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PROCESS FGR PREPARI NG 1, 3- PRCPANEDI O-REPLACEP This invention rel ates
to the preparation of 1, S=proparetter——— one aspect, the invention
relates to a cobal t-catal yzed process for manuf act urin

1, 3- pr opanedi WP 9/A3881 gh yi el ds without the use of a 5 g@'ﬁﬁ’q’fé’zl i gand
for the cobalt catalyst. In a specific aspect, the i nvent I on
relates to inproving the degree of recovery and recycle of the
cobalt catalyst in such a process. 1, 3- propanedi ol ( PDO)
Is an internediate in the 10 production of polyesters for fibers and
films. It is known trRoOCESPFOR PREPARINGt W3 -SPROPANBDISES i nvol vi ng
(D) t he cobalt-catal yzed hydrof ornmyl ation (reaction with

synt hesi s gas, H2/CO) of ethylene oxide to internediate

3- hydr oxypropanal ( HPAFhasdipegntien gdageroRoothe Hexegs ats on of to PDO.
The initial hydrofar @Lkﬁbbaﬁedloﬁt eprit dhebaspect, thé:ad’xwe&ftlw réllates to

t enper at ures greater than _100[ e and at S pressures to
achi eve practical re gﬁ La{y;%ﬁroces‘?hgofegﬂ? Thg ro ct mxture IS,

however, rat her 1, 3 pr@ngeﬁét@l vin flsikghHpAelgdg WlthOUt tl}%%ﬁ &Lt 8r nat e
hydr of or nyl agi on rﬁgﬂay$h1hae1@§£aatfor the cobalt catalyst. 1In a specific

aspect, the invention relates to improving the degree of

'5

recovery and recycle of the cobalt catalyst in such a
process.

1,3-propanediol (PDO) is an intermediate in the

10 production of polyesters for fibers and films. It is
known to prepare PDO in a two-step process involving (1)
the cobalt-catalyzed hydroformylation (reaction with
synthesis gas, H2/CO) of ethylene oxide to intermediate
3-hydroxypropanal (HPA) and (2) hydrogenation of the HPA

15 to PDO. The initial Hydroformy-lation step can be
carried out at temperatures greater than 100 °C and at
high syngas pressures to achieve practical reaction
rates. The resulting product mixture is, however, rather
unselective for HPA.

20 In an alternate hydroformylation method, the cobalt
catalyst is used in combination with a phosphine ligand
to prepare HPA with greater selectivity and at lower
temperature and pressure. However, the use of a
phosphine iigand adds to the cost-bf the catalyst and

25 increases the complexity of catalyst recycle.

It wouid be desirable to prepare HPA in a low
temperature, selective process inﬁwhich cobalt catalyst
recovery . was inexpensive but essentlally complete.

It is therefore an object of the invention to

30 provide, .in a process for the prgpgratlon of
1,3-propahédiol which does not rééﬁire the use of a
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catalyst is used in conbination with a phosphine Iigand to prepare

HPA with greater selectivity and at | ower t enperature and pressure.
However, the use of a phosphi ne ligand adds to the cost of the
catal yst and 25 i ncreases the conplexity of catal yst recycle.

It woul d bewde3i3s8sbl e to prepare HPA in a | ow t enROTEPAT/ONT2

sel ective process in which cobalt catalyst recovery was inexpensive
but essentially conplete. It is dherefore an object of the

i nvention to 30 VAR Lpsa r _the_preparati 0

1, 3- propanedi ol \l@ﬁoc d’oesqgg?kggqﬁ?%%ff%e %O%ep%fapggatf)on ot % @%3851
PCT/ EP97/ 01172 intermediate, essentially complete regovery and recycle
phosphi ne- i gat ecbfadtal yobafler catgppsat i on of the HPA i nter nedi at e,

essentially conplete nd,_recycle . . f _the cobal.t .catalyst. .
According to the invés‘nct%%%}r?,ﬁhé g‘-’p?%%a%%v R 158 PTOpAneily 4%, a process

conpri si ng5t he strypPagied in a progegs cepmriciding shhybeeps oxfide with carbon

nonoxi de and (a) diihedeng BtRyPl &ss et kit ROBa¥EbS mdiSaIdY ango! vent -

in t he preszpc%npt an_effectjy Amount gf %_Ronéfhfsphine- )

ligated cobalt catarySradd &R g?f%%h@e LA asEranigcible sglyep in

pronoter, under ridwctirasensadPfi ansetfécives@mopnt of a non-phosphine-
ligated cobalt catalyst and an effective amount of a

10 catalyst promoter, under reaction conditions effective to
produce an intermediate product mixture comprising less
than 15 wt% 3-hydroxypropanal;

(b) adding an aqueous liquid to said intermediate product
mixture and extracting into said aqueous liquid a major

15 portion of the 3-hydroxypropanal to provide an agueous
phase comprising 3-hydroxypropanal in greater .
concentration than the concentration of 3-hydroxypropanal
in said intermediate product mixture, and an organic
phase comprising a major portion of the cobalt catalyst

20 or a cobalt-containing derivative thereof;

