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30 (1) A rhodium cor’r]ls_b-(a:x teatchddychbin)ildchiyde isommeraratinpbfcthe prxdiit aidehysies sfhighhodi um ~

his process employs certain rhodium complex catalysts and operates under:

. defined reaction conditions to accomplish the olefin hydroformylation. Since this
25 new process operates at significantly lower pressures than required theretofore in 25
R the prior art, substantial advantages were realized including lower initial capital
investment and lower operating costs. Further, the more desirable straight-chain
aldehyde isomer could be produced in high yields.
The hydroformylation process set forth in the Pruett and Smith patent noted
30 above includes the.following essential reaction conditions: - 30
(1) A rhodium complex catalyst which is a complex combination of rhodium"
_w1th carbon monoxide and a triorganophosphorus ligarid. The term “complex”
means a coordination compound formed by the union of one or more electronically
rich molecules or atoms capable of independent existence with one or more
35 electronically poor. molecules or atoms, each of which is. also capable of 35
independent existence. Trlorganophosphorus ligands whose phosphorus atom has
one available or unshared pair of electrons are capable of forming a coordinate
bond with rhodium.
(2) An alpha-olefin feed of alpha—olefimc compounds -characterized by a
40 - terminal ethylenic carbon-to-carbon bond such as a vinyl group CH,=CH—. They 40
: may be straight chain or branched chain and may contain groups or substituents
which do not. essentially interfere with the hydroformylation reaction, and they
may also contain more than one ethylenic bond. Propylene is an example of a
preferred alpha-olefin.
45 (3) A triorganophosphorus ligand such as a triarylphosphine. Desirably each 45
.- organo ‘moiety -in the ligand does not exceed 18 carbon atoms. The .
. triarylphosphines are the preferred ligands, an example of which is
- triphenylphosphine. '
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More specifically, as pointed out in British Patent- Specification No.
1338237 some of the al dehyde product is involved in various reactions as

depicte , :

25 I n-aedition, aldol I can undergo the follow ng reaction: - The

names in parentheses in the afore-illustrated equations, aldol |, 5

substituted acrolein I, trimer I, tri IV, dinmer V, tetramer VI, and - /Q/
tetramer 5 VI1, are for conveni ehcé Aldol | is forned by an aldol
condensation; tgimer |1l and tetrane T1&&2f ormed via Ti schenko 3
reactions; triTs#—tVDOy a tTaTSESI eI T oAl o Tegetiomaimer—vand '

tetramer VI by a di s'mj%,at i on TeBEtT . a}gﬁl ﬁcfaﬁa‘fng%rcﬁﬁcfgﬁsf§-1'.']1°"6’f?‘.’pr oducts are
trimerlll, trimer |V, reavdidmetraner VI, with 10 . |esser anounts of -the

ot her products being present. Such. condensgtion products, . 10 therefore,

contain substantial quantities of hydroxyllc :cor;r;pounds as-W tnessed, for
exanpl e, by triners | P8 Irvane _’&"’f‘zfﬁe‘?”c’j(ﬂﬂtc,.;Si_m | ar condensati on
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of normal butyral dehyde with one nol ecul e of 1 s4-but¥raldehyde. Since a 15
mol ecul e ;of nornal butyral dehyde can al doli ze byf¥s®acti-on with a nol ecul e
of iso- butyral dehyde in-two different ways to formtwo different aldols
VIl and I X, a total of four possible aldols can kKetyareri¥Eed hy’
condensatii on reactions of a nornal/iso.m xture of -butyral dehydes. 20 _
20 Al dol 1 can Under-'goﬁl:'r:'ﬁalﬂﬁﬁ-'i'ﬁoﬁhg S| QN il .%ré-ﬁﬁ’é?ﬂd{éﬁr%u deghiorform a
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pressure. The al dehymemalésaotiktore girbotiridebydend t he condensati-on products are
condensed out of -the off gas fromthe reaction vessel in a.product recovery
zone and the unreacted starting materials (e.g.,. carbon?ﬁqﬁpxi de, hydrogen .
and/ or al pha-ol efin) in the veger,cppase cﬁ§cncn3—-t;éﬁ3tﬁzbie2c§.r gluct recovery -
zone are recycled to the reaction zone, 'Fu&gherrmre; by |
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"..  Aldol I can undergo further condensation with isobutyraldehyde to form a
trimer isomeric with trimer III and aldols VIIHI and IX and the corresponding aldol
X produced by self-condensation. of two molecules -of isobutyraldehyde can
undergo further reactions with- either normal .or isobutyraldehyde to form
25 - corresponding isomeric- trimers, These trimers can react further analogously to 25
o trimer 1II so that a complex mixture of condensation products is formed.. - .

Our copending British Patent Application No. 14742/77 (Serial No. 1,582,010)
discloses ‘a- liquid 'phase hydroformylation reaction using a rhodium complex
catalyst, wherein the aldehyde reaction products and some of their higher boiling -

30 . : ‘condensation products are removéd in vapor form from the catalyst containing 30
liquid body (or solution) at the reaction temperature and pressure. The aldehyde -
reaction products and the condensation products are condensed out of the off gas
from the reaction vessel in a product recovery zone and the unreacted starting

- materials (e.g., carbon monoxide, hydrogen and/or alpha-olefin) in the vapor phase :

35 from the product recovery zone are recycled to the reaction zone. Furthermore, by 35
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cat aI yst act iobr iQp ﬁl m Pa%énté\ l&r‘aﬁoxﬂﬁo 3%7 odialN¢.h399629).0n t he ori gi nal

activity 4Docket Dot 27rh)3f11¢¢ eslhuretatl SIS‘I!“ h, mrdtcata é‘éf‘%d‘taﬁ‘é"faﬂ? e that even the

subsjant i g ’l}dﬁ%‘l Egrmylation T}‘ b

: h & | a e.nce fextrm ue ot es ghot prevent

such cata t¥ odi d tlhl-.§ ﬁlqi:esatresbapl i cation No.

2907/ 78, (S@Eii-o@ n Bl ;de ‘and is termed an intrinsic deactivation. It is
further dlsclosed therem that this intrinsic deactivation can be reduced or
substantially prevented by establishing and controlling and correlating the »

50 . hydroformylation reaction conditions to a low temperature, low.carbon monoxide 50 '

partial pressure and high free triarylphosphine ligand: catalytically-active rthodium
- mole ratio. More specifically, this last mentioned application discloses a rhdium-
-catalyzed hydroformylation process for producing aldehydes from alpha-olefins ¢
. -containing 2 to 20 carbon atoms including-the steps -of :reacting the .clefin_with :
55 hydrogen and carbon monoxide in the presence of a rhodium complex. catalyst "55
- consisting ‘essentially  of rhodium complexed with- carbon. monoxide and
tnphenylphosphme, under. certain defined reaction condmons, as follows
(1) a temperature .of from 90 to:130°C; - -
(2) a total gas pressure of hydrogen carbon monoxnde and alpha-olef'm of less
60 - than 400 ‘psia; _ - 60
: (3) a carbon- monoxide: partlal pressure of less than 55 ps1a '
(4) a hydrogen partial pressure of less than 200 psia;
(5)-at least 100 moles of free trlphenylphosphme ligand for each mole of
catalytically active rhodium metal present in‘the rhodium complex catalyst; and



