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aldehyde product may still contain a higher amount of such organic heavies
than desired for its even- This invention is directed to a method for
refin-  tual end-use. ing a crude aldehyde product mixture in order to
EP-A-216151 discloses a process for the pro- concurrently and separately
recover both branched   5   duction of 2-ethylhexanol wherein the hydrofor-
chain aldehyde and straight chain aldehyde there-   mylation reaction
mixture is subjected to distillation from. More preferably this invention
is directed to  in a single column in order to separate the lower the
distillation of a crude aldehyde product mixture  boiling components
(including the branched chain of branched chain and straight chain
aldehydes in  isobutyraldehyde) from the higher boiling bottom a single
distillation column to concurrently obtain  10  product which mainly
consists of the straight chain three separate product streams, i.e. a
purified   n-butyraldehyde and minor amounts of n-butanol, branched chain
aldehyde stream and two different  isobutanol, aldols and heavies. This
bottom product purified straight chain aldehyde streams.         is
subjected to an aldol condensation reaction in Methods for producing
aldehydes by the        the presence of an alkaline catalyst to form 2-
hydroformylation of an olefinically unsaturated or-  15  ethylhexenal which
is subsequently hydrogenated ganic compound with carbon monoxide and hy-
to form the desired 2-ethylhexanol. The bottom drogen (more commonly
referred to as synthesis or  product is used without further purification
in the syn gas) in the presence of a rhodium-phosphorus  aldol condensation
step; i.e. any higher boiling complex catalyst and free phosphorus ligand
are   compounds remain in the n-butyraldehyde. well known in the art as
seen; e.g., by the basic  20  On the other hand, if the crude hydroformyla-
low pressure oxo hydroformylation process of U.S.  tion reaction mixture is
to be further purified, it has Patent No. 3,527,809 and the
rhodium-catalyzed    been the conventional procedure in the art to refine
gas and liquid recycle hydroformylation processes  and separate the
branched-chain aldehyde product of U.S. Patent Nos. 4,148,830; 4,247,486
and      from the straight chain aldehyde product of such 4,593,127. The
resultant aldehyde products are  25  crude aldehyde product mixtures
resulting from mixtures of normal (straight chain) and iso       such
conventional continuous rhodium catalysed (branched chain) aldehydes
corresponding to the   hydroformylation processes by a two step distilla-
olefin starting material and result from adding a  tion procedure that
involves the use of two sepa- formyl group (-CHO) at one of the carbon
atoms of  rate distillation columns. For example, purified an ethylenic
group (e.g. -CH = [err]) of the olefin.  30  branched chain aldehyde (e.g.
iso-butyraldehyde) For instance, the hydroformylation of propylene   is
first separated from the crude aldehyde product produces n-butyraldehyde
[err] and       mixture via distillation in an initial distillation column
iso-butyraldehyde [err]. In general     and then the remaining normal
(straight chain) al- such hydroformylation processes are preferably
dehyde (e.g. n-butyraldehyde) is further refined or designed to produce
aldehyde products rich in the   35  purified from any remaining higher
boiling by-pro- normal (straight chain) isomer.                   ducts by
a second distillation carried out in a Moreover as taught in U.S. patents
4,148,830   second distillation column. and 4,247,486 such continuous
hydroformylation        However, there are two major penalties asso-
processes inherently produce high boiling liquid  ciated with commercially
refining the crude al- aldehyde condensation by-products, e.g. dimers,  40
dehyde product mixture via such a dual distillation trimers and tetramers,
which may serve as a sol-  procedure. The first is the very high energy
cost vent for the hydroformylation process, as well as  required to operate
such dual distillation proce- other liquid heavies. Thus a small amount of
such  dures on a commercial level. Secondly, a signifi- higher boilers is
always invariably contained in the  cant amount of aldehyde is lost due to
in situ crude aldehyde product mixture obtained even   45  conversion into
such heavies during such distilla- after separating the initial aldehyde
product from its  tion procedures because of the high temperatures lights
(e.g. carbon monoxide, hydrogen, unreacted  employed to recover as much
straight chain al- alkylene, alkane by-product, etc.) as in the case of
dehyde from said organic heavies as possible. In- a continuous gas recycle
hydroformylation process  deed, it has been estimated that as much as 1 to
2 or after separating the initial aldehyde product from   50  percent by
weight or more of straight chain al- its lights and catalyst containing
solution as in the  dehyde may be lost by its own in situ conversion case
of a continuous liquid recycle hydroformyla-  to heavies and such is
clearly a significant amount tion process. Indeed even after separating the
low-  in any commercial operation, such as the above er boiling, branched
chain aldehyde from its higher  discussed hydroformylation operations, that
may boiling normal straight chain aldehyde counterpart  55  produce
hundreds of millions of pounds of al- in order to obtain purified branched
chain aldehyde  dehyde per year. (e.g. iso-butyraldehyde) and leave the
straight       In a previous commercial operation conducted chain aldehyde
(e.g. n-butyraldehyde), the normal  more than a year prior to the filing of
this applica- 2    
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the United States, owned and   aldehyde and (ii) a volatilized aldehyde
product operated by assignee, applicant experimented with  stream
consisting essentially of purified straight employing a single distillation
column, wherein pu-  chain aldehyde in an amount of no more than rified
branched chain iso-butyraldehyde was ob-   about 70 percent by weight of
the amount of tained by distilling same overhead and essentially   5
straight chain aldehyde present in said liquid crude all of the straight
chain n-butyraldehyde was col-  aldehyde product mixture starting material,
and lected as a distilled gas from a lower side vent off  less than 33
percent by weight of the amount of of the same distillation column.
However, as in the  organic heavies present In said liquid crude al- case
with conventional two stage distillation proce-  dehyde product mixture
starting material, and (111) dures that involved two distillation columns,
the  10  wherein the remaining purified liquid aldehyde con- distillation
temperature required to obtain essen-  sisting essentially of straight
chain aldehyde is tially all of the n-butyraldehyde off the side vent of
recovered from at or near the bottom of the distilla- the single
distillation column was essentially the  tion column, and wherein the
amount of organic same high distillation temperature (e.g. 115 to   heavies
present in said recovered purified liquid [err]) conventionally employed in
distilling n-  15  aldehyde is less than about 1 percent by weight of
butyraldehyde from organic heavies in a second    the total amount of
aldehyde fed to the distillation distillation column, thus causing
essentially the  column plus at least about 67 percent by weight of same
type of detrimental loss of aldehyde due to in  the amount of organic
heavies present in the liquid situ heavies formation as normally occurs
with a  crude aldehyde product mixture starting material. second
distillation column.                    20      The drawing Is a schematic
flow diagram of the It has now been discovered that it is not neces-
subject invention illustrating the embodiment of a sary to employ such high
distillation temperatures  distillation column (10) for distilling a crude
al- in order to concurrently separate and obtain both  dehyde product
mixture (line 2) to effect the con- purified branched chain aldehyde and
purified     current recovery of purified branched chain al- straight chain
aldehyde from a crude aldehyde   25  dehyde liquid product (line 8) at or
near the top of product mixture using a single distillation column.  the
column and purified straight chain aldehyde as Thus such drawbacks
associated with heretofore    a vapor stream  (line 12) from the side of
the conventional distillation refining of crude aldehyde  column, the
second purified aldehyde product (line product mixtures may be overcome or
at least      14) exiting at or near the bottom of the column. greatly
minimized by the process of this invention   30  The crude aldehyde liquid
product mixture em- and explained more fully below.
