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with" car] monoxide and hydrogen to yield an aldehyde”. The process has also

15 been called the Oxo process. Until recently, all commercial hydroformylation reactions 15
were catalyzed by cobalt carbonyl catalysts. According to Falbe (at page 70), supra
with the single exception of the process developed by Shell, “all industrially applied
Oxo processes more or less follow the technique which was developed by Ruhrchemie
AG in Oberhausen/Germany in co-operation with BASF.” He states that the existing

20 Oxo plants operate continuously and, in general, “they consists of the following 20
sections: : :

1. Hydroformylation reactor. 2. Caialyst removal section. 3. Catalyst work-up
and make-up section. 4. Aldehyde distillation. 5. Aldehyde hydrogenation reactor.
6. Alcohol distllation”. :

25 The Shell process differs by employing 2 modified cobalt catalyst made by com- . 25
bining in the hydroformylation reactor a cobalt salt of an organic acid, a trialkyl
phosphine (e.g. tributy]l phosphine) and an alkali, such as KOH. The in situ formed
HCo{CO);PR, catalyst “is thermally more siable than HCo{CO),” thus allowing
Jower reactor pressures of “around 100 atm, versus 200—300 amm in the other pro-

30 cesses” (Falbe, supra, page 73). 30

Though the earliest Oxo processes were intended to be heterogenous reactions pat-
, terned after Fischer-Tropsch caralysis, it was eventually found that the catalysis was
homogeneous (Falbe, supra, page 14). The scparation and recovery of the catalyst
: _ was therefore an essential step in the Oxo process. This is-significantly the case when
v 35 the catalyst comprises the precious metal rhodium. As stated by Comils er al, 35
3 “Hydrocarbon Processing”, June 1975, at page 86: “While Rh compounds are more
active than cobalt, they are much more expensive. Cobalt costs approximately
20DM/kg and rhodium betwcen 44,000 and 72,000DM/kg (September 1974 and
February 1975). This shows the speculative character of the rhodium price. Cost
_ 40 would be of no imponance if rhodium could be 100 precent recovered and used at 40
, low metal concentration levels. Impossible economic rhodium recycle has avoided
: application of unmodified Rh compounds so far, even when branched chain aldehydes
are desired or when only Rh salts can enable the oxo reaction. This is because the
: low Rh concentrations desired—from several ppm up to scveral hundred ppm,
' 45 related 10 olefin feed (cobalt 0.1 up to 1 percent, depending on the process applied)y— 45
] make even more difficult a chemical, thermal or extracuive treatment of the metal
carbonyl containing oxe products. Therefore there are a number of special processes
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35 Rh price. To equal the material cost of the conventional oxo process catalyst the 35

thodium losses have to decrease to less than 0.3 ppm.”
A similar process to that described by Comils et al. is set forth in Briiish Patent
Specification No. 1,228,201. In the processes described in that patent, the catalyst
recyde is a critical facet of the process except in those cases where the catalyst is on
40 - a solid support in a fixed bed system. However, as was poinied out previously by J. 40
Falbe, the reaction is in reality a homogeneous reaction and one would have to presume
substantial catalyst losses by putting the rhodium on a inert support.
In British Patent Specification No. 1,312,076, there is employed a different tech-
nique for separation of the catalyst from the product of the reaction. This involves
45 removing a vapor product stream overhead from which the aldehyde product is separated 45
by fractional distillation, continuously withdrawing from the reactor a liguid stream
comprising the oomplex catalyst, aldehyde and high boiling residues, passing this
liquid ‘stream under reaction pressure over the surface of a membrane such that a
proportion of the high boiling residues and aldehydes permeate through the membrane .
S0 and are removed; with recycling of the remainder of the liquid stream containing 50
the catalyst to the reactor. :
In British Patent Specification No. 1,318,881, thcre is noted the fact that in
homogeneous catalysis of the type described hezein, the removal of catalyst from the
reaction products for recycle is a difficult operation. It is stated in the specification
55 that the catalyst can be recycled in the heavy residue obtained after distillation of the 55
main reaction products at the expense of catalyst loss.
To further demonstrate the difficulties associated with recovering catalyst from
the Oxo reaction, reference is made to United States Patent Specification No.
3,539,634, which described passing through an inert bed a solution in the reaction
60 solvent of the heavy fraction and/or bottoms of the separated products of the reaction 60
containing the catalyst. This inert bed retains the high boiling byproduct and oxidized
ligand and a proportion of the caralyst. Adsorbed catalyst can be recovered from the
inert bed by washing with a suitable solvent. Such a process demands that the solvent
be of a type which has extraction capabilities while at the same time requires infinite
65 extraction capabilities to ensure no- catalyst loss. 65



Cornils et al..ibid, state at page 89: "Rhodium concentrations of 0.1
percent together with the ambunts of rhodium being present in the-di#ferent
step$:of recycle and recovery-at each nonent -require high cost, for the
first catalyst investnent. The relation of the first catalyst i nvest ment ‘80
cobalt and in Rh nodified oxo units is 1: 5.(1: 3, depending on Rh

