
1                    0 157 755                    2 Description
hyde hydrogenation system catalysts employed in producing alcohols from the
aldehyde is to be FIELD OF THE INVENTION
prevented or at least minimized. For instance, a This invention relates to
an improved rhodium    primary known use of such aldehydes is to produce
catalyzed liquid recycle hydroformylation process,   5   alcohols via
hydrogenation and phosphorus ligand the improvement which comprises
selectively sepa-  contained in the crude aldehyde product has been rating
and recovering phosphorous ligand from the  found to cause deactivation of
such hydrogenation vaporized aldehyde product stream obtained after
catalysts. volatilizing and separating the aldehyde product    Attempts to
purify the crude aldehyde product by from the catalyst containing reaction
product solu-   10   passing the volatilized aldehyde product through tion
of the hydroformylation process.             sophisticated entrainment
equipment such as pack- ed columns or trays is not considered a
satisfactory BACKGROUND OF THE INVENTION                       answer to
the problem. While such sophisticated Methods for producing aldehydes by
the hydrofor-  methods may be suitable for removing and recover- mylation
of an olefinically unsaturated organic com-   is  ing entrained liquids in
the vaporized aldehyde pro- pound with carbon monoxide and hydrogen in the
duct steam they may also promote the formation of presence of a
rhodium-phosphorus complex catalyst  more higher boiling aldehyde
condensation by- and free phosphorus ligand are well known in the art
products. Likewise purification of the crude as seen e.g. by the basic low
pressure oxo hydro-  aldehyde product by condensation and redistillation
formylation process of U.S.P. 3 527 809 and the   20   only servesto also
further promote aldehyde product rhodium catalyzed liquid recycle
hydroformylation  loss by the formation of more higher boiling aldehyde
proess of U.S.P. 4 148 830.                      condensation by-products,
which disadvantage is For instance, U.S. Patent 3 527 809 discloses a
further compounded by the direct loss of even more basic hydroformylation
process wherein olefinically  aldehyde that remains with the condensation
by- unsaturated organic compounds are hydrofor-  25   products during such
a separation procedure. mylated with carbon monoxide and hydrogen in the
Thus there remains a need in liquid catalyst recycle presence of a
rhodium-phosphorus complex catalyst  hydroformylation for a simple and
effective method and free phosphorus ligand to produce aldehydes in  for
selectively removing and recovering the vaporiz- high yields at low
temperatures and low pressures.  ed phosphorus ligand contained in the
vaporized It is also known that under such hydroformylation   30   aldehyde
product stream obtained during a con- conditions, some of the product
aldehydes condense  tinuous liquid recycle rhodium catalyzed hydrofor- to
form higher boiling aldehyde condensation by-  mylation process. products,
such as dimers, trimers and the tetramers. U.S. Patent 4 148 830 discloses
the use of these  SUMMARY OF THE INVENTION higher boiling liquid aldehyde
condensation by-   35    It has now  been discovered that vaporized
products as a reaction solvent for the catalyst which  phosphorus ligand
can be selectively separated and alsomakes an excellent carrier for a
continuous liquid  recovered from a vaporized aldehyde product stream
recycle process. For example, such continuous liquid  containing said
ligand and obtained during a con- recycle processes, involve removal from
the reactor  tinuous liquid rhodium catalyst recycle hydrofor- of some of
the liquid reaction aldehyde product solu-   40   mulation process by
contacting said aldehyde pro- tion containing aldehyde product, the
solubilized  duct stream with a dispersed liquid so as to selective-
rhodium-phosphorus complex catalyst, free phos-   ly condense the vaporized
phosphorus ligarid from horus ligand and the higher boiling aldehyde
conden-  said aldehyde product stream, which condensed sation by-products,
and separating the aldehyde pro-  phosphorus ligand may then be recovered
and duct therefrom by rapidly volatilizing the aldehyde   45   employed as
desired. product. The volatilized aldehyde product and non-  More
specifically this invention can be described volatilized catalyst
containing liquid reaction solu-  as an improved liquid recycle rhodium
catalyzed tion is then disengaged in a gas-liquid separator.
hydroformylation process for producing aldehydes, wherein the vaporized
aldehyde product vapor       wherein an olefinic compound, carbon monoxide
and stream is passed overhead for recovery and the re-   50   hydrogen are
reacted in the presence of a solubilized maining condensed non-volatilized
catalyst contain-  rhodium-phosphorus complex 'catalyst, free phos- ing
liquid reaction solution removed from the bottom  phorus ligand and higher
boiling aldehyde condensa- and recycled back to the reactor.
tion by-products to produce an aldehyde product and However, a disadvantage
found attendant with li-  wherein said aldehyde is separated and recovered
quid catalyst recycle hydroformylation processes is  ss  from a ligand
reaction aldehyde product solution the loss of phosphorus ligand during the
process due  containing aldehyde product, solubilized rhodium- to
containment of volatilized phosphorus ligand in  phosphorus complex
catalyst, free phosphorus the vaporized aldehyde product stream obtained
ligand and higher boiling aldehyde condensation by- upon the volatilized
separation of the aldehyde pro-  products that has been removed from the
hydrofor- duct from the liquid catalyst containing reaction pro-   60
mylation reactor, by vaporizing the aldehyde product duct solution.. In
commercial scale operations such  contained in said solution to obtain a
vaporized alde- ligand loss can not only represent a stiff economic  hyde
product stream consisting essentially of vapo- penalty due to the physical
loss of the ligand, but  rized aldehyde product, vaporized phosphorus
ligand renders further processing of the crude aldehyde  and vaporized
higher boiling aldehyde condensation product necessary if damage to
downstream aide-   65   by-products which is disengaged in a separator from
2 



3                     0157 755                      4 the remaining
non-volatilized catalyst containing   alkanoates, alkenyl alkyl ethers,
alkenols, and the liquid reaction product solution that is recovered  like
e.g. ethylene, propylene, 1-butene, 1 -pentene, from the bottom of the
separator and recycled back  1 -hexene, I -octene, 1 -decene, 1 -dodecene,
1 -octa- to the reaction system, the improvement comprising  decene,
2-butene, 2-methyl propene (isobutylene), la) selectively separating the
phosphorus ligand and    5   isoamylene, 2-pentene, 2-hexene, 3-hexene,
2-hep- vaporized higher boiling aldehyde condensation by-  tone,
cyclohexene, propylene dimers, propylene products contained in said
vaporized aldehyde pro-  trimers, propylene tetramers, 2-ethyl-1 -hexene,
sty- duct stream by thoroughly contacting said stream    rene,
3-phenyl-1-propene, 1,4-hexadiene, 1,7-octa- with a dispersed liquid having
a lower boiling point  diene, 3-cyclohexyl-1-butene, allyl alcohol, hex-1-
than said higher boiling aldehyde condensation by-   10  en-4-ol,
oct-1-en-4-ol, vinyl acetate, allyl acetate, products so as to condense
vaporized phosphorus     3-butenyl acetate, vinyl propionate, allyl
propionate, ligand and vaporized higher boiling aldehyde conden-  allyl
butyrate, methyl methacrylate, 3-butenyl ace- sation by-products contained
in said volatilized    tate, vinyl ethyl ether, vinyl methyl ether, allyl
ethyl aldehyde product stream, and lb) recovering the con-  ether,
n-propyl-7-octenoate, 3-butenenitrile, 5- densed phosphorus ligand and
condensed higher   15   hexenamide, and the like. Of course, it is
understood boiling aldehyde condensation by-products so ob-    that
mixtures of different olefinic starting materials tained from the
volatilized aldehyde product stream,  can be employed, if desired, by the
hydroformylation said dispersed liquid being employed in the form of
process of the subject invention. Among the more droplets and in an amount
such that the percent of  preferred olefins are alpha olefins containing
from 2 phosphorus ligand so separated and recovered Is at   20  to 8 carbon
atoms and internal olefins containing least about 1.2 times higher than the
percent of    from 4 to 8 carbon atoms as well as starting material higher
boiling aldehyde by-products also so separat-  mixtures of such alpha
olefins and internal olefins. ed and recovered.
