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PCT/ US97/ 17318 | MPROVED AL COHOL
HYDROGENATI ON W TH | NTERVEDI ATE RECYCLE The present

i nventi on r aveves2general ly to the production of oxo al cohol s pérmuser173fg om
a crude hydrofornyl ati on al dehyde product. In particular, it relates to the
recycl e of al cohol hydrogenati-on internedi ates to enhance the yield and
quality of oxo al cohol s produced.

Hydr of ormyl ati on reactions involve the preparation of oxygenated organic

conpounds by the reaction of car boJMPROVEBEABCOR®I] ogen (synthesis gas)

with 10 carbon conpounds confarning ol efini c unsat urat i on. The
reaction is typicall yHYDROGEN [N WHTHANTHERMERBEATE CXCLE bonyl ati on
catal yst and results in the formation of corrpounds for exanpl e,

al dehydes, which have one or nore carbon atons in t heir nol ecul ar

structure than the stgg bie@&zt%v%h&h FeldtBLEeHe Y 10 Bl/e ﬂ&%ﬂu&fon@%'afoohols
hi gher al cohols may be produced in the so-called "oxo' process by 15

hydr of or iyl at i difomfa aroderbydroformylation aldelydelpsoduct.f Impartiosiar, itaelatesad theny de-
cont ai ni ng. oxonat| oduc whi ch. on_hydrpgenation vi el ds, t he .

cor r espondi ng cycle of a lcg“’ﬁbng?ﬁuogé?tﬁ@ﬁ‘ﬁﬂesaﬁoﬁﬁﬁ?% t %W&ldcﬁ{’g Prliyels s
the commerci al &Rpilb(gﬂﬂi frddlded he hydrof ornyl ati on reaction for
maki ng hi gher al dehydes. and al cohols from ol efins. The crude

product of the hydr ngdmfd>myﬂamnrremmmvmlvlelth¢ peparatiby of axyigenated atgahiest ,

20 - al dehydes, al,cph unr d olefin fe synthes as .an
by- products. °°mp°““ds 8y fhe reaeﬂqg Pé‘?:%@?dieé"agﬁ’ firog }ﬁs’? g&S)anth ang

is genergdly de&%dxb@d?nﬁdhn@?&@dtbm goleﬁmc unsandfhdder q‘ﬂﬁ‘éaa@?ﬁqy f)}g%ﬁ?' a of

Chem cal Technol ogy, Vol une 16, edition, y & Sons,
pp. 637-53, 19&derfofmed ure@hcmresgsceocbf abasboﬂ?ﬁtmntcatﬂyst a'ndz&mlﬂsdﬁ the formation t o

Summerlin in regard to oxo oC i ncor por at ed herelnby 25
Ceference. | of Compounds, Tor SamBle, AEISRHE Y HER BEYARTE A T0TE SartoR ST e

product of the dBtwepw

di ssol ved cobalt"tﬁ cat a%ﬁgat?ﬁrkﬁmr%th%rther%g@gﬁgﬂgp%fﬁéo%?&cﬁ. coé%rry ma@i%e
recycl ed to thehighay ataﬁaotsanay be producedmthe so-calledeowt"rbeeds byydr of or nyl ati on
reacti on product or crg‘de oxQ al deh roduct is the reaction

product Whi ch iydEofoEp ﬁi‘?%\? SPIRYBEHC é?gélt%f:lztﬂ%ﬁ"c E%ﬁ’é’?‘f fQ,ap aldehyde-

containing oxonation product, which on hydrogenation yields the corresponding Cs

to C,; saturated alcohols. The oxo process is the commercial application of the
hydroformylation reaction for making higher aldehydes and alcohols from olefins.
The crude product of the hydroformylation reaction will typically contain catalyst,
20 aldehydes, alcohols, unreacted olefin feed, synthesis gas and by-products.
The oxo process is well known in the art and is generally described in detail
in Kirk-Other, Encyclopedia of Chemical Technology, Volume 16, 3rd edition,
John Wiley & Sons, pp. 637-53, 1981. The teachings of U.S. Patent No. 5,237,105
to Summerlin in regard to the oxo process are alsd incorporated herein by
25 " reference.
Prior to the hydrogenation step, the crude product of the oxo process is
generally treated to remove the dissolved cobalt catalyst, which for reasons of
™ economy may be recycled to the oxo reactor.
"Demetalled" hydroformylation reaction product or crude oxo aldehyde

30 product is the reaction product which is substantially depleted of the transition
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PCT/ Us97/ 17318 netal cobalt catalyst required for the
hydrofornyl ation reaction. Such crude oxo al dehyde product WI I I
generally contain cobalt in an anount of from about 0.05 to

w. % cal clYQP¥I%% el enental cobalt. The concentration of arﬁm%"ﬂi‘the
crude oxo al dehyde product is generally fromabout 40 to 90 wt.% 5

The next step in the oxo process is the hydrogenation of the crude oxo

al dehyde product which is typically carried out in the presence of hydrogen
and at pressures of about 6.89 MPa to 31.00 MPa (1000 to 4500

psi g) using ametal cobalt cap}kystagqmimd fon thechydrafermylation reaction. Such crudgiegocr ude

P oatod by knolrSACHOAE W eehia fiutiin sO6RLRND aothhh S Romibalit 05 o,
quantities 30 wt%QalduliRed sy léadital Cobslt. OFRe @dn@@ﬁtﬂitﬁm of ARieRyde%R 1l cohol s,

in turn, are wdely used as chem cal internediates in the
manuf act ur e oferypdeassd aldehyds prqutcte:sgemrslly fromabpetsdteP0 wt.%. the |ike.

