRANGLLASh.BI WBRiMEed BB bRGM Bartiaky gen
Zone R 5 4. The CRPAItoELElpdRn SRR 15,8Ve A hrpdleh daa Mpits B cqriplsng
resi dual gas whi airoleireeraaiygiciagidserFamixture thereni@s theiwioss orastuckangd also

unconverted propagssss mlisidrakygoxygen and, if appropriate, unconverted
propylene is recycled into reaction zone A only at one point in reaction

zone A. 10 5. The process according to anP/ of claims 1 to 3, wherein

resi dual gas [hhi epnducingpragustgas apsres B oHt of dpretiBn ZA0E BAmpr ingesecond

uncorpgert ed propgdaratithl esIBafemoving target product present in product gas mixture
B, and, of the remaining residual gas comprising unconverted propane,
molecular oxygen and, if appropriate, unconverted propylene, recycling at
least a portion comprising unconverted propane, molecular oxygen and, if
appropriate, unconverted propylene as one of the at least two propane-

30 comprising feed streams into reaction zone A, wherein this recycling into
reaction zone A along the reaction path of the heterogeneously catalyzed
dehydrogenation of propane in reaction zone A is effected such that, at the
feed point, at least 5 mol% of the propane fed to reaction zone A via the
other feed streams has already been converted under dehydrogenating

35 conditions in reaction zone A.

2. The procesé according to claim 1, wherein at least half of the residual gas which
remains in separation zone B and comprises unconverted propang, molecular
oxygen and, if appropriate, unconverted propylene is recycled into reaction zone

40 A

3. The process acéording to claim 1, wherein the entire amount of the residual gas



oxygen and |f approprlate unconverted propylene is recycled into
reaction ?Eﬁ@ 08 distributed over a plurality of feed points arranged in
series. 15 6. The process according to any of clainms 1 to 5, mhereln
resi dual gas which remains in separ atyi,9n zone B and conpri ses
unconverted  propane, -nmol ecul ar oxygen and if appropriate, unconverted.
propyl ene is MRSOEERINSR Sepasatian zone Forrd COMBIisER UppRAVErtad Piapeneeed poi nt

at | east 20 nm&@amiartoh@ge@mmnapmﬁﬂa sndoBdertsdl propyaetd RedeRel iAto/i a t he
other feed stg géacgg\ @ﬁ %e]en converted under 20 dehydrogenating conditions
in reaction zone e process according to any of claims 1 to 5,
wherein residual gas which remains in separation zone B and conpri ses
unconvertéd pibgpmesssatoecdihgio anyof gaimant 3 whappregdizges whintonver t ed

propyl ene 1 FSRYEL BdpBifioh 5864 bORGLARAR, AheHddBbrad ridieuiged

point, at |east 30 pane action zone A
via the ot her OF&&E] @Pr @SH%FOH%@E b‘él&ﬂ” ' wfﬁewaé?cvc%m reRFERRECRG
condi ti ons i nArardycatione poorién reactBn Zone Aor ocess .according to any of clains
1 to 7, wherein the nol ecul ar oxygen 30 content of the residual gas

whi ch, rengi n n arat|o zone S uncony ed 0

ol ocl ar Soxy TP RRRS fodthe B3y B sBMILLIGE et ATl Bes BhERG s
recycl ed i nt orereains ineepawGHien ﬂpn%Bfané@pmpssqsoJm%wd\momﬁr@ mplecHtas
process accor gkip@ntapdain¥psibpedt@l urkodvdried propyietieas Fedybied b esastian zexy gen

35 content of tJ1sq gég\%al p&%"tm'ffe@ga%mgﬁa dqgg eas_tlon zone B,

conpri ses unconver ed pf opa en an If appropriate,
unconverted propylene and is recycled into reactlon zone Ais from2 to
- 5% byt&vol sine. THOprodéss qucotirasio ang of diing 1 R yheodin cdsdduabgds whicB, wherein

the ratio of [hig,; %‘W%@Ea%on ég-,e%gn n}ﬁmee%mﬁcﬁnée?@d%??ﬁﬁéch'o% uEpne A

via recycl ed resi the total

at.ion
anount of pr oP9ENRRAC a@pgoppr@(ge t“(5‘ %‘?E?PGFPFE’ g isrecypigd EF%%ECF'%&O%% r eans
is fromO0.1 taAsLéhtHaE 5 5ef8ed 6int, billeadtRO polbt eftbe poapandiwiiphtie fethio of

