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for preparing hydrofornylation products of propylene and for preparing
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in the hydroformylation reactor from rising continually and

reaching values at which the hydroformylation reaction ceases, a

substream of the recirculated propylene-containing stream has to

be continually bled off from the process in order to remove the

30 propane -introduced with the propylene feed or formed by secondary
reactions from the system.

Not only propane but also unreacted propylene is removed from the
system by means of the bleed stream and is thus lost to the

35 further reaction. To keep these losses small, a propylene feed of
high purity is generally used. The hydroformylation is usually
carried out using a propylene feed having a purity of about
99.5%, with the remainder consisting essentially of propane. This
grade of propylene is referred to as “polymer grade propylene”.

40 Such a propylene feed of high purity is, however, costly to
obtain and is therefore marketed at significantly higher prices
than propylene of lower purity. Thus, for example, “chemical
grade propylene” containing from about 3 to 7% by weight of
propane is significantly cheaper than the abovementioned “polymer

45 grade propylene”.
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DEC 2U04, 3 v d_th Ko ¢t LS achiev usi,ng a stream
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for preparing polymers. Of the acrylic acid produced, the major
proportion is esterified prior to polymerization, e.g. to produce
adhesives, dispersions or surface coatings. Part of the acrylic
30 acid produced is polymerized directly, e.qg. to produce
“superabsorbents”. It is known that acrylic acid can be prepared
by heterogeneously catalyzed gas-phase oxidation of propylene by
molecular oxygen over solid catalysts, cf., for example,
DE-A-1962431, DE-A-2943707, DE-C-1205502, DE-A-19508558,
35 EP-A-0257565, EP-A-0253409, DE-A-2251364, EP-A-0117146,
GB-B-150986 and EP-A-0293224.

Coupling of the preparation of acrylic acid and/or acrolein and
the preparation of hydroformylation products of propylene has not
40 been described or suggested in the prior art.

It is an object of the present invention to provide & process for
preparing hydroformylation products of propylene which allows the
use of propylene feeds in which a proportion of propane is

45 present and permits virtually complete utilization of the
propylene and/or propane fed in.




unr eact ed propyl ene and propane as starting material for the 5 preparation
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activity, selectivity and operating life of the heterogeneous
catalysts used in the gas-phase oxidation of propylene to acrylic

30 acid and/or acrolein and do not interfere in the work-up of the
reaction products obtained in this way.

Suitable pressure-rated reaction apparatuses for carrying out the
hydroformylation are known to those skilled in the art. They

35 include the generally customary reactors for gas-liquid
reactions, e.g. stirred vessels, gas recycle reactors, bubble
columns, etc., which may be further divided by means of
internals.

40 The propylene feed which is suitable as starting material for the
process of the present invention may comprise a proportion of
propane in addition to propylene. It contains, for example, from
0.5 to 40% by weight, preferably from 2 to 30% by weight and in
particular from 3 to 10% by weight, of propane. A preferred

45 examble is “chemical grade propylene” which contains from 3 to
10% by weight of propane. It is obtained, for example, by
reaction of naphtha or natural gas in a steam cracker and




generally from5:1 to 1:5, preferably from2:1 to 1:2, in 10 particular
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descri begy, f.Qt ;exaop! Jn4Bekler et al., Journal 30 of nolecular Catalysis
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The prior art provides a number of industrial processes for
aobtaining a stream comprising propylene and propane whose use is,

35 in general, not critical to the success of the process of the
present invention as long as certain preconditions have been met.
Therefore, the output from the reaction zone can be subjected to
a single-stage or multistage separation operation to give at
least a stream comprising the major part of the hydroformylation

40 product, i.e. butyraldehyde and/or butanol, and a stream
consisting essentially of unreacted propylene and propane.
Depending on factors such as the type of discharge process, the
purity of the synthesis gas used, etc., further streams may be
obtained, for example waste gases comprising synthesis gas,

45 high;boiling by-products of the hydroformylation and/or streams
comprising hydroformylation catalyst, and these are, with or
without work-up, recirculated wholly or partly to the reaction
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30 taken off at the bottom of the column and can be passed to

further work-up, and a liquid or gaseous stream consisting
essentially of unreacted propylene and propane is taken off at
the top of the column.

