WO 2006/ 020287 PCT!U 52065/025571 STABILIZATION OP A
HYDROFORMYLATION PROCESS This application claims the benefit of

US prpyisiapakpatent application Serial No, 60/598,032,fled AHEYSS 2«
2004. Background of the hivention 5 'This invention pertains to a met ho/%ﬁ”l

of stabilizing a Irygvoformylation grosesspagaingtvanid,[afien guree,

change or cycllnglnof react|on ra ea r%‘ﬁé process arameters, such as

total pressure, vent e I Téoré yte %Wlﬁ%?iﬁez\ﬁ?tﬁ?ttﬁ@’&?ﬁuon
that ‘sddehyded)rnad; (138, rdadibhnprodueed by reactlng an olefini.cally
unsafyraied compound.with carbon monoxide and hydrogen in the

presence 10 of a ineta] -organophosphorus ligand complex catalyst, and

that preferred procesEEEHYORE B8 iR TSUC AyE GO ARt B Efprmylation process

recyglingsof-pisphition:centaiting:a s otmy il -esganopel RPBosKHIes parameters,
flgaqg om Ie C&t&' yst, ﬁf?dlumclf@ rleferq?d Group VIII metal. Such
artis exemplﬁ’léé In U i i §V§§6 £ Lyg and US 4,769,498.

Aldehydes produbésivsyl suerprobe gsebah alvehedgideardirgeadituitityudet by reacting
exarﬂp@@f@fﬁéﬁﬂ r&tﬁﬁmﬁ@@@ﬁiﬁfﬁﬁm dﬁ@%’ﬂ%&'ﬂdﬁo@ @hﬁﬁq’lﬁiﬁ%@Q ks fRr presence

amin t|on to aliphati mes for  oxidation to ai. |p tie acids, and. for

'aldof c'&)ﬁ1 Ehe: gmcr)lpf 6 BroG 3&@@%1%%%@8?30 AP bR e frpapoosses involve
normahmmnbm(d@fﬁ@m&mmydésegmh@gaiﬁﬁpMe conorigivatu@rthan their

iso- Qrhranehedisamens. £ &I@&ﬂﬁ»exlgaa %pvmsﬁﬁﬁﬁh%%m@é&%m VI

branched isomer ratio is a Function of carbon monoxide artla pressur

and ‘Eﬁfﬁ?&aﬁ\}%\i\}én‘%@é’éﬁ%‘?ﬁ MHo%itE 53X tedd J@s HvE %r‘b%ﬁ?c‘%%g
with Alighetiaosmaldel bsanch @d)d’éﬁlé&naﬂe&h@dw [ﬁngégmopﬁjy PReSPRER, as

Ijgaqqter%@cﬂﬁé(s%gt%gr ggc at? R ha%\clealgo eorl]ss OWQngo t?eqe}ﬁb atic, %mmes for

desirable normal t anc |som r ratios. Notwit s enef

attegEItiNit §hﬁlﬁﬁﬁ<ié¥a% ?@éﬁ%@%&ﬁw&wang&ﬁww eletintatyzed
hydroformylation pr@@@mn&t@t@ﬂ&za&i@ﬁhp&th@o%ly@me@é’é Q@Jéi@ﬂquﬂxvide

the organo oI ite I| nd remains a p ern. Loss

catal yg tor ca afy]tlj“i1 %lc ity ??mn rl'fﬁgggrrsab/%} %%gé“ﬁgé&r‘tﬁ rlfgoé’fliﬁ@t the normal to

expémnsiveerhodium datalysiscam bécafetrimental dotheap poctctiomdfsthieally lower
-desited aldghysiead ke %«f-'@sgiﬁgggﬁ@tb%ae&mﬂ@59@4399&}9&@&%%4&8 Whios.

durln%ﬁhe hydrofor Ig{latlon process can produce poisoning com%oun S
(for EXAMPIE CPBIE STY RIS RBSPHitEEY et HrphEsTeT S Meetkoson to
phogphorus Byrddectsthiab caamdbwiardiher eatﬁalsytlc activity of the rhodlum

catalyst. PrOduc%@v& ?%’?118 11 ht%eqoene@(s c?rt@ngmll‘% %1%{1%11116’&1 organophospholus
productivity of the cata yst reases.

ligand complex catalyzed hych oformylation processes, stabilization of the catalyst and

[A]

5  particularly the organopolyphosphite ligand remains a primary concern. Loss of catalyst or
catalytic activity due to undesirable side-reactions of the expensive rhodium catalysts can be
detrimental to the production of the desired aldehyde. Likewise, degradation of the
organophosphorus ligand during the hydroformylation process can produce poisoning
compounds (for example, poisoning organomonophosphites), or inhibitors, or acidic

30 phosphorus byproducts that can lower the catalytic activity of the thodium catalyst.

Production costs of the aldehyde product increase when the productivity of the catalyst

decreases.
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1 WO 2006/020287 PCTIUS2005/025571 In hydroformylation processes a
major cause of organopolyphosphite ligand degradation and

WOoR6MH02ganopolyphosphite ligand complex catalyst deactiP&fiohS2005/025571

derives from the hydrolytic instability of the organopolyphosphite ligand.

All organopolyghalsphiteslatierspseepdisie toajuyrdralysisftorgampodytieshite ligand

another, the rate of hydrolysis generally. 5 being dependent gn th o .
O e TR SR R RSB corves
fittvr shherfxydnolytonimsabiitguidb erphagpthgphesatita lidwmdlahiéorpayopelyphosphites

the hydralysis rate. All such hydrolysis reactigns, however, invariabl
S R LR DOLBRGr IS CBR S AP i 5 e Vi eenerally

bhiydy dysisdeactiotie. sitredeyidniysiante teftiaryoigapopphsppliies.fGh general, the
example, praduces a phosphonic acid diester, which in turn is lo
S T A e S e S
hythoilgshldebyddl saitishyddéeds eetdiighywesirableastesioahydiosesric
rganobisphosphite ligands, which tend. to be less hydrolysable, can react,
D L RSB Rt YE AT ST O RSP chls WHIERYSis of a
tatRryasgaho phdapiic:jTbidtersplybiatdmesa pUsssiiteatad ayekelysigiandn turn is

the formation aof aldehyde acid byproducts, for example, hydroxyl alkyl 1s
RIS PHeh Bt 1D BB ST A oo AN aldehyde

abifdrolysés Ofe asg ANENS HnsphFRMgandsinda B 6ansidssRespRiRARENds, which
autocatalytic, and.if left unchecked, the catalyst system of a continuous

Initie Pedseid s aRisy rgr skl WaRvHe B5rtu SRR SRRy aeRIRgin
olFRRoMBROIR SIBRE) WANRAREO SR EEE, RO A ¢tk RO MK frore susceptible to

byproducts binding the catalytic metal in the form of inhibiting complexes.
hydrolysis anddbg derratione Laldary & thi haradyriaiopermamdsphdoxyl alkyl
pliegnbaRrapigx aatalysh detines as NBIBHINg TS BEISKs 00 NARNEKREE sis of

increases. Thus, the eventual build-up of unacceptable amounts of such

OpRoRRhy ArRPiHin bigrrs etk sennidesdiis brisgautritiatvtiseand if left
uﬁeﬁ@a&g?kyﬁ%wp'&fsjaeﬂpoﬁ%@{%ﬂlﬁ%ug BH0G REYAHIRERAEY R on process will

catalyst ineffective (deactivated) and the valuable rhodium meta

begripefapierfRyAddicmEMsy WittiBransnom ey pRpes anles agidic
phedbn SfiheyisaatRts HRRIAE ﬁié@aa%ﬁimamﬂ@ﬂ@fé&%?ﬁﬁymﬂm}nplexes. As

deactivation of metal- organophosphorus ligand complex catalysts caused
awnﬁ?ﬁﬁﬁm@:dh%é%%ﬁh Qﬁtﬁh@%@ﬁ%gm@dﬂh@@b&ﬁ beapdeaspleycatalyst
dEEAHESSS Y HPRACINAG BYLIARAHRRNACEPRID thd EAGHRM LA of

where the hydroformylation reaction rate is of a negative or inverse order =
uRITRiaHD ARG cuAsneseningrand, inmbiegonaigiiale saessetiba degiuction of

4 %}MW%%M&VE%@ HlEFy GRHRBAP ANOKIRNEIBIGIS 1R catalyst ineffective
hydroformylation'region"'whérein the

(deactivated) and the valuable rthodium metal susceptible to loss; such as, by precipitation

and/or depositing on the walls of the reactor.

The art discloses, as shown in US 5,763,679, that deactivation of metal-
organophosphorus ligand complex catalysts caused by inhibiting or poisoning phosphorus
compounds can be reversed or reduced by conducting the hydroformylation process in a
reaction region where the hydroformylation reaction rate is of a negative or inverse order in
carbon monoxide. As used herein, a hydroformylation reaction rate that is negative or

inverse order in carbon monoxide refers to a hydroformylation region wherein the

hydroformylation reaction rate increases as carbon monoxide partial pressure decreases, and



10

15

20

25

30

hydroformylation reaction rate increases as carbon monoxide partial
pressure decreases, and 2 WO 2006/020287 PCTIUS2005/025571

Waesdiz0gs@ hydroformylation reaction rate decreases as carlR&FTHEHORIHRSST1

partial pressure increases. In contrast, a hydroformylation process that is

Whesttinsheraednfoaplatonarexide reccine whsrmeraibgraforaniiiaipatial pressure
u{a%gyggl ﬁﬁtgo'gt?gﬁéﬁerﬁﬁ%ig 598[? aﬁ?&&ggﬂ%q?gﬂ%ﬁt E5rtdGin carbﬁn monoxide
wheén t [ e

INncreases, an e h){ rofonnylation reaction rate decreases as t
oceurowlEmibe byidte foamidhrassarct denrednesaiPositihe emtianveesexide partial

p%i%b k4 ?&9&%6%1: Hﬂ% %%ncﬁ{é/ ﬁglr&(&l ﬁgﬁi J&SE%W&%&&EQ%F&S the carbon

on monoxide partial pressure, in the negative or inverse order region
nofnpre datedisl/pressuixodenmersoxidé eatinginadeis yaeoaffaobgadpsvifithamate curve

co tes more .effectively for.the metal of the metal-erganophospherus ..
R A e, S T PSR G St o
iprospbcirs g mpoilihdsafthusy ¢hearbOrconeeridet mo ol firdes imoits figaively with

iIsoning phospharus.compounds in the hydroformylation reaction fluid i
R R Th e TR AP Bl B ENTOLSEGHARBE e complex

catatybie aeaditpdryd reiy ditb\intti hithig roapdissnireaphy gdidias compoumndis. Thus, the
The r%s%lltiné;tji droA}{H'stfragBmenIs can bg beneficially scrubped ) om the
CPesSR NG, %%g O BoRMCHEREEPBR ?5?%?8%%%?%1% ih'the'®
hpégdtivaydatiovetsetn éluitbgituehibe, wmich chisvehpiatiibeiagditipoidbning
esirable benefits in that olefin efficiency losgses, due to hydrogengtion.can
ke S T e e
conipdyiiida clivikantilgnsrdesivientydesaascio dkasesidvidieomtbbed from the

undeﬁiﬁblg olefin isomerizations may also be reduced. 20 Operating
redep uﬂ) al, of the hydroformylation reaction rate curve in the inverse

carbon monatigkepasitiedprassukalaginmicarRans addit asghiesialieerse order
benefits in that the normaj/branched isomer product ratio can b )
r?ﬁ%&féﬂﬂﬁ&%ﬁ%%l?ﬁ%%s &wa&%ﬁw@%%ﬁ‘dﬁﬁﬁmt&ﬁb%ﬁn efficiency losses

dhyesafomag@iisnheaatiyredivciierpsthelesboantsatei@bital pressures give both
h&y%roformy!ation process in the negative or 25 inyerse order region of the

I oL R PRt d b LS RS S Hosa R o BfSERSY S e fiesiiable

oRgiyRigalY-aa86R GRS RIBENG@Isler side of the rate curve. More
specifically, when the hydroformylation process is positive order in carbon

monoxide, afPREEFERSATAT thapaah chtbecbrbnfaaligasadiandeie curve in the

iWBIGh deards cRIRAGUE PHAIM [2ANRCISSRA tandaiROAIMAbRXIdeRaBiabenefits in
pressure. The decrease in carbon monoxide partial pressure (or 30

thes the nexseliyransiediromesa srsAucidn canstnsecrset o eredpstgasing the
cHRIPADHAIGRANES and/or hydroformylation reaction rate.

Nevertheless, operation of the hydroformylation process in the negative or
inverse order region of the rate curve with respect to carbon monoxide presents problems,
which are not typically seen on the positive order side of the rate curve. More specifically,
when the hydroformylation process is positive order in carbon monoxide, an increase in
reaction rate consumes carbon monoxide, which leads consequentially to a decrease in
carbon monoxide partial pressure. The decrease in carbon monoxide partial pressure (or
concentration) slows the reaction rate such that the reaction temperature, carbon monoxide
partial pressure, hydrogen partial pressure, and total pressure can be controlled.

Accordingly, when the process is operated under positive order in carbon monoxide, the
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partial pressure, hydrogen partial pressure, and total pressure can be
controlled. Accordingly, when the process is operated under positive

WQpgeq/e20287bon monoxide, the 3 WO 2006/020287 PCTIUS2@03/0338 51025571

process can be readily controlled; but as noted hereinbefore a steadily
paectniiy batelydilyastntinlisdp bstasedtdddermbefootianitatioy dédhihibgioatalyst

REPoSangnasPhols, BYPIdcle And metal 10and comploN S phorus
&rdor, T contrast, when the process Is negative’ or Erin carbdn
bypesindtiesndmintrichgaihomaptiors diereoh sinmestcathehan droprdesssus negative

the 5 res Itingﬂlower doartial ressure of carbon monoxide further increa%es
0 %%r I%a% QN oxide, an mcrease 1 reaction ra &consmes carbon m?nom ? but the
ormylation  reaction rate. Moreover, the Increase in reaction raté

restilthey losilke paniipeaduas of weshidinah dhexibafiofiedatimmastedeuselroformylation

hydroformylati thermic. In a patch , dback |
TR BT A e TF PSSR PSRRI B (A R SRIRBRI ARy esult of

tHbaedinoifing Jeagibet and igdnifationatbileteyekofismytatiBrayaicssocess, a

Duyring continuoys 10 operation under negatjve order ¢conditions, the .

o R AR o B T e TN Y ALY AP PR ruapgtion of the
lingitihflovaceand aidesmpRiaivne Aleuspti dferaiflatiyrchngcsefeDitin goesidaiGous

and often extreme changes in process parameters (for example, reactio

PR A G B SSEHBG Gl TS A ErARajes tonds to cycle,
adJsdingslisad yasiageously st pia/Gleatyceparation kb heydig ' cycling” refers to

operating in the negative order region of the rate curye, 15 although the

PR SHELPERR EXLERIA RIRRAT PR OGS REBYSHN EXpPIGevartay tte. partial
angbieeeh el iasmylationmieeesapsatiRgcavesoparsdidicdlidsusly disrupts

stabilize and control. Moreover, operation under negative,order conditions

stgadiePRRAHeRe S SHBESHLS Hidhe ReppikeRustRs krelopatithe rate curve,

e st ®S Wek Away ko themeric R sHIYSHOf At RRRR 3t HeFStssed or
Carbon Monoxide Partial Pressure curve. Disadvantageously, operation

redivaredy therhystrfRenpdalion REReeeYibRLETRSCRMfE gantrdbider i siadélize and control.

MBRRQE %ﬁﬁ%ﬁ%@d%g&@% RALIQJABASHE LIRS HELIA MBS operation at high
aldehyd’e product. US 5,763,679 discloses a method o controlllng cycling

cyhanmRenesHa pasishmesagssoreiaw ah B prdde e pard thet femylation Rate
vORBSINGIHNIRIBR AR IS AUOBF IR HRTBAN MONANIARIEREHISC %,‘?gtion further from

method requires controlling the differential between a reaction 25 product

therpaanindhepesienrthalis ReauhieNElen Hy 6D QD BIARL XA PEPdHIRS folayéer normal to
b}%@@%&@ﬁ%p@aﬂg@m@g}f@wd&{g prior art method requires large

and costly heat exchangers. Also, due to the large thermal load of the

reaction fluid/ tha Tita& cD nsteloses eractvashp frommiralkng dpel ingapd raaipsaining
SRR REHARE GERPPNY RV Bk BeBRAR I HIRE'RSER I REHPh carbon

of controlling the stability of
monoxide. The disclosed method requires controlling the differential between a reaction

product effluent temperature and a heat exchanger’s coolant temperature to less than about
25°C. Disadvantageously, this prior art method requires large and costly heat exchangers.
Also, due to the large thermal load of the reaction fluid, the time constant for recovery from
a sudden temperature deviation may be unacceptably slow. '
EP-B1-0589463 discloses a method of controlling the stability of
hydroformylation processes by varying the flow rate of a synthesis feed gas or the flow rate
of a vent gas to maintain a predetermined constant carbon monoxide partial pressure in the

hydroformylation process. The reference is silent with regard to floating carbon monoxide
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30 hydroformylation processes by varying the flow rate of a synthesis feed
gas or the flow rate of a vent gas to maintain a predetermined constant
WQahammdhoxide partial pressure in the hydroformylation prd@$8&8¥S7196/025571
reference is silent with regard to floating carbon monoxide 4 WO
PAU0E/DEESST AU TAYS2EUBLHREHTE Negatival pravsuve aider tegipe et in
g IeHAYRIOh VLR IR 1RgiaR: o6 M%&?ﬁ%@@é‘aﬁiﬁ LRI sty the

with respect to carbon monoxide. Disadvantageously, the disclose

divelesed psasesssisittilyudidbbtedeafed forr bishofpeatipltiro pessesdhtitat employ

rus i S therefore prefer .
e PR A LR s o

igyigray ey xgiodistibsasta enettiod of controlling the stability of

hydroformylagign |y S rying the flaw rate of the olefmic reactant

at constant ve??pﬁlow, W ?Te g}éé%a#ﬁggﬁg?m%rooﬁg?rﬁl éﬁtllno%?%)lf\'o%%%s%% e

hyduifioandgiom pichessesdy vargingither@specti¢m fiheaddfinic reactant at constant vent
| tageously..the disclosed process is not suitably. adapted 1p to

B S R L R e e

Wigardpendo thedfde. drafed opagtionly) the disgatcemodeversantrsitably adapted

region of the rate curve. In view of the above, it would be desirable
O PR S emaled oA Busel chébat s Jeands and
tlsrdtien pleéngesanidioncel ing af pr ot ésecrpatative et ansf piovide subre.
rocess stabjlity.whil erating under, condjtions wherein the 15,
Eydroformylt;iﬁoxr%ervé'ao?t%% %E?é’ ‘f%%‘é"é’g%ﬁig%%‘iﬁ%?&eet%gﬁ O¥FEAPgproved
hyaboforidgl-Besipatyss shahraidiin poaveds ridess bitdd aliminatel the of process
need Ior large and coi.tlf}; heat excagtga{) erjgfnd s_ho,uld provide for a quick .
PR S HLS 3B R OSH LR BRSSRS SRS Wi e SResrng vadehcatitigrovdgrein the
hpdmmd : mﬁhffmldlamﬁﬂmgm_ aiys_tdffﬁﬁm@éﬁ)mﬁalmﬁg%ﬂﬂémxide. Desirably,
trimental effects of inhibiting.or, poisQnin osphorus roducts.
N e A e e -
ahigthoaidpabladerfirch@dl dir esipehizam esvalio v Tiempodia @y, Desirably, such
roviding for higher catalyst productivity and/or hydroformylation reaction,
o P PR b ARV M G et ARG, A THGP e (o i mental
effisetngf IRIYRING o PPIRGLLS PRSFASEIRDAHedHoe afaiREeBEAREeH an improved
p]Ipﬂro ertgraq%ﬁ{ﬂgul,d find increased commercial appeal. 25 Summary of the

TR Qede et HehdiprBrhRIBR RS hedrgdpghigomer ratio while
simeaNEsh STy Brotadmy! e3on JHQ RS FAPRIASIARS, T8RS P88 dRRYtion reaction

reactants, carbon monoxide, and hydrogen in the presence of a

ARl B NI HeRsaiable FEsRb A BB Binimal cycling problems.

A process possessing all of the aforementioned properties should find increased commercial
appeal.

Summary of the Invention

The invention described herein provides for a novel and improved
hydroformylation process comprising reacting one or more reactants, carbon monoxide, and
hydrogen in the presence of a hydroformylation catalyst to produce a reaction product fluid
comprising one or more products, wherein said process is conducted at a carbon monoxide
partial pressure such that reaction rate increases as carbon monoxide partial pressure
decreases and the reaction rate decreases as carbon monoxide partial pressure increases; and

wherein the following process steps are conducted to stabilize reaction rate, total pressure,
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comprising one or more products, wherein said process is conducted at a
carbon monoxide 30 partial pressure such that reaction rate increases as

WQashammshoxide partial pressure decreases and the reactioRGEES2005/025571

decreases as carbon monoxide partial pressure increases; and wherein
vting flolfowitey rerotiesssipesatine cordoctbhati stgbiizefrdbe porcestesteptalomprising
pressure 5 %o 21(1)06/020287 PCTI%J%ZOQS/OZSS?l \{Fﬁt flow rate,
d e followin C 01 SCNEM ecte om

€ast one of rocess. Cor S 5€ :
reaction temperature orgapcom malﬁon eI‘EO?, tsne process steps

compSsimmatieast one of the following process control schemes selected

from: > %g&%ﬁ\szlﬁ%l e tabé's[g_j[gp%tas{get total pressure; s (a2) detecting
d gt g th

the to ressure, ermini e gi’fference between the detected
total pieysiaedcing the tsrderéatatey ask deecanidi(@Ihbdsfferamcélietween the

pressyre djfference measured in step (a2), manipulating a feed flow of
gas cgﬁ?ﬁ?ﬁ%ﬁiﬁ’%g%%s‘ﬁﬁ%ﬁ%x?gg E%r%ecgj[?i?]tl%eﬁsg?& total pressure
essentidlybaedm thkgetciatat pickseies ardsldedohere(B2)XAddnipulating a feed flow
establishing a target vent flow rate; (b2) detecting the ven; flow rate, and )
Cetor AL R B 1 BRI A E 58, PRRLRAFR g cssentially
targettflake tatgeatachpR)sbasecham the vent flow rate difference measured

in ste%%(f)é%,6 rﬁmipulating a 15 feed flow rate of gas comprising carbon
monoxXi Fdtijust the detected vent flow rate essentially to the target

vent flow) rasablivlangth eraapest ofoiigateyention, process steps (al)

through_(a3) and process steps (bl) through (b3) are all implemented so
as to %%%%gﬁtﬁ@aa@&w@am%%md@ Semining e dittEirges hstyyeen the

pressysgeated e@divst e detagtegnenfiiawdatand0 essentially to the
target vent flow rate. The tenn "total pressure” shall refer to the total gas

pressthd) daiisd probssentiitasis dHiSHpETAMARFISHhiP ISR by eadRfting 2

the foliuingwardsinelyditapyansrarboribaitie (QAGRENhe @tected vent flow
"changing.” The novel hydrofornylation process invention described

hereifaisairsestidhcaithepegritsn Sodasitchanges and/or cycling of
process pargmgieacrRSpREL YOS (RF RGeS et W i) PRRAAIING:3) and

under conditions wherein the hydroformylation reaction rate is negative or

PIRVETSE BTG I L B (rrfesitll SRlmeRie A it das deissieddotal

pressure essentially to the target total pressure and to adjust the detected vent flow rate
essentially to the target vent flow rate.

The term “total pressure” shall refer to the total gas pressure of the process.
The term “manipulating” shall mean any or all of the following words including “varying,”

27 &<

“adjusting,” “adapting,” or “changing.”