Th t t h d bl f
15 PO oduet ng. TGk aeP i De FRaPraest ropEnERafon SLERhREBPng ¢ he
amount of aci qﬂ?ehgde producORicR ?fn%al@"&in%d@ft ilBePréRhée oFHYdEiERA afldbd NY the

hydr ogenati on o des. The present inventors have

di scover ed t hgiressheas dﬁybloﬂ@e&ﬂalvﬂ’@nm&l 00 MPa (1000 tp&50@ psighusing & sul fi ded
nmol ybdenum bazyg cat al yst U czh as N Mo, CoM, Ni CoMb, M and

mi xt ures t her cYArogengl ‘é’h eA'a¥tel d and quality of al cohols can be 20

obt ai ned by recycl "Pﬂeérh@eg#ﬁdﬁb'ttoﬂhegf@pﬂfceﬁ%Rec@fzer&d‘ﬁxeﬁ%ﬂ&iﬂt%nﬂ Bpnect ed
hydrogenation tank reactorS back to the crude oxo al dehyde f eedst r eam or,
optional0y, i nteated bykhovgemasnsdn lwdmgem@adtecaidehmdmeoﬁ'@m additional guangitieh and

Pk 9 11 oPthie 28iTapondihn bR Slcahels, fhese 3 soRE, ih Ry, B YEeS L RECRN: 1r e
of the present, h'ng-A\g EMiri&hedRtes in the Mdfaéﬂﬁe%ﬁﬁﬁﬁé’ patel) détérééhiﬁ&@l@@xﬁs bt t he

fol l ow ng specli atron 1n conjunction wth he annexed draw ngs.
A process is dhestikesed for hydrogenatl ng a crude oxo aI dehyde product ;

formed by the hydro_&g | ation of AE l (ﬁfeedstock W|1'.r]1_lf ?’( |

in the & PReser nvantos v develpeda Ldus pragess IichIS Fo

steps: jeed ”%Hohﬁcx %g@%&?ﬂeﬂ%fﬂwhasa&sdﬁélb’%ﬁmﬁﬁﬂ%ﬁ&h@ﬁﬂ&ﬁ& oﬁaéi@cycl ed
parti al y hydrogena ct to a first

-2 - prodceSdridifier materials produced during the hydrogenation of oxo

PCT/ US97/ 173183.ldehydes The present inventors have discovered that when hydrogenation is

performed on a sulfided molybdenum-based catalyst such as NiMo, CoMo,
NiCoMo, Mo and mixtures thereof, a highef yield and quality of alcohols can be
20 obtained by recycling the output of one or more of the serially connected
| hydrogenation tank reactors back to the crude oxo aldehyde feedstream or,
optionally, into a hydrogenation tank reactor connected in series with and
preceding the hydrogenation tank reactor from which the recycle stream is taken.
- Other and further objects, advantages and features of the present invention
25 will be understood by reference to the following specification in conjunction with
the annexed drawings.
) A process is disclosed for hydrogenating a crude oxo aldehyde product
) formed by the hydroformylation of an olefinic feedstock with synthesis gas in the
presence of a catalyst, which includes the following steps: feeding the crude oxo

30 aldehyde product and/or a recycled partially hydrogenated product to a first

2.



hydr ogenati on reactor wherein the crude oxo al dehyde product is converted

toa, . . first partially hydrogenated product; feeding the first
parti-al ly hydrogenat ed product fromthe first hydrogenation
reactor to ave®8a22hydr ogenati on reactor wher ei n t hePET/8Y7/17318

partially hydrogenated product is converted to a second partially 5

hydr ogenat ed product; and feeding at |east part of the second partially
hydr ogenat ed product fromthe second hydrogenation reactor to the crude oxo
al dehyde product upstream of the first hydrogenation reactor, which process
gener ates an oxhydibgédatibn peagtbrovhdpeinitigcrade beo aldelstde prodlct|isadonvertédiam a
process t hat  does not recycle partjally_ hydrqgenated product. 10
In this processfirst partiajly bydrpgenated Pf?dheﬁdfeﬁg’éﬁéh%@sfvﬂ’% gth!ﬁlﬁ?geﬁétefied from

t he firs [ Qe | [ I |
reactor via at P@gtgfp %ﬁ'@ﬁge At h?&og?%%é?&g&&? %rttgghs?) rog rqgtﬁz g%@@%&’f@?, or
part of the sec@pgrefiythedispatiedlyhydebgehated product is comerted td adedondpattivdly
second hydrogenation reactor to at | east one downstream

hydr ogena$i on r bydrogenatedsproduct; and feeding apiegstpartiaf the segand partidliyassi ng t he

e ogenas . ;
cystem pri or toPruBBeRFALPBRuRHom te sesond SRRl RaledP S8R CUARATL, | |
the crude oxo ahdekdésroand Uﬁﬁtr&?@oﬁdh&;ﬁrﬂilﬁﬁidtgéﬁ&iionlreadtéﬁ whivhqrecess

the catalyst is a sulfided catalyst selected fromthe group consisting of
Ni Mo, gaekases ah Gxaalcohal paedncihrving bigherdeld and quality thep arnrpeessr

i ncl ud 20 b t.. Th | f th | ed d
partially hydr ofiehiberpot recyele pattiiByttomenel Bddeficny de product o
approxi mgpel y 10: 1, nRufs proeés the!fitstPartlally hydrogenated product majke feddidrh etieal

step of feeding the crude oxo al cohol product into a . subsequent
pl ug flow react first hydrogeantion reactorge the secend hydrogenasion reastas|vigatdeast one s

| di | d..?25 \ . A d ' | ' f
o ogenat | o aittemediats hydpgepyiaBreactol, 6Fpdt SAER Redotd B BgtHIEq ffer O
hydrof or nyl ati op,,0%e 384 R’b?xfth%fcgﬁﬂWﬁﬁdﬁ@ﬁaﬁ@n&&c‘i&%@ﬁa& @downstream I N

the presence of a“catalyst, | hcl udes the follow ng steps: feeding the
crude hydrogenatiohyerstqrr oduct to a first hydrogenation reactor

e L, §8E S 190 O Banein sons LSRR R oGRS R,

ﬁgd ' ogenated pr eﬁwst\i/% gﬂg‘/gfjn_gffggi the lsydi¥6l 'pPide Pfecpeling @RChiquiid hydragenation

