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is then fractionated in the second column.

The process using two separate columns is very energy intensive
and costly in terms of materials and leads to a significant loss

30 of aldehyde, since the high temperatures necessary for complete
recovery of the high-boiling aldehyde promote the formation of
high-boiling by-products.

The process described in EP 484 977 A seeks to avoid these

35 disadvantages. In this process, only one distillation column is
used for the fractionation of the crude aldehyde mixture and the
distillation conditions are selected so that the branched
aldehydes are taken off in liquid form in the upper region of the
distillation column and the straight-chain aldehyde is separated

40 into two product streams. The first product stream, which
consists essentially of pure, straight-chain aldehyde, is taken
off in vapor form in the lower region of the distillation column.
The amount of this aldehyde product stream is not more than 70%
by weight of the total amount of straight-chain aldehyde in the

45 crude aldehyde mixture. The second product stream of
straight-chain aldehyde is taken off as bottoms; it contains the
major part of the high-boiling constituents. Although the process
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The present invention accordingly provides a process for the
fractional distillation of a crude aldehyde mixture comprising
essentially from 94 to 99.8% by weight, based on the total weight
of the crude aldehyde mixture, of a2 straight-chain and one or

30 more branched aldehydes (straight-chain and branched alcohols
have the same number of carbons), which process comprises

A) feeding the crude aldehyde mixture into the middle region of
a first distillation column having a plurality of theoretical
35 plates and fractionating it in the column into

i) a first aldehyde product stream which is taken off at or
near the top of the distillation column and comprises
essentially pure branched aldehyde,

40

ii) a second aldehyde product stream which is taken off
immediately above the vaporizer or further up in the
region of the first 20% of the total theoretical plates
and comprises essentially pure straight-chain aldehyde,

15 and
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invention.

20 The crude aldehyde mixture used can be any product mixture
obtained from a hydroformylation process. Hydroformylaticon is a
known process which is described, for example, in the US patents
4,148,830; 4,247,486; 4,593,127 and in EP 404 193 and
EP 484 977 A.

25
Starting materials used for the hydroformylation are, in
particular, olefins having three or four carbon atoms, e.g.
propylene, l-butene, 2-butene (cis or trans) and isobutylene. The
crude aldehyde mixture to be fractionated according to the

30 present invention therefore preferably comprises straight-chain
and branched C4- and Cs-aldehydes.

The catalysts used for the hydroformylation are likewise known;

they are described, for example, in the patent publications cited
35 in EP 484 977 A.

The crude aldehyde mixture obtained in the hydroformylation
comprises, apart from low-boiling constituents such as carbon
monoxide and hydrogen, branched aldehydes, straight-chain
40 aldehydes and higher-boiling constituents. The latter are
by-products formed by condensation of the aldehydes to give
dimers, trimers and tetramers and by reduction of the resulting |
aldehydes by hydrogen to form the corresponding alcohols.
Aldehydes present in the crude aldehyde mixture can be, in
45 particular, the C4-aldehydes obtained by hydroformylation of
propylene, e.g. n-butyraldehyde and isobutyraldehyde, or the
Cs-aldehydes obtained by hydroformylation of butene, e.g.
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The first distillation column is equipped with the necessary

means for operation, e.g. vaporizer, condenser, instrumentation,

connections for introducing and taking off products, etc. The

crude aldehyde mixture is generally fed continuously into the

30 middle region (about the middle third) of the distillation

column, based on the number of theoretical plates. The exact

point at which the mixture is fed in is not critical and can be

determined by a person skilled in the art using standard methods.

35 The distillation conditions in the first distillation column are
selected so that separation into the product streams described
below is achieved. The temperature at the bottom is generally
about 1-40°C, preferably about 10-30°C, above the boiling point of
the straight-chain aldehyde. The pressure at the top of the

40 column is generally in the range from 1.0 bar to 1.5 bar
{absolute).