%' ainms 1 80 1%acﬂm13£cﬁ1ierh QB":B/e étﬁ&ii@h@%tr@&ﬁ? h8d BEEH AhvEREIUSERar ati on fzong
and, crude p ne as opane .are fed as propane-conprising fee
stre%ﬂs to re%%fgf)cfge%w ®n %'g'ﬁ’.% r?ﬁgloarz(ge%& according to any of clains
1 to 11, wherein the reaction gas mxture in reaction zone A at the

feed point fOThéﬁt@cés‘i‘ﬁdc@btﬂlngQ@%nﬁbﬁﬂéﬂT@Qi fors wherdp AlstiuaPgasz0fieh B, based

hycr ogen cont BN AP RE0AT AT B g Koo dogemarisd irosr gy pgeulEp

hydr ogen cont f éac as m X
reaction zoneo¥genand, n@p@@m%&s ynm@rtafd ﬁ@wt@naﬁﬁ/re@vci%d wihieagtiernzane

wher gisn t he rgagén ®at, aemeToed point, aivBb&B0fB6IMBf tRe pRRabE MRiChANfedoat t he
feed point f 0 eaétna% zo%glACKHQkhegoqﬁer f§é§ E%e{?x% has been converted under

dehydrogenatmg conditions in reaction zone A.

8. The process accdrding to any of claims 1 to 7, wherein the molecular oxygen
30 content of the residual gas which remains in separation zone B, comprises
unconveried propane, molecular oxygen and, if appropriate, unconverted
propylene and is recycled into reaction zone A'is from 0.5 to 10% by volume.

‘ 8.  The process according to any of claims 1to 7, wherein the molecular oxygen

35 content of the residual gas which remains in separation zone B, comprises
" Lnconverted propane, molecular oxygen and, if appropriate, unconverted
propylene and is recycled into reaction zone A is from 2 to 5% by voiume.

_ 10. The process according to any of claims 1 to 9, wherein the. ratio of the amount of
40 “propane which is fed to reaction zone A via recycled residual gas stemming from
separation zone B to the total amount of propane which is fed to reaction zone A

~ via other feed streams is from 0.1 to 10.



from sepa g; %n zone B conposed of this fed residual gas and the
reaction 8 5{88 xture present at the feed point in reaction zone A
upstream of this residual gas feed, based on the nolar anount of propane
conprised therein, has a higher. rml arq2gydrogen content than the starting
reaction gas mxture fed to reaction zone A 20 14. The process
according 'to any of claims 1 to 13, wherein the reaction tenperatures in
reacti on rtneThe areesy arooBiy tocar§ P Claintd 1 (T e witcosie salyaesidualigng t o any of
claims 1 to 1 i

SrertiR Bofh Yésiiroﬂ%ﬂéb or ggfaf)esasa@&hjééa&ﬂés%g i

reaction zone_A whiC r.l fr 10 to
zi rconi um di OQFBEJP&'P?&H\“@ '$'ge S?aWél @Fﬁac pn é?rl?rﬁ\ num oxi de silicon

di oxi e and/or titanium dioxide and fromO0.1 to 10% by wei ght of at | east

~one elengnt phe bﬂ&’@eés! é'c%brdiﬁg ® Wcﬁﬁh@'] WWﬂvhePém ﬁfl’é Rh&PHasthixd e
third transition trans tion group, of

T ans BBy (Ol P ELE RSN e G AT Rl ansh bhon O 0
provi so that serarationzshetth&aped @reﬂteag@lsr argourspf prspghe corsprigoheEive; ght .