(c) separating the aqueous phase from the organic phase;
(d) adding fresh non-water miscible solvent to said
aqueous phase and extracting into said fresh solvent at
least a portion of any cobalt catalyst or cobalt-

25 containing derivative thereof present in such aqueous
phase, to provide a second aqueous phase comprising
3-hydroxypropanal and a second organic phase comprising
the cobalt catalyst or a cobalt-containing derivative
thereof;

30 (e) separating the second aqueous phase from the second
organic phase;

() passing the first organic phase and the second
organic phase to the reaction of step (a);
(g) contacting the second aqueous phase comprising

35 3-hydroxypropanal with hydroéen in the presence of a



produce an internedi ate product m xture conprising |ess than 15 wt %
3- hydr oxypr opanal ; (b) adding an aqueous liquid to said internedi ate
pr oduct m xture and extracting into said aqueous liquid a major 15
portion of the 3-hydroxypropanal to provide an agueous hase
conprisi ng 3-WPA7B385br opanal in greater concentr at i oRCAFRNMER -
concentration of 3-hydroxypropanal I n said i-nternedi ate product

m xture, and an organic phase conpri siBg-a major portion of the

cobal t catalyst 20nyarogende fPadr098kaLRROS HRkARNS chBbRAL L ons to
(c) separating the aqueus phase fromthe organl c phase; .. tdsl adodl ng
fresh non-water nm &EPBREesd| htiodshaticg product mixtuses CORRYASEPY

extracting into sailg3ftpeshasedieht aatd _ i east a portion of any cobal t
catalyst or cobal t'(h?%acov&ﬁl&@'1”,'3“«%:%%%5&8&61’ e L0 Bgﬁ§8§éné£‘iéﬁmh
econ nprrsing

aqueous phase, to provide a aqueous .phase c
3- hydr oxypr opanal BXQMCEc®BKENER gani ¢ phase conpri-sing t he cobalt

catalyst or a cobalt - cohtaprbcesslamabiliesvehe productitel @@ 1, 30propanddjol
separating the secq dhﬁgﬂegi@lé’ i fJe&@cUi‘@iégCQ%ﬁiout the u2EJ8RI ¢ phase;
orga on 0

(f) passing the firs I ¢, phase and _the se rgamehaseto

the reaction of st®posphine-ligateq pohadfgt gatphyst it dheohrdxgliesnylphion
conprising 35 stelpy dr aiyprentaidediidezolrgdiyoged Facyidle RFCERACEoPALlE
10 catalyst.

FIGURE 1 is a schematic flow diagram of one
embodiment of the invention 1,3-propanediol preparation
process with enhanced cobalt recovery.

The invention l,3-propanediol1§reparation process can

15 be conveniently described by referénce to Figure 1.
Separate or combined streams of ethylene oxide 1, carbon
monoxide and hydrogen 2 are chargéﬁ;to hydroformylation
vessel 3, which can be a pressure?reaction vessel such as
a bubble column or agitated tank, -operated batchwise or

20 in a continuous manner. The feed sStreams are contacted in
the presence of a non-phosphine-ligated cobalt catalyst,
i.e., a cobalt carbonyl compositioh which has not been
prereacted with a phosphine ligand; The hydrogen and
carbon monoxide will generally be introduced into the

25 reaction vessel in a molar ratio within the range of 1:2
to 8:1, preferably 1.5:1 to 5:1. .

The reaction is carried out uqﬁer conditions
effective to produce a hydroformylétion reaction product
mixture containing a major portioﬁ?bf 3-hydroxypropanal

30 (HPA) and a minor portion of acetéidehyde and
1,3-propanediol, while maintainiﬁé?the level of
3-hydroxypropanal in the reaction mixture at less than
15 wt%, preferably within the range of 5 to 10 wt%. (To
provide for solvents having diffeﬁént densities, the

35 desired concentration of HPA in tﬂé reaction mixture can
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-3- " hydrogenati on catal yst under hydrogenation conditions to

provi de a hydrogenation product m xture conpri sing 1, 3- propanedi ol ;
and (h) recovering 1, 3-propanedi ol from said hydrogenation 5

product mi xtVp &7/33851 - The process enabl es the producPCTEPOIIT2 _

1, 3- pr opanedi ol in high yields and selectivity without the use of a
phosphi ne-1igated cobalt catalyst in the hydfofornyl ation step, with

eTlaTEed e N AALE i bl L 9O 1By,

FIGURE 1 is a schematic I agram o

i nvention 1, 3- pr oPERERK N MESRLG EBR range ofy &5 WMth enhanced cobal t
recovery. Tiee hydreiforaplat Bopropanadinlispeapaied | Qe pocess can

15 be conveni gfg,*ée{f%ﬂgggg&g%a;8%;&%%;1%5@ guLe }00 o Separ at e

or conbined streans o ; _ nonoxide and
hydrogen 25are chBFgkRFakliyid &Por AP i gipst prefeyably| 7% torfiscACcaande a
pressure reacti onavesSmtessinde adthin the ardnddloF Gohugs 94 . agupat @bd &K,

operat ed batchw s . | i n ner. The fee treans are
contacted in EO&? tégﬁ)e'sgr%éfgggggnéﬁ?%#o% %egff’ﬁg'f'%ﬁs co%’as{ tei:o

cat al yst, 24el MRa cOWA0 teaPBBRAYPSEDhposith bigharchréssures been
prereacted w th appépeplédeidy gaedterhgelek BERRY .2MHe concenCAitdUh EENOXi de