PCT/ US97/ 17318 product with the crude oxo aldehyde product are also disclosed. In this process,
the catalyst is a sulfided catalyst seleéted from the group consisting of NiMo,
CoMo, NiCoMo, Mo and mixtures thereof, and may further include a

20 carbonaceous support. The ratio of the recycled second partially hydrogenated'
product to the aldehyde product is approximately 10:1, more preferably 3:1.

The additional step of feeding the crude oxo alcohol product into a
subsequent plug flow reactor to produce a high yield crude oxo alcohol product is
also disclosed. _

25 A related process is also disclosed for hydrogenating a crude oxo aldehyde
product formed by the hydroformylation of an olefinic feedstock with synthesis gas
in the presence of a catalyst, which includes the following steps: feeding the crude

> oxo aldehyde product to a first hydrogenation reactor wherein the crude oxo

aldehyde product is converted to a first partially hydrogenated product; feeding the
30 first partially hydrogenated product from the first hydrogenation reactor to a
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second hydrogenation reactor wherein the first partially hydrogenated

product is converted to a second .partially hydrogenated .
product; feeding the second partially _ hydr ogenat ed product
fromthe seqeyesRydr ogenation reactor to a third hydr ogenati on

reactor wherein the second partially hydrogenated product is PCTIUSPT17318
converted to a third partially hydrogenated product; and feeding at |east
part of the third partially hydrogenated product fromthe third
hydr ogenati on reactor to the first hydrogenated product stream

upstream of th l4h i eactore. . . whi ¢ch ocess
generates an og%éogpg gﬁ%gé)a?%gﬁgéa QV%@"H%QW@F P‘iﬂ'ﬂlyd‘ygmeaﬁaﬁ Pf‘g“"t 1s
‘than a processcoiaitedtes secindipasitly Gyddpbiated Hrolyd! ResR RO 10
The first partially hydrogenated p%’oél,uctg may %rg-fed fr o%?t?égs_e? | r'st tally

hydr ogenat i on hedregenatedproguct feam the segendohydregenationresatonto aidhirdat | east one
i nternmediate h | eactor.. Jn addjtio rt of the third
hydr ogenat ed X%Sgé’&%h ?%E;E)Od' nger 4 ﬂfeeﬁfc?'f“o?ﬁrpﬂy }B’ ﬁf qg&“ﬁ?é PEYuFLSi on
reactor 50 at bemeitednsa davpirlisMydrogenated |

Addi tional steps for .deaassi ng t%(ramyl ir%gueina °hpé°rdé'g§§{é‘??%ﬁﬁ’h aggagt%%&gp%duct
prior to recycthirdpassially genatad pmducafrdmngejﬂlilﬁmydmgenam readiorusttherg t he
gas fromthe S¥sk In the process

r | so _di scl osed. . )
of hydrogenati ig §9%r§§g@?%ﬂ$?f8ﬁ9%@"8?'8&'85‘53%9%8 third fiydrogenation reactor, oy
process into awhidhqRodss pérftratls AOeHd alcoyl de%mﬁ i ind &SI the
crude al dehyde product i%to a first rgact gr whi ¢ ﬁ%oﬂﬁ%x%ﬁga%y@‘?giggnation
cat al yst, 20than a preesss thay dees nat mecyslefpiartially hydhogermbest pradpetoduct ; f eedi ng
the fir hydr ogenated . sroduct fromthe first reactor through
at Ieas:i bone interrréﬁ?gfsépFﬁ’éBYBY‘,img%ﬁedcpmd“"t may%e f?‘#]f"@?“rfﬁ%lﬁ’éﬁe r eact or
bei ng connect eBydrBg&mtibR Peaditt 1S A Reoid By dfo G '
catal yst, therglt/)y %o_rm' ng at |east one igynt eéaﬁngﬁl at g&ﬁiyg;rggélgﬁgtogg product ;
and _ int¢raediatephydnegenatien reacioat n ddditiong parabfihe phicdibydrogenareda | ast
internmediate r I,nal reactor whi cpeacont ajns a

tor. .0 2 .o of
hydr ogenat:i on %[%gfg}g %?d ??@?Q%Q"‘FJ}Y Af9g5n3tipa Teactefdo at least one downgireasm o
product; the | HRiroY&IAHOA réabfdr U NdatioRalit Lthgthe bi ogn of the
i nternedi ate hl;%{r ogenat e{i apr (;duct ll sar e%c%ﬁég?%%t%ie’e#'ﬁ@gﬁyﬂryg?{%ﬁgﬁat i on
react or 1&r product priorde reqyclingiwith theecrudenatooaldehydé productodndteRausting thieedi at e

;Zﬁgbg{j from m@ﬁsctkr]oryt]ﬁe system are also dis'cpotsgé.rmdI ate hydrogenated product is

