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J IYDROFORMYLATJON OF A MULTI-COMPONENT FEED STREAM 

FIELD OF THE INVENT10N 

This invention relates to hydroformylation methods for certain multicomponent 

syngas feed streams containing hydrogen, carbon monoxide, C2 to C5 oleflns. and C2 to C5 . 
alkynes. 

BACKGROUND OF THE INVENTION 

There is intensive research worldwide aimed at the utilization of natural gas as a 

petrochemical feed stock. The current use of natural gas is mainly restr!cted to the 

production of synthesis gas ("syngas", a mixture of carbon monoxide and J1ydrogen). and 

heat 

It has been long known, however. that methane can be convened to acetylene 

containing synthesis gas mixtures using short contact time acetylene burners. Co-producing 

ethylene or mixing ethylene with these acetylene rich feeds could provide a cheap, natural gas 

based feed stock. However. use of such co-produced feed streams has presented problems in 

cenain processes 

Hydroformylation of highly purified olcfins and syng.as mixtures to aldehyde and 

alcohol products 1s well known (sec B Cornils "I 1;•droformylation Oxo Synthcsi$. Rod\!n 

Reaction" in "Ni.:w Syntheses with Carbon i\.tonoxidc", Ed J Falbc. Springer Ycrbg. NC\\ 

York. I 980) When pun.! alC()hol products arc desired, th~ alt.lchydc pw<lu\:ts can b1.· 

hydrogcn•ucd 10 the corresponding alcohol derivatives t\ panicularly useful catalyst ha:-; 

been described for th\! hydroformylation of pure light olefin foc<ls <1s a homogeneous 011 

solu?Ic phosphine modified Rh c;iwlyst {sec, e g, US Patents 3.S27J:W~>. ;.917.N~I. 

4.148.830) which operates at lower pressures than other homogeneous catalysts. gives high 

normal to iso ratios in the hydroforniylation of C3 and higher olclin!-. an"d has bc1..·n proven w 

be very effective \11.·ith those pun: olefin feeds The use of such an oil soluble homogcncrn1' . . 
·Rh catalyst to hy<lroformyl_atc purified ethylene feeds to propa_n:il has been also dl'scribl.'<l by 

Evans et al (J. Chem. Soc. (A) 1968, 3 I 33 ). as well as Pruett cl al (J Org Chem I %8, 3-1. 

327). There is a great need, howcv\!r, for a stringent purification of the focd sto~k. bccausi: 

, the activity of the catalyst is strongly inhibited by acetylene and other highly unsaturated 

~hydrocarbons if they •ire 1>~cscnt as impuritics in commercial o:rn feeds Th.:s·1.· n1mponct11s 

must csscnti;11ly l>c r cmm·1.·d h~·1i.11 ~· lwdr nfonm·l::t illll l s1.·c ll < ·\11 nib. "I lvd1, 1101111vb111 •11 
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Oxo Synthesis, Roclcn Rcac1ion" in "New Syrrtheses with Carbon Monoxide". Ed J Falbe. 

Springer Verlag: New York, 1980. pp 64 and 73). 

Highly purified feeds of syngas (mi?ttures of CO and H2) and olefins are currently 

made in two separate processes. Light olefins are usually made by. steam cracking and 

purified by cryogenic distiTiation and selective hydrogenation to remove even traces of 

acetylenes and dienes. The currently used highly purified olefin feeds contain less than 100 

ppm and typically less than 10 ppm of these impurities. In fact. a large portion of the cost of 

ethylene currently produced for hydroformylation by steam cracking is associated with its 

purification. The syngas component can be made from a hydrocarbon. such as methane or a 

crude distillate, and oxygen in a partial oxidation (POX) reactor run in a mode that prodµces 

essentially no dienes or acetylenes. Even though the syngas made in the J.>OX reactor 

contains only trace amounts of acetylenes and dienes it is also carefully funher purified 

before being blended with the purified olefin feed. 

Hydroformylation of pure acetylenes and of pure dienes with Co or Rh catalysts is 

also known (see· US Patent 5,312,996, 1994; P. \\' N. M Van Leeuwen and C. F 

Roobeek J Mal. Cata!. 1985; US Patent 4,507,508. 1985; 31, 345. B Fell. H. Bahrmann J. 
Mot. Cat al. 1977, 2, :! 11. B. fell, M. Beutler Erd61 und Kohle - Erdgas - Petrochem. 1976, 

29 (4), 1~9. US Patent 3,947.503, 1976. B. Fell, W. BolJ Chem. Zeit. 197~. 99(11).452; M 

Orchin, W Rupilius Catal Rev. 1972. 6(1 ). SS; B. fdl. M Beutler Tetrahedron Letters 

1972, No 33. 3455, C K. Brown and G Wilkinson J Chl!m Soc (A) 1970, 2753. B Fell. 

W Rupilius Tetrahedron Letters 1969. No 32. 27::!1. r ll Jardine ct al Chem and Ind 

1965. 500. 11 Grc~nlidd d al J 01g Chem. 1957. :22, ·).~2. Ii Adk:n:; and J L R Williams 

J Org Chem I 95 ~. 71. 98(.ll The hydroformylation of thi:si.: highly unsaturated compounds 

with cobalt catalysts 1s slO\\' even at high tcmpcramrcs and pressures ( 145 - 175 t•('_ 20 - :rn 
MJ>a) Funh~rmore. the r..:action often viclds side pro<lu\."h and results in runaway reactions 

with sudden 1<.:mpcr:iturc and pressure surges The hydwformyb:r0:1 of olclins is severely 

inhibited h~· ac:.!tylt.:ni.:s since these compounds form v1:rY -.1~1blc adducts with cobalt carbonyl 

Stoich1omc1r1..: amounts or ;i..:ctykrn:s can cffcctivdv rraii-torm the cobalt catalvst mto these 

C\tlah·ttcalh· ina..:11v1.: ;1cctykni..: adducts r II ( irc~:rllidtl <.'I .:! J 01 !! Chem 1•1:'7. '.::::!. :\4::! I 

\Vith co11n:11tinn.1l Rh cawl~·sts th.: rqwr1:.!ll rcacti,m cu11:!11io11:; ;md rcacuon rates ar\! far 

from being practical for any commercial use Fell typ1callv u~cd 17 - 23 MPa pressures using 

PPh3/Rh catalyst, yet high conwrsions required 2 to ' hour reaction times Wilkinson 

achieved hi~h Ctlnvcrsion in the hvurofonnylation or hc:wnc- l at 4 8 Ml'a prCS$•.1rc b\lt only 

with a rcac11on !line of I 2 hours Van l.t.·1.:uwt:n and Roohcd.; applic<l cond11ions of I 2 MPa. 

• 1'\ - 1211 c•( · .• 111d )•;Rh 1a1111-. ,,f :o ,.: lid11\\ 1n th\' li· . .lr11!i1111wl.1t1on <lf h111;11!1l'IW h111 
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observed low activi1ics (orders of magnitude below that for olefins). ln US Patent 3,947.503 

a two stage process is described to hydroformylate 1,3-butadiene. In the first stage PPh3/Rh 

catalyst is. used in the presence of alcohols or diols to make the acetals of the unsaturated Cs­
aldehyde. In the second stage this intermediate is hydroformylated using Co catalysts. The 

process disclosed in US Patent 4,507.508 also claims the conversion of conjugated dienes 

with organic acid or ester promoted P/Rh catalyst in the presence of alcohols. US Patent 

S,312.996 describes a polyphosphite ligand modified Rh catalyst for the conversion of 1,::l­

butadiene.- When using a two stage process for the hydroformylation of 1,3-butadiene ~th 
• 

· the disclo~ed catalyst mor~ severe condition~ are recommended in the second stage to ensure 

acceptable conversions. This later patent also describes J,3-butadiene as a strong inhi~itor in 

the conversion of alpha-olefins. In the co-conversion of alpha-olefins with.1,3-butadiene oxo 

aldehyde products of both the alpha-oJefins and 1.3-butadiene were produced. 

As mentioned. acetylenes and dienes act as strong inhibitors/poisons of catalysts in 

the hydroformylation of alpha-olefins and their removal is required from oxo feeds 

European Patent Application No 0~25143 A2 discloses a method for the production and 

utilization of acetylene and ethylene con1aining syngas mixlurcs One of the disclosed 

utilization schemes is to produce propanal by hydroformylation. but acetylene first must be 

removed from the feed by selective hydrogenation io ethylene over a heterogeneous metal 

oxide or .sulfide catalyst. US Patent 4,287.370 also teaches that fohibi•ors such as l .3-

butadienc must be removed from C4-oldin feed stocks by selective h:-'drogcnation prior to 

hydroformylation u~ing HRh(CO)(PPh3 )3 as a cat:tlyi:t German patent. l?E 263S79S. 

teaches that the removal of acctvlcncs and d1cnc$ is ncccssarv in C1rdcr to ensure acccptahlc 

catalvst lifl." in thl· hvdroformvlation nf olclins \vith a pho:-.phnh.' mnd11icd rhodium c:1tah-st 

In one of the mo:-1 oltcn cited SOUTl."CS m Cnrnils "ll~·drnil111mfa1ion OxP ~\"nthe~i~ 

Roelcn Reaction" in "New Synthcsi..•c; with Carbcm ~1onnxidc", Ed J Fallie. Sprin~l."r 

Verlag Nc\1• Y<nk. 19XO. p 73.l acetykncs and clicncs arc rdcrrcd w a' ''t.:las:;il.":il c:u:1l\"st 

poirons" for th\.' pho~phinc Jn<)dificd Rh oxo catalysts Al:ct\·kncs not! dicnc:s :m: als<' 

reported t<> be strong poi${'11S in the hydroformylaiion of oldin.; with cobalt c:u:1l~·s1s (\" 

l\1acho and i\J. J>olicvka Rau. Ro..:. Jl>7h, I 8{ I}. 18. l.!$ J>a11.:nt 2.7::.:.31J;\) 

Known catalytic pnH.:csscs <.:omening acciylcm: anti c1hyic:1it: cnmainm~ srng:1:' 

mixtures cllhcr produce pmducr::> olhcr lhan propanal or the condi:ions used ;md for the 

reaction rates achieved arc far from being practical Tilus. for cx:unph.:. Europl.'.lll P•1tcn! 

Appiication No 0,233,759 ( 1987) leaches the cunvcrsitlll of :1cctvlcnc <llllf clhyfcr1c 

containing syr.g;1s (a militurc o!' ;1cc1:;.•knl'. ctliylcm·. CO. und 11,::: ,,·i1h a r:11io i,f (• J 30 <•:. 
rcspcctivch) 11111• ;1 1111'\llll\' 11f ai:l\l,1h· ;111,i p1opinn.1ll' t'-.1\·t·, m th\· J'll''l·r1.-\· .,f .111 ;1k(1Jr,,J 
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using a Rh catalyst When using a PPh3 modified Rh oxo ca1alyst to convert the same feed 

at a P/Rh ratio of JO.o under otherwise identical conditions. the essentially dead catalyst 

(turnover_ frequency of J.5xJ0-4 mol product/mo) RJv'sec, and total turnover of l3 in 24 

hours) described in European Patent Application No. 0,233,759 (1987) produces some 

propanal and acetone in a molar ratio of 90 to 1 with traces of methyl ethyl ketone and 

methyl propionate. lt has been reported by T. Misc et al (Chem. Lett. 1982. (3). 40 I) that 

syngas mixtures containing acetylene and ethylene yield ct.'3-:unsaturated ethyl ketones in the 

presence of a Rh catalyst, however, no phosphine is present in tlie catalyst. Observed 

catalyst activities are very low, on the order of 5 tumo\'ler/h, or l.39x10-3 mol product/mol 

Rh/sec even though the concentration of ethylene in the gas feed is high, 41. 7 v.% The total 

turnover reported by J\.lise is only 30 in 6 hours. 

T1ms it would be desirable if methods could be found to enable the processing of 

oxo/hydroformylation feed streams using rhodium based catalysts that contain olefins and 

alkynes. panicularly ethylene and acetylene. The present inveniion addresses these needs 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 describes a hvdrotreatim?. Quard bed to reduce the level of muhiunsaturates. in a - . - -
multicomponcnc syng:is using a rhodium complex as a reagent in n. scrubber guard bed 

Figure 2 describes a IW<>-stagc o"o process for the hydroformylation of muh1-component 

syng.as mixtun.:s 

Figure 3 di.:si.:r1hcs an 1mi.:~ratcd prn~css for aldehyde prNL11:1 scpa<<Hwn and <t!ky1h:·•~ll.'lin 

r<.'C<.)\'l!ry With :1lkyrn.:-(·k1i:i rc1.:yd1.· 

SU1' tMAR Y OF Tl IE lNVENTlO~ 

The present in\'r.:ntion provides for methods nf using a multicompork~I s\"n~:1s 

containing mixed unsaturated hydrrn;arbon feeds having both an olefin (paniculariY <'thvll!nc) 

and more highly unsaturated hydrocarbon:-., p:trticufa:I..- alkvnt's (particubrlv :1..:~·1\'knt•), 

cu1m1latcd dicncs (panicularly alknc) and mixtures thereof. rather than smgk iyp..: !Ci.:d 

streams, "in hy<lroformylation reactions carried out in 1hc presence of ccnam rhodium 

complexes as catalyst$ As a benefit. the invention allows for the co-conversion <•i° :il·1.·1ylcnl' 

ar.d ethylene using. rhodium based catalyst technologies and provides nC\\. feed ~l•).:k and 

processing options. and simplified pl{ldu..:tion sd1cmes ti1r tht• S\'llthcs1s of the ('(Htl·~pnndi11~ 

product aldt:lwcks. p:n 11n1l:11 !\' p11'p;n::il 
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Thus, the present invemion provides a process for -the production of C3 to C6 

aldehydes, comprising hydroformylating a mixture containing 

- - (a) C2 to C5 olefins and mixtures thereof. and 

- - (b) (i) C2 to C5 alkynes and mixtures.thereof or (ii} C3 to Cs cumulated dienes and 

mixtures thereof or (iii) mixtures of {i) and (ii}. 

with CO, H2 and a solution of a rhodium complex catalyst produced by complexing Rh and 

an organophosphorus compound at a concentration of Rh in solution (rom 1 to 1000 ppm by 

weight. 

The present invention also provides a process for the production of C3 to C6 

aldehydes, comprising hydrofonnylating a mixture containing 

- - (a) C2 to C5 olefins and mixtures thereof. and 

- - (b) (i) C2 to Cs alkynes and mixtures thereof or (ii) C3 to C5 cumulated dicncs and 

mixtures thereof or (iii) mixtures of (i) and (ii). 

with CO, H2 and a solution of a rhodium complex catalyst produced by complexing Rh and 

an organophosphorus compound wherein the catalyst solution has a P/Rh atom ratio of a\ 

least 30. 

The present invention also provides a process for the producti~n of C3 to C6 

aldehydes. comprising hydroformylating a mixture containing 

- - (a) C2 to C5 olelins and mixtures thereof. and 

- - (b) (i) C2 to C5 alkynes and mixtures thereof or (ii} C:; 10 C5 cumulated dicncs and 

mixtures thereof or (iii} mixtures of (i) ~nd {ii). 

\Vith CO. B2 and a solulion of a rl1cldium complex c:1t;1ly$t pw<luccd lw complcxmg Rh :md 

an org.anophosphurus compound whcictn the c:i.tal~·,:;t soluuon ha~ a i>/Rh atom r:iun ~rc;uc.r 

than the value R1. wherein 

(30- Ru)• JO!pl..""rrr-i'i.."1 i 

R; = R/I + ------------­
! \S.,//~} 

t.' 

wherein Ru is the P/Rh ratio sul1kicnl ti.u a c:1t:1ly1i~:illy a~tin: Rh compl"-''· pKit l"l'I' is thl.' 

pK:i valul! for triphcnylphosphin..:. pK.1L is the pK:i \"<tluc ft\r th~ trinr g;111\1pho:-plll1rns 

compound. R is the g;1s constant. and :\Su is :?tS(N-1 > '~'l!mnld''K. wherein ;--.; .1s the number 

of P-Rh attachments per ligand molecule 

flydruformylittion. as :.k!'c1ih·d ;1hovl!, produces the corrl.':->poncl111~ ('.\ h> Cc, 
ald~hy<lcs. 
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Typically, the P/Rh atom ratio R8 for the caralytically active Rh complc.x is between J 

and 3. Typically, the rhodium complex ... catalyst is an oil soluble rhodium complex catalyst 

produced by complexing in solution a Jow valence RJ1 and an oil soluble triorganophosphorus 

compound. Typically. the catalyst solution may be prepared with an oily sotv~nt such as 

aliphatic or aromatic hydrocarbons. esters, ethers. aldehydes, the condensation side products 

of the product oxo aldehydes, etc. 

The present invention also provides for the production of the corresponding 

derivatives of the aldehydes produced as provided above. including alcohols, acids. aldot . 
~imers. and various hydrogenation and oxidation products produced from the aldol dimers. 

We have also found that the presence of acetylene stabilizes the hydroformylation 

catalyst. 

The present invention may suitably comprise, consist or com;ist essentially of the 

elements disclosed herein and may be practiced in the absence of any step not specifically 

disclosed as required 

DETAILED DESCR!PTJON OF THE JNVENTJON 

The h1.:adings herein arc soldy for convenience and arc not intended to limit the 

invention in any way In addition. soldy for convenience the numbering in Figures. and 

throughout tht: text is as follow$ process {cg., reactant and product) streams are numbered 

in hundreds. ancl nH:;m~ for carrying. out a process 01 <'p.:-ration (\! g. umts or dt:\·1ci::;i :ar~ 

numbered m 11:11:- Tn,: 1ii ~1 d1f.!ll of c:ich iJcmilics the Ii!!lir1.· It' t\luch It 'om.:sponc~ 

Th1.: prcsi.:nt in\"1.:1111011 pcrt.!111~ w pro,esscs th:it u~,.- mult1...::,mpon..::11 symh<::-.1:.- g:A.:- :\ 

mult.icompon~m synthesis gas (l\1CS) mix.ture is dclint.:<l ;1s g~1s mixtures ctin1;1imng ca1bun 

monoxide. hydwgcn. oldins (with a genera.I formula of Cnl l::!n and with a 1i • .mcti(in;1l g.rot•p of 

C=· C) having Ji om ::?: w S carbon atom:;. :md a more lu!'.hly un.salllrntcd hydr0t:arh>0 ~.:-h as 

alkyncs ('l.vith a gcnctal rormul;\ of Cnll'.!n·'.! and with a ti.rnct1on:il group of C::.Ct h;1ving from 

'.! l<> s ca1bon ;11oms or l'.lltnUl:11cd client'!' (with ;1 gcnl..'r.d tl\flllllla or Cnl 1211-:'. :ind \\J:h a 

functional grt)tlj) t)f C (':..() }\.1CS mixtures can up11on:11iy cont:11n othc1 un::.an.:ra1cd 

hydrocarbons such :is and conjugar~d dicncs (wi1h a gcnc.·r;il formula of Cr;l l2n-2 :ind \\.ith a 

functional group t\f C:-C-l>-C) having -' h> 5 carbon al<lllh. cnync.s (with a !!t'ncr;d 1;.1rmul.:t of 

Cnl 120.4 an<l with a func11onal g.1<_1up of C=· ~ -C: C) :md d1ym::--. {\>,,•Jth a i;.~n~rnl form...il:t (1f 

C11112n.<1 and a l~ir_11.:11.1n:1l 1!111111i 11( <. C-t {') havin~· ·l IP ; c11hu11 ah•:::' t--H"S m1-.wri.:-~ 
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. may also comain inert components. e.g., nitrogen. cllrll()n dioxide, fimctionatly incn 

hydrocarbons such as alkancs and aromatic hydrocarbons. and water vapor. As used herein 

.. the term "olefin" includes alkenes and exclud~s dienes: diene.<;, when present, are referred t~ 
separately. 