Fati o w tAth T he PamErEiAiRtopahad K0%chg spoerifiat®proaicy nlidus can
The reaction is cherfertrilethddr regndationsof processetprditiens sypriodisce a
hydrof ornyl ati on eenplénd i@l Goncentrat idh XIAHtA1GRB! BbRESSE Pa DS
portion of 3_hydrgéggéfgﬁwggmperature and residence time. In general,
relatively low reaction temperatures:(below 90 °C) and

15 relatively short residence times (20 minutes to 1 hour)
are preferred. 1In the practice of the invention method,
it is possible to achieve HPA yields (based on ethylene
oxide conversion) of greater than ao%, with formation of
greater than 7 wt% HPA, at rates greater than 30 i,

20 -+ (Catalytic rates are referred to herein in terms of
"turnover frequency" or "TOF" and are expressed in units
of moles per mole of cobalt per hour, or h'tl.) Reported
rates are based on the observation that, before a
majority of EO is converted, the reaction is essentially

25 zero-order in ethylene oxide concentration and
proportional to cobalt concentration.

The hydroformylation reaction is carried out in a
liguid solvent inert to the reactancs. By "inert" is
meant that the solvent is not consumed during the course

30 of the reaction. In general, ideal solvents for the
phosphine ligand-free process wiillsblubilize carbon
monoxide, will be essentially non-water-miscible and will
exhibit low to moderate polarity such that the
3-hydroxypropanal intermediate will be solubilized to the

35 desired concentration of at least 5 wt% under



30 (HPA) and a m nor portion of acetal dehyde and

1, 3-ptopanedi ol , while maintaining the |evel of 3- hydr oxypr opanal
in the reaction mxture at |ess than 15 % preferably within the
range of 5 to 10 % (To provi de for solvents having different

densities, tTO®HIBS1 desired concentrati on of HPA in the rREGHEPIGMALIIE xt ur e
can WO 97/ 33851

PCT/ EP97/ 01172 -5 - -4- be expressed
in nmolarity, i.e., . ripd eferahl v.w t hi I- of
05 to 1M ) hydiSedyifflat Bl condit sorll C WA Kidhi Ml Scn3RAR |

el evat ed t enper at fel hdifdRdin ¢S] BsSEPREH-S (RIFSEr MPen water gytgrastieny 60 to
90 [err]C, nost prefereddentially RonfwitdSmiagndble is wdamt ARESHHe Wt hin

the range of 3.4 t 4 5 . . psig efeerably, (for
process econom cs)g%ﬁ@ér?—'o%g% . 98%811% J(‘?Lg%g%trog&%)a %rsioé) ?Le\?\nst Fll(‘ﬂﬁ‘gher
pressures 5 PRl T e 3F §PelPBR 3cteranare Pydraearkrrariqtarheseof 10
3- hydr F?ygr gpanal 1}11&;:; h&de?t exaedteion pbOdHMA Ao E-_he E?dhcoformylatllaon
controll ed by reg of . Ss uch_as. . .,... .thylene

oxi de concentrati g’ﬂ?’“ﬁ:tgjt%a ;l/nsl?&ggﬁéen??%%%énb%? t%l%__s-?glél?: LY & &t 5 ur e
and residence tinetham Hénemgst preferably gkqspe|thano® vehetThm t enperat ures

(below 90 [err] O eoThpilizatiohebdt Edebon ShsHdxidRSidePRe 4déIEs: 2 @oTvantes
to1 hour)lo will generally be greater than 0.15.v/v {1 atm, 25 °C),
preferably greater than 0.25 v/v, as expressed in terms
of Ostwald coefficients.
The preferred class of solvents are alcohols and

ethers which can be described according to the formula

Ry-0-Rq | (1)

15 in which R; is hydrogen or Cj_3g linear, branched,
cyclic or aromatic hydrocarbyl or moro- or polyalkylene
oxide and Ry is C3._.5p linear, branéhed, cyclic or
aromatic hydrocarbyl, alkoxy or monb- or polyalkylene
oxide. The most preferred hydroformylation solvents can

20 be described by the formula
R3
| _
R4———Cl3—0—-R1 : (2)
Rg

in which Rj; is hydrogen or Cj.g hydrocarbyl, and R3, R4
and Rg are independently selected from Cj_g hydrocarbyl,
alkoxy and alkylene oxide. Such ethers include, for
example, methyl-t-butyl ether, ethyl-t-butyl ether,

25 diethyl ether, phenylisocbutyl ethef, ethoxyethyl ether,
diphenyl ether and diisopropyl ethéﬁ. Blends of solvents
such as tetrahydrofuran/toluene, téﬁrahydrofuran/heptane
and t-butylalcohol/hexane can alsofbe used to achieve the



are preferred. In the practice of the invention nethod, it is
possi bl e to achieve HPA yields (based on ethyl ene oxi de conver si on)
of greater than 80[err], with formation of ~ greater than 7 wt % HPA,
at rates greater than 30 h 1. 20 (Catalytic rates are referred to
herein in tewo®7/33851 "turnover frequency" or "TOF" amrdTEPEINRXRIessed
In units of noles per nole of cobalt per hour, or h[err].)