The most preferred olefin starting materials are ethylene, propylene,
butene-1, butene-2 (cis and/or DETAILED DESCRIPTION
25  trans), isobutene and various mixture thereof. This invention is
applicable to improving any con-  Likewise any conventional
rhodium-phosphorus ventional continuous liquid recycle rhodium-phos-
complex catalyst can be employed and such phorus complex catalyzed
hydroformylation process   catalysts as well as methods for their
preparation are for producing aldehydes, which process is conduct-  well
known in the art. Such rhodium-phosphorus ed in the presence of free
organic phosphorus ligand.   30   complex catalysts may Include any of the
rhodium- Such oxo processes and the conditions thereof are
organophosphine or rhodium-organophosphite com- well known in the art as
illustrated, e.g. by the con-  plex hydroformylation catalyst heretofore
advanced tinuous liquid recycle process of U.S. Patent       for such
hydroformylation processes. Of course mix- 4 148 830. Such hydroformylation
processes in       tures of such catalysts can also be employed if general
involve producing aldehydes by reacting an   35   desired. Moreover, it is
clear that the amount of com- olefinic compound with hydrogen and carbon
plex catalyst present in the reaction medium of a monoxide gas in a liquid
reaction medium which con-  given process need only be that minimum amount
tains a soluble rhodium  phosphorus complex         necessary to provide
the rhodium metal concentra- catalyst, free organophosphorus ligand and
higher   tion desired to be employed and which will furnish boiling
aldehyde condensation by-products and   40  the basis for atleastthat
catalytic amount of rhodium wherein the hydroformylation reaction
conditions    metal necessary to catalyze the particular hydrofor-
maycompriseatemperature of from 500C to 2000C       mylation process
desired. In general, rhodium metal and a total gas absolute pressure of
hydrogen, car-  concentrations in the range of from 10 ppm to 1000 bon
monoxide and olefinic compound of from (1 to    ppm, calculated as free
metal, should be sufficient 10,000 psia) 0,069 to 690 bars.
45   for most hydroformylation processes. It is generally Of course it is
to be understood thatthe particular  preferred to employ from 10 to 500 ppm
of rhodium manner in which the hydroformylation reaction is    and more
preferably from 25 to 350 ppm of rhodium, carried out and particular
hydroformylation reaction  calculated as free metal. conditions employed
are not critical to the subject in-  As noted above, the hydroformylation
process of vention and may be varied widely and tailored to   5o   this
invention is carried out in the presence of free meet individual needs and
produce the particular    phosphorus ligand, i.e. ligand that is not
complexed aldehyde product desired.                           with the
rhodium  complex catalyst employed. Accordingly the olefinic starting
material reac-  However, while it is generally preferred that the free
tants encompassed by the process of this invention  phosphorus ligand be
the same as the phosphorus can be terminally or internally unsaturated and
be of   55  ligand of the rhodium-phosphorus complex catalyst
straight-chain, branched-chain or cyclic structure.  such Is not necessary
and different ligands can be Such olefins can contain from 2 to 20 carbon
atoms  employed in a given process, if desired. Accordingly and may contain
one or more ethylenic unsaturated   as in the case of the complex catalyst
any conven- groups. Moreover, such olefins may contain groups   tional
organophosphorus ligand can be employed as orsubstituents which do not
essentially adversely in-   60  the free ligand and such ligands as well as
methods terfere with the hydroformylation process such as   for their
preparation are well known in the art. Such carbonyl, carbonyloxy, oxy,
hydroxy, oxycarbonyl,   free phosphorus ligands may include any of the or-
halogen, alkoxy, aryl, haloalkyl, and the like. Illustra-  ganophosphine or
organophosphite ligands hereto- 



tive olefinic unsaturated compounds include alpha   fore advanced for such
hydroformylation processes. olefins, internal olefins, alkyl alkenoates,
alkenyl   65   Of course mixtures of such ligands can also be em- 3    5
0 155 755                      6 ployed if desired. Thus the
hydroformylation process  accordingly. Of course it is also abvious that
the of this invention may be carried out in any excess  amount of such
higher boiling aldehyde by-products amount of free phosphorus ligand, e.g.
at least one  present in the reaction medium may vary over wide mole of
free phosphorus ligand per mole of rhodium  limits and is generally
governed only by equipment metal present in the reaction medium. The amount
of   5   constraints and the particular aldehyde product to be free
phosphorus ligand employed in general merely   produced. For example,
initially the hydroformylation depends upon the aldehyde product desired,
and the  reaction can be effected in the absence or in the olefin and
complex catalyst employed. Accordingly   presence of small amounts of
higher boiling aldehyde amounts of free phosphorus ligand present in the
condensation by-products as a solvent for the rhodi- reaction medium
ranging from 1 to 300 or more per   10   um complex catalyst, or the
reaction can be conduct- mole of rhodium present should be suitable for
most  ed with upwards to 70 weight percent, or even as purposes. For
example in general large amounts of   much as 90 weight percent, and more
of such con- free triarylphosphine ligand, e.g. triphenylphosphi-
densation by-products, based on the total liquid ne, such as more than 50
or more preferably more    medium. In general ratios of aldehyde to higher
boil- than 100 moles of free ligand per mole of rhodium    15  ing aldehyde
condensation by-products within the have preferably been employed to
achieve satisfac-  range of from 1 :4 to 4to 1 by weight should be suffi-
tory catalytic activity and/or catalyst stabilization,  cient for most
purposes. Likewise it is to be under- while other phosphorus ligands, e.g.
alkylaryl-     stood that minor amounts of other conventional or-
phosphines and cycloalkylarylphosphines may help    ganic cosolvents may be
present it desired. provide acceptable catalyst stability and reactivity
20  While the hydroformylation reaction conditions without unduly retarding
the convention rates of cer-  may vary over wide limits as discussed above
in tain olefins to aldehydes when the amount of free   general it is more
preferred that the process be oper- ligand present in the reaction medium
is as little as 1  ated at a total gas absolute pressure of hydrogen, to
100 and more preferably 15 to 60 moles per mole  carbon monoxide and
olefinic unsaturated starting of rhodium present.
25   compound of less than 103.421 bars 11500 psia) More particularly
illustrative rhodium-phosphorus  and more preferably less than 34.473 bars
(500 complex catalysts and illustrative free phosphorus  psia). The minimum
total pressure of the reactants is ligands include, e.g. those disclosed in
U.S. Patent  not particularly critical and is limited predominately 3 527
809; 4 146 830; 4 283 562; 4 400 548,         only by the amount of
reactants necessary to obtain European Patent Applications, Publication
Nos.   30   a desired rate of reaction. More specifically the car- 96 986;
96 987 and 96 988 (all published Decem-     bon monoxide partial absolute
pressure of the ber 28, 1983); PCT patent application, Publication
hydroformylation process of this invention is prefer- No. WO 80/01690
(published August 21, 1980) and     ably from 0.069 to 8.274 bars (1 to 120
psia) and U.S. Application Serial No. 581 352 filed February 17,  more
preferably from 0.207 to 6.205 bars (3 to 90 1984. Among the more preferred
ligands and com-   35   psia), while the hydrogen partial pressure is
prefer- plex catalysts that may be mentioned are, eg. the   ably 1.034to
11.032 bars (1 5to 1 60psia) and more triphenylphosphine ligand and
rhodium-triphenyl-    preferably from 2.068 to 6.895 bars (30 to 100
phosphine complex catalysts of U.S. Patent          psia). In general H2:
CO molar ratio of gaseous 3 527 809 and 4 148 830; the alkylphenylphos-
hydrogentocarbonmonoxidemayrangefrom 1: 10 phine and
cycloalkylphenylphosphine ligands, and   40  to 100: 1 or higher, the more
preferred hydrogen rhodium-alkylphenylphosphine and rhodium-cyclo-     to
carbon monoxide molar ratio being from 1: 1 to alkylphenylphosphine complex
catalysts of. U.S.P.   10: 1. 4 283 562; and the diorganophosphite ligands
and      Further as noted above the hydroformylation pro-
rhodium-diorganophosphite complex catalysts of      cess of this invention
may be conducted at a reaction U.S. Application Serial No. 581 352 filed
February 17,   45  temperature from 50C to [err] However in 1984.