In the following discussions •monounsaturates• are understood as a subgroup of 

hydrocarbon MCS components which have one unsaturated functionality that is olefins or 

alkynes. The .. C2 unsaturates" are ethylene or acety,ene individually or combined .. The 

"multiunsaturates" are a subgroup of hydrocarbon MCS components which have at least two 

multiple carbon-carbon bonds ~.e. dienes, diynes. and enynes as defined herein. taken 

individually or in any combination 

The present invention provides methods for convening certain MCS feeds by 

reassembling. its main components, hydrogen and carbon monoxide (i.e .. syngas). C2-C5 

alkynes, particularly acetylene, and C2-Cs olefins, particularly ethylene, by hydrofonnylation 

(oxo reaction). 

One embodiment of the process of the present invention provides a method for using a 

multicomponent syngas feed containing at least carbon monoxide. hydrogen, and 

mooounsaturated hydrocarbon reactants of olefinic hydrocarbons having from 2 to 5 carbon 

atoms (i c ethylene. propylene, butcncs. and pentenes), and alkynes having from 2 to S carbon 

atoms (such as.cg. acetylene and methyl acetylene). in a rhodium catalyzed low pressure ox0 

con\·crsion process These monounsaturated alkynes and olefins include the individual (' :2-C" '.' 

alkync components and olefin components. as well as mixture~ of the C?-C :-; alkvn~., 

cotnp<Hh:nt:- and mixtures of the C2-C5 olelin components In ;1 prcforred embodiment. th1..· 

ma_jor mo1ww1s~1llHatcd h~drncarbon rcac1;1n1s arc cssenti:il!~· cth~·knc and acctyknc: ·r hi..·~<.' 
reactant:; mt: fod into the process as components of a multicompe>ncnt syngn.s which m:t!· alsi> 

contain. depending on its preparation method. reactive C> 10 C5 monounsn1urntcs and C> to 

C5 muhiunsaturatcs as minor components. and funct1onall!' inert materials in ,·::iryin!! 

qucmtitics such ;is carbon dioxide. w:ucr vapor. nitrogen. and functionallv int'rt hydmcarhon:­

(such as albncs and aromatics) 

Muh1compone~1 syngas containing S\lbstantial amounts of incn (and functionally inert 1 

components may be referred lo as dilute multicomponent syngas Dilule multicomponcn1 

syngas can embody any multicomponcm syngas feed wherein the rcacti\'c components (CO. 

11::!· olclin. a!kync) may be p~~scnt wg.clh~r with substantial amounts of incn components 

Thl· use of kctl sir cams h:1v111!!- suhst :mfl:1l ch!m:nt k·\·ds 1.; (ksirahlt· in t h:lf 1 lwsc li.·~·d Slt l':llll" 
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may be available at substantial discount relative to the cost of highly purified components 

for example. the olefin contained in cat cracker light ends or in steam cracker furnace enluent 

can be available at substantial discount relative to purified olefins. Likewise. acetylene and 

syngas are Jess costly if they can be obtained without complete purification Funhermore, 

partial oxidation (POX) processes can be less costly if air is used as feed instead of oxygen. 

Syngas or multicomponent syngas from such an air-blown POX might be characterized as 

dilute multicomponent syngas due to the substantial levels of included N 2; In principal, the 

· . amount of inert con_iponents pr,esent in a dilute multicomponent syngas may be any value, 

even reaching 99% of the feed stream. Typically, inert component levels in a dilute 

multicomponent ~ngas are between 1% and 8.0% of the stream. Tabl~2 (E.'tample I) shows 

an example of hydroformylation of a dilute multicomponent syngas having 63% of inert 

components. including N2• C02. CH~. and C2H(1 

Cenain trace components in the multicomponent syngas feed of the overall process 

referred to herein as "multicomponent process feed" arc known to be detrimental in the oxo 

reaction Some are irreversible catalyst poisons , e g . sulfUr compounds such as H1S and 

COS. Others cause reversible poisoning. or accelerated catalyst deactivation. This later group 

includes components like halides, cyanides, oxygen. and iron carbon~·ls The concentration of 

these detrimental components can be adjusted by a variety of techniques kn-0wn in the art to 

provide an acceptable multicomponem syngas feed to the O'l:O reactor Gr unit referred to 

herein as "multicomponent oxo reactor focd" 

Multicomponent syng.as mixturt!s are availabl~ from a \.·aric\y of different :.ourcc::; A 

bcnclit of the present invention is th:n anv mixed acct\knc:-c:thvlcnl· s~·n1!3S mixtnrc c:in he 

used as a fc.:cd stock m the processes l't"thc present 111\·c111111n 

A variety oi mcth<1Js cx1s1 It' manufoctu1t." muh11.·omp.>ncn: S\'l~thcsis g::s m1...:turcs 

useful in the procc).s of th~: present ill\ 1.·ntion One 1s 111 hlcn,: a stream com:iining syn~:t~ {:1 

mixture ()r CO ;111d I I:) \\ith a sl11;·.un containing :i mixture of accl\'lcnc. ctlwlcnc. and 

optionally other unsaturnt~·d h~·drol.'arbono; Boch of ihcsc streams can be obtained from 

conventional pctrnchcmical processes The syngas <CU anti fl:!) ·containing stream can be 

prnduccd lw convcnuonal parti;1l l''\.Hl;1tinn (PO:\i l.i!"ht monounsatura1cs (C':!-C)l 

comaining ethylene and a.::etylcnc as ma1or unsa~urn1(,.·d h~·dmcarbon components can be 

obtained from .petrochemical proccsst•s such as steam cracking or acetylene manufacture. or 

by modification of ont: 0r th~ knc)\\m processes usl'd w manufacture acctylcn<.' or syngas 

Thus acc1vlcnc can l>c fornwd w•ir:!! " part1;tl oxidailon proc(.·so; that aprhcs a burn~r to react 

rm.:1h:111t:·O\.\')!l"1i 1111,t111t~... :\ft•tvlt-n.· ii111 rwr-. 11.·d ''ult ah1•t1I \\\O to <'nt: mol:ir w110 01 
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methane and oxygen can directly produce an acetylene rich gas mixture that contains ethylene 

as "'.ell as CO and hydrogen. Quenching the reaction with naphtha can further increase the 

concentration of acetylene and ethylene in the acetylene burner product stream. Ethylene or 
syngas can also be added to acetylene rich mixtures to adjust the molar ratios of the 

components. An advantage of the foregoing is that it allows for the utili7.ation of an abundant 

feed stock, such as natural gas. and eliminates the need of elaborate and expensive separation 

and purification ofo~o feeds often resulting in significant yield losses and added exp~nse. 

In order to maintain the partial pressure of acetylene belo.w the safety limit, a part of 

~ the acetylene may be scrubbed from MCS feeds before compressing them '!Co the reaction 

pressure for the oxo reactor. Alternatively, acctylene·containing streams can be diluted with 

other feed components. e.g .• ethylene. carbon monoxide, hydrogen or mixtures thereof. 

Multicomponent syngas streams entering the oxo hydroformylation reactor or reaction 

zone (multicomponent oxo reactor feeds) in the process of the present invention contain C2 to 

C5 monounsaturates, among which the ethylene to acetylene ratio is in a range from 1: l 00 to 

100.1, preferably I: I 0 to 10 I. Typically, the mixture contains an amount of olefins that is at 

least 40% of the total unsaturates The amount of CO and H2 in the multicomponent oxo 

reactor feed, \vith respect to the amount of monounsaturatcs is preferred to be at levels of at 

lease abo.ut that required for the stoichiometric conversion of monounsatur.ated hydrocarbons 

in t11e oxo reaction. A stoichiometric conversion of these species requires that the mole 

percent of CO be equal to the sum of the mole pcrccnt:.i of monounsaturates Similarly. for 

stoichiome1ric conversion. the mole percent of 1·12 should be equal to the sum of the mole 

percents of C2 to C5 olcfins plus twice the mole percent~ of C: IC'I «:- alk~·ne.s ft is prcft>rr:c-d 

that the CO and l 12 he present rn the multicomponent o-..n ri::ictnr foed in a range from h:tll" to 

100 times that required for stoichi\\mctric conn:1si~ln It is mn1c p1d\!rrcd th:u the 

concentration::. of CO and IJ 2 he in tht.: rang<.: Jj 0111 I t l 1 t 11 1 imcs 1 h:H rcquiri:d for :1 

stoi.chiomctric conversion 

Subject tO ·these 1cquircmcnt::. l l21C'O r:1tic1s 111 th~ multicomponcm ~~·nthl!si.s gas 

entering the oxo reactor (i c in the muhicomponcnt mm rcnct~r fl'cd) can range ti om I l to 

I 00 1, preferably 1 I to SO I. more preferably I I to l 0 I Whik the presence of cxccs.s 

\'Olumcs of 112 is preferred from a chl!misuy pcr~pcctiv1:. a large excess of 112 of greater than 

l 0 is not desirable fr()fn a m:11_cri:1ls h:mdling pC'rspcctivc and can result in unnccC$<:.:iry c'\pcnsc 

in unit operation 
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A range or composition value~. as well as a typical compositit>n for lhc principle 

species present in multicomponent syngas mixtures entering the oxo reactor (i.e. in the 

muhicomponent oxo reactor feeds) for the pr~ces.o; of the'prescnt invcniion are given in Table 

l. 

Table J. Multicomponent oxo reactor feed compositions for 1he principal components 

Principal Components Composition Range (v. %) Typical Composition (v. %) 

co I - 50 ".: 25 

It:! I -98 so . 
Ethylene 0.1 -35 15 

• 
Acetylene 0.1 - 35 IO 

Multicomponcnl syngas mixtures produced by, e.g. , steam cracking or by partial 

oxidation can contain a variety of molecular species which are detrii:ncntal to the 

hydroformylation process or are known to deactivate oxo catalysts For example, rhodium 

mctat cotnplcx hydroformylatioli c:nalysts arc known to be poison~d ·by certain sulfur 

containing molccuh.!s {cg. H1S. and COS) which im!\·t::rsibly bind to the metal center Such 

poisons can h:: removed by us\: of ('t>1nmon chemical and chemical engineering techniques 

such as th..: u:;c t'f guard beds, panicubrly gu.1rd beds c,K:t.1inin~ 1:mc ~Y\1Jc 

Thi..' s11c:uns used wi1h the present 1m·cmion m:I\ also contain muhiuns;i1u1a1cs ha\·in~ 

3 f() 5 carbon alOms Their concentrations arc typi.:.div less than :" molc~o of 1hc iu1;1l 

un$al\lratctl hydtocarb<.>n i",,;d to lh1..· h~<lroformylation Catalysts d1~..:usscd herein <b hl!lnl! 

acti,;c for the lwclrofom1ylation ,1f vh:fms and alhri.::- will simila1 Iv hl" ac:un.: 1°01 th~· 

hydroform~·l:uion ()f oldins and muhiuns:nuratc:. J lrghh· unsmurat1..•d components :;11.:!1 a:­

lhc:-:c multium:J:ura1es can be inh1lmc11s m the oxo cunn-1 :-r,m o( olclin~ They may reduce th\: 

activity of the O\ll cataly:a by a:;:-(11.:;atmg. very stwn~h· \\Ith the: mctai and thus d1m1msi11n~ 

the ac1ivi1;-· of the cat<liy:;t toward lhc hvdwrnrmyl:nmn ~·i· olcfins Thcrcfor1:. the qu:mtitic:.-. .. 
ofmultiun~turatcs arc prcfcrablv less lh:m 5% of the to1;1l unsaturatl!d hydroca1bon fed w the: 

hydroformylation More preferably. muhiunsaturatc$ s!a)uld be present in hydrofonnvl;11ion 

feed in amounts le:>:> than l molcnu 111° tol;:I unsaturatc:-. l:'.x:1mplcs ·I anJ X dcmo11s1ra11..· 1hc 

hydroli.miwl:ninn of mull icomp1 •m·nt. sYn~:1-.. m1xt111 c" !h.!I ··nnt~1in oldins and 11n1hmn";n u1 .lk°" 
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concentrations is the group of non-conjugated, no11-cumul~ted diencs (diolefins). for which 
there arc no restrictions. 

Generally speaking, the multicomponent oxo reactor feed streams preferably contain 
monounsatur.ates. Muhiunsatur.ated hydrocarbons containing conjugated and cumulated diene 
and enyne type unsatur.atio~ are considered less desirable. These multiunsaturates may be. 

· · removed from multicomponent· process feeds_ or their concentrations may be reduced before 
contact with the hydroformylation catalyst. Although muhico.rhponent syngas products 

, generally do not require treatment before their use in the processes of the 'present invention, 

feed streams containing multiunsaturates in higher concentration than the above preferred 
concentrations may be treated, segregated or diluted with streams comprising substantially 
CO, B2. monounsaturates, and inens 

MUL Tl UNSATURA TES REMOVAL 

Multicomponent process feeds can be Lrcatcd if necessary before entering the oxo 

reactor (i c prior to hydroformylation) if the concentration of the above specified 
multiunsaturatcd inhibiting components is too high Mild selective hydrogenation. for 
example. using heterogeneous catalysts (c.g. Pd on alumina, or mixed oxide and sulfide 
catalysts as described in EP Application 0,225, 143) can convert these reac~ivc hydrocarbons 
to olcfins ·and alkancs These com:cntional heterogeneous hydrotrcating methods, however. 
have drawb:tcb F~ir cxamph:. in hctt.:rogcncous sy~tems high C()nccntrations of unsaturated 
hydrocarbon:\ 11 c oklins. alkym:s. and muhiuns:uur:ttcs) with high concentrations of 
hydrogen p1escm a hazard ofa hig.hiv exothermic runaway rc~1c11\Hl Ca1.1hst sch.:rnvu\·. ani! 

ocher pbn1 opl!1~ti\Hl issue::- pnl\'1Ji.: fonhcr incentives 10 si.:d ;1l\1:1n;.i11\·c :-.nl111ions 

Ther cli.i1 i.:. ;motl11.:r embodiment of thl' prl!sc1_11 in\'en1ion pru\'1d1.·:' a !>dcct1\ c. hqmd 

ph;.1si.: pwccs:-. 1u addr..:ss th..: pwbkms ass<>ciatcd \vith thc appiicalio11 of the 1,,ncmn 
hctcrogcnet>us cawl~·::-ts The hqw\1 phase used in the process c:m be a hc.Hn<•gcncous ph:tsc or 
a pwnpahk. sol1ds-cu1llaining. slurry Applicants have found th;u !111.' Rh c.1talyst used m the 

hy<lrofor mylation pio.:css of the prcscm in\'cntion is suitabk f<)r th1: sdc:cll\'C t:om·i..'r!\1011 of 
the lorcgoing multiut\saturatcd hydroc:ubon components to oldins when the complex is usc<l 
not as a c:nalyst but as a stoichiometric reagent in a scparmt.: pre-treatment step The 

preferred reagent is the organophosphorus modified ;hodium catalyst of the 

oxo/hydroformylation reactor d1.:scrihcd n~orc detail in "Rh OXO CATALYST" hclow In a 
prcforrcJ cmho~liml'lll a two Sl<..'P p111c~ss is US('d lo com:erl exec:-:. n11il1iuns;11111a1cs in 1hc 

~!CS to ok:li:i-. ;1ml ;!ll,;111~·~. 1·11 Ill\:·· Iii:'! :-.ll:p: of 1h1.: p~t11.:cs-. llil· :-.t11it1.· .. a 01'•llll.:n1 Svni~as 1-. 
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contacted with a solution containing the ligandcd rhodnun complex as a reagent The ~1rong 

preferential binding of rnuhiun~turatcs to the rhodium complex serves to extract thc.:m from 

the MCS and into the solution where they are held as hound species on the rhodium. This 

gas/liquid "scr..ibbing" effectively removes the multiunsaturates from the MCS feed The R.h 

complex essentially functions as a stoichiometric reagent. binding the multiunsaturated 

hydrocarbons from MCS during the contacting. In a separate. second step the multi~ 

unsatur.ates are converted to the corresponding olefins and the rhodium complex is 

regenerated by contacting the complexed multiunsaturates containing solution with a gas of 

high hydrogen and low carbon monoxide content for an am.ount of time sufficient co effect the 

conversion of muhiunsaturatcs 

If such multiunsaturates hydrogenation was carried out under .conventional 

hydroforrnylation conditions, i.e. at CO partial pressures of l 0- IOOO kPa. the conversion of 

these strongly bound species 10 olelins would be slow (see Example 4), such that the required 

rhodium concentrations would be um .. "COnomical However. we have discovered that the 

conversion of these multiunsaturatcs can be substanti3lly accelerated under conditions of 

higher hydrogen, and especially, lower CO panial pressures than conventional rhodium 

hydroformylation The complexed multiunsaturatcs-conraining Rh solution can b<' 

regenerated in a separate reactor, with a hydrogen rich gas. i e .• a gas having high hvdroµcn 

and low <;:O concentrations or pure hydrogen Durin!! this regeneration. the Rh complc'i: is 

returned to its muhiunsaturatc-free form. while the multiunsaturates are hvdrogcnated to 1tl(' 

corresponding. otc!ins and alkanc~ Thus allenc. for C\:-tmpll!. is hydrogenated .:!urmf! \hi~ 

process first to propylcn<:. while butadicnes me hydrog('n:t<ed tfl butencs In this r·:~!~:1er:uinn 

hydrotrcating step some of the olcfins formed Ii cirn rnult1uns:nuratcs will h:- forth\·1 

hydrogcn:i11.:d to the corrc~pondm!! alkancs The hydr0!-!:.:na:1on rate in th~ rc~cn:.:rau,m !'lc:' 

can be adjusted hv ad'.usttng the partml pressures of h\'tlrr-.µi:n :md CO I h:.:iwi pan1;1l 

pressures of hydrogen \\'tll increase the rate of h'.-'dro!:!~n.!lh\l\ On the comr:H\ m.:11.::1sin~! 

panial pressures of CO will reduce the hvdrogcn:1ti()n acuvnv <'f the catal\'st ·1 ii~· r:tt<: and 

selcctivicy ~:m bi: convcmcrnly controlled hv adiuscin~ the p:1m;1J pressure pf < ·{) m th1.· 

hydrntrcating rcac!m 

Th..: b1.:nelit of the h1.:1cin <l1.:~ct1hed pro~css 1:; tha: the compos111on of th..: i:1.·n1bh111~~ 

solution used for the sw1chiomc11 ic removal of rnul1iuns;11u1 :Hes can essentially be tile $;11nc <1'> 

used for the catalytic oxo step Any level of muhiunsaturatcs removal can be a.:.:-0rnphshc:d 

The multiunsaturatcd hydrcicarbo~s ! c .!! all enc or vinvl ac-ctyl<.>nc) arc prcfcrcn1 tali\' n·movt•d 

from the.gas p~HlSC because they l.iind s~.mn!-!Cr th:m thl' nH1m1unsat11ralcs. p:1mi:11l:i1 Iv ok1in-. 

Since thl.! stHH\gcr hind1:i~ co111111.111...:nt:< :uc thl.' "tr<,n).!1.·1 ml11b11n1' m tlw o"\~• 1.·•·:~\1.·1-.11•11 11! 
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monounsaturatcs. in particular in the oxo co1wers1on of olelins. the prncess removes the 

strongest inhibitors first and produces a puri~ed. multiunsaturate-deficicnt MCS, which is 

preferred as oxo/hydroformylatio':i reactor feed. An additional advantage of using the 

rhodium oxo catalyst solution for the pre-treatment ofMCS hydroformylation feed is that it is 

unnecessary to rigorously control losses of rhodium complex. due to entrainment in the MCS 

gas phase. because the downstream hydrofortnylation reactor system must have means to 

effectively capture this Rh complex. Furthermore any Rh compound carried over by the MCS 

stream will not contaminate the catalyst in the oxo reactor since the compositions are· 

essentiaJly the same. 