Report ed rates are based on the obsegvation that, before a
majority of EOIis ted, e.r Lopn_is gssentially 25 zer o- order
in ethyl ene oxi dedgg%gé\t%a N gﬁ%@%&ki’es. proepocr"ﬁ?(?ﬁlﬁlxyt 8‘?86‘55??‘?
concentrati on. solvent, begpusey @fofbeniigl | viekdmafi #RA whighr¢ant krut in

a li qui d achvevéd iweldr modeatecnsiation Baditieht, i§ methyl-t-
meant that the soL)M\e.:?{L é‘gnémﬁpt consuned during the course 30 of” the
reaction. |n generaf; Tdeal solvents for the phosphi ne |igand-free

process wil8 sol ubili%ee atipdyst is a noprphvsching-ligesedssehalal |y
non-wat er - m sci bl @a@Beni | dompound. BABhBLgH | PWbdphitRAergheeROL A 41yssliCh

that the 3- hydroxypropanal. internedjate will .be Solubilized to the
35 desired c8ﬁ8e‘ﬁ?‘f’Ja%{é)ofﬂ&o?‘ygf°ggﬁg‘gf%th?%‘{ﬁﬁf§rl°ns' the 1nvegyion

97/ 33851 process is designed to achieve REGERGL1A1 878 selectivity
- 5- hydr of g5 eMbat | o GREitiicnds. edpehbe SHONHd 030hna0! VERE cobalt
10 catalyst can be supplied to the hydroformylation reactor

in essentially any form including metal, supported metal,
Raney-cobalt, hydroxide, oxide, carbonate, sulfate, -
acetylacetonate, salt of a carboxylic acid, or as an
aqueous cobalt salt solution, for example. It may be

i5 supplied directly as a cobalt carbonyl such as
dicobaltoctacarbonyl or cobalt hydridocarbonyl. If not
supplied in the latter forms, operating conditions can be
adjusted such that cobalt carbonyls are formed in situ
via reaction with Hp and CO, as described in J. Falbe,

20 "Carbon Monoxide in Organic Synthesis," Springer-Verlag,
NY {(1970). In general, catalyst formation conditions
will include a temperature of at least S0 °C and a carbon
monoxide partial pressure of at least 0.7 MPa (100 psig).
For more rapid reaction, temperatﬁres of 120 to 200 °C

25 should be employed, at CO pressures of at least 3.4 MPa
(500 psig). Addition of high surféce area activated
carbons or zeolites, especially thdée containing or
supporting platinum or palladium metal, can accelerate
cobalt carbonyl formation from non-carbonyl precursors.

30 The resulting catalyst is maintainéd'under a stabilizing
atmosphere of carbon monoxide, which also provides
protection against exposure to oxygen. The most
economical and preferred catalyst é¢tivation and
reactivation (of recycled catalyst{}method involves

35 preforming.the cobalt carbonyl undér Hy/CO from cobalt



will remain as a separate phase upon water extraction. By
Messential'ly non-water-m scible" is neant that the sol vent has a
solubility in water at 25 [err]C of |less than 5 w25 W% so as to form
a separate hydrocarbon-rich phase upon wat er extraction of HPA from
t he hydr of or ro o388t reaction mxture. Preferably t hPETEBTONRI ty is
| ess than 10% nost preferably less than 5 wt% The

sol ubi | i zation of carbon nonoxide in the setetted sol vent 10 wil |

generally be gr eat gydi&éﬂi@ i t\‘JeV Qésé‘ﬁgé 6 d Yrfah @ pmount of E&der ably

greater than O as expre d In terns

coefficients. cobalt CaH’R?’W ef EPP BORY SR °§0F6’ént 50\2&!} e A% 8% and
et hers which can beoﬂekcrctéaﬂﬂbxﬁdcdsdcagriedtdnﬂ: faar Bulktamperature within

[err] 15 ﬁgdro % lrsl £o¥8h04eN ‘}ref%: ?% 164 &g PR %‘h@and

cyclic or aromatlc or nono- or oXi
Rlerr] is d%rr] IPﬁéﬁ?ur%r"é’rfé"&é‘dth@yEF‘Pﬂeo?f -9 t° 3&r§nﬁ¥’?c(h%ﬂ Far byl ,
al koxy or nono- orspobypékg)l g a time pﬁdfebabIﬂhaeﬁssu:haneﬁehds\eﬂs The

Larr O™ AT CRrUESHILRe) can, BE LREEILPRS ﬁb*"ﬁ* el ed | oy
and Rlerr] are mdéﬁéﬁ@lﬁ'ﬁ%f@ %eél‘%&re&rf P-Bn?@{‘ér-?f} Yheq éﬁPﬁ?Finatlon
al koxy and al kyl engeast8£. Such ethers include, for