e). Mre 30 inportant .than the first catalyst investment are
rhodi um | eakage and working | osses.: I n.conpari son to ot her conmerci al
prdcesses using . noble netal catalysts, a rhodiumloss of one milligram per
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each gram atom of . recovering aldehyde product and aldchyde condensation product from said
. vaporous mixture and forming said gaseous recycle stream.
United States Patent Specification No. 3,527,809 entided “Hydroformylation
Process” by R. L. Pruett and J. A. Smith, issued September 8, 1970, discloses a
30 : 30 significant development in hydroformylation of alpha-olefins to produce aldehydes at 3G
high yields, low temperatures and pressures, excellent catalyst stability and which
when the alpha-olefin contains 3 or more carbon atoms, produces aldehyde mixtures
containing a high normal to iso- (or branched-chain) isomer ratio. Use of a gaseous
recycle stream is not specifically disclosed in United States Patent Specification No.
35 ) 35 3,527,809. The process employs certain rhodium complex compounds to effectively 3z
' catalyze under a defined set of variables, in the presence of sclected triorganophosphorus
ligands, the hydroformylation of olefins with hydrogen and carbon moncxide. The
variables include (1) the rhodium complex catalyst, (2) the olefin feed, (3) the tri-
: organophosphorus ligand and its concentration, (4) a relatively low . . . . temperature
40 i 40 range, (5) a relatively low toral hydrogen and carbon monoxide pressure, and (6) a 4C
limitation on the partial pressure excrted by carbon monoxide. The process of the
present invention adopts the variables of the invention of United States Patent Speci-
fication No. 3,527,809, and by experiences from operations herein described establishes
' the tremendous advance that invention represents in the Oxo art.
45 : 45 Among the catalysts described in the aforesaid United States Patent Specification 45
No. 3,527,809, are compounds containing rhodium in complex combination with
carbon monoxide and triarylphosphorus ligands in particular triarylphosphine ligands
exemplified by triphenylphosphine (TPP). A typical active catalytic species is rhodium
: hydridocarbonyltris (triphenylphosphine) which has the formula RhH(CO) [P(C.H.)]..
50 50 . The process of United States Patent Specification No. 3,527,809 uses an excess of 5
the triorganophosphorus ligand. '
The active rhodium catalyst, as is known from recent literature, can be preformed
and then introduced into the reaction mixture media, or the active catalyst species
2 can be prepared in sifu during the hydroformylation reaction. As an example of the
55 ! 55 latter, pentane-2, 4-dionatc) dicarbonylrhodium(I), i.e. rhodium dicarbonyl acetyl- 5%
_ acetonate, can be introduced into thé reaction medium where, under the operative
conditions therein, it reacts with the triorganophosphorus ligand, e.g., triphenylphos-
phine, to thus form active catalyst such as rhodium hydridocarbonyl-tris
(triphenylphosphine). _ )
60 60 When the process of United States Patent Specification No. 3,527,809 employs 6C
" normally-liquid inert organic solvemis which are not products of the reaction or
reactants in the process the product mixture eventually becomes, either at room iem-
perature or at the chosen operating temperature of, for example, 80°C,, slightly cloudy
in nature or it possesses a noticeable precipitation. Elemental analysis indicates that
65 65 such solids (cloudiness or precipitate) contain thodium. In some instances, it appears 62
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gohpl $x sol i ds havguné, o laaﬁ}ecﬁnmeldae Git s,|f?e§tlﬁ6}§ﬁf5ph Brus ligand in the reaction
e medium containing the dissimilar high boiling condensation products to provide the
- 30 advantages cited in United States Patent Specification No. 3,527,809 did not 30
S & inhibit the activity or solublhty of the rhodJum complex calalyst even over long
o ¥ periods of continuous operation. Since these condensation products are formed in sifu,
: g the economics of the aforementioned process are extremely favorable.
After substantial repeated use it was found that continuous recycle of rhodium
35 species dissolved in the high boiling liquid condensation products presented disadvan- 35
tages. The constant movement of catalyst led to some catalyst loss; considerable catalyst
volume was required because in the liquid recycle a portion of the caralyst is outside
of the reactor; rate of residue formation remained at significant levels and the residue
had to be removed, thus affecting caralyst stability on such occasions; control of carbon
40 monoxide gas pressure was difficult; the nature of the recycle brought about heat 40
losses because of the constant movement of hot liquids through the system; and there
developed a tendency to have small oxygen leakages which proved deleterious to the
PTOCESS.
It has been determined that a hydroformylation reaction using a non-volatile
45 ~catalyst, such as hydridocarbonylmis (triphenylphosphine)rhodium(l), -in the liquid 45
phase can be carried out in a more convenient manner and with simpler equipment
by allowing the aldehyde reaction product and their higher boiling condensation pro-
ducts to distil out of the catalyst containing liquid body (or solution) at the reaction
temperature and pressure, condensing the aldehyde reaction product and the con-
50 . densation products out of the off gas from the reaction vessel in a product recovery 50
T zone and recycling the unreacted starting materials (e.g., carbon monoxide, hydrogen
3 and/or alpha-olefin) in the vapor phase from the product recovery zone to the reaction
zone. Furthermore, by recycling gas from the product recovery zone coupled with
make-up_starting marerials to the reaction zone in sufficdent amounts, it is possible,
55 using a C; to C, olefin as the alpha-olefin 'starting material, to achieve a mass balance 55
in the liquid body in the reactor and thereby remove from the reaction zone at a rate
at least as great as their rate of formation essentially all the higher boiling condensation

t he trerrendous advance that invention represents in the Oxo art. 45 @

o

it products resulting from self condensation of the aldehyde product. If the gas recycle
: ' is not sufficient, such condensation products would otherwise build up in the reaction
% 60 vessel. 60
£ The present invention, which is a process for the production of an aliphatic alde-

hyde containing from 3 to 6 carbon atoms, comprises passing an aliphatic alpha-olefin
containing from 2 to 5 carbon atoms together with hydrogen and carbon _monoxide

i . ataprescribed temperature and pressure through a reaction zone containing the catalyst
3 65 dissolved in the 11qmd body, the catalyst being essentially non-volatile and being 65




-solids are simlar to an active formof the rhodium conplex species. Such
solids can becone lost in the' system e.g., deposit insmall crvvi es or:
pl ug val ves. As noted * - xabove atruly.effigient \;
Qmmrer ci al Oxo operation- cannot ‘tol erate | ossof even 5 ;smal |- '

fRtities O rhodium A further disadvantage of |ntrodu0|ng t he rhodi um
s8pPdrat- ‘as a solution in such an extraneous organic liquid is the obvious
reqii rement of separat- ing the oxygenated.protlucts formed in the reaction
from such organic liquid. Since Oxo reactions produce al dehydes and high
boi I i ng al dchyde condensati on products which are renoved to maintain the
sol.vent concentrations, as noted above, the renmoval 10 of the .
condensati.on products by distillaton affects the solvent, some, if not alt,
being 10 distilled, and the Rh values it contains. The initial
introduction into the Oxo reaction zone of a catal ytic solution is
extraneous organic liquids is effective. However, such a comercially based'
Oxo operation demands continuous or intermittent. catalyst intro- duct i oW
whi ch can be fresh catal yst, regenerated catal yst, or- catalyst contained in
~a 15 recycle stream - Catal yst | osses are the result of such practices.
15 British Patent Specification No. 1,338,237 enploys the high boiling
| i qui d al dehyde condensation products as a prinmary solvent for the
catalyst. As a result, no rempbval of the solvent fromthe catalyst is
necessary except for a small purge streamto keep down the concentration of
condensati on products and poisons to the reaction. As a 20 result,
t he hydrofornyl ation of 3 carbon ol efins, or higher, maintains the high
ratio 20 of normal/iso isonmer distribution of aldehydic product over
extended. periods of tinme and the continuous recycling of the rhodium
speci es in substantial quantities of such condensation products does not :
result in extensive precipitation of the rhodiumin one formor another. No
discernible loss in the life of the catal yst was detected over 25 -
ext ended periods of operation. The use of such condensation products as the
- medi a 25 to solubilize the rhodi umcontaining catalyst was
advant ageous fromthe standpoint that extraneous organic |iquids could be
excluded entirely fromthe hydrofornylation zone, if desired. The use of
excess, free triorganophosphorus ligand in the reaction nedi um contai ni ng
the dissimlar high boiling condensation products to provide the 30
advantages cited in United States Patent Specification No. 3,527,809 did =~
not . 30 inhibit the activity or solubility of the r hodi um complex - -
cat al yst even over |ong periods of continuous operation. Since these -
condensation products are formed in situ,
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the econonics of the aforementioned process are extrenely favorable. After -
substantial repeated use it was found that continuous recycle of rhodium 35@

tssolved in-the high-boiling |iquid condensation products

species d _ i
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60 The| present irg gﬁ‘i Yomay Bhibetwvedns3 a praagess. 15%&!3912. ﬁtﬁ]‘zbd%tibrand)fcoran

al i phatic al de- hyden, gﬁﬁéj?%sﬁ from3 to 6 carbon atons, 2t bestempassigg
an al ijphatic al phauel gt @réfg@%rfi:ﬁw;] Zhetreacioncranelfay batugr{@;.,;]gegg&rtler with
hydrogen ang, car bwsurpnoxi de 7. the region of 10 10 20 per cent of the toral

partial pressure is typically not in excess of 40

material it is preferred to choose a soluble rhod: 15 used as a starting 45

55 mentioned liquid body and stable under the *conditions

i hosphi ;
Posphine and rN,N-dimeth‘;fxafxﬁfﬁggmx)fhc“,{’)Ph“P’ﬁl}l)e, Ir;i(fr:’ch?:r?g:g;oli >
ne : yl bis- ; . h
- Tiquid poge Preferred ligand. As pointed our previousty £/ 0PPine. Triphenylphos-
60 Rhgdiy containing excess, free triax}qphosphine usly, the reaction js eflected in a
um is preferably introduced into the liquid body

a stable crystalline 1i .