ployed herein may be obtained from any conven- Thus it is an object of this
invention to provide  tional metal (preferably rhodium complex) cata- a
novel method for refining a crude aldehyde prod-  lyzed hydroformylation
process conducted in the uct mixture containing branched chain and straight
presence of free organic phosphorus ligand. Such chain aldehyde, which
comprises concurrently ob-  35  oxo processes and the conditions thereof
are well taining and separating purified branched chain al-  known in the
art as illustrated by the continuous dehyde and purified straight chain
aldehyde by    liquid and gas recycle processes of U.S. Patents distilling
said crude aldehyde product mixture using  4,148,830; 4,247,486; 4,593,127
and EP-A-404 193. a single distillation column.
Such hydroformylation processes in general in- Accordingly, a generic
aspect of this invention   40  volve the production of aldehydes rich in
their may be described as a process for refining a liquid  normal straight
chain isomers by reacting an crude aldehyde product mixture consisting
essen-   olefinic compound with hydrogen and carbon mon- tially of from 95
to 99.95 percent by weight of    oxide in a liquid reaction medium which
contains straight chain and branched chain aldehydes se-   the aldehyde
product, a soluble rhodium-or- lected from  [err] aldehydes and [err]
aldehydes,  45  ganophosphorus  complex  catalyst, free  or- based on the
total weight of said product mixture,  ganophosphorus ligand and higher
boiling al- the remainder consisting essentially of organic   dehyde
condensation by-products. heavies, said process comprising adding said
liquid   Of course, it is to be understood that the par- crude aldehyde
product mixture starting material to  ticular manner in which the
hydroformylation reac- a distillation column and distilling said liquid
crude   50  tion is carried out and particular hydroformylation aldehyde
product mixture in said distillation col-  reaction conditions employed are
not critical to the umn, at a base temperature of from 1 to [err]
subject invention and may be varied widely and above the normal boiling
point of the straight chain  tailored to meet individual needs and to
produce aldehyde present in said liquid aldehyde product  the particular
aldehyde product desired. mixture starting material, so as to concurrently
ob-  55  Accordingly, the olefinic starting material reac- taln (i) a
liquid aldehyde product stream taken from  tants of the hydroformylation
process from which at or near the top of the distillation column and  the
crude liquid aldehyde product starting materials consisting essentially of
purified branched chain  of this invention may be derived can contain 3 or
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carbon atoms. Illustrative olefins are propylene, 1-  product desired, and
the olefin and complex cata- butene, 2-butene (cis or trans), and 2-methyl
pro-  lyst employed. Accordingly, amounts of free phos- pene (isobutylene).
Of course, it is understood that  phorus ligand present in the reaction
medium rang- mixtures of different olefinic starting materials could  ing
from 2 to 300 or more per mole of rhodium be employed, if desired. For
example, it is com-   5   present should be suitable for moot purposes. For
mon place to sometimes employ a mixture of 1-     example, in general,
large amounts of free triaryl- butene and 2-butene as the starting olefin.
The  phosphine ligand, e.g., triphenylphosphine, such as most preferred
olefin is propylene.               more than 50 moles, or more preferably,
more than Likewise. any conventional rhodium-phospho-    100 moles of free
ligand per mole of rhodium have rus complex catalyst could be employed and
such   10  preferably been employed to achieve satisfactory catalysts as
well as methods for their preparation  catalytic activity and/or catalyst
stabilization, while are well known in the art. Such rhodium-phos-
other organophosphorus ligands, e.g., alkylaryl- phorus complex catalysts
may include any rho-     phosphines and cycloalkylarylphosphines and/or
dium-organophosphorus complex, such as the rho-   organophosphites may help
provide acceptable dium-organophosphine or rhodium-organophosphite  16
catalyst stability and reactivity without unduly re- complex
hydroformylation catalysts heretofore ad-  tarding the conversion rates of
certain olefins to vanced for such hydroformylation processes. Of
aldehydes when the amount of free ligand present course, mixtures of such
catalysts could also be  in the reaction medium is as little as 1 to 100
and, employed, if desired. Moreover, it is clear that the  more preferably,
15 to 60 moles per mole of rho- amount of complex catalyst present in the
reaction   20  dium present. More particularly, illustrative rhodi- medium
of a given process need only be that       um-phosphorus complex catalysts
and illustrative minimum amount necessary to provide the rhodium   free
phosphorus ligands include, e.g., those dis- metal concentration desired to
be employed and    closed in U.S. Patent Nos. 3,527,809; 4,148,830; which
will furnish the basis for at least that catalytic  4,247,486;  4,283,562;
4,400,548;  4,482,749; amount of rhodium metal necessary to catalyze the
25  4,496,748;  4,599,206;  4,668,651;  4,716,250; particular
hydroformylation process desired. In gen-  4,717,775;  4,731,486;
4,737,588;  4,748,261; eral, rhodium metal concentrations in the range of
4,769,498; 4,774,361; 4,885,401; PCT patent ap- from 10 to 1000 ppm,
calculated as free metal,    plication, Publication No. WO 80/01690
(published should be sufficient for most hydroformylation pro-  August 21,
1980). Among the more preferred cesses. It is generally preferred to employ
from 10  30  ligands and complex catalysts that may be men- to 700 ppm of
rhodium, and more preferably, from  tioned are, e.g., the
triphenylphosphine ligand and 25 to 500 ppm of rhodium, calculated as free
rhodium-triphenylphosphine complex catalysts of metal.