(Docket D-1 1, 271) filed concurrently herewith, indicates that the
deactivati on of rhodrunthydrofornylatron catalysts under hydrofornylation
conditions in the 45 S 2 ¥6 —s—eue
to the conbi natiion of the effects of : ftenperature phosphlne
li gand: rhodium npl e ratio,  and thep T'al “pressures of - hydrogen and car hop.
nmonoxi de and i's termed an intrinsic deactrvatron I't is further disclose
therein that this intrinsic deactivation can be reduced or substantiall{/
prevented by establlshrng and eontrollrng pggggprrelatrng the 50 L5
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pressure of less than 200 psia; (5)-at |east 100 noles of free

tri phenyl phosph| ne Iwhgand for each nole of catalyti caI |y active rhodi um s

metal present Pn the r q@% ﬁ‘%’g&f&)&‘gﬂaﬁ?‘wﬁgzs and. - 1,599,921

5 controlling and corr pressure of carbon nnnokrde t he
tenperature and the frEQretmfophemet esﬁﬂ)r ne catal ytically active rhodium

m)leratloto mt th aﬁ’?ﬁﬁ g atlont a maxi B
det er m ned per ent |OSE/§ %ffﬁsb? I}H?)SB “tr&‘@“qy%&@e"&“v“ fam;mals Tagf’-activimtig]
of the fresh catalyst. KB30.69919 “catalytically active rhodium is neant .:

t he rhodium netal in tKe=0rml‘Bd| um conpl ex -5 catal yst which has not been .

deactivated. T. anmoun 10 u n the.re e_whi. ch -
e ahar B Ao ML BB ORI ST N porre 25
reaction by conpari. rsgbihiyefacmnvmﬂar eauzlali rdf@m laﬁduebndtmmedomﬂnﬁ gehraﬂat al yst

to the conversion r Efqm ility ﬁf%b@‘siﬂi’dd ins¢ffest on cagplyst stability is myre |
speci fi ¢’ rel atioonSh'IH eﬁﬁ s“t)l g bﬁ%ﬁfﬂh@ énéfor%theltﬂﬁry%%mﬂes,lo 0

monoxi de partial preseprthat theohBin@K|KS, KaAAd K| @4 be different. Those skilled in the art
triphenyl phosphr ne: cat édtsrmm@ahd ecifi¢ constanth fod othar mtyhﬂhpu’hm%?wandmmm yst -

stability is defi ne(g“l’gﬁm ry(ﬁﬁfgm%f’“' sychas by feRepting) Examples 21—3Qbelgwywith j ¢ y

fact or 3 As can be understood by referring to the above formula, for giveh2oRITREARI €T 33N
| og base (i.e., 2 7bB28:h811) tytmjeeaturk, (dafidh) monoxide partial - pressure and free
triarylphosphine:catalytica ly active rhodium mole ratio, the stability factor F can
be determined. The stability factor F exhibits a predictive relationship with the rate
at which the rhodium complex catalyst is deactlvated under hyt roformylatlon
40 conditions. 40
' "It has been observed that the presence of an alky] diarylphosphine (for
example, propyldiphenylphosphine or ethyldiphenylphosphine) in the rhodium-
. catalyzed ' hydroformylation of. the alpha-olefin propylene inhibits catalyst
. productivity; i.e.; the rate at which the desired product aldehydes are formed. o
45 Specifically, the addition of small amounts of propyldlphenylphOSphme or 45
- ethyldiphenylphosphine to rhodium hydroformylation solutions (i.e.; 250 p
- rhodium and 129/ by weight triphenylphosphine in a mixture of butyraldehydes and
butyraldehyde condensation products) markedly reduced the tate of production of
butyraldehydes from propylene, compared to the rate obtained in the absence of _
50 the alkyldlarylphosphmes Thls is shown by the ddta in Table I below: . - 50




T=reaction tenperature ([err]) P=partial pressure of CO (psia) 20

L/ Rh=free trlphenylphosphlne catalytically active rhodiumnole ratio 20
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can be understood by referrlng to the above fornula,. for given conditions
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and butyraldhgyde condensati.on products) markedly reduced the.rate of
producti on @& .2butyral dehydes from propyl ene, conpared to the rate obtai ned
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presence does significantly reduce the catalyst productivity. It has been
unexpectedly found however, that the stability of such rhodi um conpl ex

catal ysts b can he significantly F\nh,’-\nr‘nd by providing an

al kyl di ary] phosphine in t he reactlon “d]unt Although this reduces the
productivity of the catalyst, the re ‘condi tions can be adjusted to he
nore severe in order to.regain this apparent [oss of catal yst productivity /
while retaining the enhanced catalyst stability. This is surprising '
especially in viewof our aforenentloned Coeggo ng Brltlsh Patent 10
Appl i cation 907/ 78 No—-15909

severe 10 condi t | onslt hﬂe tgrefm#(bmsuzagvatha:tgc]? B@}enﬁ 4 d!ég nc'g“te}f in
1 St eir
stabi ity The presfifunmleliamiles st aj e, U

rhodi um cat al yzed hyihciosedly roa.etstse ttmlt;, bl Brpiel saligany des
from al pha-ol ef $ ns ecmplbe);ag aa yrdnbdwe:hb osanIErlethtB heaction 5
stability of the rho‘H feduce Ct" 2 t"dﬁ‘ ng an
amount of an al kyl di gf sﬁrﬁ ﬂnﬁ#&&lﬁf”"tﬁf&ﬁanﬁ (S of a‘ Iig: Oftlisthi N
reaction nmedi um Thesufdrising yial int ¥iew loh @d i efoTeRi2 At ne& ce ain suntmspa biS
significantly ilfpr ovéPPhC#tW"l % Wédésrtal A9 %22), Q&‘B’éﬂﬁtth#trivséﬁﬁ‘ietm i s10
an inproyenent in a ‘i"ﬁ ‘i"li 2@?’ @qmﬁ%ﬂt%gﬁ {r&ﬁhﬂt

al pha-ol efin contai nﬂy@ﬂ)ftim&l@tl ﬁ@és & producﬁﬁnﬂﬂﬁal éhy@é’s leﬁt—%g Iste

havi ng one nore car bmplczyirmmrhddanm ¢omplea kcghipst othefeiths; stabﬂiby aﬂtlnecrho
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monoxi de and a _trior h!dr laap&ian ﬁpltalfpéefp me 26@ Q¢
triaryl phosphi g8 I %&Yﬁ‘g’g@l“‘lg %3 ll; % ,fjte 20
a?lﬂ;n

stability 25 of theg .déoyn@l ugfeaam minGWH Joeaﬁ.thenume
cont ai ni ng t he cat al opstplewi dzatal)fsr @msmu!g esseliy of orémmlbycovwlegm “tsth t-:mbon

al kyl di aryl pho i ne m%gp:g st r%e qphosp ao{;e dne igf thep Bresangg

redum “andcottr of | ST AL G o e
follows: 30 dnj 0.8 td 201ppreerit byl veightfof dn alkyldidofipliosp djeei’gal]dbased on the total -
30 (2) a total gas \mgmnfeth fliqwi Gem medinmp gind rronoliingetha rydeefgsmylatitnef i n
of less t'han 4§ pS|’§a TBIOEFQ?& (ﬁ 6i:0gsPal ti al ~pressure of |ess tha

55 psia; (4) a ydroge z)ms rﬁEs@&%ﬂﬁﬂrd'g n,lc8®5n ibifRidd QR ABtiatolefBS less
(5) at |least 75 nol et:haroiIlSOtpsiaa ree phosphl ne-: Igand for each nol e of 35

catal ytical l y-active r ® PATHY (PTeSHIrg |5t§rﬂs'éonpl ex -cat al yst

'n the process gl the I?irﬁ?mﬁu%ﬁgmﬁé”‘a ?éfﬁtta%%ytmomm 5

| i gand char ged o] th@tdlyuqanydctﬁ\eaﬁadlmm piesent & the ﬂnsu 1e2(}aqanstcent by

wei ght, based upon t eltl r0 melmmiq hﬂ%!nque‘gz[ phifediga
triaryl phosphine |i ‘q“;n ;"’ &"".itaﬁ&g ﬁrgj" 1&&@%&?@ an

al pha-ol efin, ggne dlﬁ\rtl{ lﬂﬁodo?an alp! viphbsphine ke 40
"al kyl " group ther eo;irodlneechg; sﬂe,rthwédk t guoup Hercaf pth% dirivéd flomnhhealglm- in

of ”
hydr of or nyl at i on and“fldPrfm“dE EEI %:f meﬂh?’ﬁ{ierml lﬁ?ﬁ Plﬁgh‘t‘ el §‘H%]'§de stb"fﬁl edar V!