Under these circumstances, the mixture is separated in the first

distillation column into the following three product streams:
45
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pure straight-chain aldehyde. In general, more than 70% by

25 weight, preferably more than 80% by weight, in particular
more than 90% by weight, of the total straight-chain aldehyde
present in the crude aldehyde mixture is taken off.

iii)A further, high-boiling product stream which is taken off in

30 liquid form at the bottom of the column. This product stream
comprises the abovementioned high-boiling constituents and
from 75 to 93% by weight, preferably from 80 to 93% by
weight, in particular from 85 to 93% by weight and
particularly preferably from 88 to 92% by weight, based on

35 the total weight of the further high-boiling product stream,
of straight-chain aldehydes. The amount of straight-chain
aldehyde corresponds in general to about 2 to 5% by weight of
the total amount of straight-chain aldehyde. [sic]

40 The further high-boiling product stream iii) is then fed into the
middle region (about the middle third of the theoretical plates)
of a second distillation column. This is smaller than the first
distillation column. The difference can be expressed in terms of
the packing volume, i.e. the packing volume of the second column

45 is a factor of from 50 to 200, preferably from 80 to 180, in
particular from 100 to 170 and particularly preferably from 120
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stream ii). The product stream comprising the high boilers is

taken off at the bottom of the second distillation column and

leaves the plant.

30 The process of the present invention has the advantage that it
can be carried out at lower cost and under gentle conditions and
essentially all the straight-chain and branched aldehydes are
obtained in pure form. Both the straight-chain aldehydes and the
branched aldehydes are obtained in a purity of from 99 to 99.98%

35 by weight. In general, the high boiler content of the
straight-chain aldehydes is less than 0.5% by weight, in
particular less than 0.2% by weight.

The following examples illustrate the invention with reference to
40 the figure, without restricting the scope of the invention.

Example 1

Example 1 [sic]

415
The starting material used was a crude aldehyde mixture from
hydroformylation comprising isobutyraldehyde and n-butyraldehyde




| 25 present in the crude al dehyde m xture is obtained as product stream

ii). The product stream conprising the high boilers is taken off at i‘ggp 2003
bottom of the second distillation colum and |eaves the plant.
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25 that of the first distillation column (diameter ratio of large to
small column about 8). The distillation in the second column was
carried out at a temperature at the bottom of 134°C and an
absolute pressure at the top of 1.2 bar. In this way, the stream
8 was distilled to give about 550 kg/h of n-butyraldehyde which

30 was taken off as stream 10 near the top of the column 9 and
returned to the 43rd theoretical plate of column 2.
Alternatively, the n-butyraldehyde can be taken off at the top as
stream 17, condensed in the condenser 18 and collected in the
vessel 20 and, if desired, returned to the column 2. The bottoms

35 of column 9 were discharged from the plant as stream 11 in an
amount of about 50 kg/h.

The purity of the isobutyraldehyde obtained was 99.9% by weight
and the purity of the n-butyraldehyde was 99.75% by weight. 99.9%

40 of the aldehydes present in the feed stream 1 were recovered as
pure components.

Example 2
45 The following example of a computer simulation serves to

illustrate the invention further, likewise with reference to the
figure. A crude aldehyde mixture of isobutyraldehyde and



distillation colum 9 which was al so packed with Ml | apak(r) from Sul zer.
Its packing vol ume was a factor of about 140 smaller than 25 that of 3tYEP AN
first distillation colum (dianeter ratio of large to small col um about
8). The distillation in the second cogumm was carried out at a tenperature
at the bottom of 1340C and an absolute pressure at the top of 1.2-bar. In
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about 608ikgen-vs£1 iR coRkeitdentl AHue 16806 OO plldd® . The purity of
25 the n-butyraldehyde and isobutyraldehyde obtained is in each case
99.9% by weight.

Example 3

30 The following computer simulation, too, serves to illustrate the
invention further, with reference to the figure.

A crude aldehyde mixture of isovaleraldehyde and n-valeraldehyde
containing 0.2% by weight of constituents having a boiling point

35 lower than that of isovaleraldehyde and about 0.6% by weight of
constituents having a boiling point higher than that of
n-valeraldehyde is introduced at a mass flow of 11,000 kg/h as
feed stream 1 at the 58th theoretical plate of the column (same
column as in Example 1). The distillation is carried out at a

40 temperature at the bottom of the column of 120°C and an absolute
pressure at the top of 1.2 bar. Isovaleraldehyde and low boilers
are taken off at the top as stream 13 and condensed in the
condenser 14 except for the gaseous constituents which leave the
plant as stream 7 (1l kg/h). Part of the condensate collected in