U.S. Patents  3,527,809  and  4,148,830  and As noted above, the
hydroformylation process   4,247,486; the alkylphenylphosphine and cycloal-
is carried out in the presence of free phosphorus  35  kylphenylphosphine
ligands, and rhodium-alkyl- ligand,  i.e., ligand that is not complexed
with the  phenylphosphine  and  rhodium-cycloalkylphenyl- rhodium  complex
catalyst employed. However,      phosphine complex catalysts of U.S. Patent
No. while it is generally preferred that the free phos-  4,283,562; and the
organophosphite ligands and phorus ligand be the same as the phosphorus
rhodium-organophosphite complex catalysts of U.S. ligand of the
rhodium-phosphorus complex cata-  40  Patents 4,599,206; 4,737,588;
4,717,775; 4,774,361; lyst, such is not necessary and different ligands
4,668,651  and 4,748,261. The most preferred could be employed in a given
process, if desired.  ligand is triphenylphosphine (TPP), while the pre-
Accordingly, as in the case of the rhodium-or-    ferred catalyst is a
rhodium-TPP complex. ganophosphorus complex catalyst, any convention-
As further noted above, the hydroformylation al organophosphorus ligand
could be employed as  45  reaction is carried out in the presence of higher
the free ligand and such ligands, as well as meth-  boiling aldehyde
condensation by-products. It is ods for their preparation, are well known
in the art.  the nature of such continuous hydroformylation re- Such free
phosphorus ligands may include any of   actions to produce such higher
boiling aldehyde the organophosphine or organophosphite ligands
by-products (e.g., dimers, trimers and tetramers) in heretofore advanced
for such hydroformylation pro-  so  situ during the hydroformylation
process as ex- cesses. Of course, mixtures of such ligands can   plained
more fully, e.g. in U.S. Patent 4,148,830; also be employed, if desired.
Thus, the hydrofor-  4,247,486; and 4,593,127 and EP-A-404 193. mylation
process may be carried, out in any ex-   Such aldehyde by-products provide
an excellent cess amount of free phosphorus ligand, e.g., at   carrier for
the liquid catalyst recycle process. In- least one mole of free phosphorus
ligand per mole  55  deed, while one may employ, if desired, any suit- of
rhodium metal present in the reaction medium.  able solvent at the start-up
of a continuous process The amount of free phosphorus ligand employed,
(aldehyde compounds corresponding to the desired in general, merely depends
upon the aldehyde      aldehyde products being preferred), the primary 4
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solvent will normally eventually comprise both al-  als of this invention
consist essentially of al- dehyde products and higher boiling aldehyde con-
dehydes and organic heavies and possibly some of densation by-products due
to the nature of such   the free organic phosphorus ligand employed in
continuous processes. Of course, aldehyde con-    the hydroformylation
process; preferably obtained densation by-products can also be preformed If
5   after separating the initial aldehyde product from its desired and used
accordingly. It is also obvious  lights (e.g. compounds having boiling
points below that the amount of such higher boiling aldehyde   that of the
aldehyde product compounds) in the by-products present in the reaction
medium may    case of a continuous gas recycle hydroformylation vary over
wide limits and is generally governed   process or after separating the
initial aldehyde only by equipment constraints and the particular  10
product from its lights and catalyst containing solu- aldehyde product to
be produced. For example,     tion as in the case of a continuous liquid
recycle initially the hydroformylation reaction can be effec-
hydroformylation process. ted in the absence or in the presence of small
As noted above the aldehydes in the crude amounts of higher boiling
aldehyde condensation   aldehyde product mixture employable herein are
by-products as a solvent for the rhodium complex   15  dependent upon the
olefin starting material of the catalyst, or the reaction can be conducted
in the  hydroformylation process from whence said prod- presence of upwards
of 70 weight percent, or even  uct mixtures are derived and such aldehydes
may as much as 90 weight percent, and more of such    contain 4 or 5 carbon
atoms, such as the [err] and condensation by-products, based on the total
liquid  [err]  aldehydes  derived  from  propylene  and reaction medium. In
general, ratios of aldehyde to  20  butylene, respectively. Moreover it is
understood higher boiling aldehyde condensation by-products  that such
aldehydes are produced as mixtures of within the range of from 1:4 to 20:1
by weight    both normal (straight chain) and iso (branched should be
sufficient for most purposes. Likewise it  chain) aldehydes. Thus
illustrative aldehyde pro- is to be understood that minor amounts of other
ducts include the [err] aldehyde mixtures of n- conventional organic
cosolvents may be present if  25  butyraldehyde (n-butanal) and
iso-butyraldehyde desired.
(iso-butanal), and the Cs aldehyde mixtures of n- While the
hydroformylation reaction conditions  valeraldehyde (n-pentanal) and isomer
branched- may very over wide limits, as discussed above, in  chain
pentanals, i.e. 2-methyl butyraldehyde, 3- general it is more preferred
that the process be  methyl butyraldehyde and/or pivaldehyde. Said al-
operated at a total gas pressure of hydrogen, car-  30  dehyde mixtures may
contain normal to branched bon monoxide and olefinic unsaturated starting
chain isomer aldehyde molar ratios of from about compound of less than
about 10.34 MPa (1500       1:1, to as high as about 50:1, or higher, the
upper psia). preferably less than about 3.10 MPa (450   limit of richness
In normal aldehyde being gov- psia) and more preferably less than about
2.41    erned only by the hydroformylation process that MPa (350 psia). The
minimum total pressure of the   35  furnishes the crude aldehyde product
mixture start- reactants is not particularly critical and is limited  ing
material. mainly only by the amount of reactants necessary      Likewise
the organic heavies contained in the to obtain a desired rate of reaction.
More specifi-  crude aldehyde product mixtures employable here- cally, the
carbon monoxide partial pressure of the  in include any organic solvent and
organic by- hydroformylation process of this invention is prefer-  40
product having boiling points above that of the ably from 6.9 to 827.4 KPa
(1 to 120 psia) and,   straight chain aldehyde product compounds of the
more preferably, from 20.7 to 620.6 KPa (3 to 90  hydroformylation process
from whence said prod- psia) while the hydrogen partial pressure is prefer-
uct mixtures are derived, such as the liquid al- ably from 68.9 to 1103.2
KPa (10 to 160 psia) and  dehyde condensation by-products (dimers, trimers,
more preferably from 103.4 to 689.5 KPa (15 to  45  tetramers, etc.),
discussed above, e.g. in U.S.P. 100 psia). In general [err]:CO molar ratio
of gaseous  4,148,830, and other common higher boiler by- hydrogen to
carbon monoxide may range from 1:10   product, e.g. corresponding alkanol.