general, hydroformylations at reaction temperatures As further noted above
the hydroformylation reac-  of [err] to 120C and more preferably 900C to
tion is carried out in the presence of higher boiling  11 0C are preferred
for most types of olefinic start- aldehyde condensation by-products. It is
the nature  ing materials. of such continuous hydroformylation reactions
em-   5o  As outlined herein the hydroformylation process of ployable
herein to produce such higher boiling alde-  this invention involves a
continuous liquid catalyst hyde by-products (e.g. dimers, trimers and
tetramers)  recycle system wherein a portion of the liquid reac- in situ
during the hydroformylation process as ex-  tion aldehyde product solution
containing aldehyde plained more fully, eg. in U.S. Patents 4 148 830 and
product, solubilized rhodium-phosphorus complex 4 247 48. Such aldehyde
by-products provide an ex-   65   catalyst, free phosphorus ligand and
higher boiling cellent carrier for the liquid catalysts recycle process.
aldehyde condensation by-products is removed from Indeed, while one may
employ, if desired, any suitable  the reactor and wherein the desired
aldehyde solvent at the start up of a continuous process     product is
separated via vaporization or distillation, (aldehyde compounds
corresponding to the desired   in one or more stages, under normal, reduced
or aldehyde products being preferred), the primary sol-  so   elevated
pressure from the liquid reaction solution, 



vent will normally eventually comprise both aldehyde  condensed and
collected in a product receiver, and products and higher boiling aldehyde
condensation   further purified if desired, and the remaining non-
by-products due to the nature of such continuous    volatilized catalyst
containing liquid reaction product processes. Of course aldehyde
condensation by-      solution is recycled back to the reactor. Such types
products can also be preformed if desired and used   65   of continuous
hydroformylation  systems and 4    7                    0 157 755
8 methods for carrying them out are well known in the art and thus need not
be particularly detailed herein.  invention may be carried out by
thoroughly contact- In general the volatilized aldehyde product is disen-
ing the vaporized aldehyde product stream with a gaged from the liquid in
any suitable gas-liquid sepa-  dispersed liquid having a lower boiling
point then the rator wherein the volatilized aldehyde product   5   higher
boiling aldehyde condensation by-products stream is passed overhead and the
remaining non-    also contained in said stream so as to condense the
volatilized liquid catalysts containing reaction    vaporized phosphorus
ligand contained in said product solution is collected from the bottom of
the  aldehyde product stream into liquid phosphorus separator and recycled
back to the reaction system.  ligand droplets and recovering said condensed
liquid Volatilization of the aldehyde product can be con-   to   phosphorus
ligand from the aldehyde product vapor ducted in any conventional manner.
Preferably an    stream. evaporator or vaporizer is employed which will
effect  As noted above the vaporized aldehyde product a residence time
which is short enough to avoid or  stream seprated from the liquid catalyst
containing minimize the degree of possible decomposition of the  aldehyde
product solution removed from the reactor heat  sensitive
rhodium-phosphorus  complex   15   consists essentially of vaporized
aldehyde product, catalyst present in the reaction product stream. For
vaporized phosphorus ligand and vaporized higher instance such allows the
aldehyde product to be     boiling aldehyde condensation by-products, the
con- volatilized at high temperatures in a matter of     centration of
ligands and by-products, contained in minutes or more preferably seconds
thus minimizing  said vaporized product stream being mainly depen- any harm
to the heat sensitive catalyst. In general   20   dent upon the amount of
ligand and by-product pres- volatilization temperatures may be as high as 1
500C  ent in the liquid product from which said vaporized or more, although
it is generally preferred to employ  product stream  is disengaged. Of
course, it is temperatures below 1 500C when possible. Illustra-
understood that said vaporized aldehyde product tive suitable vaporizers
include a falling film evapora-  stream may also contain minor amounts of
vaporized tor, a thin film evaporator, a wiped film evaporator,  25  lites
as well such as unreacted olefin, alkanes, car- a scraped surface type
evaporator and the like, with  bon monoxide, hydrogen and the like, which
are im- preference given in practice to the use of a falling film  material
to the subject invention. evaporator. While the vaporized aldehyde product
Applicants have discovered that by thoroughly can be disengaged from the
remaining non-volati-    contacting the vaporized aldehyde product stream
lized liquid catalyst containing reaction product so-   so   with a
suitable dispersed liquid, that the vaporized lution in sophisticated and
costly gas-liquid separa-  phosphorus ligand contained therein will not
only be tors in commercial practice it is generally preferred to  condensed
into recoverable liquid droplets, but also employ a simple non-intricate
catchpot separator    that by controlling the amount of dispersed liquid
wherein the aldehyde product vapor stream  is       employed that the
percent of phosphorus ligand so passed overhead for eventual recovery of
the desired   35   separated can be selectively appreciably higher than
aldehyde product. It has been further commonplace   the percent of higher
boiling aldehyde by-products to pass the aldehyde product vapor stream
through   also so condensed and separated from said volati- an entrainment
device having a demisting pad for    lized aldehyde product stream. Thus
the subject im- return to the separator of any liquid that may be en-
provement of this invention is unique in that it allows trained in the
vapor stream so removed. The remain-   40   for selective separation and
recovery of the phos- ing non-volatilized liquid catalyst containing
reaction  phorus ligand contained in the vaporized aldehyde product
solution is then simply recovered from the  product stream while minimizing
the amount of bottom of the separator and recycled back to the    higher
boiling aldehyde by-products that is also so reactor system, after passing
the liquid recycle    separated and recovered by the same procedure.
through a cooler such as a falling film cooler, if  45    -While not
intending to be bound by any precise desired, and/or after any other
purification or     theory, by way of an explanation, the condensation
catalyst  regeneration  procedure, if desired.      of the vaporized
phosphorus ligand contained in the Moreover it is to be understood that, if
desired the  vaporized aldehyde product stream is caused by the
hydroformylation process of this invention can also  vaporized aldehyde
product stream which is at about involve, if desired, any other
conventional process-   50  its dewpoint coming into contact with the
dispersed ing procedures that do not have any unduly adverse  liquid
droplets, thereby volatilizing or at least partial- effect on the point of
novelty of this invention    ly volatilizing the dispersed liquid droplets
almost in- such as, e.g. flash distillation of lites, e.g. un-  stantly so
as to cool the aldehyde product vapor reacted olefin, alkanes, carbon
monoxide, hydrogen,  stream below its dewpoint and thereby cause the and
the like from the liquid reaction product solu-   55   heavier components
of said vapor stream which are tion prior to vaporization of the desired
aldehyde  the phosphorus ligand and higher boiling aldehyde product.
condensation by-products to condense into droplets 



It has now been discovered that such above dis-   of said ligand and said
by-products which can readily cussed continuous liquid catalyst recycle
hydrofor-  be recovered in any appropriate manner. In addition, mylation
processes may be improved by selectively   60  it is also considered that
this subject procedure of separating and recovering phosphorus ligand con-
condensation of volatilized ligand and by-products tained in the vaporized
aldehyde product stream of  may also cause any initially entrained liquid
phos- such processes, that might otherwise be lost due to  phorus ligand
and/or higher boiling aldehyde conden- volatilization along with the
vaporized aldehyde    sation by-products in said aldehyde product vapor
product. Moreover, the improvement procedure of   65   stream to
agglomerate into larger and more easily this
separable drops of liquid. 5    9                     0 157 755
10 Accordingly, the dispersed liquid employed in this  contacting or mixing
of the dispersed liquid and invention can be any suitable liquid which will
be   vaporized aldehyde product stream after it as been vaporized or at
least partially vaporized at the dew-  disengaged from the liquid catalyst
containing aide- point of the vaporized aldehyde product stream       hyde
product solution. In general, it is preferred to when it is thoroughly
contacted (mixed) therewith.    5    employ a spray nozzle enclosed in a
pipeline or vessel Of course, it is understood that the dispersed liquid
which will create a shower of droplets through which should be compatible
with both the product           the aldehyde product stream is allowed to
flow there- aldehyde and the catalyst solution from which the    by
providing a thorough contacting or mixing of the aldehyde vapor stream has
been disengaged, so that   dispersed liquid and aldehyde product vapor
stream. it will not cause any undue adverse effect to the   to   Moreover,
while the dispersion of the dispersed liquid aldehyde product and the
catalysts solution if said  can be co-current, counter-current or
cross-current ligand and by-products so recovered are to be return-  with
the incoming flow of the aldehyde product vapor ed to the reactor system.