The novel hydroformylation process invention described hereinabove
effectively controls sudden changes and/or cycling of process parameters and provides for
process stability while operating under conditions wherein the hydroformylation reaction
rate is negative or inverse order in carbon monoxide, such that reaction rate decreases as
carbon monoxide partial pressure increases and reaction rate increases as carbon monoxide
partial pressure decreases. In a novel aspect and in contrast to the prior art, this invention
allows for fluctuation or floating of the carbon monoxide partial pressure up and down, such

that reaction rate can be quenched or accelerated, as desired, to stabilize reaction rate and

process parameters. Beneficially, the process of this invention achieves this reaction
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carbon monoxide partial pressure increases and reaction rate increases
as carbon monoxide partial pressure decreases. In a novel aspect and in

W@aoned20287the prior art, this invention 30 allows for fluctuatio® 6T fAat#fg025571

of the carbon monoxide partial pressure up and down, such that reaction
stedtdigamt @rguentshed/or kseaie Gtdthas! gesiasd pastwitity earesictiple patkcost

. pracess parameters. Beneficially, the process qf this.invention ]
o T S A Do S R A B epoloyedtin
thengtiprevenidandver, lessempaypdiwglofherpiessrpahemeterssinfdlssmplention

nd cost _effective fashion by eliminating the need for large and costl
o e T A S R el 5 G88 nd oxtreme
ptbecpridevantidhe Pidde saltibpeimvaniiotheatgatitagaaustyrserorddesfion of the rate

improved a ore rapid recovery from sudden and extreme 5.process
o e s By e S R ol B8 ebesieD oot of
ptheniade cunrebitaiaisidfrtimeligddisfemitycenhransddribgmiianizigg theprocess

trimental effects of,. poisoning or inhibiting phasphorus ligan . .
o OB R R RN DR L b RO B S Afide partial
pfedsopsratasritothie ifaakr6€ theddydagiamalatibRatenasiexddeatiaiiiMonoxide Partial

ressures neacrer to t eak of the Hydroformylation Rate versus Carbon
P 8 L e e L P, R L s o e
hﬁﬁﬂ!i&&iﬁ}ﬂ&t?i@%@éﬁd@é&:}@?ﬂl&dﬂﬂﬁ[{i@ﬂpﬁ@@b i Bﬁfﬁé@ﬁﬁﬁ% hgdBer @] to branched
catalyst productivity and higher ngrmal tg branched product ratios. No.
PW@:%’G¥5?<T§%§- 0 BV S SO FREHESRI B m@lﬁf%%%g%}ﬁemm%& whi

kiieetiaalyseririe d ineticoaadiralhidh hisad highbigbasieaeiter [aiasre
is more preferable than present-day mass transfer methods g)f grocess

Prdable abHaK M FRNSFCRsth et RS SATHSS sravriResusly, the

pFesHis o Alikanedainniien adiRd veLr QlelN alkaneatzalay Rathrégad®slefin
_increasing the efficient use of olefin reactant. Finallg, the process of this

ISpRIEHABHOBr AAdeS A RsHISHeRSI el SRR Ty ldiadgagtant. Finally, the
pRIGRSSPAlYPABAENE HerndedRRRtbaabIaRea AR 5t BgnRKdRpartial

pressures within the inverse order region of the rate curve and providesa
orgIRBRlYBhsRbIE digardid Rt R OLARI AeRetids Bapbielprgsares within
tHE VSRR d?d@r’l@ﬁ%r@@ﬂ%@%é for-wiahi Wﬁe?%@ﬁ@fﬁb@Y@%%Er%&%ﬁon within

comprising: a reactor comprising a means for feeding one or more
this48886ts; a means for feeding a synthesis gas; optionally, a means for

feeding a segoRdaReSYSEE, PhEARAUBRNOX iR (@m&%@&sﬁﬁﬂg a

a catalyst solution; a means for venting reaction and inert gases; a means
hygreieaaytainmRiacsss fORALIALE means for measuring total gas pressure;

a ?%tﬁﬂ@@%ﬁm{g a means for feeding one or more reactants; a means for feeding a

ch is

synthesis gas; optionally, a means for feeding a secondary source of carbon monoxide; a
means for feeding a catalyst solution; a means for venting reaction and inert gases; a means
for withdrawing a reaction fluid; a means for measuring total gas pressure; and a means for
measuring vent flow rate of reaction and inert gases; and wherein the apparatus further

comprises at least one of the following design schemes selected from:
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measuring vent flow rate of reaction and inert gases; and wherein the
apparatus further comprises at least one of the following design schemes

W@aeted28om: 7 WO 2006/020287 PCTIUS2005/025571 DeBighWS2(MIpas571

means for determining a pressure differential between a target total gas

pressure and the measured total gas pressure; 5 (a2) a means for

generating a[)%é%ngl orresponding to the pressure differential; (a3) a

means for recel\ﬁng he signal from (a2) and for determining and sending

an output sigabl somears potatechmifling satechsydiffesistgddbemabiar a target total gas
secondary source of C%r%on monoxide 19 adsjust the measured total

pressure to Wsst%uéetglrlge ?o%?aﬁ%essu?ea; é%d%%sssfgl;rﬁ’B: (b1) a means for
determining @¥eatiflemis ébde ghfferantph bemed eorsespogdingeotlilopreatere

and the mea:%%&lfed vent flow rate; (b2) a means for generating a signal

correspondi 8r?ﬁga\¥9nt flow rate 15 differential; (b3) a means for

receiving thez3y aahémmnfi 23 civirigigeiarminingna@ad) seddindaaroiipy and
signal to manipylate the flow rate of synthesjs gas and/or _secondary.

source of catBHTRARGHIRS BBTLL IRERBLAL e SRWCAIS o2 he in ges andlor
target vent flasoiaiery2duican biteboatereixide dindnistittie appst@édsondyressure to
comprise all of design features (al) tlarough (a3) and (b1) through (b3).

Drawings Fié%ﬁéaigﬁ gf?i@gsé“éﬁai% graph of Hydroformylation Reaction

Rate versusesgighoB:Monoxide Partial Pressure for a hydroformylation of

an olefin with carbon 25 monoxide and hydro%en in the %resence of a

metal-organSpRIFPRESHiRE deRipHnnstagat tevy tals Sitigaripldeypspr target

of Total Reagtak HressateeaverdléSmeMbebiett@vw aRE Flow Rate at
constant vent flow rate for a hydroformylation reaction. This graph alsg

illustrates théPhleBEF LeTRNTERHARIATIARA RATHSRoRIRE SPifhs ryrab o rate
monoxide org$emsfeed flow rates in accordance with the invention. 30

Figure 3 illustrates a continuous hydroformylation reactor with olefin,
b3) a means for receiving the signal from (b2) and for determining and

sending an output signal to manipulate the flow rate of synthesis gas and/or
secondary source of carbon monoxide to adjust the measured vent flow rate
to the target vent flow rate.
In an alternative embodiment, the apparatus may comprise all of design features (al)
through (a3) and (b1) through (b3).
Drawings
Figure 1 illustrates a typical graph of Hydroformylation Reaction Rate versus
Carbon Monoxide Partial Pressure for a hydroformylation of an olefin with carbon
monoxide and hydrogen in the presence of a metal-organopolyphosphite complex catalyst.
Figure 2 illustrates a graph of Total Reactor Pressure versus Synthesis Gas
Feed Flow Rate at constant vent flow rate for a hydroformylation reaction. This graph also
illustrates the method of selecting minimum and maximum primary carbon monoxide or
syngas feed flow rates in accordance with the invention.
Figure 3 illustrates a continuous hydroformylation reactor with olefin,

syngas, and vent flow controls, the reactor configured for the process illustrated in Figure 2.
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syngas, and vent flow controls, the reactor configured for the process

illustrated in Figure 2. 8 WO 2006/020287 PCT/US2005/025571 Figure 4
WORMEARI284 continuous hydroformylation reactor with olefin aR@ T/&IN2MFH25571

controls, and in accordance with the invention, primary and secondary

syngas feed Fiiecbirsisates e saoninysdiadredarwd piesseretoripiffecefin and

VQJH%E%%M;H@P&&EK'X&U&@JHMaﬁﬂ{‘ﬂ%ﬁﬁ%ﬂﬁ‘oﬁ?ﬁﬁﬁﬁ%@%ﬁ&&qﬁdﬁl}‘gyngas feed

for a hydroformylation run in a reactor configured as in Figure 4. Figurée
fimwsipatee aigraphtetbagtalabreagigrassssrseis Run Time for a

hydroformylation, ;|8 /RACtOn GRRTGUICS S M NIBHES Redcl@i®Rte versus Run

illustrates a conventional contintous hydroformylation reactor with olefin

Tand Syrgasifebumiplatsontvol 5) anepfdercombavaeilespamigsesdrersus the
f i I I
reactor o 1%%81;%{ ? AR %&é?@yﬁ%ﬁéﬁ%ﬁw% LG YEI H9W for a

line. Figure rates a grap ylation Reaction Rate versus
hRweforimyéafomay dreforasidatontiiguréd asriedt@rednfigured as in Figure

7. Figure 9 iljustrates,a graph of Vent Elow,Rate versus Run.Time for a .

ooy o O AR Bt B R AR fgactorwit
oltilistratb syagpafshdofl by dfooisy latibiviReagimatiRe mimrsssyeBys tiesisactor of

Gas Feedn}:I W for a hydroformylation run.in_a.reactor configured as
e R e o Resction

Rate versus RgmeBnimfonady dropbrofiiibtionfounyhadoreRetotion Rate versus Run
re-canfigured as in E'i ure 4 in accordance with 20 the.invention. Figure
TEEGI |?8§ t%gyeﬁsr%?%r%% ag?rbrg}%lgf reacgor conﬁ’ ureg S 1M Imritél‘ff‘%o

o) ressures versus Run ora
hydroformyl&igaredhiliustireectogrplcohiigut ddozs Rate igenssiRian Time for a

agc%rdani: .with the inventtion. Figure 13 iJIul§trates7a continuous
h¥] I‘((j‘) Ofmr?’ aﬁl 11 TUIl 11 4 réac %C? TEUre aé N F1oure /.
ydrofonnylation reactor with otefiryan syrgas feed flow controls,

vent flow cofitiglrandl ithstralestitgtapprddsudetomacyatitarReactish Rigte versus
PSR et M o e B A
Ff@m@ Rydroformylation run in_a reactor configured as in Eigure 13. Figure

L orateo s 01 A A Pt YO BTG D12 Bote verms
Time for a hydroformylation run in a reactor re-configured as in Figure 4 in accordance with
the invention.

Figure 12 illustrates a graph of Partial Pressures versus Run Time for a
hydroformylation run in a reactor re-configured as in Figure 4 in accordance with the
invention.

Figure 13 illustrates a continuous hydroformylation reactor with olefin and
syngas feed flow controls, vent flow control, and control of total pressure in accordance
with the invention through a secondary carbon monoxide feed line.

Figure 14 illustrates a graph of Hydroformylation Reaction Rate versus Run
Time for a hydroformylation run in a reactor configured as in Figure 13.

Figure 15 illustrates a graph of Partial Pressures versus Run Time for a
hydroformylation run in a reactor configured as in Figure 13.

Figure 16 illustrates a continuous hydroformylation reactor with olefin,

carbon monoxide, and syngas feed flow controls, and for comparative purposes versus the
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Figure 16 illustrates a continuous hydrofonnylation reactor with olefin,
carbon monoxide, and syngas feed flow controls, and for comparative

WQep@ers7ersus the 9 WO 2006/020287 PCT/US2005/0255FC T e3n&y 35571

Figure 13, total pressure control through a vent line sensor and pressure
reasteradf Vagvee iy detall résasteatentto bitaphahf +-ahtdfomagtatio AR gaesiore control
vhale versus Run Time for a hydroformylation run in a reactor configured

as In Figure 16. 5 Figure 18 illustrates a graph of Partial Pressures versus

Run Time foFeggurydrbiinsiydttsongnaphio Hgdictioroytdigur Eobasiom Retereersus Run
TH U 9 HslAleS 2, saninuaus ivdroformulation geactos with olefin

and syngas feed ffow controls, and in accordance with'the invention, total

control of prddgure ! thiibugitatedagkaphesSbaetisd dutasards teaweRtdidmeador a

secandary synqgas feed flow control to .10 control regctor vent flow rate.
ST A 17 el i o I At Thction Rate versus

Carbon Monbigdee R ariibiskatssal e ficn the sicgded foyasd foion yrkadioo ofith olefin and

ro ne with carbon monoxide and hydrogen .in the. presence of
R S A s AR R P oS gpressure
tibasghip hankofritssurventitnor hetiweaitdindasdribeshiareiymer died fo& control to
nov and im{?ro%/ d hﬁ/?roformylation process, which provides for the
“Behe ﬁ%agfoépglrla ion i the negative or inverse order region of the
hydroformylatignresie dlirsteatwitla pespieof WydasinmmanaxRieictidiiRate versus
educing sudden changes, cycling, and other instability in process i
R R i D BRSPSt RS PR RO, PR g vich carbon
nieastide sahbadaipes iAtheppedans aspeptcitidhisnbvelaieipprovpkite ligand
invention resides in the use of carbon monoxide as a reaction quench gas
COMBE SRIARSH variable to maintain a predetermined target total pressure

Diatafled/beappadetef minaa-éarget vent flow rate from the hydroformylation
reactor, as described in detail hereinafter. 25 As illustration of the

problem to bESoRETHRARITER TS RFSeld RS £ DRRERRG drproved
hiierefaistetgRd3eactindR e waesus MBL RRIRS S0 tH ShESH R the negative or
Monoxide for a theoretical hydroformylation of an unsaturated olefinic

ISP LR Teaiom Bfdhe hrdigrormbuiP e sEcarHIArdRs gk Spiden monoxide,
winelakanempopauahasniits bydratormylatien satalysty iﬁgﬁd@:%@ﬁﬁ@ﬂﬁfeters, such as
y

inverted U-shaPed curve is tyﬁ)ical of such processes and generall
reaction rate, total pressure, vent flow rate, and reaction temperature. An important aspect

of this novel and improved invention resides in the use of carbon monoxide as a reaction
quench gas and fluctuating variable to maintain a predetermined target total pressure in
and/or a predetermined target vent flow rate from the hydroformylation reactor, as described
in detail hereinafter.

As illustration of the problem to be solved, reference is made to Figure 1,
which plots Hydroformylation Reaction Rate versus Partial Pressure of Carbon Monoxide
for a theoretical hydroformylation of an unsaturated olefinic compound in the presence of
carbon monoxide and hydrogen and a metal-organopolyphosphite hydroformylation catalyst.
The essentially inverted U-shaped curve is typical of such processes and generally
encompasses two regions: (1) a positive order region wherein the hydroformylation reaction
rate increases with an increase in carbon monoxide partial pressure, and wherein the

hydroformylation reaction rate decreases with a decrease in carbon monoxide partial
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30 encompasses two regions: (1) a positive order region wherein the
hydroformylation reaction rate increases with an increase in carbon

WorgpeRde8partial pressure, and wherein the hydroformylatiorPfFABH2195/025571
rate decreases with a decrease in carbon monoxide partial 10 WO

PROTBYE20RBZ POFIIE2006/02681h phessitr dicnal(@anmdgacivecortien rate
dRgignWRsIen 'i'i&‘ér@é{s%rfﬁ%gfﬂ&?ﬂx%%ﬁ?d%t Mﬁtr%ré%ﬁ&{&_ ?ﬁ\é%@emhe

increase in carbon monoxide partial pressure, a eréin
hiygefonylacio repstiotioatedrsieasesasih avttreeaedrecarban vanwride partial
Xi ) ' re; Mor ifi gure 1 illustrates that .
e B L T B MRTE ARSI TR R s witn
indtensiogdFihgeatinlapiessirs; thet réireticarhate fatiexdfushaihpyanitiion rate falls off

shn r‘zf%\'fﬂg }%g)ré%%{gél(ﬂﬁegf#%? Ie@eu%g.a & gﬁ%e.cﬂ%%mepl?gﬁ%\é%gﬁivet negative
negative slope occurs as the reaction rate transitions from positive order
slopeegativeasitieverst @rdae racsitihos frionerideyésrdeatdol prgativeslyjtherse order

. hydroformylation process is beneficiall erated in the negative order . .
S e e S e e SR

offmateghifiche atigativt inkibitingi e dfghésloninefphodpliaiustdgproewdss. the catalyst is

Althqugh operation in.the negative order region of the hydrofqrmylation
B o S A PR P e BAP R SR s

region of the Adfisoaghvepdsatonsidtiahbgatiosatlitficeliiandietetiafinahylation rate
to an extent that %bte jon of reaction rates in the negative order region of

CHR RV SREHB FEIHE hopORFEAE BURIBUFE (ILTepnfs the rate curve
idiiesiidaisiptaioreldiffivstyatel fhetliffictitid sty ateeenee famsdentoligtifection rates
.2, which graphs Total Pchrets ure versus Syré}ﬁhesis.G s Feed Flow Rate at

p )
L e SRR LR DA RS TOY e AR BT SRR RS YRR AL GRS of Figure 1
apodidiianstd-tbitai. nTel el ratitud 184 diffietdRyienedieackiiowad@4oigutd G; which

total gonstant vent flow rate, 32.67 standard liters per hour (SLH)). The
BB IS Ghe ARy LT AASIA G Tt LS B SR ey e for
t}i&ﬁy@ikﬁﬁmlamﬂw@wpﬁf derfllﬁq%@a‘t@la?&aﬁ@ﬂssﬁmmaﬂgl@trlﬁégpsimal;

448 kPa) at a syngas feed flow rate of 215.77 SLH. Just barely beyond
Pfﬂm%}w?fggfsfé%avﬂgw &tority @z@@écgﬁﬁﬁfwe¢%%?wr@§§&%-ﬁn%§s§dard liters per
hetasatigny BRGds AIaReHanaRaie, Aere3 R PRith(2eRbuld ol hb6ut 219 psig

shar%}igncrease in reaction pressure indicates a sharp decrease in reaction

(2l khe) atesangss dred dlaveiabostSrafohitis b amgiayarsddin) at a syngas

fRARMPIEESHIres And PoESIE 2 AIBHR A RERASTHRERIARonly 220.60
temperature. The loss of reaction stability occurs at the syngas feed flow

Skt Hieriaiad prseess wapt Rt raly RefCEwsRRAItirerip b thaystivd Gpgie (2551
MP£ArIeB ManoddesuahdetnasRigsricd Aeteinabeyadinsitata s tion rate and

need to control process

attendant sharp increases in carbon monoxide and hydrogen partial pressures and possibly
also a sharp decrease in reaction temperature. The loss of reaction stability occurs at the
syngas feed flow at which the process has transitioned from positive order to negative order
in carbon monoxide.

Such data as presented hereinabove illustrate the need to control process
parameters, such as total pressure, temperature, vent flow rate, and reaction rate, when
operating in the region of the rate curve that is negative order in carbon monoxide. The

problem outlined hereinabove can be simply and inexpensively solved by application of the

invention described herein.
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parameters, such as total pressure, temperature, vent flow rate, and
reaction rate, when 30 operating in the region of the rate curve that is

Wgth28287der in carbon monoxide. The problem outlined he RGTAHERAE5/025571

can be simply and inexpensively solved by application of the invention
described hdreimelaspsd Hi981020287PRE Tk $006/0258T irprsrved

hg&%?&hnt?ﬁd@é(%%i@é&ﬁé?ﬂ 85’1@&&9&%{%%@%%B%Q‘f@%&%% 058{%%%&1@, and

rocess comprising reacting on€ or more reactants, carbon monoxide,
hpdd ghy dnatye miiesenecpré s dydeotfraplatiafoaiajyatitnpeadaiyst tegetoniupmduct fluid
cé?n"i‘%'s‘%ﬂgoéﬁg uetliyid comprising.one s%ﬁc[;‘%‘%@%e‘s’éo}g #8%?@"&’!%@%‘% éaﬁ? monoxide
process‘s conducted at a'cafbon monoxi partial pressure such that
preadtioessate ivctetisd scastivarban imueascities partioh pressxide gatiagsessure

and the regc&ion rate dec eases as carbon monoxide gag@l ressure.
decwases an N¢ reaction rate ?CﬁeaSGS as caroon m(‘t)l’lOXId é) 18, BI‘?SS&]}{C mcereases, and
Increases; and wherein the following process steps arfe conducted to

witabilizihe dalitionn@mteo totalspresster eondeotetlaw statéli e myaetiminrateotaal pressure,
corrt]f)inati n thereof, the f;)roces stegs (o r at least one of the.

G R LA LS A i PR PR S apprising at least

M owing process con

onstEisHisifpaviaggebtetslqiessitdicag) siteridfydie total pressure, and
deter[g(ig}in tr%% difference between the detected total pressure and the
targe g sure; and (a3) based on the pressure difference measured
in stepa(a25tabHshpngdatingeatieea pbsiiom, of a gas comprising carbon

monoxide o adjust the detected total pressure essentiglly to the target
ot (LA i A T Bty B G BTG e DD B e the
(b2) desretinpting yensiauiatheanteatesnpiringiihemifference between

the 20 detected vent flow rate gnd the target flow rate; and (b3) based on
the v ﬁm%%@aﬁ?mwﬁf&a%{ﬁw RAIFLHS) SR SRy stng a feed

flow rgienobpagcabpRibsisiacabim menexide tiapivstihactaleatedy péssure

flow rate essentially to the target vent flow rate. In an alternative aspect of
this iIfkASHRBHpI0 Eas LuehoeliPRiSHEh 34%) and 25 process steps (bl)
throughb3ar @e all be implemented to adjust the detected total pressure
essentially to the target total pressure and to adjust the detected vent flow

rate e¥aRTARIRY IR targel R Eisi e

(b2) detecting the vent flow rate, and determining the difference between the
detected vent flow rate and the target flow rate; and

(b3) based on the vent flow rate difference measured in step (b2), manipulating a
feed flow rate of gas comprising carbon monoxide to adjust the detected vent flow
rate essentially to the target vent flow rate.

In an alternative aspect of this invention, process steps (al) through (a3) and
process steps (bl) through (b3) are all be implemented to adjust the detected total pressure
essentially to the target total pressure and to adjust the detected vent flow rate essentially to
the target vent flow rate.

The term “total pressure” shall be taken to mean the total gas phase pressure
of the process comprising the sum of the partial pressures of carbon monoxide, hydrogen,
olefin, reaction products, and any inert gases, by-products, and gas phase impurities.

In a preferred embodiment, this invention provides for a novel and improved

hydroformylation process comprising reacting one or more olefinic unsaturated compounds
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The term "total pressure” shall be taken to mean the total gas phase
pressure of the process comprising the sum of the partial pressures of
We2shemnzshoxide, hydrogen, 30 olefin, reaction products, anBE@IySaEF/025571
gases, by-products, and gas phase impurities. In a preferred embodiment,
witiscanbentioonorGdiasifhy drogeveinahd imepeoved! hyorelornggiatithosploomsdigand

comprising, reacti ne ore olefinic unsaturated compounds, 12 WO
o S e e RS TR deion product
flm drepreseng orsf @ metealabigayisphebpteorssilidando Lomypleioogiadysss is
Shshoptionally fres ordanaphosphors igand ig Braduee 81CB0UAN ases as carbon

product fluid’ comprising one‘or more aldehydes, wherein sal
ndoyaeatir payliti gegssocedscisasernahdctiee radeticafatndewreamerdas partiah monoxide

pressure sugrilntcf}ggsréesacti n at_ee in [eases as catrbon 5 mo oxiditpaigtial he carh
P pres e e RS A the TS ST P GAR P S R ER AP BhioR &he carbon
npakiidlpiessidt @iacieasesisodubidie retod daltaw)notstepsane cond dicted-ate,

to float the carbon monox'(L)g.e artial pressure so as to stabilize reactio
R B RSO RO HRE P oS ARSEr S SRR Abdr: o of
tHb éstolyvihe poeesssosiiepiSschenpisicigaddedahone of the following

procetgts control schemes selected from: 10 Scheme A: (al) establishing a

targetYEMSrEssure; (a2) detecting the total pressure, and determining

the diffarenesblishivgentihestdetgigtesisaigl pressure and the target total

pressure; and (a3) based on the pressure difference measured in step
(a2 FEANSUTEAG SAStH PAOHeof e TG E B E By e
adjustthecgatestaghieialprassie tesseitialhréestie; target total pressure;

and Scheme B: (bl) establishing a target vent flow rate; (b2) detecting the
vent fl@W REREIHT Péﬁﬁwﬁ%g%%eaﬁm%%m@ﬁ &) PR a feed

vent flowyrafeaneb s argei#evh it @hdnasere Qi ihitewapid iessure

rate difference measured in step (b2), manipulating a feed flow rate of
gas cEHpiaHy iR ABRU S M Adhe detected vent flow rate
essentialbyie the target vent flow rate. In another aspect of the preferred
embodiment, process steps (al) through 25 (a3) and process steps (bl)

throudhl)rsyabieshing e tArBré it ierdaieust the detected total pressure
essentialyiie-thia Jarasidatalonreselie AncdpadiHs ithegrirgiedneent dowe

rate
detected vent flow rate and the target flow rate; and

(b3) based on the vent flow rate difference measured in step (b2), manipulating a
feed flow rate of gas comprising carbon monoxide to adjust the detected vent flow
rate essentially to the target vent flow rate.

In another aspect of the preferred embodiment, process steps (al) through
(a3) and process steps (bl) through (b3) are all be implemented to adjust the detected total
pressure essentially to the target total pressure and to adjust the detected vent flow rate
essentially to the target vent flow rate.

In a more preferred embodiment, this invention provides for a novel and
improved hydroformylation process comprising reacting in a reaction zone one or more
olefinic unsaturated compounds with carbon monoxide and hydrogen in the presence of a
metal-organopolyphosphite ligand complex catalyst and optionally a free

organopolyphosphite ligand to produce a reaction product fluid comprising one or more
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essentially to the target vent flow rate. In a more preferred embodiment,

this invention provides for a novel and improved hydroformylation process
WQampfiziRg reacting in a reaction zone one or more 30 olefinRCT/US2005/025571

unsaturated compounds with carbon monoxide and hydrogen in the

alidselescandl acpaetihg igan tpstypteasphitei igandechmptexoc atalgstldelgydes from the
optionally a free.organopolyphosphite ligand to uce.a reagtion product

St T e A S R

ogldebyyseshespdise figratinthenapleashene coepaisiign conadtizeahe ydroformylation
more aldehydes from the metal-organopol sphite ligand complex

PSSt AAR T B B8 ) L SH R RIS A o dnereases as carbon

mitijicide panhtpraprisinds ceands atidghi eclytibn iatengdatiane pas cadsoatmonoxide

carbon monoxide partial gressure suc at reaction rate increases
DR S BB AT Britet e do A0 SIORAE FomaHeTado.foatthe carbon
niReEds R IcRdeIrEnoNBXis stapiitia kgraisuretdn eseA$esssars] Ve fowy rate,

the following steps are cont):tucted t%floa the carbon monoxide partial

TR RS LS < PO PR PSFEC R BRRSES eR FTBHSFagent least one of

tHe aslionitpppesass onabBschenin sdiebrtaerenl. the process steps
comprising at |east one of the following process control schemes selected

from: 1e A: (al) establishing a target total pressure; (a2) detecting

the total peessiigiang deter piningdaadifference between the detected
total pressure and the target total pressure; and (a3) based on the

press(ft®) differtngdhn tofel peessHsidn tadyterainipatnfderser siyvees dhe

gas crigrisingeRheninonaxias ta-adikshthe-cetectat total pressure
essentially to the target total pressure; and Scheme B: ((b 1) establishing

a targ@VeRss bR REPIES fAtdERg th e cRT ad i riFR, (3R MatdPHiRtiRg 2 feed flow
the diffe ?Q%lﬁﬁ%ﬁ@b&?&@ﬁl@ﬁ&ﬂ@%wg}ﬁﬂ%é R aad el BrastiloNsentially

rate; and (b3) based on the vent flow rate difference measured in step
(b2), AedhmpifkashiPil sy e of gas comprising carbon monoxide to
adjusigthrdetacted vent flow rate essentially to the target vent flow rate.
In this more preferred embodiment, as an alternative, process steps (al)

25 thrdUgisabligiagr seess webaqmyatiough (b3) maybe implemented
to adj %ﬁj)t'a‘étgﬁfﬁg‘ﬁ@ vent flow rate, and determining the difference between the

detected vent flow rate and the target flow rate; and

(b3) based on the vent flow rate difference measured in step (b2), manipulating a
feed flow rate of gas comprising carbon monoxide to adjust the detected vent flow
rate essentially to the target vent flow rate.