Of course it is to 100:1 or higher, the more preferred hydrogen to
understood that such crude aldehyde product mix- carbon monoxide molar
ratio being from 1:1 to     tures can also contain some minor amounts of
50:1.                                         50  residual lights (e.g.
unreacted olefin and by-product Further, as noted above, the
hydroformylation  alkane) and organophosphorus contaminant e.g. process may
be conducted at a reaction tempera-   free organophosphorus ligand and/or
its corre- ture from  50 to [err]. However, in general,    sponding oxide,
and alkyl substituted phosphorus hydroformylations at reaction temperatures
of 60 to  compounds, that may be present as a result of [err] and  more
preferably 75 to [err]  are pre-  55  their in situ formation or deliberate
use in the ferred.
hydroformylation process. Thus as noted herein the crude aldehyde liquid
For instance the crude liquid aldehyde product product mixtures employable
as the starting materi-  mixture starting materials employable herein can 5
9                 EP 0 484 977 B1                   10 



be derived from a gas recycle hydroformylation    may be used. In addition
the number of trays or process such as described in the above cited pat-
separation stages used is not critical and need only ents and preferably
illustrated by U.S.P. 4,247,486,  be sufficient to effect the desired
separations. Thus and the reference article in INDICATIONS, Winter,  the
liquid crude aldehyde product mixture starting 1982/83. The International
Journal of Davy Mckee,   5   material (line 2) is introduced to the
distillation pp 1 and 20 to 28, published by the public affairs  column in
the normal fashion for separating close- department of the Davy
Corporation, London, Eng-  boiling isomers, such as n-butyraldehyde and
iso- land. Likewise the crude liquid aldehyde product  butyraldehyde, e.g.
at a point some distance from mixture employable herein can be derived from
a   both the top and the bottom of the column, prefer- liquid catalyst
recycle process as described in the   10  ably somewhere around the middle
of the column. above cited patents and preferably illustrated e.g.  Again
the exact point where the aldehyde product by the primary reactor system of
Figure 1 of U.S.P.  mixture starting material is introduced is not critical
4,593,127, Canadian Patent No. 1,202,326 and EP-  to the invention and can
be preferably determined A-404 193 as well as EP-A-484 976.
by standard engineering practice. Preferably the crude aldehyde liquid
product mix-  15  The liquid crude aldehyde product mixture tures
employable herein are derived from liquid   starting material is then
distilled to concurrently catalyst recycle hydroformylation processes.
More-  remove both purified liquid branched-chain iso-al- over, as seen by
said prior art, and as the case  dehyde and purified straight chain normal
al- with gas recycle processes, It is preferred to re-  dehyde, as well as
lights therefrom. For instance move at least the majority of lights from
the al-  20  vaporized lights (i.e. materials having a boiling dehyde
product mixture of a liquid catalyst recycle  point below the branched
chain aldehyde, e.g. un- process, prior to separating the branched chain
reacted olefin, alkane, etc.) are taken overhead (line aldehyde isomer from
the higher boiling straight  4) where they may be cooled (cooler 15) and
chain aldehyde. However regardless of what type   partially or completely
condensed (catchpot 17) as of purification steps may or may not have been
25  desired. The non-condensables are purged (line 6) undertaken  to
separate  lights  and/or  or-     and the condensables e.g. water,
recovered or ganophosphorus contaminates from the crude al-    purged (line
3). In addition, if desired, some of the dehyde product mixture obtained
from a liquid    condensed overhead can be returned to the col- catalyst
recycle process, it is preferred to pass the  umn (via line 7) to serve as
reflux. crude aldehyde product mixture through a stabilizer  30  The
purified branched  chain  iso-aldehyde such as shown by column 7 of the
drawing on       (which is lighter, i.e. has a lower boiling point, than
page 23 of the above INDICATIONS article before   the straight chain normal
aldehyde), may be re- employing the crude aldehyde product mixture as
moved at or near the top of the distillation column. the liquid starting
material of the process of this  Preferably said branched chain
iso-aldehyde is re- invention.                                    35  moved
as a liquid side stream (line 8), somewhere Thus, the crude aldehyde liquid
product mix-   above the liquid crude aldehyde product mixture ture
employable herein may consist essentially of  starting material feed point.
The exact point is not from 95 to 99.95 weight percent, preferably 97 to
critical and the preferred point can be determined 99.95 weight percent
aldehyde, based on the total  by standard engineering practice. weight of
said liquid product mixture; the remainder  40  Concurrently purified
vaporized straight chain, of said liquid product mixture consisting
essentially  normal aldehyde is removed as a vapor sidestream of organic
heavies.                               (line 12) somewhere below the liquid
crude al- Accordingly referring to the accompanying      dehyde product
mixture starting material feed drawing which schematically shows the
present     point. Again the exact point for such removal is not Invention,
the refining process of this invention may   45  critical, and the
preferred point can be determined be carried out in any suitable
distillation column  by standard engineering practice. Further if desired
having two side vents to draw off liquid and vapor-  a vapor entrainment
separator (not shown) can be ized streams of aldehyde product. Thus said
dis-  used to return any liquids from the vaporized tillation column
includes any distillation or packed  straight chain aldehyde stream to the
column, how- column or other suitable vaporizer apparatus (10) in  50  ever
such an entrainment separator is not a neces- which the subject
distillation may take place. For  sary or essential part of the embodiment
of the example, see "Chemical Engineering Handbook,"     process of this
invention. Perry and Chilton, 5th Edition, Page 13-3 Fig. 13-1,  The
remaining purified liquid aldehyde is re- page 13-19 Fig. 13-18, and page
13-50; also "Unit  covered (line 14) from at or near the bottom of the
Operations in Chemical Engineering," McCabe and  55  column. Further if
desired part of the straight chain Smith, 3rd Edition, page 548. The actual
type of  aldehyde leaving the bottom of the column can be packing or trays
in the column is not a critical part  heated in a reboiler (20) and
returned to the col- of this invention and any type of tray or packing
umn. The liquid bottom aldehyde product consists 6    11                 EP
0 484 977 B1                    12 



essentially of straight chain aldehyde and the      volatilized straight
chain aldehyde obtained via said amount of organic heavies present in said
recov-    side stream is no more than about 70 percent of ered purified
liquid aldehyde is less than about 1  the amount of straight chain aldehyde
present in percent by weight of the total amount of aldehyde  the liquid
crude aldehyde product mixture starting fed to the distillation column plus
at least about 67   5   material and wherein  said purified volatilized
percent by weight of the amount of organic heavies  straight chain aldehyde
contains less than about 33 present in the liquid crude aldehyde product
mix-   percent by weight of the amount of organic heavies ture starting
material.                             present in said liquid crude aldehyde
product mix- The distillation of the liquid crude aldehyde   ture starting
material. Accordingly, the base con- product mixture starting material in
the refining   10  ditions are preferably correlated so that at least
process of this invention may take place under      about 5 to no more than
70 percent by weight of such conditions as a base temperature in the dis-
the straight chain aldehyde present in the liquid tillation column in the