35 The degassing of the crude hydroformylation product is
advantageously carried out in a column at generally from 4 to
12 bar, preferably from 6 to 10 bar and particularly preferably
from 6 to 8 bar, with the temperature in the bottom of the column
being maintained in a range of generally from 120 to 190°C,

40 preferably from 140 to 170°C and particularly preferably from 140
to 160°C, depending on the pressure employed. As separation
internals, it is possible to use, for example, ordered packing,
random packing or trays in the degassing column; preference is
given to using ordered packing. The number of theoretical plates

45 in the degassing column is generally in the range from 8 to 40,
preferably in the range from 10 to 25 and particularly preferably
in the range from 10 to 20. The degassing column is
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oxi di zi ng q)% Lo enat i n .o, prop nd t stream corrprl si ng pr.opyl ene
and propane F%’g &Nt i Thege HYB?O%’SQ/ %"ﬁ@riﬁgc‘é%ﬁ g%t ﬁf‘ BIR5E e%datdetron to
t he to form acroleln and/or "acrylic acid, it can also be advantageous

to adjust the water content of the stream comprising propylene
and propane obtained from the degassing column so that it does

30 not exceed 50 ppm. This measure is particularly advantageous when
the stream comprising propene and propane is fed in liquid form
to the acrolein and/or acrylic acid plant. This can be achieved
by, for example, installing a phase separator in the runback line
at the top of the degassing column so that water (formed by

35 condensation of the aldehydes to form high-boiling by-products)
which is distilled off azeotropically with propylene and propane
is separated off from the propylene/propane mixture returned as
runback to the column. As an alternative, the liquid
propylene/propane mixture can be passed through a phase separator

40 or, if particularly low water contents are sought, over a
desiccant such as molecular sieves 4A or molecular sieves 3& for
the purpose of separating off the water, before it is fed to the
gas-phase oxidation. The water content of a gaseous
propene/propane stream can, if desired, likewise be reduced by

45 adsorption of the water on a desiccant, e.g. molecular sieves 44
or molecular sieves 3A.




val ues i ndi cated above. Phosphorus-contai ning conpounds (e.g. free ligand

from the hydrofornylation) can generally not be 10 detected in the 230UEC2004

~ propyl ene/ propane stream obtained fromthe degassing colum under the
conditions nmentioned. The crude hydrofornylation product in which unreacted
propyl ene _and propane are present i n ’di ssol ved form can be separated from

15 the out P FRWiA-dBECE impRsyEAe hakesdti possiteles td welscpossi ble to

use, for exampie, of butuialdatymels phacess dedivbaphdtie aut pHé o ch is
essenti al | ytiéMitd exeephsigHaddN@x3ubt IG5iD 388mUsEbin EH§?$€ Jé%glége

' [ f h ) , | t
of “the precct Ol o SBRFIRL IS bl O SRS R st atoe ik iRy

f th : 7o

L senti BB 56t O BEPPeTS i PIREEES Ch e REHOERS,dehydmasRiod

hydr of or nyFatperrydansl gad el giaeamotompra siydr pf opyddret iaad ppomstiectisand

di ssol ved, enniclend da propylene predefi APaILs §aY-phdRS 0xRRAE ok MNP iLHi NY
and URr oac gy ot o cat e B BhOEHabs nalf FRET ;aogﬁggga% o
met hane).. %’ﬁeelclﬂcia%g %Eglge{h%al}?%é’f?%wf OX B2} F]IFE i&c’f‘%‘i B a recycled
stream YHoSEFeFLEd dfft Ener BYIREiensdpEPRRNS FtaRaphebisris@dc Erahduiy/ des

cont ai ned fiagassing Teduon udeddry dihef oongd witdnsnmpnoihiedd.i s obt ai ned by at 30
| east partial condensation of the gas phase. The gas phase remaining aft_?_[1
th d ' | | na t e | gn_zone. e
(ne.conenené i 1nasbESth A A BLha Sl BILOLY, LRABEEBEL AACe, e
advant a eous{j&ng% wor Réd Bresb% H& “hat chrédégﬁ?‘i‘bae‘lj en SEPRBFY R FF6™ For |
this puaﬁo%‘? PHEPUS darn tlgﬂﬁa%eéq%onea?% idndarkerpNaYsd Tht bs timssipper |
region of &oceteunfor wkanple her daquphasecpus prbeeskiced watichhehdautpaeof t he
col umm. | nwhidh sisvadssehkqal ty dhiape daagcgRts foRaske PARRHelhgUgHs tieacehum in