In this more preferred embodiment, as an alternative, process steps (al)
through (a3) and process steps (b1) through (b3) may be implemented to adjust the detected
total pressure essentially to the target total pressure and to adjust the detected vent flow rate
essentially to the target vent flow rate.

In another aspect, this invention is a novel apparatus for stabilizing a
hydroformylation process comprising:

a reactor comprising a means for feeding one or more reactants; a means for feeding a
synthesis gas; optionally, a means for feeding a secondary source of carbon monoxide; a

means for feeding a catalyst solution; a means for venting reaction and inert gases; a means
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total pressure essentially to the target total pressure and to adjust the
detected vent flow rate essentially to the target vent flow rate. In another

WQ2ped24P88 invention is a novel apparatus for stabilizing a  PCT/US2005/025571

hydroformylation process comprising: 30 a reactor comprising a means for
ffewdihdronngemertivedbiahts nzeane dnsnionsesdgigtal syntitessisrgaand a means for

m%%‘ﬁ’rﬁ‘f‘i"'%eatfﬂe%”r%t‘é%g?eé’é{i‘gr.laaﬁg?&é‘r%’rgaFl)ée%O r&%&%%&ﬁ%%&ﬁé’rn%ﬁjg%‘%‘ng at
means Tor feeding a catalyst solution; a rfieans Tor venting reaction an
leim b igasEicalvhoansglde M0 RDEBIS2RRRTeR GdthiS2005/025571 for
withdrawing A rgagtjgn fluid; a means for measuring total gas pressure;
and a means ﬁ)rgmeasuring vent flow rate of reaction and inert gases; the
apparatus futhee corapsifindestricasipaprofdine fhlitereimigati bstgresch eérges total gas
selected from:; Desi‘agn A:S al‘)J a means {or determining a pressure
LT O?S €d tota.

differential bBEWEEN 3%%%8 a}]rgas pre%%su%egsnlﬁeme measured total

gas pressuréala2) msneafte fengeriapadisigrabigneisponkdapon diegpiestne:
pressure differential; (a3) a means for receiving the signal from (a2) and

for determinifig &id* ’sending an output signal to manipulate the flow

rate of synthesSis gasandreedangdy sotstéohoat)endfonaxiceniding and

adjust the measyred total pressure to the target total pressure; and .

Design B (o ATEARBP HeSAA G AR P RORP AN G 2 afness gas and/or
between a takgehdbbyvsitiEovr catd ek dhexideasudidsy e fiewstiade tfed)pressure to
a means for generating a signal corresponding to the vent flow rate

differential; (B%) & AL EHE BPTEUEAMRY the signal from (b2) and for
determining Brgigaamding an output signal to manipulate the flow rate of
synthesis gas and/or 20 secondary source of carbon mffgnoxide to adjust

the measuretPVeATHER et tRENR%R Y FBHI ARG P eralrhutRp target

embodimenty¢hefappasaiusdiny semprésevalliafdesigy features (al)
through (a3) and design features (bl) through (b3) hereinabove. One

skilled in thébt R UL dOr SFuEspiiig @ sigBrlredessRbng & trstshidlow rate
engineering fpfrelegrption of

(b3) a means for receiving the signal from (b2) and for determining and
sending an output signal to manipulate the flow rate of synthesis gas and/or
secondary source of carbon monoxide to adjust the measured vent flow rate
to the target vent flow rate.

In an alternative embodiment, the apparatus may comprise all of design
features (al) through (a3) and design features (b1) through (b3) hereinabove. One skilled in
the art is directed to standard references on control systems engineering for description of
means for generating signals corresponding to differentials, means for receiving signals, and
means for determining and outputting signals to control process variables.

The process invention described hereinabove provides for process
stabilization including reduction or elimination of sudden, extreme changes in process
parameters and reduction and control over the cycling of reaction parameters, such as
hydroformylation reaction rate, total pressure, vent flow rate, reactor temperature, or a
combination thereof, during process operation in the sensitive inverse or negative order

region of the hydroformylation rate curve with respect to carbon monoxide. In one preferred
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25 means for generating signals corresponding to differentials, means for
receiving signals, and means for determining and outputting signals to

WQansdI2pr8tess variables. The process invention described h8tSiAdi300&025571

provides for process stabilization including reduction or elimination of
ehddiancmxiféhe iohanii@s inpeaseksapticamentnd and sieblilticmeasdieved,

control over the cycling of reaction parameters, such as 30 .
S RN G BRI 75 e oz arbon mononide-
coetapangtunlel gasstocombimatotiie tetf] chadngnpresess ope ratteptbferred
eﬁ%gai%{/ee{%,n}/e%rcsﬁeogrcggg Ie\{r?dosctgglrlitre%logcgget\rflgdh Perfél;o{lrféy%@%?r?s %F target total

curve with' respect to carbon monoxrde. In one preferré
p1R2OO64) 29268 TuREiR/hS PIOOEOR5H Alcasbolbadimexitiefcimminirgnfead, gas to maintain a

increas%%l react{'on ont 8{ and %abilitg are flt%hieved preferably a

by R

C r .
SR ISP el T Ry A ARV B I El ipon monoride

pariaigxieweantfivingpnlet dashdmiespiaise sotdigeddttalsraaiappressead/or vent
In another prefefred empodiment, reaction_control.and stability are
G R ) LB Ly oLl MO R B R R sreby
sttbiliziie thé aroaisagaianoxidéesanthaxinenie poges ivnramictaideviddogetor cycling
vent flow rate. Accardingly, the process of this invention allows cartﬁm dtotal
thersRbxriBCh HHRARETE ‘ﬁ?é%&% SR ABVH T} SLFYRUE S gas Tlows and tota
pitdsiiigtibe prockatalspiesktpe R o et ewpedeerepultingdiatng a liquid phase or

flyctuations in the hydroformylation reaction rate, thereby stabilizing the
b R SRS S B PSR SR G RBARLELET BERSHTG s GPseauently.

the)iéipente dieke dhstitge dbepsastiali dpaialiantie pidcass ihyesidRnse of prior art
manipulates gas flows and total pressure, the process is not impeded by
P8 response of manipulating a liquid phase or by the slow response

of detecting spedi{igrorTEOMRANERIcEY bakIESSeIRRIGRRSBE dSyihetHE or non-
response of the instant process is significantly more rapid than the

ATWERHEE ShsPisietredpaesss belng e sRRRBItn B Rs csulpgtagidn any

cARMBAHAN AP FhRE3NAHNRI A BIoROMM RS [ﬁ?&'li(?e e PoalRIEERIReRIPst liquid
being non-asymmetric; and may be conducted in any continuous or

andiRY; S I SUSHERYIOM reyal R RBFTRTER @S S isdnventisrhhessianSetstmy
" W&Waﬁﬂgfﬂfs%@&ﬁﬁﬁﬂ&%@iﬁcﬁﬂﬁrﬁﬁ%%ﬁg aipdnRaidsed AsfeRymmetric
etle

rm "hydroformylation” is contemplated to include all operable

hydsohommextriian dSRSERs BRI YOCRYYFEIBE SR AB MBS selgEytgher unsubstituted

oI RIV R HAPYEHIBG CNR RO IR RHRS UHHRRI ARy RAURR iR S fitifed or
compounds or a reaction mixture comprising one or more substituted or

upfbshEtad e BRI neeRPHBatRIcAlbidRha PreRs e eb A by Bpfprmylation catalyst,
o Ml formylatipR atal S vl Pog R MARR ERRS e d REUA SHRSHE @nprising one

aldehydes or a reaction mixture comprising one . .
or more substituted or unsubstituted aldehydes. Any hydroformylation catalyst known in the

art may be suitably employed in the process of this invention. Preferably, the
hydroformylation catalyst comprises a metal-organophosphorus ligand complex catalyst,
wherein the ligand comprises, for example, a triorganophosphite, an organopolyphosphite
ligand, or a combination thereof. More preferably, the hydroformylation catalyst comprises
a metal-organopolyphosphite ligand complex catalyst. Illustrative metal-
organopolyphosphite ligand complex catalyzed hydroformylation processes that are
applicable to the invention include, for example, those processes described in U.S. Pat.

Nos. 4,148,830, 4,593,127, 4,769,498; 4,717,775, 4,774,361, 4,885,401; 5,264,616,
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or more substituted or unsubstituted aldehydes. Any hydroformylation
catalyst known in the 25 art may be suitably employed in the process of

Waeremeeason. Preferably, the hydroformylation catalyst comB¢S&ER005/025571

metal-organophosphorus ligand complex catalyst, wherein the ligand

5EHh98eS, Yo, BX8niF64 2 Horpdrivioaphitbeatisolepmenafyplickphitincorporated
i binati . | h f lati .
hg%qg%g%f%r%%% 'R%HSH&H ?%e'%%%)%ﬁré?ﬁ%éﬁ #qgcegcg%%@?ggs? )e}gghcable 1o

catalysSt comprises a metai-dorganapoly ite ligan

tiustvatitienmetsic@erenprantbiociyp lnd shhiteligesmg derhplgresdtadyrednd described in
tl}heygrliqf%re?%gle:ﬁ)é‘rgégs%%gSé?és‘T}po%tgzrré%%%péﬁ%%%gléeyitﬁﬁggﬁ%\é%gégggglr%%ggfmylaﬁon

or example, those processes at:
PES8eE2F deFBthdd8) I B PAt7biod, #068631 ASBBEIA01; 5,284 38156516 0,990;

) LPCTI 025571 5,288,918: 5,360,938; 5,364,950;
e e P g S G U
desbeileicin, & Pratingly, 230y TIRf GLASA600 GIOEHHING, JOGLBTIALES03,830;

6?’87:? 'Ignti 6t9{)$7:r11¥8,né|1%ndg1 % %%geﬂ%p‘%%(g t%raq c%f tg?a%@ﬁgrsca%n%r reference.
ec ues t r

nig nown’and described In"the art. Preferred processes a
those involvihggeatah) stlicuiwtedexaldihyir biehvigatiphtioprnoesses, iagolve the

described | .S. Pat, Nos. 4,668,651 4,774,361; 5,102,505; 5,110,990;
Y N G A e T L
nprassigdsesdds diesat nethépkéSn&adf blattd 93ghndpid vl 3Qand complex

6,294,700:.6,303.829; 6,303,830; 6,307,109; and 6,%&3{7,11 : the .
oL 7 A B G BRSSO A O ABL AT B AHfeTVERE ﬂf&%ﬁg?éa}yst and ligand.

PrefolubBlaesiesgHoyProfanMylatian 150626548 InBIRAIE pidse. By "free
oS DBHO IO ERAS RIS BRI BH at = ot eomplexcd with

(tiveRl ©rBanePhInbaibeliganekeniplelexceatalst iT thiGuidmbasaihat. Generally,
m@{ also contajn an organic sQlvent for the catalyst and_ ligand.

ths RYdra iRy et R PERR S hBIEdf R ReVE s /S P Srtshr im e Refiign of the liquid

rddldase fRYd e didanRY basRROMME HaRRddéproaantidRvithdrawn from the
organophosphorus ligand that is not complexed with 15 (tied to or bound

hygyefrmdetiordrasiahipibichatay fshdoprsdastmernattaluealite plifpaction
z8ABSNYSH SXAFPIALIR BPTRAT eSO MFIHCR F (RGHEE MO, B eRSiIRldehyde

portion of the liquid reaction fluid containing the catalyst and aldehyde
PIIAE SERRTREFAA FrSAY R HrdrEIm SdwieissBrseithed ity art; and then a
niBEILERAE EERGHRIN Z ARRIAE F O IRNLERATRRATIRN 8RS tIANE XSHBINR, 2Bne as

series), either continuously or intermittently; and the aldehyde 20 product

digclessdrdts ¢ enaplectvEreditfeRitroh? 8 18h hlfa eluarligiidaartarezanes is

empbieanfsdnelaliialyele eNalnng e dHe SMamHhe SEPR5AIAAdNLy; while the
recycled to the reaction zone as disclosed, for example, in U.S. Pat. No.

caiad g SPIBtiom.LHPPRIMPBP R t10E byiiegss may be fed to each of the reaction zones.)

As used hereinafter, the term "reaction fluid" or “reaction product fluid” is contemplated to
include, but not limited to, a reaction mixture comprising: (a) a metal-ligand complex
catalyst, preferably, a metal-organophosphorus ligand complex catalyst, (b) aldehyde
product formed in the reaction, (c) optionally, free ligand, (d) optionally, unreacted reactants
including unreacted olefin, (¢) an organic solubilizing agent for said metal-ligand complex
catalyst and said optional free ligand, and (f) optionally, one or more inhibiting or poisoning
phosphorus byproducts formed by hydrolysis in the reaction fluid. It is to be understood that

the hydroformylation reaction fluid can and normally will contain minor amounts of
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employed in series, the reactant olefin may be fed to the first reaction
zone only; while the catalyst solution, carbon monoxide, and hydrogen

WOrRRYHBGRRT to each of the reaction zones.) 2s As used hereinBEE$A)5/025571

term "reaction fluid" or "reaction product fluid" is contemplated to include,
athditiootlimgedtots seachonhoixitie tompithirdictm) delibvetateigadded or formed in

SRS SRS PrStoratly, o el oL AR PO g COMBISX, e

catalys eﬁyde pro uct fofime C ép‘ﬁélngl
atidaydrdgiropaienasdiyd imséadtathedgoiahistsjnokldisganraadeyiadefirhofe) and/or
an organic solubiljzing.agent for said metal-li complex 30 catalyst. and .
A B bR PAE TR, SR PSR A BP ST RGO high
bpiiisgigeidatiddphier usnidy psadoc sy fetbedsbyshyelialy sithén tiretreacidrents or

hflirid. It is to qeﬁunder{stoolﬂﬁtha the hydroformylation reaction fluid can
A ERORATWAY o ALSHRANET-amounts of 17 WO 2006/020287

PCT/US200%02bkdd alnsicif iieaubigte thebisiopliesi s thahe diaiovemethat
deither heen @lléberaégy adde%or ormed in situ during the process, . . ..
BACHYRIAL B Grdn e AR g P RAR IR d R R e RIS FrfRRbSaee iy inhibiting or

pbidtge pHERpasHA T PrcRitie koISt REQEkctBoShICR A5 SaldL®S carrying out the
hh%édrocarbons, and/or unreacted isomerized olefins corresponding to the
24

RO THRARS ST 4D ATARSH AP S B R i din (faiopay ation reaction rate is of
2 RPAERSHAUV YR QIALELS, ASHHR hRHGHIRY, IRThEARIMEBERIN changes in or cycling

hg]/g’rocarbon additives, if employed. As stated above, the subject invention
(6)
|

redarHHetinadsaeio At doLL TS BHCo B9t TRST ARG RBRIRGESHOT ds
chadnshaEeM e SRR tstada0d HyHRBIEIRGh POIRORINGBAPSRNRANS can be

byproducts can be reversed or at least reduced by carrying out the 10

PEYSRISr ARt Sriprsddustinatingdhe sarhegisrnnide peinl BreToRRmgintain

cHpREHAR FatedISRll BroRUAlNG RTdRAIEIS ANERLIR eAtbebRIRNOXide; and
moreover, sudden changes in or cycling of hydroformylation reaction rate,

total pressureSFEHPRGN AR AP eIBRIp &rach ot DICH SIS PRYBH B YL BRROREL aspect
inggeiMR A dRVersareion e e action RIS SHEERRRISHIE VPR bly, a

and/or reduced by floating the carbon monoxide partial pressure to

readnitdRTEn isigveplavied deaballons fredsedi.stite arrrttan deing dofa spdlection. A
SRR ST RIGRIRR A1 2R RPSFANG TSR HERIR RESRSWE RARSHIHIES §ikh a reactor is

important aspect in this invention. In this regard, reactor design may

Peferebiicaermabivirsrdrpsien(hhasupslive shpitibmisiBydecthinansd dow control
(j s dy=siRiR0 Rﬁ&aﬁ'&” %Hfﬂﬁ @ﬁtaa %ﬂ? HA%AA ERRHBWAU IR B),, a total

recyclé hydroformylation design is shown in Figure 3. Such a reactor’is 20

pysestacatsiyser) (ip pavewitbizniimpaneritg pregidteobiim (2onothfineser A and an
ey ﬁk%“f&%l%&ih%%&@é&%ﬁ%&?ﬁ%‘é RER HRY SRR o8 { i SR R@D Hlne

vent flow control (5), a tota
typically terminates in the reactor with a sparger. Optionally, the reactor may include one or

more baffles (not shown in figure) that separate the inner chamber of the reactor into a
plurality of reaction zones. Typically, each baffle is attached to the inner wall of the reactor
and extends into the reactor perpendicular to the impeller shaft; and each baffle contains an
opening or hole of sufficient size for passage of the impeller shaft as well as reaction fluid
and gases. Typically, each chamber or zone in the reactor formed by such baffles contains
an impeller as well as a gas sparger for circulating and mixing the reaction fluid in that

chamber or zone.
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pressure sensor (6), an exit line for removing product solution from the

reactor (7), and an entry line for feeding recovered catalyst back to the
woa4068208%7 The syngas feed line typically terminates in the rE@&avdISRK/E25571

sparger. Optionally, the reactor may include one or 25 more baffles (not

shown in figlire)ithatrsgparaite tkesithe sabetmb et oh thperalettargatdadal pressure is

.plurality of reagction zones. Typicall ach baffle is at%ﬁ the.i r
SR ER A B R R S S AR P RS,
stimpeNeristyadt aodesaphrinatiiercortatiectnl, opdwingeer dpeteiof susdivientd olefinic

size for passage of impeller shaft as well as reaction fluid .and es.
C R e e b ALy T o Gy e,
preftding 3thetalimpetieplasplethad igadscepaige ctoalgitc olstimg By dxedzsiigand, a
e reaction fluid in that chamber.or zone. 18 WO 2006/020 .
SO BB SR OF S A A B FB1 o Bl rtio An
intipdrabigatefgel tatalsprdssistetintiis sisdadmathicateriencehim Higotefh feed rate,
using the apparatys_.configyred as.in Figure 3. Af.the start,.a variety o
PSR TG o e B R ARTENAY o CBUe o IR PGS G vent
fleanqe drshomheistister & alefinitectnp@ypidalls, aflecifiatiys soédiredatiith the
catalyst, 5 preferably, a metal-organophosphorus ligand complex catalyst,
CXSSRERA é%gﬁﬁiﬂ%wgaé%ﬂfgw@tﬁ%rﬁé%gﬁ'temperature, an olefin feed
rate, and a syngaefdRfcOtoBiguRty). tAnsinginl eyt gasviaadaiads, isnd after the
selected that is stoi hiometricallﬁy less than the olefin feed ra

te,
A R B NeS TR TR BTl R PR R IS A R A aRhPTes Tn the

ini@itd phaddif flavetalaHiion) sRecsantdinisalbn pedesiednliynicaliivtialt system is rate
variables are fixed, with the 10 exception of Synﬁﬁs feed flow rate and

liggjiael e dag subiiRic RRIRIHES YBTRsHees fend: sTeh@sdaorrsieed ey
indnGalier thed eagtionseashaaml YeatyeSiAR ABeHatiany ke teistipraspodtive

is detected and recorded. In the initial phase of this evaluation, excess

OTgiRITR RIERPR HRASEIACh RIS tRIA REFSTUFR ReeAdLy iRSHBESRS thare carbon
monBsStRichiPMetiesyabesinass feeskidihus: soigcbersfartian bpmylation

increases at fixed olefin feed rate (and because typically initially the

repshiciont RO EHES SR P RIERIBON ARSHBRIABY I A® B Faifpvbetsipsthe carbon
meadiy faHine3R0ReESEHERIMABRNAG ARGV IR GRPARR dYddialiada of the

satisfy the stoichiometry of the hydroformylation reaction. The total

rapessire ROkt neirice rsackaskithe otk Rcasrhelimbe srddenle augdgymatically
simenaXide fRtah PresaHE S PUFisR N I Mo arasFRIQTRe NRBaB & uenches, the

order region of the 20 rate curve. When that point is reached, the total

hyseafounsy i saedBentipbldareshiatil ngssirsacaieRiefdrranthsirange of total
pRIIEANALE AR MR QXSG RABHALIESSH S HRUEHY @YENERERPNGising positive

slope with increasing syngas feed flow and CO partial pressure).

Once a target total pressure is selected as described hereinabove, then in one
embodiment of the invention the actual pressure during the hydroformylation process is
intermittently or preferably continuously monitored using standard pressure detection
means, and the difference between the target total pressure and the actual total pressure is
calculated. Thereafter, reaction stability is achieved by adjusting the flow rate of a carbon
monoxide inlet gas either upward or downward to reset the measured pressure to the target
total pressure, preferably, while maintaining a target vent flow rate. (Determination of

target vent flow rate is described hereinafter.) Thus, if the actual pressure is high relative to
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hydroformylation rate. Desirable target total pressures are selected from
the range of total pressures measured in the negative order region of the

WQeRMWe(IP72, steeply rising positive slope with increasing syRgasueeds/025571

flow and CO partial pressure). 25 Once a target total pressure is selected
thestatgstritssauhereiriah owelitsem imsnEcienibudiekennytatienipstentherfitwe rate of

e durin ) . o . _
B o Tow elaive
tonteatmgelet thrudiffehicicantdivseerthecenigbitdeat hydssiomnatationgate, the flow
tual tat I Iculated, T r. reaction stability is
raggélﬁ:%/%% le%gg j§gt{|%g%t?1ﬁe%ﬁ%{/%agr§tges %)S;} §£§§§é€)ur? 30 monoxide inlet gas
either upward@aldoessurar soitekskt tivesmed hyrevypresstnecimt ipeesarge detection
total pressure, preferably, while maintaining a target vent flow rate. .
RS RO S RS S BRI R 5 i g it 0
thb ecactualoptsnat vslij dbcpdddtinalio e8It RAOOR0L28Fnt line exiting from the

PCTIUS2005/025571 th tar% t.pressure Wt'gct}i([ﬁpli S an insufficient
reac d)r. ‘le(f bon m{)nogﬁ €CO’ alﬁmgfgas n%a € 1 0(5%&3 rea(itor 111 any manner,
ydroformylation rate, the flow rate 6f°carbon monoxide-containing gas Is

salisfigpedthacénditioastied sheedaptiossis reisiione dalativegiimtthat &rgegative order in
c% %Srls:ﬁle{%%i#?ég%lﬁ %‘ﬁoa%g'l. g)?e%%%ﬁe 1Is€Jl %XI%%% ! ?SX %é%%é@yé%t%ﬁ%?ﬁg ng flow rate of

ow on monoxide-containing ga:
a prelssu fedactiideynmiasy ed, pydnylo nvahtangepressore eigtéotiorate. In one

eans, which. may be located in the syngas feed sougce, line just prigr to )
oA LR 1 B P B 215 TR LR o Spapests gas (4) s
vitiself i@ comidoresidicepexitng frpantihdatgaisirablegesartdcie obtained by setting a
monoxide-containing gas may,be fed ta the regctor in any manner,
R B S oS R RS I SRS S AN 30 S PEBTS P () and then
adjegadiyeheradelliprdshaartomaanexisessnd thiah toiaterassufeisof a carbon

maintained constant by adjusting the flow rate of a carbon .
11}%9?83%8988‘?’1?&%}%#65 , E?é rﬁ%&%ﬂﬁ%‘i‘%ﬂé’é‘ﬁ%BE&R%WW&XP%@OCCSS

cédndiiens madcis e t-eddhat e ritampiOMTiH) Reuietd, aetimafeeeinposition,
flow of Sénthesis, as (4) is varied to caontrol reactor pressure. Particularl

sypgar 4prd resmsiirolitaittls sl Laiginbastatintmiaty privitresiat reaction fluid,

rdRQTRRIHR I OTt@RIRgtGosution (taaldftedd)anad fpwkidXianddiencl more preferably,
adjusting the totala%ressure to the target pressure with a secondary feed of

sef ebsprsRtialbrennset 9diERting gas (9). In the aforementioned mode of

operation, OUiRE RARGESSHA) WIS PHRasP I JERFARY Caraxamisxide feed
olefin) feed rate, reactant feed compaosition, syngas feed composition

fipsnaevilisedecandsitiistatestavshhigurdvanae isfumatinpiabtsieddrom the data
ilfeqyaiiah salRish seluiiaNamRe iR ahd PR Ve flawEsisiaienB ik Esteeply

Ppreferably, 20 set at essentially constant values. .
rising positive slope of the curve. &or example, Fig. 2, Point 3) Thereafter, a minimum

primary carbon monoxide-containing gas flow rate is selected as about the minimum carbon
monoxide feed flow rate corresponding to the target total pressure (Fig. 2, Point 1, first
intersection of total pressure curve with flat-line target total pressure). Preferably, a higher
syngas or carbon monoxide feed flow rate is desirably employed to ensure that the system
does not stabilize in the positive order region of the rate curve. While operating with a
suitable minimum primary carbon monoxide flow rate where the total pressure is less than
the desired target pressure, a secondary, typically incremental, flow of a carbon monoxide-

containing gas (Fig. 4 (9)) is fed to the reactor to adjust the total pressure to the target value.