10 The amount of cobalt present ip the reaction mixture

will vary depending upon the other;reaction conditions,
but will generally fall within the range of 0.01 to
1 wt%, preferably 0.05 to 0.3 wt%.fbased on the weight of
the reaction mixture. o

15 The hydroformylation reaction mixture will preferably
include a catalyst promoter to acqé;erate the reaction
rate. Suitable promoters include SSUrces of mono- and
multivalent metal cations of weak;bases such as alkali,
alkaline earth and rare earth metal 'salts of carboxylic

20 acids. Also suitable are lipophilié promoters such as
lipophilic phosphonium salts and 1ipophilic amines, which
accelerate the rate of hydroformylétion without imparting
hydrophilicity (water solubility) to the active catalyst.
As used herein, "lipophilic™" means;that the promoter

25 tends to remain in the organic phase after extraction of
HPA with water. The promoter will@?enerally be present

in an amount within the range of 0;,1 to 0.6 moles per
mole of cobalt. Suitable metal saigs include sodium,
potassium and cesium acetates, proﬁionates and octoates;
30 calcium carbonate; and lanthanum aéétate The currently
preferred metal salt, because of 1ts availability and
. demonstrated promotion of ethylene’ oxlde
hydroformylation, is sodium acetatq, The currently
preferred lipophilic promoters areﬁﬁimethyldodecyl amine
35 and tetrabutylphosphonium acetate.;.



exanpl e, nethyl-t-butyl ether, ethyl-t-butyl ether, 25 di et hyl et her,
phenyli sobutyl ether, ethoxyethyl ether, di phenyl ether and

di i sopropyl ether. Blends of solvents such as

t et rahydrof uran/tol uene, tetrahydrofuran/heptane = and

t - but yl al consOATas8sIne can al so be used to achieve the PCT/EPIT/ONYD2 -
97/ 33851 PCT/ EP97/ 01172

- 6- desired solvent properties. Thegcurrently preferred

sol vent, because of t Rl ' A whi.ch _can. be achi eved
under noderate reactiiﬁlgo%ﬂfgkggg? ?%e}_f_rr% e\ﬁ]-tto- régulate Bt yl ether. 5
The catal yst is aCRFRPHASHIMEOL wahetdieopkg thydroformytat bomyteasdripaund.

Al t hough phosphi neiktged eGsCalkekgslide amounts Y wdtkrVBefi®ée (HPA + PDO)

hydr-of or myl ati on ctiQn he inventio process is designed to
achi eve good vyi eI%eelgenat%ellscgcée@ﬂ"yaccew&l%\dJﬁY&}F Fﬁé i 17 expense
of the ligénd. Thermaipan ofpa secopdt higwid mhases sapploed to the

hydrof ornyl ati on ¢@@édtirations, whBe®Se@Rtdsdiat any pkomBting!gli ng netal,
supported netal, .ol%% -cogalt egydro i.de, X|d§, car bonat e,
sul fate, 5%%'?3}?‘61&% %ﬁﬁlhg g8f-fedfoop ﬁ&fg‘f’r‘z a1t as an
agueous cobalt saspecigsit | drceptpbdrawpter levalmy widll8epend wgpltihed
directly as a cobgbivér hpad, sMeh ASre polar Hi14ebRk! geharaiRP B ind
cobal t hyQ%ldocarggggltofgréxﬂ:of higher water concentrations. For

example, optimum water levels for hydroformylation in

methyl-t-butyl ether solvent are believed to be within

the range of 1 to 2.5 wt%.

Following the hydroformylation reaction,

15 hydroformylation reaction product mixture 4 containing
3-hydroxypropanal, the reaction solvent, 1,3-propanediol,
the cobalt catalyst and a minor amount of reaction by-
products, is cooled and passed to extraction vessel S,
wherein an aqueous liquid, generally.water and optional

20 miscibilizing solvent, are added via 6 for extraction and
concentration of the HPA for the subsequent hydrogenation
step. Liquid extraction can be effected by any suitable
means, such as mixer-settlers, packed or trayed
extraction columns, or rotating disk contactors.

25 Extraction can, if desired, be carried out in multiple
stages. The water-containing hydroformylation reaction
product mixture can optionally be passed to a settling
tank (not shown) for resolution of the mixture into
aqueous and organic phases. The amount of water added to

30 the hydroformylation reaction product mixture will
generally be such as to provide a water:mixture ratio
within the range of 1:1 to 1:20, preferably 1:5 to 1:15.
The addition of water at this stage of the reaction may
have the additional advantage of supﬁressing formation of