40 count er glEEEN forl @heNBYEASELTRNRAEEN O s (RS rBRASES, N e oQn eeainﬁi Pﬁ;t et he

i's I r d f Kj.ng. a _result o
cont act f ERCELED 0l QULCEE, M2 Y, REENLbs The ordnmis, AR SHrount o of
hydrofor@yﬁﬁ?f‘ﬁ%‘?ﬂ_dﬁ}@t? Ligsh phage pr st iadareeitdsdn¥ pfesent in the
i qui d phadddhrkeiding hispeeduats.o thRchepegeneguely stissiedvetthe gas stream
| eavi ng t hbydrofomiy latdonotatalyst andi phed om thy dipdyserngl hotopr oduct ,
unreact ed progytenmaadsBboPEdE WReRatEed Jropy18ndamnd IreaRhe, 3adEG 230 8
i nt roduced bt r@odsqvg%&nsngsgénji@qlgo{gy WyaotoLRG L0k B0k, The © das
stream Iz%a\{lhggaé@ee cq_J um and of th Iﬂ?ﬂ phas A gavi me col unndl S
carri ed But"RSAHEE BISRY L8RS B3 PPARS unneacte GRESPRGMBBMAAS. 28dAs an
al t er nat i v8YIre9en afsk dnere $38asdroy-the §Rs. reatypane). The liquid phase
can be recirculated to the reactor as a recycled stream, possibly
after further separation of the product aldehydes contained
therein. The crude hydroformylation product is obtained by at
30 least partial condensation of the gas phase. The gas phase
remaining after the condensation is recirculated wholly or partly
to the reaction zone.

The gas and liquid phases initially obtained in the
35 depressurization step can advantageously be worked up by the
method described in WO 97/07086. For this purpose, the liquid
phase is heated and introduced into the upper region of a column,
while the gas phase is introduced at the bottom of the column. In
this way, liquid phase and gas phase pass through the column in
40 countercurrent. To increase contact of the phases with one
another, the column is preferably provided with packing. As a
result of the intimate contact of the gas phase with the liquid
phase, the residual amounts of hydroformylation product,
unreacted propylene and propane present in the liquid phase are
45 transferred to the gas phase, so that the gas stream leaving the
top of the column is enriched in hydroformylation product,
unreacted propylene and propane compared to the gas stream
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DEC 29042 9'1' congosi tion for. the as-ghase oxidation to form acrol ein and/ or
acryl i c T8 prowt &pesissl ?&&%ﬁé‘? ALbnafe vanapreted tRFaMYLlene and

propane comprises, for example, from 40 to 80% by weight,

preferably from 60 to 80% by weight, of propylene and from 20 to

60% by weight, preferably from 20 to 40% by weight, of propane.

25 Merely by way of example, a typical composition, including
impurities, of a stream comprising unreacted propylene and
propane, as can be liberated in the degassing step by means of
two degassing columns and subsequent drying by means of molecular
sieves 3A is given below:

30
propylene 68% by weight
propane 30% by weight
methane 1.7% by weight
carbon monoxide 0.28% by weight

35 carbon dioxide 0.38% by weight
ethane 0.20% by weight
hydrogen 350 ppm by weight
butyraldehyde 10 ppm by weight
water 5 ppm by weight.

40

The gaseous stream consisting essentially of unreacted propylene
and propane is subjected to a catalytic gas-phase oxidation by
methods known per se to prepare acrylic acid and/or acrolein. The
stream can of course be mixed with propylene-containing feeds

45 from other sources, e.g. a steam cracker, to form a feed for the
gas-phase oxidation. In this case, it is then possible, for
example, to use a mixed propene stream of the following



C4- hydrocarbons: acetylene: water: 10 hydrogen: oxygen: _

sul fur-containing conpounds: (calculated as sulfur) chlorine-cont &3;-.1]%30&
conmpounds: 15 (cal cul ated as chlorine) @02: CO cyclopropane: propadiene
and/ or propyne: 20 hydrocarbons > C5 green oi | s): compounds cont ai ni ng
carbonyl groups (cal cul ated as N (COr4 but yr al dehyde: 25 P- and/or