Likewise, the preferred li-  stream, it is preferred to employ a spray
nozzle in the quid should be of such purity that it does not foul the
pipeline that carries the volatilized aldehyde product dispersing device
employed or separator employed in  15   stream from the separator in which
said stream is recovering the desired phosphorus ligand. It is fur-
disengaged from the liquid catalyst containing alde- ther preferred that
the dispersed liquid have suffi-  hyde product solution, that is positioned
in such a cient volatility at the dewpoint of the vaporized    fashion that
the dispersed liquid droplets are counter- aldehyde product stream with
which it is contacted   current to the incoming vapor flow. Of course, it
is so that if returned to the reactor system, it does not   20   understood
that more than one such spray nozzle can accumulate in the catalyst
solution to such levels   be employed if desired. Moreover, while the
particular that it would unduly adversely affect the catalyst or  design of
the spray nozzle employed is not critical, it its process performance,
thereby requiring a         of course is preferably one in which the amount
of separate removal step.                               dispersed liquid
contacted with the vaporized alde- Illustrative examples of such dispersed
liquids in-   25   hyde product stream can be easily controlled. In addi-
clude aldehydes containing from 3 to 20 and more     tion, the liquid
temperature of the dispersed liquid preferably 3 to 8 carbon atoms,
alcohols containing  droplets to be contacted with the vaporized aldehyde
from 3 to 20 and more preferably 3 to 8 carbon       product stream is not
critical. The dispersed liquid atoms, water, and the like. Of course,
mixtures of   temperature affects the phosphorus ligand and one or more
such liquids may be employed if desired.   30   higher boiling aldehyde
condensation by-products Preferably such liquids include the product
aldehyde  recovery only slightly, since the major effect in lower- of the
particular hydroformylation process involved  ing the vapor temperature by
contact with the and the corresponding alcohols of the product
dispersed liquid is from the cooling effect provided by aldehyde, with the
product aldehydes being the most  vaporizing all or part of the dispersed
liquid. Accor- preferred dispersed liquids. For example, in the case   35
dingly, dispersed liquid temperatures of from [err] to of the production of
propionaldehyde, butyraldehyde  800C should be sufficient for most
purposes. and valeraldehyde, the more preferred dispersed        The
condensed phosphorus ligand and condensed ligand would be propionaldehyde,
butyraldehyde       higher boiling aldehyde condensation by-products and
valeraldehyde respectively. Of course, it is to be  that are obtained in
the form of droplets may then be understood that since such
hydroformylation pro-   40   separated and recovered from the remaining
vaporiz- cesses of C3 and higher olefins produce mixtures of  ed product
stream by any suitable gas-liquid sepa- aldehydes e.g. propylene being
hydroformylated to    rator preferably one wherein the fluid (liquid)
velocity mixture of n-butyraldehyde and isobutyraldehyde,     is lowered,
such that the vapor-liquid disengagement the product aldehyde when employed
as the disper-    takes place by gravity force, such as vane inpinge- sent
liquid will also be in general, mixture of alde-   45   ment separator. In
addition, to such an initial disen- hydes, although individual aldehydes of
such types   gagement device, it is preferred to take full advan- of
product aldehydes could be employed if desired.   tage of the recovery
system by also employing an en- The same is true of corresponding alcohols
of such   trainment device in the separator in addition to the in- product
aldehydes when employed as the disper-       itial gravity flow
disengagement device to increase sent liquid. In general, it is preferred
to employ the   so   the overall recovery system efficiency. For instance,
finally obtained purified aldehyde product of the    the aldehyde product
vaporization process can also hydroformylation process as the dispersent
liquid,   result in some inherent amount of catalyst solution since such
serves as an easily accessible and ready  entrainement and the process of
contacting the dis- 



supply of dispersent liquid that should have no      persed liquid with the
vaporized aldehyde product adverse affect whatsoever on the
hydroformylation    55   stream of this invention may cause any entrained
process.                                             drops in the vapor
product stream to agglomerate The dispersing of the liquid to obtain the
dispersed  into larger drops. Accordingly, such an entrainment liquid
employed in this invention that is to be con-  device is essentially an
extension of the initial tacted with the vaporized aldehyde product stream
disengagement device to increase the vapor-liquid can be accomplished by a
variety of devices that pro-   60   separation efficiency and in general it
is preferred to cedure liquid droplets, since the liquid droplet size is
employ a mist eliminator candle filter entrainment not critical to the
invention. Examples of such devices  separator. Its function is to collect
any remaining include spray nozzles, fog nozzles, splash plates, ori-
liquid droplets in the vapor stream. Of course any fices, or any similar
device. The device may be in the  other convential entrainment separation
device or form of many designs, its function being to provide   65
combinations thereof may also be employed in this 6    11                 0
157 755                     12 invention if desired e.g. which use the
common        Accordingly, control over the amount of dispersed variety of
mechanisms including gravity, inertial im-  liquid contacted with the
vaporized aldehyde paction, interception, centrifugal force, Brownian
product stream provides one with wide processing motion and the like.
latitude in obtaining wide percent recovery ratios of The vaporized
aldehyde product so disengaged    5   phosphorus ligand to higher boiling
aldehyde con- from the condensed liquid phosphorus ligand and     densation
by-products and such allows one to tailor condensed liquid higher boiling
aldehyde condensa-  the subject invention to fit any desired given situa-
tion by-products can the be passed overhead and     tion. For example in a
hydroformylation process recovered in any conventional manner. If desired,
wherein the amount of free phosphorus ligand pre- said recovered aldehyde
product may be even further   10  sent in the system is small, e.g., less
than 70 moles purified by any conventional manner such as con-    of ligand
per mole of rhodium and wherein it is densation and redistillation. It is
important to note,  desirable to maintain a low concentration of higher
however, that any further purification of the desired  boiling aldehyde
condensation by-products, e.g., aldehyde product should now be more
efficient and   from 0.25 to 2 percent by weight in the reaction effective
as a result of the subject improvement   15   product solution, the subject
invention provides for procedure of this invention.
minimizing the loss of such ligand during volatiliza- The condensed liquid
phosphorus ligand and con-   tion and separation of the aldehyde product
from the densed liquid higher boiling aldehyde condensation  reaction
product solution by selectively recovering by-products collected at the
bottom of the separator  and recycling back to the system, a high
percentage employed can then be recovered in any obvious   20   of the
phosphorus ligand that may be contained in fashion desired. In general, it
is preferred to recycle  the vaporized aldehyde product stream while at the
such condensed liquid phosphorus ligand and con-    same time minimizing
the percentage of higher boil- densed liquid higher boiling aldehyde
condensation  ing aldehyde condensation by-product that may be by-products
directly back to the separator employed  contained in the vaporized
aldehyde product stream in disengaging the volatilized aldehyde products
25   which is also recovered and recycled with the liquid from the
non-volatilized liquid catalyst containing  phosphorus ligand so recovered
and recycled, thus product solution which is to be recycled back to the
also helping to prevent any undesirable build-up of reactor system so as to
minimize the loss of the    the higher boiling aldehyde condensation by-
valuable phosphorus ligand employed in the          products in the system.