'By way of example, Figure l shows Absorber 11. in which the multiunsaturates­

containing MCS feed (101) is contacted with a multiunsaturates-depleted soiuti,on of the oil 

soluble rhodium complex ( 105). This absorber is analogous to g.uard beds of sacrificial 

catalyst that are sometimes used in heterogeneous catalysis The multiunsaturates-depleted 

MCS stream (102) emerges from the absorber to be sent to hydroformylation (shown here as 

two reactors ( 13 and 14) in series. each with pumparound cooling ( l 07 and J 09) and reactor 

effiuents (108 and 110)) Unlike the "guard bed" of heterogeneous catalysis. the 

multiunsaturatcs-comaining ''sacrificiai" catalyst of this process is a pumpable liquid phase 

solution of a Rh complex (106) that is recovered at the bottom of the absorber. The 

comple~c~ multiunsaturates-concaining solution {I 06) is pumped into a regeneration reactor 

( 12) in which it is treated with a hydrogen-containing gas ( 104} Jn the regeneration reactor, 

the multiunsaturatcs-frec rhodium complex is recovered bv the h~drogcnation of the 

complexed rnultrunsaturates 10 olefins and alkanc:; .-\ gaseous purge stream (I 03) from the 

regeneration reactor is used to preserve high concentrations of h~·drn!!Cn The regenerated. 

muhiuns:nuratcs-dt•plctcd solution of the Rh comph:'\ ( 10.5) is r..:turned from the reµencrator 

( 12) to the ab~orbcr ( 11) To 1he extcm that the oletin and alkanc products of 

muftiunsaturates hydrogenation remain dissolved in 1hc catalyst solution. they wil_l be 

transferred b;1ck m the MCS stream du1ing contact with the c.a1~1lvs1.solu1ion in ah$orher ( 11) 

The temperature in the ab$<lrher { 11) is m::imtain~·d in the r:mgc of 0 to 150 oc. 
prcforahly h.:twccn 20 lt> 60 oc If th-: temperature c'\..:ccds th\!sc limit~. the Rh complex can 

decompose unacceptably fast Also. at higher tcmpl!r~m1rcs there is the posi;ibilitv of high 

reactivity and cxothcrms if the absorber has location~ where be>th the Rh containing solution 

an<l MCS arc depicted in inhibitors This would be tnic. for example, at the top of a countcr­

currcnt absorber Lower temperatures arc acceptabk However. the rate of equilibration 

between thl.! Rh comptcx nnd inhibit0rs will become limnir~µ at ~ome low temperature~ 

Fw thc1 mo1 <.:. low tempcratmc:-. ca11 cn1;1il an C'\H .1 1.:c1•:t of 11.:li i~1.·r;1t ion \Vi th no :-1ddecl 
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advant;igc limn a prm:css point of view. The pressure m absorber t l is kept preferably al less 

than about S Ml'a with a partial pressure of acetylene below the safety limit ofO 2 Ml'a. ln a 

preferred embodiment the absorber is positioned immediately before the oxo/hydroformylation 

reactor. 

The temperature in the regenerator ( l 2) is maintained in the range of 50 to 150 oc. 
more preferably between 80 to 125 °c. The pressure in the regenerator is typically limited b.y 

engineering, and economic factors. Higher hydrogen pressures accelerate the regeneration of 

the multiunsaturates-free Rh c~mplex and the hydrogenation of the scrubbed and complexed 

muhiunsaturates, permitting smaller regeneration vessels and smaller quantities of rhodium 

complex. Preferably the pressure in the regenerator is maintained in the range of about 0.1 to 

50 MP a, and more preferably in the range of about I to I 0 MPa The liqui9 feed to the 

regenerator leaves the absorber {I t) without any treatment. The gas feed is a hydrogen 

containing gas. which can be either essentially pure hydrogen or a gas mixture enriched in 

hydrogen and deficient in CO Other guard beds des1gnl!d to remove irreversible poisons of 

the Rh oxo catal}'St such as sulfur compounds. halides. cyanides. iron carbonyls and the like. 

should also be used 10 prctreat the MCS feed slream to the muhi~uns:nurates absorber (11) 

The hydrogen-rich feed gas to the regenerator {12) ::.hould also be essentially free of the 

foregoing irreversible poisons, and other detrimental 1,;ompounds to the Rh complex. The 

addition <;>f pure, sulfur free hydrogen is preferred in the ~as feed to the regenerator. The rate 

and selectivity of the hydrog.ena1ion step toward producmg. otefins from multiunsaturatcs and 

alkynes can be conirollcd by adjusting the partial prcssu1 e of CO The H'.?./CO partial-pressure 

ratio in the rcgcncra1or should be I Ll or higher, prcfor:ibly 50 01 h1gh..:r Higher CO panial 

p1cssurcs h.:ad to higher sdl:Ctt\ll\' tt> tildins hut rcducd 1a11: to mult1-11nsa1mmc:- conversion 

In ccnam ~ascs the CO u1ssohcd 111 the complc:-..:c.:.i :m1ltHms:1111r.1l('!->·COllla1111n!! solutit11l 

( lOC>) can p1 ovu.k :1 sullicicm partial prcssu re of CO in 1 hL' regenerator ( I~ l t f necessary. CO 

c:in he en-fell v .. ·ith lwdioµcn co:n;unmg ~as in\t\ th1.• 1~·•.!t'tll.:r:itnr \)! ):!·I:-. m1x1tircs dctkil'nt rn 

CO and cn1 id1'-'d 111 hvdrogcn can lw used 

Thl! ;1bsc11cc of CO docs IH'l have a dcstahili/.mg effect on the: Rh complex but dOC$ 

affect th..: r;11c and sdcctivity of the hvdrogcnation of th:! unsaturated hvtlmc:irhons present in 

the rc!:\cncrator Wuh no CO p1cscm all unsaturated ir.d1ocarbons. mdudin!! olcfins, tend tn 

be hydrogenated to al!..ancs h 1s therefore desirable to maintain CO concentration in the 

regenerator a\ a levd sufficient tu prcforcntialty hvdrngcnatc the multiunsaturatcs only to 

olcfins in order to ad1icvc an economic compromisr: between foster rcg.cncrntion of the 

multiunsaturatcs-li cc Rh co mph.::-. Olll.'1~forc smallc..·r ct1mpmcnt sin'. and -;mailer Rh load) and 
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multiunsaturatcs from the main stream of the rnuhict>mponcnt syngas improves the overall 

selectivity of the process since the muhiunsaturates arc treated separatdy so that the bulk of 

ethylene and acetylene in MCS is not exposed to the hydrogenation conditions appro1niate for 

rapid conversion of multiunsaturates. 

The flow rate of catalyst solution to the absorber is set to meet the concentration limits 

given for multiunsaturate of the multicomponent oxo reactor feed, as described previously. 

The flow rate of rhodium should be set at a sufficient level to stoichiometrically combine with 

the amount of multiunsaturates to be removed. Thus, a treat ratio can be defined as the ratio 

of the flow rate of rhodium to the absorber (expressed as moles per unit time) to the flow rate 

of multiunsaturates to be removed (also as moles per unit time). For an ideal absQrption 

system, this treat ratio can be exactly 1.0 for perfect removal of only. the desired 

multiunsaturates. Treat ratios should be between 0.5 and 50 in the current invention. 

preferably between I and 10. Higher treat ratios would be recommended if a significant 

fraction of the rhodium complex is inactive. or if it is desired to remove and convert some 

fracti~n of the alkyne component of the MCS in addition to the multiunsaturatcs 

Conditions (temperature, pressure. residence time. etc ) in the regenerator are set such 

that conversion rate of multiunsaturates equals lhe rate at which they are being carried into the 

regenerator by catalyst solution (which. in turn. equals the rate of rnuhi-unsaturates removal in 

the absorber). Example 4 includes selected rates of multiunsaturates conversion that can he 

used by one skilled in 1he art of chemical engineering to specify operating conditions of the 

regcncrnwr The scrubbing solution may bc csscmiafly the same as that of the: cat:llvst 

solution used m thl' mm reactor step or anv soluble or slurry phast: c.·~u:ih-~t th:it :t<:hievcs 1lw 

same effect under the l.'.Clndi1ions herein Prcfi:rahlv th\.' al1sorp1i(ln pmc<:s~ uses thl.." sp1.:m 

catalyst solution from the oxo rcactM as a sauhbing solu1ion before its lin;1i d1spos:1l. :nfdicir 

recycling 

An :tlivantage of the use of thc above dcscrih~·d trc:-itrncnc from the aspect <'f thl· 

pWCCSS Of the present invention is that the multiunsa1Uf3ICS <ll"C 11N cnnvencd ill the OXI.\ 

r1.·actor thl'rcforc dc1 no1 tic up a l:u ~c amounl of activ1.• c;11;1lvs1 Tl11.•\· arc r cmowd from thl· 

main fCc<l stl cam and scp:irately c;.\nvcncc.l into oldins The fbrm..:d oklins arc then pn;l~rahl\" 

rcc~·clcd to the multicomponent t)Xt' ri::tcte>r feed. and hydroformylatcd in the oxo renctor A 

further ad':antagc of the use of the present absorption-regeneration process f(lr 

muhiunsaluratcs conversion is in the elimination of 1hc hn7.:trd of ninaway hydrogenation 

rc;:ctioqs associated with ·hvdrqµ_cn:11ion cif highly un:iaturat~d hydmc:1rhons This haz:u<I is 

d11nin;11c1l in thl;' pr;u.:t1l.."c ni' tin· t."IH 11.·:it 111v1.·11tipn ht.•1.·:1usc 1!11: :011011111 of \Jll-;;1111r;1t\·d spl't"l•'" 
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in the rl!ac\or is limited to the am,oun\ carried in bound to the rhodium or physically dissolved 

in the solvcnL Thus, each Rh site is limited to a very limited turnover before it runs out of 

unsaturated species to hydrogenate. Under this situation, even a rapid increase in reaction 

rate can only result in the conversion of a limited amount of unsaturated species and so the 

resulting heat release is strictly limited. 

Rh OXO CATALYST 

In the process of the present invention the oxo/hydroformylation catalyst is a rhodium 

complex ca1alys1, preferably an oil soluble rhodium complex catalyst. The oil soluble catalyst 

is typically formed by a compJexation reaction in solution belwecn a low valence rhodium, an 

oil soluble organophosphorus compound, preferably a triorganophosphorus compound ~r a 

mixture ()f such compounds. and carbon monoxide Under reaction conditions the Rh central 

:nom may b~ complexed with other species present in the rco.ction mixture, such as ethylene, 

and other oleCins (e,g. propylene). acetylene, and olh..:1 a!kyncs (cg methyl acetylene), 

dicncs, and other highly unsaturated hydrocarbons (cg allcnc. butadicncs, vinyl acetylene, 

etc }. and hydrogen. which also can ::i.ct a~ ligands. 

The preferred triorganophosphonis compounds suitable for the preparation of the Rh 

complex Catalyst for the USC in the OXC> reactor in the present lll\'Clltion belong to the group of 

oil soluhk tri:irylphosphincs. ti ialkylphmphm\!:-. alkyl-diarylphosphini:s. aryi­

dialkylphosphincs, trialk~·lphosphitcs. tr i;1J),lphosph1t1::;. t:()nt;nning al kast one pi~osplwni!' 

a\Om per mokcuk The:-..: sbould b\." c:ip:1hh: of ..:t')m;•k,.1;i,,a \•.11h Rh Ji\· :h ... • virll11,.· oi' havi1w 

a lone pai1 of cki:11on:- n11 1hi: plH~-'!'hor11s :-.:Pi: i11i;11m;· <..",;nnpk .. 11;· s111:h 1·:: :-,)J11bk 

tri<Hg:mophosphonis compounds fo~ u:-c m 1hi: i:;n.1i-..·1 1111.:h;,k 111;11 :· i;>i\\)sphm1.:.•. :-u.:h ~:=­

tnphcnylphos1lhinc or tri-p-wlylphosphin;.:, tr1alk:-lph~·"i''m11.:-.. :-t11.:h ;i" 11 ii1~1~ lph1.•:>phinl.! m 

tricy~lohcxylph<.>sphim:. c•r alkyl-diarylphosphinei>. :-u1. h :i' octyld1ph1Znylph<>spi:rnc 01 

cyclohcxyld1phcnylphosph1nc, 01 arvlJialkylphosphlllt.':-. :-t:d1 :ts ph1.:nykltuc1ylph~•:-phm..: or 

phcnyldicydohc:-..;ylphtisphin.:. ct<: Th ... · 11iorganopho:-pi1iHu~ ... ·(1mpou11J:-; that c.m si:r•·i: :is 

ligands can ;il:;o bi: cHhc1 ph1>sphorus ;.:\1n1;i1ni11g C()mpou11,!-. sud; a=- ti ic111!:u1oplmspiu1..:s ..: ;.: . 

trialkylphe>i:pititcs sw:h :1s If 1oc1ylpho:-pi11t<..', lr 1:1rylphP::-pf:n 1:'> :-ui.:h ;1s li 1-p-1olylphl•";ifu: t· I 11 

addition to 111ono<lcma1c: phosphoru;o; ligand:.. b11k111;1i<.: ..:<•111pou11;.h ~uch ::- d1pho:­

(bis(diphcnylphosphino)cth:inc} can be usi:tL /\n cxtcmb.: Ji.,1 <1f :-.uitabk plwsphini: i1pnds 1s 

given in Falbc's book at p S5 - 57 Prt·i-...r:ibly. the ml :.1:lt,hk 111rn_;!a11oph1i:-phmus (t1mpuuntl 

is a trn1ikylpho~phinc 

t riarylphnsj)hi1w :\lll.:h 

such :1s 111..:v.:!ohc:'\ylph1•:-phn1t· .11lll 

,1-. II i.pl11:ndpli• l'pln1w 11"°''· ,., ,., 

1111 ~i.:1ylphu:-ph111c 111 

ut hn h:·.m1b .. u\I; 
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phcnyldicyclohcxy lphosph inc, di phcnylcydohcxylpl1os1>hinc, phcnyldiocl ylphosphine, tr i-p­

tolylphosphi nc, uinaphthylphosphine. phcnyl-dinaphthylphosphine, diphenyl­

napblhylphosphinc. tri-(p-mcthoxyphenyl)phosphine, tri-(p-cyanophenyl)phosphine, tri-{p· 

nltrophenyl)phosphine. p-N.N-dimethylaminophenyl-(diphenyl)phosphine, and the like can be 

used if desired. Mixtures of triorganophosphorus compounds can also be used. 

It will be recognized by one skilled in the art that other ligands used with rhod_ium for 

hydroformylation can. in turn. be used in the ·present invention for the hydroformylation of 

multicomp<?.nent syngas, provid.ed the catalyst is used at sufficient ligand/Rh ratio. Further 

examples of ligands for hydroformylation include transition metal bis-phosphite catalyst's (as 

disclosed in US 4.S8S,40 I}. bidentate organophosphorus ligands (as disciosed in US 

4,742,178), and transition metal polyphosphite ligands (as disclosed in US 4,769,498) 

lt will be further recognized by one skilled in the art that reaction media other than oily 

ones can be used in the presen1 invention for the hydroformylation of multicomponent syngas 

Typically, the catalyst is rendered soluble in a reaction medium by using suitable ligands for 

cornplexation. Thus the hydroformylation of MCS can be performed in aqueous media by 

using organophosphorus ligands containing at least one substitucnt on the hydrocarbon radical 

of the ligand which imparts water solubility to the ligand_ Such subtituents inciude, for 

example, the carboxylic. amino. and sulfo func1ional groups. Examples of such ligands can he 

found in US patents 4,248,802. 4,808,756, 5,312.951. and 5.347.045 which arc incorporated 
herein by reference Hydrofonnylati<.'n of i\-1CS can abo bl! performed in a fluorinated 

hydrocarbon medium pro\'iding 1hat the Rh complex is rendered f1uornus 5oluble ai: described 

in US pa1cn1 5.463.082 which i:; 1ncorp11ra1ccJ hl..'rt!in lw rcfcrcncl..' 

Rhodium cornpkxt.:S prcpa1 cd u:;ing the aforcmcntmned ligands mav :1lsn ht! used m 

solution in the multiunsaturaccs rcn.mvmg absorbcmcgcncrawr -system c.lcscribcd previously 

In fact using the spent catalyst solution from the hydroformyl:nion rea~tnr hcfNc its final 

disposal and/or recycle could be advantageous because of the ptitcntial sa~·in~s in n:agcnt cost 

in the muhiunsaturates removing s1.cp 

Rhodium complex catalysts pri:p;1rcd l;1l>ing the :iforcmcn11oncd li~ands arc kncwm to 

provide good catalytic activity in the hydroformylation of pure olefin feeds hlit are 

inhibited/poisoned by alkyncs, particularly acetylene Applicants. however. have unexpectedly 

found that these ligands can be used in the hydroform~·lation of s\•n,µns ccmtainin~ nfr\:cd C2 It' 

C5_ olefin and afkync feed stocks. c:\p1:ciallv ·_ acct\'h.:nc ;111d l'thvlc111:. pwvickd th:11 thi: 

phospimms am! 1hodium in 1h1.· catah·sl iuc p1c~1.-m m ;mH111111s 1h:i1 a·nth-r thl· 1;a1:1lvs1 
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catalytically active. Preferably. the P/Rh ratio is maintained above a specified minimum value 

We have found that. for triphenylphosphine (l'Ph3). this minimmn value should preferably be 

30. The preferred ligand concentration can also be expressed in terms of the minimum 

concentration of tbe coordinately active phosphorus [P] in the. solution or in terms of a 

. minimum {P)IPco ratio in the reaction, wherein Pco is the partial pressure of carbon monoxide 

in the gas phase. For PPh3. [P] should preferably be above 0.01 mof/1, and the {PJIPco ratio 

should preferably be above 0.1 mmol/l/k.Pa. The Rh concentration in the reactio.n. mixture 

should be in the range from about Ix 10-S to about Ix 10-2 mol/Jiter. This range of Rh 

concentrations corresponds to a Rh .concentration in the range from about 1 co about l 000 

ppm (by weight). ln a more preferred embodiment the Rh should be present in the range of 

SO to 750 ppm, based on the total weight of the solution Within the above ranges. the choice 

of catalyst concentration can reflect engineering and economic considerations 

The hydroformylation of the oxo reactor feed is carried out by contacting the catalyst 

with the multicomponent syngas in a solution of the catalyst prepared with a solvent or a 

mixture of solvems Oily solvents that can be used for the preparation of a catalyst solution 

used in the oxo/hydroformylation step are known in the an. and include aliphaiic. and 

aromatic hvdrocarbons (e g. heptancs. cyclohexan~ tolue1\(.>. etc). cslcrs (e g. clioctyl 

phthalate), ethers. and polyethers (cg, tctrahydrofur~m. and tetraglymc). aldchydes (cg.. 

propanal, butanal. etc ). the aidol condensation products of the oxo product aldclwdcs. the 

triorganophosphonis Jig<1nd it>elf (c !! . triphcnylph<)sphind. etc 

For catalyse compositi0::l~ <'tllsidl' nf thl· s1k·cificd ran).!~·s. panicularlv I~ •r cawlvsh 

with P/Rh ratios hd\)W the minimum vah1t' for ~ catal\"t1c:1lh· :H:1iv1..· hnirofmnwl:1110n c.:11:ilv"'t 

(which for Pl'h~ is 3<1). the cnrah·st ha:; ;1 si!!nilic:mtlv rt·dtH:c.:d ac11vit\" J>r\.·c.·cl· and Srmth Cl:P 

0.:!3 3 .759 ). f11r c'\ampk. hav~ mvcs11~a1cd the hv<l~t 11i 11 nwl.n I\ m nf an :H.:1.:t\"h:n1..· rPnt;1mm~~ 

rnuhicomponcnt syn_;!as mixture m the prcscn.:c of l'i'h ~ mod11i1.:d Rh,,( CO} 1 :> cllalv::.: In 

spite of the fact th<lt the foed !;!:\:' comainl!d high con,·..:mrati<ms of till..' rc:;1ct:m1:; 1:1c1..'t\"k111:. 

ethylene. C'O. and hvdrc1gen '"i1h :1 r;1tio of 6 3 30 <d. rc:~p<.'Ctivdv). lhl.' catah:-1 ... ol1111on 

contained hi~h conccntrntion c~f Rh (0o108 mol/l l. :md PPh.~ (CJ 11.t llll•l!l 1. ;me! 1h1: w1a! 

prt:ss.urc w;1<; 0 91 J\lPa. the ca:.1h.-s1 faih:d a~ t•\·1dcnc~"l hv 1h~ fact th:ll 1lw tot;il turnnn·r. 111 

lhi.; prescm:c o( acclyknc wao; M•h I ; 111 ~.i hours. ~· .. 1·1~ ;1 n·rv hnv 1111 Fl(l\'l'f r • .:qw.:11<:\' ot" 

l.SxJ0-4 mo! propan:iltmo! Rh/$.::..: llndcr those rcpMtni cnnditionc; the Rh catalyst has hiµh 

activity in the hydroformyl:ui0:i of cthvlcnc ;!lonr IC K Brown. mid (i \\'1lkimou. 