35 undesirable heavy ends. Extraction-ﬁith a relatively



supplied in the latter fornms, operating conditions can be adj ust ed

‘such “t hat ‘cobalt carbonyls are fornmed in situ via reaction with

H err] and CO, as described in J. Fal be, 20 "Car bon Monoxide in

Organi c Synthesis,” Springer-Verl ag, NY (1970). In general,

cat al yst for \Q497@38sgondi t i ons wi Il include a tenperBIRERI7BATRt -

| east 50 [err]C and a carbon nonoxi de partial pressure of at |east

0.7 MPa (100 psigQ). For nore rapid-—r@&action, tenperatures of 120 to

(2(5)80[ err])C 2idd t ﬁ@laﬁ&ateaﬂg%@& %;v@@el&r SﬁSHéj@&:@é @{aéee%tlca 4sMPa
si ition of hi

zeol | ltoesg especi aIQKFalttﬁfs& &8n gu ‘ﬁ?%gﬁ%} preferai’gﬁp%’(’ﬁ?tr% %}aé’t %?fu?ﬁg%r

pal | adi um netal , #PAaqEsimdtaing economlctaibaiy[drogebehydmfcpﬁ nate GPAf tom

non-carbonyl precugsors,q :i%cover;?)c?f g@% A tat a‘rﬁé Pg%:&tﬁc@‘ignu‘iger

a stabilizing at ngsphere n nonoxi d t SO prOV|des
protection &gai nstPES&ERTARY Férﬁkﬁﬁe‘ﬂ“t Te anfsfpera “re the rapge
preferred cat al ystoﬁc:ts wat i56n°@ndvith highetreaehperdtres (afvorleleylct:ed

catalyst) method i, ﬁ%g.ggensgaféarm&ét@e (H809Y @S PR JHRASYsER/ O

from cobal t
PCT/ EP97/ 01172 dlsproportlonatlon to inactive, watey -soluble QRPEQGXIde in

the presence of a spetiesanpunt oplleseed maximizecebahlysarbemyterylhdt is
conversion %f Cb[egﬁéléﬂéflﬂ%td§§bfggred to perform the water extraction
under 0.3 to 1.4 MPa (50 to 200 psig) carbon monoxide at
25 to 55 °C.
The organic phase containing the reaction solvent and

-the major portion of the cobalt catalyst can be recycled

15 from the extraction vessel to the hydroformylation
reaction via 7. According to the invention, aqueous
extract 8 is passed to second extraction vessel 9,
wherein a fresh quantity of the non-water-miscible
solvent such as methyl-t-butyl ether used for the

20 hydroformylation reaction is added via 10 for extraction
of cobalt carbonyl or cobalt-containing derivatives
thereof remaining in the aqueous phase. It is desirable
for process economics to recover and recycle to the
hydroformylation step as much of this cobalt catalyst as

25 possible. This second extraction step typically has been
found to recover more than 30 wt%, and cptimally recover
more than 75 wt%, of the cobalt otherwise lost to the
aqueous 3-hydroxypropanal phase following water
extraction when used in combinatioﬁlwith distillation or

30 other means to concentrate cobalt in this recycle stream
to the hydroformylation reaction. The process
facilitates reaching the overall process objective of
recovering and recycling at least §9.6 wt% of the cobalt
present in the hydroformylation reégtion.



cobalt carbonyl is carried out at m,? B 4 hi n t he range of
75 to 200 [err]C, preferably 100 jto wg% gmla 5 pressure within
.0

the range of 6.9 to 34.5 MPa (1006 000 psig) for a tine
preferably e ss than 3 hours. The preformng step can be carried
out in a preecewizgsid preform ng reactor or in situ PCWEWeN117T2 -
hydr of ormyl ati on reactor. 10 The anount of cobalt present in
the reaction m xture will vary depemdg ng upon the other reaction

e, P i
reaction nixtureanysof those myeviguilsf desprabednforddte on mixture will

prtef ergb! %/ N hydirﬂfbuﬁl_ﬁl@tlzi‘?i a}ee&itilam@]gte@c- ﬁ@wé\’?&e__d | Rt %réhelrfeéclt i 0[1
rate. Suitable pr s our ces 0-, an mul tival en
metal cations of S\%B@Eggaggégfs%cﬁuges%aﬁ%%aﬁ%, ch3E chosel} |EY k&%arth and rare
earth neta? salt hygrofarvplatien Hrep, mestdpreferajply meatdylle tabatyipophilic

promoters such aether. ThélBSBdd CapepoabH M fdld Supn@oivBABNLE! Can
am nes, which accelerate th f‘rg:ate of h}\édrof ormyl ati on w t hout
t

i mparting bey, 591 SBRF I FRTVP P SPUBPEFEY diFtiddatdrhve catal yst.

As used herein, "lipBphsl secombstnge [ttt rakbipnoimtmrst?efficienebds to

remain in the orgarkrgeBNase M t£reMPdrAatur@Nwotnin the réigé Wt Bsvager.
The pron‘o%gr will__gepera In an anount wthin the

g |y _be present . !
range of 9001 to°0. 6 nﬁ%sg;?éﬁeé%ra%ie blp| @Pbonah §arPor MPRe¥ et al sal t's
i ncl ude sodi um pressurepwibthin urheamangesiofinPadetatesy MRaogdisonabes and