hydroformylation process.                      30     Thus surprisingly
lower amounts of dispersed li- The subject invention has uniquely
discovered that  quid will be required to achieve higher ratios of per- by
controlling the amount of dispersed liquid em-   cent recovery of
phosphorus ligand to percent recov- ployed, the percentage of phosphorus
ligand con-    ery of higher boiling aldehyde condensation by- densed and
separated from the volatilized aldehyde  products when the relative
volatility of the higher product stream can be selectively promoted, while
at   35   boiling aldehyde condensation by-products to phos- the same time
minimizing the percentage of higher   phorus ligand is low. boiling
aldehyde condensation by-products so con-     In general it is preferred to
employ that amount of densed and separated. Moreover, the ratio of
dispersed liquid which is sufficient to cause the phosphorus ligand
recovery relative to the recovery  percentage of phosphorus ligand so
separated from of higher boiling aldehyde condensation by-products   40
the volatilized aldehyde product stream by the im- is dependent upon the
relative volatility, i.e., the ratio  proved process of this invention to
be at least 1.2 and of the vapor pressures of the higher boiling aldehyde
more preferably at least 1.5 times higher than the condensation by-products
to phosphorus ligand in-   percentage of higher boiling aldehyde
condensation volved (which may be obtained by dividing the vapor
by-products also so separated. Of course it is to be pressure of such
aldehyde condensation  by-   45   understood that while the benefits
achieved in actual products by the vapor pressure of the phosphorus
practice will in general not be as high as those obtain- ligand) and the
relative concentrations of each in the  ed by the computerized examples
herein and while volatilized aldehyde product stream. The relative   the
selection of the optimum  parameters and volatility of higher boiling
aldehyde condensation by-  variables involved in order to obtain the best
results products to phosphorus ligand of this invention may   50   desired
will be dependent upon one's experience in 



range from 10 to 5,000.                             the utilization of this
subject improved process, only For instance as seen by the computerized
exam-    a certain minimum measure of experimentation ples herein the
higher the relative volatility of the  should be necessary in order to
achieve the optimum higher boiling aldehyde condensation by-products to
results desired for a given situation. For example in phosphorus ligand
involved, the higher the ratio of   55   general it is considered
preferable to employ only percent recovery of phosphorus ligand to percent
2.27 to 27.22 15 to 601 and more preferably from recovery of higher boiling
aldehyde condensation by-  4,53 to 18.14 kg 110 to 40 pounds] per hour of
dis- products. In addition the lower the amount of       persed liquid per
a flow rate of 453.6 kg 11000 dispersed liquid employed per given flow rate
of    pounds] per hour of vaporized aldehyde product volatilized aldehyde
product stream (e.g., kg [lbs.] of   60   stream, since such in most
instances should provide dispersed liquid per 453.6 kg 11000 lbs.) of the
an acceptable high ratio of percent recovery of aldehyde product vapor
stream) the higher the ratio  phosphorus ligand to the percent of higher
boiling of percent recovery of phosphorus ligand to percent  aldehyde
condensation by-products. recovery of higher boiling aldehyde condensation
by-  Moreover it is to be further understood that if products.
65   desire the improvement process of this invention 7    13
0 157 755                    14 involving contactingthe volatilized
aldehyde product  ing 97.7 wt.% propionaldehyde, 0.5 wt.% higher
streamwithadispersedliquidtoselectivelyseparate     boiling aldehyde
condensation by-products and recover the phosphorus ligand contained
therein  different amounts (ppm) of various phosphorus as compared to the
concurrent separation and reco-  ligands, the remainder consisting of
lites, e.g., very of higher boiling aldehyde condensation by-   5
unreacted olefin, alkane, hydrogen and carbon- products could, if desired,
also be carried out on the  monoxide, said streams being contacted at their
gaseous aldehyde product stream as it leaves the   dew points with
dispersed liquid propionaldehyde reactor in a gas recycle hydroformylation
process in  [err] from a spray nozzle at a variable per hour order to
achieve similar beneficial results.       amount rate of liquid
propionaldehyde per flow rate The following examples are illustrative of
the   10   of 453.6 kg [1000 pounds] per hour of the vapor- present
invention and are not to be regarded as    ized aldehyde product stream.
The calculated limitative. It is to be understood that all parts, percen-
relative volatility of higher boiling aldehyde by- tages and proportions
referred to herein and in the  products to phosphorus ligand involved as
well as appended claims are by weight unless otherwise in-  the calculated
weight percent of the phosphorus dicated. In the following examples as well
as above   15  ligand contained in said vapor stream as comapred to [err]
means [err]                   the calculated weight percent of higher
boiling aldehyde condensation by-products contained in Examples 1-6
said stream that may be separated and recovered A series of computerized
(calculated) studies were  from the volatilized aldehyde product stream are
conducted involving various vapor streams contain-   20   given in Table 1
below. TABLE 1 Wt.% Aldehyde Amt. of                Vapor
Wt.%      Condensation Liquid                 Stream      Realtive
Ligand     By-Product Ex. No. Ligand       Used'                Dewpoint
[err]    Volatility2  Separated   Separated 1    PDPP*         6.79kg[l5
lbs.]          117          148          55           2 2    PDPP*
22.68kg [50 bs.]         117          148          98          45 3
CHDPP**        4.53kg [10 1bs.]        115          260          49
1 4    CHDPP **       18.14 kg [40 bs.]      115          260          98
40 5    TPP***         4.53kg [ 10bs]          133         1730          44
0.1 6    TPP***       22.68 kg [50 lbs.)       133         1730          96
0.5 Kilograms [pounds] of liquid employed per flow rate of 453.6 kg [1000
lbs.] of vaporized aldehyde product stream. 2    Relative Volatility of
Aldehyde Condensation By-Products to Ligand Employed. PDPP  =
propyldiphenylphosphine (100 ppm). CHDPP = cyclohexyldiphenylphosphine (50
ppm). ***  TPP   = triphenylphosphine (30 ppm). Examples 7-10 A series of
computerized (calculated) studies were  flow rate of 453,6 kg 11000 pounds]
per hour of the conducted involving various vapor streams contain-
vaporized aldehyde product stream. The calculated ing 87.6 wt.%
butyraldehyde, 0.3 wt.% higher boil-  relative volatility of higher boiling
aldehyde by-pro- ing aldehyde condensation by-products and different  ducts
to phosphorus ligand involved as well as the cal- amounts (ppm) of various
phosphorus ligands, the re-   50   culated weight percent of the phosphorus
ligand con- mainder consisting of lites eg., unreactedolefin, alka-  tained
in said stream as compared to the calculated ne, hydrogen and carbon
monoxide, said streams be-  weight percent of higher boiling aldehyde
condensa- ing contacted at their dew points with dispersed liquid  tion
by-products contained in said vapor stream that butyraldehyde [err] from a
spray nozzle at a var-  may be separated and recovered from the volatilized



able per hour amount rate of liquid butyraldehyde per   55   aldehyde
product stream are given in Table 2 below. 60 65 8    15
0 157 755                    16 TABLE 2 Wt.% Aldehyde Amt. of
Vapor                     Wt. %     Condensation Liquid
Stream      Realtive      Ligand     By-Product Ex. No. Ligand       Used'
Dewpoint [err]    Volatility2  Separated   Separated 7    PDPP*
4.53 kg [10 lbs.1       146         224           32           0.2 8
PDPP*        27.21 kg {6O lbs.]       146         224           93
2 9    TPP**         4.53kg 110lbs.]         138         375           38
0.2 10    TPP**         27.21 kg [60lbs.]       138          375
99           3 Kilograms [pounds] of liquid employed per flow rate of 453.6
kg [1000 lbs.] of vaporized aldehyde product stream. 2    Relative
Volatility of Aldehyde Condensation By-Products to Ligand Employed. *
PDPP  = propyldiphenylphosphine (125 ppm). * *  TPP   = triphenylphosphine
(50 ppm). Examples 11-16                                      valeraldehyde
per flow rate of 453,6 kg [1000 A series of computerized (calculated)
studies were  pounds) per hour of the vaporized aldehyde product conducted
involving various vapor streams contain-  stream. The calculated relative