45 the vessel 19 is returned as runback 21 (reflux ratio 30) to the
column 2, while pure isovaleraldehyde (about 1650 kg/h) leaves
the plant as stream 3. Pure n-valeraldehyde is taken off as a



colum.9 (same colum as in Exanple 1). The distillation in the colum 9
is carried out at a tenperature at the bottom of 1340C 20 and a pre33§t 2603
the top of 1.2 bar (absolute). 475 kg/h of n-butyral dehyde are taken off
as stream 10 in the upper region of ®he colum and returned to the mddle
region of the colum 2. The bottons 11 fromthe colum 9 (about 125 kg/h)
conpri se ghagednyirddehbstreany &oimstant aentst anfl dleae 92h8 R ANtbe IAE thar i ty of

25 the n- botlyretetaydeaanslatsoist ¥hal dehyde PPN 8dqhsd! boBHE 2% 99- 9%
DY, Ve Ot e atce xc/R0ad b IR0 OTTME Sl BLL 00, D0y Sefves 1o

illustrat he véntion, further,, wt erence tQ TF r&€ A crude
al dehyde %%’i‘%‘“d‘regl _F%Fusao‘\:/%}%%la&eH}ﬁ?dgxﬁml‘?l-]v)a'l b ddmfdblatian dmithg 0. 2%
by wei ght SR o s tift GBRT ke RHth@taabberperapienat3sheohettamart tlTaeC of
i soval er adnibly deressdrabauttit: 64pbpfwei Zhbaof (abseilstel) UeTHs B tiong a1boi | ing
poi Nt hi ghesm tthds tbatmnf (abbweaber ﬁbﬁlﬁhyéiﬁnﬂﬁéemthed%@ﬁeﬁlb&fl%'ﬁs flow of
11, 000 kotdhAS tubfed shiQfMehRL thge PRI, thgQiekhgal plllfagfe of the colum
(same corl_q;mteg_g 30 g%?n;)l_leetl .nT g BHSt an 8@ Us carti®d out at a 40
terrperﬁi Ure At ehe ool The &bf uth HHEePP00e ahdths AR @futbe pressure
at the g 1723B9r 3¢ SRASRY| Benblr mitfilicoweBdPneps ther colaken2of f at -
the top SPuEaARY 18E abite covadaselidehydehaeand disdenieralldelpdecpbthhed he
gaseous cignsin eacht sasdih dredyewebght pl ant as stream 7 (1 kg/h). Part of
t he condensate collected in 45 the vessel 19 is returned as runback 21
(reflux ratio 30) to the colum 2, while pure isoval eral dehyde (about 1650
kg/ h) aves the plant as stream 3. Pure n-val eral dehyde is taken off as a
23 SEP 2003 9 gaseous side stream 6 in an anmount of about 9279 kg/ h bel ow
the 10th theoretical plate of the colum 2. The liquid bottons 8 of about
600 kg/h are introduced into the mddle region of the colum 9 (sanme col um
as in Exanple 1). The distillation in the 5 colum 9 is carried out at a
tenperature at the bottom of 1700C and a pressure at the top of 1.2 bar
(absolagte). The bottonms 11 fromthis colum (about 70 kg/h) conprise the
hi gher-boiling constituents which | eave the plant. About 530 kg/h of
n-val er al dehyde are taken off as stream 10 at the top of the 10 colum 9
and are retuyrned to the mddle region of the colum 2. The purity of the
n-val er alzcrléﬁﬁ'ae and isoval eral dehyde obtained is in each case 99. 9% by
wei ght .
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15 20 259/i T 25 30 35 40 45 2 3 SEP 2003 10 W claim 1. A process for the
fractional distillation of a crude aldehyde 5 m xture conprising ¥3Srgpmug
essentially from94 to 99.8% by wei ght, based on the total weight of the
crude al dehyde mi xture, of a straight-chain and -at | east one branched

al dehyde, which conprises 10 A feellpng the crude al dehyde m xturé into
the mddle region of a first distillation colum having a plurality of

t heoreti ot qlladtmes and fractionating it in the colum into 15 i) a first

al dehyde product streamwhich is taken off at or near the top of the

di stillatyon n C rd .essenti al | ure branched. al dehyde, 20
ii) as cfo'nd %ﬁ%&%&g g(f“(:)du,c fgtsar%escé%?\%ﬁiéh%%%t%%gﬁ 8fr 2 ?ﬂ'fﬂ?diaifl@%ydﬁbove
t he vap%ri zer™Ig-UEGr FABPT 150, 55N tiadipnt ™ (He toi P2+ 8Dy ofeighs i ot al