octoates; 30 202! pil) carPROgl Rt daANbRARNA} BES I by Iﬁgrsaa& ly
preferred netal salt, bécause of its availability and . . denonstrated
promotion of et hfli?n?#i’ﬁﬂﬁ into the r RPPEE | Bhth jagitadiony adet Bhe.
The currently same opr diffexrent iyagEdl iae foounbhersatEr editmaichjbdodecyl
anmine 35 35 ancelep!, r aBH! YheR OSPI dftdeCb3b8nic and aqueous phases to
resolve. In such a process, the solvent can be used in
an amount within the range of 3  to 300 wt%, based on the
amount of the liquid phase to be treated, depending on
the process options available for recycling catalyst and
20 solvent to the reaction. Alternatively, the cobalt-
containing aqueous phase can be countercurrently
contacted with the added solvent in a multi-staged vessel
under the above conditions. The solvent phase from
second-stage extraction containing recovered cobalt is
25 recycled via 11, with optional concentration of cobalt by
distillation or other wmeans, to the hydroformylation
reaction.
The decobalted aqueous product mixture 12 is passed
to hydrogenation vessel 13 and reacted with hydrogen 14
30 in the presence of a hydrogenation catalyst to produce a
hydrogenation product mixture 15 containing
1,3-propanediol. The hydrogenation-étep may also revert
some heavy ends to PDO. The solven:;and extractant water
17 can be recovered by distillationSin column 16 and
35 recycled to the water extraction prgéess via a further

e e i b
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It is generally preferred to regulate the concentration of water in
t he hydrofornyl ation reaction m xture, as excessive anounts of

wat er reduce (HPA + PDO selectivity bel ow acceptable | evels and
may i nduce Wo97338stormation of a second liquid phase. At RPGREPIOINT2 -
concentrations, water can assist in pronoting the formation of the
desired cobalt carbonyl catalyst speries. Acceptable water |evels

wi |l depend upon tciaesunamns%a@néhmdfow LRoAPLE: B9 Aa §ua PRNbE

general ly being 10 nore tolerant of her Wwater concen tlons For
exanpl e, opti mum w@ht eadsrs PRP- ?@Rﬁ?ﬁQﬁﬂ@yPQPPHﬁtlﬁtream 18 can be

met hyl -t-butyl et hesss@ tenﬁlatElbaiimnunbhumnb&Bmfbh|rEcovery oft IPeoOr ange of
1to2.5w% hea hggﬂ@g t he hydrofornylation reaction, 15

hydr of or nyl ati on reaé?lon uct m xture 4 containing

3- hydr oxypr 8panal , théﬂF%EEFP651%%I%§Hﬁhe:FE? ﬁPoBHﬂeﬂﬁ%ﬂbe carried pHE in

cobalt catal yst arut;wedﬁsﬁ@blanmuntabfam e=lietviatiedby emperature pividuet &t i S
cool ed and passed {g, gty g%&wa V8B SEhe Shydragenat AMHICLELR & 4lugOUS

l'iquid, generally water g | onal | ZI solvent, are
added via 6 for exd@eneialdy waghin the range aft 58t ton1d% Tthe UAPRTIBr t he

subsequent hydr ogefypddcstien pressure of at least 0.7 MPa (100 psig),

10 generally within the range of 1.4 to 13.8 MPa (200 to
2000 psig). The reaction is carried out in the presence
of a fixed-bed hydrogenation catalyét such as any of
those based upon Group VIII wetals, including nickel,
cobalt, ruthenium, platinum and palladium, as well as

15 copper, zinc and chromium and mixtures and alloys
thereof. The preferred catalysts are particulate nickel-
based compositions. . Hydrogenation is preferably carried
out in three sequential temperature stages: a first
stage at 50 to 70 °C; a second stage at 70 to 100 °C; and

20 a third, high-temperature stage at greater than 120 °C
for reversion of heavy ends to 1,3-propanediol. Highest
yields are achieved under slightly'acidic reaction
conditions.

Example 1

25 This experiment was performed to determine if
residual cobalt carbonyl hydroformylation catalyst could
be removed from an agueous solution'of 3-hydroxypropanal
obtained by water extraction of 3-hydroxypropanal from
the reaction product mixture of cobgit carbonyl catalyzed

30 ethylene oxide hydroformylation.

Two parts fresh methyl—t-butyl.éther were added with
- agitation to one part of the aqueous 3-hydroxypropanal
solution at room temperature under 4.1 MPa (600 psi)
1:1 (CO:H) syngas. The phases were allowed to resolve.
3s The "new" agqueous phase was removed, and both phases were



step. Liquid extraction can be effected by any suitable means, such
as mxer-settlers, packed or trayed extraction colums, or rotating
di sk contactors. 25 Extraction can, if desired, be carried out in

mul tiple stages. The wat er-contai ni ng hydrofornyl ati on reaction
product m xtwio®7/538st optionally be passed to a settling PCT/EPSTAIRIG2 ( NOt
shown) for resolution of the mxture into aqueous and organic
phases. The anount of water added to 30 . 32 the hydrofornyl ation reaction

product m xture WI r aI su as, t r
wat er: mi xture ratp o‘L’llyzed by &fe%ael tsﬁ% ?gﬁc 8‘2%“11‘“5? %°§0°°}B?£'fera5cﬂy 1: 5
to 1:15. PRethadeehal: oin \&éleepragltlhl swatey ehaket Wasr removerh. nay