of the triaryl phosphj Tl A haelld Btion
substituted aryb grom afeoccirse ast cth ¢ ihgdraf onﬂ&lﬁ joinCliieadtiph pmms lntitdari S 45

formed in the reactiampu Bofalk)’l@‘%%mm hp{geqmthcha tign mgdiunpwill depend on
u olefin to b

ral fact a pha- e reacted, the reaction
hydr of or rryl ati On r eﬁﬁi EL m i(ﬁllﬁ gd?rea% on. Generally, however, amounts falling
. within- the - aforementioned range will -provide satisfactory results. Particularly
50 advantageous results are achieved when the amount of alkyldiarylphosphineinthe . 50
‘liquid reaction medium is from 0.5 to 10 percent by weight, based on the total
weight of the liquid reaction medium, and hence thlS constltutes the presently
: preferred embodiment.
© " When an alkyldiarylphosphine ligand is present ina llquld reaction medlum _
55 containing ‘a. rhodium complex catalyst consisting essentially of rhodium 55-
- complexed. ‘with carbon monoxide and a triarylphosphifie ligand, the resuiting
thodium complex catalyst consists essentially of rhodium complexed with carbon
‘monoxidé ' and.. either one . or both -of :'the “triarylphosphine i and -and’ the
alkyldiarylphosphine ligand. The terminology“*consists essentially ofis not meant
60 - to exclude, but rather is meant to include, species containing hydrogen complexed 60
_with the rhodlum in addition to carbon monoxide and triarylphosphine and/or o
alkyldlarylphosphme However, this language is meant to exclude other materials
.in'amounts which poison or deactive the catalyst. Furthermore, it is not intended to
_limit the present invention by the above explanation as to which phosphine is tied
65 “to or complexed with the rhodium since it lS sufficient for purposes of the present 65



anount of al kyl di aryl phosphi ne charged to the reaction nmediumw || depend
on several' factors such as the particular alpha-olefin to be reacted, the
reaction conditions, and the desired rate of reaction. Generally, however,
amounts falling within the aforenmenti oned range will provide satisfactory
results. Particularly 50 advant ageous results are achieved when the
pont of al kyl di aryl phosphine in the 50 |iquid reaction mediumis from
o 10. percent by wei ght, based on the total weight of the liquid

@OLigi on nedrun1 and hence thrslggnﬁtrtutes the-presently prefgrred
enbodr neng .- ven air_ar K tgraryr pnua e gamd—Ts—present—riua— i qui d
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Fur t ber moP dstphi' PH’é‘P“Pfrﬁ ttl l hine; llieemibp ?;Eht" thenlve i on by t he above
expl'anat i GHas. ?pél éa?:? g‘t‘!f eﬁf‘f af ffe I ex Wi t h t he
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and propy‘F‘HF 8 ratj 5}°ta| freg ij tlsell)'saca" reference for
the Fatte ng' ed}: %‘ty Fgﬁhh ﬁgigﬁ o1l und fo. This
1

cat al yst Wiiihﬂﬁ 1Y aofN idk eeadune :d&tﬂl 6 ThE trebryrmyx'%’euased 25 a sol vent
in the rematltismwmp Rovith e Mumd%qunamlsed@a&d’h 8t No.S3,527,889. of cont am nant s

such as r l ‘Ph P‘l‘lﬁ? neampunt - of
triapyl phg‘é %ﬁ%@ thksél@‘a@' ?3%?'& %@g‘fﬂ aitop h“L‘,tlheEEEJ qui g r eact'i on
medi um i sphesylp rﬂman‘rnplrenﬂﬂtosphmeps the' psbeemlhpreﬁmdenaiylplmﬂpmml nmum nunber of
ol es of ne l| g d 10 per .-or_fi-., cat.lal ytically active

ee i .
" rhodi um rr&tgf?us" ﬁfaﬁy'l lﬁ% s ooh Eneral Iy, as |ong

ne’ SpLth Heﬁylerﬁhogpmm orm jde rhodi um

as tise’'t oéthyl-b hox@iph
(Byl-bR(Ros le snyinphespiigsrpopy| opticiylee phosphi ne,  t he
parti cul %thﬁtm Elet I- gﬁgﬁg P% ﬂgiﬁélw QJPRE

conpl ex cattlayly-snhewld N
%Lﬂ%a%t#l’ﬁe liquid 15
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reaction IhisD: . rul e, -the anmount
of 405 t rmeth osphxﬁe tphe@tphbsphine tishﬁhe rpeaexttlyq:nefemdr um4oay vary from
0.5 per cedlkylqigry hPS ipeclige ght the t i ght of the
_. I|qU| d repgtd §,p ﬁ'qﬁﬁnﬁ%}zy th"gdsare achi eved when
he anoungno@h Foeexa dﬂaﬂﬂ ci' Etallt s hd llll' diugacti on mediumis

at l48ast lb@ﬂdqmﬂbesvl-trs dtriphgnytpbosp @@e), RhH - (Co)[P(CsHs):s]ss may be 45
‘introduced into'the reactlon mecllum This material. m? be formed for example,by =~
a method disclosed. in Brown, et al, Journal of the Chemical Society, 1970, pages
2753—2764.- Alternatively, a' rhodtum catalyst precurser such as- RhZO:,, Rh.,(CO),,,
or Rhy(CO),, and the like. may be -introduced- into .the reaction medium. In a R
- 50 preferred embodiment rhodium carbonyl triphénylphosphine acetylacetonate. or 50 i
rhodium dicarbonyl acetylacetonate is employed. In_either event, the active
- .thodium complex catalyst is formed in the reaction medium under the conditions
of hydroformylatlon It is also possible to preform a rhodium complex catalyst
. ‘which contains both tnarylphosphme and alkyldxarylphosphme complexed thh the .
55 rhodium, 55

-The amount of catalyst present in the . reactton medlum should be as a
minimum that amount which is necessary to catalyze the hydroformylation of.the
alpha-olefin. to’ form the product aldehydes. Generally, the rhodium concentration

: in the reaction medium can range from. about 25 ppm to-about 1200 ppm,
60 preferably about 50 ppm to about 400. ppm, of catalytlcally active rhodium 60
calculated as the free metal. . ;

The process of the process mventxon canbe apphed in the. hydroformylatlon of _
alpha-olefins having up to 20-carbon atoms. The process of the resent inventionis -
particularly useful for. the hydroformylation of alpha-olefins aving from'2 to 5

65 carbon - atoms, including - ethylene, propylene, 1-butene "and . l-pentene, and 65




20 nol es, per nole of catalytically-active' rhodiumnetal present in
the rhodium 20 corrpl ex cat alyst. The upper limt of the anount of total
free ph = yRadkl M . A c
| argely by ; commercia and econoni ¢ consf t| ons. H| gher rml e rat Il os. of
total free phosphine: cat al ytlcal ly- active, rhod| um netal favor the stabili ty .
of the catalyst. By "total' free phosphl ne" is meant. 25 t he ~
triaryl phosphine and/or al kyl di aryl phosphine that is not tied to or S
conpl exed 25 wi.t h the rhodi umatomin the acti ve conpl ex catalyst. The
t heory of how i aith t bl '
Pat ent No. 3,527, 809heréfbﬂeu5its rcaiisnmees a pnemryd: pinbaﬂhmmeThel p emdef thapessent
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et hyl di phenyl phosphi' P5emp£ Féi w&&hﬁéﬁaam,depéau;aﬂQv&h&w&ph@&m ne
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phosphi ne, butyl - bi si c&q:hi;t hﬁ&p cneoxnsedt teSreafeap
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and. butyl bis -(p- mg the d§ Cf, csome amoun .
Propyl di phenyl phosp! “ R lﬁ%ﬁg}z "f’ ﬁ‘l’f“gﬂﬁ’f e R nss Y TER8s phi ne

| i gand. The r hodi um mamﬂyeec cletothy e:dithfswbhld(ﬂeummamll@xhdthm t h _
hydr ogen,” car bo¥® rm @:ted alngn £9ntaip l1 fratis [ppcene 20
known in the art. % °£‘%@fl ?& ﬁnﬁt‘i‘f%m%af“?s