range of from 1 to [err] .  crude aldehyde product mixture starting
material is preferably from  10 to 35 C. above the normal       removed and
obtained via said vaporized straight boiling point (i.e.. at 101.4 KPa
(14.7 psia)) of the   15  chain aldehyde side stream. Likewise, said con-
straight chain aldehyde in the liquid crude al-     ditions are also so
preferably correlated that said dehyde product mixture starting material,
and at a  purified volatilized straight chain aldehyde so ob- top pressure
in the distillation column in the range  tain may contain from 0 to about
33 percent by of from 108.2 to 308.2 KPa (1 to 30 psig), prefer-  weight of
the amount of organic heavies present in ably from 108.2 to 204.7 KPa (1 to
15 psig). The   20  the liquid crude aldehyde product mixture starting
conditions (e.g. temperature, pressure, reflux rate,  material. More
preferably said purified straight etc.) at the top part of the distillation
zone wherein  chain aldehyde so obtained contains less than vaporized
lights and branched chain aldehyde are    about 10 percent by weight of the
amount of or- removed are not narrowly critical and are primarily  ganic
heavies present in the liquid crude aldehyde merely dependent only upon
obvious practical pro-  25  product mixture starting material. cessing
conditions required to achieve the desired     The remaining purified
liquid aldehyde product result of removing such lights and obtaining said
may easily be removed and recovered as a liquid liquid aldehyde side stream
consisting essentially  stream from the bottom of the distillation column
of at least 99 percent by weight of branched chain  and consists
essentially of straight chain aldehyde aldehyde and less than about 1
percent by weight  30  amounting to from 30 to 95 percent by weight of of
the amount of organic heavies present in the    the amount of straight
chain aldehyde present in liquid crude aldehyde product mixture starting
ma-  the liquid crude aldehyde product mixture starting terial. Moreover,
preferably the amount of liquid   material and the amount of organic
heavies present branched chain aldehyde so obtained is essentially  in said
recovered purified liquid aldehyde is less equal to that amount of branched
chain aldehyde   35  than about 1 percent by weight of the total amount
present in the liquid crude aldehyde product mix-   of aldehyde feed to the
distillation column plus at ture starting material. Of course, it is to be
under-  least about 67 percent by weight, preferably at stood that the heat
required for distillation of the  least about 90 percent by weight, of the
amount of aldehyde compounds may be supplied by any           organic
heavies present in the liquid crude al- conventional heat exchanger.
Further, it is to be   40  dehyde product mixture starting material.
understood that while the most optimum conditions      The refining process
of this invention is indeed of the subject invention necessary to achieve
the   unique in that it provides for not only a very high best results and
efficiency desired are dependent   energy cost savings due to the
elimination of such upon one's experience in the utilization of the sub-
above-described heretofore conventional dual dis- ject invention, only a
certain measure of experi-  45  tillation procedures, but also eliminates
or at least mentation should be necessary to ascertain those    greatly
minimizes the above-discussed loss in al- conditions which are optimum for
a given situation  dehyde due to its in situ conversion to organic and such
should be well within the knowledge of     heavies that is attendant with
such prior distillation one skilled in the art and easily obtainable by
procedures, while also providing for the recovery of following the more
preferred aspects of this inven-  so  three different purified aldehyde
product streams tion as explained herein and/or by simple routine  from a
single distillation column. experimentation. For instance, in general
higher       Of course, it is elementary that the hydrofor- distillation
pressures will require higher tempera-  mylated aldehyde products have many
well-known tures and lower pressures will require lower tem-  and
conventional utilities. Most preferably such peratures.
55  aldehyde products are further conventionally em- In general, it is
preferred to correlate the base  ployed to produce alcohols and other
useful sol- temperature and pressure conditions in the process  vents. of
this invention so that the amount of purified 7    13                EP 0
484 977 B1                   14 



The following examples are illustrative of the  mal and iso-butyraldehyde
containing about 0.01% present invention and are not to be regarded as   by
weight components lighter than isobutyral- limitive. It is to be understood
that all parts, per-  dehyde and about 0.4%  by weight components centages
and proportions referred to herein and in  heavier than normal
butyraldehyde was fed as the appended claims are by weight unless other-
5   stream  2 to the 61st theoretical tray from the wise indicated, the
given amount of rhodium being  bottom of a distillation column having 105
theoreti- calculated as free metal.                         cal trays.
Light impurities along with some branched chain aldehyde were removed from
the Example 1                                         top of the column,
partially condensed by cooler 10  15, and collected in catchpot 17. Some of
the The following computerized (calculated) experi-  resulting liquid was
returned to the column for ment demonstrates the subject invention. In
accor-  reflux as stream 7; about 91 kg (200 lb)/hr were dance with the
drawing, about 8437 kg (18,600     removed from the system as purge streams
3 and lbs)/hr of crude mixed normal and iso- butyral-   6. A liquid
sidestream of about 987 kg (2,175 lb)/hr dehyde containing about 0.2% by
weight compo-  15  was taken from the 103rd theoretical tray from the nents
lighter than isobutyraldehyde and about 0.4%  bottom as isobutyraldehyde
product (stream 8). A by weight components heavier than normal butyral-
vapor sidestream of about 2268 kg (5,000 lb)/hr dehyde is fed as stream 2
to the 61st theoretical  was taken from the 3rd theoretical tray from the
tray from the bottom of a distillation column having  bottom as high purity
normal butyraldehyde prod- 105 theoretical trays. Light impurities along
with  20  uct (stream 12). This vapor stream passed through some branched
aldehyde are removed from the top   a small entrainment separator (not
shown) to re- of the column, partially condensed by cooler 15,  move any
entrained liquid from the vapor stream. A and collected in catchpot 17.
Some of the resulting  liquid stream of about 5727 kg (12,625 lbs)/hr was
liquid stream is returned to the column for reflux as  taken off the bottom
of the column as a second stream 7; about 91 kg (200 lb)/hr are removed
from   25  purified normal butyraldehyde product (stream 14). the system as
purge streams 3 and 6. A liquid      The base distillation temperature of
the column sidestream of about 953 kg (2,100 lb)/hr is taken  was about 105
C, and the pressure at the top of from the 103rd theoretical tray from the
bottom as  the distillation column was about 159.9 KPa (8.5
isobutyraldehyde product (stream  8). A vapor     psig). The
isobutyraldehyde content of the upper sidestream of about 3266 kg (7,200
lb)/hr is taken   30  sidestream (8) was about 99.6% by weight; the from
the 3rd theoretical tray from the bottom as  heavies content of the normal
butyraldehyde bot- high purity normal butyraldehyde product (stream  toms
stream (14) was about 0.7% by weight; the 12). This vapor stream passes
through a small     ratio of the heavies concentration in the feed to the
entrainment separator (not shown) to remove any   heavies  concentration
in  the  lower  vapor entrained liquid from the vapor stream. A liquid  35
sidestream (12) was about 36:1. The heavies con- stream of about 4128 kg
(9,100 lbs)/hr is taken off  tent of stream 14 was essentially equal to
about the bottom of the column as a second purified     100% by weight of
the heavies content of stream 2 normal butyraldehyde product (stream  14).