RhH(CO)(PPh Y% T 50 (!’ rhodium  hydridocarb etrislors
. The rhod s arvonyl-tris(tripheny]l ph .

Precursor form which is Cogggncan,_ however, be introduced 1o the H)‘;ui dechi};Iuar;e%

5 cursor forms ar i i p. y
- (4 I'hOd]le carbonyl [rlphen_\'lphos hine acetylace tonate, Rh o)
[ ] 2y

the catalyst

as a preformed catalys, e.g., 60




at a prescribed tenperature and pressure through a reaction zone contai ni ng

the catal yst 65 ~ dissolved in the |iquid body, the catalyst bei ng,
essentially non-vol atil e and being 65 - -+ 5 o
“%85 010 " 5 effective :

hydr of urnr| yai on of the alpha oIef|n continuously renoving a vapor
phase fromthe reaction zone, passing the vapor phase to a product
separation zone, separat-. ing a liquid al deltydc-containing product in the
product separation zone- by condensa- tion fromthe gaseous unreacted

starting nmaterials, and recycling the gaseous unreacted:5 : 5
starting materials fromthe product separation zone to the reaction zone.
. Preferably 5 the gaseous unreacted starting materials plus make-up .

starting naterials are recyded at a rate at |east as great as that reqU|red
to maintain'a nmass balance in the reaction zone. 2 to 5 In:the process of
the invention there is contenplated the use of alpha ol efins of 10 - .ufﬁ

10 2 to 5 carbon atons, Preferably 2, 3 or 4 carbon atonms. Such* \w
al pha-ol efins are charac- 10 terized by a termnal ethylenic- B
car bon-to-carbon bond which may be a vinylidene group, i.e., CHerr] :_C <

or a vinyl group, i.e., CHerr] = CH. They may be straight- chain or
branched-chai n and .may contain groups or substituents which do not

essentially interfere with the course of this process. Illustrative -
al pha-ol efins include ethylene, 15 propyl ene, 1-butene, iso-butylene,
2-met hyl -1 -butene. and | - pentene. 15 The reaction is

conducted at a tenperature of from 500C to 140[err]C A tenperature in.the - -
range of from 500C to 130[err]C, for exanple in the range of from 600Cto.
120C, is preferred and it will usually be convenient to operate at a e
tenperature of. from 90 to 115/ err]C. 20 ' 20 A
feature of the invention i's the low total pressures which are reqU|red to

effect 20 a commercial process. Total pressures |ess than 400 psia and as .

| ow as one atnos- phere, and |ower, can be enployed W th effectlve results.'
Total pressures of less than




350 psr a are preferred The reaction can be effected at pressures ranging
het ween 100 to 300 psia. 25 25 The parti al
pregsure of “the carbon nonoxi.de:is an inmportant factor in the process 25
of . the inveftion. lt, has been observed that vvhepsgé 519 t he conpl ex rhodi um

catal ysts. a;noti ceabte tecrease-i-n—the—normatt+59- dehydre—preduct tsonmer—— -
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cat al yst naylboeit asrrycqmn-tv d;#lam the evpimibyaue ohibel pmmlene &istain Wyt propane

cctive for 45 purge stre; ngbms%p (;Eé@ ﬁzgaly cné{auo}?
CSCC § modi T 1S at in the
4 gher olgfin 'h?drb‘[ggxi af Ef f ﬁ}gdleth 1 ket:g xs Fmocﬁ:%ﬁ quantities
¢ 0 choose lémzlyzeﬁafir syestprdi al sighiftaf anobhtgRf diethyl
in the al derkytdre product m Xt ure Thepgeneral cl ass of rhodr um

‘depi cted in Unitedt Stpaﬁf@g’dﬁ géjffhf |"bfP“ using Ptgwt X
‘f he pracgg ce (ﬁacQo&a so il? h1ql$ boﬂmg hgﬁeﬁ mﬁ e lﬁﬁﬁﬁlaﬁ?gfﬁl Caii (qa:

ss of this i lmemfteeaeﬁnagmrch
ixi de and a tri ar By phoseini fiégher gahnt hciﬁlirieald@sde d:eéernsaadm @rodam%il smsed

hal ogen such %szrj;re rmﬂetheoawleromx T &f i Ec??% ‘Srrﬂ’h‘é‘)(i‘ t
phosphi ge co ﬁ}gﬁ%ﬁﬁiﬁtﬁﬁ@&ﬁ ﬁ ls’Jf qr%?@g @L?E%iyde as

he af or €- the model. Such condensation products can be preformed or produced in situ in the
Oxo process. The rhodium complex species is soluble in these relatively high boiling
liquid aldehyde condensation products while exhibiting high catalyst life over extended
periods of continuous hydroformylation.

40 Initially, the hydroformylation reaction can be effected in the absence or in the
presence of small amounts of higher boiling liquid aldehyde condensation products
as a solvent for the rhodium complex, or the reaction can be conducted with up to
70 weight per cent, and even as much as 90 weight per cent, and more, of such
condensation products, based on the weight of the liquid body. A small amount of the

45 higher boiling liquid aldehyde condensation products can be as litle as § weight
per cent, preferably more than 15 weight per cent, based on the weight of the lquid
body.