rhodi um 45 hydrl dc atutre bfSre &troh frahHoo (mbfce;r r] _
may be - 45 introd uuédhq Inwer tethperateraefayasing mdmmbﬂthamd thahlaher tempama
formed for examdl e, iByeriag H%P?Fd&‘eﬂP £93 'gInP Pt yﬁ%gn the 25

rom cal “Socr oty fEizie A5l ol agb e mtt:"gi e 1o

precurser such as: [q:li-dss]:ntoﬁve{'tﬁfnrdanaadttmhﬁl 1Tike. rmay be |ntroduced into the

reaction nedium_ In . ?%;bﬂanﬂ aéf’r@ﬁ gfotggrm?g WE‘PRIOSF% con uZt%gg ._30'
oheny prosoiee SRR e e
acetyl acetonate i's- & ¢ ofl Hydbd GirbRMEIH xldé alpBi-bléfn 6f humsocpﬁm ex.
catal yst ‘is for rred |mefedauy lessithian 350 mad'lhmmuian téthlepressurel iof thesesgasds is not

hydr of or nyt at i o). - | tPafticu 'ysﬁ“t yonl Xt'bvd'ih&ﬁ’ine‘ﬂt‘rﬁf BRSOt o yist
whi ch cont ai ns Poth a?efpﬁic REGS 3 taﬁ'é'%;%%ﬂfg i S b asRhh e aREBlexed e

with the 55° r hoctiatbion monoxtde and ‘hydrogen, usually. As pointed -out prevnously, extrmstc

55 The anount of. §t'¢ eslémant! pulfu eontaurl%?tmpg halegens 47d

mi ni mum t hat anpunt %g’i '];2 &9 &l F i%bfm%g,iton of
t he al pha- ol ef' N tO.raferpa H&Q Lins d@Jt Y&l Rduce nt ¥f, subFoisoROmIalM
concentration in t hegasee tlmefamunsartgeathonmoaMhtPOB@ls af ¢ap bebt out

1200 ppm 60 pr &PE] W%@Bgfm '%@Kf”‘“?’%‘ﬁ@ ggi"f ot o st
catal ytically aﬁt'VEbbE ; T R et B terosihia, WOCES§s

of the process i nverg‘end)a:lly able t@aephdeait ansoutts ef doyidpaidons imylieabake np gidses to
elow one part per million. This can be accomplished by methods known in the art.-
.. Hydrogen does have some effect on catalyst deactivation, According to the
: - "process of the mventmn, the partial pressure of hydrogen should be less than 200
50  psia, and preferably it should range from 20 to 200 psia. Of course, the. particular '50
_ value will be determined depending upon the desired: stablhty and rate of reaction
. - and the relattonshlp of the hydrogen parttal pressure ‘to the carbon monoxnde
o partial pressure, as discussed below. '~
. The ¥art1al ‘pressure of carbon’ monoxide has a s1gmficant effect on the :
- 55 stability. of the catalyst, and should be.less than 55 psia. Of course, the particular 55
partial pressure -employed will depend upon ‘the ‘desired stabthty and rate of
_reaction. As a general fule, lower carbon monoxide partial pressiires provide more
stable catalysts: It is preferred according to the process of the invention that the
. partlal pressure of car%on monoxide be from 1 psia to 50 psia. The minimum partial _
60 pressire of carbon monoxide is not critical ini that it is limited predominantly only 60
by the desned rate of reaction and the poss1b1hty of” olef' n hydrogenatlon
occurring.
It is dtsclosed in U.S. Patent No. 3,527, 809 that the normal to iso aldehyde
isomer ratio of the aldehyde products. decreases as the partial pressure of carbon - N
65 - monoxide mcreases relative to the hydrogen partial pressure. Similarly, in the 65




al pha-ol efins having up to 20 carbon atons. The process of the present
| nventr on is particularly useful for the hydroforrryl ation of al pha-ol efins

1- butene and I-pentene and 65 —1 599 921
9 therefore this constitutes a preferred enbodi nent. The, process of t he
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EcRoar ti cul ar
t enpeor at Lp’rﬁdlﬁ Mye 1bnurgetx lentAtub tenende erra sﬁfcwﬁmoﬁkepergd upon: "t he

desired shydtsf dnaar ﬂ@ﬂ fqrmalftth%mocmftgﬂemmpﬂ_.___eh ercontrol | ing the

- tenperat %’ “ﬁ‘gﬁﬂ& ;f:?;j’g“gﬁ?‘!aﬁ -- %Sg lén ' QfP -ggnt- i nvention can
be attai tan \raaiah pausl ittty e&sﬁnﬂrﬁ vesed in U S:

Pat g8t .Noand3s ﬁarﬁergoeroeooncenumonm emaacucotmédlqm,mﬂs Eelod abhytdr ogan and car bon

nonoxi de 1 ¥ej °'étd’ rﬂ!lijb‘tt"t‘ °1880° Feﬂft agtion. The process
of the prisg g{ hﬁﬁ,% ggﬁ? sof hydrogen,

car bon noputent &p u@l nbars:s 237 iindo efdr&ﬁs ctuhaa nﬁae tp&lua paitef erably | ess
t ha0350 smfépatiqfh@r mrrrdmltedtdascnammssure of these ases i's nao

art) r3'n%&%%?l?ﬁ"é%?;’ﬁﬁgﬁdﬁgﬁ%ﬁ PRI ALY e o o

35 The rmll(ehemfmgmsmkmédemglteo bbfﬂﬁg li aldaiydermildenmim Lplrdiuctn aleude t-he -ol ef i in,
: - employed as-the reaction solvent, the: hquld body in the reaction zone will comprise 45
- a homogeneous mixture ‘containing the soliible catalyst, free Fhosphme ligand, the
solvent, the product aldehydes and the reactants alpha-ole n carbon monoxrde
and hydrogen..
_ - . ‘The relative proportlon of each reactlon produet i solutron is' controlled by _
50 the amount of g gas passing through the soliition. Increasing this amount deécreases 50 B
' the "equilibrium’ aldehyde concentration ‘and ‘increases the rate of by-product : :
removal from solition. The by-products iniclide the’ ‘higher borlmg liquid aldehyde
condensation products. The decreased aldehyde concentratlon leads toa reductlon
in the rate of formation of the by-products.’ =~ " -
55 _ ‘The dual effect-of increased removal rate and decreased formatlon rate means 55
o that the mass balance in by-products in the reactor is very sensitive to the amount
of gas passmg ‘through‘the liquid body. The gas cycle typically includes make-up
quantities’ of hydrogen, -carbon ‘monoxide and alpha-olefin. However, the most
- meaningful factor is the amount of recycle gas returned to the liquid:body sincé this
60 determines the degree of reaction, the amount of product formed and the amount 60
' of by-product (as a-consequence) removed.. - :
Operation of the hydroformylation reaction w1th agiven flow rate of olefin and
synthesis gas (i.e., carbon monoxide and hydrogen) and with a total low amount of
gas recycle.less than a critical threshold rate resiilts in a high equilibrium aldehyde _
65 _concentratlon in'solution and hence, m hlgh by-product formatlon rates.. 65




car bon nonoxi de and hydrogen, usually. As pointed out previously, extrinsic

poi sons such as sul fur and sul fur-containing conpounds, as well as hal ogens

and hal agen-caont ai ni ng conpounds _ should he excluded fromthe make-up

gases, singe 40, it is known that :erials poison the catalyst and

can deactivate the catal yst- 40 rather “apifdly. Hence, it is desirable to
reduce the anount . of such porsons inall gases fed to the reaction. O

course, the ampunt of such poi sons that can be tolerated i s determ ned 28
by' t he maxi numyaccept abl e rate-of | 0SS oflggbgyrty of the cataIyst I ity