16. The proceRss aeRMEOMDERr hgdragyn 8bntehtahdrbthd stptinkPreabiiteyr Rismikdife ¢ @l yst s
used reac;éagponz%h%;@ are catal yst extrudates and/or catal yst rings.

35 17.” The process according to any of clains 1 to 16, wherein the
reaction zone A wused is a tray reactor. 18. The process according to any
of clai ns13l tThelptpcadseaceomiirgte an9 Y elaBisontoof?2, wheaame raadsﬂoamd rhiture
reaction Zonewﬁiaht?cﬂ'ﬁﬁqn &n@ﬁz&ﬁgﬂlat%@Héﬁp&ﬁtﬂ?ﬁﬂ@%’é? as rhfhifgact 1 on
zone A and- b on si.n pass rea zone rom to
60 nol % PF 5%‘?"0@9&%"9“0 %P”eﬁﬁé%m?é@gg f&@d"é&&?sﬁg*a{ P fBF r%?%'if’ﬁéﬂaf to
17, vitber ei n tMmexture premesi airthe feedproid aneaaiidn @ned upstreaactfitva rezsmmlgasbased

on the total RERWHse@bnREORBRE abRint 6fcbr6;%ﬁ‘1%tdo r[§&f‘§1e&:@%s%§ Ig% The

singl e pass through, reacti

o o0bes e or B B oS Lot oA S s s o ate M Fedtiiotne
product gas #™®tAure A fornmed in reaction zone Ais divided into two
portions of identical conposition, one of the two portions is recycl ed

|00 PGk ORENE A 3c BB ank BECRFAPRISCRABEIShB%:LGEq ot cams and

of the other fon i s con action zone into the
first separ atﬁemﬁem@sm reagtionzese fy eredesn e r&0ig to cl ai m 20, wherein
the portion of product gas mxture A recycled into reaction zone A,

based on {ehe 142 AlocATanOlal PEAVNALaIRS B1r8! Whereifud96rBthdr eact on

zone A, is from
catalysts are also used in reaction zone A which comprise from 10 fo 99.2% by

25 weight of zirconium dioxide, from 0 to 60% by weight of aluminum oxide, silicon
dioxide and/or titanium dioxide and from 0.1 to 10% by weight of at least one
element of the first or second main group, of an element of the third transition
group, of an element of the eighth fransition group, of the Periodic Table of the
Elements, lanthanum and/or tin, with the proviso that the sum of the percentages

30 by weight is 100% by weight.

18. The process according to any of claims 1 to 15, wherein the cafalysts used in
reaction zone A are catalyst extrudates and/or cafalyst rings.

35 17. The process according to any of claims 1 to 16, wherein the reaction zone A
used is a tray reactor.

18. The process according to any of claims 1 to 17, wherein the conversion of
propane achieved in reaction zone A, based on the total amount of propane fed
40 to re.action zone A and based on single pass through reaction zone A, is from 30
~to 60 mol%. '



22. The pl_r,iggg.‘; according to claim 20, wherein the portion of product gas
.mxture A c@cl ed into reaction zone A, based on the total anmount of
product gas m xture A formed in reaction zone A is from40 to 60% by .
vol une. 20 23. The process according gggany of clainms 20 to 22, wherein

the porti r oduct s mxture A recycled into reaction zone Ais
ooybred (e o nehtes pesdAbatb 5o B ciRgtict 1o oo Hed2oVePen G 1 emct ; o
gas m xture fR@pente agheeMeddn reashien 20ne24, baFhe opthre ot anceiot efipngpare fady of

clainms 1 to 2@ rediRhebhRe heRrli=28d 3RRMgR hdss2Broagh fdaatsesor e iORerpi®d
with the provj s,%%&(%t it consists of a first and of a second section, by
A . :