WO 98/ 12162 In the process of hydrogenating a crude aldehyd duct fi fi
PCT/ US97/ 17318 P ydrogenating ehyde product formed from the

oxo process into a crude alcohol product, which process includes: feeding the

crude aldehyde product into a first reactor which contains a hydrogenation catalyst,
20 thereby forming a first hydrogenated product; feeding the first hydrogenated
product from the first reactor through at least one intermediate reactor, each
intermediate reactor being connected in series and containing a hydrogenation
catalyst, thereby forming at least one intermediate hydrogenated product; and
~_feeding the intermediate hydrogenated product from a last intermediate reactor to a
- 25 final reactor which contains a hydrogenation catalyst, thereby forming the crude
alcohol product; the improvement including a step wherein at least a portion of the
intermediate hydrogenated product is recycled to the first hydrogenation reactor or
“an intermediate reactor upstream of the intermediate reactor from which the

intermediate hydrogenated product is removed.



The additional step of feeding the crude al cohol product into a plug flow
reactor, thereby increasing the oxo al cohol concentration of the crude
al cohol

Product, is also disclosed, as is the process wherein the
final reactoVO%%813163| ug 1 ow reactor, thereby increaBSHYSYRI3B0
concentration of the crude al cohol product. 5 The process may

further include a step m xi ng hydrogen gas wth the crude

al dehyde product, and feeding hydrogen gas into the final reactor.

BRI EF DESCRI PTI ON OF THE DRAW NGS . FIG | i,s a schematic
representation of thdhgaddifionalsteproffeadingyhecaids algohol product into aplagAews ar e

formed from dengt € - FIG 2
is a schemati cnfegg#ge%@ﬁ%gyig%ﬁg%ﬁgﬁhgggérfg@%@@%gg‘é%égaé}%bo{tge gmﬁl v e@gcé’}l%d
enbodi ment of t produceSRalio disEsHd] BlisWhepRIcEssaietkdn echiay fhactF AdLiSlhg Aow

hydr ogenat ed by passing through a series of hydrogi_enation reactors, wherein
partial | y hydr otpastarcthereby increasingrihe exg conpgatration qfahe ende aicpheohpseduct.

~internediate [ i I fQr.: Vi [ 0 crude

Al dehyde pr oductb BEfee A fHHeEcRiReia3fis Rl BafoglRYas Hih hecydf
schemati c repr eaidehyie podwt, 4 faetihg hydrogenigafigto thsifivirbeadiorent of
the present invention incorporating alternative degassing steps.
FIG 1 depicts BRIES{INpy{oRY N Ofeb ik IHA WINESSs enpl oyed in the art.
Several reactor tanks.(11, 13, 15. 17) are.aligmned.in series and .
i nterconnected via 2831& hs %ﬁhﬁ‘&a"t‘%r ?S%n%ﬂ%gPn%ﬁg&‘ﬁeﬁe‘?{}]‘?’e’ﬂﬂ"?
series of tankszpbhél¥are RIMEPFYm demetalled cridRUxdGRivhide prodhdte cat al yst
during operation when hydrogenation activity falls . bel ow a preset
|l evel . TaBk 11 recei F&G. 2 isa sshematiosepresentatigniof the processaecending to a preferred
hydrof ornyl ati on reactors.and subseguent de | l.izatjon reactors via
conduit 19. em{nogimgp&%@agﬁest By f'“PBr‘ﬂ‘eg& g\?df§%§+ysd§ﬁr §‘§"°|tt% o condui t
19. Reactor tanhy&%g&ﬁ?éﬁmsﬁﬁ%througlﬁa setidsiofagdropemitioh réactdi® lwheggAum oxi de
catal yst supported on alumna. The crude oxo al dehyde feed flows

over the cat al ypartiaiyihgdrdgenatedraudss aldehyde produgtiissegyelediftom an intermediate Thi s
tially hyd ted .product is fed vi dui t .o tank 43, Th
rocess © " CRydtBsSagha Sadtoria ogerster R SENAS oy S8 et o nred

crude al gohol ppggluct passing fromtank 17 via conduit 40.
-5- . WD 98/ 12162 ) ) o _
PCT/ US97/ 17318 FIG. 3 is a schematic represepiationefanptdditipaalprefeered embodimeandn | s

depicted in Fl Gof 31'e p-lx:QseentC i%%grlt%%tincorporaﬁng alternative degassing steps.

FIG. 1 depicts the standard hydrogenation process employed in the art.
Several reactor tanks (11, 13, 15, 17) are aligned in series and interconnected via
20 conduits 21, 22 and 23, respectively. This series of tanks allows for easy
replacement of the catalyst during operation when hydrogenation activity falls
below a preset level. Tank 11 receives the crude oxo aldehyde feed from the
hydroformylation reactors and subsequent demetallization reactors via conduit 19.
Hydrogen in the form of H; is also fed into conduit 19. Reactor tank 11 contains
25 = a sulfided bimetallic molybdenum oxide catalyst supported on alumina. The crude
oxo aldehyde feed flows over the catalyst bed and undergoes partial hydrogenation.
This partially hydrogenated product is fed via conduit 21 to tank 13. The process
~ is repeated through tanks 15 and 17 and results in a crude alcohol product passing

‘from tank 17 via conduit 40.



used in the present invention has high activity and durability. Thus, the

ability to repl ace the catalyst frequently is not the controlling
consi-deration in the design. The hydrogenation step in this
preferred qpboghsgpt conprises a series of 5 i nter connq,@ﬁ;ggt,ﬁ%s

reactors (11, 13, 15, 17) simlar to those of the prior art.