In the hydro formylation of, for example, propylene, two products are possible,
namely normal and 1so—butyra]dehydes Since normal butyraldehyde is the more

50 attractive product commercially, high normalf/iso ratios of butyraldehydes are desirable.
However, the aldehyde products being reactive compounds themselves slowly undergo
condensation reactions, even in the absence of catalysts and at comparatively low tem-
peratures, to form high boiling liquid condensation products. Some aldehyde product,
therefore, is involved in various reactions as depicted below using n-butyraldehyde as

55 an illustration:
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triaryl phosphine |igands are triphenyl phosphine, -
triolylphos- 55 phine, tri(p- blphenyl)phosphlne
Cp- rethOX|penyI)phosph|ne 0 Tri bphosphi ne and “4
p- N, N- di et hyl am ni ophenyl bi s- phenyl phosphi ne. Trlphenylphos- phlne is
the preferred ligand. As pointed out previously, the reaction is
effected in a 60 -1'iquid body containing excess, free
triaryl phosphi ne. Rhodiumis preferably introduced into the liquid body
as a preformed catalyst, e.g., 60 a stable crystalline solid,.
rhodi um hydri docar bonyl -tri s(tri phenyl phosphine), RhH(CO ([err] The
rhodi um can, however, be introduced to the -liquid body as a precursor
form which is converted in situinto the catalyst. Exanples of such
" pre- 65 : cursor forns are rhodi um car bonyl _ :
t ri phenvl phosphi ne acetyl acetonate Rh[err] O Rhferr] (CO and rhodi um
di car bonyl acetylacetonate Both the catalyst 65 THE PATSNT
OFFICE = 6 6 conpounds
which will provide active species in the reacti on medi um and t heir pre-
paration are known by the art, see Brown et al., Journal of the
Chenti cal Society, 1970, pp. 2753-2764. I'n ultimate terns the rhodi um
concentration in the liquid body can rangc from5 - 25 ppmto 2200 ppm
of rhodium cal cul ated as free metal, .and the triaryl phosphi ne 5is
present in the range of 0.5 percent to 30 percent by weight, based on the
wei ght of the total reaction mxture, and in an anmount sufficient to
provide at |east 10 noles of free triaryl phosphi ne per gram atom of .
rhodi um The significance of free ligand is taught in United States Pat ent’
Specification No. 10 3,527,809, supra British -Patent Specification No. _°
1, 338, 225, and Brown et aI., supra, 10 pages 2759 and 2761.
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In general the optinmum catal yst concentration depends on the concentration
of the arpha ol efin, such as propyl ene. For exanple, the higher the

@

propyl eng concen- tration the l-ower wsual Iw(éb be the catal yst 7

cofeent rti on that_can .he_used to achieve
al dehyde| products in a given size of reactorpy Recognizing 15 that partial
pressureg and concentration are rel ated, th use ofHﬂ]gher pr opyl ene

tial ; d
B?B ;/?ene in the "off QE‘%SCEU FFFHDe?hZ(F gﬁrﬁgzc@ﬁ%ﬁz B nﬂgﬁg%%p;@trnecessary

to purgefpart of the gas strean1fron1the prodE@} recovery zon Jegfore
recycl'e o the liquid body in order to renove portion 20 3the2propane
which may be present, the higher the opyl ene content gbrﬁg "of f gas" 20

i t he.-dreat er .t he anount of propylene[mm(ﬂhat will in the propane
purSe strleam Thus it is necessary tlo bal ance the econdﬁf | ue of the
propylene | ost in the propane purge strean1 ai nst thhe capital savings
assochated with | ower catal yst conce ngﬂﬂ An unfyor eseen advant age of

hat

this nodijffi ed Rh catal yzed progcess ils in the hydr of or myl-ati on
of Bthylehe no diethyl ketone ﬂt forfred in neasurab ities 25
whereas ajl of the Co catalyze (processes pr e@ f@ﬂ! cant anounts of

di ethyl . ket one. UBEH[H CHCHCH u{ S pre gﬁ H ect t he process
of the inlvention using a I|%U2d ph |n the r g one whi ch cont ai ns

one®df t hg- af orement i oned r hodi n1conp|ex catal ysts § and, as a sol vent
t herefor, ! higher boiling liquid aldbhyde condensati on roducts (as 30
her ei naf t br defined) which are rlichin hydroxyllc conpounds By the term
"hi gher bbiling liquid al dehyde (o Mﬁﬂﬂﬁq :fn products" as used herein is
mear® the. conplex mixture of high“boi i quid products which result from
t he condepsati on reactlonsépﬁm} C3to C[err] a@hma&ﬂ)product of the
process of the 35 i nvention, as I||Uﬁ ated below in the series of
equati onsinvol vi ng n-butyral dehyde as . t he
nodep. Su¢ch condensation prodycts can b prgﬂogpgﬁ[m “produced in situin
the Oxo pjocess. The rhodiun1 onpl ex spdg¢i e le in these relatively

hi gh boiling Iiquid alaﬁg mge ati ﬂgﬁﬁ;ﬁ EHquXhlbltlng hi gh
r

catal yst [ife over ext jof conti 0fognyl ation. 40

Ini t3%al ly! the hydrofo Iatlon reactlon can be effedted in the absence or
in the 40 npresence ofy small anounts of

hi gher b0|I|ng | i qui d al dehyde é%ndensatlon products {6 8s a solvent for

t he Lpodi1n1conplex or the reaction can be conducted\w §h up to

EHZU H2EH2CH3

(dimer T} (tetramer YI)

45 : :
In addiuon, aldol T can undergo the following.reaction:

0H

50 -

? ——————y
aldol I CHBEHZDiszCHEH 2[ZH3

55 | | ' , OH

l?l][IIHzlliHEHCHz[szlfH3

[H2CH3

(tetramer I

7 .
gtven-cenvers+on rate toe- -— . -




- *3t>.:. a-g ' 70 wei ght per cent, and even as nuch'as 90
wei ght per cent, and nore, of such 4'?g 3condensation products, based oRn

wei ght of t he liquid body. A small anount of the E <n 45
her boiling liquid aldehyde condensation products can be as little as
1ght 45 4 - . *per cent, preferably nore than 15 wei ght per
cent, based on the melght of t he I|qU|d I ,s 1::M <. ;9%
body. 4;>v; ' j¥.1In the hydro: forhylatlon of for exanple,
propyl ene, two products are possible, . ',* 50 ghanel y

normal and-iso-butyral dehydes. Since nornal butyraldehyde is the nore 50
attractive prOduct commercially, high normal/iso ratios of butyral dehydes
are desirable. '50 However, the al dehyde products being reactive

.conpounds t hensel ves sl owl y undergo condensati.on reactions, even in-the - .
absence of catalysts and at conparatively low tem peratures, to formhigh *
boiling Iiquid condensati oh products. Sone al dehyde product, therefore,,.is"

i nvol ved in various reactlons as deplcted bel ow usi ng n- butyraldehyde 39455;"

~an illustration:
55 , , THE PATENT CFFICE 133JUL 1981 RECEIVED BY OH H20 substltuted

15 | oH
[ERR] 3 22 2 3 20 25 -




(trimer 11) ' (trimer [ERR] 30 OH 45 In addition, aldol é
| can ‘undergo the follow ng, reaction: OH 50 55: -
OH \_  Thc nanmgs in-parenthesks in‘the afO{ﬁ,;,l ld usrated equations, al doI 8
1, substl | ted acretermferr] —trimer—ttt+;t rner-1-V,~di-mer—v— teraner-Vl - -
and tetfainer VJlI, are f®he ﬁmvenpamle«xoﬁﬂ the afdreldikstilated sqfacmsxtzdmby an! a'kdol
condensation: trimer Iafff‘lﬂﬂaﬂﬁ s ffréﬁg EpenAY, dipca ‘f: E} ]E?ﬂvnon  Flrapgie en oore for

; Fx %éili)g né) G énscsknﬁcadc[ gcuyr:l;and

reactiops; triner IV\@'}/ “;n
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[gnsation reactions of a normal/iso nixture of
#ehydes. OHCH

— H,, CH-—CCH
EH3CH2CH2EHU+CH 3CHEH3 CH3EH2E ) 3

o 0
 Aldol(¥I)

!