I's possible towerm ol sons. and -
bt ai -8 ot 1 vt Ohia {8 i P e Aot B e%i‘bﬂ
tolerated. It is- 451ag@rrwasaleffmezdﬂswraabfranm réftl .uczen oalywmtﬁtaa tlatueiyn

poi sons in the ﬁesrrx-evebeﬂ bywrestyetsFhe net sctwﬁfﬁ rldaw of‘bbhpsodeetnmbe

acconpl i shed b rret FTERE AT "‘ect on
catalrrsst deact?/vatrosmut, ngg% },‘E&%& %@{QIS% Pﬁﬁgt fm -

-%18 uhdtY 84Uh! 16W ga m
partial pressure of ragdositiams mrwdelrtb demotedtyspmduema née(niaintain p iass, balanck

preferably it oul dPVeL éeaP‘r' cou t.he art i cuI ar, o
S0°val ue vill 58 detgedl Aiob (PR P oo
of reaction and the fbﬁﬁaﬁbit (ms § ﬁe YEpro@Rn rémovall Ale- mrmss;up@ ﬂh@set e
carbon nonoxi de partqfféﬂen frelsslmeactm Zmesleuymdb qotheffwe'of theer ghange: l=pt<>essure

of carbon nmonox ouI gﬂgﬁgﬁ%@ﬂ Eﬁﬁ%"gﬂtygis @‘-Tﬁgctihg va}:ﬁ: ﬂ|UF j’stﬁ;f thleS

catal yst, and S $hepas febyclethite F dst H@itdat% cﬁlby-
parti al pressure enmrmdmtehiovde elmdv aSehefﬂu:besfrbmdhe shdioh lzortewamd rate

of reaction. As a gefiBp #te.p géraf ﬁ‘i{@ﬁ % Fﬁ?ﬁﬁ%ﬁf’”&?é@sﬁﬂﬂes :
pr ovi de ror e sbbl @ §§L c\?e%it S tha piLaE %Mﬁftv )7 Sraed s S Ofo
the invention that tdhgaspedytle 2k te higherStidrethal theﬁro rﬂa@ﬂxr tha &olufm@rof khepSi a
to 50 psia. The mi n|1 inj th¢ regglion zo MGmyderatSﬁ not

critical in that it § Vﬂ?ﬁi‘j‘%@lggf %vft%g’dz é:é’ Fl’g):’fzofnh'%:‘%g& el;t a'ite

of reaction and5the &Qﬁﬁtbﬁ ‘rown fth Sys.
di scl osed |n U S Pater‘ithek:bucaBthEe.’s’ﬂqhB@@retcheie lelmtmhrhial’ouhd)by sproaésdehyidle -

corbon 58" “ronc S o R

Simlarly, in e Glatekeeph e volume constant. Operatmg above the threshold rate dek

10 process of the p \etuerrt Tll émlrtblnshotdrﬂas d¢ eate qan dos cajewlaterd frmartbcm or '
nonoxi de rel ative t 'g ﬁ{f §'§Er"ﬁ%“"o‘f“ Yterpr pidehydes and Pfe“éfh #n the
i somer ratio-of the pr tmgedaer rxcycreofaebttadrrgrtdta KB Ehe

desi rabl e nornab - al dhteyiubkl na prpdltc emnoee Ipagaiciond vapere sanovedbirah the

hydr ogen: car bon- mond®#s aigipg the B‘tdyzﬂiles@efate fé*%#fé!m‘ el east
8:1. As long as the Jaltiat %E{{hia Se%g}g aﬁg nu';gﬂgnd

hydrogen are cont r oldata Stfrdoi ke rtaeh:ﬂoni tdﬁetl Mﬁctst ere 'S no
critical rati 048f t he Wy dy-orednctcefr tberhymyfmml@t@n protssgifis -tie cliene dermed by t i M9

_ afion ¢l dhe alph [uss; for in the hycy
oo, o e e R R R -

the 10 al pha- ol aifrevent itxbuild- %pawehlaltherredcepn {ystem Hed phegecoepe wrllcndnuam, inhe
reaction zone éan v ea:igltlont wanted propane, unreacted propylene, any inert gases introduced in 45
feedstock-and a mlxture of carbon monoxide and hydrogen. The purge stream
can, if desired,- be submitted to conventional gas separation-techniques, e.g.
cryogenic techmques, in order to recover the propylene, or it may be used as a fuel,
_ The compeosition of the recycle gas is principally hydrogen and propylene.
¢ 50 ° However, if the carbon' monoxide-is: not achonsumed in the reaction, the excess 50
" carbon monoxide will also be part of the recycle gas. Usually the recycle gas wrll
contam alkane even-with purging before recycle. S
THe: preferred gas-.recycle 1s “further - illustrated - with reference 10 - the
* -‘accompanymg drawing " which schematically shows a dlagrammatlc flowsheet
55 suitable.in practising the preferred recycle process of the invention. i 55
Referring to the drawing, a stainless steel reactor 1'is provided with one or
miore disc impellers 6 having perpendicularly mounted blades and rotated by means
. of shaft 7, by.a suitable motor (not shown).- Located below the-inipeller 6 is a
circular tubular sparger 5 for feeding the alpha-olefin, and synthesis gas.plus the
60 - recycle gas. The sparger 5 contains a plurality of holes of sufficient size to provide 60
- sufficient gas flow into: the liquid body at about 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 to. reactlon temperature at start-up and 1ntemal cooling corls (not
65 shown) : _ , . 65



from about several mnutes to several hours in duration and as is apparent,
this variable will be influenced, to a certain extent, by the reaction
tenperature the choice of alpha-olefin and catalyst, the concentratign of
tot al free phosphine ligand, the total pressure, the partial pressure

y carbon nonoxi de and 15 hydrogen, the conversian rate and
ors. As a general rule, it is desirable to . 15 achi eve the

ssi bl e conversion rate for t he smat | est anount of catal yst

o cour se, the ultimate determ nation of a conversiap rate is
b ny factors |nr~llhﬁq??lzj the econonics Of the DI’QC.&S. A
substanti al- \admam p@eu@fefﬂdeet 68RO frededY AN i10A0ve idBde MALAl yst stability
i's' great ICEWF ; EY gre ppssesd thiongh Ddemisting padcldb kherdin oeuer si on rat es over

nsation product and. to prevent -pateptial [CAITY PV,
prol onge ctufnj’ uent is. passed b?/ lme t g’c%dgl?ser 4 io?ét Hrred to effect

- the }iﬂ‘OCGﬂiEougfhﬁ th BatEtipbl. 13n Whick thelal hdlad ﬁd é:[ i on zone which
- contains QahéJerdm@hnmout Of;ﬂl;;fiasascsa(efah )t caminsea&mhﬁelawemy t herefore, the

hi gher bdRPFYst 4% ed, frg EAEhNoH &6 by dipg) 7. etr@terlsy atene term "higher
boi l'ing | &% lal ﬁ%%@%’ 515@1#8 @@ﬁg herein is
meant0 t heis pumsp exemrm satmmed mfdrdaa@bn b@néntm di hih ﬁl whi'gp result
25 fromt ess'e' pgand mp@ngrtlgtiofsmsesfcartﬂceeablekbh ke products of the
process o :?rrbl%lgﬁ‘tﬁ? l?lbéj %aﬁfgﬂggff?nggtw%gmpres oFe: 2 gﬁlecondensat ' on
~ product s gaa ST TP PR PEE Nt process. The
" rhodidum comH rek g stl lsmon eanslwl addbdatq the trdrae&en‘nellm B\/Elleysldglegh basling,liquid
- al dehyde r&@ﬁﬁen“é"a replaged: %P fabmquéeaé itin excel lent st ability
over extefigf ldﬁé%)'e e &‘i& es ac bec E n' In a preferred
formof t l(ﬂl‘ﬂfCtﬁS%nﬂE ctuh@e Ira:yﬂéu tDreadthe ] HrGiE flm QB alnﬂlgleci hqui d al dehyde
cond@nsatlp‘é}Fﬂ (peqken-fine ttusembnagubgvl mtmtlts Gfe the phooseed prio to
i nt r oduct T4 et'f?é“q'lé‘éf lnlgs :of “the process. ‘It is
al so prefgrﬂ;é@dl éﬁ 'LBEE‘ l§fﬂf e “ffﬁ' rated by
acrol ein. W]llc]ﬁhﬁ‘p&,d ﬁlantly noﬁﬁui ']‘He%tab i, rh near Etnﬁt ions in the

reacti on. ention, and 3% thg- oaxsi gmombn%éhﬂ baged on the
t ot al vvelrg‘}ﬁ‘itm rg‘ﬁlg 'Tﬁzﬁ'thﬁfﬂ E‘%’ﬂ?’ﬁﬁ]‘mﬂ%’% hi gher - boil'ing-1iquid al dehyde

condensatlortoda mésﬁre%rgyda&es chibbh moﬁtﬁ(ﬁﬁ%&)ﬁdgnaﬂademmﬂﬁ for preparing

t he sanme are: mmae uIIy escribed, in Britis t ent SpeC|f|cat|onNo

1,3 237-- S§yEe: 'lrﬁ‘hd‘bpﬂtﬂb this patent 40 . sPcification
200 psia .