Tetrahedron Letters. lt1f><.1_ 2"2. l "i":!.; I lksidt's the t"'-r~·..:1~·d prop:rn:il. lhl· produce m1x1111~· 

also contained I I 1nok'~ .. ;in·•· ·rw 1.1111. oh'>l..'rv\.·•I in !1\·lli nli H 111vl.11 inn p1 od1n·1 1111 '.llll \":<- ol' 

ctlwkm: Tlu:i dh·n \11. ar\·tvlt·L\· ••II ~lw o'\n 1'1>1Wt'l'"'·1 .. : ~·1!wkm· ,., \\\'ii 1h1<11nw111<".l 11\ tlw 
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literature., and 1s the reason tha1 acetylenes arc rcforrcd to as "classical catalyst poisons• t'hr 

the phosphine modified Rh catafysls (sec B Cornils. "f-lydroformylation Oxo Synthesis, 

Roclcn Reaction" in New Svnthc~ with Carbon 1\.1.m!Wid~. eel J. Falbc, Springer Verlag. 

New York. 1980, I'- 73) 

Applicants have found. however, that under proper conditions, panicularly at specific, 

ippropriale P/Rh ratios the inhibiting/poisoning effect of alkynes can not only be overcome 

bu_t in fact the alkyne components themselves can be convery.ed to the corresponding saturated 

aldehydes. These ratios are typically high. The catalyst used by applicants herein shows 

enhanced activity, and is not poisoned by C2-C5 alkynes such as ace1ylene but rather co­

converts them with olcfins to corresponding C3-C6 aldchydcs, as evidenced by its high 

turnover frequency with feed streams containing acetylene, ethylene. CO, and hydrogen 

Applicants have found that the catalyst system evidences changed activity with varying. 

coordinativcly active P concentrations and P/Rh ratios. Physical evidence of this change 

comes from experiments conducted with acetylene and ethylene containing mul1icomponen1 

syngas feeds at 100 and 110 oc. and 0.8 and 2.2 MPa toial pressures. respectively. with 

different PPh3/Rh ratio.s (see Examples l, and 2) When the PPh:;/Rh ratio was 9.3, 

essentially the same as in the experiment of Preece and Smith. albeit using a different Rh 

source, the final catalyst solution h:id a dark brown color bu1 wa:. orang:! when the PPh3/R.h 

ratio was. higher. cg. 300. Thi! brnwn color of the solution containing the ca1alys1 with a 

P/Rh ratio of 9 3 evidenced that the catalyst decomposed At 110 O("_ and '.:! 2 MPa total 

pressure the total turnovcr \vith a PPh3/Rh ratio of 9 3 was onh· .t 9 in 1 h(lttr!'. while un<lcr 

milder conditions of IOO oc_ and 0.8 MPa total pressure the cot:il turnover was 221 in ~.::, 

minutes wh1:11 the Pf>h~/H.h ratio \\"as 300 This later caialvtic rail' is m 1hc rnn~e C'lf lh1..· 

hydroformylatwn rat..: ·or prnpylenl! under othcrwisl! identical condiuon:- The catal~sl wnh u 

PJ>h3/Rh ratio or 300 thus showed an average turnover frt.·qucncv of o CIX2 mnl propanaltmol 

Rh/sec. wh1k the catal~·st with a PPh::;/H.h ratio of 9 3 gan: ;m avcrngi: t111nov<.·r frequency of 

6.Sx 1 o-~ rnol propanalfmol Rh/sec. i e. 120 times Skl\V1.'r Initial tt1tn0\'1..•r lfl·qucncics :is hi~h 

as 2 mo! prop;mallmol Rh/sec have been achieved with the process of 1hc prcst·nt invention m 

the conversion of ;m MCS feed which contained 15.S volume % ethylene. :md !\ ) volume~- .. 

acely!cne using a J>l'hJ/Rh catal~·st with a l'Ph)/Rh ratio of ()<,c•: and ah()\"C (sec Example 3~ 

Thus, one embodiment of the µresent invention is that. for anv organophosphoru!' 

compound used to modify rhodium for use in hydroformylation. there exists a catalyst PiRh 

ratio sufl!cicntly hi~h 10 create an active catalyst for 1h~ hvdroformvlation of m11hicomponcn1 

S}'Qgas W_h1le ~a1;1!ys1s bd<~w thi$ J'/J{h moo may pmv1ck a 11unimal k·vd nf 1111 novl.."t. ;i., 

cvidcr?ccd hy I he .llll 1io\·1.·1 f11.:qm:m·v of t1 l\x 111"·.l 1111;1 O'\ll' mo! R J11w~ :idun nl \\"Ith PPh ; :11 :i 
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P/Rh ratio of 9.3, ;1 c.;italy:a with utility would prcforablv be ;11 J>/Rh ratio i;ullicicntlv hig.h as 

10 provide activity <)fat least I o-2 n\ol oxo/mol Rh/sec 

Other experiments carried out with multicomponent syngas mixtures in the presence of 

rhodium PJ>h3 catalysts with P/Rh ratios of 100 or higher showed high selectivity for propanal 

of about 99.S %, in a wide range of H2/CO. and acetylene/ethylene ratios and temperatures. 

even at conversions as high as 99 %. The only other product detected was ethan~. On the 

other hand it has been reported (T. Misc et al. Chem. Leu 1982, (3), 40 l) that acetylene and 

ethylene containing multi-component syngas mixtures yield cx.~-unsaturatcd ethyl ketones in 

the presence of unmodified Rh ca1alyst, where the P/Rh ratio is zero 

Applicants ha,:c found at PPh3/Rh ratios of at lc~1st 30. and prefcrabt:: above about 

JOO, significant impro\·cmcnts in rate, conversion, and stability arc achieved For e:-::ample. at 

PPh3/Rh ratios abovl! 30, initial rates of at least 0 04 mol/mol Rh/sec and con\'ersions of ar 

least 80% have been achieved with an orange-yellow <.:atah:st color that indicates a stable 

catalyst r\1 these l'Ph3/Rh ratios. the hydrofom1ylation of acetylene and ethylene containing. 

MCS mixtures is facilna1cd and also may stabilize the catal~·st in a form that catalyzes 

hydroformylmion in preforencc to 1hc formation of othi.:1 oxygenates. such as ketoni:s. and 

esters 

The aforcmcnt1(Hll:d effect. in which the hy<lro1·011m:lation of :1cctylcnc aaJ ~thvlcm: 

containing MCS mixttm:s stabiliz<:::. the carnlvst. can pro,·idc a s:r~)ng. mccmivc 10 add alkync$ 

(espccitilly ai.:ctylcnc) to olefins tc!'pccially cihylcac) for hvdrnfo1mylatmn l l11d1.:~ .::c,nditions 

suitabk fo1 hvdrol"or:m b1ion of okfius with all\vm:s .md 01hc1 multiuns.atur:li,.,_ h1lth thl.' 

ligand and 1hc al:..v11e h:wc cq1111lh11:1 !-lrOngly h1:l$1.'d tu\,·;ird hinJm~ to the rll11,;;um I ht:-. 

grcatly r1:clm:cs the rcso..:"011 of rhrnhum that h:1s msufi~..:-11.:nt hgat1on, wlud1 111 wm i...·ducc:­

thl.! rate of 1hmhum ~hl)>ICI fo11naun11. which dust1.:r lu1111:111on 1s the pt1nc1p:il p:t!ll\\:1'.'· of 

1hodium <lc<1ct1v;i1ion Thus. <ts shown in Exampk 7. l·atalvsl dcac11vntion can 1>1: ~rc:nly 

reduced hy the ctddiuon of a small amount of alkyne :\s such, one prcforrctl cmr.•dimcnt of 

the prcscn1 11wcmion 1:-. a process for h~·droform~-lating olciins c part1cularl~· cth\'kni.: 1 111 which 

a small amount of alk \'ncs { panicula1 ly ;1cctylcnc J and!o1 111u It iuns:m1rntcs a1 c add...-d ~u 1fo.:1cnt 

to mitigate catalvst di.:.tcm·at iou :\ Ill ..:km:d alkync aJd1titm lcvd would be fr01:1 ~1bnut It> 

ppm to about I 01~·0 on wwi" un.s;11urnrc:. more prelcrably from about I 00 ppm 10 at-out :'\",.o <rn 

total unsaturatc The addiiiC>n of alkvm.:s or multiunsaturatcs may provide sunicicm advantage 

in terms t1f rl.!duccd &.:;n.:tiv;uiuu and in term~ of tht· lu!!hcr si:vcritY cond111<H\s Cc~ 

tcmpcratt-in:. olcfo.1 coinc:1 :-.mn. <:h" 1 cn:1lil~·d hy 11:ducl·d tk:11..-t1\":1t11>11. that thi." 1.·mb<\duncnr 
. . . . . . . 

Cilll he_ 11:;1.·ci to !llllllPH' t ki"1n tp;ulll ul.1'.h- 1.·tlt\"11.·111.:1 h\".iiulu1111\"latwn. \\"li1.·11.·111 1la· .1li..\"lll"' 111 
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muh1unsaturn1cs •m: present cs.scntially for the purpose or mitigating dcac\ivat.ion, and 

whcrl!in aldd1y<lc yield from those alkyncs or multiunsaturates may be inconsequential or 

insignificant 

For ligands other than triphenylphosphine, the minimum ligand concentration may be 

different. When the catalyst is used to convert multicomponent syngas mixtures that contain 

alkynes, an important characteristic of the ligand is its ability to compete against the·atk~e for 

binding '::'ith the rhodium. The aetive rbodiu~_catalyst has a varying amount of bound li.gand, 

but an average over the active states can be defined in terms of a net bound~ 

phosphorus/rhodium ratio, RB For common hydroformylation catalysts, Rs changes over 

time in the catalytic cycle, but has an average value of appro\':imately 2. If a ligand has a 

greater attraction to be bound to Rh, less ligand will need to be in solution, in order to 

maintain the Rh in its preferred {R8) state. 

A measure of the level oi aurnct1on of the hgand for ihc rhodium can be found in the 

· pKa \"aluc of the ligand. (pKa yalucs for some common ligands are listed in 8. Cormls, 

"Hydroformylation Oxo Synthesis. Roelcn Reaction" in New Syntheses with Carbon 

Monoxide. ed. J. Falbc, Springer Verlag, New York, l 980, p. 48). pKa is the base- t 0 

logarithm of Ka. which i~ the equilibrium constant for the acid-base interactions of the ligand 

A second. measure of the level of attraction of the ligand for the rhodium can be drawn from 

the entropy (lf interaction when muhi-<lcntatc ligand:. are used This entropy of interaction. t:i. 

S13, has a ,·aluc of .about 35 cal1mokl"K for each added point of :itt:i<.:hmcnt (!'cc. for example. 

Henson. S \\" Thcrnl{lchcmical Kin::tics. Wiky. 0:c\\" York. I •Jit» This entropy contrihutcs 

t~) Ii cc.:-c.:n..:r :!\' as --T-.\S. 1 hus providing a frc.:l' cnc.:1 g\· t·o11111bu ti on of about · Io t•) • l :' . . 
k..:al11nok Frc1.: 1.:nergy inllucnc~-:; equilibria as cX(l( -1.\G/RT 1. :-.uch th~it the intlucncc <if 

entropy cfk<.:t of multidcn1a1c ligands is included u:; exp( .\Sn/R J 

Both measures of strength of binding will aucnuall' tht.: <.:onccmrn11on of un:machcd 

ligand 1ha1 1s r t.:qui1 cd m solution m 01 dcr tu m:nnt:un an aCll\"1.• :imtiunt <lf hg:mti bound to thc­

rhodium RI. is de lined as the over ;11! rario of phosphorus 1 ci rhPdnun for a hvdrofo1 mvl;i11011 

cataly::t with ligand "L". and incimks both unattad1~·ll li,!!an<l and ligand htnmd to rhodium 

The unamu..:hcd ligand conccntratiun (expressed as a r~tt10 to rhodium concentration) is {R1. • 

Ru). The following equation dc1inl!S the effect of binding strength parameters nn the 

minimum liµand conccmration for ligands olhcr than PPh_1 

. . . 
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R1. -1?8 

Rn'r - R11 

I o< pJ.:.aTJ'I' - pKa 1.) 

e(flS111 R) 

Where RL is the minimum P/Rh ratio sufficient to provide an active hydrofonnylation catalyst 

with this ligand. RTPP is the minimum P/Rh ratio for the ligand PP}J3 (RTPr=30), Ra is the 

average ratio of P bound to the rhodium (-2), p~aTPP is the pKa value for PPh3, pKaL is the 

pKa value for the new ligand, ASs is ~bout 35 kcal/molel°K for each additional point of 

attachment (beyond the one point of attachment of PPh3), and R is the gas constant (J .99 

cal/molcl"K)· 

Thus. Ri... as calculated using this equation. represents the minimuri1 P/Rh ·ratio 

suntcicnt to pr\1vidc an active hydroformylation catal~·s1 for an~· Ji_µand "L'" 

Rhochum can be intrnducc-d into 1hc reactor b~· mi..'lhods known in th~ an either as a 

preformed catalyst. for example. a solution of h~·d:idocarbonyl tris(triphcnylphosphino) 

rhodium (I) IHRh((O)(PPh3)3] or formed in situ If the c~ltalyst is formed in siru. the Rh can 

be introduced as a precursor such as acctylacetonatodicarbonyl rhodium (1) [Rh(C0)2(acac)]. 

rhodium oxide fRh203J. rhodium carbonyls (e !:'-. Rlq(C0)1~ and Rh6(CO)t~]. 

tris( acc1vlacctonat<>) rhodium (J) r Rh( acac):; J. or 1r1arylphosphint' 5Uh:aitutc-d rlwdium 

carbon~·ls !IRh((Ol::'.tl':\:-\)]::'.. wh\!rcin Ar is an aryl i-:rmw: 

REA\J.OH. \' ·\Rl:\Bl.ES 

Typ1~alh·. in the jllOCC~S nf !111.· present invcnuon. h\"droJ(1rnl\'lat1on or m11hu.:0111ptmc111 

syn!!aS feed:. is contltH.:tcd ;n a kmpcr:ttun: in the ran!!I! frc>m XU to I XO 0 C. and prcl\:rahly in 

the rnn~c (h\lll l':O to I 5 5 O(' 11 the Lt'mpcraturc exceed:: 1hc5<! limits. tht' c;1talvst may rapidly 

<lcaGtivatc I owcr 1cmpcratures <m: acccpiablc. howch·r. the r:tll' of rc:u.:riPn m:w hl't"nmc 

too ~low to he ecc)m1mi..:ally practic:1! 

Tlw n:acl1on 1=- uimlul.'.lcd at a 1n1al prcss1m.: i:i :ht· 1ca\°10I 1n the.· Jan~·t· of I..•:-, 1han 

about 5 i\IJ>a (absulutL") p1cfc1;1biv about 0 05 to 5 i\ll'.1 mth a pa1td prcssurc of carbon 

rnono:"\i<lc not greater than 50 ~o of 1h~ tc~wl pressure.• Th1.· max1111um pr:1ct1c:1l pn:sst11c can 

he limited hv consick·ratmns of pwduciion and capital •;\)St:-:. and sal~·tv 

Th~· ,,·~ok pl.·.rl:\:nt \_if cu l-i<:n llh•th1:-i1tk. hvdw~:t•I\ < ~·C.;. i>ldin'. ptd
0

t'I ;1!olv 1.·1!wkm:. 

;111d_c·~·<"-. ~,a,\111.·-.. _111t·:1.·1;1i•h· it\·dd.·;11.· 1111h1.· n111Ii11.·p111p,1:·.·11r -.\·11···'' k.-d i.11h1.· o-.n H':1r1ci1 
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at lhe forcg(ling pressures should be maintained as follows: CO from aboul l to 50 mot%. 

preferably about I to 35 mo1%; H2 from about I to 98 mol%. preferably aboul I 0 to 90 

mo1%; monounsaturales individually and in combination from about 0.1 to 3S mol%, 

preferably about I to 35 mol%. Gas compositions within the oxo reactor in the process of the 

·present invention are then affected by the mode of operation, feed composition, and 

conversion. 

· The reaction can be conducted either in a batch mode or on a continuous basis. 

Preferably the reaction is run on a continuous basis. In a continuous mode. superficial 

velocities of from about 1.S to about 6 \ cm/sec (O.OS to 2 ft/sec), preferably from about 3 to 

about 30 cm/sec (0.1 to J ft/sec) should be used. 

Since the catalytic oxo co1wersion takes place in the liquid phase and the reactants arc 

gaseous compounds, high contact surface between the gas and liquid phases is very desirable 

in order lo avoid mass transfer limitations. The high contact surface can be provided by any 

suitable manner, for example, by stirring in a batch reactor operation. ln a continuous 

operation the reactor foed gas can be contacted with the catalyst solution in. for example, a 

continuous slirrcd tank reactor in which 1he gas.introduced_ and dispersed at the boltom of 

the vessel Good comact benve-cn the catalyst and the gas feed can also be ensured by 

dispersing the solution of the Rh complex catalyst on a high surface support by methods 

recognized in the an 

In the process of the prcSl'lll i1wcntic1n thl· lwd1 t)!( irmylat1011 of mulu-compPrl\.'11! 0-..;0 

reactor feed~ can h.: conducted in :1 singh:·!>lagc 11.-;1t.:1t11 ni 11:-m!l muluplc rc:-sctn1 '.' Tlw 

reactors mav be arranged in any numbers 111" paraild 1r:1ms \\hen ~>pcrallll!;! m :i C<'lllllllHHi:. 

mode The number of paraJld muns is dctcrn1111c\I tw the dc:sncd total capac11v and th ... · 

capacity l>f a sing.It! train The pn!$cnt invcntiCln can be pr•u;ticcti usm~ one or more i-taµc:- per 

lrai1~. and c:1ch rcac11nn stage c:sn be c11~1nccll~d using ;rnv sunabk reactor conliµur;111cm J~o1 

example.:. plug. !low or C()Jl$\;m1 5ti11cd tank reactor 1CSTR) C<.mlactinl:! an· t\\1\ comnHH\ 

rem: tor contigur ati<>ns Thi.! m11nh..:1 1 lf sl:i!-!t·::. :ind the r...:acl< ll 1 yrcs for thl.' ~l:tf!t'S can hl· 

computed usin):! t:Onn:n1ional dw1ml.:'al cnµrnc..:1i11µ ptin..:1pab P'"1.•n thl.' kmc:t11.:s and ohil'Cll\'l'' 

of the rc:ictmn system 

In batch experiments. there is an indication that the olcfrn and alkync compc\ncnts or 

MCS feeds react in two wdl tkfinl·d ph;1sl·s The fo.;1 phas<..' roughlv correspond!> to th1.• 

conversion <if thl· okli11s, prcsl.'111 .m th1.· :-.tCS 11-;:<l ·h::i.·t\'t f1.·l.';l In the Sl'<..·ond pha..;1,• <'n t-!11.· 

01h1:1 h;111d mu..;ik th\; ;1!~\lll' ull1h·:11 "' l·;111\t·11n: I iJ,· 1i1,1 ph:l' .. \' h \.,,,·1111.1lh- lh•: 
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hyurnformylation or olciins in the presence of alkyncs The second Jlh:1sc on the other hand 

itself is a two slcp conversion in which alkyncs are first hvdmgcnntcd to olcfms and then those 

olcfins formed arc hydroformylated to the corresponding aldchydes The rate determining 

step in this second phase of MCS conversion is the hydrogenation of alkynes to olefins. 