volatility of higher ing 91.8 wt. % valeraldehyde, 0.5 wt. % higher boil-
25   boiling aldehyde by-products to phosphorus ligand ing aldehyde
condensation by-products and dif-     involved as well as the calculated
weight percent of ferent amounts (ppm) of various phosphorus ligands,  the
phosphorus ligand contained in said vapor the remainder consisting of lites
e.g., unreacted   stream as compared to the calculated weight per- olefin,
alkane, hydrogen and carbon monoxide, said  cent of higher boiling aldehyde
condensation by- streams being contacted at their dew points with   30
products contained in said stream that may be dispersed liquid
valeraldehyde [err] from a spray  separated and recovered from  the
volatilized nozzle at a variable per hour amount rate of liquid  aldehyde
product stream are given in Table 3 below. TABLE 3 Wt.% Aldehyde Amt. of
Vapor                     Wt. %     Condensation Liquid
Stream      Realtive      Ligand     By-Product Ex. No. Ligand       Used'
Dewpoint [err]   Volatility2    Separated  Separated 11    PDPP
4.53kg [10lbs.]        145           15          47           14 12
PDPP*        22.68 kg [50 lbs.]      145           15          91
68 13    CHDPP**        4.53kg[1O lbs.]         144           18
53           16 14    CHDPP**    18.14 kg [40 lbs.]        144           18
90           60 15    TPP***        4.53 kg [10 lbs.]      149          80
53            3 16    TPP***       22.68 kg [50 lbs.]      149          80
98           52 1    Kilograms [pounds] of liquid employed per flow rate of
453.6 kg [1000 lbs.] of vaporized aldehyde product stream. 2    Relative
Volatility of Aldehyde Condensation By-Products to Ligand Employed. PDPP  =
propyldiphenylphosphine (150 ppm). CHDPP = cyclohexyldiphenylphosphine (100
ppm). *   TPP   = triphenylphosphine (30 ppm). Example 17
products was operated over a three-day period. The A continuous liquid
recycle hydroformylation pro-   60  liquid catalyst containing [err]
aldehyde product reac- cess wherein butene-1 was hydroformylated into Cs
tion solution after removal from the hydroformyla- aldehyde with carbon
monoxide and hydrogen in      tion reactor was vaporized to obtain a
vaporized [err] the presence of a rhodium-phosphorus complex
aldehyde product stream, estimated to contain a catalyst, free
cyclohexyldiphenylphosphine ligand  91.8 weight percent Cs aldehyde mixture
of valer- and higher boiling [err] aldehyde condensation by-   65
aldehyde and 2-methylbutyraldehyde, 0.35 weight 9    17
0 157 755                     18 percent higher boiling Cs aldehyde
condensation by-  Claims products and 100 ppm cyclohexyldiphenylphos- phine
ligand, which was disengaged in a separator     1. In a liquid recycle
rhodium catalyzed hydrofor- from the remaining non-volatilized liquid
catalyst  mylation process for producing aldehydes, wherein containing
reaction solution, said reaction solution    5   an olefinic compound,
carbon monoxide and hy- 



being recycled back to the hydroformylation reactor.  drogen are reacted in
the presence of a solubilized The relative volatility of the higher boiling
[err] alde-  rhodium-phosphorus complex catalyst, free phos- hyde
condensation by-products to the cyclohexyl-    phorus ligand and higher
boiling aldehyde condensa- diphenylphosphine ligand in said solution was
about  tion by-products to produce an aldehyde product and 18. Said
vaporized [err] aldehyde product stream was   To   wherein said aldehyde is
separated and recovered passed into a pipe into which some of the resultant
from a liquid reaction aldehyde product solution con- purified (condensed
and reflux) liquid [err] aldehyde  taining aldehyde product, solubilized
rhodium-phos- product at [err] of the involved hydroformylation    phorus
complex catalyst, free phosphorus ligand and process was sprayed through a
spray nozzle in a     higher boiling aldehyde condensation by-products
counter-current fashion to the flow of the vaporized   is  that has been
removed from the hydroformylation C5 aldehyde product stream and at a rate
of about   reactor, by vaporizing the aldehyde product con- 11.79 kg (26
pounds] per hour of liquid C5 aide-   tained in said solution to obtain a
vaporized aldehyde hyde product per flow rate of 453.6 kg 11000
product stream consisting essentially of aldehyde pounds] per hour of the
vaporized aldehyde product  product, vaporized phosphorus ligand and
vaporized stream.                                       20   higher boiling
aldehyde condensation by-products The liquid droplets of Cs aldehyde
product        which is disengaged in a separator from the remain-
vaporized to cool the Cs aldehyde product vapor     ing non-volatilized
catalyst containing liquid reaction stream below its dewpoint and form
droplets of      product solution that is recovered from the bottom of
cyclohexyldiphenylphoshine ligand and higher boil-  the separator and
recycled back to the reaction ing [err] aldehyde condensation by-products.
The   25   system, the improvement which comprises (a) selec- vapor
containing said condensed droplets was fed to  tively separating the
phosphorus ligand contained a gas liquid separator whrein the vapor was
first   in said vaporized aldehyde product stream  by passed through a vane
impingement separator and    thoroughly contacting said stream with a
dispersed then a mist eliminator candle filter entrainment sepa-  liquid
having a lower boiling point than said higher rator in order to disenage
the vaporized [err] aldehyde   30   boiling aldehyde condensation
by-products so as to product stream from said condensed liquid, which
condense the vaporized phosphorus ligand and droplets were collected from
the bottom of said gas-  vaporized higher boiling aldehyde condensation by-
liquid separator and recycled through a line to the  products contained in
said volatilized aldehyde pro- initial separator wherein the vaporized Cs
aide-    duct stream, and lb) recovering the condensed hyde product was
disengaged from the non-vo-   35   phosphorus ligand and condensed higher
boiling latilized liquid catalyst containing reaction product  aldehyde
condensation by-products so obtained solution. The disengaged Cs aldehyde
product        from said volatilized aldehyde product stream, said stream
leaving said gas-liquid separator was then   dispersed liquid being
employed in the form of condensed into liquid to recover crude Cs aldehyde
droplets and in an amount such that the percent of product. Analysis of
various samples of crude Cs   40   phosphorus ligand so separated and
recovered is at aldehyde product showed it to contain about 26 ppm  least
about 1.2 times higher than the percent of (wt.%)
cyclohexyldiphenylphosphine and 0.23 to      higher boiling aldehyde
condensation by-products 0.33 wt.% higher boiling [err] aldehyde
condensation   also so separated and recovered. by-products. Such analysis
indicates that an esti-    2. A process as defined in claim 1, wherein the
mated 74 percent of the cyclohexyldiphenyl-  45   olefinic compound is an
olefin having from 2 to 8 car- phosphine ligand and 6 to 34 percent of the
higher  bon atoms. boiling [err] aldehyde condensation by-products con-
3. A process as defined in claim 2, wherein the tained in the vaporized
[err] aldehyde product stream  amount ratio of dispersed liquid employed
per flow disengaged from the liquid catalyst containing     rate of
volatilized aldehyde product stream is 2.26 to product reaction solution
had been separated and   50   27.22 kg [5 to 60 pounds] per hour of
dispersed li- removed from said vaporized [err] aldehyde product     quid
per 453.6 kg [1000 pounds] per hour of stream.
volatilized aldehyde product stream. When carrying out the hydroformylation
process      4. A process as defined in claim 3, wherein the with the
liquid spray of [err] aldehyde product turned  amount ratio of dispersed
liquid employed per flow off the crude aldehyde product liquid was observed
55  rate of volatilized aldehyde product stream is 4.53 to to have
contained about 100 ppm of cyclohex-        18.14 kg [10 to 40 pounds] per
hour of dispersed li- yidiphenylphosphined and about 0.35 weight per-
quid per 453.6 kg [1000 pounds] per hour of cent of higher boiling [err]
aldehyde condensation by-  volatilized aldehyde product stream. products.
5. A process as defined in claim 3, wherein the Various modifications and
variations of this inven-   60   phosphorus ligand is a triorganophosphine
com- tion will be obvious to a worker skilled in the art and  pound. it is
to be understood that such modifications and    6. A process as defined in
claim 4, wherein the variations are to be included within the purview of
ligand is triphenylphosphine. this application and the spirit and scope of
the ap-  7. A process as defined in claim 4, wherein the pended claims.