__:fOI’ a nor.e %ﬁn ggf ﬁﬁl ?Qﬁl -actlve rhodi um mole ' ' - 401t is also

preferred, aq-stwds Q5000 . the proceéss-of the nventl on to errpl oy the ga$

recygl e t echriu bosglestz;uﬂpmwphowbm co endi ng British-Patent Application No.
1474%/77 ( Scikyldiarylphosphine:propyldiphqny g’é'erecycl e process-is brogﬂ _
descri bed above. ‘It the af or]g(mngg]m_gdu gher boiling liquid al dehyde
condensat i orThe pedtedirs empley eﬂﬁphlb;:ﬂﬂeﬁﬂixﬁdiﬂcs wasalet samg, malwaeat , the |iquid

body i n tfebowse tnte astpiniess steel;rp: ctqsowp ged 2 rhedium hyd @ars i xture.
Cani ‘;ag TR e T “’&%’w % Sopyen:, the

product. &hévaaﬁmae:nbadupmaam r &buwmwermnom de and
hydr ogen. and bntyrelkidtydq/erlqncmripreﬂormnaml& éacll}'drcwetum pnmdnh!dt- in solution is

control | eﬁf"ﬁf s"BEfoatlf) 'f*(f] e %"r@g 9’111 sol uti on.
cn was C ﬁﬁ e reac %}%ﬁ) || uere z},l’e

I'ncrgasi nghh s‘alaasasa the ra hy dis
concentr: atoo'tmwamdterme dr gt eaih&rafulr fops gdanq:tresmammn from sol ution.
The by- pr@%l%f@f i nci ude 1 kée hi. &hreer boil i n‘;%l BUI d aI eh ade condensati on
product s. , e RS ESHE: SRR O e RaNT 3&’5@@ ihdicdied educt i on
50 in Table II in order to cause deactlvatlon of the catalyst. The reactor contammg the
' same was_heated for about'3 hours at the temperature indicated in Table II. The -

‘glases were vented.and an equimolar mixture of propylene, carbon monoxide and >
ydrogen was again charged to the reactor and a second hydroformylation run was
.. conducted at the same temperature as the first run. A second rate (r,) of
55 . butyraldehyde production was determined ‘in the same manner as above. The - 55
- results are- shown in Table II-below.
Examples 1--20 are within the scope of the present invention and illustrate the
improved stability obtained by the provision of an alkyldiarylphosphine in the
. reaction medium.- Examples 2130 are for purposes of companson smce no
60 alkyldlarylphosphme was employed. . _ . 60



in the rate of formation of the by-products. 55 -The dual effect

-of increased renoval rate and decreased formation rate neans 55 t hat
t he mass halanr‘p in hy-products In the reactor is very sensitive to the

T e

amount of gas passlng through t he IquIH“b@dy The gas cycle typically

i ncl udes make-up.quantities of hydrogen, carbon nonoxide and al pha-ol efin.
However, "t he- nost neani ngful factor is the.anmount of recycle gas returne
to the liquid body since this 60 - det er ni nes t he degree of reaction, t
anount of product forned and the anount 60 of by-product (as a .
Consequence) r_@ed (he_r_aflnn of the h\nlhs?'?fgm'm/inflnn reaction with o 13
given flow rate of olefln and synthe5|s gas (i.e., carbon nonoxi de .and
hydrogen). and with a total ‘| ow amobunt of gas. recycle | ess than a critical
threshold rate resultsin a high equi | i brium al dehyde 65 concentratlon
in"solution and hence, |g ‘hi gh-by-product formdtion rates. 65 - 11
1, 599, 921 ~NQQQﬁ<q;.Qqqnqqqﬂmﬁquanroﬁvemwalof
by- mommt5|nthe vmmﬁmﬁmogﬁgﬁmﬁm¥ﬁ%$ P bEaStY Of 2D ¥e- eN qui d
body) under such condluh8ns will be | ow because the Iom1vapor ‘phase’
effluent flowrate fronbthe reaction zone can only result in.a relatjvely
low rate ,of carry- over-@f by- products. The net effect i-s a build-up of

by- products in5 L%e 11 qui-d:body squtlon,pausugg,an increase in the
sol ution volune W th” a'v§°@mﬂﬂ@aﬁNMmemazmm#ﬁEmnE@@ﬁwﬁy A
purge nust therefore be. Faken fromthe solution when the hydrofornylatlon
process i's oper ated under such low gas flow rate conditions in order to
renove by-products and hence-mai ntain a mass . bal ance over the reaction
zone; 10 IfhmM&amJn&&@%ikw&&%s&é&@wnéﬁaéﬁmagg}ﬂme!s
i ncreased by 10 |ncre§sﬁlﬁgﬁ RPN LZLL 8 aRE Solut To aldehyde
content falls, the by-product fornatlon rate is decreased and by-product
renoval rate in' the vapor phase effluent fromthe reaction zone is

i ncreased. The net effecg of. this change isdo idgrease the proportion of

t he by- mommtsrmmvgi@@hwmmﬁ*MmsweFHnmﬁ~H®md§ooodmedeam|on
zone. I ncreasing thesgas™flow rate through the reaction zone still 15
further by a furthéicqurease in the gas recycle rate leads to a situation
i n which ‘by- produq$§ e renoved in the vapor phase effluent fromthe

reaction zone at EheZSENR raf e,a% hhey araof@a@aocwum%tﬁgéawg a mass
bal ance over: the | actl ofx "zm're\t\‘PhrserQhe\wrdq«oa{\otﬂ oy @ Sy Fgeisi recycle
rate which is theepreferred m ni-num 20 “gas recycle rate used in the
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hydrogen) feed rate. Operating at recycle rates below the critical
threshold rates will increase the volune of the liquid phase with tine.
—Operating at the threshold 30  rate keeps the volune constant (perating
above the threshold rate decreases the 30 volune. The critical threshold
gas recycle rate can be calcul ated fromthe.vapor < pressures at the
eaction tenperature of the al:dehyde or al dehydes and. of .each of the
@/ products present. Wth the process operating at a gas recycle rate at or

egyer than the 35 thr EShQ|569§2Q.te by products are renovgd in the
-~ gaseous vapols.T of_.ZqTe c Tt rrg~Lre |iquid
R R S T

accunul atNo 2906/18 Serial Na) 9qsmasmed dbnﬁd’i&nﬂ)el&@évhmmli’e(]ﬁ&m en such

ci reunst mgamatrkqummvmeesaﬂ YSG yldiphenyéibhbwliipe cont a| n| ng the
cat aPyst ‘}111‘1% %y% fig e, "t&%h Ctﬁg}! duct's.?