As- cont ai ntompeirponnder %@W—Maghtoxﬁ%thpnmogfﬁrm a¢r80&ipmdp el ght

S 5 ppm bya¥eypiyd acidl ppm by weight s 5 ppmby weight s 100 ppm by wei ght
2 ppm by wei ght 2 ppm by weight C 1 ppm b)t/) wei gh';] : 1 000 pgm by V\ﬁltg?-g r
700 m by_wei 10 m by wei ght 5 ppm by wei ght pm by wei g ppm
by wg:oght ypﬁ. byp\?vel ght not detectabl e Fhe feed? 4\ﬁh€ﬁrf"’9ﬂﬁl)htbe m xed
with an PnBE®P#8:iuent gas, is passed in adnExture w #R bxygsighaver a

het er ogenenesharsd anyisbr geeieal |y a nmi xed oxi de gat @b msby%mgwtsr ng
transrtroncgca{ﬁir%cagbgnSBO ol ybdenum vanadiium tun q;% i ron, at
el evat ed Atur es, usually from 200 to 450C g% I'c or
super at nos ﬁer C pressure so as to convert it into (PP?I ‘H‘t and/ or
acrol ein bg BXfdation. On the subject, refer&nce ndy PPB byeiightor exanpl e,
t o DE- Al9403958gerBEP- A- 0253409, EP- A- 0092097 85 anbbdDEpA By 314t The
conver si onokpgenAacrylic acid can be carried < ppm by weight

sulfur-containing compounds: = 2 ppm by weight
(calculated as sulfur)

chlorine-containing compounds: < 1 ppm by weight
15 (calculated as chlorine)

CO3: = 1 000 ppm by weight

CO: = 700 ppm by weight

cyclopropane: = 10 ppm by weight

propadiene and/or propyne: = 5 ppm by weight
20 hydrocarbons > C5 (green oils): =

10 ppm by weight

compounds containing carbonyl

groups (calculated as Ni{CO)g4: = 10 ppm by weight
butyraldehyde: = 2.5 ppm by weight
25 P- and/or As-containing compounds: not detectable

The feed, which may be mixed with an inert diluent gas, is passed
in admixture with oxygen over a heterogeneous catalyst, generally
a mixed oxide catalyst comprising transition metals, e.g.

30 molybdenum, vanadium, tungsten and/or iron, at elevated
temperatures, usually from 200 to 450°C, and atmospheric or
superatmospheric pressure so as to convert it into acrylic acid
and/or acrolein by oxidation. On the subject, reference may be
made, for example, to DE-A-4405059, EP-A-0253409, EP-A-0092097

35 and DE-A-4431949. The conversion into acrylic acid can be carried
out in one or two stages. In the two-stage method, the propylene
is oxidized to acrolein in a first stage and the acrolein is
oxidized to acrylic acid in a second stage. Heterogeneous
catalysts which are preferred for the first stage are oxidic

40 multicomponent catalysts based on oxides of molybdenum, bismuth
and iron, while corresponding catalysts based on oxides of
molybdenum and vanadium are preferred in the second stage.

The propane can serve as diluent gas and/or starting material in
45 the gas-phase oxidation. A suitable process in which propane as

starting material is converted directly into acrylic acid is

described in EP-B-0608838. Alternatively, the propylene/propane
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t he gas-phase oxidation to a
condensation, in 35 particular a partial or total condensation, and to
separate t hBe AGTWLiE aeid FathPer RRPRRALRd: FREM s iesH L bYNE rERACHLPRZat | on.
The condengasgopyi,s fpredxamlley canntextugwent naksowitdon. usre a t he
high-boiling inert solvent such as diphenyl ether, biphenyl
30 and/or dimethyl phthalate or the like, cf. DE 2136396 and

DE-A-4308087, and then be isolated, for example by distillation.