CH3 OH

EH—CHEHEHZEH3

EH3 CH0

Aldol (IX)

Aldol T can undergo further condensation with isobutyraldehyde 10 form a
trimer isomeric with trimer ITI and aldols VIII and IX and the corresponding aldol X
20 produced by self condensation of two molecules of isobutyraldehyde can undergo further 20
reactions with either normal or isobutyraldehyde to form corresponding isomeric
trimers. These trimers can react further analogously to trimer III so that a complex
mixture of condensation products is formed. -
It is highly desirable to maintain the substitured acrolein II and its isomers
o 25 at low concentrations, e.g. below 5 weight per cent. The substituted acrolein II, speci- 25
fically termed 2-ethyl-3-propyl-acrolein (“EPA™), is formed in situ along with other
condensation products and has beerd found 1o Inhibit cawalyst activity. The ultimate
effect of EPA or like products is to reduce hydroformylation rates to such an extent
: that any process where the EPA is present in amounts greater than about 5 weight _
8 =F 30 percent, even greater than about one percent by weight based on the weight of the 30
S liquid body, will suffer an economic penalty.
iy In a preferred form of the process of the invention the higher boiling liquid
B condensation products to be used as solvents are preformed prior to introduction into
the reaction zone and the start-up of the process. Alternatively, it is possible to add,
35 for example, Aldol I at process start-up and to allow the other products to build up 35
- as the reaction proceeds. .




13 CHCHCHCHO+ CH CHCH - HCHCHCH CCH 3 22 ' 3 3
3 22 3 CHO - CHO Al dol ( VIII) CH CH _
CH CHCHCH2CH3 CH 3 CHO AIdoI (err) Aldol I. can undergo- further .
Qndensation with isobutyral dehyde to form a trimer isoneric, wWith-trimer
\‘ and aldols VIIl and I X and. the corresponding al dol X 20 pr oduced
sel f condensation of two nol ecul es of isobutyral dehyde can undergo :
ther 20 reactions with either nornal-or .irsobutyral dehyde to form
corresponding isonmeric tri-mers. These trimers can react further analogously

totriner Il so that a conplex m xture of condensation products is forned.
‘It is highly desirable to maintain the substituted acrolein Il and its -

i soners 25 at | ow concentrations, e.g. bel ow 5 wei ght per cent. The.
substituted acrolein I, spec- 25 flcally termed 2-ethyl -3-propyl-acrolein

("EPA"), is forned in si tu along with other condensation products and has « .
been found to i'nhibit catalyst activity. The ultimate effect of EPA or like
products is to reduce hydrofornylation rates to such an extent that anykJ
process where the EPA is present in amounts greater than about 5 weight 30
percent, even greater than about one percent by wei ght based on the weight
of the 30 liquid body, wll suffer an econom c penalty. In a preferred
formof the process of the invention the higher boiling |iquid condensation:
products to be used as solvents are prefornmed prior to introduction into
the reaction zone and the start-up of the process. Alternatively, it is
possi ble to add, 35 for exanple, Aldol | at process start-up and to-
allow the other products to build up 35 as the reaction proceeds. :
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2' conditions in ordcr to remove by-products and hence maintain a mass. balance over
the reaction zone.
If however, the gas flow rate through the reaction zone is increased by increasing
35 the gas recycle rate the solution aldehyde content falls, the by-product formation rate
: is decreased and by-product removal rate in the vapor phase effluent from the reaction
zone is increased. The net effect of this change is to increase the proportion of the
by-products removed with vapor phase effluent from the reaction zone. Increasing the
gas flow rate through the reaction zone still further by a further increase in the gas
40 recycle rate leads to a situation in which by-products are removed in the vapor phase 41
effluent from the reaction zone at the same rate as they are formed, thus establishing
a mass balance over the reaction zone. This is the critical threshold gas recycle rate
which is the preferred minimum gas recycle rate used in the process of the invention.
If the process is operated with a gas recycle rate higher thap this threshold gas recycle
45 rate the volume of the liquid body in the reaction zone will tend to decrease and so, £
at gas recycle rates above the threshold rate, some of the crude aldehyde by-product
mixture should be returned to the reaction zone from the product separation zone
20 in order to keep constant the volume of the liquid phase in the reaction zone.
The critical threshold gas recycle flow rate can be found by a process of trial and
50 error for a given olefin and synthesis gas (the mixture of CO and hydrogen) feed rate. 3)
Operating at recycle rates below the critical threshold rates will increase the volume
of the liquid phase with time. Operating at the threshold rate keeps the volume con-
25 stant. Operating above the threshold rate decreases the volume. The critical threshold
gas recycle rate can be calculated from the vapor pressures at the reaction temperature
55 of the aldehyde or aldeh)des and of each of the by-products present.
With the process operating at a gas recycle rate at or greater than the threshold
rate, by-products are removed in the gaseous vapors removed from the reaction zone
30 containing the liquid body at the same rate as or faster than tbey are formed, and
thus do not accumulate in the liquid phase in the reaction zone. Under such circum-
60 stances, it is unnecessary to purge the liquid body containing the catalyst from the €
reaction zome in order.to remove by-products. This has the advamiage of obviating
) removal of catalyst from the reaction zone, except at extended intervals when renova-
35 ! ton of the catalyst is necessary, and thus the chance of losses of expensive catalyst by
: accidental spillage or leakage is reduced. Furthermore there is no need for high
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4 " temperature treaunent of the catalyst-containing purge solution for by-product removal €




phase effluent fromthe reaction zone (liquid body) under such conditions
wi Il be | ow because the | ow vapor phase effluent flowrate fromthe -°
reaction zone can only result-in a relatively tow rate of. carry-over of

by- products. The net effect is a build-up of by-products in the |iquid body

ausing an increase in the .volume thereof with a con- 30 . sequent |oss

-catal yst productivity.- A purge nust therefore be taken from the
sol ution when the hyIdrofornyIatlon process -i's operat ed under “such | ow

gas flow rate conditions in order to renove by-products and hence naintain
a mass bal ance over the reaction-zone. |f however, the gas flow rate
t hrough ‘the reaction zone is increased by increasing 35 =~ the gas _
recycle rate the solution al dehyde content falls, the by-product formation
rate 35 is_decreased and by- product renoval rate in the vapor phase S
ef fl uent frontthe reaction.zone is increased. The net effect of this change
is-to increase the proportion of the by- products renoved with vapor phase
ef fl uent fromthe reaction-zone. I ncreasing the gas flow rate through t
reaction zone still further by a further increase in the gas 40

recycle rate |eads to a situation in which"by- products are removed in the
vapor phase 40 effluent fromthe reaction zone at the same rate as they
are forned, thus establishing a mass balance over the reaction zone. This
is the critical threshold gas.recycle rate which is the preferred m ni num
gas recycle rate used in the process of the invention. If the process is
operated with a gas recycle rate higher than this threshold gas recycle 45

rate the volume of the liquid body in the reaction zone will tend to
decrease and so, 45 at gas recycle rates above the threshold rate, sone.
of the crude al dehyde by-product m xture shoul.d be returned to the reaction
zone fromthe product separation zone 20 . in order t.o

keep constant the volune of the liquid phase in the reaction zone. The
critical threshold gas recycle flow rate can be found by a process of trial.

and 50 ~error for a.given olefin and synthesis gas (the mxture of CO -
and hydrogen) feed rate. - 50 Operating at recycle rates below the crrtrcal
threshold rates will increase the volunme of the | i quid phase with tine.