crude oxo al dehyde feed and a hydrogen feed are carried via condU|t 19 into
t ank reactor 11 and flow over a catal yst bed therein containing a
sul fi ded nol ybdenum based catal yst on a carbonaceous support. The
crude oxo al dehyde d i tially
hydr ogenat ed producit‘ﬁe ;H%{;ésk%ﬂﬁé é'?slegtsmyl?néﬁéﬁgﬁgﬂﬁé}@& EF1a ’Mllc,%m%E and 23
to tank react arsed inBthe pfesantdnvehtion hpehigh aﬁivyty aAﬂtdarabilhja Phus, itld dbjlity to

hyd ted prod d fyrth dr ogenat th lyst bed
Cont atned i n FEARSE e cRubEt R B0t HRSaBHOTRE FORRIREIPT aht Seel. 13 vi a
conduit Wheﬁ%?%ée?‘%ﬁri HEF AR préfiirdd &Bb&d}xgxeﬁfcfo' ks { §éf?{& Bﬁ”k 13 1s

fed via condui react or ergo

hydr ogergat i on,intsfdonfedtédtank pedctirs (1 1DdB8{ 151 7) sinitlar to those dﬂthephendam A condui t
25 through punp 27 back to conduit 19, V\/ngre It is adm
preferably at Gude@realdehydsfeed apd g hydeagen quérgme@vnf ‘PE#‘HH&" B taskdehyde

feed to reactof Pf fo&i ﬁ&»%@éﬂ@dtényst%x&' ISR g&l bﬁé)élﬁéi ed. eagxgue&,nqnlcr ude

oxo al dehyde fee tan to

undergo furt helfaséwektﬂgarmta mbonibmqsauppomt I 'yhe cmde oxo aldbl»demgmailbd pr oduct
fromreactor 15 passes through conduit 23 t react or

1|7 whi ch prod Wé@ﬁ%’@ﬁnﬁdéh‘éma@}aﬂﬂéY@?Sef&F%N@F'“QN%&éd%&meﬁ vxacponm
timatg, al | | cohol
el ao( o O, 20aRS o Sk lork Y30NBfed [ esBURORR> At ol Sty CONO

byproduct s anchyldeyghaed pesduct underg,oes fmmaam&faigmdnhnmntthabatmwdmed in the
hydr ogenati on process depicted in his_preferred

enbodi nent , t Heontgined jafpnk rnem%NSalﬁkanﬂa\ S Qlefe@‘auw taken Fr@m 'tanlg 33 ¥ia conduit t hr ough
hot gas separ af bﬂ{mt‘l?e%aﬁﬁ’ ofthe BRLAGrdrh tdnk 13 % wdfxﬁé F‘]‘?nduﬁ%fi

separates the ‘€ffl’uent Thto two conmponents Subs y gas-free I|qU| d -

that is reactofl1 5 6 t:@di:rgb ﬁlrmeﬂﬁydrbge%-"itxémrwlﬁleelye:femmm@p@hxan gms-liquid
m xture sent via conduit 22 to _tank 15. The substantially

gas-fr el | i qui vertad viaeenduit 3 3beepebpumpe Tkackdp 5?'&43"‘ 19, where it 15;3dgiiXeds s
Sore di ssol Vedp%?ﬁ]&%&{%ﬁ@'o’? lbn, Wﬂokt%éﬂraw\(%de oxo aldehyde feed to

-6 -
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all be
20 reactor 17 which produces a commercial grade oxo alcohol via conduit 40. The

ultimate alcohol product derived through-this process has higher alcohol yield (on
the order of 10 wt% higher yield), fewer acid byproducts and fewer dimer
components than that produced in the hydrogenation process depicted in FIG. 1.
In this preferred embodiment, the effluent from tank 13 is fed via conduit 22
- 25 ﬁthrough hot gas separator or degasser 35 before it is bifurcated. Degasser 35

separates the effluent into two components: substantially gas-free liquid that is
diverted via conduit 25 for recycling, and a gas-liquid mixture sent via conduit 22

™to tank 15. The substantially gas-free liquid has been stripped of the associated

free gas. Some dissolved gas may remain in the liquid, however.



varied wthout deviating fromthe disclosure of the present invention. The
quality 5, and yield of the alcohol product will be inproved by
recycle of partially hydr ogenat ed i nternedi ates at any stage of
t he di scl os&¥OI§A2I®denat i on process. FI G 3 depi7use7/Aa1s
alternate preferred enbodi nent of the present invention, wherein
‘an al ternate degassing step is incorporated in the recycle of the partially
hydrogenated product. Here, the partially hydrogenated al cohol internediate
is 10 recycled fromreactor tank 15 via conduit 23 under the Eower of
punp 27. Degawélé:e readilysapparentithatithermumbee of tank reastars usedtandikhg 5 and
punp 27. Degassegr arates the rtjgall nat eq al cohol
i nt er medi at e inf"(‘}até"‘bagthﬁ&SFd‘B%&'gF%‘I“g ¢ parti ﬂ&%ydﬁwgﬁgﬁ ‘g‘g?éﬁé‘t?ﬂ&lst%q ream
(contai ni ng ess YA f sol ved
gas) to be recyg&g&tt’mhg? %‘B{rgﬁfﬂﬁ °§E&g%é‘5§rs enféggﬁgtgd g{()rdggtrnmv\dg [ a(l:IF\Belss 15
passed vi a conduaried @tﬂhmndleﬁﬁnnglfronﬁhe Hscbpm@ﬁthmmt mvwlmpt'i'lmrmjahgy
conduit 32