20



10

15

20

25

30

The latter method, wherein primary and secondary carbon monoxide feed
flows are utilized, can be illustrated with Figure 4 using information
W@RHBA280OmM the data illustrated in Figure 2. In this method P& TAV§ReGHAFS71
pressure is selected along the steeply rising positive slope of the curve.
Withr asiktioplef Bigbon Poim3)d frereafteroadainitershilos. gheriargl caebomne will move

eviy cg)\%(rleq(%f&(ﬂnt %&%ﬁ?ﬁﬂ éli’n%ea&i%%]&ftgsdsﬁ&@l?]gyﬁgﬁgﬂ.n'ﬁlallémhe minimum,
carbon monoxide feed flow rate corresponding to the target total pressure
thiFiep2ioReimets, firstegitarséstisnavfisiopsl whidsiraagatice witer|at darbammenoxide;
total pressure). Preferably. a highe ngas or carb ' .
SR RN SRS RARRRE PR L0 TR R vt
aghepesitivgorder ttegiepiohtHerety puniding s dpedatingjtivitre@dn control.
TRyLARIE minimum peimary. Cr"i‘sﬂ?&“c{“aﬁa’ Ide flow rate where the 11l al carbon
Pressure Is RELHTAN The Gedired arget pressure, a se ondgargi ?yplcé)ﬁly

mineseide itat dtalvodzeneibod shibxidhe contioningnghis (Rignér(QY)ikkufethted in

1o the, reactor to adjust t tal pressure to the target value. .20
RSBy e IS O b U B0 e o CARS T A e float up
afitbdoersecenidannfdeddiaihpidurtial plessay povilitieavehe vandowed patisure. As

the minjmum 20' tis i’h. ved, as shown in Fi%I re 2. Past.the mi?imum, a
ShRwnda i ent 81{%2 SR BTSRRI SRS E vbh‘i’é’tﬁ&’h"exéa Ve GrdEP s oW
ret@thonpridnakigic bhusener, thessannhhask eaibo o ftienesiderfow] p@ssure with the

seen in the design of Figure 4 (9), will act 5 as a quench agent in this
L g SAEREFSEY Broviding rapid and sensitive reaction control. Thus, as

carbon mon@xiderab Ko ppnties aasihacdastivovidtelsppaatysoadsttidtalbon
carbqQn monaoxide is a?ﬁded gqu nch %g)flb%tabilize the reaction. In thi? .
Nt A T A e‘i--ig P& 19 GO RS TE BHEF Sathgp monoxide
oPERSSUH endfR Xiab Gnsaihdous athesHap ) Ryassh dawpievidainiaiedhelary reaction
total pressure as close as possible, to the target total pressure. As 10

QUERS R3S e éS@Oﬁ]ﬁ ,(?ﬁ (erﬁégdllrﬁj%%r n%pgt,a L‘crﬁeﬁ]?on monoxide-containing

oABQRXIdE=CRRtIN MG GRS KW KialesRath PR sPRoeR ased @& lium, argon,
second intersection of the reactor total pressure with the target total

oS U0 Fe fEIA B Y IBREROGas SERTERE B THOVIOMIOS ARk e quarided for the

pREGARAR JREIYTIEARIINNTHEARIE Othete B8R Rl ofiidly) HobeRBdPnthesis gas as
stream of pure carbon monoxide 15 or carbon monoxide-containing gas,

{ Nno - ling .
thip FaRampIRIANIg Lot AN BRosAseA B dle LI B TR BRAIORF qeh ¥t qwpropriate

pﬁgggg%gh‘é%?s]:ig. 4 (9) or Fig. 13 (12).) Suitable carbon
monoxide-containinf% gases include carbon monoxide mixtures with

hydrogen, syhdhe akieseeriomsiurmbadimsntafiady iHdg sy @hsadkae s
B8Rl SERAIAIEIRS floucgnitelepRY ReRPyideriiay tiendimeRs:and source to

secondary flows, or in the case where the secondary flow uses synthesis
cepiEohiotal pressure at a predetermined target value. Thereactor vent flow may be kept

constant, but measured and controlled independently, for example, by an orifice meter
measuring the flow and a control means, that is, valve, controlling the flow rate through the
vent orifice meter. The term “valve” shall refer to any one of numerous devices by which
the flow of a gas may be started, stopped, or regulated, typically, by a movable part that
opens, shuts, or partially obstructs one or more ports or passageways, including, but not
limited to, globe, gate, needle, plug (cock), butterfly, poppet, and spool valves.

When operating the process as disclosed herein, to the extent that the ratio of

hydrogen to carbon monoxide being fed is different from the stoichiometry of
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20 the carbon monoxide-containing gas, a single flow meter may be used
with appropriate process controls. In the aforementioned embodiment, an
W apashzepimount of carbon monoxide-containing gas is fed tBGR& $Re5025571
from a secondary carbon monoxide source to control total pressure at a
hpdeeforarmiation. tad by maidect Phefirehydorarsatifloyihn aydossigaptapd the byproduct gas

sﬁé’#lﬁt%‘g'Ryéﬁ‘é&%?ﬁéﬁ%‘%gi@ﬁfioﬁcﬁ?&t%%gggéi rﬁfeﬁﬁ%@%ef%%??@f@e' 128 total
orifice meter measuring the flow and a control means, that is, valve,
pomesoilinsstine, iownratesinmpiigttithmeof/attotifipeonestareshadovi beategtted to

|} refer ne.of numer devices hy which_the flow of a gas., .
R MRl O B et e
irgyhedisgshetis, patiizilyiobsieoitragen or nibeeipertswgpsssageerdys) the olefin

08 Iggﬂ%bbu%pa% ‘grq I o%eeg/@tﬁdcgls%b% agtewﬁge%ésglynq QJCrotcl:cl:(% 'a sl“gtecaréuto be
poppéet, and spool valves. When operating the process as disclose
vhgirein, to the extent that the ratio of hydrogen to carbon monoxide being

fed is different from the stoichigmetry of 21.WO 2006/020287 . o1
PCTIU SZOO;% Ao Jictert ‘embodiment o gl g}gﬁlﬁaon, reaction stability

‘i%é%ja_nﬂy ratoimylation an&n%yproduc
cinydeogemaiiled, ihenexnaess gas fod the byPirnd ¥t hasickhoudthbediariedthe flow

t intain process productivity. Otherwise, at a predeterm; otal .
AR E SR BRI By e SO o FrALCrasefo adiust
theerelevotedrinflowdesinechatilgssvarisitakl eaty prefsrebly. Whidestmailatining the target
manner, impyyrities in sypthesis gas 5 including methane, c rboH]dioxide,
ol BRI BT oM ETHEFE B SARL LS HEHIT G GROORalg g s Tiuent stréam from
tiRcRaBoiate andl (DWW rapeasss o vetiviyw @S ehimplkitiaiedselasedfnerts,

be vented. Thus, in another preferred emhodiment of this invention,

SYgh 4 N ST LA Bl RS b PRSBIACS P U RO S
ofti6ha8), emhadinsentdihe diavehichiatyabicadpnnenexyde-egnidigisgployed for

gas fed to the reactor (Fig. 19 (14)) is used to adjust the reactor vent flow

apatests of thrgerl SHenbl FatRirare JRFWhnL AR R EartivgrR Al gemayt pxcess
hpiesset and asgRiHeRhiaval atedsdaienBinge kit nenitesinaitdaRfluenid,

stream from the reactor (Fig 19 (11)), and choosing a vent flow rate that

TSERRIRIPE O SrYSe BrfmamS oL iRRIAE ISy el aR SR AR IRt QrasnfREmed by
hiidRyRIFAR IR ReRf SERRIAN I Slithanto 40 RESN kY, SINIRSoSEANHAM catalyst

as chromatography techniques may be suitably employed for analysis of

seHEigant restieTK TriFTtighrtdhgadle mipR HeRRBHRiRsBIFRE at the cost of

re@ﬁf&%&ﬁx%&’s@gﬁﬁﬁﬁgﬁmﬁ%ﬁbﬂﬁﬁ@& RHBIReNRhEE siBdhatdaeYBYent flow
being introduced, recognizing of course that some of the inerts, such as

r@g@p@f@@tqﬁ/@p@é hp barastivai ﬂgw rate, then the carbon monoxide-containing feed gas

is varied to adjust the measured vent flow rate back to the target vent rate. In practice, an
increasing vent flow rate above the target vent flow rate results in a decrease in carbon-
monoxide-containing feed gas rate, and a decrease in vent flow rate below the target vent
rate results in an increase in carbon monoxide-containing feed gas rate. In this preferred
embodiment, more preferably, other process conditions, such as the reactant (for example,
olefin) feed rate, reactant feed composition, syngas feed composition, liquid level, rate of
agitation, rate of withdrawal of reaction fluid, rate of recycle of catalyst solution,
temperature and the total pressure are set at essentially constant values.

Both the first and second preferred embodiments of this invention have

several aspects in common. A minimum carbon monoxide-containing feed gas flow is
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hydrogenation of olefin or inerts fed with an olefin, may also exit dissolved
in the catalyst 20 solution. Target vent rates higher than the minimum are

W R9IRMZsible, but at the cost of reduced process efficienBCTUS2005/025571

accordance with the invention, as the measured vent flow rate fluctuates
typaraAln eaaigiiedarntfbaprmathesthbe manssidaeessrad spRg DRy fiesenined

ofdsisniapedinaduskine:Baagy Eﬁgﬁ}ﬁe&ﬁ'&\m e hackdn il %%’Eﬁ@lstié’ s Feed

rate. In practice, an increasing vent flow rate above the target vent flow

Fiave R@Mﬁgn%-q@bm@@ esaH Epszmﬂoﬁcmdéh@dmatﬁmgmé@@‘gamdmntrol 2)
A AAEGER3S I yen fowmiats balowhs dataet veot tg?g%t&?aﬂﬁge@re trolled

Increase In carbon monoxide-containing feed gas rate. Inthis pre

veainabtssim aivto et Prakan(9r egusratroise &y canuitlonsakigshass tymdcally provided,

[RAGIaRL OREX LR R \ElBbE % ‘ 9 i

Osyngas %eed com pos(ait%%, %IJQUI% I?é%lg%%%fre %ﬁ{%%ﬁlgg?gﬁ? %g%iaw%g}gwngfans on the

resctenveinnifigi(l raasiphlaeyolarpbbaialidtesohitichiffeGieeimévatendharivo

Stal 'éess%{% A &rﬁtc%fs%'g%{f‘% Al gonstant valugs, Both g st ahe second
second preferred embodiments is Invention have saverdl aspecfs in

degpmiionyénnilnimiate tarsesumedn diitler cocrtsiring e echgasaiivtedsi22n appropriate

Si\/\{%%OOfgéOZQ ‘[208’515 ga-ll:bldl)JnS r%%%%{;?&? ga?e%l l}Xg IC%%’E %%?ﬁr%l l%ccj:ol'hsdn %aern monoxide
|§rlma carbon monoxide source and using ’p?e etermine oper tiona

Iqedrametorsdjakethdramalthegrnaphoothe tdggd? pesstine versusljiSyntineseGhsy rate to
Feed Flow Rate (Fig. 2). The total pressure (control 1) and the reactor.
A ool 5 RA A B BOtA R A Bomaical
ppssitieteorttined gat gpetstatuend 2arget rele d ovwariablih)n Thealedptr tinmbiadoss.

(or equivalents; for example, valves).are typically provided, one megans.on
the secondal) ARSI GRS SO AL YR RE: AFREHE b [0t and
savoilierefacsdrevetridine 48 araripnlsited vahaies) pidisureainddiiterenter vent flow
etween the two e diments is that in the first design the total gressure
O AR h RSl S 0 TG GHE Mty P Aes i wo
coneasuieshHithenaedsesementiialsans oites sdasan alpcaibbatendfoxide-
signaling means to the carbon monoxide feed line, preferably, a )
CRAHER AT oA SRR ARSI AT b BEAr ULipa s eriables).
Ttay gppRiasadle anibincfusictRareaihfloweratmimithd tangphvenidtewigatting means

Preferably, the adjustments are made as close as practically possible to .
e %ﬁéﬁ@ws#ﬁm AABCRRERTY G teBaReT RIS e ine, and

rdicothisdimeienae wmiasinenbel tisiovension repepeifbadish affst the vent

15 second preferred embodiments are combined. The total pressure and

flgye 1ts dedihe drrerbYF YO Yo €ntrolled variables) are both controlled at
predeterminepiiaiars U6 FoHBNEHYOPCRBIEAL MARRBIENH ISpMANAS 8F continuous

equivalents), one means aon the carbon monoxide-
stirred tank reactors connected in series, the vent flow rate and/or reactor pressure from one
or more of the reactors in series can be used to estimate the total vent flow rate and/or
pressure over the plurality of reactors in series, and the measurement(s) can then be
transmitted to a carbon monoxide-containing gas (for example, syngas) entry line at the first
reactor or any other reactor or combination of reactors to adjust the total pressure and/or
vent flow rate over the entire series of reactors to the target total pressure or target vent flow
rate, or combination thereof.

As another option, a portion of the total vent gases from the reactor, with or

without further separation or purification, may be recycled as feed to the reactor.
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containing feed gas and another means on the reactor vent line (2
manipulated variables). The appropriately combined measurements are

War2i9ordaet via appropriate signaling means 20 to the carbonRA@A&¢S/025571

feed line, preferably, a secondary carbon monoxide feed line, and reactor

vent flow lin&texgutitistithetotat prethedrefthithimvangenphedsyde fommhydation process

adjust the vent flow.rate to the farget.vent flow rate. Qg ﬁ]@e .
oo SR e, S ErtelBe e IONELE (BB or inverse order
refaok of dctansecomiectet mspecias, dhdaentdiowidatevhad bigidactesirable normal to

ressuyre fr one 25 or.more of the. reactors in,series can,be u e%
B R LA LR S5 e RIS e oY e hore
otheawiees untiatie prevedtttimcmeasgupemesst (Sntah lihehcdor atchaHangedNMeeover, it is

car. monoxide-containin s (for example, syngas) entry line at tlpe
PO QT Sty BT PRSP OF EOh DO A SHaeh carbon
mtgiekikepstiisl prdsorevenhdlawarteondartiptoanifiths esteswfveeabtefisrdbly, carbon

the target tatal pressure or target yent flow 30 rate, or compination,.
RO PR SR PR B G o U LR i fefiion rate at the
mERAEah witRitlinvgithetéutibethsepatation (pqaitification, mtaynheceeyfdedly, at or
as feed to the reactor. 23 WO ,2006/020287 PCTILUS2005/025571.
Wi keesapt Bﬁt P RRE OGP SRRSO s?{s%gﬁi’?eff&hﬂwaﬁﬁﬁl 10 percent of

theessesaibhessnpletoexiradyelplenst afieeivatytaivnakactiont e versus
negative or inverse order region of the rate curve with respect to carbon
A RORIRRIXIlfRE R s WU ST rable normal to branched aldehyde isomer

ratios and liggme/satabyskstafilithas aribanesdatni proesss dailigiovisdllustrative
until the present discmgg, process control has been a challenge.
y

mgipkdigoad sPrpiaaly HY FreiaeBlemdh oo T dakan BrRfs atifus

invbAHSLI 98 WEIPREBIERAIDRA tReaNR¥jsiepatiak Press W ihthetiRvaisad include
order region of the rate curve, Preferably, carbon manoxide partia

|
thepeliselasedinthe $0R th areRtioRs ra S O RFF It [ 8SRaTBh Futh satphusts may

bENRPHHBIUTHHNR P A, RBI LAY b ikt BaKimaNy (Feakhl eactabIdiRoBifation,
preferably, at or io within 30 percent of the peak reaction rate, and most

typieativapiybatorRleonbers Hieandru ek e 8tR5ganRoyphosphite ligand. It is
bARIIREL A% ShRIRIRK HOTOIMTIHEHRR Z8ACHRIP IS (RTiSUBGRER N the active

monoxide partial pressure. With reference to suitable hydroformylation

spsrie SEieh also mairesiaimy dreea digestly bendsdio talemployable
in the hydrofprmylationpiecrst IO AR HLRARYPIAR AS NG AR BEIINERes include

for their preparation, are well known in the art and include those disclosed

GrieuneSadeve Hengshewleisdfioatrbedinms (R enbak (GabAridivan g, ruthenium
(RKU5%ron (Fe), nickel (Ni), palladium (Pd), platinum (Pt), osmium (Os) and mixtures

thereof, with the preferred metals being rhodium, cobalt, iridium and ruthenium, more
preferably rhodium, cobalt and ruthenium, and most preferably, thodium. Other permissible
metals include Group 6 metals selected from chromium (Cr), molybdenum (Mo), tungsten
(W) and mixtures thereof. Mixtures of metals from Groups 6, 8, 9 and 10 may also be used
in this invention.

Preferred organopolyphosphite ligands that make up the metal-
organopolyphosphite ligand complexes and free organopolyphosphite ligand include mono-,

di-, tri- and higher organopolyphosphites. Mixtures of such ligands may be employed if
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be preformed or formed in situ and consist essentially of metal in complex
combination, typically, with an organophosphorus ligand, preferably, an
Worgedeea87phosphite ligand. It is believed that carbon monoXid@/1$52086/025571
present and complexed with the metal in the active 2 0 species, which
dedgodnayheontdit-ongdrogetyghesthitb bigded conipéemnettly Tt pontfisslipend, and
et | ' ke %}% etal-ligand complexes include Group 8, 9
s acnd%%%tga e %éi#gd‘t e Sr it ?g?ﬁr&(Rh), cobalt (Co), iridium (Ir),
ruthenium (Rbg, teon (Fenpiéckels(Migd hetieidiand (B d)e platinsime@i a coordination
osmium, (Qs) a ixtures thereof, with th referre]-rfj metals pei .
S AR i ST PER S B AR BRI, or atoms iy
one balhardalatienicailygre nuostepudie ratalipnik.o dunex Onipds, (ter migsibieolyphosphite

.metals includ oup 6 metals selected from chromium (Cr), molybdenum
N AR S S Poreat LG Ab LB FITIST s Rtk AT b fing one
atgi Bibfearndidshanad/ s bel eeseohsinhiichi anestibicapabie € brming a coordinate

lyphasphite ligands th ke up t tal 30, . . .
B DR R R SRS Eh i v e
niigaln @ anbbucemoxide cdir atso Bo@rbighesiel ganphelyphddptitesciixtUiesultimate

of such.ligands may he employed if 24 WO 2006/020287 .
SO SR S A FHEEPURBAB ST BRB sy rample,
hedmgiaxcatedyissaneiofyimgetiganstdang oausemixiitiasaneiake tialgameaal.

r different, The term "complex! ag used herein and in the claims means a
R A O AT B P LR IR OF (RS b note Lty
sﬁ@ﬁﬂ@&@@ﬁ&@ﬂ,@ﬂﬂh i @9(’[@)9{@?};&@ Eﬁi‘@{@l@gﬂ)ﬁp@%’ém @blalﬁ‘:ﬁlll@i% the same
or. atoms. For.example, the organgpolyphosphite ligands employable
OhgHEfReH8BE4S ARSI HB%b‘i’%&%‘?éé’ﬁféF%%?& e 4% Ryl alkyl or
aBifitrbleterdcetghaseshpRirsy PRI o1, WOLhae essloceppbleaCH,,
forming a_coordinate covalent bond independent ossibly in concert

e G N DR RSt o AR lgA el fins and

HRSRTRR! RAISRIRHEX8ddththex@etal. The ultimate 10 composition of the
complex catalﬁst may also contain an additional ligand, for example,

hydrogen or &€ SRR RcosE AL Gt SPeLRIsRIisargH brown in

tHoeretals dbishiative @-Héii'{&f}ﬁhf%ﬁf?ii&%ql&@%i &&%?@ﬁnm{ﬁs,% thdir
Br, 1), alkyl, aryl, substituted aryl, acyl, CF3, C2F5, CN, (R)2PO and
MRPOIFES HYO R SrdiEbaichiRlsatiheletnte Vi diftss dielgrbly gharacterized by at

1&@@&&%@9&%?9%&%!%9 eéhrégmbl&@%@mﬂi@ nfAE bPmetal, for
aryl), acetate, acetylacetonate, SO4, PF4, PF6, NO2, NO3, CH30, CH2=

exspelkzhalizoHET neRecimonsicrrichat lesislinmecs phgpreferred
cﬂlﬁ%@'&%l@?&ﬁj il %@ﬁﬂ%ormylaﬁon reaction may be complexed with carbon

monoxide and hydrogen in addition to the organophosphorus ligand(s) in view of the carbon

monoxide and hydrogen gas employed by the hydroformylation reaction.

The preferred organopolyphosphites that may serve as the ligand of the
metal-organopolyphosphite ligand complex catalyst and/or free ligand of the
hydroformylation processes and reaction product fluids of this invention may be achiral
(optically inactive) or chiral (optically active) and are well known in the art. Achiral
organopolyphosphites are preferred. Representative organopolyphosphites contain two or

more tertiary (trivalent) phosphorus atoms and may include those having the formula:
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triolefins, tetrahydrofiiran, and the like. The number of available

coordination sites on such metals is well known in the art. Thus the
WQasaaR92jecies may comprise a complex catalyst mixture, irP€#I¥S2005/025571

monomeric, dimeric or higher nuclearity forms, which are preferably

characterized by at least one organophosphorus-containing molec(ie

complexed per one molecule of metal, for example, rhodium. For

instance, it is considered that the catalytic species of the preferred

catalyst emplayed in thg hydroformyjation|regsdion-nay be complexed

with carbon m n&}idéarh*hy '0 in addition to the~argan phorus

ligand(s) in vigw ofthe carbon 25 mjonoxi e%(;hyd/roggﬁ_géos ployed

by the hydrofo myIatiorOreaction. The preferr §2inopolyphogphites that

may serve as the ligand of the metal-%rg nopolyphosphite ligant complex

catalyst and/or free ligand of the hydrofonnylation processes and reaction

WHSERCKATRIS SRR SHREHHE TP aebsiiied noplruiRrsaatalrsgrepndical

ctaptinally peliverand andymaltdmovuadn thesate Aahd 8k dbferent and represents a
d_o:%anopolyp,hos hites are preferred. Representative
b

SHICPHERIIA SAHRRECOBGHRNE MRSttt P haR 3 mvAaTh R Ho S or

dteres:and romedesiydebaaaBavingh e Jormidan an Wit B080RB8 radical
PCTIUS2005/025571 (I) O~ R? o R/P-O P-O X ab wherein X

coapraiamtsomshisateatben alvsubatitneh suvhrhecrianre Kildeen radieagh have a

vERRIBINING qutﬁ ‘@H’e‘lﬂ&é&l@%@’éﬁg‘s’%ﬂﬁ@?'ﬁﬁj@ﬁ@ Samenpifferant afcourse it
represents a 5 divalent organic radical containing from 4 to 48 carbon

isdphesedsertoes thahwhemtdhas adirbient A0 Rgre sathdRa wdisltmaabsrthe same or
dHASHRE IR A PMR e DAY I P ERHIAR EadicA! REQAIRDINEN WD the ettt or different.

carbon atoms, a and b can be the same or different and each have a

value of 0 to SRR BravIsH mdPIRE Rl BivaleyisiyydeosasbrivPedeing radicals
1YY S dhd TR RS HANRI HORL APBEMARN AR FPANERIAIR! above,

more, each R' radical may be the same or 10 different, and when b’has a

ingdnde beth @?Yﬁki@é,aéi&éﬁ Pmi@@i@ﬁtiﬁwiﬁ’dQh@l@hﬁ’@ﬂﬁ’}’&ﬁﬁ@réﬂfb{lene-Qm-alkylene,
c%%ﬁ??&f&t%@ﬁ%?{ﬁ% éﬁé?&??ﬂé/ngl\c{ﬁég%ﬁe%ﬂ&%ﬂ&%l E@f’g 'rgm—(CHz)y-arylene

als representéd by X and répresentative divalent organic radicals

raéigrésenbthbyirl whevs) cmdiudis Betheasyetidifédivdlendnd aramamws 0 or 1.
T R Y SiCR )y and
—CO-, wherein each R is the same or different and represents hydrogen, an alkyl radical
having from 1 to 12 carbon atoms, phenyl, tolyl, and anisyl, R* represents hydrogen or a
substituted or unsubstituted monovalent hydrocarbon radical, for example, an alkyl radical
having 1 to 4 carbon atoms; each R’ is the same or different and represents hydrogen or an
alkyl radical, and m is a value of 0 or 1. The more preferred acyclic radicals represented by
X and R above are divalent alkylene radicals, while the more preferred aromatic radicals
represented by X and R! above are divalent arylene and bisarylene radicals, such as
disclosed more fully, for example, in U.S. Pat. Nos. 4,769,498; 4,774,361: 4,885,401;
5,179,055; 5,113,022; 5,202,297, 5,235,113, 5,264,616; 5,364,950; 5,874,640; 5,892,119;
6,090,987; and 6,294,700 and the like, the disclosures of which are incorporated herein by

reference. Representative preferred monovalent hydrocarbon radicals represented by each