Operating at the threshold rate keeps the volume con- 25

stant. Operating above the threshold rate decreases the vol une.. The
critical threshold gas recycle rate can be cal cul ated fromthe vapar
pressures at the reaction tenperature 55 of . t he al dehyde or aldehydes
and of each of the by-products present. Wth the process operating at a gas"
recycle rate at or greater than the t hreshol d- -
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concentration in the liquid body or the removed catalyst can be regenerated. Alter
removal from the liquid body in a reactor, the vapor effluent is fed to a product separa-
tion zone where the mixture of the aldehyde or aldehydes and the dimers, trimers
and other higher boiling liquid condensation products are worked up by conventional
techniques, e.g. distillation, in order to remove the aldehyde or aldehydes and, if
appropriate, to separate the aldehydes one from another and recover the higher
boiling liquid aldehyde condensation products.

The alpha-olefin used as starting material in the process must be rigorously puri-
fied in order to Temove the typical potential Oxo catalyst poisons, see Falbe, supra,

ages 18-—22. The carbon monoxide and hydrogen required for the process can be
produced by partial oxidation of a suitable hydrocarbon feedstock, e.g. naphtha, and
must also be purified rigorously to exclude potential catalyst poisoning impurities.

The invention is further illustrated with reference to the accompanying drawing
which schematically shows a diagrammaric flowsheet suitable in practising the process
of the invention.

Referring to the drawing, a stainless steel reactor 1 is provided with a disc im-
peller 6 having perpendicularly mounted blades and rotated by means of shaft 7,
by a suitable motor (not shown). More than one impeller 6 can be provided, if desired.
Located below the impeller 6 is a circular tubular sparger 5 for feeding the o-olefin,
and synthesis gas plus the recycle gas. The sparger 5 contains 2 plurality of holes
of sufficient size to provide sufficient gas flow into the liquid body in the vicinity of
the impeller 6 to provide the desired amount of the reactants in the liquid body. The
reactor is also provided with a steam jacket (not shown) by means of which the
contents of the vessel can be brought up t reaction temperature at start-up and
internal cooling coils (not shown). :

Vaporous product effluent from the reactor 1 is removed via line 10 to separator
11 where it is passed through a deinisting pad 1la therein to rerurn some aldehyde
and condensation product to the reactor 1 via line 12 and to prevent potential carry-
over of catalyst. The reactor effluent is passed by line 13 to a condenser 14 and then
through line 15 to catchpot 16 in which the aldehyde product and any by-product can
be condensed out of the ofl gases (effluent). Condensed aldehyde and by-products are
removed from the caichpot 16 by line 17. Gaseous materials are passed via line 18
to separator 19 which contains 2 demisting pad and which is connccted 10 a recycle
line 20. Recycle gases are removed by Jine 21 to line § from which a purge through
line 22 is pulled to contro] saturated hydrocarbon content. The remaining and major
proportion of the gases can be recycled via line 8 1o line 4 into which are fed make-up
reactant. feeds through lines 2 and 3. The combined toial of reactants is fed 10 the

€ regenerate

t hus do not accunulate in
20! h cificum 60 — -~ stances,™ ~
y 0. DUL9E CJEQ’?{ lliflz AU t.an-Q.d)yE.;s&grQn_tcall: BhBgcbRe eatailyst-ofwom t he

60 reéaction zone in MirtdQs
obvi & i ng removal Qf FEMidd0s h@ TR Bedibr RIS

Erldﬁ?cﬁdc;c patiial Pedkire egered by @s icgnpgenenitfe et f or

10 -

10

S

5

20

35

40

45

50

55

60

65




its build-up within-the reaction system This purge streamw || contain, in
~addi tion 15. to unwant ed propane, unreacted propyl ene, some inert gases-

(YN roduced in the feed- 15 stock and-a: m xture of carbon .nonoxi de and/
dir ogen. The purge stream can, if desired, be submitted to-conventional

$ separation techniques, e.g. cryogenic tech- niques, in order to recover
e propyl ene. However, it will usually be uneconomical to do this-and the
purge streamis typically used as a fuel: The pr|n0|pal conposition 20 of
the recycl e gas are hydrogen and propyl ene. However, if the COis not
consuned - 20 in the reaction, the excess COw ll. also be part of the
recycle gas. -Hence t he gaseous recycle stream general |y conprises hydrogen,
the al pha ol efin. and carbon nonoxide. Usually the recycle gas will contain
al kane even wi th purging before recycle. It will be appreciated that the
process of the invention can -be operated continuously 25 for long :
periods -of tine wthout removing any of the catal yst containing liquid bpdy -
25 fromthe reaction zone. However, fromtime to.time it may be necessdrg g

" to regenerate the rhodiumcatalyst, in which case a purge. streamcan be
taken fromthe reactor through a normally | ocked valve, fresh catalyst
bei ng added to maintain the catal yst concentration in the |iquid body or
the renoved catal yst can be regenerated. After 30 renoval fromthe liquid
body in a reactor, the vapor effluent is fed to a product separa- 30 tion
zone where the nixture of the al dehyde or al dehydes and the dirners,
trimers and other higher boiling |iquid condensation products are worked up.
by conventional techniques, e.g. distillation, in order to renove the

al dehyde or al debydes and, if appropriate, to separate the al dehydes one -
from anot her and recover the higher 35 b0|I|ng I|qU|d al dehyde
condensati on products. 35 The

al pha-ol efin used as starting material in the process nmust be rigorously
puri- fied in order to renove the typical potential Oxo catal yst poisons,
see Fal be, supra, ages 18--22. The carbon nonoxi de and hydrogen required
for the process can be produced by partial oxidation of a suitable

hydr ocar bon feedstock, e.g. naphtha, and 40 nust also be purified
rigorously to exclude potential catalyst poisoning inmpurities. 40 The -
invention is further illustrated with reference to the acconpanyi ng draw ng -
‘which schematically shows a diagranmatic fl owsheet suitable in practising
the process of the invention. Referring to the drawing, a stainless steel
reactor | is provided with a disc im
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45 - pefler 6 havi ng perpendicul arly nDunted bl ades and rotated by neans
of shaft"7, - 45 by a suitabl e notor (not- shown). Mre than one
impelter 6 lcan he provided; if desirred. Locat eq bel ow the inpeller 6 is a
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gpact or 1.. Qonpressor 26 aids in transportl ng the recycl e,gases.
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- Fresh caral yst sol ution can be added to the rcactor | by Ilhe 9. The
single reactor | can of course; be replaced by a plurality of reactatlng
paraliel. The crude al dehyde product of lirne 1Y can be treated by \,

3 entional disuillation the 5 5 - t.0 separate the
-,‘ ous al dehydes and the .condensation products. A portion of the .
e : crude can ‘be recycled to reactor

t- bugh line 23 and fed as i.ndicated by broken- line nd
25 to a point above inpeller 6 for the purpose of nalntalnlng the liquid

| evel in reactor ich . 1 if such is required.

fin. The foll ow ng Exanple serves to-
illustrate the practlce of . thls |nvent|on and not ro -10 10
limt it.