1. feeding to i'rst section of reaction zone A at |east one feed
strea conprising gaseous propane, which conprises fresh propane, and,
in this B0 fTHegdrosRstcosrddf 6 @AE bi @AmsoN® W, orsizithael whgrelnitae praene fed
Ot 0 SUChLR MR A B ielir0RRBROUSL X B ALYER] Wi BYHbADENALL R L O
obt ai n a product %_as m xt ure conprising propane, propylene an

nol ecul ar hy dFFRISTIRRGENE it PR iisrs GRRYEleH &HC FsactiBn ¢ene A 3§ CRdREr
dehydr ogenat i thg pecpadeicompsising teddesretants amall Fdtaf othlreppii@pianendueted outtdie

firstypsecti O”reg%]tiorn%ﬁéiﬁﬂﬂtoztﬂﬁgrsﬁ‘gﬁ;arré"t%&ﬂné Airst section of reaction

- zone A and whic based on t anount of propane conprised
therein, conprises a larger nolar anount of nol ecul ar hydrogen. than the
starti ng 2leadihegnoaeas antortiog do tlaitn 20, wieeeihiths portise ot produdigas edxdtiioA zone
A, 40 ”i Zutr%ewmhioyrgéagglz@aem?%@a%n %S’t@tapém@urr}[t%lé PebdOBY uﬁi&fﬂr@xygen,-
unconverted propane.and,.if_appropri o onverted propyl ene, from
separation Z(Aﬁo%@e&gl 'EPB%’C%OHE% ’%S’aqf?ﬁéc’lb%g%" AT ng the resulting PF
557085130 reaction gas mxture A* to the second section of reaction zone
A, and 22| . Tihe prdtess aesRtifly $EEhINDP0,afhareinthd Bitig®BRprédusiigbd mivatreAi on of
product gas MLX A COURKBhOA, BLARANEH BRI ARl SR BrodfATRUSLAL:

nol ecul ar 5 oXygen present in reaction _gas_m xture W nol ecul ar

hydr ogen pr edeiffmed { ieaglian zhe gads e e 58% Qynddtmdet er ogeneous
catalysis to give water and dehydrogenating propane present in reaction

gas Xt uke A% i g S| gi ve
BropaPena> 10 8roopRe BEAREhgIFany BLEmE CRS BAIRRL eI ke oF
section of r@éét”i“l‘}Hr%E@yﬁlepémOE‘%ﬁﬁ'?@ﬁg@d’géﬁdﬁeﬁbfg% iR 18RCioonel 33 A0 cesss
accor di ng t o cohslituerR 4f the s2htinguesaciomgdsreixbee bnidogeadtioorofie Aeacti on  zone
Ais configured adiabatically. 15 27. The process according to any of

clains 24 to_26, wherein hoth the first and.the second section of
Lottt on 24 e ahabrtass St (b A alaits 430 Pa WikeR TERRoRZa0R A
- 25 configured and operated with the proviso that it consists of a first and of a second
section, by

I.  feeding to the first section of reaction zone A at least one feed stream

cbmprising gaseous propane, which comprises fresh propane, and, in this

30 ' first section of reaction zone A, subjecting the propane fed to it in such a
way to a heterogeneously catal'yzed dehydrogenation to obtain a prdduct
gas mixture A* comprising propane, propylene and molecular hydrogen and
which has been obtained by converting under dehydrogenating conditions

) at least 5 mol% of the propane fed to the first section of reaction zone A in

35 this first section of re-action zone A and which, based on the molar amount
of propane comprised therein, comprises a larger molar amount of
molecular hydrogen than the starting reaction gas mixture fed to the first
section of reaction zone A; '

40 [l.  subsequently feeding residual gas, comprising molecular oxygen,
unconverted propane and, if appropriate, unconverted propylene, from
separation zone B to product gas mixture A* and feeding the resulting



that 20 - ppesgspss thermal character based on single pass of the
starting reaction gas mxture fed to the first section of reaction zone-
A through the first section of reaction zone Ais endothermc to
autothermic, and - the gross thermal cH3®acter based on single pass of

“the reaction gas 25Xt srifind ot LB SEORA RGN -8l ACARY | ON ZONe

A through the second section of reaction zon I's exothermtc. 28. The
process according to any of clainms 24 to 27, wherein the first section of
the reaction Honén thissseoony settionaf mrastioBgorRoA, Wittefopnatoess partiot dasg t o