t h d ff t,d
o b venbed. and icd of the HgShe Broaey LG iRrEve kB SR etalh “or ¢ e
gas-poor producy, ﬁ%ﬁ%@ﬁﬁxﬁﬁmgéﬁtes at any stagé dHitRe Hﬁﬂbselﬂ)yd}dgeﬁmcﬁnfb %kt I onal

syn gas can be recycling of degassed partially
hydr ogenat ed al cohol F§Gr bdepxcumnmkematdwefemd ambodinfent ofthe preséntdfivention, t he

operation. The oxo al cohol gduct is taken fro %‘{%ﬁt or é ¥| a con UIt 24
and del i vered t Bheren HeAlierets degAssios stghiit HOQmORH f FREYEIR OF theqramilly
product into u r ondui t
32 and a commer c?ldrlogenat%j &%ﬁﬁ& iie% tﬁggh éeﬁ%gl(l:%ﬁ%qra%r O?E&&E{ #(?:‘ﬁﬁlﬁlls&eﬁt'a %I(lgn as

bottons 10a conckwyt:lead'rom reactor tank 15 via conduit 23 under the power of pump 27.

-7- WO 98/ 1216
PCT/ US97/ 17318 Degasser 29 i]§ sxztuated intermediate reactor tank 15 and pump 27. Degasser 29

separates the partially hydrogenated alcohol intermediate into a gas-poor partially
hydrogenated alcohol stream (containing essentially no free gas, but a proportion
of dissolved gas) to be recycled back to tank 11 and a gas-enriched stream which is
15 passed via conduits 30 and 32 out of the system. Conduit 30 optionally conveys
part of the gas-laden effluent from tank 15 to conduit 32 to be vented.
Alternatively, conduit 25 can convey part of the gas-poor product of degasser 29
into tank 17, to which additional syn gas can be added. The recycling of a
degassed partially hydrogenated alcohol stream improves the overall efficiency of
20 the operation. The oxo alcohol product is taken from reactor 17 via conduit 24
and delivered to another degasser 31 which separates the oxo alcohol product into
a gaseous stream which is taken overhead via conduit 32 and a commercial grade

oxo alcohol product which is taken as bottoms via conduit 34.



CL-AI \%S3 W Cdaim 1. A process for

hydr ggenating a crude oxo al dehyde product forned by the
hydr of ornmyl ati on of an olefinic feedstock with synthesis gas in the
presence Wwooesn2iePf a catalyst, which conprises the follow X
feedi ng said crude oxo al dehyde product and/or a recycled pa?t%?‘g‘fﬁs%’sm
hydr ogenat ed product to a first hydrogenation reactor wherein said crude

0X0 al dehyde product is converted to a first partially
hydr ogenat ed product; feeding said first partially
hydrogenat ed prpdpgfs fromsaid first 10 hydr ogenati on reactor to a

second hydr ogematror reactor wherein said first partially

hydr ogenat ed pWedliaimi s converted to a second partially hydrogenated
product; and feeding at | east part of said second
partial |y hydrogendted ph&ERfess for yrogenating a crude; axoidebyde pspdneiformed on

t t ' : [ [ . . . id fi t
nydr ogenat | on B e HifoftbyRIGE Y F oRERL Gt RR Wi WhiBhey pasin theprefiiet 15
havi ng Isi gher ofiackathlystdvidetatdrhpriseb ehie follpwingatépst hat does not recycle

partially hydr ogenat ed product. 2. The
process of claim 1.f39€i;@8 s cryude @xe ialdshydeprodugt lagd/py al resyelad partially

Ryar ogenat i on t30roYEhiE Bradketh AL ARRE R 188} Rheteh B3R5 Cgenat i on

reactor. aldehyde product is cénverted 16€ fiPst paRfafly Bydréeaiatedlproddtey ei n part of
sai d second hydrogenat ed roduct is fed fromsaid second

, . . P c
hydr ogenat i on r eactfeedingsaid firse pamtialiy) bydrogenatadquoeduct from said fitsydr ogenat i on
react or,, 25 . 4. T rocess of claiml, fupther ..
conpri s]ion_g t hé‘_ygfoé'ﬁn?)t’f"nd'gﬁca‘gléﬁonﬁsecongﬁy&”“@i?ﬁ'%f Sherei ?%‘ﬁﬁfﬂ Bty pri or
to recycling Wydfogeaited prodder i9xenviredity d&econd partiall h?dt%@é&ﬁfttlzd prodfict; and

5. The process of claim1, wherein said catal Ks I's a sulfided catal yst.
- 8- WO dJeeding gdeast part of said second partially hydrogenated product from

PCT/ US97/ 17318 4i4 second hydrogenation reactor to said crude oxo aldehyde product upstream of

said first hydrogenation reactor, which process generates an oxo alcohol product
15 having higher yield and quality than a process that does not recycle partially
hydrogenated product.

2. The process of claim 1, wherein said first partially hydrogenated
product is fed from said first hydrogenation reactor to said second hydrogenation

20 reactor via at least one intermediate hydrogenation reactor.

3. The process of claim 1, wherein part of said second hydrogenated
product is fed from said second hydrogenation reactor to at least one downstream

_hydrogenation reactor.

* 25
4, The process of claim 1, further comprising the step of degassing
said hydrogenation product prior to recycling with said crude oxo aldehyde
iproduct.
30 5. The process of claim 1, wherein said catalyst is a sulfided catalyst.