Following this unexpected order ar.d complexity of the oxo conversion of mixed olefin-alkyne 

feeds, conditions for the different phases of the oxo reaction are preferably different. Thus, a 

preferred embodiment of the present invention is to divide the total hydroformylation into two 

stages, with each stage operated under conditions advantageous to the chemistry occurring in 

that stage. Thus reaction conditions and catalyst composition in the first react0r should 

enhance the hydroformylation of otefins in the presence of alkyncs Reaction conditions and 

catalyst composition in the second stage, on the other hand, should facilitate the 

hydrogenation of alkyncs which is the slowest step in their conversion to aldehydes 

US Patent 4,593.127 describes a two stage hydrolc>rmylmion prnccss for the oxo 

conversion of olefin:' The patent gives a common engin(·t•ring solution for an improvement in 

thl! overall conversion of the rcactam olclins h has to be understood. however. that the 

purpose and need for :i multi-stage and in particular for a two stage oxo conversion in the 

process of the present mvention is different The chemical reactions taking place in th\! 

diffcrem s1agcs of the oxo process of the present invention arc different In the first oxo stage 

the main reaction is the hydroformylation of olcfins in th.._. prc:sc-ncc of alk~·ncs In the second 

stage. however. 1hc m;;in rcactinn i.; the hydroformybt;on of alkyncs whu:h is it:-;::lf a two 

stage rc;1ct1<H1 The !irs: :::tcp in the alkync con\·crs1on is 1hc hydr0~cn:n1on of alkv:~cs to the: 

corrcspond1n!! olc.:tins \vhich is follcm:cd hy th.._. hvdwlnr:m !:uion nf the l(>rmcd (11i.::;n:; w tin: 

currcspondmµ akkhy<l..::- The chcmic<1I reaction m th.._. I\'-'' st:t~~" or 1h.: piocl.!s::. d;, . ..;i\'$.._.d m 

US i>;1tcn1 ·l. )ll.I. l :'.:7 llll rlu.: 01hi:r h:rnd 1s the same in d1\•h>1 m~·la11w1 tif oh:lin~ to ;1;.:khyd<!s 

The need i'o1 the l\\O s:ag~s 1i1 the process of the p1cs~·111 1nvcn1ic1n thcr<•tiir<: <loc:s r.·'t SllllJ'iv 

stem from thl.! need for a bcttc1 (.)'l,.•crall convcr~ion httl iiom the unexpected m1t\;rc or the 

chc:m1cal pw..:css. namdv. that the slron!?cr hinchn~ :iii,. vn<: co111poncnts react 11111.:h slower 

than !ht: wca!...cr l1mdm~ olclin romponcnts As :i n·,ult of this i.:hara<.:IN1s11cs ,,:·th<: ox1> 

c<.Hwcr:.m11 ol ;ilkvl\l'•\\ldin mixnirc< oldins rc:iCt firs1 p:,~1!m:m!! till.' \.·nrrl.!sJHmdm~! ;:!ddwdc:-. 

and thus the :1lkvnc rca.:t:ulls will h..: cnric.:hL·d m .the l\.'Xii•'ll llll:Xltll\.' hrnhi:.·rnl<\r\.· 'rnc.:t: thl." 

oxo com·crswn of <ilh.vne:-. to tL..: final sahrratt.:d ;11,ldivdc prl>ducts rcqulfl'' fo:-.t the 

hydrogenation llf alkyncs to the corrc!\ponding ()lc.iin:; and ~int.:c ll 15 this first st .. ·p which 

determines thc: ovcr:tll rate of this reaction. condition:-. 111 the second reactor sta.r.:c should 

enhance in fact not onlv rhc hydn~liirrnvl:nion tlf oldin·. hut th<: hydroµcnation of alkvncs a-: 

well The ncnl fot .th<.' , .... ~ond a·:1\.0 ll\T '},1;1~l' 1h.~rd"1\t1,.• St\·m<; !rnm th<.· n:lturc or tht• .:lwmi•mv 
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and not simpl>• <1 common engineering solution IO improve of the overall conversion of a 

chemical process 

An example of a two-stage, single-train o>;o/hydrofonnylati~n unit is shown in Figure 

2 and described as follows: Th~ hydroformylation reaction is carried out in two continuous 

stirred tank reactors (21, 23). Each reactor is cooled and stirred using a pump-around cooling 

loop (202, 207). The hydroformylation feed (201) enters the first re.actor. The product from 

. the first reactor (203), possible containing some entrained solvent and/or catalyst, may be 

cooled and separated in a flasb drum (22) for intermediate withdrawal of aldehyde product 

(20-t). Remaining (unconverted) multicomponent syngas (205) is introduced into the second 

reactor (23). Additional MCS components. such as hydrogen. can be added (206) to this 

MCS feed to the second reactor. Hydrogen addition, for example, could be .employed to 

provide the highl!r H2/CO ratios that are preferred in the second stage. The product from the 

second reac1or (208) is combined with the intermediate product (204) to yield a stream (209) 

that is imr<.)<luc..::d to a product separation and catalyst recovery lrnin (combined for simplicity 

in10 block 2-t) This block can use conventional boiling-point based separations (e.g 

distillation) to separate the crude product into an unconveryed MCS stream (21 O}, a purified 

aldehyde s\I cam (2 l I}. am.I a process solvcnticatalyst stream (212) The process solvent and 

catalyst stream {212) is recycled back to the individual reactor stages 

Conditions in a two-stage oxo unit embodiment of the process of the present invention 

arc ac1.1us1cd for 1hc two stages uf the c<.rnvcrsion of multicomponent syn!?aS focds as described 

p1c\·1ously Thc1cfo1c. in the prdi:ircd cmbodimcm reaction conditinn~ in the lirs1 stage oi 

the two-st~t~i.: o:\o unit should be oplimiz.cd rn facilitate hydrnt"ornwbtmn n!" cth\'lcnc 1n th~: 

pt c!>cni;c of acctrlcnc. ln 1hc second stag.I! of the conversion prnccss th1.· o\'crall convcrsron 

rate is c:-scnt1;1lly dctcnmncd hv the rate of hydrogenation of alk~·ncs. m· th(." pn.:foircd 

embodiment ~cctykm: Thus, rc.iction conditions in the secon<l stage of a two-sta~c oxo unit 

should facilitate hydrogenation of th1.: alkyne reactant, in the preferred embodiment acc1vknl..' 

Reaction conditions in the first stage should be maintained as follows l l:'.!/CO ra.tio fri11)1 

ahorn l l to loo I. prcfor;1hly I l to 10 J, the temperature should h •. .- ti\Hll ;1hrn11 ~ow IX1l 

0 C. prcfcrnhly in the range (}f ~ll 1(1 155 oc. more rm:fcraht~· fiom ab11111Xu111 l~t> l~f". th~· 

total pressure in the reactor should h~ fwm ahout O ·os to 5 ~-ll\1. p1cfc:rabl~· ti om ;1i>l•ut o l t<> 

2.5 MPa, with a p:1rtia} pressure of CO not greater than 50 ~/o or 1hc total p1 cssurc. imd th1.: 

partial pressure of acetylene rcaclanl nGt grca1cr lhan 0 2 MPa (s:1fc1v iim11) Rc;1ction 

conditions in the second stage of a two-stage oxo unit of the process of the present invent it 111 

should f:1cili1:11c the hydwg.cnatin11 0L1lkyncs to olc.lin:t hy. for cx;1rnpk. 111:1in1;1i11in~ hi_µhl·r 

l !2.-and lower('() j1:uti;1] 111.css111<.·~ 1ha11 Ill the.first st;l!!~' Jli).!hl·r 1l'lllfll'l;1t1:1~·..; m.1\· ;1bo bl· 
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applict.I in the S\!cond stag.e to increase reaction rales. 111 some cases it may become 

economically advantageous lO use a different ligand in the second stage to improve the heat 

stability and/or hydrogenati-01\ activity of the catalyst. Thus reaction conditions in the second 

stage should be maintained as follows: H21CO ratio from about 1: l to 100: l. preferably from 

about 2: I to SO: 1; the temperature should be maintained between about 80 to 180 oc, 

preferably from about SO to 155 oc; the total pressure should be maintained between about 

0.05 to S MPa. preferably from about 0.1 to 2.5 MPa. with a panial pressure of CO not 

greater than 35 % o"fthe total pressure. and the partial pressure of acetylene not greater than 

0.2 MPa (safety limit). Superficial velocities of from about 1.5 to about 61 cm/sec {0.05 to 2 

t'l/sec). preferably from about 3 to about 30 cm/sec (0 1 to I ft/sec) should be used in both 

reactors in order to entrain the catalyst in the reactor. Rhodium complex catalysts within the 

range of compositions disclosed previously are used The compositions of. the catalyst 

solutions in each stage of a multistage oxo unit are preferably the same, but can also be 

different, within the disclosed ranges for the rhodium complex catalyst. if so desired 

The overall conversion of the alkyne and olefin c<>ntent of the multicomponenl syngas 

feed in the oxo umt of the process of present invention can be essentially as high as desired 

The catalyst life. however. is shonened as the conversion approaches l 00% in a single pass if 

higher catalyst concemrations and/or rnore severe conditions, i.c hi!?her temperatures are used 

to reduce. the necessary residence time to achieve the desired C()nversion It 1s therefore 

generally dcsirnbk to maintain the conversion in a single pass kl\vcr than the desired overall 

conversion and to rl!cydc the reactants aitcr 1hc scp:1~al1011 of the product Thus. for example. 

higher than 9'.I'! o on:1 :ill Ctrnvcr s1on can l'>e achieved \\ id1 Sll~t> p<:r p;1$<> 11:;1~1.1111 Cllll\ cr~rnn in 

the oxu umt and ''<•:}n rca«.:1:1111 rccuvcr\' in a rl!Co\·t:r\'-1:.'~\·dc u1111 dc:-.l'.nb1.·d hdnw l :m!...·1 

such conJmon=- thc 1c~1c1ant conccntr~rnon Ill tin: rc:icH·: can b .. .- :.t llllh''- h1;d1..:1 th:in th\· 

concentration rc:.ulung from the ~arnc h.:\.·d {'J')0,.;,) of Sm!!\: pass convcr-;11H1 111 th..: ;1ii...cncc t-1 

rccydc llus lu~hcr l'.unccntrnt1on ct>n:ributcs to a pr ,)pnllmnallv 2.i tune_..; lu~ht:1 I l':lCl1on 

rati.:.· and in tht! case of the oxoihydr<>fe>rmylation pro.:-e-.s of the pre$C'lll 111\·i:m1cir1. 11 :1lso 

contributes w an m<.:rca:;cd catalvst complex srnbiht~· 

The use of a recycle of m1i...:actcu uns;1tu1;11~·d ;,ydioc:ubun C{'lllp\>rH.:m~ r·, lughlv 

desirable in the proccsS\.'S of the prc~cnt mvcmion to incrc:i..;t' the oxo unit pwtlucu,·ny and th\.· 

catalyst life by allowing l:igla:r uns:uurat<:d hydrocarbon nmc~·nu;uicin..; 111 the oxo rc:lllot!sl 

llowcvcr. feeds h;1vin!! relatively hild: conc1.:ntral1{111.., tif melts and n<111-,1111d1101111:111c . ... . . . 
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of the iapi<l l>uild-up of excess gnsctms ma1crials, i.e. inerts (e.g., ni1rogcn, water vapor. 

methane, ethane. propane). and excess reactants (typically hydrogen) that would occur in .the 

recycle loop. It would be beneficial if a process could be devised 10 overcome the.~ 

problems. 

Applicants have found that the unreacted unsaturated hydrocarbon components, 

especially acetylene. can be advantageously recovered from the gaseous effluent of the oxo 

reactor by scrubbing this "tail gas" with a liquid consisting of the liquid aldehyde product of 

the oxb reaclor. This unsamrates-containing . liquid can then either be stripped with 

unsaturates-free syngas to produce a recycle stream of multicomponent syngas that is more 

concentrated in the unsaturated hydrocarbon than was the tail gas, or preferably, the 

unsaturates-containing liquid can be recycled directly 10 the oxo reactor 

Applicants have found that solubili.ties of the unsaturated hydrocarbon components 

(e.g., ethylene. and in particular acetylene) of multicomponent syngas mixtures in cenain 

oxygenated solvents, mort? panicularly. C3-C6 oxygenated solvents, especially the product 

aldehyde of the hydroformylation process such as disclosed herein for the conversion of 

multicomponenl syng.as mixtures arc exceptionally high Furthermore. the solubilities of these 

unsaturated hydrocarbons are substantially higher than the solubilities of 01her reactants such 

as hydrogen, and carbon monoxide. and inerts such as methane, and nitrcg.en (see Tahlcs 6 

and 7 in Example 5) present in multicomponent 5yngas mixtures used in the proccs5 of the 

present invention 

Thu:-. ;11101h1.·r cmhoOlllll:lll of the rm.!SL'lll ltl\"Clltion provid~s a pmccss t<.1r 1h .. · 

scp~1r•11ion t>r p1 c1i.:n.:nt1al r cmN al of un:-.aturntcd lwdm..::11bons. cspc'1~1i1\· a1.:c1vlcn1:. frt1m oxD 

rca<.:tor cmuc:nt:- '011ta1nmg ~.Jilli.' and rcc~·clc t hcn:of mto 1 lic 0:\() n:actur !or lim hct 

hydrot<.mn~·Jauon proccssmg \\ 11ho~11 burld-up of 1hl.:' al\1rcmcnt1om:d excess rc:1c1an1s <in<l 

in1.:ns in the mm n:acwr The process provides a mc\ht\d ltH concentrating and n:c1v1.•c1mµ lhc 

unsaturated hydrocarbuns from the oxu reactor diluent tu prnducc a stream that 1$ cnrit.:hcd in 

alk~·nc :rnd \1ldi11 and dctil.:icnt 111 c:xt:c:-:-. gaseous ma1c11~1l Jiir rccyt:lc into till.' oxo 111111 wi1hnlll 

buildup of lllt'llS. and C:'-'CCss C(1111poncnc-; 

The recycle and rccc1vt."1y ct111ccpc nf the present invention comprises ust• of the 

aldehyde p:-oduct or hy<lroformylation as the absorption solwlll in a system for C(lllccntratin~ 

the unconverted uns:u11ratcs ill tho.: t>'-'<> reactor cl1111~n1 A simpk- emht>dimcnl '1f this 

invcnt ion \\ l)Ulct h.1: lhl." us1..• <)f p;m 1:d :ihsc'11 ptin1;1 ~u,icl s111pp1n)! tmvi:rs l n this mclht•d. t h1.• O'(O 

cil1llcnt I'> f~·\l tn tin: hnll\'11) t1l .II\ ~1h-..ntplm.n I0\'-"1.'~ \\IWll.' ll 1-;. 1."0nt;l\.:11.·il \Yith nihl ahkhv.tk 
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to condense ou1 liquid aldehyde and dissolve unsa1111atcd species (pa11icularlv acetylene) 

Oxo tail gas greatly diminished in these components emerges from the top of the absorpticm 

lower. The unsaturates-containing aldehyde from the bottom of the absorption 1owcr is fed to 

the top of a stri1>ping tower wherein unsaturates-free gas (such as synthesis gas. hydrogen. or 

nitrogen) is used Lo strip out the unsaturates into a concentrated vapor phase suitable for 

recycle .to oxo. The unsaturates-free liquid aldehyde product at the bottom of the stripper is 

divided between recycle to the absorber and a stream which is the aldehyde product of oxo. 

By use of such a scheme, the absorber/stripper is made to serve the three purposes: (i) 

recovering the aldehyde product from the gaseous process effiuent, {ii) recovering unsaturntcs 

for recycle to oxo, and (iii) removal of unsaturates from the aldehyde product. in which such 

unsaturarcs would be unwanted contaminants 

A preferred embodiment of the recycle and recovery concept of the prescm jnvemion 

accomplishes these same three purposes, but also provides for the recycle of the unsaturated 

components as solutes in a liquid-phase recycle aldehvde stream An example tlow diagram 

for this embodiment ·is shown in Figure 3 Into the oxo rcac10r (31 ). having a pump-around 

cooling loop (340}. is introduced a multicomponent s~ngas feed CD I) The oxo reactor 

g~seous or mixed phase el11uent (332) is-cd to :i 1cmpcr<!1urc ;11 which ::n amou.nt of 

aldehyde condenses that is essentially equal to the a1mJun1 of oxo-produced alcchyde The 

condensed liquid aldehyde (341} is scp<1rnted from the remaining gas phase oxo cOluent in a 

t1ash drum (33) The liquid aldehyde product (>41) is introduced into a s1rippin~ vessel I ~-l) 

where i1 is sirippcd with an unsatunnc-frce gas n;~) re!! s:n1ga5. hydrogen. nitr0g1.•n_ or light 

alkancs} lO pwdul'.c an m1saturatt:-fi cc ;ilch:hyJi.: pwd.1~·1 n V') and a ~:ISC<.lUS c::i.l\'l1t 0-C l 

com:uninµ unsa1urated ll\"drnc;irbon..; The swppin111mn·r !-!:t'cous 1..'111th:nt (1.C.1 1-. .:omb11:,·1l 

With the flash drnm ( ,3} .1 vapor and ~oolcd fi1rtht:r !I' Jll !ldUCI.' a :-"lf"C:t!ll f"' ~..t) th:i! I'; l~'.J !1) l ill' 

absorption tower (1 )) havitl!? an lipper ponion th:J.t l~ ~It ;1 tClll(lCfal\11<..' sutli.::1-:ntiv lo\\ l" 

providt.: rdlux (34·l) of the _alkanc components of the c\ ... ,) diluent { e g Nh:ith.' or prnp:inc l. :1:­

shown '1$ C(lOJillg_ nf the tower OVCrhc;1cl (:l..t~) and clflllll (>hi W S<.'jl:lf:ill." liquid frpm \";l;'t'l 

This upper po11irn1 of the absothcr n'> limC!IOll~ ~I" nc ri..:ct11\:in~ l>CCllon or :l d1still:1t1t\l\ 

towt:r. rcjccun,µ :1ldl'hydt! from lfm1.·r boiling cornp;)::ent:;. and rcsultin!-! in :i .;.:;h..;1:1m1;ill\" 

alc.ldl\'dc-ficc: ovcrht.!ild produi.:t Slll";ttn (3:;(•) th:i: "·,1111a111-. the- o-.:,) diluer:t-. 11.· !~ \.~ 

methane. ethane. prop:mi.:) and n\111-:-wichiomcmc .:omponcnts «.: g hvdr('g.1.·n 1 that ho1l :11 

lcrnperaturc.s at c>r bdow the tcrnpcratu 1 c of the rcfl11x111!.! alkani: In the l,ollom Pf thl· 1<nvi.:r 

(3 5) the liquid ph:1si.: becomes cold <ildchvdc Lh<tt d1ss1llvcs the hi!!hlv sol:.ibk· uns:11ur:11•:d 

compnncnts as if in :1n absorber :\t thi.: tc-mp<.>ratrn\· ,,f thl' hmtom (\f th1.· 1tw.1.·1 n.;·1 ;hl· 

solubil!~i·.:s <•f ;1lkvn1.·s am! ok_iin,." 111; !ht- lufurd ph;:-.c .111.· n·1v h1µh (:..l·1.· Tahk' ~ ;md h m 

Exam pit: '> > 1-rn 1.·,;11n pk. a~·1.·1 \ lcr_w. n H?<L'lll r <ll u •11- • ·I fr: mnl".. 1.-.111 li1.· ;1d::.·-. .. , I 111 : iw 
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acetylene rich aldehyde product at appropriate conditions. This unsisturatc.-.-containing fo.1uid 

stream (337) emerges from the bottom of the tower where it can be pumped as a liquid 10 

substantially higher prc.~surcs for recycle to the oxo reactor (31 }. Once ill higher pressure. the 

unsaturates-containing liquid stream can be heat exchanged (350) to recover any cooling value 

that it might contain. In this high pressure condition this heal exchange can be accomplished 

with a minimized concern that unsaturates such as acetylene will separate from the liquid to 

form a dangerous concentrat~d phase. Recovery of cooling value can also be employed on 

other !,'.:ooled streams (335, 336) exiting the process. 