A by- pro a I on. process I's e aIkane forned by

40 hydrogenatl on ‘of the alj EIQAMIPEESﬂl-x-Thus for” exa in the b

hydr of or h¢ pracegprede pstantjal a“dN urge stream may
oo oo YL i @?mﬁif"?? R it sgift“&%verywzone $
order: tomemmzﬂ paftiap pfessuks flﬂieeiteeﬂints bﬁ:p u1e aruqm mbhdxide dnlie reaction,
system Tipdrggenuvegethsisame im cach Em@f]ﬂ 7 rat¢ pf bysyraldehydejformation t o unwant ed

pr opane, Yl‘iggllf‘%ﬁ‘@“g ab?"’dff?'t tmfs during ?FFé?‘P“g‘H’gége TR A SREY Pn 45 the

f eedstock an m xture of carbon nonoxide and hydrogen. The purge st,ream
can, if desired, be subnmitted to conventional gas separation techni ques
e.g. cryogenic technlques in order to recover the propylene, or it may be
used as a fuel. .The conp05|t|on of the recycle gas is principally.hydrogen

&,

and propylene:" 50 ~ ~However, if the carbon nmonoxide is not all consuned
in the reaction, the excess 50 carbon nonoxide will also be part of the
recycle gas. Usually the recycle gas will contain al kane even w th purging
before recycle. The preferred gas recycle is further illustrated with
reference to:the acconpanyi ng drawi-ng which schematically shows a

di agrammatic fl owsheet 55 suitable in practising the preferred recycle
process of. the invention. : 55 Referring to the drawing, a stainless

steel reactor 1 is provided with one or nore disc inpellers 6 having?

per pendi cular 'y .nount ed. .bl ades -and rot ated by nmeans of-shaft:- 7, by a

~sui table.notor. (not shown) .- Located below the-inpetler 6 is a C|rcular

t ubul ar sparger 5 for feedlng t he al pha-ol efi'n, and synthesi's gas-plus the
60 recycle gas. The sparger 5 contains a pIuraIity_df hol es of '
sufficient size to provide 60 sufficient gas flowinto the Iiquid body at
about the inpeller 6 to prOV|de t he desired anpbunt of the reactants in.the
li qui d body. The reactor is also provided wth-a steantjacket (not shown)
by neans of which the contents of the vessel can be brought up to. reaction
t enper at ure at start-up and internal cooling coils (not 65 shown) .

65 12 1,599, 921 vaporous product .effl uent
fromthe reactor I 4§ renoved wvia line 10 to. -



separator 11 where they are passed through a demisting pad 1 la therein to
return sone al dehyde and condensation product and to prevent potenti al
carry-over of catalyst. The reacti

condenser ;14 .and then 5 t hr ough line 15 to catchpot. 16 in which the

al dehyde product and any By-product 5 can be condensed out of the off
gases (effluent). Condensed al dehyde, and by- products are renoved fronttheé%EB
catchpot 16 by line 17. Gaseous ‘naterials are passed via line 18 to
separator 19 jgontai-ning a denlstrng pad ﬁg@ggpcycle i ne 20. Recycle gasigs .
are renoved DR¥TTE 7 _ ;

is pulled to control saturated hydrocarbon content -and narntarn desirable
system 10 pressure. The renai'ning and major proportion of the ‘gases can be
recycled via line 8 to line 4 into which is fed make-up reactant. feeds
through lines 2 and 3. The conbrned total of. reactants are fed to the
reactor -1. Conpressore 26 aids’ in transporting the rec%cle gases. -15 .
Fresh catal yst sol ution can be. added.to the reactor” y line 9. The single
15 reactor .1 can of course, be .replaced by' .a plurality of reactors. The
crude aldehyde product of |ine 17 can be treated by cgnventional . o
distillation to separate the varrqgs,gldehydes:and thg condensat i on
products. A portion of the crude carg'a‘)e reg’ycﬁ@ to rgactor | through line
23 and fed as 20 i ndi cated by bg n£¥vne°i55to a goi nt above inpeller 6_
for the purpose of 20 maintainingegte Irqurdekevel i reactor I if such is
requrred As pointed out above, t he®nost preferred engbdrnent of the
present invention is the hydrofornyl gtion of the alpha-olefln propyl ene to
produce butyral dehydes which are predbnlnantly nornarg The stability of the
rhodi um conpl ex catalyst is 25 e&h od he teghni ques of the

i nvention, and in the case of propyleme ﬁe 75 readfion is controlled-

Wi t hin the fol | owi ng conditi ons: tenperature 100 to Eerr] total gas
pressure of hydrogen, carbon nnnqgrde and propyl ene: Bess'than 450 psia 30
carbon nonoxide partial pressureg 1 t® 40 psia 30“ hydr ogen partia
pressure: 20 to 200 psia total frieg dhosphrne catalysrcally active rhodi um
nole ratio: 75 to 500 triaryl phoﬁqirr_rge"wgmﬂ phospEr ne 35 _

al kyl di aryl phosphi ne: propyldlpheqy%ﬁhpsp imes ‘35
EXAMPLES 1--30 The procedure enpl @&dgn all of theseﬂgxanples was the sane,
and was as follows. Into a st& nke8s&teel reactaopg v§E charged a rhodi um
hydr of ofnyl ation sol ution of &n éh&Unt'of r hodi ung d%:rhodluntcarbonyl '

t ri phenyl phosphi ne 40 ace@ylg? @rate and the S@mounts  of .-

tri phenyl phosphi ne and r-c ‘*4(EQ Ihdeﬁghe ylgp osphi ne shown in
Table .11 below, in a m xture of ﬁnn Egﬁgﬁiﬂe amg EEyral dehyde triners
(predom nantly, 3- hydroxy - 2, 2 Sgrl nmet hyl - gerﬁglrsobutyrat e). An

equi nol ar m xture of propyl ene, carben nonoxi de agdihydrogen was charged to .
t he reactor at a standard total presipre of | ess ghd@w450 ' -

& ornnnnon
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45 pounds per square inch absolute, and the rate ([err]) of

but yral dehyde formation at 45 [err] was determ ned by nmeasuring the tine

i i tor. Follow ng reaction, the.
gases were renoved fromthe reactor and replaced with a m xturecef hydrogen
and carbon nonoxi de at the partial pressures indicated 50, . i.n Table Il in
ler to cause deactivation of the catalyst. The reacter containing the 50
-was heated for about-3 hours at the tenperature indicated in Table
Thp gases were -vented and an Hnnlar m xture of propyleng, carbon
: : : cond -
hydr of or nyl at Aemnrlmsem&om6r4uadtlenarmulatrlm@y semnarme phsd2e3Bs the first
B‘lkyld' yﬂﬂh&‘tptﬂ’éﬁ BBYEREBN was

run. A sec %g% F%
det er mi ned ™ '“PH@ ?5 Frd ‘QP L3 BE0E" The 55 results are shown. in Table
Il bel ow. Exanples 1-20 are WEXMMBLEhm&scbpe of the present i nvention and

i1l usbrate th&hgsens pndpet 8 js r 8 hE 3§ A of &n
o ot o L R R o T

purposes Ofls fo? TReHdbd () indlhdeGhe B ch of t‘lﬁh aﬁ’ds&ldﬁk phﬁ&ﬁﬁﬂlts’lﬁe vvas errpl oyed.
60 1; 59%hdalin Table IV below: oS C
14 . 1 599, 921 The predlcted actrvrty;

~.values given in Table 11 wer e derived using the stability -fornula given
above which is disclosed in our copending British Patent Application No
2906/ 78 (Serial No. 1599922), filed concurrently herewith. The data in
Table 11 indicate a marked i nprovenent in catalyst stability when
propyl di phenyl phosphine 5 is present, as can be seen by conparing the
hi gher observed percent activity values 5 in conparison to the predicted
percent activities for. each Exanpl e. ‘EXAMPLES 31-37 The procedure for each
of these Exanples was substantially the sane and was as follows. A
hydr of ormyl ati on reaction was conducted in a stainless steel reactor 10
usi ng vari-ous al kyl di phenyl phosphi nes in the same manner as in Exanpl es