-8-
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6.. ~ The process of claim5, wherein said sulfided catalyst is selected
fromtHe groéup consisting of Ni M, CoMb, Ni CoMo, Md, and m xtures thereof.
5 - wo 98112162 1he process of claimb5, wherein said sulfj st
further ¢ conpri ses a carbonaceous support. bE?/ﬁs%w'
The process of claim1, wherein the ratio of said recycled second
partially hydrogenated product to said al dehyde product is approxi mately
10:1. 10 9. The process of claim1, conprising the
further step of feeding said crude oxo al cohol product into a
subsequent plug flow reactor to produce a high yi el d crude oxo

al cohol product. 6. The pMEc&B/of 2b6f S, wherein said sulfided catalyst is selected

PCT/ US97/ 17318 . . 10. A_process for hydrogenating a
crude oxo al deﬁ%@%%&%f"ms&‘%d’ﬁqm’ C°M°:B§‘ iYlo, fen-andahixiures thereobf an
olefinic feedstock with synthesis gas in the presence of a

catal yst, which conprises the follow ng steps: f eedi ng
said crude oxo al delyde pTicbrotessf alait 55 wheneilt faitbsidfidedrcatadyit Rirther 5
wherein said crude oxo al dehyde product is converted to a first partially
hydr ogenat ed prc@apéises a carbonaceous support. f eeding said first partially

hydr ogenat ed product via a first partially hydr ogenat ed product
stream from said first hydrogenation reactor to a second

hydr ogenati on react ®. wheTls prosess of tlaimtl, pherelreth yatity of aibreoyded scesdict i s
10 converted to a second partially, hydrogenated product;

feedi ng said sdepidlybudroganated nsﬂdpefg@rfétdeaidqswgqmduﬁmmpmxm@el&dﬁcﬂ.
hydrogerizbti on reactor to a third hydrogenation reactor wherein said second
partial I'y hydrogenated product is converted to a third partially

hydr ogenat ed 9.  Priysibcess @ cfhfm 1, comprising the m&@&@i@%medilﬁ{ﬁd part
of said third partially hydrogenated product fromsaid third
hydr ogenat i on caderaxo alephohprpdprtisto 4 sehseqnentplug flomoreactor ta prodiicep bigheam of

;S)?ioguE:Pi rd hydryi)eg;%tdie%%%gﬁ&o&bdmg ch process generates an oxo al cohol

—

\

g gy



havi ng hi gher yield and quality than a process that does not recycle
partially hydr ogenat ed product. 20 11.- The
process of claim 10, wherein said first partially hydrogenated

product i sWes/120€2m said first hydrogenation reactor to sai dPePUSIW17318

hydr ogenat i on reactor via at |east one internedi ate hydrogenation
react or. 25 12. The process of claim 10, wherein part of
said third hydrogenat ed product is fed fromsaid third

hydr ogenati on reactor to at | east one downstream hydr ogenati on
react or. 10. A process for hydrogenating a crude oko aldehyde product formé®-

WD 98/ 12162

PCT/ US97/ 17318y the hydroformylation of an olefigic feedstackyyigh sxmthesis gas inithe presencer t her
conprising th | hydr ogenati on product prior
%ﬁh&g%lf% \%Qg%éing ses the. f?llngrﬁfét&s

to recycling cru product . 5

14, The process ofeedingisaint bﬁade\/dxeraiddhywpﬂadﬂattalambt Hydrogefation rd@slor

catal yst., rocess of claim 14, wherein said
sul fi ded cat aﬂylaqremssa@eqre@q@ep aldehyde Pf° binconeertpdda g fewmartiallyng of Ni M,
CoMb, N CoMo, (gb t her eof 10 16. The process
of claim 14, n sai d su fided catal yst furt her conprises a

car bonac €0us suppor feeding said first partially hydrogenated product via a first partially
hydrogenated product stream from said first hydrogenation reactor to a second
hydrogenation reactor wherein said first partially hydrogenated product is
10 ~ converted to a second partially hydrogenated product;
feeding said second partially hydrogenated product from said second
hydrogenation reactor to a third hydrogenation reactor wherein said second
partially hydrogenated product is converted to a third partially hydrogenated
product; and
15 feeding at least part of said third partially hydrogenated product from said
third hydrogehation reactor to said first hydrogenated product stream upstream of
said third hydrogenation reactor, which process generates an oxo alcohol product
having higher yield and quality than a process that does not recycle partially
hydrogenated product. -

20
11.  The process of claim 10, wherein said first partially hydrogenated
product is fed from said first hydrogenation reactor to said second hydrogenation
reactor via at least one intermediate hydrogenation reactor.
.25 - 12, The process of claim 10, wherein part of said third hydrogenated

product is fed from said third hydrogenation reactor to at least one downstream

hydrogenation reactor.

-
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17. - The process of claim 10, wherein the ratio of said recycled third
paftiatly hydrogenated product to said al dehyde product is approxi mately

10: 1.0 15 - 18. The process of claim10, conprjsi

further steavgtgs?zelgéi ng said crude oxo al cohol pr oducit,é*’ﬁ?%.ma]lﬁls
subsequent plug flow reactor to produce a high yi el d crude oxo

al cohol product. 20 19. In the process of hydrogenating a
crude al dehyde product fornmed fromthe oxo process into a crude

al cohol product, whi pr C hses; - f eedi ng
sai d crude al dehyde B?‘odu?ﬁgﬁ?cﬁggﬁ@& lor’gé%lfecgrcomflilﬁg the Ste'gg?degémgai ns a
hydrogenation cg&&h%«&bgeﬂaheﬁgmﬂufc@ AbNG® Reydihg withsdidagedwdaralaéhydect ;
(b) feeding said Tirst hydrogenated product fromsaid first reactor 25

t hrough at | easproguet.i nt er medi ate reactor, each said internediate reactor

bei ng connected in series and containing a hydrogenation catal yst,
t hereby form ng at | east one internedi ate hydrogenat ed product;
and 5 14.  The process of claim 10, wherein said catalyst is a difided catalyst.