t heoretical Hagedsocantheotpdlsereightenti thé \cmndee adtdehyddtmicitaire, alfdehyde,
and 25 iii) atraigherchaiduotd sitr daasvhbsd moMyhedes188Rydd) aibai | i ng
constituents ypriiced 75 to 93% by weight, based on the total weight of
the further product stream of straight-chain al dehydes, and 30 B) passing

the f her product streamto_a second distillation colum whose packing
volund o & Pilot GESgRnGr FBR SERS SO0 HHEI PLFCHHa i ERAEPe midRLS Fegton

distillation col ffn2 485t ¢ gtildatdesngdoiumn havimigon piutahity of
fractionating it thecgetihcal delpes pnddidcacsiseannds ivhiaht ko quliveas
essentially purifingd strai ght-chain al dehyde and is taken off at the top
or near the top of the second distillation colum and a product stream

whi ch 15 i) a first aldehyde product stream which is taken off at

or near the top of the distillation column and
comprises essentially pure branched aldehyde,

ii} a second aldehyde product stream which is taken off
20 immediately above the vaporizer or further up in the
region of the first 20% of the total theoretical
plates and comprises essentially pure straight-chain
aldehyde, and

25 iii) a further product stream which comprises the
high-boiling constituents and from 75 to 93% by
weight, based on the total weight of the further
product stream, of straight-chain aldehydes, and

30 B) passing the further product stream to a second
distillation column whose packing volume is a factor of
from 50 to 200 smaller than that of the first
distillation column, and, in this second distillation
column, fractionating it into an aldehyde product stream

35 which comprises essentially purified straight-chain
aldehyde and is taken off at the top or near the top of
the second distillation column and a product stream which
comprises constituents having a boiling point higher than
that of the straight-chain aldehyde.

40

2. A process as claimed in claim 1, wherein the aldehyde product
stream ii) is taken off in vapor form.

3. A process as claimed in claim 1 or 2, wherein the aldehyde
45 product stream ii) is taken off in the region of the first 10
theoretical plates of the first distillation column.



conpri ses constituents having a boiling point higher than that of the
strai ght-chain al dehyde. 40 2. A process as clained in claim1, whefdiSEPt08
al dehyde product streamii) is taken off in vapor form 3. A process as
claimed in claim1 or 2, wherein the_al dehyde 45 product streamii) is
taken off in the region of the first130 theoretical pl ates of the first
distillat4on 2@uaaessyag sEpinghiin Bny- of. the poswskngsclhahspdeidreiny Of
the precedi ngnataivign Toer by wainie: ofaghé ObetyL Wirahighelchlen t§idno1
strai ght - chai prederahah chsesaie 11dehgat! Hileldlghy At KLAT £, |5 DI ned
as product sggpeaa? ijlfh-. S 5. A procesS as clained in clharm4, erein nore
than 9Q% by wel ght of) the total straight-chain alcohol present in the
crude dehyde m xture is obtained as product streamii). 10 6. A process
as cl ai next i P &RPCEESt R plaiad dg claims4, whereiin mbhe £han s myoduct
streamiii) ooritghitneff then ¥t alo s32%i byt —sead htaleohslr pkebdnehai nal dehyde.
7. A process afudel ailaedvde mintuk tiheo i j g\geé in.,15 the
al dehyde product st reamyobt ained in thgfgg%ng&d?gtagjﬁgtl on %lolr}'ul% is
retur rl%d ¢l 0 therfoi rst diss(\%\%']l.l atign colum. 8. A process as clained in any
of the précedt RGCEEFnES TS 17280 R iR @ EFEE RIS IR IML &hesRBRI ses
st r ai ght - chaithea 4 bReR PRRAUSH streen- bl HelRrdeing5£30m 35 4® 43% by

weight of straight-chain aldehyde.

~ 7. A process as claimed in any of the preceding claims, wherein

15 the aldehyde product stream obtained in the second
distillation column is returned to the first distillation
column.

8. A process as claimed in any of the preceding claims, wherein

20 the crude aldehyde mixture comprises straight-chain and

branched C4- or Cs-aldehydes.
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