Alternatively, it is possible to subject the reaction product
obtained in the gas-phase oxidation to a condensation, in

35 particular a partial or total condensation, and to separate the
acrylic acid from the resulting solution by crystallization. The
condensation is preferably carried out in a column. Here, the
column is provided with separation-active internals, in
particular ordered packing, random packing and/or trays,

40 preferably bubblecap trays, sieve trays, valve trays and/or
dual-flow trays. On passage through the column, the condensible
components of the gaseous product mixture from the gas-phase
oxidation are fractionally condensed by cooling. Since, as a
result of impurities and diluent gases which may be used, the gas

45 mixture generally comprises a high-boiling fraction, an
intermediate-boiling fraction and a low-beoiling fraction and also
uncondensable components, one or more side offtakes can be
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partly to t? conld nsation of the seous, product mxture. A particularly
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252, whi ch Fgrxﬂﬁﬁéﬁflﬂu|F9n subsequently be crystallized. Crystallization
can be carried out continuously or batchwise, in one or more
30 stages. It is preferably carried out in one stage. The resulting
crystals of acrylic acid are subsequently separated from the
mother liquor. The mother liquor is advantageously recirculated
at least partly to the condensation of the gaseous product
mixture. A particularly preferred process for preparing acrylic
35 acid is described in DE 197 40 252, which is hereby fully
incorporated by reference.

The offgas leaving the gas-phase oxidation to form acrolein
and/or acrylic acid, which, depending on the oxidation process

40 employed, comprises unreacted propane as significant component of
value, can be utilized, for example, as cracker feed or as raw
material for a propane oxydehydrogenation plant or else can be
used as fuel for generation of steam or energy recovery.

45 The?integrated butyraldehyde and acrylic acid production achieved
by means of the process of the present invention makes it
possible for the propylene raw material fed to the
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supply line between the hydroformylation plant and the acrylic
acid plant and virtually no appreciable, additional operating
30 costs are incurred in operating the degassing column according to
the present invention for separating off a propylene/propane
stream suitable for acrolein/acrylic acid production.

The success of the process of the present invention is surprising
35 since a person skilled in the art would have feared that the use
of the offgas stream comprising propylene and propane from a
hydroformylation plant as raw material for the preparation of
acrylic acid would have adverse effects on the purity of the
acrylic acid produced therefrom and would accordingly restrict
40 its possible uses and marketing opportunities.

The invention is illustrated by the following example.
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with Exanple 1c), 1 from US-A 4298763, and was nai ntai ned at about 340C.
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whi ch" was chardeBYwreisht ©4t RFGRY1I9M anHe2Bsb%bivdueisht 07 dePpRaen to
acrylic acid prepared as described in Exanple 1 of US-A 4 259 211. Before
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ple lc), 1 from US-A 4298763, and was maintained at about
340°C. Reaction with oxygen in the tube gave an acrolein yield of
87.4 mol¥ and an acrylic acid yield of 1 mol% at a propylene

30 conversion of 95.3 mols%.

In a second experiment, the acrolein product mixture obtained
above was, without further work-up, passed through a second steel
tube of the same design which was charged with a catalyst for the

35 oxidation of acrolein to acrylic acid prepared as described in
Example 1 of US-A 4 259 211. Before the acrolein product mixture
from the first steel tube entered the second steel tube, air was
added to it in such an amount that the oxygen content of the
reaction mixture leaving the second steel tube was 3.2% by

40 volume. At a temperature of 291°C in the second steel tube
{reactor), an acrylic acid yield of 92,2%, based on the acrolein
used, was achieved at an acrolein conversion of 99.3%.
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propyl ene-cont ai ning feed and al so calbon nonoxi de and hydrogen into a
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hydr of or mykateim:cat al yst to form hydrofornyl ati on products of propene, 15
20 b) separating a stream consisting essentially of unreacted propylene and
propane fromthe output fromthe reaction zone, c) subjecting the stream
consisting?éssgn?ﬁ%ﬁ4%f 5PT pPERATHNS Sﬁﬂﬁofﬁ¥ﬂﬁ%$§lPé Br Fych gas- phase
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acrolein. 2. Awhidcesspassesained in claiml, wherein the

propyl ene-containing feed contains from2 to 40% by wei ght of propane. 25
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reaction zone and catd}yeat itegfohe kydidEobngl of iNprabi@fs WOGHeheb®, @
degassing step. 4. A process as clainmed in claim3, wherein the output from

the 35 reacti z | S .essentjall aseous and the. crude hydrofornylation
product is sepgpatgggéééiﬁé ga%%?%TX c5ﬁ&8ﬁ§%ﬁi?ﬁ§38Fl?L§ydﬂ§éﬁE§aﬁﬁﬁ ut. 5.
A process as cl ai nBECPHEA% ARASPIORANSTFORhERS RYSPNLT FBPR tthe Igectierti on

zone islssentiall gorequid, the liquid output is depressurized, resulting in
separation into a liquid phase consisting essentially of high-boiling

by-products, the¢ beppaaERUEhY Sissel V:%@lshye'{ﬁq Uskhat i Py, @3t gké@}l d
| unts of r | af.i on_ nr ¢t, smal.l amounts of 45 unreacted