65  ligand is cyclohexyldiphenylphosphine. 10    17
0157755                      18 percent higher boiling [err] aldehyde
condensation by-  Claims products and 100 ppm cyclohexyldiphenylphos- 



phine ligand, which was disengaged in a separator    1. In a liquid recycle
rhodium catalyzed hydrofor- from the remaining non-volatilized liquid
catalyst  mylation process for producing aldehydes, wherein containing
reaction solution, said reaction solution    5   an olefinic compound,
carbon monoxide and hy- being recycled back to the hydroformylation
reactor.  drogen are reacted in the presence of a solubilized The relative
volatility of the higher boiling [err] aide-  rhodium-phosphorus complex
catalyst, free phos- hyde condensation by-products to the cyclohexyl-
phorus ligand and higher boiling aldehyde condensa- diphenylphosphine
ligand in said solution was about  tion by-products to produce an aldehyde
product and 18. Said vaporized [err] aldehyde product stream was   10
wherein said aldehyde is separated and recovered passed into a pipe into
which some of the resultant  from a liquid reaction aldehyde product
solution con- purified (condensed and reflux) liquid C5 aldehyde  taining
aldehyde product, solubilized rhodium-phos- product at [err] of the
involved hydroformylation   phorus complex catalyst, free phosphorus ligand
and process was sprayed through a spray nozzle in a    higher boiling
aldehyde condensation by-products counter-current fashion to the flow of
the vaporized   is  that has been removed from the hydroformylation C5
aldehyde product stream and at a rate of about  reactor, by vaporizing the
aldehyde product con- 11.79 kg [26 pounds) per hour of liquid [err] alde-
tained in said solution to obtain a vaporized aldehyde hyde product per
flow rate of 453.8 kg [1000       product stream consisting essentially of
aldehyde pounds] per hour of the vaporized aldehyde product  product,
vaporized phosphorus ligand and vaporized stream.
20   higher boiling aldehyde condensation by-products The liquid droplets
of [err] aldehyde product       which is disengaged in a separator from the
remain- vaporized to cool the Cs aldehyde product vapor    ing
non-volatilized catalyst containing liquid reaction stream below its
dewpoint and form droplets of     product solution that is recovered from
the bottom of cyclohexyldiphenylphoshine ligand and higher boil-  the
separator and recycled back to the reaction ing Cs aldehyde condensation
by-products. The   25   system, the improvement which comprises (a) selec-
vapor containing said condensed droplets was fed to.  tively separating the
phosphorus ligand contained a gas liquid separator whrein the vapor was
first  in said vaporized aldehyde product stream  by passed through a vane
impingement separator and    thoroughly contacting said stream with a
dispersed then a mist eliminator candle filter entrainment sepa-  liquid
having a lower boiling point than said higher rator in order to disenage
the vaporized [err] aldehyde   30   boiling aldehyde condensation
by-products so as to product stream from said condensed liquid, which
condense the vaporized phosphorus ligand and droplets were collected from
the bottom of said gas-  vaporized higher boiling aldehyde condensation by-
liquid separator and recycled through a line to the  products contained in
said volatilized aldehyde pro- initial separator wherein the vaporized
[err] aide-   duct stream, and (b) recovering the condensed hyde product
was disengaged from the non-vo-   36   phosphorus ligand and condensed
higher boiling latilized liquid catalyst containing reaction product
aldehyde condensation by-products so obtained solution. The disengaged
[err] aldehyde product       from said volatilized aldehyde product stream,
said stream leaving said gas-liquid separator was then  dispersed liquid
being employed in the form of condensed into liquid to recover crude C5
aldehyde  droplets and in an amount such that the percent of product.
Analysis of various samples of crude [err]   40   phosphorus ligand so
separated and recovered is at aldehyde product showed it to contain about
26 ppm  least about 1.2 times higher than the percent of (wt.%)
cyclohexyldiphenylphosphine and 0.23 to     higher boiling aldehyde
condensation by-products 0.33 wt. % higher boiling C5 aldehyde condensation
also so separated and recovered. by-products. Such analysis indicates that
an esti-   2. A process as defined in claim 1, wherein the mated 74 percent
of the cyclohexyldiphenyl-  45   olefinic compound is an olefin having f
rom 2 to 8 car- phosphine ligand and 6 to 34 percent of the higher  bon
atoms. boiling [err] aldehyde condensation by-products con-    3. A process
as defined in claim 2, wherein the tained in the vaporized [err] aldehyde
product stream  amount ratio of dispersed liquid employed per flow
disengaged from the liquid catalyst containing     rate of volatilized
aldehyde product stream is 2.26 to. product reaction solution had been
separated and   50   27.22 kg [5 to 60 pounds) per hour of dispersed Ii-
removed from said vaporized [err] aldehyde product    quid per 453.6 kg
[1000 pounds) per hour of stream.
volatilized aldehyde product stream. When carrying out the hydroformylation
process     4. A process as defined in claim 3, wherein the with the liquid
spray of [err] aldehyde product turned  amount ratio of dispersed liquid
employed per flow off the crude aldehyde product liquid was observed   55
rate of volatilized aldehyde product stream is 4.53 to to have contained
about 100 ppm of cyclohex-       18.14 kg [10 to 40 pounds) per hour of
dispersed li- yidiphenylphosphined and about 0.35 weight per-    quid per
453.6 kg  [1000 pounds] per hour of cent of higher boiling [err] aldehyde
condensation by-  volatilized aldehyde product stream. products.
5. A process as defined in claim 3, wherein the Various modifications and
variations of this inven-   60   phosphorus ligand is a triorganophosphine
com- tion will be obvious to a worker skilled in the art and  pound. it is
to be understood that such modifications and   6. A process as defined in
claim 4, wherein the variations are to be included within the purview of
ligand is triphenylphosphine. this application and the spirit and scope of
the ap-  7. A process as defined in claim 4, wherein the pended claims.
65  ligand is cyclohexyldiphenylphosphine. 10    



19            0 157 755                     20 8. A process as defined in
claim 3, wherein the  die dispergierte Flussigkeit in Form von Tropfchen
relative volatility of the higher boiling aldehyde con-  und in einer
solchen Menge verwendet wird, dass der densation by-products to phosphorus
ligand is from  Prozentanteil des so abgetrennten und gewonnenen 10 to
5000.                                        Phosphorliganden zumindest
etwa 1,2 mal h6her als 9. A process as defined in claim 3, wherein the    5
der Prozentanteil der gleichfails so abgetrennten und recovered condensed
phosphorus ligand and con-     gewonnenen h6hersiendenden Aldehydkondensa-
densed higher boiling aldehyde condensation by-    tionsnebenprodukte ist.
products so separated from the vaporized aldehyde    2. Verfahren wie in
Anspruch 1 definiert, worin product stream are recycled to the separator in
die olefinische Verbindung ein Olefin mit 2 bis 8 Koh- which said vaporized
aldehyde product stream was   to.  lenstoffatomen ist. disengaged from the
non-volatilized liquid catalyst  3. Verfahren wie in Anspruch 2 definiert.
worin containing reaction product solution.              das
Mengenverhiltnis der bezogen auf die Fliessge- 10. A process as defined in
claim 1, wherein the  schwindigkeit des verdampften Aldehydprodukt-
dispersed liquid is selected from the group consisting  stroms verwendeten
dispergierten FlOssigkeit 2,26 of aldehydes containing from 3 to 20 carbon
atoms,   15   bis 27,22 kg (5 bis 60 Pfund) pro Stunde der disper- alcohols
containing from 3 to 20 carbon atoms,     gierten Flussigkeit pro 453,6 kg
(1000 Pfund) pro water and mixtures thereof.                        Stunde
des verdampften Aldehydproduktstroms be- 11. A process as defined in claim
10, wherein    tragt. the dispersed liquid is an aldehyde containing from
4. Verfahren wie in Anspruch 3 definiert, worin 3 to 8 carbon atoms or a
mixture of such alde-   20   das Mengenverhaltnis der bezogen auf die
Fliessge- hydes.                                             schwindigkeit
des fluchtigen Aldehydproduktstroms verwendeten dispergierten FlOssigkeit
4,53 bis K)
18,14kg ( O0bis 40Pfund) pro Stunde derdispergier- PatentansprOche
ten FlOssigkeit pro 453.6 kg (1000 Pfund) pro Stun- 25   de des verdampften
Aldehydproduktstroms betrigt. 1. In einem rhodiumkatalysierten
Flissigkeits-     5. Verfahren wie in Anspruch 3 definiert, worin
Recycling-Hydroformylierungsverfahren  zur Her-    der Phosphorligand eine
Triorganophosphinverbin- stellung von Aldehyden, wobei eine olefinische
Ver-  dung ist. bindung, Kohlenmonoxid und Wasserstoff in Anwe-      6.
Verfahren wie in Anspruch 4 definiert, worin senheit eines solubilisierten
Rhodium-Phosphor-  30   der Ugand Triphenylphosphin ist.