The    plus about 0.04% by weight of the mixed aldehyde base distillation
temperature of the column is about  content of stream 2. [err] , and the
pressure at the top of the distillation   40 column is about 170.3 KPa (10
psig). The          Example 3 isobutyraldehyde content of the upper
sidestream (8) is about 99.9% by weight; the heavies content    The
following computerized (calculated) experi- of the normal butyraldehyde
bottoms stream (14) is  ment demonstrates the subject invention. In accor-
about 0.93% by weight; the ratio of the heavies  45   dance with the
drawing, about 8596 kg (18,950 concentration In the feed to the heavies
concentra-  lbs)/hr of crude mixed normal and iso- butyral- tion in the
lower vapor sidestream (12) is about  dehyde containing about 0.2% by
weight compo- 300:1. The heavies content of stream 14 is essen-  nents
lighter than isobutyraldehyde and about 2.6% tially equal to about 100% by
weight of the heavies  by weight components heavier than normal butyral-
content of stream 2 plus about 0.1% by weight of  50  dehyde is fed as
stream 2 to the 61st theoretical the mixed aldehyde content of stream 2.
tray from the bottom of a distillation column having 105 theoretical trays.
Light impurities along with Example 2
some branched aldehyde are removed from the top of the column, partially
condensed by cooler 15, The following actual operating data from a   55
and collected in catchpot 17. Some of the resulting commercial system  is
given to demonstrate the    liquid stream is returned to the column for
reflux as subject invention. In accordance with the drawing,  stream 7;
about 109 kg (240 lb)/hr are removed about 9072 kg (20,000 lbs)/hr of crude
mixed nor-  from the system as purge streams 3 and 6. A liquid 8    15
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sidestream of about 930 kg (2,050 lb)/hr is taken  is about [err], and the
pressure at the top of the from the 103rd theoretical tray from the bottom
as  distillation column is about 170.3 KPa (10 psig). isobutyraldehyde
product (stream  8). A vapor      The branched aldehyde content of the
upper sidestream of about 3266 kg (7,200 lb)/hr is taken  sidestream (8) is
about 99.8% by weight; the heav- from the 3rd theoretical tray from the
bottom as   5   ies content of the normal pentanal bottoms stream high
purity normal butyraldehyde product (stream   (14) is about 0.7%  by
weight; the ratio of the 12). This vapor stream  passes through a small
heavies concentration in the feed to the heavies entrainment separator (not
shown) to remove any    concentration in the lower vapor sidestream (12) Is
entrained liquid from the vapor stream. A liquid   about 4:1. The heavies
content of stream  14 is stream of about 4291 kg (9,460 lbs)/hr is taken
off  10  essentially equal to about 100% by weight of the the bottom of the
column as a second purified       heavies content of stream 2 plus about
0.05% by normal butyraldehyde product (stream  14). The      weight of the
mixed aldehyde content of stream 2. base distillation temperature of the
column is about [err] , and the pressure at the top of the distilla-
Claims tion column is about 170.3 KPa (10 psig). The  15 isobutyraldehyde
content of the upper sidestream    1. A process for refining a liquid crude
aldehyde (8) is about 99.8% by weight; the heavies content      product
mixture consisting essentially of from of the normal butyraldehyde bottoms
stream (14) is     95 to 99.95 percent by weight of straight chain about
6.1%  by weight; the ratio of the heavies        and branched chain
aldehydes selected from concentration in the feed to the heavies concentra-
20  [err] aldehydes and [err] aldehydes, based on the tion in the lower
vapor sidestream (12) is about       total weight of said product mixture,
the re- 161.1. The heavies content of stream 14 is essen-      mainder
consisting essentially of organic heav- tially equal to about 100% by
weight of the heavies    ies, said process comprising adding said liquid
content of stream 2 plus about 0.45% by weight of      crude aldehyde
product mixture starting ma- the mixed aldehyde content of stream 2.
25      terial to a distillation column and distilling said liquid crude
aldehyde product in said distilla- Example 4
tion column, at a base temperature of from 1 to [err] above the normal
boiling point of the The following computerized (calculated) experi-
straight chain aldehyde present in said liquid ment demonstrates the
subject invention. In accor-  30  aldehyde product mixture starting
material, so dance with the drawing, about 10070 kg (22,200         as to
concurrently obtain (i) a liquid aldehyde lbs)/hr of crude mixed normal and
branched chain       Product stream taken from at or near the top of
pentanals containing about 0.1% by weight compo-       the distillation
column and consisting essen- nents lighter than the branched pentanals and
tially of purified branched chain aldehyde and about 0.3%  by weight
components heavier than   35     (ii) a volatilized aldehyde product stream
con- normal pentanal is fed as stream 2 to the 61st         sisting
essentially of purified straight chain al- theoretical tray from the bottom
of a distillation     dehyde in an amount of no more than about 70 column
having 105 theoretical trays. Light impuri-     percent by weight of the
amount of straight ties along with some branched aldehyde are re
chain aldehyde present in said liquid crude moved from the top of the
column, partially con-  40   aldehyde product mixture starting material,
and densed by cooler 15, and collected in catchpot 17.     less than 33
percent by weight of the amount Some of the resulting liquid stream is
returned to     of organic heavies present in said liquid crude the column
for reflux as stream 7; about 91 kg (200    aldehyde product mixture
starting material, and lb)/hr are removed from  the system  as purge
(iii) wherein the remaining purified liquid al- streams 3 and 6. A liquid
sidestream (stream 8) of  45  dehyde consisting essentially of
straight/chain about  3039 kg (6,700 lb)/hr is taken from the 103rd
aldehyde is recovered from at or near the theoretical tray from the bottom
as branched al-       bottom of the distillation column, and wherein dehyde
product (essentially  2-methyl butyral-        the amount of organic
heavies present in said dehyde). A vapor sidestream  of about 1950 kg
recovered purified liquid aldehyde is less than (4300 lb)/hr is taken from
the 3rd theoretical tray   50  about 1 percent by weight of the total
amount from the bottom as high purity normal pentanal         of aldehyde
feed to the distillation column plus product (stream  12). This vapor
stream  passes        at least about 67 percent by weight of the through a
small entrainment separator (not shown)      amount of organic heavies
present in the liquid to remove any entrained liquid from the vapor
crude aldehyde product mixture starting ma- stream. A liquid stream of
about 4990 kg (11,000   55  terial. lbs)/hr is taken off the bottom of the
column as a second purified normal pentanal product (stream     2. A