WD 98/ 12162

PCT/ US97117318 (c) feeding said internediate

hydr ogenat ed product .fro | ast . i,.nt er medi eagtor. to a final
rgact gr whi chpcont ai |1|é a%ﬁpﬁwﬁ%ﬁ%ﬂ%%’é‘f}?ﬁ“} smgsﬁhge:{ca%qﬁ“séﬁséﬁpq# m ng
sai d crude al cofigi tRE getifpiconsisting of NiMo, CoMo, NiC'6Mb "Wo®a Wiiur&QRBrebsi Ng a

step wherein: 5 (1) at least a portion of said first
hydr ogenat ed product is recycled to said first hydrogenation
reactor; eas f said

i nt er rred?(g'[ e hydr ogeﬁg*t ed TI}}F BERfESS tpfscla.igni M, wa};[eréin sal sualﬁ é)c{ éaitaﬂyr']st%mher

comprises a carbonaceous support.

17.  The process of claim 10, wherein the ratio of said recycled third
partially hydrogenated product to said aldehyde product is approximately 10:1.
15
18.  The process of claim 10, comprising the further step of feeding said
crude oxo alcohc;l product into a subsequent plug flow reactor to produce a high

yield crude oxo alcohol product.

20 19.  Inthe process of hydrogenating a crude aldehyde product formed

from the oxo process into a crude alcohol product, which process comprises:

(a) feeding said crude aldehyde product into a first reactor which

contains a hydrogenation catalyst, thereby forming a first hydrogenated product;

= (b) feeding said first hydrogenated product from said first reactor
25 through at least one intermediate reactor, each said intermediate reactor being
connected in series and containing a hydrogenation catalyst, thereby forming at

+ least one intermediate hydrogenated product; and

e
ULl
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recycled to (A) said first hydrogenation

reactor; or 10 (B) an internedi ate reactor
upstream of the internediate reactor fromwhich said internmedi'ate
hydr ogenat eq,gggpdpgat i s renoved. 20. The process of
claim 19, further conprising the step of degassing EGTys97318
hydr ogenat ed product prior to recycling. 15 21. The

process of claim 19, wherein said hydrogenation catalyst is a
sul fided catal yst. The process of claim 21,

22.
wherein said sulfid cat.alyst ca ected fromthe
grgupI cons: st i gg l)f ?‘ﬂ tfeefvﬂ’ﬁbs jdﬁf‘@i 3‘ WtyJ‘YSFR&eﬂ?ti@ BF%’é“‘t }r malast {pereof.
23.  The procag&mialiacd r’éhéfb?ﬂo apha rr@éd@orsﬁhxgh %%@Xﬁ%yﬁﬂg%fon%%@s{ Ses a

car bonaceous support.
PCT/ US97/ 17318thereby fonmng said crude alcohalprodudthe process of claim 19, wherein
the ratio of the recycled : hydr ogenat ed product to said crude

al dehyde product isgapproxi nat 10:.1. 25. The
process of claim 19 ep wlwgplegﬁﬁﬁwgﬁ%aftﬁgvg}eagnof feeding said 5

crude al cohol product into a plug flow reactor, thereby increasing the oxo
al cohol 5 concent (ijht l@ﬂst%fpoirﬁbx@oﬂiaitﬂﬁrs@hf&agéna%d%wﬁﬁct is recycled to

said first hydrogenation reactor; or

(

(ii) at least a portion of said intermediate hydrogenated. product is

recycled to’
(A) said first hydrogenation reactor; or

10 (B) an intermediate reactor upstream of the intermediate

reactor from which said intermediate hydrogenated product is removed.

20.  The process of claim 19, further comprising the step of degassing
said hydrogenated product prior to recycling.

15
21.  The process of claim 19, wherein said hydrogenation catalyst is a
sulfided catalyst.
22.  The process of claim 21, wherein said sulfided catalyst is a catalyst
20 - selected from the group consisting of NiMo, CoMo, NiCoMo, Mo and mixtures
thereof.
. 23.  The process of claim 21, wherein said catalyst further comprises a
carbonaceous support.
25

/:
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26, “~The process of claim 19, wherein said final reactor is a plug flow

react.or, thereby I ncreasing the oxo concentration of said crude al cohol
product . 27. The process of claim 19, further
conpri si ng rﬁ"?gﬁ’dz’rﬁdr ogen gas with said crude al dehy&ETHIHITUS

28. The process of claim19, further conprising feeding hydrogen gas 15

into said final
further conprising feeding hydrogen gas

-13 -

10

15

react or. 29. The process of claim 20,
nto said final reactor.

24.  The process of claim 19, wherein the ratio of the recycled

hydrogenated product to said crude aldehyde product is approximately 10:1.
25.  The process of claim 19, further comprising the step of feeding said
crude alcohol product into a plug flow reactor, thereby increasing the oxo alcohol

concentration of said crude alcohol product.

26.  The process of claim 19, wherein said final reactor is a plug flow

" reactor, thereby increasing the oxo concentration of said crude alcohol product.

27. . The process of claim 19, further comprising mixing hydrogen gas
with said crude aldehyde product.

28.  The process of claim 19, further comprising feeding hydrogen gas

into said final reactor.

29.  The process of claim 20, further cbmprising feeding hydrogen gas

into said final reactor.

-
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