R? radical above include alkyl and aromatic radicals.
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15 radicals, and the like, wherein each y is the same or different and is a
value of 0 or 1. Q represents a divalent bridging group selected from
WOQIRA)228D-, -S-, -NR4-, -Si(R5)2- and -CO-, wherein each RGIA/#3805/025571
~ same or different and represents hydrogen, an alkyl radical having from 1
" to 12 carbon atoms, phenyl, tolyl, and anisyl, R4 represents hydrogen or a
substituted qr,unsubstituted monovalent hydrocarbon radical, for example
2 Akt racid AIHGG 5 R ROR HEGD BLer 8 S Bfgengpbistes such
adliffeseof aochiefasabnts(byylbegen: or an alkyl radical, and in is a value of
0 or 1. The more preferred acyclic radicals represented by X and R1 a
above are divalent alkylene radicals, while the more preferred aromatic
radicals represented by X apd R' abgve are divalént arylene and
bisarylene radicals, such as disq;}os ore fully, for example, in U.S.
Pat. Nos. 4,769,498; 4,774,36 R 4,885,40I250;474,055; 5,113,022;
5,202,297, 5,235,113; 5,26 ,616;}3:@ ;950; 5,874,640; 5,892,119;
6,090,987; and 6,294,700 and the like, the disclosl@res of which are
incorporated herein by reference. Representative preferred monovalent
hydrocarbon radicals represented by each R2 radical above include alkyl
and aromatic radicals. 26 WO 2006/020287 PCTIUS2005/025571
: : : ) . (n
lllustrative preferred organopolyphosphites may include bisphosphites
such as those of Formulas (il) toZ(IV) below: (I) @ R~~P-O X O 2 s(lll)
R2 O~ P-OX R20 2 (IV) OWO-X-O R8 00-R

P—O—X
R—0"
2
av)
o 0o—R®
R7< >P—O— X—0O- P<
0 0—R®

wherein each R', R* and X of Formulas (IT) to (IV) is the same as defined above for
Formula (I). Preferably each R! and X represent a divalent hydrocarbon radical selected
from alkylene, arylene, arylene-alkylene-arylene, and bisarylene, while each R? radical
represents a monovalent hydrocarbon radical selected from alkyl and aryl radicals.
Organopolyphosphite ligands of such Formulas (I) to IV) may be found disclosed, for
example, in U.S. Pat. Nos. 4,668,651; 4,748,261; 4,769,498; 4,774,361; 4,885,401;
5,113,022; 5,179,055; 5,202,297, 5,235,113; 5,254,741; 5,264,616; 5,312,996; 5,364,950;

and 5,391,801; the disclosures of all of which are incorporated herein by reference.
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10 wherein each R', R2 and X of Formulas (Il) to (V) is the same as
defined above for Formula (1). Preferably each R1 and X represent a
WQiRfrR0RsUrocarbon radical selected from allylene, arylene,PCT/US2005/025571
arylene-alkylene-arylene, and bisarylene, while each R2 radical 15
" repreBeptssarmatinevdlert iy s olmssmdioé bsedectespiranphétiksy/hartticmybf the
dlcals Or hite ligands of such Formulas (I1) to (IV) may
0@8‘?’6{1% d?%% mfor éxample, in U.S. Pat. Nos. 4,668,651; 4,748,261
4,769,498; 4,774,361; 4,885,401; 5,113,022; 5,179,055; 5,202,297,
5,235,113; 5,254,741, 5,264,616; 5,312,996; 5,364,950; and 5,391,801; W)
the disclosures of all of which are incorporated herein by reference. 27
WO 2006/020287 PCTIYS2Q05/025py1 Representafive of more preferred
classes of organobispho >ph| es are these of the follqwing Formulas (V) to
(VID: (V) Ar-O (GH2)y\Q Ive? Mr 02 (\l) Ar-O1 (CH2)y
0-R2 Qm P-O-X-O-P 1| iZ) -RZ ArrQ(VII r)? (CH2)y \ O\ QM

P-O-X-O-P\R (CH2)y /
(?Hz)y /

Ar—O
12

(VD
/l\r——O
CH 2
Qm P—O0—X—0O-P
| SNo—R?
(CH2)y
Ar—O

(VID
/IAr———O
CH
oo P—O—X——O—P/O\R1
(IQm N
(CH2)y /
Ar—O

wherein Q, RL R% X, m, and y are as defined above, and each Ar is the same or different
and represents a substituted or unsubstituted aryl radical. Most preferably X represents a
divalent aryl-(CHz)y-(Q)m-(CHy)y-aryl radical wherein each y individually has a value of 0 or
1; m has a value of 0 or 1 and Q is -O-, -S- or -C(R?), where each R’ is the same or different
and represents hydrogen or a methyl radical. More preferably each alkyl radical of the above

defined R? groups may contain from 1 to 24 carbon atoms and each aryl radical of the
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Ar-O 10 wherein Q, RI, R2, X, in, and y are as defined above, and each Ar
is the same or different and represents a substituted or unsubstituted aryl

WOoRAeA1205st preferably X represents a divalent aryl-(CH2)y-POYiV $SIZ)¥5571

aryl radical wherein each y individually has a value of 0 or 15 1; m has a

abeligedefioesr AraXdR) wddk; sowns-cf(ReybaisderaudrsRYitoth¥IBams spntain
630" SOAEER ISR avEiadsmOne DS BY R dIGRL M UAICWRRM he

each alkyl radical of the above defined RZ groups may contain from'1 to
prefestath otk dienasedindle adKangyr adicainofrdne 28 W3 2006/020@87d the preferred

aﬁg%%g %‘%92? c?f%ﬁt}raf}k%fg}{?alg%&?ld?% 78 cR l[%n%roﬂpg‘dﬁ dB ?ge(}\é?ably the

V) to (VIl) may contain from 6 to car on atoms an
drealisl dnradibe shadsdivadeot differahicalstvfe’tiod the etervedatkylemere phenylene

| nfr m 2 t0 18 carbon ferr .
S S L L, O e S g o s
pheeféeabhadhenb divalsitpAy tlzdiea rhal tditadentygeyl atoical thonnfmﬂes that
cgrkl)r?ev? tfl%)e uIa %E% §1ca¥b ) T (ad ?llsllsng\%/ Eﬁgatm?%%{lgﬁ)l%%muﬂ is also preferred

represent 0 sai ﬁe
thaohnalmbspnmmmdmwemlqmmmdh ewkygenytomsdictie Yo vonded in the para
r&?t CO necc;[sgherp QF fl e e | dlcarlasdgga elr{%%?n’fp R 80:’% wfyge%a hselg P%t bonds the

|sasopreere an bt
gstmfspbﬂﬂytedehaﬂyhﬁs ta&bm]ndetk iphtiyphpara 4dmnd/or ortho position of

the phenyleng radicals.j rela n to the oxy en a t ond th
given substitu 85?p¥%mﬁéﬁsuFaoaggﬁwetns pRo %‘gm@aﬁ# i% {;\’Qrv‘?fFommaS
(Idwirvmmygbma@ar@mmh@&hmte imiyealtaitednesnuase (bnio Mdidties

TR PR A oS TORethg eGSR R IS A ERFEe o orsani

ciliorgaRi0;M orgasia Mbrepisent A3 widtein ddoreiceatos ATRIyKaNieherein
wd]%gan atlon ﬁi'} %BX w erein each R6 is the same or different f
e SRS SR BR aar&%%re&ﬁém 1agieapeenipgipe from 1 to

3aiaFordatexamitexateys, vl adkﬂrwu@r@lkufanm exdleadkligdiedizals, and X!

and X1 represents inorganic or or%anrc anion, -CO2 M wherejn M

TSRS ORI A AT BRI G A e atiGR M?&S&HMdW&?WM@WW@OYgMC
citRdn N8B! 16; S:ddiple 2 BIKLPATRIans (0 71 S 933,002 5,114,473; and

dlsclosures of WhICh are incorporated hereln ﬁ eference Thus if

S#adRPs L SigsHED Bl PRSI RANRGERRE ERBTTeferePeeto ENdsdf desired,
steRIErRIRNGHSISPHAYilel 5 cRAAteRES é&%ﬁﬂ%ﬁ[‘? BUERJON e MOIREYRBSs, while it is

substituted on any given aryl moiety in the organopolyphosphite Ilgand
PlEFRaFPthE MY Somtarisi AR eeisty SreuhtiuisHiehisikg)vanaryl moiety in the

organopolyphosphite ligand when the ligand contains more than one such ionic moiety. As

suitable counter-ions, M and X', for the anionic moieties of the ionic organopolyphosphites
there can be mentioned hydrogen (that is a proton), the cations of the alkali and alkaline
earth metals, for example, lithium, sodium, potassium, cesium, rubidium, calcium, barium,
magnesium and strontium, the ammonium cation and quaternary ammonium cations,
phosphonium cations, arsonium cations and iminium cations. Suitable anionic atoms of
radicals include, for example, sulfate, carbonate, phosphate, chloride, acetate, oxalate and
the like.

Of course any of the R!, R?, X, Q and Ar radicals of such non-ionic and ionic

organopolyphosphites of Formulas (I) to (VII) above may be substituted if desired, with any
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suitable counter-ions, M and X1, for the anionic moieties of the ionic
organopolyphosphites 25 there can be mentioned hydrogen (that is a

W 006MR0288 cations of the alkali and alkaline earth metals, fOPERAIPANES/025571

lithium, sodium, potassium, cesium, rubidium, calcium, barium,
swifableegibstitanut stolaining frremahtndhicarbeaticrnsttiagdatsmeirgdversely affect the

d@éﬁ@&%@@&@é{% Hod103PRAN iﬁllr?eﬁ 1 iﬁ’.”?:u Sy tﬁ%%i%“%ipﬁg%ﬁnﬁ‘%‘@g@dicals in

cations nionic atoms of radicals include, for example, su
addithanafeophsphaecsivodide, lptetateb oxadiealnshcBOshdklikear@f aralkyl, alkaryl

urse any of the R1, R2. X n radicals of.such non-ionic and.iomc = .
o Py P e SRRt amino
rafbeite dyehitis aNYRO8; \WHOsphiR/0RH2ET a4 SPAMER IS5V sadiakiesuch as

guent containing from 1 to bon atoms that does not gqv. ly

g@% s Y Bificedt jUS t%se-grog:&egs‘ﬁs bﬁﬁfg)iﬁ%%ﬁa}gﬁga%ssﬁ e Sﬁ?aatnd
N@Y)BO8; saldoradicali:als additionSw Ty diotoy cadiesibanding -OR ; sulfinyl
hydrocarhon ragicals such as alkyl, aryl, aralkyl alkaryl and cyclohex
R g A AP O e o G B eyt as
-RONR ), radicels BLickl @enN{R3) 2yphaspifinersatitsls Budivasradicals, and the like,
-aryl-P(R7)2.7acyl radicals. such as -C(O)R7; acylox icals such a
R K LARE B S ERA A S P e HE oL Ry
hydeicalb sueiiral-BO2R7irathaxio re8licaln & uehas(f6 Rangil etk agialsalkyl,

uch as -SORT,; sulfenyl radicals such as -SR7; phosphonyl radicals such
a@@%ﬁ%@e e T e R 5l R DB SRRy 25 -NGRDe
esaliiRAlakandofetiikead A wisisaachiR alsadisad incivicwia yhee Bsese A Beterocyclic
the sg;\m or different monovalent hydrocarbon radical havin%efrom lto 18

T AW SRS RERA e 28R AR ek SRR A g SIS 2nd -
Nadicadm, wilkhthe ryestdadhaicin amse: Syastiteants suahés iR Anderstood that

each R7 taken toglether can also represent a divalent bridging group that

2y i dhe Aubstibwtrdier ragRbstitterhedrosuden BRI ibalgake up a particular
oBRSERIYSoBHSibGshife (RANTR e amsk dOMENRORT each R7 bonded to

N can also be hydrogen. Of course it is to be understood that any of the

substituted oVGRsSRREHARIL AlasEaEMS b slifieents dRelids mrimaRsiEssgndary and
teRALHF HIRY1 R RIARMORANARNPSRAIE, MAYRSIth RIS AbuiiiferenbuMerebutyl,

specifically illustrative substituents include primary, secondary and
n?@rﬁaw.‘/&!ayh?éaﬂc@%yw-a@mem%tiwwt&dgwkwéﬁwm|t,he like; aryl
rRBERURGHER PN AORBRRANG ﬁml aRITR¥1 SRECARYhch %En%nz%/l, phenylethyl,
trli%i)-ogiyl’ %jﬁ}/g@%lc&a@q%cy.l, and the like; aryl radicals ?(UCh as phenﬁ/k,e; liovelic

ishitpresh thadiths: e rfraad kastisals sHsap éotl Xphdrand i y

r%?&?%%%ﬁ?wcmﬁm, IikeisHkyy! TaditRlsSHRnas oW ¥y 12Bet Bfexylethyl,
and the like; alkoxy radicals such as methoxy, ethoxy, propoxy, t-butoxy, -OCH,CH,OCHj,
-O(CH,CH,),OCHs, -O(CH,CH;);OCHjs, and the like; aryloxy radicals such as phenoxy and
the like; as well as silyl radicals such as -Si(CHs)s, -Si(OCHjs)s3, -Si(CsH7)s, and the like;
amino radicals such as -NHj, -N(CHj3),, -NHCHj3, -NH(C,Hs), and the like; arylphosphine
radicals such as -P(C¢Hs),, and the like; acyl radicals such as -C(O)CHj, -C(O)C,Hs,
-C(O)C¢Hs, and the like; carbonyloxy radicals such as -C(O)OCHj3; and the like;
oxycarbonyl radicals such as -O(CO)C¢Hs, and the like; amido radicals such as —-CONH,,
-CON(CHj3),, -NHC(O)CHs, and the like; sulfonyl radicals such as -S(O), C,Hs and the

like; sulfinyl radicals such as -S(O)CHj and the like; sulfenyl radicals such as -SCHj,
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radicals such as cyclopentyl, cyclohexyl, 1-methylcyclohexyl, cyclooctyl,
cyclohexylethyl, and the like; allcoxy radicals such as methoxy, ethoxy,

WQROp@NN28butoxy, -OCH2CH20CH3, 25 -O(CH2CH2)20CHPCT/US2005/025571

-O(CH2CH2)30CH3, and the like; aryloxy radicals such as phenoxy and
-Mehke:HsHelhad @iwlikadpimspboolynasdisa(s:m&)assa(ommaz, -P(O)(CH3),,

R O G O AL U
Hmw@&{@ndmﬂldl&ldéﬁ@cyl radicals such as C(O)CH3 C(O)C2H5,
-C(O)C6H5 gnd 1he Iﬁ( §tra 1V beoer‘,] all% ;asd 6% %g@l?ng%%%ég’%ggs include the

the like; 30 ox car ony ra cals su
falloretmgadicals such as -CONH2, -CON(CH3)2, -NHC(O)CH3, and the
like; sulfonyl radicals such as -S(0)2 C2H5 and the like; sulfinyl radicals

such as -S(O)CH3 and the like; sulfenyl radicals such as -SCH3, 30 WO
62DQBIR0O2KY, P@Iﬁibtﬁ;ﬂ@fb&d@é{SﬂZbin@ﬁﬂijETZSQﬁﬂ%ie(aﬁtﬁm]biﬁke;

SRS B RS et o cracers),

-P(O)(H)(C6H5), and the like. Specific illustrative examples of such

organobisphosphite ligands inglade QWing:
6,6"-[[4,4'-bis(1,1-dimethylethy 5 -2,2'-diyl]bis(oxy)]bis-
dibenzo[d,f][1,3,2]-dioxaphosy , 2

C(CH3)3 0, P P P 10 Ligand
,3'-bis(1,I-dimethylett§H5 \ ipHey 2, 2'-
diyl]bis(oxy)]bis- dibenzo[d fl[1\32Jdioxaphssphepin havmg the formula:

15 OCH3 OCH3 CH3 CH3 Ch3-0\¢ CH3 CH/ 300 0"1P-~
Q01-P~, 0O ,

Ligand A

6,6'-[[3,3'-bis(1,1-dimethylethyl)-5,5'-dimethoxy-[1,1'-biphenyl]-2,2'-
diyl]bis(oxy)]bis-dibenzo[d,f][1,3,2]dioxaphosphepin having the formula:

OCH; OCH,
o @ @

\

P



6-66-6 Ligand B 31 WO 2006/020287 PCT/US2005/025571
6,6'-[[3,3',5,5'-tetrakis(l, |
WOgnet9287opyl)-[1,1'-biphenyl]-2,2'-diyl]bis(oxy)]bis- PCT/US2005/025571
~ dibenzo[d,f][1,3,2]dioxaphosphepin having the formula: CH3 ,CHs
6 6HBTHS, CH420k8(I0HBaHRy DHBEH 2] O-DnBHACHS - O] @k y3bis-

dlg%%‘%}%gE‘%ﬁﬁ?ﬁ%ﬁ%@%@%@%ﬁ%&ﬁgﬁuﬁ%nyI]-2,2'-diy|]bis(oxy)]bis

- dibenzo[d,f][1,3,2]-dioxaphosphepin having the formula: 3-C C- CH CH
IK\ CH3" CH3 CH- C CH3 CH3 0 O~ CH3 OAP\O O- PLO 10 6-6 6b
Ligand D 32 WO 2006/028[ 8 PENUS200 _0__% 7&H (2R,4R)-di
[2,2'-(3,11,5,5 "-tetrakis-tert- I E?,H-péntyldiphosphite

having the formula: CHy CHZ | H5(CH3)2C 00
C(CH3)2C2H5 CZHSéCHC?_?ZC O
H3C 2N

CH,—
CH3/ /O O CH,

5 Ligand C

6,6'-[[3,3',5,5"-tetrakis(1,1-dimethylethyl)-1,1'-biphenyl]-2,2'-diyl | bis(oxy)]bis-
dibenzo[d,f][1,3,2]-dioxaphosphepin having the formula:

CH, CH,
CH,—C C—cCH,
CH{ CH,
CH,\ @ © /Chs
CH,—C v CH,
cH/ @] o) CH,

/ N

w

Ligand D

32



O O C(CH3)2C2H5 C2H5(CH3)2C C2H5(CH3)2C C(CH3)2C2H5 s
Ligand E (2R,4R)-di[2,2'-(3,3',5,5"-tetralis-tert-butyl-1,
WO-Mipsie69871-2,4-pentyldiphosphite having the formula: CH 3 PCIZERD(G/025571
-3 CHCHC(CH3)3i00 C(CH3)3 (CH3)3C\p-1P-OC(CH3)3 OO
(ARERBIBIACH3)BC.CerdB-G(CrBYS 1 10-bigfzany i -33-peardd0doRb 87

=T, 5571 (2R,4R)-di
hé,%é%%%%?%{lr%%ﬂ%,5'-dimethaxy-|,1'-biphenyl)]-2,4-penty|diphosphite
having the formula: CHyF /CH2 'CH3 C2H5(CH3)2 OH ~H C(CH3)2C2H5

_ I CH300-P PI-0OOCH3 OO (CH3)2C2I—(I§_lCH3O C2H5(CH3)2C OCH3
5 Ligand G CHyy, CHa 3
(2R,4R)-di[2,2'-(3,3'-di-tert-bui§d|-5,5'-a"|ﬂj:lblthyl-l,1'-biphenyl)]-2,4-penty|dip
hosphite hawgadstGBsigbmula: GHCH2 '(IJHB CHO@HEASH3)3 000

C(CH3)3 P _
CoH5(CH;),C o=Fp PlO © O C(CHy),CoH5

5 Ligand E

(2R,4R)-di[2,2'-(3,3',5,5 -tetrakis-tert-butyl-1,1'-biphenyl)]-2,4-pentyldiphosphite

having the formula:

C(CH3)s "o(cH
10 (CHa)s

Ligand F

33



CH3 O-P P-O CH3 O O C(CH3)3 CH3 C(CH3)3 CH3 10 LigandH 34
WO 2006/020287 PCT/US2005/025571 (2R,4R)-di
WP2R6(BRB4]i-tert-butyl-5,5'-diethoxy-1,1'-biphenyl)]- 2,4-pentyRiFHOSHIORO25571
~ having the formula: CHyrry._ /CH2' CH CH3 NCH C(CH3)3 QO
(AR ARBYBI THECH B0 RSN hO2a H 3bPHengi)GR3) Bei@jASiphiRGhite

h%g%g% CH3 Ligand 15
, -5| ,2'-(3,3'-di-tert-butyl-5,5'-diethyl-1,1'-biphenyl)]-2,4-

pentyldiphosphite having the formula: CH31&4'4 /CH2 CH3 CH CH
C(CH3)3 00 C(CH3)3 CH3CH2 O-P PI-0 CH2CH3 O O C(CH33
CH3CH2 C(CH3)3 CHZ@W%Ligar(ngzlo ,'ZER)-di
[2,2'-(3,3'-di-tert-butyl-5,5'-dirﬁ’e&ﬁxy-1\,% iphenyl)]-2,4-
pentyldiphosplijie feijpg the fognula: O C(CHy),CoHsg

| [

OCH,
CH;0 C,H5(CHy),C OCH,
5 Ligand G

(2R,4R)-di[2,2'-(3,3'-di-tert-butyl-5,5'-dimethyl-1,1'-biphenyl)]-2,4-pentyldiphosphite

having the formula:

10

Ligand H

34



CH30. CH'CH3 CH'CH C(CH3)3 01i0 C(CH3)3 CH30 O-P P-O\/ OCH3

O O C(CH3)3 \ CH30 C(CH3)3 OCH3 Ligand K 15 35 WO
WQo@KE/023887 PCT/US2005/025571 PCT/US2005/025571

6-[[2'-[(4,6-bis(1,1-dimethylethyl)-1,3,2-benzodioxaphosphol-2-yl)oxy]-3,3'-
"(2ﬁs1(R)1diﬂIrﬁé(I;ﬂemyla)rtébﬁtymﬁ@tﬂte:xb{{)ﬁyéll bibivetreyl}21y 8, éspdatyldiphosphite
h 2;% 1 dlm hylethyl) 2,10-dimethoxydibenzo[d,f]

i ]% i0Xa- ﬁhosphepm having the formula; OCH3 OCH3 | ~ | (CH3)3C

C(CH3)3 00 C(CH3)3I\ @HED O C(CH3)3 HoHK-1 OC(CH3)3 CH3O0 0

P C(CH3)3 Ligand L %, ((ﬁl_l , #

6-[[2'-[1,3,2-benzodioxaphosphol- %ﬂ)oxy]@"i% -bis(1,1-dunethylethyl)-5,5'-

dimethoxy [ 1,1'- blphenyl ]C@Vk}ao 1-4, 8 Bis (1,1-8iRFekhylethyl) -2,10

10 dimethoxydibenzo[d/ff1\3 @jm@(aphosp‘:ep 3 J the fonnula:
OCH3 OCH3HSHEA C(CHY)3 00 &CHB) OCH,CH,
C(CHy)
CHaCHZ0 C(CHa)s "oCH,CH,

Ligand I

(2R,4R)-di[2,2'-(3,3'-di-tert-butyl-5,5'-diethyl-1,1'-biphenyl)]-2,4- pentyldiphosphite

having the formula:

C(CH)s “Gh,ch,

Ligand J
10
(2R,4R)-di[2,2'-(3,3"-di-tert-butyl-5,5'-dimethoxy-1,1'-biphenyl)]-2,4-

pentyldiphosphite having the formula:

CH CH
3//”4,, /CHz\ , :
CH CH

C(CHz)s (I) O C(CHz),

Oo—P P——O
CH-0 | [
e X
Q C(CH3)3

CH;0 C(CHy); “oc,

OCH,

Ligand K
15
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CH300Pp~1 CH3000 C(CH3)3 Ligand M 36 WO 2006/020287
PCT/US2005/025571

W@ 26 p® 3 dimethyl-1,3,2-dioxaphosphorinan-2-yl)oxy]-3,3'-b ROTIUSAHS{HIS571
lethyl)- 5,5'-dimethoxyfl,

“6i[{BIElb Oy ly Neliy]ethgitisy D 1;8inbthytetioxpphdsPhol-2-yl)oxy]-3,3'-bis(1,1-
dimeth ikenzold,fl{1.3.2]dioxaphosphepin having the fqor X H

o e S b S SR R R BB o

2 CH3th ShoxGHR AR A [CACH3)khighoxp e iAn[pavBrpigd formula:
I-dimethylethyl)-2,10-dimethoxydibenzo[d,f] [1,3,2]-dioxaphosphepin-
6-yl]oxy]-3,3'-bis(1,1-dimethylethyl)-5,5'-dimethoxy][l,1'- biphenyl]-2-yl bis(4
1 o hexylphenyl)ester of phogpdprosGigigd having the formula: OCH3

OCH3 I ~ | (CH3)3C C(CH3)A.0 OJS(CH\ 1\ / CH300 O a(CHz)eCH3 /P
N CH30 O 0-(/-\ (CH2)5C @@ Ligand 0 37
(CH3)3C C(CHa)3

0

O
C(CH3)3/ \ C(CH.)
3’3
onolol |\
~
O

e
CH;0 Q 0

C(CHg)s

C(CH3)s

Ligand L

6-[[2'-[1,3,2-benzodioxaphosphol-2-yl)oxy]-3,3'-bis(1,1-dimethylethyl)-5,5'-
dimethoxy[1,1'-biphenyl]-2-ylJoxy]-4,8-bis(1,1-dimethylethyl)-2,10-
10  dimethoxydibenzo[d,f][1,3,2]dioxaphosphepin having the formula:

OCH; OCHj

(CH3)3CC(CH3)3
0 O
C(CH3)3/ \
CH,0 O o\P o
yd ~o
CH,0 O 0

C(CH3)s
Ligand M



WO 2006/020287 PCT/US2005/025571 2-[[2-[[4,8,-bis(1,1-dimethylethyl),
2,10-dimethoxydibenzo [d,f]
WOQR@BIBRdphosphepin-6-ylloxy]-3-(1,1-dimethylethyl)-5-  PCT/US2005/025571
methoxyphenyl]methyl]-4-methoxy, 6-(1, 1 -dimethylethyl)phenyl diphenyl
OdPed Gf SpHomshord s 2adiavabivnphbe forra o8 DGR PO A HaditadryRhyl)-
3 00
5 GHAMGHGER)S 1%&8@?&%@1% %’IS(K der{ﬁgh@leﬁ‘xlijl)’s?l%

C(CH3)3 Ligand P "3-me cyclohe ene
dtenm@vsfglbebm(m,ﬂﬂarﬁéﬂq@mghp@hmnmmiem@r of
phosphorous acid having the formula: OCH3 C(CH3) C(CH3) CH3)C 2
O ]:._oo_PoccH3) ( Ligand Q is 2,5-bis(1,1-dimethylethyl)-1,4-phenylene
tetralcis[2,4-bis(1,1- dimethyl€Gyi)pl@0il} ester of phosphorous acid
having the formula: C(CH3 3 x QO PO O-POQC(CH3)3
C(CH3)3 C(CH3)3 C(CH3)8 g R 20 38 WO 2006/020287
PCTIUS2005/0256% hﬁéthy hedi’ -pﬁéﬁiﬂ te
tetrakis[2,4- bIS(l 1- dlmethyITyl)ph yllester of phosphorous acid

having the for :
CH O
3 /O—CH?_\ ,CH,
O— \
CH0 Q 0 CHZ CH,

C(CH3)s

Ligand N

2'-[[4 ,8-bis(1,1-dimethylethyl)-2,10-dimethoxydibenzo[d,f][1,3,2]-dioxaphosphepin-
6-yljoxy]-3,3'-bis(1,1-dimethylethyl)-5,5"-dimethoxy[1,1'- biphenyl]-2-yl bis(4-

10  hexylphenyl)ester of phosphorous acid having the formula:

OCH4; OCH,4

(CH3)3C‘_‘C(CH 3)3

O
C(CH3)s

CH30 Q o\P/ \P/O‘@(CHZ)scHs
CHZ0 Q o/ \O@(CH2)5CH3

C(CH3)3
Ligand O



QCH2Q OO (CH3)3C/ \OPPOC(CH3)3 C(CH3)3C(CH3)3 225
Ligand S [1,1'-biphenyl]-2,2'-diyl

Wo088d1292871, 1-dimethylethyl)-4-methoxyphenyl]ester of phoJsHkMI80a6H2F571
having the formula: Q--Q O O CH30\O P P O OCH3 C(CH3)3 C(CH3)3

2 2-[l8.Bigasd, T-Tinecthylotind b 2niteltigtiod ycbbeplex catalyst present in

ion fluid of .the hydr@formylation process of this invention need
e R R LR RS R M e grven meta
nusheenptetyhdesiptdamdthexe sed ity ltolivattlykehtyigplsalglciaohenyl ester of
droformylati rocess..In general, metal, for example, rhodium,
pgéﬁrbc%oﬁ rlé%i/%%lé) Hﬁ%t]lrnl ?gﬁacgnéﬁ%m about 10 parts per million to about
5 1000 parts per million, calculated as free metal in the hydroformylation
reaction fluid should be sufficient for most processes, while it is generally
preferred to employ from about 10 t parts &€ hhillion of metal, 20
and more preferably from 25 to 3 ts per of metal. In addition
to the metal-ligand com xicsia id is-ligand that is not
complexed with the metgs mao% also he present | thted E%_? rmylation
reaction fluid. The free Iigﬂ@ﬁ@ay ]orrespondt any of the

aforementioned orga osphor:ﬁs ligands. The hydro@aﬁon

process of thiglty@n iwl e from about 0.1 10 or less to
about 100 moles or higher, of%fée?mgand per molg 0f met the 39 WO
2006/020287 § TIU%2085/028571 hydrofonnylation reatian fluid.
Preferably th f%ﬁ@oa on process of this invent%n rried out in
the presence of from abgs {)él_i;;gabout 50 moles of ligand, and more

to a

preferably from about 1.1 dt 4 moles of ligand, per mole of metal
present in the Ligand P

3-methoxy-1,3-cyclohexamethylene tetrakis[3,6-bis(1,1-dimethylethyl)-2-
10  naphthalenyl]ester of phosphorous acid having the formula:

OCHj
C(CH.) O C(CH,)
0—+P—0 0—P—0
(CHaC QO C(CH3>
2 2
Ligand Q

15  2,5-bis(1,1-dimethylethyl)-1,4-phenylene tetrakis[2,4-bis(1,1-
dimethylethyl)phenyl]jester of phosphorous acid having the formula:

C(CHg)s
(CH3)3C‘@— O—P- o@ Oo—P O‘@C(CH 3)3
C(CH,)3 , C(CH3)3 C(CHj3)3
Ligand R

20

38



reaction fluid; said amounts of ligand being the sum of both the amount of
ligand that is 5 bound (complexed) to the metal present and the amount of
Warze¢arEomplexed) ligand present. If desired, make-up or BE&IIS25/025571
ligand can be supplied to the reaction fluid of the hydroformylation
‘mptindessdat’ahplimngl emectétrakis| 3ditbis(@, idimethyiethyXminpigl festeradditain a
pre etr%rmince1 }Il%\‘/nel oﬁfre%er{jlﬁagd in the reaction fluid. The substituted or
PSRBT dhtaturated Oleritic compound that may be 10 employed
in the hydroformylation process of this invention includes both optically
active (prochiral and chiral) and non-optically active (achiral) olefmic
unsaturated compounds gontaining f to 40, preferably 3 to 20,
carbon atoms. Such olef satura ompounds can be terminally or
internally unsaturated and be9f straiglt-chain, branched chain or cyclic
structures,/as\Wwell as olefui mixtures, such a taip 0 5
&%’b?srgp Spéne, butene, isdbuten ,%e)tc. ;@@(ﬁéﬂ d
dimeric, tr.imerlgml_ig)tr meric propylene and the like @fy isclosed,|{for .
example, in U.S. Pat. . 4,518,809 and 4/528,403, inc Pporate perein
by reference). Moreover, such olefin compounds may further contain one
or more ethylenic unsaturated grbigasdand of course, mixtures of two or
more different olefinic unsaturated compounds may be employed if
[19esiigRedustrative PR waksres af elefsaigistaning-meteraisniial eatber
employed in the h ydroformylation reactions include, for example, mixed
PhqsrbEeuERFA br e mdpi fsaturated compounds and the

corresponding aldehyde products derived therefrom may also contain one
or more groups or substituents that do not unduly adversely affect the
#BSWf this invention such as
3,527,809, 4,769,498 and the
ost preferably the subject
invenfion is e @lly usefyil for the productipn_of ngn-yptically &ctive
aldeh Hs%@cﬁ@@y ing &thiraPalphg-dk |n aldfrbsrom 2 to
30, preferably 3t (?@gagr) n atoms, and achiral in {eﬂ lefins
contafning from 4 120 & n atoms as well as starting material rQixtures
of such alpha olefins and internal 30 olefins. lllustrative alpha and internal
olefins include, for example, ethyté®&d dropylene, 1-butene, 1-pentene,
1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, 40 WO . .
2006/02028 7 kecemers 0bByeibiiegnd SoRRIEs fativsiguetsaidn the reaction fluid of
the HHERABRGy ki 3652801 IRERRIB8IRed ARSI Binimum amount
1-heptadecene, 1-octadecene, 1-nonadecene, 1 -eicosene, 2-butene,
nwﬁo&wé%the given metal concentration desired and necessary to catalyze the

selected hydroformylation process. In general, metal, for example, thodium, concentrations
in the range of from about 10 parts per million to about 1000 parts per million, calculated as
free metal in the hydroformylation reaction fluid should be sufficient for most processes,
while it is generally preferred to employ from about 10 to 500 parts per million of metal,
and more preferably from 25 to 350 parts per million of metal.

In addition to the metal-ligand complex catalyst, free ligand (that is, ligand
that is not complexed with the metal) may also be present in the hydroformylation reaction
fluid. The free ligand may correspond to any of the aforementioned organophosphorus
ligands. The hydroformylation process of this invention may involve from about 0.1 moles
or less to about 100 moles or higher, of free ligand per mole of metal in the
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(isobutylene), 2-methylbutene, 2-pentene, 2-hexene, 3-hexane,
2-heptene, 2-octene, cyclohexene, propylene dimers, propylene trimers,

W rops/IBaesietramers, butadiene, 5 piperylene, isoprene, 2-ethBE-Fiee43¢)25571

styrene, 4-methyl styrene, 4-isopropyl styrene, 4-tert-butyl styrene,

hmmmthypgtm@nmgd,wemb}yglm dirdrpstynayietion process of this invention
h
ishealg 'EQH?HX %}r exy fpﬁg:}én{lep [§§ @ﬁ)ut}éé e&igéjo %alidgaad more

1,7- octa lene, 3 as well a Ienes,
mem@henﬁomlthalkéddatebwbﬂ mdméllgnedhpbpembnﬁmt@llpmwht in the

0 Ikyl keno for EXAM e 10 ent n
zér}éﬁiﬁtaor%ﬁg%ﬁ %Il%e%rgﬁ %lsc,l ;fﬁ%gth efs €, suc as aI a ohoc?lhsgﬁnii that is
bmmﬂretempiexedﬁn ﬂminctal pmsemcahd/iﬂlylmedlate}fdﬂgé émﬂtaiemﬁlexed) ligand

pret:) o yﬁlf% eiat(? v r‘r‘Pe ﬁcrilg' tt?dngflﬁ{ %1%2 ﬁ:te m‘i%@é( %ﬁacr lg}le énd of the

vrn ther; vrny ther. iy propy octénoa

hﬁimﬁmredmm [drexe ataan;d‘mm@rdnnlaﬂemmugﬂmmanaémfer isnsplfr dbemaintain a
Plf@ Ehol 13'@:?1(?\7%?'09% mdgggnhna%nencei ﬁﬁna[nene dicyclopentadiene,

cyclooctadiene, camphene ike. lllustrative of suitable
Su bstituted dﬁﬁhunhsmmdtedmmsmmtlmgaﬂmtedialsﬁnwtdﬁdﬂmﬁﬁl that may be

mrcco dsfdes I?ed in Kirk-Otl ner Encyc e hemrc .
o S T A L T AP ENER O ROHE A eI Apeatly active
(pmzdfmalraﬁd&hea@)l ramw@ferpmew&frm(aenﬁagmmnﬂammﬁtw compounds

droformylation proces ed by this inve y vary over
R D EAP A TSRS P D) FRERAR bt AL GRS ARG et
c@ammdn@a@wemﬁuamn@erﬁrema@bma&am 100 Be@rhigheht-hRiMdRinched

referred drogen to carba ide. molar ratip being fro aboutllO
Lo e BASROREFY

8%6’66? G PR P PR RS BrO s from the

okgheletiiegial affpagiéas, lRmpRIatdirRIerRAR. Louttod: 8bebllled im Mol €rimeric or
preferably gr?ie ater than about 50C. The hydroformylation process may he

SR ORI e Aetios i ariiieqesd thnFapule2B0ES phateNasy o 18,809 and
41838 403irkbEMIARA GerbteUREORIrERR) O AT RREBEH QI IbRE B RIAIRMAS may

described hereinbefore. The. minimum total pressure is limited

e AAR RPE P IRR S R EBIC T fHrshrenRs ARt QL SoNF e BHtdgReof two or

nRRYative SitioNGTSR SrdRreaioBRibeIRi ey B PIsTWi depend BRistrative
upon the Eﬁ?ecrfrc form of the orz no hosggorus ligand and

RitRiR EattiRsmats enpleytésshsdydnisrgtion

ﬁaurir%%r%&%r Ienandh OlelniG, SRHING SHRRBRUEIRAY-FaRE&]
from about | psia (6.8 k a) to about 10,000 psia (68.9 MPa). 41 WO

compewssend theqouespondinosidtehyds Broduess desived dicietopanaralgo contain
ohBYr R RIBLRRR BE QBsHAleAflA AP SAMAIEP 8 Rrsely affect the hydroformylation

process or the process of this invention such as described, for example, in U.S. Pat. Nos.
3,527,809, 4,769,498 and the like, incorporated herein by reference.

Most preferably the subject invention is especially useful for the production
of non-optically active aldehydes, by hydroformylating achiral alpha-olefins containing from
2 to 30, preferably 3 to 20, carbon atoms, and achiral internal olefins containing from 4 to
20 carbon atoms as well as starting material mixtures of such alpha olefins and internal
olefins. |

Ilustrative alpha and internal olefins include, for example, ethylene,

propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene,
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comprising hydrogen, carbon monoxide and olefin starting compound of
less than about 2,000 psia (6,895 kPa) and more preferably less than
WG BB psia (34.5 kPa). More specifically the carbon monB&HE 24068125571

pressure of the hydroformylation process of this s invention may vary from
1-abdetchqpdial(@R0e) toridreand.00C pair(&1800 ePtddenstianbliexadecene,

preferably fran t I 7 kPa)to t.800Q.psia. (5,8
R AR I ) 3 S AR M pone
(ipdiat(68@ kRaycthyileuthech Ychogene. Pahiabpeeshamiz pidiepihily, dbowiess,
ia (34.5 kPa) to about 500 psia (3,450 kPa), and _maqre prefer
Rt S HAs T BRI iR P B e
pifeed floyyvisapeams 2 rehyivy -hpreab) stficnes dersuffit eptete obtaoprtpy] styrene,
esife drofor tion pracess. Typically, th as low rate can
4’3%‘?9%%?&[;%)“ gha %g)n aﬁtgbeglry Su? on' ?hg'ép%éﬁ%gggrﬁg 0 %eiﬁa}ells%gr Sletin feed
1, BadiiseperponglbthernpSralingycbndijens, Likdwiadjdhe Vehodiadiente Ingylohexyl-
e any operable vent flow rate sufficient to obtain desired
LR, AT B e o A s AR 3 Sarmple

méthgcpdatehdhe rekeioy atichibetg rtiaiyitdlndathary alidisyinghs éxedmple,
Suitable syngas feed flow, rates and vent flow rates are d ihed in th

OB g IR (B PGELEPERGEMERS Aol it MBS 151 BEEhy S butyrate,

helaokiels-all dét-SRInCleak uliiyg abdenty MatlacEiatfosrbateRiblistiee vinyl propionate,
cembper 1999, incorpgrated herein py reference. Other s and vent

o R B Ao BT 5 Ay B o AL i et

n-Gesermineedno slee32buskiltat i B lanteddiei dey engievlyildedsibgrsafrole, iso-

clarified %/aco ideration of the following examples, which, are intgended

sagale AFEigleRe tHRIERS GrPRe Ot S fiet SHBBHH AR ot

cyb1e dovRItiey) withhle anNaIgebLoHibge skiled in the art from a
consideration_of this specification qr practice qof the invention as disclosed
herein. 25 Irlmﬂét@%é(ﬁwﬁfe?lltﬁaa{efé%ﬁtﬂﬁg %%\Fﬁ@?%?gﬁ‘iﬁlﬁ‘%@éciﬁtamng

mSteASRTHIELS PRSI {RLddmJhindyassiapay iationlendiing BiRyslopedia of
reparted as the carbon monoxide consumption rate i%ﬁrain-moles of

Cherpep miesiaeigge dindth Edisonidio8s thaasriinesiRBHORS RSB A ur

inRRRidare e Brepuians.. carbon monoxide and synthesis gas feed
purities were all greater than 99.8%. 30 Exa%ple 1 This example

illustrates thd i &eRskosraprRditioan S theohks HWH&‘&‘ B’iﬂ?f’éﬁﬁﬁﬁ?&%ﬁﬁssed by this
inQERYMBINESI Ba5 feerRw fﬁfl%e@rmq{ﬁ%é!‘tﬁ@@li{?(’ﬂ%&ﬂ BRI of gaseous

h}tggor;;%ﬁi ?(? c:r%on %gr?oei%%zrggy Zarlig(grfr/gnf %ﬂgggt/ ?:21505%1100:1 or higher, the more
preferred hydrogen to carbon monoxide molar ratio being from about 1:10 to about 10:1. In
general, the hydroformylation process may be conducted at a reaction temperature greater
than about -25°C, more preferably, greater than about 50°C. The hydroformylation process
may be conducted at a reaction temperature less than about 200°C, preferably, less than
about 120°C. The target total gas pressure will be selected as described hereinbefore. The
minimum total pressure is limited predominately by the amount of carbon monoxide
necessary to enter the negative or inverse order region of the rate curve, which will depend
upon the specific form of the organophosphorus ligand and hydroformylation catalyst.

Generally, the total gas pressure comprising hydrogen, carbon monoxide and olefinic

starting compound may range from about 1 psia (6.8 kPa) to about 10,000 psia (68.9 MPa).
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partial pressure region of operation. A reactor was configured as shown in
Figure 3. The reactor was equipped with an impeller (1), impeller shaft

W@2)opi9%Ene feed line and feed flow control (3); syngas feeBAHEIA05/025571

feed flow control (4), the feed line terminating in a sparger in the reactor;
Invgentcftelwhirvecae Wenpfidevredrihasitis) protaspbe srstednton¢Bl, gnspielinge

for product solution/catalyst to prqduct recever. stem (7)..and feed line
B SR e e A T S A8 o
2 SrpegrimenRPekRoid mofequdfenbintesatithnedctar SEnpfe B dadcRereMore
maintajned constant within practical limits. T intain.a constant .
A 0 B S e O et BB AR ppcge of s
imeacionmsotution fnes gomiinupsial(ore idPed flommt the0 fpsito(6e8 0 pRe3ethd more

thro roduct 10 rec tem to remmave.a i fthe
P A BT e B Rt ARS8kl Hid even more
pedetsbhyntraatabystt WA psiaad 08 é dRa)da@abyatel) b psia (@ 80 Radctdrientlze hydrogen
continuous basis. thesis was ough control unit. 4
D B A P L B L LR BP i o e S B AL e R and
mieechraferabRefreacitonichhgiio (63 (ke niautiain  dupdih o0y idtaje
conditions w, %e achievgd §1§Fi£dicated b)ioa constani)tlotﬁl 15r actgtrE ) btai
pressure and CORSISAT FRArORFMURANI REANORPFARR Al STL IS Lthpgient to obtain
theahwdiiied iy doifrredativnasassigse, ydcalbhdatiagatcfeet divvatatevent vary widely
flow rate and composition, and other reaction cqndjtions were measured. )
o 150 CSPRIBHBA Sy A HER vt Ut A Rt o1 GRS G perating
caitithess SEERdwEA it datatiw. A saséamsuainsd Jelitellof eadalysticient to

solution comprising 70 ppm of 20 rhodium and 1.5 0.5 equivalent (based
ol&ﬁiﬂq@&ﬂﬁ%rgcﬂ g’y _ﬂ@g?ﬂ%%@&i_qgtpé%gail&ent ow rate 1s ty%lilé\éﬁ}(fe e;ger?ggnt upon the

séirpsthletbydiot dndinb payily2 2t Y s{epentbistdibereald, Rdiadiglsyngas feed

dioxaphosphepin (Ligand D hereinabgve) dissolved in a mixture of .
flgwyriaviang et iRy stRsya deitHErd e Y NN gHErS Ssond tfFss Economics

P%@@M@Feﬂdz ProaRe Adisseided HrtRRsehiianifu NI © XD ermBitia,
the, %{9?4? ene feed rate was kept 25 constant at 304 grams/hour. The
Prblishse Pearhp&tiferniatcd percomSiarafetennsc O syneazand st flow

14R8 SRR &R kERh s UPFR B kidh-OrigRGR0RREIAEENhEPWY one

rate of 32.67 SLH, or greater, was sufficient to purge inert components
sliHad By tBeciticts from the reactor to achieve steady-state operation. The

following pa%%ﬁ&%%%ﬂﬁ%ﬂeﬁélﬁrfﬂ@&@?&%ﬁéiﬂ@i‘&ﬁb?lﬁlﬁftﬂ@ﬁmowing
flow rate: total reactor 30 pressure, CO partial pressure, H2 partial

exprapleravpidhyie i palathiphedairdy pxgaplaryeiithewseé thengrvention. Other

RAIERIRLMY GHOR [RAGTIN IR KPR o frfalesiinftd W th@QRG18a0287
PCT/US2005/025571
consideration of this specification or practice of the invention as disclosed herein.

In the examples that follow, gas flow rates are reported in standard liters per
hour (SLH). The hydroformylation reaction rate is reported as the carbon monoxide
consumption rate in gram-moles of carbon monoxide consumed per liter of catalyst solution
volume per hour (gmole/l/hr). The propylene, carbon monoxide and synthesis gas feed
purities were all greater than 99.8%.

Example 1
This example illustrates the method of the invention for determining a

primary amount of synthesis gas feed flow rate for operation in the inverse carbon monoxide
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Table 1 Synthesis Gas Total CO Partial H2 Partial C31-16 Reactor
Hydroformylation Feed Flow Rate, Reactor Pressure, Pressure, Partial
waasoazsate, gmole/l/lhr SLH Pressure, psia psia Pressure, P& USI005/025571
~ psig psia 85.34 219 2.33 0.00 210.6 45.50 1.86 109.50 152 2.61 0.42
patddl pro&28 RGidnlThp&rdBM A4 A5d6r 128, 5othi 86 87 shewrsth F2gure 3. The
4.89 0.75 109.6 36.87 3.41 181.9685 6.48 1.81 72 60 34.63 3.90 .206.11
e B BRI 00 58 T PR 1 o bR RIS g e i feed
flR%2ohtr6b(3)1dy6gas RebBnB2utY f4cd FlRR0GMral/@ ) e 3ct84iBeA8rEBnating in a
33.14.Not at steady state2 1. Several of the initial reactor vent flow rate .
SEARE DT Lt A B LS O A s e, Bigp et Eser (6, exi
liravRyereesisttsabiitioa/exabritrtenirudre rbacdversebafiected. fRedlire thor catalyst

reactant feed pressure limitations, the last.data point was operatin
S e AT e e R
rafaeibesndrigharfibanadé dvpsignineite dhesstdimitationprdbigcal limits. To

e oo e oL e Dt s TSNS o

reXelisuSsohitiihess Coatimredly lemRatefrbiFigireactthantegativé hfoutdeproduct
region of the rate curve 1 o corresponds to the region of steeply risin

TS e TR Y AR RRE S GBI P A SAcggucts. The

trEMSELDI (RGN JAREl parRan reveRedd abréialdse $aldkerol (RO SEARRE on a
from the Bos_itive order region of the rate curve (at 215.77 SLH synthesis

CopAEReBR ORst WTEECPI £955V S BB PFRURR SRIEBLI HiedbE reftiPtniarting at a

subCEBINRRERI RHO e {181 (Rl GHEVR BV 12RO 600 kid. SYREhesisigasdaetions
rate with a 115.5 psi carbon monoxide partial 15 pressure),. The point is
%%g constant total

weERFRAIRISG W siesbiretate wrEip Y EBR AR SR d AP fBS Red
reaBRMIYLAEARRIIQR HAIRAIEIP NeaPHMR IR elteT A eleiRipktate conditions,

pressures were selected from pressures within the steeply rising (positive

tolpb FRArRIGRSPS BRI IS qrRY at0B BRASIOREREN P dte v piRgne pRposition, and
otBElSEIRH o REBRHIRLALRIERSHIS 0LHS DREAUYMPISISd raRISPa eI IANRLEA rate was

and maximum primary 20 syngas feed flow rates were selected as the first

adipsigddodelsHaipeirnsgtley seatirdataidHa Reiiectively, of the graphed

data curve Wi{Q a.sRigkiding iavnpareligh R iRersipgasigRRing 70 ppm of
rhodium and 1.5 + 0.5 equivalent (based on rhodium) of 6,6'-[[3,3',5,5"-tetrakis(1,1-
dimethylethyl)-1,1'-biphenyl]-2,2'-diyl]bis(oxy)]bis-dibenzo[d,{][1,3,2]-
dioxaphosphepin (Ligand D hereinabove) dissolved in a mixture of butyraldehyde,
butyraldehyde dimers, trimers (and higher), along with propylene and propane
dissolved in the solution. During the experiment, the propylene feed rate was kept
constant at 304 grams/hour. The reactor internal temperature was kept constant at
75°C. The synthesis gas feed ratio H:CO was kept constant at 1.04. Hence, a reactor
vent flow rate of 32.67 SLH, or greater, was sufficient to purge inert components and
by-products from the reactor to achieve steady-state operation. The following
parameters were measured as a function of synthesis gas feed flow rate: total reactor
pressure, CO partial pressure, H, partial pressure, propylene partial pressure, reactor

vent flow rate, and hydroformylation reaction rate, as shown in Table 1.
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flow axis at the target total pressure. (Note, that some variation may occur

in the maximum synthesis gas feed flow (2) depending upon the slope of
w8108y determined by the last data point which typically B/ ¥R00%035571

steady state.) For this example and with reference 25 to Table 1, it was

concluded that to operate at a total rEalilot pressure, for example, of 120

sg;i dndhe dnverse carbon gnonexideppaitial prepsure region, the MIRIRUMY ation
8825 R4 MO 3006(92028 /.64 /US200k/0255dadeed flaw 1@t le/Uhr
shong_q{be setplgg,ggleg thangli?. 80 Slekla but Besthan 24e! /L 8LH.