?Ey 01; 0clbai msl Zie W?ctaﬁ’e:?\\&ﬁ@nrzﬁéiﬁ%afdbﬁ%bn@ %pﬁﬂfﬁé%&nbﬁsti@%féoﬁgfﬁ 'etss
an y volu or | ecul ar rogen.. . process accordin any
of 0l ot 24 t o 58V B Thre AT R nittin &7 Wi BiriFctE rEdeBr G rerert
reaction zone A aieregsi@measoaiae A UBPRr hetelegeneous catalphis tp pive agaier and
according to any akhydregerating piadand pratBafiRirdadabegHs Midas A¥ Khupp@phiatd S

divided into two Bﬁé%jr}%ﬁ?erS%%éé’gg%éaﬁg,s %OéWeoﬁujo §1I§Pe.and one of the two

portions is recycC i'FSt section o edaction zone A 40 32.
The process according to any of clains 24 to 31, wherein the residual
gas, 10on®5 siThg puoesss \secdrdithg o olamme4, witdreia uhafirsbaasgen otdctior zone A is

appropriate, FPE 25798 sdbatiddngonverted propyl ene, from separation zone B
is fed to prod%gt%agamé%&&régﬁA* by the principle of a jet punp operated

with this residual gas as the driving jet, and the conveying direction
of the dri26i ndheerowtss enpording delclainm 3¢igh2% wherein tige savond kectivnaf eeadtivnng

zone and a di fAHs@ris Rehfufed BigbdtRgnsecond section of reaction 5 zone A,
and tqs sucki ng action of the sucking nozzle points in the direction of
fir

t he st section of reaction zone A, and the sucking nozzl e-m xing
zone- di f f @er Thedneness peerriiiog e amhel airime 24 nAEcvheseinbethvibe dirat madtthe
sections of reaebhdsedionef reActidlzop8.A dlReoRfiQH6§ Sdiabaall, Rathtive praigd 32,
wherein the priggsure of the driving jet is selected such that the
pressure of the product gas m xture A which forns in the second section
of reaction zone A is above the pressure of the product gas mxture A*
whi ch20orns in thitefgrosstthemd! icharacr baskatdrogingle passfof tHdstading Teactjpmocess

according to ¢l ai Gl HhRLANPHAUELiOABPALIIHY A infodhthdRii Nt two

portions of identTcal conposition and one of, t portions is recycled
Pnto the first sECHPBA GRCHAADESSOREPATTIA aweRaTHE Fs ur al
circulation following the pressure gradient between product gas mxture

A and product -gasglgKlsdlifeial cRladier bR i S SR Hilicatid oty Of
cal WES ° ’ m&tuerle Q\* tfede to%g _sggond%%gtionr? é rgéc?ion zone A through the second

section of reaction zone A is exothermic.

28. The process according to any of claims 24 o 27, wherein the first section of the
reaction zone has tray structure.
30 _
29. The process according to any of claims 24 to 28, wherein product gas mixture A
comprises less than 5% by volume of molecular hydrogen. '

30. The process according to any of claims 24 to 29, wherein the first and the second
35 ~ section of reaction zone A are accommodated in one reactor,

31. The process according to any of claims 24 to 30, wherein product gas mixture A
is divided into two portions of identical composition and one of the two portions is
recycled into the first section of reaction zone A. '

40

32. The process according to any of claims 24 to 31, wherein the residual gas,

comprising unconverted propane, molecular oxygen and, if appropriate,



conduct edpll_.Fgﬂossepar ation zone Ais conducted into separation zone A via
I ndi rec at exchanger in order to heat the fresh propane and/or the

_ reS| dual gas from separation zone Bin this i ndi rect heat exchanger. 25

36. The process accordi‘n’g" to any of chggns 1 to 35, wherei n no external

steamis fed to ei two re ctlon either of the
two separati of'" %Heéiedipro nes%‘ronwa E’E@QEeé g?'ddtior’? quﬁ B‘?“'r@lpal s 1
to .36, mhereuwtbﬁ@augplegégmﬁwm@pamaﬁeg witBGhis vesiciet eds amtkgeqwh’@t]ebn zone
B with an or gami tbe 36hMSHg diRcibl 61th® HAAAY Rt ABSbmBrassRd tﬁl%%gﬁ%tfﬁrﬁrbﬁgor bed.