Ergpyleﬁgnand sna|ngH@%ﬁ%§¥o?59$0955§?%§%8 géiﬁﬁyaﬁ8h8§éé%ﬁﬂﬁﬁ &P RS

essenting y of hyd§§z§§2§§ &Fi BR BF ©xygen to form acrylic acid and/or

2. A process as claimed in claim 1, wherein the
propylene-containing feed contains from 2 to 40% by weight of
propane.

25

3. A process as claimed in claim 1 or 2, wherein the stream
consisting essentially of unreacted propylene and propane is
obtained by firstly separating a crude hydroformylation
product in which unreacted propylene and propane are present

30 in disscolved form from the output from the reaction zone and
subjecting the crude hydroformylation product to a degassing
step.

4. A process as claimed in claim 3, wherein the output from the
35 reaction zone is essentially gaseous and the crude
hydroformylation product is separated off by partial
condensation of the gaseous output.

5. A process as claimed in claim 3, wherein the output from the

40 reaction zone is essentially liquid, the ligquid output is
depressurized, resulting in separation into a liquid phase
consisting essentially of high-boiling by-products, the
homogeneously dissolved hydroformylation catalyst and small
amounts of hydroformylation product, small amounts of

45 unreacted propylene and small amounts of propane and a gas
phase consisting essentially of hydroformylation product,
unreacted propylene and propane and unreacted carbon monoxide
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claimed i n any28f Ry&rqseacedpigtls firvse Wnereiarmyl peioy drisdgetyiati on

catal yst used pbtaipdddphartudesontrprntiiag cdfidensediom chittdleygtas Bhade process
as claimed in any of the preceding clainms, wherein the stream consisting

essential | y of Auggs@g sedas%qaxllns@elmqumr9F%fe§nm§§dd%ats@lﬁgt i ner t

di l uent gas and brou hetero alyst I n

the presénce of° ? 5% u&Fd g%‘gttq}?ngegﬁﬁhﬁ GFePohB. Fothede

claimed in cl al¥eBOLQHwr AtionhEredydaks EBRITSTIhy essent | aI ly of unr eact ed
propyl ene and propane is 20 brought into contact with a first heterogeneous
catal yst in.a af bestedxi£Ald1aAn@NEN tyJbY LR ;%érc@b@h@ k@i, Rfrein

neermedi ate prAgURYagae iy A0kt hijR ] BLES TTLAbR DAL c09@§1mxture

is brought intao,c a second het er ogeneou "$dtond
oxi dati oY zone '8 Q]W}ecaa azlé'sffroduct gas m xture conpri si ng acryl i c acid. 10.
A process as clained in claiml1, wherein the stream consisting essentially
of unreact &d propybeess aarl qladpadein sanysolf) eiod et dcedang oxyedelsy dwbgesiad | on t o
increase its propykepgamtdiyilsenhghefne ikl 1y SoBuhirestesd trrpatahytity
gas-phase oxi dabihahet Os FRIADPRE YA n 3GIed +2BH QN2 GaR! £hE b3ugh? HRro

15 contact with a heterogeneous catalyst in the presence of
oxygen in at least one oxidation zone,

9. A process as claimed in claim 8, wherein the stream
consisting essentially of unreacted propylene and propane is
20 brought into contact with a first héterogeneous catalyst in a

first oxidation zone to give an acrolein-containing

intermediate product gas mixture and the intermediate product

gas mixture is brought into contact with a second

heterogeneous catalyst in a second oxidation 2one to give a
25 product gas mixture comprising acrylic acid.

10. A process as claimed in claim 1, wherein the stream
consisting essentially of unreacted propylene and propane is
subjected to an oxydehydrogenation to increase its propylene

30 content before it is subjected to catalytic gas-phase
oxidation to form acrylic acid and/or acrolein.
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