Accordingly, in gggfollowmg examples a synthgssis gas primary feed flow
rat@syms chosento be 2023$LH. Fargeferengeoia subsegquent exampleso
not@attat a carbof2 monoxXida partialo gessurd4n.éhe range28f 15 to 35 HAg
(10336241 kPa)3fes in the7hegativéd 36 inverd@BSresporsddegion of tHe87
rateSéde. Exaldple 2 EXeffiple 2 iliBirates t88t5ie opeP&tfoh ofa 341
hyd#af®emylatiorsprocessbrtihe ne%i%%\]/e 0rd7é’r6r‘eg|0n ofthd 3.90
hyapéfb}mylatlorﬁ ate curddth acco ce with e mveﬁréﬁ The rea
figured ds shown qzlgure hICh |dent| the reactor
coé;? lf% ation of -igure 3 Ethe eﬁggetlon t ggg‘ue syn%a fee ?V\{ stoa dy state?
control comprised” primary (4) and secondary (9) flow control valves
L.Gisuezalreg haipitidesiprerenc Bty e dldte poiniamises ighesihes @Ra?mmel&g data
Pqﬂpﬁﬁlﬁ?é[?yt%éﬁﬁtecﬂv%{ﬁe%ﬂé §1\‘R/§’§°Fé’&1féttl’(ér?é18&?&l"efﬁ?5’ Fegird-
H? afg%mfm 5%5%&}1&5%@ 5B 3 tamiﬁg@ﬁgete’g Ungigperafeady-state
° lff?ées 5T SFOHT HRUART Be e o these
“1135% Oty 88?@6 PR T L AT oLIS YA A Aty %h%ﬁl n itions.
secondary forward pressure regulator (9) to adjust the total reactor
pressure to thectdatrefrpredabie. [The pladtadon EegiRidnaiid RoardpitBiaesyre versus
syl RPN RIRACM KGR AR A EAD A LA rate curve
reactor pressure and constant hydroformylation reaction rate. The
cautEpeEttto ‘phesgm, dfydeopdyriying dotat euesioreraldeviantl fow date poiats of Table
é(i da e{ reac 1on gte%"f‘% %19 %ﬂghé%r{ﬁe%%!éﬁo‘ﬂ agxqgé MF essure
ady-state operat| g con ons were demonstrated for mo e tha
trivmitions fope tqrosis suondea rizgdibed the. rﬁtwm(nﬁrﬂﬁa@o&hﬂm@bws gas feed
nder, the, following process co d|t [ e
B B e A e LR of e
ramsmumvy fec2200v0 RitE] mﬂﬁﬁHgaeﬂlabdeatﬁwlﬂreslslﬁé psi@apbugl (@afoxide partial
KEQNER (R e eXIesinas leed Rieas e LaUIon W ARAIRR B hsure rises
pven fiow ra urlng Ae expe the average synt eas%
siesdlyf mmmﬁbmﬂgim ihesisveandagative order.

Target total pressures were selected from pressures within the steeply rising

(positive slope) region of Figure 2 (negative order region of rate curve). For a selected
target total pressure in this negative order region, the minimum and maximum primary
syngas feed flow rates were selected as the first (1) and second points (2) of intersection,
respectively, of the graphed data curve with a straight line drawn parallel to the syngas feed
flow axis at the target total pressure. (Note, that some variation may occur in the maximum
synthesis gas feed flow (2) depending upon the slope of the line, as determined by the last
data point which typically may not be at steady state.) For this example and with reference
to Table 1, it was concluded that to operate at a total reactor pressure, for example, of

120 psig in the inverse carbon monoxide partial pressure region, the minimum synthesis gas
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synthesis gas feed pressure regulator (9) was determined to be 27 SLH.

The average total syngas feed rate to the reactor included the primary
W@a0Waaee287 202 SLH plus the average secondary flow rate thR6EgF2Ae5/025571

forward pressure regulator of 27 SLH for a total of 30 229 SLH. Data were

fegrafdbrdais simihtin Sidughe (hiydt6Tosh§laiohuRisas tiom R A8e77. SR

Time) and Figur Parti re ' | in Figur
A B R S ety PR LS hosen o
bir ReShddalive rofdenregiosubsdiiecniexennleswen achie vadihro menexéde partial

run_time of 10.8 hours..C araty ri 1 C ratl .
P R 1R L o SRS LS S op mverse
respohiselieg) dotaf thacitr pressure through the vent line and vent control
Esens?r.zAfter demonstrating stable operation for a total of 10.8 hours as

d in Example 2, the reactor was rapidly reconfigured (< 1 minute
while operatifxgnaglsBollusirateiggabld opdrateatures ydrefidentieabioptioosss in the

m%sﬁha%w Q érr]dl?:}grlér?o:;’% I0 %thn r%?&rgglgtls(}/rp l%?es cfgﬁev% glr? \all\éc(c:)(rjg tr%l %}th\’\{ﬁg invention.
e exception that reactor’pressure was controlled using a%%lc -pressure
TAO ragtdateasedhfgiend haHdeh iathenteal) whitholisg deatital jordssuwastor

with incremeptal syngas.fegd flow. The reactor vent flow rate wa .
BT L ST UhGEh G S 0Lt 0 o LGP P L5 e qmpised
pianditian sanesecsitisr @ Bsanplardlwillvgropyentiggdramiee299ere controlled in

grams/hour; intaﬁ?al ca;gl st temlgfrature, 75C;.syngas feed rati

o PAR 56 AP e RS PRSEAHTRES P18 88, Vo g o the reactor
the6aghUre, pkadagigyHtisgsthesrtastaitd dortril kack) pressypdsgtdaleviations of the

Results are presented in Figure 8 (1-lydroformylation jon Ratey..
P B PR, B B P EID ) Ao A A ke Qbinal amount
of Gy EE Svanttiavaphvhe Bestaidiig Ryith-Btaplessanciosubper o Wtjust the

the inverse carbon monoxide response region qf the rate curve, changin

tofAL TG USSP HER R R R EEt PEeS ol LA BT &R l?éé’&emn%aﬂ&fég‘ed until

steQMLolatE0n BRI efs iéentishi ledianinficxempieaz dhigard ké@Breactor pressure and
conventional des}ii%n.(Fig. Zr%r)esulted ina raﬂﬁ)id, uncontrollable change jn .
COBHRHbAYCEHABHLNE RSB IIRIET rERCHRIA PRSI GRS W HIENp o5y ation

rcABHRORSE ALaN ALY r IR catRRIMmNaxisaad a0 BRidiA were then
pressures. Thereafter at 1.25 hours, the synthesis gas feed rate was

deferranedd aBOSBITORGFHERS SpTIY PSS R PR onstrigd danmaose digrdp bours of

op&atifiawsraig framd@8epid to 25 10 SLH at 1.38 hours. At these
operating conditions the reaction transitioned back into the positive order

region of the IRydivsdiamy e paitcedrvaderdhs éollavena mitestaeppditions:

propylene feed, 299 grams/hour; catalyst temperature, 75°C; syngas feed ratio (H»:CO),
1.06; syngas primary feed flow rate, 202 SLH; total reactor pressure, 120 psig (827 kPa)
(using the synthesis gas feed pressure regulator (9)); and reactor vent flow rate, 38 SLH.
During the experiment, the average synthesis gas feed flow rate through the secondary
synthesis gas feed pressure regulator (9) was determined to be 27 SLH. The average total
syngas feed rate to the reactor included the primary flow rate of 202 SLH plus the average
secondary flow rate through the forward pressure regulator of 27 SLH for a total of

229 SLH. Data were graphed as shown in Figure 5 (Hydroformylation Reaction Rate v.
Run Time) and Figure 6 (Partial Pressures v. Run Time). It is seen in Figures 5 and 6 that a
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Figure 2. With reference to Figure 10, at 1.42 hours the synthesis gas
feed rate was increased to 204 SLH, and steady state operating

W 20661920283 were observed. With increasing carbon monoxideGIavap05s/025571

pressure, the system became unstable again when the 30 synthesis gas
steasty eiteratiashe thabogr288@ddd rrathhef daghain enorrowiaeaphitiedd through the run
HUESTU'S apRiQached the negative side of the hydroformylation rate
lcur\iff)1 Iglgure 10 (Hydroformylation Rate v. Syngas Feed Flow Rate)
mpeagiveixpesithentystem transitioned 46 WO 2006/020287
PCT/US2005/025571.. fr ositive order to.neqative order..the reactor . .
response be%é%r%l ?ﬁﬁsﬁfefg%qgegré%e i guS?lsO“?Sé F%?Shlghog(%@gﬁ%aﬁ)ng?}%n aintained
binyordfolling dtitah neattiopresterpthngeth thenveb7ligmadd/Vantodhiol sensor. After
SROlel IR IDSIaRNIY oot listiates!dndraphical o, was seemn, e
the partia %ressur of carbon monoxide, propylene, an yu‘?ogen, n
réaciioe weactpi dgntéiontigated T henwpe sivhidabphrstiad aadmiwihiatRihea 7. All
approaching the.negatjye response region, a. small adjustment in
S R e TR R okl S B g o
coh@ob@s, iwith ¢atrgepairanteiersadiaprsan s This exariidd Ukisy atbschamessure
to bring.stgble operation to the reaction system 10 of Comparatiye,
SR RAE VP NS TGS S PRy inorerental
syngas fead fichy tHEhtoied Synthesiflgasate erhsate was d GolieasecbinrdBed) using a vent
SLH, and the ti lock was sef back to 0. Subsequently, at 0.20 hours
EORET BTN Lotar RSB SRR T, Yo VAR oSSl B A preiene feed
&8 2D thaihpghiolih enteaclarwbs T enityraasefisnaes frsdsrisdi@ienile,:CO), 1.06
Qperatjn ack to the design shown in Figure 4. The primary synthesis
i AL R AL TORCIS 00 B i PO DTS By reactor
véiebtalgpicipiat padawe Wasusstaé priddad (B8 Pdnag, @Rd@fyrmylation Reaction

deviatjon of the actual reactor pressure from the target pressure was
Rttt e SRCOHER SyHFe b tRES O RERY 42 Bar 8y without

any further changes fibe raaetas oM -tiHckherasstand sihigd sheld esitest
stable gperating conditions similar to those in Example 2. The following

OB BhHITBHS S8 WarRRaIHI AEPopE RNk 1o the rate cot, changing the

niARBOTRLLCIBgRA GRS IPMASKAHER s /RG o8N THAS MR8 EFAHBI from the
.(H2:CO), 1.06 with a primary feed flow rate of 202 SLH; total reactor

), 1. : : ; : i
inyentigpdetisy gt § &gy e asepsrsionab designd gy dhieyltsmhdn 2 rapid,
uRBSHVIMEIN HRMoEAe rdittRIn o R RS8R GIRYERE ToWeraiaQiditr b RS vent flow

sufficient to purge inert components and by-products from the reactor to

referiede SrssdiRatb oplehaisRr ResuRg e 254y deraeirPriakaressures.
(HydroformytatigeRepsfion Rale:y, Ry AiRekad felagel 8@ tiRhsed to

180 SLH, which rapidly resulted in a decrease in the reactor vent flow rate from 193 SLH to

'
20,

10 SLH at 1.38 hours. At these operating conditions the reaction transitioned back into the
positive order region of the hydroformylation rate curve, as previously illustrated in

Figure 2. With reference to Figure 10, at 1.42 hours the synthesis gas feed rate was
increased to 204 SLH, and steady state operating parameters were observed. With
increasing carbon monoxide partial pressure, the system became unstable again when the
synthesis gas feed rate reached about 238 SLH and the carbon monoxide partial pressure
approached the negative side of the hydroformylation rate curve. Figure 10
(Hydroformylation Rate v. Syngas Feed Flow Rate) illustrates that as the system transitioned
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Pressures v. Run Time), which illustrate stability in hydroformylation

reaction rate and reactor partial pressures. Although not illustrated,
WQRm0E920283ility was observed in the reactor vent flow rate asPCHAHSUWA/ 35571

time. This example illustrates that stable operation in the desirable

framypeRitieraederdgiopeatifsco Rl dhs HeatagRsharse erasytablaygun (hours

P A S S 4 o

toEkArpiplelofLbxpipiéaninfisbititssnstaiblestptechifoarathiosl droforadagenin the partial
px%rsgﬁ%%soﬁncg}ﬁoﬂ] ﬁ%&?d%f%%&)gggﬁ?& ﬁ&%ﬁdﬁ%&eﬁ“ﬁﬁﬁ Hy tH§ ?e_%t%r vent flow rate.

secondary pure carbon mo eed. The reactor was configured as
ThhowpeimEiglitbistBitesvighih dwthehsampprueipog s negathie serpaotsregion, a

Figure. 4. with the (o] i e r
Iy oo AT T AElnEC O BORE R wnconrolo
cloomggrisesperpiimg pandoeterronoxide feed flow control (12). Operating
Egararpe,jters were otherwise the same as in Example 2. A primary amount

sis gas was fed to the reactor through the primary synthesis gas

flow rate corifiofexamplesilosgetts biewiatibrisgitidernpesticediedta reaction system

oP &e Srgure {ro the tar e% iJ.O r'é)en%ihl%ﬁﬁ%g c::Lo?ﬁ 1 {gn(s8§eos,c§|i3bad 1ann onr}lgpléllpa{tlovfe

ara IVQ]E Cl’lmgl} .
car monoXide was fed throu e secondary forward pressur

Erpgtilatort th tejtistatrsyitttedisemstiepnass was ttethensadget | oeSIsHiandlike time

clre (-:\t7\if(2)1n %?%gci:tliot% el srgalilré}%l[%ed[H t(qﬁ(t.)%%‘dgfsot aé?aﬁgrrll gli‘ltéog%aweerlgt r vent flow
SEhidR %A iKGicate bly SEGhstant total Feacior pressure an constant

radty tindf deorglatid beteactib 8 Ithleanthe thaaprésiclios presstivers rapidly reconfigured

drofarmylation reactiqn rate, vent flow rate and 15 composition, .and .
PR BRI R DAL 05 TSI S P LS Ry ynthesis
g@oRgtiens wereesermoPe2r8leld (thervare tham the:hudsaaidpe)atifire thiget total

reaction was conducted under the following process conditions:
DISSORYHaE I LB S B BT CeATaREs £ et pressure from
thyngns feedualivatdi (N 12 Gieyaroadpyisyapadaest tontrall€rFigl 3, phit 9).
total reactar pressure, 113 psig 20 (880 kPa) (usjng the carbon monoxid
Wb SN B Ao SR HRACISINTR ARG T ?%%S.%eéﬁfﬁ dgired stable
opSERA eenditihiReRiRviabsIRRen Menhpke primarylyngRsieeatigit onditions
was adjusted higher to compensate for a lower carbon monagxide o
WEHERR ARG ORI @ﬁ@&?@f@&lé?ﬁa%m&mm@mb%@%m 75°C;

sytieis T estie ameauol,of yarRBehitihe feddtior NeyerhetesbIBtdhBreactor
SLH the primary syngas feed was in a_preferred range and 25 alose to the

PreRSRnUAOBTE REHNPIRF BIGHIESS §95 doRg INESSHSHeRIERC vent flow

rd@8/BORTH. The reactor vent flow rate of 44 SLH was sufficient to purge inert
components and by-products from the reactor to achieve steady-state operation. Results are
set forth in Figure 11 (Hydroformylation Reaction Rate v. Run Time) and Figure 12 (Partial
Pressures v. Run Time), which illustrate stability in hydroformylation reaction rate and
reactor partial pressures. Although not illustrated, similar stability was observed in the
reactor vent flow rate as a function of time. This example illustrates that stable operation in
the desirable negative order region of the hydroformylation rate curve was quickly
reestablished by reconfiguring the reaction system to the design specifications of the

invention.
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monoxide feed flow rate through the secondary carbon monoxide feed
pressure regulator (12) was determined to be 14.7 SLH. Data were
Wealleo2ersihd graphed as shown in Figure 14 (Hydroformyla®$iTRE2WadE135571
Rate v. Run Time) and Figure 15 (Partial Pressure v. Run Time). The
Egsapiis 4lustrate stable reactor operation in the inverse carbon monoxide
region 30 of the rate curve by using.an operatin ) comprising a .
comstant ver i o AL ARSI TRAE ORI Brocpss in he
negaiaielerdaregionarohidettead vaisytosc ofitckdotdhrg aotercpressmendgide feed.
T (Peg&gp (792%502%% Pucr:érd UsS %10(\)%/1012%?71:1'% (ﬁm acr:%t-va?s !f:h)épseagnm%g'%nz onents as the
omparative I%?(pe%men Shows stablé operation cannot be P
reavadrtafifdgdura 4hevithvrs excegidomahih éheatenthirsie gns fistddlawonstasitcomprises a

plqrrliqmar o?P(H}Px‘? @eﬁg'\f&ﬁd IL%V\éeS ratc% corglg)%'n %c\)N ithrgegonstag Ear monoxide
Secon ary arbon monoxide feed T rate: After lggmonsatpéﬁng Stabie
feepdtatiotoforod (2l CipkZafibgheuttgnatereserietidnicatingpiane tizanBaatgsle 2. A

D ST e SLER SR (P L e PR i s
flide nikeaddntibidae hiseespotsigioedhdativiiy tiehexaemioadibahbpeessaiafiom the target
b id l, (4 10 (13), ilized and I
R N AR R e R R
sdbenthag forwveard presurbectension teell iiauhexistal asciegaviad { botinotarget

controlled) using a vent flow rate sensor (11). Reaction conditions were
PR b 1odh RO R SRR R TP AR RomS were

adABEhiaMPeIRIUE,: o Séastyntaaliesdttatinddidd @l dordanithyardfdrmylation
constant feed flow rate of 213 SLH; constant carbon monoxide feed flow

repgon e SR (oL SR TR E S R TOH S D TG R PG TSR ERY rate and

chBpkMieaSHAE B AaEWheshiiBoRs MR RERSEEenTAS e SeHIB st operating
setting, the reactor vent flow rate was zero). Data are presented in Figure

condiRns B smaanRd des Rk than R Rorr el apRiatighre 18 (Partial
Pressures V. TR Red#ieh w23 U@H@H%eﬁ‘ﬁrﬁ@ﬁﬂﬁef&ﬁm%@&@QU&ﬁdi‘cions:

resulted in a rapid, undesirable and uncontrollable drop In total reactor )
pgisdenrderefNThEra AriEam Ol a8 saig Tt deBpe s s holy Cof BierltsH ratio
AYhigthersagiwashslpweinasst Riess oL QS NS R PRALERS 113 psig

was available for analysis and hence the reactor partial pressures and

(&deBronvisingitie cadossurnmeidsdecd piratets ISeRBS OIS ReRPieB YRt flow
rafeniglowmas Agesiablished oM bR dRueaeiRlii e CRNS ARRS SRidfeed rate
for at least some of the previous operating time the carbon
was adjusted higher to compensate for a lower carbon monoxide concentration in the
primary syngas feed and the requirement to feed a stoichiometric amount of hydrogen to the
reactor. Nevertheless, at 213 SLH the primary syngas feed was in a preferred range and
close to the maximum obtained from Figure 2. During the experiment, the average carbon
monoxide feed flow rate through the secondary carbon monoxide feed pressure regulator
(12) was determined to be 14.7 SLH. Data were collected and graphed as shown in Figure
14 (Hydroformylation Reaction Rate v. Run Time) and Figure 15 (Partial Pressure v. Run
Time). The graphs illustrate stable reactor operation in the inverse carbon monoxide region
of the rate curve by using an operating mode comprising a constant vent flow rate, a

constant primary synthesis gas feed rate, and a variable carbon monoxide feed rate to control

total reactor pressure.
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monoxide pressure was about 2 psi or less resulting in operation in the
undesirable positive order region of the kinetic curve. At 2.95 hours the

Woaaeed W1t flow rate rapidly and uncontrollably increased toP&3oU$2099025571

SLH. Eventually, this resulted in other undesirable operating conditions,
namely, significantly higher carbon monoxide and hydrogen partial 30

CBIESSHISS: Egg‘gg;'imﬂyilower hydroformylation reaction rate, and

significantly higher reactor vent flow rate. This experiment illustrates that
even when stamngrafitte Stapteimeniciothopes: tiid stablheneraticseceansbhe maintained

ki ?(Ngl%é ?é%%ﬂ%% froian Alhe 69%%%%0%%%%@&%&%?% feed flow

PCT/US2005/025571 changing the m contro
réfiopotlaTinderition dusigntetrondrey i@uerninecvonidmitsddlae sige gkiter
. . | i react N |
T A DR I SN . e
raansinbies cyndiyioreofig@ueddsrdtve Expehikapetatifige aesliwvmandriguoé 16 and the

ix2mpAAlve Exp rjaf:cﬁ‘<etd8tz%ré’Yaz§1iad%isd1%_[§e%8{‘rQ “_r%‘]% (Ehaunyie MG, g in
operatmg‘ﬂV ack to the design shown iff Figure 13; t esyntﬁess gas fee
FigeeWlds withribe sedeotion Bat thestarbombomonmidzidiofeedrilprmssirel, (4) and

(ggé&%goﬁﬁ’i’iaédst%%&‘%o%ﬁ%e%sk%r and.ihe tme JoekIasRal apgglcli(%)r(e)és&r% regulator
sequently, the syngas feed rate was Increased In séveral steps
(et tiadl yereamhwagt 2iht. STt at218rhamtSlofopesatinmadsiidd (tomthentrolled)
u&%rbgn mo (%i(rja J%Q{}’g%r}j I{fssure regulator of secondary CO flow
coﬁtro‘feﬁ was increased from 109 psig to 113 psig. Without any farther
changes, thekrgadiarcsyditon ekl yinedatablisfaathitd .dpsipgdeatafels rate,

erating conditjons similar tg those jn E le 4. The following.o tin .
3 RETLOTE TSR Tt e e AR 1-23 with a
contginaleat dyst teeperatust T onssyntgashiaethoativi (d ZeedX) olv. 23 ayith. 2 SLH;

rimary syngas feed flow rate of 211 SLH; total reactor pressure, 113
oSG NS B R AU e 2orebor SFULEars PABRaDFEdfor rhon the
rdRActryentdlonsiris, thdn3tBldkiihpeike achotorahfl Qv atecol4klz8rSl HData are
was sufficient to e jnert components and Ry-products from the _,
FERRONEH 15 PRE LU P Lo B oA e ot TEmgRe Figure 18
(xam PR Sukbis/,eRpotiment of the invention is illustrated with the reactor
design shown .in Figure 19, wherein the reactor, venﬁ flow rate is

maintained JSHER VAR5 MRS YR oL retulisshingt fpyd undesirable and
uRSsBnIebWithdih R eerEetdnprvasté QearaiadAraigilaiagies psig at about 0.3

hours of operation. While the reactor was below the set pressure of 109 psig, no vent gas

was available for analysis and hence the reactor partial pressures and hydroformylation rate
could not be calculated. At 2.65 hours, when some vent flow was reestablished from the
reactor, it became apparent that for at least some of the previous operating time the carbon
monoxide pressure was about 2 psi or less resulting in operation in the undesirable positive
order region of the kinetic curve. At 2.95 hours the reactor vent flow rate rapidly and
uncontrollably increased to about 170 SLH. Eventually, this resulted in other undesirable
operating conditions, namely, significantly higher carbon monoxide and hydrogen partial
pressures, significantly lower hydroformylation reaction rate, and significantly higher
reactor vent flow rate. This experiment illustrates that even when starting with stable

reactor operation in the inverse carbon monoxide response region of the rate curve, but
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25 pressure regulator (10) used to maintain the total reactor pressure.
Note that component 11 of Figure 19 is a reactor vent flow sensor. At the
W R0/te284talyst composition, process conditions, and reac®¢T/US2005/025571
configuration are employed as shown in Figure 3 and Example 1, to
chistaingitles thie ted iod derstmtordsmgetamtabp femsite andpimmalssigynofaSigure 13 to
f he mipimum vent floy rate is determined from the .. .
O T B R R0 Sl PR Bomations
camoyeonents and by-products from the reactor to achieve steady- state
E%%erﬁg%“ After setting these parameters, the same reaction conditions
tant feed flow rates are established as in Example 2. During the
experiment th&ipropyhehei feattatsd WO BQ6602DREY stability from the unstable
PCT/US2005/025571 flow rate (3) and.yeactor vent flqw rate are . .
ISR e BN L BALTCE oo ol RERI B A AT fgeriment 2
weyelmdly astuetigusten@y-sihiate peiidtiopeeaiiaty ashitditie testansinmion sty

removyed from the reactor. (7) and passed throu uct recover .
O SHT e e e QAT ORISR 4D S by oo Plgnoride
{aatatdgirssdutiore ghracovercstrando esigclastibckiinetbio ceaniosarnéack to 0.

continuous basis (8). A primary amount of synthesis, gas is fed to the |
SR o H PG HEHESEF AR A SR ORGY CAy e ine
2amSUHt 0 f0sy hihesisfaqeistioantrlled thiaughe satondasyaaal @iaive pressure
1r(l ) ther§b¥ co tro%&g\;ﬂthe reactor \ﬁnt flow rate. The total reactor

[ e

K 8YiSeoh A4 G280 fred SRR RSOGO e ER VLhpsie:

WiiBoikQnyl hietheaetionceondiiastaie spaeinakBndcislisRey thtadesired stable
conditions are achieved as indicated by a constant total reactor pressure

OBFIAUBS SR AP Ay Rt T S EraRPARe! ELiplo v ignsRaling eonditions
whksthaiasRRIEHIopyRiR Rl eieymyAiinmate by iMeARPc AR ®h@erature, 75°C;

carbon monoxide partial pressure over both positive and negative order

SYBEISHECA R EP e fatd) clr MR SRR MEgRS I SAHRTHoEnebAL | SLH; total
reifsesirould De-enamukerariinOle i RO SR REregulstor (12);

negative order region of the rate curve. Propylene was hy roforniélated

adisgSohye oy wisotird RbHrelits SravenblmTesalyst drdlpreags sufficient

gk MR SAYHRBRIARABEH arbRdiemirE R8BS ®RReve steady-state

tetra_ms%[),l—dlmeth lethyl)-I, I'-biphenyl]-2,2'-diyl]bis(oxy)]bis-dibenzo[d,f]
OPEr3tMIDHIIGRABIS AR (Ligand D hereinabove). Reference is made to

Figure 20. For the first three data points through the positive order region
Esghtipgadite curve, a conventional reactor (1 liter capacity) was employed

having the d&%igrembbigouenZoFbe theaginaiis nidusastedoiis the thactor design shown
; r{;ﬁ atigﬁ é)rd% re i&n of the rate cutve, the react r.w%su%g)nfigured

e L Fi‘gur(reel e reactor vent Tlow tate is maintaine ng a variab 2 synthesis gas
feed rate control [(14) combined with (4)] to control the vent flow rate through a back
pressure regulator (10) used to maintain the total reactor pressure. Note that component 11
of Figure 19 is a reactor vent flow sensor. At the start, the catalyst composition, process
conditions, and reactor configuration are employed as shown in Figure 3 and Example 1, to
determine the desired reactor target total pressure and primary syngas feed flow rate. The
minimum vent flow rate is also determined from the reactant feed purities, the rate being
sufficient to purge inert components and by-products from the reactor to achieve steady-
state operation. After setting these parameters, the same reaction conditions and reactant

feed flow rates are established as in Example 2. During the experiment the propylene feed

50



10

15

20

25

4, using the process of this invention to stabilize process parameters. The
reactor internal 25 temperature was kept constant at 75C. Process

Weasaersand raw hydroformylation reaction rates (gmole/kPEXars28ed/025571

forth in Table 2. 51 WO 2006/020287 PCP/1JS2005/025571 U=.ra0n
ﬂhlw_l‘ate (B) apd-reaciir@a@tBevCraic@iex v todl€ o5 ca@staniad wraialCTovinaintain a

F.L0'Q 10 C [
oD S T FeefeRegas el Bt AR
c@ﬁonqs%yquh@md(ﬁ@n 40 B0V IDKIB PREATHOIGY fgrodnd t@CWeiW$ystem to
7020 Q0 m

re&ovc@&e@w&;‘g%rmgl%lc% pfac‘)cfuct a'{)[d(.y% IHO%JKCFS rqn 'ﬁgé?qéc ﬁ% ?Oh’&lﬁrbls r8covered
ahit recyxlNd preljaoytboredoof ontd ntidaceg pasisNSEh AL prondrii &mdsint of synthesis
gas is fed to the reactor through the synthesis gas feed flow rate controller (4). A variable
amount of synthesis gas is controlled through a secondary control valve (14) thereby
controlling the reactor vent flow rate. The total reactor pressure is controlled with a back
pressure regulator on the reactor vent line (10). The reaction conditions are maintained and

steady-state conditions are achieved as indicated by a constant total reactor pressure and

constant hydroformylation reaction rate.