.1-30. 10 The initial partial pressures of the reactants propyl ene, carbon

nnnoxrde and hydrogen were the same in each Exanple. The rate of
butyral dehyde formation was deternlned at. several times during the
reaction, and the resuIts are 'shown in Tabte III below



1,599, 921 15 As can be seen
fromTable Ill, particularly by conparing Exanples 32-37 with Exanple 3 1,

t he provision of an al kyl di phenyl phosphine ligand in the reaction nmedium ..
enhancés the stability of the cat al §& XAMPLES 38-45 5 These

exanpl es viere conduct ed in-the sane nannef as Exanpl es 31-37 5 except

that the ligand ‘used was an alkyldlphenylphosphlne only in Exanples 38- 42
and 45 and a triaryl phosphine onky in Exanples 43 and 44. The present -
invention is not intended to i.nclude the ﬂéﬁ 2 each of these ligands 7 -
alone. The redfjls are shoun in Table v bEPSAL 4599924 5997921
WHAT WE CLAIMIS:- 1. In aprocess for -hydrofornylating an al pha-olefin
containing 2 to 20 carbon atons to produce al dehydes havi ng one npre carbon
atom than the al pha- ol efin by reacting the al pha-olefin wth hydrogen and
carbon nonoxide in a liquid reaction 5 ~ nedi um which contains a soluble
rhodi um conpl ex catal yst -consi sting essentlally 5 of rhodi um conpl exed
wi t h carbon nonoxi de and a trlorganophosphlne Ilgand and in the presence

of free triaryl phosphine, the ingrovement conpr|51ng i nproving the

stability of the catalyst by charglng‘Ihe I|qU|d reaction nedi um cont ai ni ng
the catalyst with from0.1 to Zoh@rcentw$y~wwer‘?ﬁg of an 10

al kyl di afyl phosphi ne |igand. baseﬁjbn the total weight of the liquid

reaction 10 nmedi um . and con@?mlllng the reaction conditions to a

terrperature of from100 to [err],: tﬁ)@ﬁswogggsure of hydrogen carbon
monoxi de” and al pha-ol efi n of IesQ h

a carbon nonoxi de parti al pressuGEEo | ess than 55 pounds per square i nch
absol ute, a hydrogen parti al preg§§regof |l ess 15 . t han 200 pounds per.
square inch absolute, ‘and at" Iea%ﬂ%gﬂkﬁ&@f«@aml free 15 phosphi ne
ligand for each nmole of catal yticall y &di@@hﬂﬁhdalun1netal present in the
rhodi um conpl ex catal yst which cq33|s§s essentlally of rhodi um conpl exed

wi th carbon nonoxide and one or both of said triaryl phosphine and said

al kyl di aryl phosphi ne.” 20 2.2The process of Claim| wherein the
amount of al kyl di aryl phosphi ne chard%% 20 to the liquid reaction nedlun1|s
fromO0.-5 to 10 percent by weight, Q@ &HN&H%E@%”FGIa
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wei ght of the liquid reaction nmedium 3. The process of Claiml or Caim?2
wherein said al pha-olefin has from2 to 5 carbon atons. 25 4. The
process of any one of Clains | to. 3. wherein said alpha-olefinig 25
propyl ene. 5. The process of any one of ains | to 3, wherei n, said "

al pha-olefin is ethylene. 6. The process of any one of Clains | to 3

ein said al pha-olefinis I- 30 butene

. The process of any-one of Clains |'to 6, wher ei n sai d

7 yI phosphine is tri phenyl phpg@tyzpe 8. The pr ocess of any. .gne of Cains

WITET €T l- P of caf UUII IIUIIU)\I te—+s THQ_[}]‘H to 50
pounds per _ '% 9. The process of any one of
dains I l% y tm gal:_%-:rllefli[g cotlilltaullﬁl to 20‘c?rbgn _
phosphi ne it afmaﬁt idho Mueuﬁpo&pa D P ey at | east 100,

10. Yhe pmd:smswtotfh @nwneaeol odiunmscomplen cﬁalysz\/nefsmmg esdaeu.mgt al gas pressure
of hydr ogé’ hrhod ‘éé esenc ‘3% lpee ml ?&é‘” éf‘{‘?fgar@r’hogt&‘%getl #. 350 pounds per
square i n@lﬁprah THE{ stabil of the catalyst by hﬁ?‘ﬁﬁ&?gg o m gne of Claims |
to 10, whemmmn,g hithe peatdlysal wifhi ERELINA Qb 20 ydy ogaght| & ahom 20 to 200
pouriﬁs pelﬁll wanlxéwmhmh l&s bmé Onllze tqthle glttc@fs@e diquidrrgagtioe of 1@ ains [ to
| 1, whereil ﬂ’ﬁf&{%&%ﬂ% ‘" hﬂ %ﬁs"’car bon nonoxi de
is at | ea$ﬁan ou aﬂrl hﬁ aad%\irboﬁﬂﬁm a?tia M pre sulteQ)f 12 wherein the

rati o of ﬂdﬂet 63 paindsifer square ipchessolutesa mfdr zu ﬂrpmsauréaomessmnom de is at
| eadf 8 lt an 00 pounds. per square inch absolute, ang eas 'ﬁ any ldne Of
€

Claims | g femdiore §%f“ﬁfaé&é1‘§%§£"" iy o%%ézamg“fmem fent which”

conpri ses chﬂben hingribxide rid"lngI atli wbtic adtd ems xlaﬁrph&rp heleici Qdidsai d al dehydes.
15. 'Ehe pmé Rbpsnbinal m.1 c?lnduct ed sgtbsfal ntial herein. d%gcrl bed and

50 ess of Claim 1 erem the amou yldlarylphosple'}me charged
ctlon medium is from 0.5, to 10 ¥ercent l%y weight bzcljsed on the total
50 16. AI ¥8étio iul ocess accdording to any one of the

" preceding cl a.l'lﬁlsproBﬁTG}EmmorIQIMZ&rhEMhE&datﬁhapbﬁnmf@atzenﬁ Agents, 2, Pear

Tre Oour fear P’b.r.‘P!“h degn onaddnedq lmsl% I%.Oé) o Oy tlhl,_.; AQP' icants. Printed
f or Ng*dﬁlgye Pofry ve; EEUPEHPEr A | ead? ngton Spa.
1981 Publ [ aggdrmypﬁms BfairQMnerf(ﬂﬁﬁs 125 SawkanpaidapiRildmnli mgs, London, | WC2A
' LAY, Trome B'ﬁle pr clegssof r:[t% ortljeeofo ltal?ﬁlsrl to 3 wherem said - alpha-olef' nis 1- F Y
30 _butene. . 30 S
_© .- .1.°The process of any one of Clalms 1 to'6, wherem said tnarylphosphme s Lo
tnphenyll}l)hosphme R S
e process of any one of Claims 1 to 7 wherem the partlal pressure of . . - 3.0
. carbon monoxide is from 1 to 50 pounds per square inch absolute.
35 -~ 9. The process. of any one of Claims 1 to 8, wherein the total free 35
phosphine:catalytically-active rhodium metal mole ratio is at least 100, g
10. The process of any one of Claims 1 to- 9, wherein the total gas pressure of
hydrogen, carbon monoxide and alpha-olefin is less. than 350 pounds per square .
inch absolute. .
40 11. The process of any one of Claims 1 to 10, wherein the partial pressure of 40
’ hydrogen is from 20 to 200 pounds per square inch absolute.
The process of any one of Claims 1 to 11, wherein the ratio of the partial
pressures of hydrogen:carbon monoxide is at least 2:1.
: 13. The process of any one of claims 1 to 12 wherein the ratio of the partial
45 pressures of hydrogen:carbon monoxide is at least 8:1. - 45 -
14. The process of any one of claims I to 13 wherein said catalyst is dissolved in
a1 cslo}lveélt which comprises the hlgh bonlmg hquld condensatlon products of said
aldehydes.
- - 15, The process of clalm l conducted substantlally as herem described and '
50 exemplified, 50
16. Aldehydes whenever made by a process accordmg to any one of the :
'precedmg claims.
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