Io a funhcr variation on this scheme. the pressure of the oxo eflluent (332) can be 

increased in pressure prior to the recovery process via a compressor (32) The pressure 

increase should not increase the partial pressure of the product aldehyde over its saturation 

limit in order to avoid compressor damage. Furthermore, the partial pressure of acetylene at 

the high pressure side should be lower than the safety limit of 0.2 MPa. The increased 

pressure typically should not be higher than 5 MPa in order to avoid excessive equipment 

cost. Such a pressure increase results in an increase of the partial pressures of the components 

being separated· the product aldehyde and the unconverted C2 10 C5 monounsaturates As a 

result of the higher partial ritltures the flash tower 33. and scrubbcr.35 may be operated at 

higher temperatures thus potentially reducing the cooling. cost of the separation Furthermore. 

increasing pressure cnn carry the added advantage of reducing t(\wcr sizes for gas treating and 

separations The need and dcgrc~ <.)f 1his opcrat1onal compression SlCJ) is dch.:rmined hv 

economic :ind sait:ty factors 

Tiu ... 11..·.cyck and rt..:-co'"crv prot·c:ss is cnurclv <lilforcnt from that <li:scnhcd 111 l.iS l'a1cm 

3.455.091 m <;1,•vcral ways First. US Patent :>.~55.(l'JI uses hr!!h hoiling oxo s1cl1:-rn1ducu: <ts 

scrubbin!! solvent!' versus our prclcrrcd use of Lhc ptimary U\.tl pwduct Second. US Patent 

3,455.091 uses Lhc sc:rubh1ng. svstcm to absorb for recovery purposes the prnn:uy-product 

aldchy-dc out or the un~onvcncd o~o ii.:t:d ~nscs. vcr$us our :1bsorption for rccYdc tn <''0:0 of 

selected urh·onvcncd focd compnncms m1t nf other fot>d components This rcc,·ck and 

recovery prnccss 1:s also cmircl~ difft.·rcnt from th;n ch:scrihcd in llS Patent ::-.001.~7-I \\'hilt.• 

US Pat cm :\00 l .~7-l employs a 1 hvdium c:11alvst str~am l<l absorb for· 11xwh: sdcctl•d 

unconverted feed componcn1s. the prni:css described herein uses the liquid re:iction product 

A funher dilforcncc between the rnoccss of" rhc rrescn1 invention and the aforcmcntioncd 

prior art is that the processed strc•un is not the cfllucnt of an olefin oxo unit hn in fact the 

cnlucnt uf a different mm rcchnolou\' in which olclins and alk\"ncs ;m~ C<H:nnwn1..·d Thi.' 

prm:csscd s11 cam t lil·1 cfo1 ~· conta1i1". d1t•m11::1l1\' diffi:1.i,'Tll comp11m:nt-. - <''.! 10 C-; ;1lk. \"lh'" - m 

hiµlt l.:l>llrt.•nu a pun t11t•. lll·;11 mclll :mti i l'l·ov~•1 \ 0 ot" wl11d1 H'IJlllll'' !'-.)'\'n:tl J" "'·l· ... , r"n1h11nn-; 
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an<l tc.:chnolog.y (safoty) One or the most important features of the rccnvcry-recyclc process 

of the present invention is that it provides a solution for the safe recovery and recycle of those 

alkynes. especially of acetylene. 

lt should be noted that this recycle and recovery process may be used with processes 

other than the aforementioned and herein described hydroformylation/oxo processes. The· 

recovery and recycle process disclosed herein may be used wirh other synthesis processes 

whose reaction products are usable as absorption solvents for unreacted gaseous feed 

components and which syn1besjs process is not harmed by the recycle of said products back to 

the synthesis reactor For example certain implementations of Fischer-Tropsch ("FT") 

synthesis can be 1nade to produce oxygenates as products and to consume olefins. in the 

synthesis gas feed In such an implementation, the FT oxygenate product can be used as 

described herein to recover and recycle unconverted olefinic species back to the synthesis 

reactor. Another example is the variations of alcohol synthesis reactions that consume olefins 

in the synthesis gas feed and produce higher alcohol products These arc only examples and 

should not limit in any way the scope of application oft he basic conccp1 

The solvent applied in tht! unsaturates rccovc1v-rccyck process. as ii is applied to 

hydroformylation of multicomponent syngas, is the recovered aldeh~·dc product from the 

hydroformylation of muhicomponent syn~as comaimn~: ('2-C5 monounsatorates Use of the 

product aldehyde as a solvem prc!>cnts several ad\"anta~cs the separati0n of the product 

a!dclwdl! can he imeg1:ncd into th~ unsaturatcs r~c1•H"1\· and 1ccvde procc$s savm~ ~:lJlital 

cost. thc.:rc is rcom:cd need fr11 purch:tsi.:J solvent ;mJ ~o!l:c.:nt 1m1kc·up. :md rc<lu.:cd prt,duct 

contamination anJ St>lvcnt.·prn<lu~t scp;a:1t1l>n probli.:Jll.; :\n intc~ratc.:d pindu~l scp:ir:umn and 

unsa1uratc~ rccowry and 1ccyclinJ.! scheme can otfor 1i11:bc . .-r adv;1111aµcs rda1inµ 10 the 1H:1.."d ni" 

use of n:1i1gcia11on for the ctlccuvc sq1:1rat1on of th:: r·r,1uucr aldd1\·d1..· Since ho1h pnidu1..·1 

SCpJ1;1tion and llllS.llUfalCS fCl:O\'t.'fY fClJUllCS the aj'!i!:l.::1011 t>J° ],1w h.:mpcl.lllll!.:S. lh1.• 1."t1<tfill).! 

cncrg~· <.::Ill he ct)icrt•nti~· 1111hzcd in :m 1111c~r:11cd pr,ic·l''· -.11di as d1sdoq_·,! l::.:rcm 

PgOI HT r \ "Tll .IZ.-\T!C >:\ 

Ci Ill Cc. :1ldch\"Ch::.. wlu..;i1 ;11c ;1 dc:-11cd (lfl>d1h·: ,,f the hyc.l1oli.11m\i.1t1on ~t.1g.c \,f rli1.· 

present i11\~lll101i, an<l p:uc1cularly p1op;111;t!, h~1-n: ur1i11~ ;;:-1mcmh.:J1ati::- rn the manu1;1cturc t1f 

many indu:-.u ial comm<ld11y t:hc11nc1b Thus. on..: p1 di:r red l'lllho<li1111.:n1 of tht.' pt •':-.l!llt 

invcminn is its combinamin with suh:;~,~11~·nt pnh:t.::.'-m:: :-1\;ps 1h:n tiinlh.-1 l'nhanccs thl."" Y;1l11~· 

of 1hc ahkh~·th: pwdn(I 
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On...: preferred cmbocfoncnl of the present inven1ion is lhc combination of 1h1..· 

hydrofonnylation or a muhicomponc1\t syngas with hydrogenation of the aldehyde product of 
that hydrofhrmylation to produce an alcohol product. Particularly pref erred is the production 
of propanol by this means. An additional preferred embodiment of the present invention is the 

combination of the hydroformylation of a muhicomponent syngas with the oxidation of the 

aldehyde product of that hydroforrnylaticn to produce an organic acid product. Particularly 
preferred is the production of propionic acid by this means. Hydrogenation and oxidation of 

the aldehyde to the aforementioned products may be carried out according to procedures 
known in the art. 

An additional preferred embodiment of the present invention is the combination of the 
hydroformylation of a multicomponent syngas \':ith an aldol condensation .step. Aldol 

condensation is a conversion step that is well known in the an Jn this reaclion. two aldehyde..c; 
are joined such that the a-carbon of the first becomes altachcd to the carbonyl carbon of the 
second. The result is called an "aldot·, which is a !}-hydroxy carbonyl compound. Typically, 
the aldol eliminates J 120 to yield an unsa1urated aldehyde The aldol condensation of two 
identical aldchydes is called "self-aldol". while the aldol condensation of two different 
aldchydcs 1s called "cross-aldol" Additi_onal prcforred embodiments of this invention include 
the hydrogenation of so-produced aldols to saturated aldchydcs. as welt as saturated and 
unsaturated alcohols An addi1ional preferred cmbodnncnt of this mvention- is the oxid:ition of 

the saturated and unsaturated aldehydcs derived from the aldol condensation 10 corresponding 
saturated and uns:nuratcd .icids 

Thtl' ... an additional prdl'rrt:ll cmbod1mcm l''I° the p1 ~s1.·m lll\'CntHlO 1s the combmatinn 

of the h~·d10!i.H111ybt1on of a multicornpo11cnt syng3s with sc11::iJdol of the produ_c<.·d aldchvdl.' 
W prodm:l'. an aldol dimer 

this mean~. anJ th1: 

l'anicularly prcforrcd i:; the produc11on of 2-mclfl\'lpcmcn:il hv 
subscqUl:nt hvdrogcn:u inn \!I ~- mc1_hvlpcn1:mal. andi<~1 lo 

2-mcthylpcntanul. :is w..;JI as the 11"id:nion of the 2-·mcthylpc:manal I<) 2· mcthvlp(.·111:111crn.: 
:tc1d 

An ach.lni,mal prclcm.:ll embodiment uf the pr~·~cnl Jll\.'l'llllon 1s prod111.:lll'll ut' 

multi-mt.!thvlol alk:mes via th~ ems!\ aldol condcns:nmn of formaldchvdc wi1 h c)f the alddwcks 
produced hy the hydroformylatie>n of a mult:componcnt svngas A further prcforrccl 
cmhodimc111 t)f the present invention is production of mu II i· met hyiol :ilkimcs \'ia cm:-;s ;1ldol 

con<lcnsation of form:ildchydl! with the un!:aturat<:d or saturated fhvdrogt•natccl) ahkhvdcs 
produc1..•d :ss aldol~dimc1 s of th1..· :1ldclwdc-. pwd11t'l'!I v1:i hvdrol(u lll\'l:111nn of a 

mull icom1h 111t•111 ,,.,1!!;1-... · h·p1\·all.\ 111 1 !11-;._ l..11\~~' 11 ·.111. tii\· , .. 11 hn11d ( <" 0 1 !~11111p 111 'llf h a 
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cross-ald<>l product is chemically or catalytically reduced such 1hat all the oxygen of th~ 

multi-mcthylol alkanc is in the hydroxyl form. Particularly preferred arc the production of 

uimethylol ethane by this means (by cross-aldol of formaldehyde with propanal), and 1be: 

production of 2,2'-dimcthyloJ per,1anc by this means (by cross-aldol of formaldehyde with 

2-methyfpentanal}. Conversion of aJdchydes to the aforementioned products may be carried 

out according to procedures known in the art. 

Thus, the present invention includes a process for the manufacture of alcohols, 

wherein the aldehydes formed by the hydr:oformylation: of a multicomponent syngas are 

hydrogenated to form the corresponding alcohols: a process for the manufacture of acids, 

wherein the aldehydes formed by the hydroformylation of a multicomponent syngas are 

oxidized lo form the corresponding acids~ a process for the manufacture of aldol dimers. 

wherein the aldehydcs formed by the hydroformylation of a multicomponent syngas arc sclf­

aldolized to form the corresponding dimers, a process for the manufacture of saturated 

aldchydes, wherein those atdol dimers are hydrogenated to corresponding saturated aldehydes. 

a process for lhe manufacture of unsaturated alcohols or acids. wherein the afdol-dimers are 

hydrogenated or oxidized to form the corresponding unsaturated alcohols or acids~ a process 

for the manufacture of saturated alcohols, wherein the ,!Idol-dimers arc hydrogenated to form 

the corresponding saturated alcohols, a process for the manufacture of saturated alcohols or 

acids, wherein the sa1uratcd aldchyu.:s produced vi:i hydrogenation of the aldol-dimcrs arc 

hydrogenated Oi oxidized to form 1hc l.'.<'rrcspon<ling saturated aknhols or acids. a process for 

the manufacturt: of rnulti-mcthylnl <tlkant:s. \1. h._:rl."111 tlw aldchvdr::s i<.lllliCd ti .. - the 

hycJroformyl:ll1on of a mu;ticmnponcnt .syngas art! ald,•l-cnmkn::-.:d \\"ilh fo1 maldchn!t.• 10 ltlrm 

the conl!spnnding mulu-mcthylol all..;mcs. ~l pwl.'.c~.s ti.11 tLc m;1mifai:111h.' of l!lllh:lh1.l,1'. 

ethane. whc1 ctn propanal tha1 is fo1 m..:d hr 1he hy<ln1fo: mylali<•n of a mult11.:ompt1ncnt .::-~ ng.i.::­

is aldol condensed with formal1.khydc to form the mmcthvlnl 1.:1h:rn:.:. and a prci.::l."~.S ftir t!w 

manufac1u1 c of multi-met hyk)I alk;111c::-. whcrc.:111 1 he: aldol-d1me1 :- :tnd' lll th-: ~at ur att.>d 

aldd1y<lcs produced thcrcrron1 a1 ... :ihlol-com!cn~ .. ·,l \\ ith 1~ 11 rn:i!dch\ ,!:.: hl :\11111 1h .. • 

corn:sponding. multi-mct!wlol alkanc:--

This invention can l>c l!.S\.'d 11' p1nducc th..- p11>p:u1:il-co111;1irn11:; t:PIHP\'"''.1<'11 1ha1 1' 

used for the protluc1ion of :ildchydcs. akohols. acids .. u1d lhl·ir tk11vat1\"t'S. dc~rib.:d m t:P.-\ 

95.300 3019 and the PCT apphcatirm based thereon. which arc hcn .. ·hv mcorpor:ncd lw 

rl!fcrencc 

' 
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Example I 

Experiments were carried out in an Autoclave Engineers' 300 ml stainless steel 

autoclave. The reactor was connected to a 500 ml high pressure buffer bomb through ~ 

regulator valve. Both the reactor and the buffer bomb were equipped with digital temperature 

and pressure gauges. The autoclave was also equipped with a temperature control unit, and a 
stirrer with speed control. The total and free volumes of the diff crent parts of the apparatus 

were measured by gas volumetric method 

Catalyst preparation 

The rhodium and phosphine containing solutions · were prepared in Vacuum 

Atmospheres dry boxes under nitrogen or argon The rhodium was charged either in the form 

ofHRh(CO}(PPh3)3. or as Rh(C0)2(acac). where PPh3 is triphenylphos1>hine, and acac is the 

acctylaccton:uo ligand Rh(C0)2facac) ·was purchased from Strem Chemicals and was used 

as received l-m.h(CO)(PPh3)~ was prepared from Rh(CO)z(acac) by literature method (G 

W Parshall, lnorg Synth 197..t, 15, 59) Toluene was distilled from sodium bcnzophenonc 

under nitrogen The weight of each component of the toluene solution was measured 

Mcthylcyclohcxanc was used as an internal GC standard The solution \vas charged under 

flow of nitro!!cn into the auHlcl;m.· The unit then was flushed with syngas (I l:!ICO = I) 

\Vhcn the cat•1lyst was prcp:i1cd 111 situ the autoclave was prcs$urizcd to about n 5 l\1Pa at 

room temperature then 11 was hcak·d up to I (JO (le. and was kl'pt at that temperature for 

ahou1 :w min lndcpcnJ •. :n: 1.·-.:pc1 imc.·ms dL"n10ns1ra1cd th;H untkr these (tll1tli1i1m' the.· 

rhodium h>o:-cs th1: aca'-· h!!and hv hydrogc11:11ion and th..: formed h\·d1idoc;11bnnd 

u 1phcnylphnsphino rhodium cornph:--.:{ cs) ( 1 IRh(COhCPPh:; )y. vi\" 

hvdroformvh11mn \\ilhout shtming :mv mdu~tmn pcnod \\"hen 1 lRh(('O)(PJ>h:; n was us-.:d 

as <i Rh soucc.·c no 1.:atalyst prdi.irmm~ was nt'C•~Ssary 

The 1 cacwr contaimng th1.· solution ur the preformed catalyst was !lushed and 

pressurized with Gas lltcnd # l c<mtaining ethylene, ethane, acetylene. cai hlm dioxide, 

hydrogen. methane. carbon monoxitk. and nitrogen {composition is given in Table :2) al rN1m 

1cmpcratm1.• The :imou111 of !!:1s loaded into the reactor was determined by gas vnlumctric 

mt•thod Thi.' P/Rh r;1tio -'!l 1h1s l'"\jw1i111l'nt_w;_is ~1.;> The composition of the c:11ah·s1 chaq;t·d 
~ . . . . 
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rcactmn tcmpcratua: fo1 two hollls While the 1c;1t:to1 was at the reaction tcmpcrmmc. a 

pressure drop indicated that rci\Cticm occurred Alic1 two hours at l l 0 °C. when no fun her 

pressure drop was observed, the reactor was chilled to 15 oc. and gas and liquid samples 

were taken. A mass balance was established for the charged materials based on gas 

chromalography (GC) analyses of the gas and liquid phases. The results are given in Table 2. 