Example 7
This example illustrates obtention of a hydroformylation rate curve as a

function of carbon monoxide partial pressure over both positive and negative order regions
of the rate curve. Without the method of this invention, difficulties would be encountered in
obtaining reaction rates in the negative order region of the rate curve.

Propylene was hydroformylated using syngas (CO -+ H,) in the presence of a
rhodium catalyst prepared with 1.5 + 0.5 equivalent (based on rhodium) of 6,6'-[[3,3',5,5'-
tetrakis(1,1-dimethylethyl)-1,1'-biphenyl]-2,2'-diyl|bis(oxy)]bis-dibenzo[d,f][ 1,3,2]-
dioxaphosphepin (Ligand D hereinabove). Reference is made to Figure 20. For the first
three data points through the positive order region of the rate curve, a conventional reactor
(1 liter capacity) was employed having the design of Figure 7. For the remaining data points
in the negative order region of the rate curve, the reactor was configured as shown in Figure
4, using the process of this invention to stabilize process parameters. The reactor internal
temperature was kept constant at 75°C. Process conditions and raw hydroformylation

reaction rates (gmole/k/hr) are set forth in Table 2.
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and rhodium concentration, the raw hydroformylation rates were adjusted
to a standardized propylene partial pressure of 50 psi (345 1cPa) and a
WOoRsMIRI2ZINcentration of 70 parts per million (ppm). The adjRSIBH $2083025571
are also set forth in Table 2. 5 The adjusted hydroformylation reaction
rates were pfittetleashadhtagiion of Tatlqanalqorelsshile aspshpylenmpaigialeressure
20, copfirming the theoretical gr esented in_Figure 1. Th ta .
o R R OF LR oGP A DL B e SRS aparized
prepylting patealpiessuegatve pided Sddtanaati thehiateme toacdaereiin alfy70 parts per

sych that reaction rate and product isomer ratio are maximized and
2R (R AR LROISA 5 kS 10 IREARY i plots and CO
partial pressUte egesddarihd@bigintch ieneiynligesdeetesietkdas dfanction of
therehy providing the operatjgnal parameters resulting in maximum rate )
O R AR BP0 e TR S, B resented in
Figtreationhd datd SX¥{adé M blean¥Vé se¥onel? 0ZBfaitid) B éskor3 102455y the maximum
CLAIMS: 1 _ A hydrofonnylation process comprising reacting one Qr more

TRCHOB L HRHSORCHASHORIAE! PRy DGR HHE o RESEHERALY-Fuch that reaction

rdiydrafprobdatiopmal iyl decpfedineél saaclivmpfodeatiftit eORTAISHAQ In like
one or more products, wherein said process is conducted.5 at a carbgn

IRHBIEG A R H PALS RATHA TSP TUISCRBRCS SR8 Nt ADARBE o E Ay dipand selected
fOPERYXide-IRAFHN i8S THES HaGIfRsE ARG dRes RAGHRY Ml HRRIRAS S @End
carbon monoxide partial . pressure increases; and wherein the following
mgrieRes e dbepehrilicRmeicration iR PEREb R ARS RItArPEssure,
vent flow rate, reaction temperature, or a combination thereof; the
process steps comprising at least one of the following process control
schemes selected ].0 from Scheme A: (a l) establishing a target total
pressure; (a2) detecting the total pressure and determining the difference
between the detected total pressure and the target total pressure; and --5
(a3) based on the pressure difference measured. in step (a2),
manipulating a feed flow of gas comprising carbon monoxide to adjust the
detected total pressure essentially to the target total pressure; and
Scheme B: (b 1) establishing a target vent flow rate;
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20 (b2) detecting the vent flow rate and determining the difference | ovp wisk
whelweenthe detected vent flow rate and the target vent flow raies; 5190% 025571

(b3) based on the vent flow rate difference measured in step (b2),
cmanipylating a. feed flow rate of gas comprising carbon monoxide to

adjust the detected vent flow rate essentially to the target vent flow rate.

25 2. Thé prsbeseranGlaim 1rovkes sivnprosesststeps ¢al) chroughe(adctmds, carbon
nRIRERS SEps, (RBLINOUAN (03 a1 q | MBI MENIE 30 A% A DG ce o

detected total pressure to the target total pressureand to a jt}/stt e
regetevtedovent flov! kate ol the tang et ventcfiowdates. 3viTheiprockpsootss is conducted

atgll%m)gﬁﬁgﬂglliﬁﬂc? USa?Jieﬂ“ 1@&%'1 glghglﬁﬂ%ﬁtycraact ‘1911(: Pamc%%lépcgfﬁe%rae% cartéon monoxide

contacted with carbon mohoxide and hydrogen to prepare one or mor
palltehydesisCidcTire prodébs whCiainrBavhereastheotefnic mosattiratedrtial

COmMPOL % prises .from 3 t95’2§{?icarbon atoms, >4 1.L0Y9 IWISF Wt? . .
036 PC SO0 o LS P e B st WHereih
rdwdiofonmylatidpcatalysteontrisesta, metaloorganaphospherusdigandtion thereof:

complex catalyst. 6. The process of Claim 3 wherein the hvdrofonnylation .
O O s R R co R LYl s setecned
fidnThe process of Claim 6 wherein the hydroformylation catalyst

comprg%%glger iodiun'i-organopolyphosphite ligand complex catalyst. 8.

The process ofClaim 1 wherein the target total pressure is selected from a

range (af peessurdsiip ategionoflsieepast positive slope of a graph of

Total prgssure versus Synthesis Gas Feed Flow Rate. 10 9. The process
of Gl LN R a5 AL TEON S ERERF g th detccted
vent flowarapiesqueiid the inpet sioichiometsiagicess of hydrogen and

inerts. 10. The process of Claim. ] wherein a primary source of carbon
mono>§ig‘a% s <'ryo &ga RoSE BIGEAEs SRR e dB e Aemanpulating a feed flow

stoichighgetrivnesiiiements ohibac ki efadndationdetecessoang Higure
detected tot%kﬁlresi%re is adjusted to the target total pressure by means
of a sECORUEIY SOUrE 8RS L8N WBREEEE-containing gas. 11. The

process:péreddadn 10 wherein the primary source of carbon monoxide
compri%ﬁ: a Fpgg%?r%/ feaed of syngas to the‘reacto_r; _and optionally,_ wherein
the setdREIHP SEt S drHabEHT J3fe-containing gas comprises a
syngastfett e adiue Gafidbw rate and determining the difference between the detected
vent flow rate and the target vent flow rate; and
(b3) based on the vent flow rate difference measured in step (b2), manipulating a
feed flow rate of gas comprising carbon monoxide to adjust the detected vent flow
rate essentially to the target vent flow rate.
2. The process of Claim 1 wherein process steps (al) through (a3) and process steps
(b1) through (b3) are all implemented so as to adjust the detected total pressure to the target
total pressure and to adjust the detected vent flow rate to the target vent flow rate.
3. The process of Claim 1 wherein one or more olefinic unsaturated compounds are
contacted with carbon monoxide and hydrogen to prepare one or more aldehydes.
4. The process of Claim 3 wherein the olefinic unsaturated compound comprises

from 3 to 20 carbon atoms.



o

10

15

20

25

30

monoxide feed, or a feed. comprising carbon monoxide and an inet@asyy|si

WO 20 d2208ke process of Claim 1 wherein the total pressure is cetrelled@yo2s571

adjusting tine flow rate of a carbon monoxide-containing inlet gas, while

the vent floy-sate-qf discharges gas ﬁﬁﬁ%}hﬁ»@ﬁﬁ@flﬁ%@'&%@ %gvil%ﬁfti ses a metal-

_constant flow rate. 13. The process of Claire 1 wherein the vent flo
OTHFR RS RAPY AT pas dren et rakBioitis controlled by adjusting the flow

rate gf qicarban.menexide-capiaininggas J84, 19, 4o 16 reagion While . 4 met:
maintainiﬁagﬁthe target total pressurg?iﬁfﬁfﬁgj é?élﬁi%ng}]’é?a‘fﬁ%sitv(\’/%%l gin° & metal-

Or%ﬂ_%%}?éﬁ‘ﬁ*&%@i@ti%@ﬁb@o@@@@Bi_étéﬁdi}féted ina plurality of continuous
stirred ANk fRACIASCANNEEed, I SErES 1 @x%r%{hltﬂ%t;[g}la%%e?)?S%ucr(}%les rises a

detected by a. detection means located on one or more o reactors in
rhediyas oagrapsignapsshitanigmided tordesartiahymonoxide inlet line to one

or merergf the reacters in serjes, so as 30 to adjust the total pressure .
over the plét}ality of reac?gfj 0 the %ar%gt%%l@%ziﬁjr%f}?fgs%eel%l%i%cstgcgﬁOm arange

of praimEwheretsithecdiythafernpsition: prosess dscondutTethirPacpluralittsus

syRfiRQptiaYows St @Q‘éﬁng reactors connected in series. wherein the vent
flow rate is ti~ LLOYD "N101 WO 2006/020287 Pf T/dJS20d15/02_i77Y

deteStebbsyrrodeteofichamenshloeatedrinanrent fingfromi GRENOFB & @k cied as the

H%?l{)%@%% ¥ rigs, .and a signal is transmitted carbon monoxide
“inlet ine to%o ﬂe&1 %ﬁomlgrgl‘ ?ttﬁténgrgé% ocr{snlcne%{é:ﬁ%ss?é%yagtéoﬁ?léd]&mﬁ‘as\vent

1 owlrfatd hovepthes BIUCHity Of whactins:torimatargetcyent Ao abed®: i dhe:

Segess, of Claim. 1 wherein the hydrofm'mylationproeess is conducted in
e plural%lle {CoRtinUouS Ss%f.%sés l{téﬁgyrnél%\%é%(%b%ﬂ%t&%Wﬂ?gﬁﬁ]&él,ts of the
hydviépeinythecotalopressure tise detastatibylapdetactionesrs loaethar total

-Qhe ormore of the reactars in series, and g signal is transmitted to a
P caﬁgor‘? ?n%%%%ﬁé’e fniet ind 1o dne %9%0?%‘%?%8%%@%@%%%,%'as

to adjustlthertotetsresSluerove mtherpiuralityohieactansdothetRigelonoxide
coﬁﬁgr??é‘sr%; 6}{19 \{_vh ereed'r(]) P tpe vetnt ; low ra'%e is dgtectegraggra detection

means lotated in & vent ihe From BRée8r oA ‘otHe e Ret8Rs e dhp gecondary
souind afsigrianistvansiittethtaningarhonompriexidesinigldinede PR @ Fdken

of the 5%%8&%%'” series, so.as to adjust the \ﬁgt flow rate over the plurality

o TSR targ8Wéﬁf%W PR PPRKE HPBLSSS I O | wherein
the cétbcrhmpnoxide pattiah pressuttnsiselealadesindbeciMesS8 PHad  usting the

1o QQ 8]1 éhc%r%%%rﬁfgﬂ[%'cﬁctjg&«?gf&ﬁg r1\1/1?e’? ggrs?%)}g{édtigg \;[gn? flow rate of discharged
gas from the reactor is maintained at a constant flow rate.

13. The process of Claim 1 wherein the vent flow rate of a discharged gas from the
reactor is controlled by adjusting the flow rate of a carbon monoxide-containing gas fed to
the reactor, while maintaining the target total pressure.

14. The process of Claim 1 wherein the hydroformylation process is conducted in a
plurality of continuous stirred tank reactors connected in series, wherein the total pressure is
detected by a detection means located on one or more of the reactors in series, and a signal
is transmitted to a carbon monoxide inlet line to one or more of the reactors in series, so as
to adjust the total pressure over the plurality of reactors to the target pressure.

15, The process of Claim 1 wherein the hydroformylation process is conducted in a

plurality of continuous stirred tank reactors connected in series, wherein the vent flow rate is
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hydro formylation reaction rate at. the maximum or within 50 percent of/p) wisk

wheaexirnum rate, as determined from a plot of hydroformylafign keagtions=7

rate versus carbon monoxide partial pressure.1S. A hydroforrnylat‘io_n
dptegess cariprisineh REHNMIKAISAGHIOMLZANE ARG, ALMAI¢, 492 Qﬂ{@f;@fwtors in

unsaturated compounds with carbon monoxide and hydrogen in t
SPréget ao%‘%“%é%&i%Fﬁgﬁsfaé%ﬁa’siismt@ﬂgaﬁd@;oﬁrmbnec@ta%pandm of the
repionallysé keeorganopplyphesphiieligand fo pro gl%cfh%c{ﬁ%fc uen %ﬁog’y%}) the target

fluid comprising one or more aldehydes, and separating in at leas
VEBpAPATiGHSZ0ne the one or more aldelrvdes from the

metal-groanenataRospris ioandeomplex caiRlysLand e optionalfree
25 organopoiyphosphite ligand, the improvernent co pn;mgr.) con uCtlnd
p{H@H?ﬂ%fﬁﬁ}%ﬂﬁﬂéﬁ sthpseces larcadiarbonimoneXidespactiatbressiiie:suedl pressure is

dhaliEastiondRigiNcIeases as.carban /ogngxide O%%Hci:ai'le é?osrssgﬁ%eiries, and a signal

_decreases and reaction rate decreases as carbon monoxide p
I YEESTYE e aset anm tviverdinithe: ollowingarocess: SEPS afectors in series, so as
t&gay%@%ﬁéiMJ!Q?EEQ&&%Q%J%‘?%%’&%E r"i‘”e{?%a?é‘%ss re. 5o as to stabilize

reaction rate, total pressure, vent flow s0 rate, reacﬁgﬁeté%&%ﬁﬁﬁﬁgé’fﬁraéld wherein
ﬂ%ﬁ?ﬂﬁ%ﬁﬁ%ﬁéﬁé@ﬂ%@@m%@ﬁmps cemprisingedtileasteaneefthe one or more

» TaJeWols con emes selected from: 56 LLOYD WISE WO .
oMowngormeoy SISOV L
neta I idsdare (el siestingathe totalsptassere, frnd deterveiningtheality of reactors
tHiffergnce hetween the detected total pressure and the target total

pressure: and (a3) based on the pressure difference measured in step

(a2), rhanipitatingeasfe86 fow Iaﬁhmmmpthﬁimgiﬁﬁ&@&iﬁlﬂmﬁ%ﬁ@ssuﬁ is selected
Rt e st ten it R R el

cheme 13: (b I) establishing & targe ,
hygeofere flelomteactive detcrmihiumgithendifferense beweantbe ndeiestadun rate,

d the target flow rate; and (b3) based on the vent flow .
e haa L B A VeeehcHopgagaoride paria

Pysmprising carbon monoxide to adjust the detected vent flow rate

essenlt'g:.ll% E%Hf&g%%%%%{gg%ﬁ&%grsa E;%'mprising reacting in a reaction zone one or more
olefinic unsaturated compounds with carbon monoxide and hydrogen in the presence of a
metal-organopolyphosphite ligand complex catalyst and optionally a free
organopolyphosphite ligand to produce a reaction product fluid comprising one or more
aldehydes, and separating in at least one separation zone the one or more aldehydes from the
metal-organopolyphosphite ligand complex catalyst and the optional free
organopolyphosphite ligand, the improvement comprising: conducting the hydroformylation
process at a carbon monoxide partial pressure such that reaction rate increases as carbon
monoxide partial pressure decreases and reaction rate decreases as carbon monoxide partial
pressure increases; and wherein the following process steps are conducted to float the
carbon monoxide partial pressure so as to stabilize reaction rate, total pressure, vent flow
rate, reaction temperature, or a combination thereof: the process steps comprising at least

one of the following process control schemes selected from:
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5 19. The process of Claim 18 wherein process steps (al) through lgfszf

wodd, [9pgsSs steps (b1) through (b3) are all implemented so as to adij

4 WISE
to adjust 15t
the detected total pressure essentially to the target total presgﬁrgié\rijd"ﬁ’f“%m
adjus?{| he deéeécted vent flow rate essentially to the to get vent flow rate.
20. The'process of Claim 18 wherein the olefin comprises from 3 to about

20 2(@1(;@{;&@1]1@{9@@t&ﬂgé{hﬂgﬂ)ﬁ@@@%«&f Claim 18 wherein the metal of
the metal-organopolyphospbite complex catalyst is rhodium. 22. The
procéds) SEERRT i@ﬁﬁé@ﬁ?%ﬁé‘%&%@)rﬁﬁﬁ%@%@é prral pressupe ragryethe
from @heuitd psia (8.8 kRahteiabetd:009in5ia(6,800)lcPa). 2 5 23. An

apparatus for stabilizing a hydroformylation process comprising: a reactor
compisiry s hdais RSFTBEGiAGBHIEE Mgteredénarits, @2inawmdmolating a feed flow
feedipg s Sybasia OasHORIANANY: R MerRsanierding a t%?ﬁ%gg@ﬁc essentially

source of carbon monoxide; a means for féeding a catalyst solution; a
mean§ 1o Fstigire REsIENd inert gases; a. means for withdrawing a.
reactipn flyidpa means for measuring total gas pressure; and a means for
30 measuring vent flow rate of reaction and inert gases; the apparatus
furthé\?bb?ﬁfﬁ%igﬁ%@'@taI@é&?b‘ﬁ‘@‘bﬁﬂﬁ’é%ﬁbwing design schemes selected

from: Eoh QY QW IRE DRSIGN, Aule ) MSRRS 1AL J8 Qr&{?@%&‘g@?@% (] the
differential between atarget total gas pressure and the measure total

gas &@%@‘M?&Q%Wﬁ@%@%?@éﬁwaﬁiﬂgm@gnalh@orr(_asponding to the
pressus dilferential. wpakha meanriaREaNING.I0e Rongl oM (a2} Adsin, o
for determining and sending an output signal to manlpulatept e flow rate

of syithedleyas ssdomseisorteryb sourcecsi darbernsotiexitetecddjust flow rate

the n&ggaﬂ{g@yt%%g@gg%e%ﬁq %Q,\;%gee.t total pressure; Design B: (bl) a.

means for determining a vent flow rate differential between a target vent

flow rete Ghel nreereastiietvéhtfloweiate;(2) alcme@is foogehéndlingdaprocess
stHig @9&.9%@&@9@%5191-5031{@@%%& f%&%%eaﬂéf%ﬁ%ﬂéﬁgé%%%g?ﬁénd%%% "ssure

receiving the signal from (b2) and for determining and sending
essentially to the target total pressure and to adjust the detected vent flow rate essentially to

the target vent flow rate.

20. The process of Claim 18 wherein the olefin comprises from 3 to about 20
carbon atoms.

21. The process of Claim 18 wherein the metal of the metal-organopolyphosphite
complex catalyst is rhodium. .

22. The process of Claim 18 wherein the carbon monoxide partial pressure ranges
from about 1 psia (6.8 kPa) to about 1,000 psia (6,800 kPa).

23. An apparatus for stabilizing a hydroformylation process comprising:
a reactor comprising a means for feeding one or more reactants; a means for feeding a
synthesis gas; optionally, a means for feeding a secondary source of carbon monoxide; a
means for feeding a catalyst solution; a means for venting reaction and inert gases; a means
for withdrawing a reaction fluid; a means for measuring total gas pressure; and a means for
measuring vent flow rate of reaction and inert gases; the apparatus further comprising at

least one of the following design schemes selected from:
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an output signal to manipulate the flow rate of synthesis gas and/or
secondary source of carbon monoxide to adjust the measured vent flow
rate to the target vent flow rate. 24. The apparatus of Claim 23

comprising all of design features (al) through (a3) and design featutes)(yisi
[) through (b3). 20 25, The process of claim 1 wherein the

hydroformylation process is conducted at a temperature greater than

50C. daebiessithan 120C. 26. The process of claim 1 wherein the

hydmf(%{m}{-lﬁééa% ?@%Qf&@r&‘?ﬁﬂﬁ’gihﬁ?ﬁe@{?@ Wiy %tt"?zltlatnz%%n a ta[{)%/eet éol%alagas

organopolyphosphite ligand, such that the rhodium metal is emp
concehtratdis fiahilr0es00 P ger philiioranetal, calculated as free

metal 1 j ion fluid : roce imel
L T
organépbolypRBEBhies IRFERENS IR tsaetheTyErd imedpldsistimingrant sending
to 4 m&h&ﬁlghgaﬁﬁ%ﬂﬁ&ml@@h@@ﬁl%%@fﬁ@&h%ﬁ?ﬁéﬁ? Qgé%gdé?lgcondary
amount of ligand being the sum of both free ligand and ligand complexed

to the TABEST M febehEBI TR 3eIpE! thsamteed Gl anssRKe tbintarget
the pajgial pressiiee of carbon monoxide ranges from 15 psia (103.4 kPa)

to 100 psia (689 kFa). 58
esign B:

(bl) a means for determining a vent flow rate differential between a target vent
flow rate and the measured vent flow rate;
(b2) ameans for generating a signal corresponding to the vent flow rate
differential;
(b3) a means for receiving the signal from (b2) and for determining and sending
an output signal to manipulate the flow rate of synthesis gas and/or secondary
source of carbon monoxide to adjust the measured vent flow rate to the target
vent flow rate.
24, The apparatus of Claim 23 comprising all of design features (al) through (a3)
and design features (b1) through (b3).
25. The process of claim 1 wherein the hydroformylation process is conducted at a
temperature greater than 50°C. and less than 120°C.
20. The process of claim 1 wherein the hydroformylation catalyst comprises rhodium
metal and an organopolyphosphite ligand, such that the rhodium metal is employed in a
concentration from 10 to 500 parts per million metal, calculated as free metal in the
hydroformylation reaction fluid.
27. The process of claim 1 wherein the hydroformylation catalyst comprises a metal and
an organopolyphosphite ligand, such that the ligand is employed in from 1.1 to 4 moles
ligand per mole of metal present in the reaction fluid, said amount of ligand being the
sum of both free ligand and ligand complexed to the metal in the reaction fluid.
28. The process of claim 1 wherein the partial pressure of carbon monoxide ranges from

15 psia (103.4 kPa) to 100 psia (689 kPa).
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