process as defined in claim 1, wherein the 14). The base distillation
temperature of the column   aldehydes of said crude aldehyde product mix- 9
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sidestream of about 930 kg (2,050 lb)/hr is taken  is about 129 C, and the
pressure at the top of the from the 103rd theoretical tray from the bottom
as  distillation column is about 170.3 KPa (10 psig). Isobutyraldehyde
product (stream  8). A vapor      The branched aldehyde content of the
upper sidestream of about 3266 kg (7,200 lb)/hr is taken  sidestream (8) is
about 99.8% by weight; the heav- from the 3rd theoretical tray from the
bottom as   5   ies content of the normal pentanal bottoms stream high
purity normal butyraldehyde product (stream   (14) is about 0.7% by weight;
the ratio of the 12). This vapor stream  passes through a small     heavies
concentration in the feed to the heavies entrainment separator (not shown)
to remove any    concentration in the lower vapor sidestream (12) is
entrained liquid from the vapor stream. A liquid   about 4:1. The heavies
content of stream 14 Is stream of about 4291 kg (9,460 lbs)/hr is taken off
10  essentially equal to about 100% by weight of the the bottom of the
column as a second purified      heavies content of stream 2 plus about
0.05% by normal butyraldehyde product (stream  14). The     weight of the
mixed aldehyde content of stream 2. base distillation temperature of the
column is about [err], and the pressure at the top of the distilla-  Claims
tion column is about 170.3 KPa (10 psig). The  15 isobutyraldehyde content
of the upper sidestream   1. A process for refining a liquid crude aldehyde
(8) is about 99.8% by weight; the heavies content     product mixture
consisting essentially of from of the normal butyraldehyde bottoms stream
(14) is    95 to 99.95 percent by weight of straight chain about 6.1%  by
weight; the ratio of the heavies       and branched chain aldehydes
selected from concentration in the feed to the heavies concentra-  20
[err] aldehydes and [err] aldehydes, based on the tion in the lower vapor
sidestream (12) is about      total weight of said product mixture, the re-
161:1. The heavies content of stream 14 is essen-     mainder consisting
essentially of organic heav- tially equal to about 100% by weight of the
heavies   ies, said process comprising adding said liquid content of stream
2 plus about 0.45% by weight of     crude aldehyde product mixture starting
ma- the mixed aldehyde content of stream 2.       25      terial to a
distillation column and distilling said liquid crude aldehyde product in
said distilla- Example 4                                             tion
column, at a base temperature of from 1 to [err] above the normal boiling
point of the The following computerized (calculated) experi-    straight
chain aldehyde present in said liquid ment demonstrates the subject
invention. In accor-  30  aldehyde product mixture starting material, so
dance with the drawing, about 10070 kg (22,200        as to concurrently
obtain (i) a liquid aldehyde lbs)/hr of crude mixed normal and branched
chain      Product stream taken from at or near the top of pentanals
containing about 0.1% by weight compo-      the distillation column and
consisting essen- nents lighter than the branched pentanals and
tially of purified branched chain aldehyde and about 0.3%  by weight
components heavier than   35    (ii) a volatilized aldehyde product stream
con- normal pentanal is fed as stream 2 to the 61st        sisting
essentially of purified straight chain al- theoretical tray from the bottom
of a distillation    dehyde in an amount of no more than about 70 column
having 105 theoretical trays. Light impuri-    percent by weight of the
amount of straight ties along with some branched aldehyde are re-
chain aldehyde present in said liquid crude moved from the top of the
column, partially con-  40  aldehyde product mixture starting material, and
densed by cooler 15, and collected in catchpot 17.    less than 33 percent
by weight of the amount Some of the resulting liquid stream is returned to
of organic heavies present in said liquid crude the column for reflux as
stream 7; about 91 kg (200   aldehyde product mixture starting material,
and lb)/hr are removed from  the system  as purge         (iii) wherein the
remaining purified liquid al- streams 3 and 6. A liquid sidestream (stream
8) of  45  dehyde consisting essentially of straight/chain about 3039 kg
(6,700 lb)/hr is taken from the 103rd   aldehyde is recovered from  at or
near the theoretical tray from the bottom as branched al-      bottom of
the distillation column, and wherein dehyde  product (essentially  2-methyl
butyral-       the amount of organic heavies present in said dehyde). A
vapor sidestream  of about 1950 kg         recovered purified liquid
aldehyde is less than (4,300 lb)/hr is taken from the 3rd theoretical tray
so  about 1 percent by weight of the total amount from the bottom as high
purity normal pentanal        of aldehyde feed to the distillation column
plus product (stream  12). This vapor stream  passes       at least about
67 percent by weight of the through a small entrainment separator (not
shown)     amount of organic heavies present in the liquid to remove any
entrained liquid from the vapor         crude aldehyde product mixture
starting ma- stream. A liquid stream of about 4990 kg (11,000   55  terial.
lbs)/hr is taken off the bottom of the column as a second purified normal
pentanal product (stream    2. A process as defined in claim 1, wherein the
14). The base distillation temperature of the column  aldehydes of said
crude aldehyde product mix- 9    17                EP 0 484 977 B1 



ture starting material are n-butanal and iso-     verblelbende gerelnlgte.
flUssige Aldehyd, der butanal.                                          irm
wesentlichen aus geradkdfttgem Aldehyd besteht, am odor nahe dem Boden
der:Destil- 3.A process as defined in claim 1, wherein the
lationsslule gewonnen wird und: Wormh die aldehydes of said crude aldehyde
product mix-   5  Menge an in dam  gewonnenen gereinigten ture starting
material are n-pentanal and        fl~ssigen Aldehyd vorhandenen. schweren
or- branched chain pentanals.                         ganischen Substanzen
wenilger als etwa. 1 de- wichtsprozent der Gesamtmenge an Aldehyd- 4. A
process as defined in any of claims 1-3,         Beschickung zur
Destlllationssilule plus minde- wherein the distillation is carried out at
a base  io  stens etwa 67 Gewlchtsprozent der Menge an temperature of from
10 to [err] above the         In  dem  flu ssigen  Rohaidehyd-Produktmi-
normal boiling point of said straight chain al-   schungs-Ausgangsmaterial
vorhandenen dehyde.                                           schweren
organischen Substanzen aulsmacht. 5. A process as defined in any of claims
1 - 4,  15  2. Verfahren nach Anspruch 1,.in dem die Aideh- wherein the
distillation is carried out fit a top  yde des
Rohaldehyd-Produktmischungs-Aus- pressure of from about 108.2 to 308.2 KPa
(1    gangsmaterials n-Butanal und iso-Butanal sind. to 30 psig).