In the ' liquid ph~se the only detected product of ll~e reaction was identi~ed by gas 

chromatography/mass spectrometry (GC/MS) as propanal. The propanal found in the liquid 

phase gave a 60 % conversion based on the total amount of ethylene and acetylene loaded i!lto 

the reactor. Since the experiment was stopped when the oxo reaction ceased the catalyst 

clearly deactivated before higher conversions could have been achieved. Gas analysis of the 

final reaction mixture indicated that both unreacted ethylene and acetylene were present at a 

ratio of acetylene/ethylene of 3 .4 at the point when the oxo conversion stopped . The analysis 

results showed that a parallel conversion of both cthvlenc and acct)1lene had occurred The 

final solution had a dark brown color which is assoc:atcd in the experiment::. disclosed herein 

with a decomposed catalvst 

Table 2 f ly<lroformyla1ion o( i\1ulticomponent S\'ng.as (Gas Blend :: I) ac I IC> O(' 

Com ound 

Cyl.1 

C~H6 

C"·ilh 

('(h 

Ih 

Cl 1.i 
("() 

,__P_n_,1~;1n;1t· 

Tmal 

xO (v.%) 

I O~ll 

0 10) 

2 91(1 

1 b:;O 

-l <,l<ll) 

11 l2ll 

ion ooh 

no ( mmot L __j __ n_f_( 1_n_n_1o_I'-) _ _,_._ti._n_(.._m_n_1_o_n_--1 

i 

! 
I 
l 

I 9 I 0 5 
0 2 0:; 

:; -1 I 
"l 

-II r· 

:o ~ 
11 l• 1.: 

I 7 

j ____ _ 

I'.' X 

I~ I <• 
.1 4 

I I X-t O 

- I ~ 

00 
...... ._, I 

-0 7 

·II• I 

.. {J .: 

-:\ (I 

R1.:;1c\1<.rn l.:1H\1htion-. loh1c111: ')O mi. m~thyl cvdo~11.".::n-.: (mh:tn:il ~t;mdaHI Im (i(") n 1\ ml 

Rh lN7 ~rnmlcs (I 130 ppm). PPil; ~ ~ nm11>h:~. p1' I )-l) I..Pa (ill 2U llCJ. 11:ac1ion 11111<.: 

at l I 0 <JC 2 hrs 

Legend x0 0 initial gas conccntratitm, 110 =- miti:1l numhcr of mmc>h:s in the !;!:IS ph;t.Sl'. 1l 
Jina! numhcr of mnmles in 1hc gas ph:i_-.1.-. ,\n · mole numhl·r chang.c in the !!as pha~c. 

•· Liqo-ltl c;c ~c~ults 
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Example~ 

The apparatus, catalyst preparation method, and experimental procedures were the 

same as in Example I. Gas Blend #2, used in this experiment, contained ethylene, ethane, 

acetylene, carbon dioxide, hydrogen. methane. and carbon monoxide (the composition is given 

in Table 3). The reaction temperature was "100 °c, and the P/Rh ratio was 300. The 

composition of the catalyst solution is given in Table 3. After heating the reaction mi'.!Cture to 

100 °c, a fast pressure drop in the autoclave was observed indicating that a gas consuming 

reaction took place. This pressure drop significantly slowed down aft.er about 45 min reaction 

time when the reaction was stopped by cooling the reaction mixture to 1 S oc. After cooling 

the system gas and liquid samples were taken. and analyzed by GC. The results are given in 

Table 3. The analyses of both the gas and liquid phases gave a higher conversion (88.5 %) at 

a I 0 oc lower temperature, 14 times lower catalyst concentration, and in a 2. 7 times shorter 

time than what was obseived in Example 1. Jn addition. the color of the solution sample 

taken at th..:: end of the experiment was brig.ht orange yellow. An orange yellow color in the 

herein discussed cx1)criments is associated with an ac11,·c catalyst system in the conversion of 

acetylene and ethylene containing muhi-component syngas mixtures 

Table 3. llydroformyl:uion of Multicomponent Syngas (Gas Blend #2) at 100 oc 

Compound xO (v G/o) nO (mmol) I nf (mmol) t'.\n (nm1(1J) 

C2H~ 9 91 9 ~9 I 0 77 8 ....... - ,_ 

C2H11 3 26 3 l '.2 I l 1•9 - I -l ~ 

("-..II-. (1 ~3 h ::..1 i I IJ}: I -) .ti, ! - - . i 

co~ .., -~ 2-C ' 1 ·q -<.> ()) I - :".> i 

lh -ll' ~7 )3 {)(] i .17 17 -~ \): 
! I 

Cl l.t 11 70 I 11.21 I 'l 14 -'.!Iii I I 

co 17.511 I 
,. ......... ., I ~ (,;'\ -1-1 <•7 i 
--> ··- I 

Propan;il• -- -- i 1-1 20 • 1-t ~11 · I 
Total IOO (10 109 11> I :-;.1 ~I I ·'.2-l_·:.~_· J 

• LiqLJid (iC 1esuh 

Reaction conditions· toluene <iv ml. methyl cvdohcx:mc (mtL't n:il st:md;ird frn { iC 1 t 1 8 m!. 

Rh: 64.3 iunoles (110 ppm); PPh::; 19 3 mmolcs; r1.1 =- 800 kPa {at J(l() UC). r:!acti<'ll tim~ 

at I 00 oc -15 min. 

Legend. xO ·'initial ga·s concentration. no=- initial numbi.:r or nunolc!' in the g.:1s phas1.·. 1/ · 
tin:1l mnnl)l.!r of mnmks in the ~as pha~c. ,An =. mole nu.111hc:1 t:h:inµl' in tlw µ:1-; ph:1s1.•. 
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Example J 

This example demonstrates the effect of P/Rh ratio on the hydroformylatim1 of 

acetylene and ethylene containing MCS oxo feed streams. The preparation and loading 

procedures of the catalyst solutions were the same as in Example I. The solvent, 

tetraethylene glycol dime\hyl ether (tetraglyme). was degassed before use. It also served as an 

internal standard-in the GC analyses of the product liquid samples. The solution volume. and 

the total initial gas charge in each experiment was ~he same. 7o ml, and 95 mmolcs, 

respectively The apparatus was ti1e same as in Example 1 except that a volume calibrated, 

high pressure injection bomb was mounted into the focd line after the high precision pressure 

regulator bet ween the buffer cylinder and the autoclave. This injection bomb was used to 

inject known amounts of ethylene/acetylene mixtures into the autoclave. The .ethylene, and 

acctylc1\c charges in each cxpcrimcm were aroul\d I) 4, and 6 4, respectively 

Batch kinetic experiments were carried out at constant I l\1Pa total gauge pressure and 

120 °c As the rcacti<)n proccedl!u a constant pressure was maintained I>~· feeding syngas 

(CO/H2 = I) from the volume calibrated high pressure buffer bomb throl•gh a high precision 

regulator valve. The reaction was monitored by rcadmg the pressures in the buffer (measured 

to an accuracy of I kPa) as a function of time (recorded to an accuracy of 1 second) The 

overall conversions of ethylene and acetylene were dl.!'termined atlcr each run by GC analyses 

of the liquid and gas produCI!> The only two products of the: reactions dctt'Ctcd wcrc­

propanal as major product and minor amounts or" ethane The overall conversion then wa> 

l"Orrclatcd w the tmal prcssur c dwp and the tot~tl ~!.1.; c,:011:-umption in 1m1ks ti nm the buffer 

homb dunn~ t lu: C'\p..:r imcnl H.1.:;11.: 11011 1.!l l'' 11 t:l l' \ .1i..:ul;J1 l',! ;1...-.;tantn~ .1 Ii:::: .11 ..:1111 d.11 ll':J 

hc:\\CCll the pn.::;;;un: drops and t:1mvc1~11\Jl (';11;:h :-.: cornp1.1,llinn:-.. ;11hl 1..:,.,uli... of 'l"\..:11 

<l1!1':.:r cnt c:-.pc1 im('nt :- ;11 c :-lnm 11 111 T;ihk ~ 
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Table 4. Effect ofl'Ph3 Concentration on 1hc Cho J{cncllon Rate and on the Conv1.:r~on of 

Acc1ylcnc-E1hylcnc Mixed Feeds 

PPh3 Rh l>/Rh Initial Rate Total C2 

(mrnotes) (umoles) (moVmol Rh/sec) Conversron (%) 

. 0.38 37.8 IO 0.02 25 

1.17 37.7 31 0.04 80 

. 4.32 37.7 115 0.1 so 
8 45 37.4 226 0.3 ' so 

16.37 37.6 435 0.9 92 

23.40 3S.O 660 2 I 99 

30.93 18.S }64..; 2.1 99 . 
Solution Volume: 70ml. H2/CO = I: Total Pressure = I MPa. Initial Gns Charge 95 

mmolcs total, l 5.4 mmoles C2li4, 6 4 mmolcs C2H2. balance CO and H2. rhodium 

concentration is 54 ppm and 27 ppm for 38 and 19 i1molcs. respectively 

Kinetic data in Table 4 demonstrate that the ac1ivi1y of the catalyst increases 

significantly by increasing the phosphine concentration The color of the final solut)ons were 

orange yellow, except for the run with PPh3/Rh ratio of I 0. which was brown after 120 min 

reaction time This color varia1ion indicates that a stable catalyse sys1cm is not present at a 

PPh3/Rh ratio of 10 in the hydroformylation of acetylene and ethylene containing multi­

component syng.as reeds Under the prcforred J>Ph:t/Rh ratios above JO. significant 

improvement in rate. conversion. and ~tabili1y art' achi~ved 

Example~ 

Th ... • example dt!monstra\e$ th<: dli:ct <>:° I h/('( > 1atto ~H\ :lll-.cn..: h:lh,·knd 

hyclrofornwlation in the p1cscm:c of a cumul:ned dicn~ (alknc) The pn:paration and lo:1dmg 

procedures of cawlyst solutions \vc11; the same as 111 Example The experimental mclhod 

and ·the kinetic cv;1lm1tion of exJH!I imenwl values \\W~ the same as in Example 3. except th:11 

l 5 mmoh:s of ethylene was coinjcc1c:tl with 0 I 3 mmoks of allcnc and with <liflcrcnt amounts 

of hydrogen to adjust 112/CO r;1tios in the autoch1w The C(!lal~'st charge was l!\ !'\ pmoles oi 

Rh ( 27 7 ppm}. ;md ~ 3 mmol~s of PJ>lq (:"\ I w ",;,) m ~~t\'.h c-.pct mwnt 

After in;ecting allc11c-cth\'lcn1..• mixtures into th~ ;iutoclavc at 120 oc the rcar1ion first 

proceeded m a very sl<iw rate Gas analysis of the gas reaction nfrxturc showed a slow buil<l­

up of propylc:ne durin!! chis first slow sta,¥.C of the 1 c:\c1 ion The hydroformyl:it ion of cl h~·lcnC" 

took placl· onlv al)l-r cs~l'1111allv-all fi\'picuUy 95 In ' 1•l ''nl of the.:: alk1w ch:u!!cd was ninvl•rtt·d 

Thl· Jenµ th l 11' 1h1,..li1 s1 pha-.1.'·of th1.; ; ... ·;w1i1)n 1kp~·mk,l nn th ... • 11~/( ·o 1 al u> h1.·c Tahk "'">) 
. . . : .. ; 
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Jl!blc S The Effect of H2/CO Ratio on the Conversion Rate of AHcnc 

Time Required to Reaction Rate 

H2/CO Convert Allene (min) (mol C3H4/mol Rh/min) 

J.O 23 0.30 

2.2 17 0.41 

7.7 j 13 0.53 

24.4 5 ' 1.38 

Solution Volume 70ml~ Hi/CO = 1, Total Pressure= I MPa~ Initial Gas Charge. 

95 mmoles total. l S mmoles C2H4, 0.13 mmoles C3H4, balance CO and H1; 

Rh= 27.7 ppm. f PPh3J = 3 1% 

Example 5 

Gai: !'olubif1uc~ were mcasllrcd either by gas volumetric method using the !>atnC 

autoclave as in Examph! I t1f by I! I N;\tR. In the aut<>davc experiments the solvent was 

thoroughly degassed in the: autoclav~ before the gas was charged \\ithout stirring After a 

short temperature equilibration the pressure and temperature m 1 he autoclave was recorded 

and tbc11 the :.olvcm was stirred until 1m ti.tnhcr prc~surc drop CO\lld bl! ohscrvcd f rnm the 

known ga~ v1i!umi..: ;md prcs=-urc dr\)r thi: •mmum of dissolved ~as was calcula1cd ln the I H 

NMR c:>:.p1!1tmcms c1thi..:r thi: rolvcnt (prop~malJ or IH!"\.amcthylbcnzcnl! scr.;cd as an internal 

i;t:md:1rJ Thi.: valu..:::. ohtainl!J ar(" listed Ill Tahk (> 
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Table 6. Expc1imcntally Dcicrmincd Solubilitic.~ for Hydrogen, Carbon Monoxide, Mclhanc. 
Ethylene, and Acetylene at 0. 1 MPa Partial Pressure 

Solute Solvent Temperature Xix 104 Cj Method 
(OC) (mmol/I). 

Hydrogen TetrJ!glyme• 20 5. J 2.2 autoclave 

100 7.3 '3.0. autoclave 
dS-Tolucne 22 3.5 - NMR 

I 
Carbon Tctraglymc* 20 I 1.3 49 

I 
autoclave 

monoxide 100 34.6 14.2 autoclave 
Methane T ctraglymc" 20 30.0 13 7 autoclave 

100 63 0 26 3 autocla\.·c 

Pronanal 22 23 6 31.7 NMR 
Ethylene T ctraglymc• 20 IHO 600 autoclave 

JOO 76 0 32 6 autoclave 
Prot"lanal 22 115 0 159 (' NMR 

Acetylene ! Tctragl>1ll1c'" 20 122-l 0 '577 0 I autocla\·c 
100 2.eo 10~ 0 I autoclave 

Tolut.!nc- 2{1 :!46 7 ~:2.(J 6 .i 
autoclav~ l I 100 Ii~ (l 147 7 

l 
autocla\.·(.· 

I 1>rop;m:1I I 2:! -4!)~ 0 I '557 7 Ni\IR I 
Legend Xi,, mo! fraction of the gaseous component m the liquid ph:t~c. C 1 · mol:irit\' of 1h1.· 
g:ist:>ou:; compcm<:nt in I hi.! liquid ph:tsl..' 

Note- ,. Tcuagl~·mc containing 7 8 \\" 0 o PJ>h.\ 

Tht: 1.!Xpc1imcn1nlly determined {SC!.! Table 6) ;inJ litcratml.! \·alm.·s (sec Table 71 reflect 
high· soluhilit1l.!s of ethylene and acetylene m oxygcn:uc:s. cspccmllv in pwpan:1l Th1.:1c is ;1 

large dit1i:ri:ncc in solubility between cthvlcnc and acctdc-nc 1·s. :111.othci: ma_ior components nf 
typkal muh1l·omponcnt syng:is mixtures such as hydrogen. carbon. mrnm-:idc. and mcth:mc It 
·can :1lso he si..·1.·n th:u the solubility dilli.:rcncc increases \\Ith dcc1l•ao.;m!! tcmpcratmc 
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Tahlc 7. Gas Solubilities in Oxygcna1c Solvents 

Solu1e Solvent Temperature Xix 104 Ci Ref.• 

(OC) (mmolll) 

Hydrogen 2-Methylbutanal 30 8.55 - e 

2-Methylbutanal 100 l l.45 - e 

F9rmaldehyde diethyl acetal. 30 5.37 5 07 g 

Propionaldehyde JOO 5.95 - k 

~ 1ethyl acetate IS 2 51 3.30 I 

Ethyl aceiatc IS 3 46 3 s~ I 

l-Propyl acetate I~ 4 15 3 99 I 

2-Propyl acetate I~ 4.~3 46~ 1 

1-Butyl acetate 1}; 4.29 3 6-t I 

Methyl propanoatc 18 3 77 4 19 I 

Methyl butanoate 18 4 67 4 49 t i 

1 Ethylene glycol dimethyl I 00 6 :20 $ 3~ t 

ether l(HI 6.58 I 3 S9 \' 

f 2-Ethylhcxanol-J l(l{I 5 85 I 
1 ~' \\" I 

l 
I 

2-Ethylhcxanol- J i 1 on 5 97 - \" I 
2-Elhvlhexanal-1 I I i 

Carbon 12-Mcthylbutanal l .~II I 10 96 

I -· j t." I . . 
I 

t 

monoxide 2-Mcthvlliutanal I H)li l n <J3 - (' ! - --·-·-

I Methane I Formaldehyde dieth\"l :icct:il ~11 17 40 ! 15 ::..: ~· 
, I Propionaldchv<k \· 1.~''..'.·-·---·- '.20 c1n !.___ t __ . 

I
. I , 

Etlwlcn\.'. F0rm;1lddwdc diC't hvl acc1 at ~. ! \ l\ :'> 0(1 I 7•l ~ ~ . ~ • · 
;...-E-tl-1a_n_c _ _....I_:<-)r-n-1;-\l_d_d_l\-.d-l!_d_i_ct-h-,.-,· -;!f-.:·1.:-·t-:il~!----.-~~· 1--;;~(~11 J:~·i --:'.·-· . 

Legend Xi" mo! fraction of the i;;1:-.l.'<!llS 1:0111p011;:n: i;: 1h..: liqwd ph:1s;:. C1 · mt•i.:rt:\ ,}f:I..· 

g:t$cous componeu1 Ill thl.' liquid ph.h ... 

~Tal>h: 7 R1:for1."nccs 

d R :\ :\rono\"ich. I J Vasil'c\,L S ~t l.o!..11.'._. \ .-\ PolvaJ..o,·. E \" Sh\11hl..1: 

Tyvina Tt:or Ek..;p Khim. 10•1 I. ~7(~). ~-l I 

' ' 

g) L P Liza no. i\1 C Lo11cz. F \I Rnyti . .I S l p;::a J SPlution Ch1:m I'•«!• I ·1(/ >. 

721 

k) I I Vasil'cva. A A Naumo\·;1 ·\ A Polva\.;:1\ l N Tvvin:1. V \" Fo\...i:;.1 /h 1'11i.1 

Khim l 987. 60(2 >. 401' 

l) I~ H1t1nni..:r .1 Chem Th~·1m'.1d·.n;11:11,·" !llSll. · .' "1; 

'"' I\!(; Jt:H!lllSkava. ~ (j "lym:•.i\;1 ·\: I '\,._:, ·.uin 1-:Jun1 1'111111--.1 J'l"."·. I. .~l 
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Example 6 

The preparation and loading procedures of catalyst solutions were the same as in 

Example 1. The experimental method and the kinetic evaluation of experimental values were 

the same as in Example 3. except that IS mmoles of ethylene was coinjected with 0:13 

mmoles of one of the following dienes o'r acetylenes: I ,3-butadiene. allene. propyne, and 

acet}'.lene. The catalyst charge was 18 8 µmoles of Rh (27.7 ppm), and 8.3 mmoles of PPh3 

(3_ I w.%) in each experiment. 