38, The br oceseraeos iy LO20, Ohirikal Bnd hond ecp@c%egm ePRELgR Zone

Bis configure
parti &l oxi dangr\ 208 thy Sﬂﬁkﬁ‘@ﬁ%ﬁ%oﬂﬁe%‘?wg 6073-@ EP'”%E'J" the eﬁﬁ'%@fsfﬁe
accordi ng to fastyseofiorcbfasastioh Zoae 33 ansMier RicRing hezil@#rﬁlﬁhgﬂbﬁﬁkmﬁusefrermval

in reaction Zfﬁ &non%r“r‘ﬁé ﬁ‘éts%% dé&\éné‘&%ﬂrb%ft S AL t&é‘@e&@ﬁ%ﬁre%ﬂﬂﬁf& | n an

n
- absor bent or raction con sati.on o product gas m xture Eb 40.
The process cording to any of clainms 1 to 39, wherein the residual gas
which renmains in separation zone B and is recycled into reaction zone A

P?g mt1l%8 ?;E 23’(}?/1@%@0%%5 aEéBrHﬁb"'tcS‘glaWQQtWﬁé@lﬂttﬁe Wetsg'urte hetHe ] é‘tgscongﬁgt 55
from> 0 to 5&?55)/ Hﬁatg?e ﬁ@ﬁ@@a'ogfheogw%gas W%Hﬁgﬁ Wh'cqg@/”‘ﬁyﬁ\% ume of

steam and fr @?P@l'lci BB W tepcliar zans /s akove thd riestiyelpbijemrodutt g8he process

accordi ng to rARYIreA* whizh T8rmk ih thelfitst ¥42860bIrebBNIhaA ratio of 10
propyl ene present in the reaction gas m xture to nol ecul ar hydrogen

present in the reaction gas mxture in reaction zone A does not at any
poi nt'Sex&éed ThA@roces$ a@cqggmg(tp claim 33, wherein product gas mixture A is divided into

two portions of identical composition and one of the two portions is recycled into
the first section of reaction zone A in a kind of natural circulation following the
pressure gradient between product gas mixture A and product gas mixture A*.

20 35. The process according fo any of claims 1 to 34, wherein the product gas mixture
conducted into separation zone A is conducted into separation zone A via an
indirect heat exchanger in order to heat the fresh propane and/or the residual
gas from separation zone B in this indirect heat exchanger.

25 36. The process according to any of claims 1 to 35, wherein no external steam is fed
to either of the two reaction zones A, B or either of the two separation zones A,

B.

37. The process according to any of claims 1 to 36, wherein product gas mixture A is
30 contacted in separation zone B with an organic solvent in which propane and
propylene are absorbed.

38. The process according to any of claims 1 to 37, wherein reaction zone B is
~ configured as a two-stage heterogeneously catalyzed gas phase partial oxidation
35 of propylene to acrylic acid.

39. The process according to any of claims 1 to 38, wherein the target product
removal in reaction zone B is effected by absorption of the target product in an
absorbent or by fractional condensation of product gas mixture B.-
40
40. The process according to any of claims 1 to 39, wherein the residual gas which
remains in separation zone B and is recycled into reaction zone A has the
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~ following constituents with the following contents:

from 10 to 40% by volume of propane,

from O to 1% by volume of propene,

from > 0 to 5% by volume of molecular oxygen,
from 1 to 10% by volume of steam and

.f'rom 0 to 0.5% by volume of molecular hydrogen.

The process according to any of claims 1 to 40, wherein the molar ratio of
propylene present in the reaction gas mixture to molecular hydrogen present in
the reaction gas mixture in reaction zone A does not at any point exceed the
value of 10. '