3.Verfahren nach Anspruch 1,in dem die Aldeh- 6. A process as defined in
claim 5, wherein the   20  yde des Rohaldehyd-ProdUktmlschungs-Aus-
distillation is carried out at a top pressure of  gangsmnaterials
n-Pentanal. und verzWeigtketti- from about 108.2 to 204.7 KPa (1 to 15
psig).     go Pentanale sind. Patentansprilche
.4. Verfahren nach Irgendeinem. der AnsprUche.1 - 25      3, in dem die
Destillation be! einer Basistem- 1. Verfahren zur Raffination einer
fl~ssigen Rohal-   peratur von 1 0 bis 35 * C oberhalb des: norma-
dehyd-Produktmischung, die im wesentlichen         len Siedepunkts des
geradkettigen Aldehyds aus 95 bls 99,95 Gewlchtsprozent, bezogen
durchgef~hrt wird. auf das Gesamtgewicht der Produktmischung, geradkettigon
und verzweigtkettigen Aldeh-  so  5. Verfahren nach irgendeinerm der:
AnsprUche 1 - yden, ausgewghlt aus C4-Aldehyden und CO5-        4, in dom
die Destillatlon bei einem Kopf-Druck Aidehyden, besteht, wobei der Rest im
wesent-     von etwa 108,2 bis 308,2 -KPa (1 bis 30 psig). lichen aus
schweren organischen Substanzen        durchgef~hrt wird. *bestehiti
umnfassend die Zugabe des flassigen
Rohaldehyd-Produktmischungs-Ausgangsmat-   35  6. Verfahren nach Anspruch
5, in dem: die Destil- erials zu einer Destillationssdule und die Do-
lation bei einemn Kopf-Druck von etwa 108,2 bis stillation des flUssigen
Rlohaidehyd-Produktes    204,7 IKPa (1 bis 15 psig) durchgel'Uhrt wird. in
der Destillationssiule bei einer Basistempe- K.j ratur von 1 bis 35 C
oberhaib des normalen   IRevendications Sledepunkts des in dem fl~ssigen
Aldehyd-  40 Produktmischungs-Ausgangsmaterial-             1. Proc~dd pour
raffiner un m6lange brut liquide anwesendean  geradkettigen  Aldehyds, um
de produits consistant en alddhydes, form6 gleichzeitig zu erhalten (i)
omnen flUssigen Al-  essentiellement do 95 & .99,95 pour cent en
dehyd-Produktstrom, der am oder nahe dem           poids d'ald~hydes A
cha~ne droite et d'aldfhy- Kopf der Destillationssdule abgenommen wird  45
des & chaihe ramifi~e chomisis entre des ald6- und im  wesentlichen aus
gereinigtem  ver-         hydes en C4 et des ald~hydes en Crs, sur la
zweigtkettigem Aldehyd besteht, und (ii) einen     base du poids total
dUdit m6lange do produits, in den Dampfzustand UberfUhrten Aldehyd-Pro-
le reste consistant essentiellement en compo- duktstrom, der im
wesentlichen aus gereinig-      s~s lourds organiques, ledit proc~dd
compre- tem geradkettigem Aldehyd in einer Menge   50     nant
l'introduction dudit m6langei brut liquide von nicht mehr ais etwa 70
Gewichtsprozent        de produits consistent en ald~hydes servant de der
Menge an geradkettigem Aldehyd, die in         matibre do d~part dans une.
colonne do distilla- dom fiUssigen Rohaldehyd-Produktmischungs-        tion
et la distillation dudit produit birut liquide Ausgangsmaterial vorhanden
ist, und weniger       constitu6 d'ald~hydes dans ladite colonne -do ais 33
Gewichtsprozent der Menge an in dem   5s   distillation, A une temperature
basale. sup~rieu- flU ssigon Rohaldehyd-Produktmischungs-Aus-       re de 1
& 35 * C au point dtdbullition normal do gangsmaterial vorhandenen schweren
organi-        I'alddhyde & chaihe droite6 pr~sent dens ledit schen
Substanzen besteht, und (iii) in dem der    m~lange liquide de produits
consistent en al- 10    19                 EP 0 484 977 B1
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(i) un courant de 



prodults liquides -consistant en aldehydes pr6- leves au, ou h proxlmite
du, sommet de la colonne de distillation et consistent essentielle-   6
ment en un aldehyde purifie a chaIne ramifiee et (ii) un courant de
produits volatilises consis- tent en aldehydes, forme essentlellement d'un
aldehyde purifie a chalhe droite en une quanti- t6e -non superieure a
environ 70 pour cent en   io poids de la. quantit6 d'ald6hyde a chaehe
droite - ..... .. :-  presente dans ledit melange brut liquide de produits
consistant en alddhydes servant de matiere de depart, et moins de 33 pour
cent en polds de la quantlte de composes lourds   16 organiques presente
dans ledit melange brut liquide de prodults consistent en aldehydes servant
de: matiere de depart, et (ill) proced: dens lequel l aldehyde liquide
purifI restant :.     Z   consistent essentiellement en aldehyde a chai-
20 no droite est recueilli au fond ou a proximit6 du fond de la colonne de
distillation, et dans loquel Ia quantite de compos6s lourds organi- *
. ques presente dans l ald6hyde liquide purlfi: recueilli est infirieure &
environ 1 pour cent en   26 poids de-la quantitM totale de la charge daeld-
*..       hydes introduite dans la colonne de :distillation plus au moins
environ 67 pour cent en poids de la quantit6 de composes lourds organiques
presente dans le m~lange brut liquide de pro-  30 duits consistant en
aldehydes servant de: me- tibre de depart. -    .    2. Proc6d6 sulvant la
revendication 1, dens lequel les ald6hydes du melange brut de produits  36
consistent en aldehydes servant de matiere de depart consistent en
n-butanal et isobutanal. k. J  3. Procede suivant la revendication 1, dans
loquel les ald6hydes du m6lange brut de produits  40 consistent en
aldehydes servant de *matiere de depart consistent en n-pentanal et
pentanals d chaine ramifi6e. 4. Proc6de suivant l'une quelconque des
revendi-  4s cations 1 A 3, dans lequel la distillation est - effectuee A
une tomperature basale superieure de 10.a 35*C au point d'dbullitlon normal
de I'aldehyde a chalhe droite. 50 5. Procede sulvant lune quelconque des
revendi- cations 1 6 4, dens lequel la distillation est effectuee a une
pression de charge d'environ 108,2 a 308,2 kPa (1 & 30 psig). 55 6. Procede
suivant Ila revendication 5, dens lequel *la: distillation est effectuee a
une pression de charge d'environ 108,2 a 204,7 kPa (1 a 15    