Komplexkatalysators, eines freien Phosphorligan-     7. Verfahren wie in
Anspruch 4 definiert, worin den und h6hersiedender Aldehydkondensationsne-
der Ligand Cyclohexyldiphenylphosphin ist. benprodukte umgesetzt werden, um
ein Aldehydpro-     8. Verfahren wie in Anspruch 3 definiert, worin dukt
herzustellen, und wobei dieser Aldehyd aus ei-  die relative Fluchtigkeit
der hohersiedenden Aide- ner flOssigen Reaktionsaldehydproduktl6sung abge-
35   hydkondensationsnebenprodukte zum Phosphorli- j     trennt und
gewonnen wird, die Aldehydprodukt, so-   ganden von 10 bis 5000 betrigt.
lubilisierten  Rhodium-Phosphor-Komplexkatalysa-     9. Verfahren wie in
Anspruch 3 definiert, worin tor, freien Phosphorliganden und h6hersiedende
Al-  der gewonnene kondensierte Phosphorligand und
dehydkondensationsnebenprodukte enthalt, und die   die kondensierten
hohersiedenden Aldehydkonden- aus dem Hydroformylierungsreaktor entfernt
wor-  40   sationsnebenprodukte, die so aus dem dampfformi- den ist, durch
Verdampfen des in der L6sung enthal-  gen Aldehydproduktstrom abgetrennt
worden sind, tenen Aidehydprodukts, um einen dampfformigen      zum
Separator rOckgefuhrt warden, in dem der *          Aldehydproduktstrom zu
erhalten, der im wesentli-   dampfformige Aldehydproduktstrom von der
nicht- ,  chen aus Aldehydprodukt, dampfformigem Phos-        verdampfen
flussigen Katalysator-enthaltenden Re- phorliganden und dampfformigen
hohersiedenden   45   aktionsproduktlosung abgetrennt worden war.
Aldehydkondensationsnebenprodukten   besteht,         10. Verfahren wie in
Anspruch 1 definiert, worin walches in einem Separator von der
verbleibenden,   die dispergierte FlOssigkeit ausgewahit wird aus der !
~~~nicht verdampften Katalysator enthaltenden flussi-  Gruppe bestehend aus
Aldehyden mit 3 bis 20 Koh- It        gen Reaktionsproduktlosung abgetrennt
wird, die     lenstoffatomen, Alkoholen mit 3 bis 20 Kohlenstoff- 9 -
~~vom Boden des Separators abgezogen und in das   50   atomen, Wasser und
Gemischen davon. Reaktionssystem ruckgef~hrt wird, die Verbesse-       1 1.
Verfahren wie in Anspruch 1 0 definiert, wor- rung, welche umfasst: (a) die
selektive Abtrennung  in die dispergierte FlussigkeitGein Aldehyd mit 3 bis
8 des im dampfformigen Aldehydproduktstrom enthal-    Kohlenstoffatomen
oder eiae Mischung soicher Al- 1 I          tenen Phosphorliganden durch
grundliche Kontak-     dehyde ist. tierung dieses Stroms mit einer
dispergierten Flussig-   55 keit mit niedrigerem Siedepunkt als die
h6hersieden- den Aldehydkondensationsnebenprodukte, um den
Revendications dampfformigen Phosphorliganden und dampfformi- ge,
hohersiedende Aldehydkondensationsnebenpro-       1. Dans un procede
d'hydroformylation avec dukte, die im dampfformigen Aldehydproduktstrom
60  recyclage de liquide catalyse par du rhodium pour enthalten sind, zu
kondensieren, und lb) die Gewin-  produire des aldehydes, dans lequel on
fait reagir un nung des kondensierten Phosphorliganden und der     compos6
ol6finique, du monoxyde de carbone et de kondensierten h6hersiedenden
Aidehydkondensa-       I'hydrogene en pr6sence d'un catalyseur complexe
tionsnebenprodukte, die so aus dem dampfformigen    de rhodium-phosphore
solubilis6, d'un ligand phos- Aldehydproduktstrom erhalten worden sind,
wobei   65   phor6 libre et de sous-produits de condensation .      11 
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0155 755                      22 aldehyde a haut point d'ebullition pour
produire un   3. Un procede selon la revendication 2, dans produit aldehyde
et dans lequel ledit aldehyde est  lequel He rapport de la quantit de
liquids disperse uti- s6pare et recupere d'une solution liquids reaction-
lis parle debit du courant de produit aldehyde volati- nelle de produit
aldehyde contenant du produit      lise est de 2,26 A 27,22 kg (5 A 60
livres) par heure Wdehyde, le catalyseur complexe de rhodium-    5    de
liquide disperse par 453,6 kg (1000 livres) par phosphore solubilise, du
ligand phosphore libre et   heure de courant de produit aldehyde
volatilis6. des sous-produits de condensation aldehyde a haut      4. Un
procede selon la revendication 3, dans point d'6bullition qui a ete retiree
du reacteur    lequel le rapport de la quantite de liquids disperse uti-
d'hydroformylation, par vaporisation du produit     lise par le debit du
courant de produit aldehyde volati- ald6hyde contenu dans ladite solution
pour obtenir   ,o  lise est de 4,53 A 18,14 kg (10 A 40 livres) par heure
un courant de produit aldehyde vaporise constitue    de liquids disperse
par 453,6 kg (1000 livres) par essentiellement de produit aldehyde, de
ligand phos-  hours de courant de produit aldehyde volatilise. phor6
vaporis6 et de sous-produits de condensation     5. Un procede selon la
revendication 3, dans aldehyde A haut point d'6bullition vaporises qui est
lequel le ligand phosphore est un composetriorgano- separe, dans un
separateur, du catalyseur non-   15   phosphine. volatilise restant
contenant une solution liquids de   6. Un procede selon la revendication 4,
dans produit reactionnel qui est recupere par le fond du  lequel le ligand
est la triphenylphosphine. separateur et est recycle A nouveau vers le
systeme    7. Un procede solon la revendication 4, dans reactionnel,
I'amelioration qui consists a (a) separer  lequel le ligand est la
cyclohexyldiphenylphosphine. selectivement le ligand phosphor6 contenu dans
ledit  20  8. Un procede selon la revendication 3, dans courant de produit
aldehydevaporise on mettant inti-  lequel la volatilite relative des
sous-produits de con- mement ledit-courant on contatc avec un liquids dis-
densation aldehyde a haut point d'ebullition par rap- perse ayant un point
d'ebullition inferieur A celui des  port au ligand phosphore est de 10 a
5000. sous-produits de condensation aldehyde A haut point    9. Un proc6de
selon la revendication 3, dans d'ebullition de maniere a condenser le
ligand phos-   25   lequel le ligand phosphore condense recupere et les
phor6 vaporise et les sous-produits de condensation  sous-produits de
condensation aldehyde A haut point aldehyde a haut point d'ebullition
vaporises conte-  d'ebullition condenses ainsi separes de produit nus dans
ledit courant de produit aldehyde volatilise,  aldehyde vaporise sont
recycles dans le separa- et lb) r6cuperer le ligand phosphore condense et
les  tour dans lequel ledit courant de produit aldehyde sous-produits de
condensation aldehyde A haut point   30   vaporise etait separe de la
solution de produit de d'ebullition condenses ainsi obtenus du courant de
reaction contenant le catalyseur liquids non-vapo- produit aldehyde
volatilise, ledit liquids disperse  rise. etant utilise sous la forms de
gouttelettes et en quan-  10. Un procede selon la revendication 1, dans
tite tells quo le pourcentage de ligand phosphore    lequel le liquids
disperse est choisi parmi le groups ainsi separe et recupere est au moins
1,2 fois supe-   35   constitue dl'aldehydes contenant de 3 A 20 atomes
rieur au pourcentage de sous-produits de condensa-   de carbons, d'alcools
contenant de 3 a 20 atomes de tion aldehyde a haut point d'ebullition
egalement    carbone, d'eau et de leurs melanges. ainsi separes et
recuperes.                            1 1. Un procedd selon la
revendication 10, dans 2. Un procede selon Ha revendication 1, dans
lequel le liquids disperse est un aldehyde contenant lequel le compose
olefinique est une olefine ayant 2   40   de 3 a 8 atomes de carbons ou un
melange de tels A 8 atomes de carbons.
aldehydes. 45 50 55 60 65 12 * C   L   M   S *t    