Gas analysis of the gas reaction mix:tures indicated a parallel conversioo of ethylene 

with 1.3-butadiene. propyne. a.nd acetylene In the case of ethylenc-allcne mixtures. however. 

the conversion of ethylene could only start afier essentially all the allene injected had been 

hydrogenated to propylene. as disclosed in Example 4 The lin:1l reaction mixtures contained 

essentially propanal. ethane, and the hydrogenated product of the coinjcctcd highly 

unsaturated component Thus 1,3-butadicne yielded butcnes. and allcne and propyne yielded 

propylene At 95 to 98 % ethylene conversion the typical conversions of 1.3-butadienc. and 

propyne 10 the corresponding olefin$ were ca 60 % Since the hydrogcmuion product of 

acetylene_ is ethylene its intcrmcdiacv could not he detcc1cd in the hydroformylation of 

ethylcne-acet'.\·lenc mixtures The C'lhscrvcd reaction rates showed a different degree c,f 

inhibition un the oxo rate of ethylene hy the highly unsaturated component Thus. the 

observed turnover frequencies in ethylene hydrofnrmvlation with allcnc. l.:1-butaclicne. 

prnpvnc. ;rnd acctylcnl! as coin_icctcd h::u.:ums a1 :n·~" i:th~·knt! ccinvcr:;itm were :->. :' :'>. 7. and 

9 mol pmpanalimol Rh/s~c. rcspcc.:11\dv 
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Examph: 7 

This example demonstrates the cllccr that ~m.1U conc.:cnmuions of acetylene: have in 

stabilizing the rhodium catalyst against deactivation Tbc cxpcrimi:nt involves two stages; an 

aging stage and a kinetic measurement sragc. The preparation and loading procedures of 

catalyst solutions were the same as in Example 3, except that the autoclave and buffer bomb 

volumes are 500 and 325 ml, respectively 

· For the aging stage of .the ~xperimcnt, 300 ml of .t;:aJalyst solution was charged, which 

solution contained 1400 mmol 1etraglyme, 30 mmol triphenylphosphine, and 0.3 mmol 

rhodium (96 ppm). These solutions were hca1ed to l40<>C at l MPa and contacted with one 

of three gas streams; {a) syngas (H21CO=I) alone. (b) !'yngns with 5 mol% ethylene, m (c) 

syngas with 0.51 mol% acetylene In cases (b) and (c). the gas stream flow was controlled so 

that the substrate conccn1ration in the cffiucnt wa!' m:untaincd at about 0 5 mol percent After 

aging times of 0 (initial solution). 80. 140. and 260 mmutC$. :;o ml s:m1plcs of the catalyst 

solution were withdrawn and set aside 

For the kinetic measurement stage of the cxper1mcn1. :wo nil of catalyst solution was 

charged. which soluti<m.$ were prepared using the 30 ml .samplt!:' of the aging stage and adding 

lctraglym~ and triphcnylphosphin\.' I<> mah~ :i solution <:ontaining 860 rnmol tcmiglvmt.'. :;:; 

mmol triphc:nylphosphirn:. and 0 O:! mmol rhodium i l 1. ppm) The: c~pc:11m~n1:1l method for 

the kinetic cvaluati<H1 w:1s the same as in Example:; {I \!P,1. l11J"'C. H'.!!CO-- I) except th:H :;ci 
mmoks of crhvlcrn.' were tmnicctcd with ~ nunok!> ti( acct\°l\!n1: Th.:.· rat..: <mols o"\.o 

SC:l"Ond) \\:i-. found It• h· Jir.st n1\:1.·1 111 i:1hdt·111.: .. :a.i :1 1;1i.: ,;-on~t:rn1 ti:u ~:11.:h l..11w1:.­

t:'l(p1.·r11111:nr \\ ;1s \·akubt 1..·1! :is mob • ''P pl..'t rn11l i:t h\ 1'.:1:1.·. p•:r '' p;Hn Rh: pc1 ...... ·ct •nd hll l':1d1 

;1!;!tll1! t''\pc:nmcnl. r .11t.: 1.:1 m'rnnh "1.·1.: th .. .-n norm:1hl1. ;\ a-. a pcl .:: .. :m nf 11111 i:il ( /l'h 1 :1p11~ 1 

catalvst :ict1Yit\" 

:\ summarv nf th·.i:omlitinn' :me! results: of th.:,,· c:1t:il~·st <k:tcti\·:111011 c"pcrimi:nt~ j, 

shown in Tahk ~ It is \H'll kll<mn th:it l·::t.11\"st d<::Km·:111011 '" rapid under conditmns: \\ hl'1~· 

substrate ( t~ldin. alkvnc) i"' ahsc-nt. :in.I 1hi' i" confirn11.'LI in i.::-i.pi.:rimcnl (al "lu:rcin the ;i .. ·1 i\·11\ 

drnp!' <JO~o in 200 min ;n I ~O"C Oldin lwc~rofornl\"la:i~n1 is commonlv nm under ct,nd1\lc)11' 

of low pc.:1-pas:s: conversion in 01da 10 maintain suhstralc presence to miti!!:tlt..' thi~ 

deactivation Experiment (h) confo 111$ th:H olefin pr1.·.:encc rcch:ccs clc:ictivntinn (now onl\" 

SO% afrct 2f>0 min). hut also <kmP11"t1atcs 1ha1 un:i.:r 1hc high conversion concliri<1n.; th:11 

would ht·.n.:11cqctl in a· o) llHll'',. .l''.11 ·t.=Plll'l'l1!1:11it~1'. nm"itkrab!c t!i.:at:\1\";1tic111 11l·c111" 111 

·c1.lntra.'-I. \''·l'\'t1\1w1H (,·1 ,1,·11hH:_.::. k-. ._t.1:.:: · h1_\~· t •• ·• mnl" .. 1 n111\~·1111 .. tt;•!I·. <•I .:;\·ld\"111· 
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drammicallv reduce the dcactiva1ion (now only 5% <liicr 260 min) Such a prcsl!tvation of 

catalyst activity enables operation at higher per-pass conversion as wen as higher 

l cmpcraturc:i 

Table 8. Catalyst Deactivation versus Substrate Presence 

(.a} (b) (c) 

- Svn2as Aloric E1lwlcnc Acetvlcne 

Aging Stage Conditions 

Gas Rate (nUmin) J.O 4 5 4.2 

Efl1ucnt Composition 

f:.thylcn<!, mol% 000 0.2:! - I 10 001 

Acetylene. mof0,.~ 0 00 
I 

0 00 0 4(• 

Prop:Hlal. mol~C. 0 00 3 40 - -t ~() 002 
I 
I 

Kinetic Rate Constant(% of initial) for samples withdrawn from Aging Sta~~ 

Time d S:1mpk 

I O min (initial solution) 100% 100 ~ .. IOO~·o 

SU min I" o· 8-t 0 0 <>o ~-<> .. - ... 
I 

1-10 min ~""I ft• ! ()l) ~ •• I 9~ <'!> I -- .n 

~(tll min I J 11 II U 
i .:c} '~ u I 95 "u I I I 

I I 

lh1~ i:x;unplc di:monstralc:i 1h..: 1..·1mtinuous hydmform\'lation cir mi-;HHc:-. cii olefin aml 

cu111ul;ucd d1cnc. more spccitic:tll\' nf l'lh\'knc and alll'nc 1:,pcrinH·n1s wen: p1:rfon~1cd m :1 

500cc :\uto..:!:1\·c Engineers Zippt.•r ~·!;i, 1.' st:iinlc~s s11.·d autod:ivl.' The a utocla vc w:1 ... 

equipped ''1th ;1 ~ont inuous !!;1s li:1..·,I S\ s11.·111. with \1;1..:k p1 cS!'>UI c i.:u111rol. and with gasc<)us 

feed and prnd1u:t i.:har;1ctcr ization via !!·ls chrnmaIO!!raph\' Carnlvst solution was prepared h\ 

mixing untk: nitrogen 2 l tl g r>f \d1 ;iglymt:. IS 8 ~ l)f 11iphcnylphosphint:, ;1ml S ~ rng. (lf 

rhm.hum (added ;.1s Rh(C0)2(al'.:;11.:). \\here acac is th.: acctylacctonato ligand) This 

c:orrcsponds to :N wppm of Rh. and :i P/Rh ratio of 700 Catalyst solution was transferred 

in10 the autoclave under nitrngcn. till.· ;mtochivc rur~t>d with nitroµcn. and then µas Ilows 

commcnc1.:d .1:. indicated in Tabll.' '.' P1..::isu1c then hlll!I up to lh<: 10()0 kP<i (ah..;) "\.'Umµ t'f 
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the l>ack p1cs...;u1c control. alicr whid1 the au111d;1\.c- amt contents were hcat!.!d to <>(I"(· 

reaction temperature Gas sampks were taken <tfii:r cit lc:1st 20 hours of continuous reaction 

Table 9 Continuous Hydroformyla1im1 of Ethylene and Allene 

(a) (b) 

Ga~ F.!_ow R~tes (mlln)in) ...... -· ' 

co 2SP 250 
1-h 127U 1270 .. 
CH4 400 400 

Ethylene 7S 7~ 

Allene 0 02 0 042 

Observed Conversion I 
Ethylcn<: 56'~ •. I -·o )).u 

Allene >95~o I 89% 

As shown m T;1blc 9. cth~·k·Jk' and ;1lknc \\ 1.·1~· :-imult:1111.:ou:-ly com c;;cd al these 

hydroformylation condition:; Jn ki:eping. with the hi_!.:h prnp~~riion l>l cthv.lcnc ;o allcnc. the 

products· of these nms were p1cdo111in:1111 I~· prop.m.ii I ltm1.'\"1.•1. buwnal \\":t:' 0bscrvt.:<l as 

1cac1ion pwduct 
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WHAT IS CLAIMED IS: 

1. A process for the production of C3 to Cs af dehydes comprising 

hydroformylating a mixture containing: 

{i) C2 to Gs olefins and mixtures thereof 

and 

"(ii) . C2 to' Cs alkynes anifmixtur~s thereof 

and optionally 

(iii} cumulated dienes 

by reaction with CO and H2 in the presence of a solution of a rhodium 

organophosphorus complex catalyst at a concentration of rhodium in solution 

of from 1 to 1000 ppm by weight. 

2 A process for the production of C3 to Cs aldehydes comprising 

hydroformylating a mixture containing: 

(1) Cz to C5 olefins and mixtures thereof 

and 

(ii) Cz to C5 alkynes and mixtures thereof 

and opt1onally 

(i11) cumulated d1enes 

by rec:ichon with CO and H.2 1n the presence of a solution of a rhodium 

organophosphorus complex catalyst at a concentration of rhodium 1n solution 

wherein the ratio of phosphorus to rhodium is greater than 30 

3 A process for the production of C3 lo C6 aldehydes comprising 

hydrof ormylating a mixture containing 

(1} C2 to C5 olef1ns and mixtures thereof 

and 
(ii) C2 to C5 alkynes and mixtures thereof 

and optronally 

(iii) · · ·cumulated d1i:mcs 

. 
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by reaction with CO and H2 in the presence of a solution of a rhodium 

organophosphorus complex catalyst wherein lhe catalyst solution has a P/Rh 

ratio greater than the value RL wherein: 

. . I •. ":"~· •• 
...... · ... 

wherein Rs is the P/Rh ratio sufficient for a catalytically active Rh complex, 

kPaTPP is the pKa value for triphenylphosphine, pKaL is the pKa value for 

the triorganophosphorus compound, R is the gas constant. and ASs is 

35(N-1) cal/mote 0 K. wherein N is the number of P-Rh attachments p~r ligand 

molecule, to product the corresponding C3 to Cs aldehydes. 

4. A process according to claim 1 or claim 3 in \vhich the ratio of phosphorus to 

rhodium 1s greater than 30 

5 A process according to any of the preceding claims in which the 

organophosphorus compound is triorganophosphorus 

6. A process according to any of the precedin;: claims rn wh1c:-i the rhodium 

organophosphorus complex is oil soluble 

7 A process according to any of the precedin·-: c:nrms 1n \o,·h1r:ll ttie rhocu . .:-n 1!_: 

low valence 

8 A process according to any of the prece(11n~: c:n1ms 1n ·::h1ch the recd is 

multrcomponent syngas 

9 A process according lo any of the precedm:;: c101ms in \vh1~h \he 

hydroformylal1on is performed at a tempera:.;-..:; above 80"C 

10 A process according to any of the precedin; claims 1n \vhich on average tt1c 

mixture 1s in contact with the catalyst for nu onger than four hours 

11 A process ac_cording to any of. the p(e.ccdin·: cl:rnns 1n \vlm:t1 ~ to:nl 

· coricentrtlt!On of coordinativr·fv :1c:.11vc·r»o1~,:1.-·::'."".t :"!!>c:u: r 01 mol!l 1~; us0d . . . . . . .. . . 
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A process according to any of the preceding claims 1n wmcn a ratio oi t~J,Pco 

of al least 0.1 mmol/l/kPa. where [P) is the total concentration of 

coordinatively active phosphorus in the solution, and P co is the partial 

pressure of CO is employed. 

13. A process of any of the preceding claims wherein the.otefin is essentially 

ethylene, and the alkyne is essentially acetylene. 

14. A process according any of the preceding claims in which the mixture also 

contains dienes. 

15. A process of any of the preceding claims wherein the partial pressure ratio of 

H2/CO is from 1 to 100, the partial pressure ratio of CO/monounsalurates 1s 

from 0.5 to 100, and of H2/monounsaturates is from 0.5 to 100 

16. The process of any of the preceding claims wherein the 011 soluble 

tnorganophosphorous hgand is selected from the group consisting of oil 

soluble triarylphosphines. trialkylphosphines, alkyl~diaryl phosphines. aryl­

dialkylphosphines. trialkylphosphites. and triarylphosphites havif}g at least 

one phosphorus atom per molecule. 

17. The process of any of the preceding claims wherein the reaction temperature 

is from 80°C to 180"C, the total pressure from about 0 05 to about 5 MPa ·the 

partial pressure of carbon monoxide up to 50 mol 0/c, of the total pressure. the 

mole% of H2 is from 1 to 98 mole%. and mot% of ethylene and acetylene 

each alone and 1n combination is from 0 1 to 35 mot % 

18. The process of any of the preceding claims in which lhe molar ratio of olefin 

to alkyne 1s at least 2 

19. The process of any of the preceding claims wherein the contoctmg rs carried 

out in at least two reactor stages 

20. The process of claim 19 wherein the first slage 1s optimized at cond1t1ons for 

conversion of olefins in tne presence of alkynes. and the second stage 1s · 

op11m1zcd al hydrogcn'a11on conditions f~~ convcrs1C>n of alkyrv:~s to clohns 
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21 A process for recovering unreacted unsaturated hydrocarbons from an 

effluent stream or a process according to any of the preceding claims. 

comprising: 

{a) absorbing the unreacted unsaturated hydrocarbons and the 

oxygenated hydrocarbons of the synthesis process effluent stream in a 

solven~ wherein said solvent is an unsaturates-clep1eted stream of the 

oxygenated product of said synthesis process; and 

(b} 

. .. 

stnppmg the unsaturated hydrocarbons from the solvent to produce a 

first stream concentrated in unsaturates and a second stream of 

oxygenated product depleted in unsaturates. wherein said 

unsaturates-depleted stream rs the absorption solvent and the 

synthesis process product 

22 The process of claim 21 wherein the absorbing is earned out at a temperature 

between -100°C and +100°C. 

23. A process for recovering unreacted unsaturated hydrocarbons from an 

efiluent stream of a process according to any or claims 1 to 20. compns1ng 

(a) partially condensmg the effluen: of the synthesis process to produce a 

liquid condensate enriched in the oxygenated product anc \l pasecus 

stream ennched in the low bo1hng 9?.seous components 

{b) stripping the hquid condensate with an essentially unsalurarns-free 

gas to produce an unsaturates-free oxygenated product and a 

gaseous stream ennched m unsaturates and low borhng gaseous 

components. 

(c) combining the gaseous streams from step (a) and step {bi and cooling 

the combined stream. 

(d) treating the combined stream from step (c} in an absorber h<-Jvrng 

re~lux of_ saturated h,ydrocar~on spnc1es ·ot the lop, to produ~e nn 

· · · ·· · overhead:strc<im'-Cont.:-nnu1o-·tfie low bo1lrna n.:iseous c:omr::110nts nnd 

' ':~L;bs.tanli~~:lly tri!ii: nt ·~vnth0~·1s proc·.~ss pro~i:1ct <Jn<j uns:-itw ~1tNI 
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hydrocarbon, and a bottoms steam of synthesis process product 

containing concentrated absorbed unsaturated hydrocarbon; and 

(e) recycling said bottoms streams to the synthesis reactor. 

24. The process of claim 23 wherein the bottoms stream of step (e) is pumped to 

high pressure and h_eat exchanged with the combined stream from step (c) to . . 
recover the cooling value. 

25. The process of claim 23 or claim 24 wherein the treating of step (d) is carried 

out at a temperature between -100°c and +100°C. 

26. A process for the preparation of a feed stream useful in the process of any of 

claims 1 to 25 comprising prefer~ntially removing a variable amount of 

alkynes and multiunsaturates from a gas stream containing at least hydrogen, 

olefins. alkynes. and multiunsaturates comprising contacting the gas stream 

with a metal complex-containing stream at a rate sufficient to form adducts of 

the alkynes and multiunsaturates to be removed. and removing a stream 

containing the alkyne and multiunsaturate adducts of the metal cpmplex 

27 A process according to claim 26 in which the metal complex stream is a hquid 

or a slurry 

28 The process of claim 26 or claim 27 wherein the metal complex rs an otl­

soluble rhodium complex containing a tnorganophosphorous lrgand selected 

from the group consisting of lnarylphosphines. tralkylphosph1nes. alkyl-diary! 

~hosph1nes, aryl-dralkylphosphines, tnalkylphosphites and triarylphosph1tes 

containing at least one phosphorus atom per molecule. 

29 The process of claims 26 to 28 wherein the mull1unsaturates are selected 

from the group consisting of C3-C5 conjugated and cumulated dienes. 

d1ynes. and enynes. the alkynes are selected from the group consisting of 

C2-C5 alkynes, and the olefins are selected f:"om the group consisting of C2-

C5 olefins . 

. · 30 , · ·i t1~· tiroc.cs.s ~r -claim "2.f}. .w~ier-crn "it)e ~ns .~frc3m. 1s <> mult1componcnt syngas 
·· · · · ... ·ni1i1ur6.1·urit;cr·~(;:;~p~·i~hi{.1 on?..or ·1nore:~t tt~e poses selected from tt1e group 
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cons1shng of CO, C02, C1-Cs alkanes, C1-C5 oxygenated hydrocarbons, 

nitrogen, water vapor. helium, and argon. 

31. The process of any of claims 26 to 30 further comprising a separate 

regeneration step wherein the remove~ alkyne and multiunsaturate adducts 

of the metal complex are contacted with a hydrogen-rich, CO-depleted gas to 

form hydrogenated alkynes and multiunsaturates and a stream of 

regenerated, muttiunsaturates-free-metal complex. 

32. The process of claim 31 wherein the regeneration step contacting is carried 

out at a H2/CO partial pressure ratio _of at least about 1 O, a total pres~ure of 

from about 0. 1 to 50 MPa and a temperature of from about 50 to about 

180"C. 

33. The process of any of claims 26 to 32 wherein the metal complex containing 

stream is introduced at a rate sufficient to form adducts of the 

muftiunsaturates without forming adducts of !he alkynes. 

34. A process comprising hydrogenating the aldehyde produced accprding to any 

of the preceding claims to form the corresponding alcohol. 

35. A process comprising oxidizing the aldehyde produced according to any of 

the preceding claims to form the corresponding acid 

36 A process comprising aldoliz1ng the aldehyde produced according to any or 
the preceding claims to form the corresponding aldol dim~r. 

37 A process according to claim 36 further comprising hydrogenating the aldol 

dimer to form a saturated aldehyde or saturated alcohol. 

38. The process according to da1m 36 further comprising oxidizing the aldol 

dimer to form the corresponding unsaturated acid. 

39. A process comprising oxidizing ·the saturated aldehyde produced according to 

claim 37 to form the corresponding saturated acid. 

.. ·40: 

i •• : 

A.process comp(iSi~g· -~id~J: ~oode'nsing the· aldehyde produced according "to 

_·any of tli~ pr¢~e~iri~··c;t~i~1)s y~ilh. fo~maldehyde to form mutti-methylol alkanes 

. ,., ': 
. - SUBSTITUTE SHEET {RULE 26} 



W09'/22266 

--------------­·-·--·-----·-------------·-~--------- -

PCT/EP96/00268 

• 51 - I f.llf 111 fff ml 11111 ff If I II 1111 * C l H S * 

41. The process of cf aim 40 wherein the aldehyde is propanal and the multi-
. methylol alkane is trimethylol ethane. 

42. A process comprising further aldol condensing the aldol dimer of claim 36 
with formaldehyde to form the corresponding multi-methylol alkane. 

43. A process comprising further aldol condensing the saturated aldehyde of 
claim 37 with formaldehyde to form the corresponding multi-methylol alkane. 
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