10 ene gas

EXAMPLE. ent The react or enpl oyed is.a. .
stainless steel cylindrical vessel as characterized in the ion ; \ﬁliﬁ*-
drawi ng, havi ng di nmensi on of 13 feet inside dianeter and 24 feet height
containing d - 15 " a 4 feet dianeter, 8 inches i nsi de
di aneter tubul ar sparger |ocated i mediately below, if

15. the inpeller. The spar ger contalns a pIurallty of holes to allow
feed of reactants. 15 : ch- " -~ The ,
conditions of the reaction using the process design of the drawing are set . |
i cal forth in Tables | and 2. on ned 20 .
ous i de. -

TABLE 1 sly

Contents of Reactor | dy 25 a e -

Conmponent Characteristics Amount ctor yst e-

i quid Vol une ' 42,000 liters ra- ners

Rh, determ ned as netal * 275 ppmo al 1, if

Tri phenyl Phosphi ne ' 7.5 wei ght- %
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582, 010 _ 13 Thc nake-up -of  product fromline 17 is "\

ows: Conponent Content of Characterizati.on - :

Cdde Product Conpositi on (wt 0/() 5 ' _ Co :

0..06 H . 0.01 CH6

4:82 L . - :

[wE PR oFEICE |

TERIURC B

REQEWE BY L
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C - H i ' 4.40 CO2 0.39 10

CHA( .ot'her | ni nor 0.08 - S "10 gaseous

i ngrt: conpgnents) Normal Butyral dehyde ' 82.59 Iso
_Buf?y}r,a.@ehyde B T LA AAIRREVI0

0.01 1 - The :{ﬁc-up of praduct from line 17 is as follows: 0.16

15 [ ERR] 0.13 Trinmers . ____ _

0. 20 Diest gr ' TR T T T G, 010 Dol

0.01 2 TPP Component : ‘Centent of Tr ace

20 Essgnti gl ly the same procedimeecldsaibeen proven t&nide Pardutist ef fective

t echni que tjo produce propional dehyde from ethyl ene WHAT -WE-CHAHMHI S - 1. A

cont i nyous fprocess for produci ng an aliphatic al dehyde containing 3 to 6 25

car bon lat ofs by. t he hydr of or mfcaeasienii*t ) car bon nonoxi de and hydr ogen of

an - |25 4liphatic al pha-olefin Egnt aining from2 to % garbon atons 5
conpri-gi ng§ estAablishing a |iquid body of a hombgeneous m xture containing

ol efix al dehyde products and highgr boiling al dehyde ddidensation products
conti njouslgy formed therein, a soluble rhodium catalyst gonplexed with

car bon [nongxi de and a triaryl- 30CHhosphine, and at | %t ten noles of

free tifiaryl phosphine for each gramatomof 30 rhodi umgetal; supplying to
the |iquid{body a gaseous recycl e &tY¥eam conprising hydrogen and .

the ol 4§fi n§ suppl yi ng nake-up quaabjti es of carbon nondxi¥de, hydrogen and
‘olefin|to §he 35 | rqui d body; maintaining the tenperature of the 10
l'i qui d |bod} at &0[err]C to 140[ er P& otheringrot al presst® at 1 ess than 400
psia, fhe ¢arbon rmonoxi de pa®ltiats PHESYURPE"Ht | ess than 50 psia and the

hydrog¢n pgrtial pressure at N.£s6 ghi}@aRl psia; 82.59
o c
T Iso Butyraldehyde 1.14
Aldols 0.01
15 EPA 0.16 15
.HzO 0.13
Trimers 0.20
Diester | 0.01
Diol . _ 0.01
20 : TPP Trace 20

Essentially the same procedure has beéen proven to be a most effective technique
to produce propionaldehyde from ethylene.

WHAT WE CLAIM IS:— o .
1. A continuous process for producing an aliphatic aldehyde containing 3 to 6 .
25 carbon atoms by the hydroformylation with carbon monoxide and hydrogen of an 25
aliphatic alpha-olefin containing from 2 to 5 ‘carbon atoms comprising:

" establishing a liquid body of a homogeneous mixture containing olefin, aldehyde
products and higher boiling aldehyde condensation products continuously formed
therein, a soluble rhodium catalyst complexed with carbon monoxide and a triaryl-

30 phosphine, and at least ten moles of free triarylphosphine for each gram atom of 30
rhodium metal; . .
supplying to the liquid body a gaseous recycle stream comprising hydrogen and
the olefin; . .
35 supplying make-up quantities of carbon monoxide, hydrogen and olefin to the 3
liquid body; - -

g maimZining the temperature of the liquid body at 50°C to 140°C., the total .
pressure at less than 400 psia, the carbon monoxide partial pressure at less than 50 psia
and the hydrogen partial pressure at Jess than 200 psia; . )

removing from said liquid body a vaporous mixiure comprising said olefin, hydro-
90 gen, vaporized aldehyde product, and vaporized aldehyde condensation products at a

Lines 15 & 17 Temp., °C.

Line 21 Temp., °C.

40




renoving fromsaid |liquid body a vaporous mi xture cohpfising said .ol efin,

dro- 40 gen, vaporized. al dchyde product, and vaporized al dehyde -
densation products at a 40 13JUL 1984: RECEI VED BY :HAND , 12 -
: ' ' 1,582,010 : :
he make -up of product fromline 17 is as follows: Conponent

charact eri zati on Cbnp05|t|on (wt. %9 5 : CO
0. 06 _ .. B H2 L - - 0.01
[err] - . 4.82 [err] - 4.40 [err]
0.39 10 : o . [err]other m nor 0. 08
10 gaseous inert conponents) Nor mal Butyral dehyde 82.59
| so Butyral dehyde 7.14 Aldols
0.01 15 _ EPA o 0. 16
15 [err] : 0.13 Triners .
0.20 Diester - 0.01 Dol Ty
0.01 20 TPP ; - Tr acwé
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Essentially the same procedure has been proven to be a nobst effective
t echni que ﬂo produce propienal dehyde from et hyl ene. WHAT WVE CLAIM IS - 1. A g/
Contlnuous,process for producing an aliphatic al dehyde containing 3 to 6 25

car bari2at ors byt he hydrof ornylati on with chiBem0 nonoxi de and hydrogen of

an

i3

' 25’H|Iphatlﬁ‘QLppaﬁQ}EIHHIQQPHaé@Lﬂggfﬁgﬁl2 to 5 carbon atons
conpri $i ng] establishing a liqluid'b honogeneous m xture contai ni ng
ol efin| al lehyde product s*and higfer b0|I|ng at dehyde condensatiom products
continpousky fornmed therein, a sql.yhl.g rhodium caralyst.cqanpl exed wth
car bon| nongxi de and a trlarvl(?3&Lun7uuﬁhosph|ne arudatliheast ten nol es of
free tliaryl phosphine for_each gram _atom of 30 rhodiumnetal ;
supplyjng §o the liquid body a gaseous recycle stream conprising hydrogen
and t-hg-ol gfin;. 35 s fephysity (whk@- up quantities of carbon
nonoxi pe, wydrogen and olefin to pe 35 liquid body; 5
35 nai ptai hing“the tenperature of "the Iiquid body . at 5@'6 to 140[err] C. ,
thc tofal pressure at |ess than 4Q0 asia, the carbon nmmxide partial
pressufe af |less than 50 asia and the hydrogen partial pressure at |ess
than 2P0 pkia; renoving oving fr6msaid |iquid body a %%porous nixture
conpripingt said ol efin, hydro- gep, Hvaporlzed aldchyde‘@goduct and
vapori ged gl dehydc condensat i on prbducts at a 40
1,582,p10 co, 14 mﬁx&such t hat the
rate of r val of said al dehyde condensat i on products is essentially equal
to thef ratfe ofiotheir formation |nc§éfﬂbVVTH¥d body where®y the size of sai d10
liquid body is maintained at3%°PadpRtr t¥RPHEY val ue; and recovering al dehyde
product arjd al dehyde condenspti@npptRiciaef rom said vapsg orous mixture and
forf ng sdid gaseous recycle stream 2. A process as claimed in claim1l in
which |the }l i quid body is nai vdBuneddetyd50C 7.14
Aldols ) 0.01
15 EPA 0.16 15
H,0 0.13
Trimers - 0.20
Diester 0.01
Dio} " 0.01
20 TPP - Trace 20
Essearially the same procedure has been proven to be a most effective technique
10 produce propicnaldehyde from ethylene.
YWHAT WE CLAIM 1S:—
1. A continuous provess for producing an aliphatic aldehyde containing 3 to 6
25 carbon aioms b) the hydroformylation with carbon monoxide and hydrogen of an 25
; aliphatic alpha-clefin comaining from 2 to 5 carbon atoms compnsmg
¢ establishing a liquid body of a homogeneous mixrure containing olefin, aldehyde
- products and }Lcner beiling aldehyde condensation products continuously formed
= therein, a solubl° rhodium catalyst complexed with carbon menoxide and 2 triaryl-
5 30 phosphine, and ar least ten moles of free triarylphosphine for each gram atom of 30
= rhodium metal;
= supplying to the liguid body a gascous recycle stream comprising hydrogen and
> the olefin;
v supplying make-up quantities of carbon mmomde hydrogen and olefin to the
” 35 liquid bedy; 35
2 i maintaining the temperature of the liquid body at 50°C 1o 140°C,, the total
) pressure at fess than 400 psia, the carbun monoxide pannl pressure at less than 50 psia
and the hydrogen parual pressure at less than 200 psia;
4 removing from said liquid body a vaporous mixture compmm« said olefin, hydro-
gen, v 2par'1.gd aldchyde preduct, and vaporized aldehyde condensation products at a 40
I
e T \ -
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from 600C to 120[err] C. 10 - 4.-Aprocess as clainmed in claim1l or
cl ai ?I m-3 wherei n -t he gaseous 10 recycle stream conprises
hydr ogen t hé_al pha-ol ef i.n-and.carbon .moht%i®Ye.. 5. A process._as.claimed i
any: one of clai s rdic Lh 4haWh@8E B LH& Ak dfisBE YHPRRSRRY RS idhiSraducts is essentially
tri.phenyl phosphi nequabto the COQfGB(Sr fasnaobxannn@di liguid mdy v-vbnebs obe dcal mid lig: xido 5
wherien the total bf)‘i‘)eés’tﬂ’é"‘ eh Bgnqde §"“t°ﬁ e E? A pound gﬁ B s

15 i. A process a%mgfﬁ]i\l%@ﬁaw ﬁ;{; Lo i;[é b PikAet &R ¥ hol e 5

rat o of hydrogen tozcaphess £§th€3ifdd clhlﬁx lhﬂmﬁﬂle&qﬁl@bc?dyﬁ}gauggnédcht 3oxB. A
xess as cl ai nedo il3p°&ny one of clains | to 7 wherein the al pha-olefinis

yl ene. 20 3. A pgrocen ﬁr%é@smeféwélza‘?"b?ﬁéj’ the tempprapyreisdiont 689Gt | to 7

to 130[err]'C. 3. A process as clal med in cIa|m2 wherein the tenperature |s©

whey ein the pha- 6‘? i 1 St rap ] 0 ned i No
é,'h .' one of clai ms l’é\. &@st?pr s§ as cau% R aj hi‘ Zidgca&}) g% érelg‘%he %a@eo

pr ess -as cl ai.med | 5. &|padcess Ias d?rildecsmbsi mtolfallafny 1as 4he;e:ehnhhefrﬁn3®hdplsﬁyl bed
25 - with ref elﬂseﬁkt’éenb’lehttsﬁene cconpanyi ng dr awi ng

25:32. A progess (20 CerE r’ﬁ AR gt SEms L dnCi WIS HS 9 PRt or e
desgribed with re o enﬁ cs (o Rla bk AT i ond B HAbd QMY Lo bIERE We rlg{,oogkuced By
a-pgocess as cl ai Mpdtogen talgtb(mnﬁorﬁfldd:is&btﬂ‘&nB 0@ &d.20BATCHELLOR, KIRK &

EYLES, Chartered P%tg g‘?tz Mgfesntas cla:Blc‘PGa?ny'lﬁneef Gomy 1 to Faﬁmrmnghh)ﬂplﬂcmﬁn isLondon,
ECQR ODS, Fojgy t he PABRFY cant ed for t flce
the§ Courier Pr essemg;g,@m Bgi §i i’b% °ml5u{)?’ %1?3" frﬁ’"af%a%%’a'c’y& i c %
Soug hanpt on Bui | di rLgso A.@fbdt@ﬂas Wa@ ih A orkel'oP Blaims ‘1 to 7 whereln the alpha-olefin is

. -butene.

= 11. A process as claimed in claim 1 and substantially as hereinbefore described

N 25 with reference to the accompanying drawings. 25
o 12. A process as claimed in claim 1 and substantially as hereinbefore described

with reference to the Example.

’ 132 Aldehydes whenever produced by a process as claimed in any one of claims

I 1wl
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