have the additi ongkapgyantage of suppressing formation of 35

ggg?ékg??gilggavy endﬁ seé%gée%:Ié%;éﬁkagngsr&ié“ééﬁ&@éted in whgﬁ%|97;ﬁgﬁﬁg

of water priovi desagneayacbutepediatghprhdict was sampledt direhthy 28rau % HPA,

preferably greaten, bhin(éée #lon) batdhlet 1éﬂétd:{191 CHORPBES
hydr ogenati on of the HPA % o8 SOan 1rqgcover i %% ro%yc%athr%

wat er extraction F?agtl"“spr%‘?]e]%r’sg E’EF?Feﬂx'b’Eﬂc%’tona "Peﬁf)‘ér EeRFECRidthi n
t he range 86-25 1® BBl BenrPCP MPa h(50QIS00t peper At Uragndgueni datet 0

m ni m ze condensaghABolkOFHSdGc WAy X raRdEtr28d CRlR R rogen-capped jar

10 of nitrogen-sparged methyl-t-butyl ether. Off-gassing of
syngas provided a syngas blanket ovef the jar. The jar
was shaken to provide thorough contact of the aqueous
phase with the MTBE, and the phases were allowed to
separate. The cobalt content of each phase was assessed

15 by colorimetry following acid digestion. Results are
shown in Table 1. Cobalt recoveries by solvent re-
extraction ranged from 5-80 percent, depending upon
conditions employed.



di sproportionation to inactive, water-soluble cobalt species. In

order-to maxim ze catal yst recovery, it is 10 optional but preferred to
performthe water extraction under 0.3 to 1.4 MPa (50 to 200 psigQ)
car bon nonoxi de at 25 to 55 [err]C The organi ¢ phase
cont ai ni ng t hworeasssi on sol vent and the maj or porti AECTEPITNET2cObal t
catal yst can be recycled 15 fromthe extraction vessel to the
hydr of or myl ati on reaction via 7. Accardi-ng to the i.nvention, aqueous
extract 8 is passed to second extraction vessel 9, wherein a fresh
quantity of the non-water-m scible sol vent such as nethyl -t-butyl
et her used for the 2Q hydrof armys Lon reoaction |9 via 10 for
extraction bf cobal t,|caf bgny] dr EolRall- onFaining ddri vatives
t hereof remaining i the aqgdoup phake.l It ils Hegirlblie for process
econonics to recovef and Se@Y@EMFIAY S|w| D ghtglj_rgforrryl atfi on step as
much of this cobalt catalysg as| 24 _ potsiﬁ?e. hi'§ second extraction
step typically has [peen ~ fquny tlo | eqover jnoye g?an 3 wt % and
optimally recover AeHethadn—eat e 1obl t g nPut ot?ermﬁse l ost to
t he aqueo 3- hydr oxypr ppgnal ghage {f o] | qwi pg {wat er
extraction when ugefl i r® conbijnatidn witlh Hidti|l4tipn|d 30 ot her
nmeans to concentr ag e ,C aﬁt’arb hi sy levslelst[adR | o g td t he
hydrof ornyl ation Fepot iore: RS prqoess (o | o S| B4Q | Ddt es reaching the
overal | process ol pctive of” rgcoyerfi nj gnd rédycling at least 99.6
wt % of the cobalt § & prgsent i njthe hydrofonny| agion regction
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- 10 = ' The solvent for this second extraction step can be

any of those previously described for the hydr of ormyl ati on reaction
step; however, the preferred solvent will be the sanme as that chosen
for the 5 wobmysissif ornyl ati on step, nost preferably nethybetEigbynz -
ether. The solvent can be fresh "make-up" sol vent or can be sol vent
recovered fromdownstreamdistillation. - 14 - Thi s second- st age
extraction is no fficihently carried out at a tenperature within
the range of 25 t0 55 [err]C and a preferable but optional carbon
nonoxi de pr e PSULEUR| PRPATthef1oth fdeofigss extractiypy stage of

The process can ke caitinedusupi byt i pltamd FDnNgreparatioh erscdagent into the
aqueous phase wit B .0 j.D, the sane.or_different vessel as
for the water extér})al{l#'%ﬁtr?SQS ik s?ghp}{d%‘dptrﬁé’ﬁ“ah b%?\]a“e‘{‘t‘?g:eo #d and
aqueous phases t@pm cobaltragonvhlow |of SLAB grpmelessyte s clxtenttedn be
used in e | LCHTROD htwr&hrﬁeﬁ@eff@md @43@& aét@.ﬁﬁogﬂu%/nﬁ%ﬁ%ﬁo%n the
amount of the |iqui ase to, be treat ending_on ) t he process
options avail abl g%r? 6t IQ}rzge' ¢y M rgggc]a?‘gyfa)ygidl&ngg’zg‘g‘l oM PRRTHET ¢ he
reaction. Alterriqsids yiampterotritractor packedowithnphaseipedugsphase can
be c;)untercuraentﬁﬁtraction wﬁQnégﬁ-ﬁQ%V&Mr_B deha oadd aghsnl \ée.ﬁLMbQ | .
a.mul ti-staged vess .\ . ..upder_the above conditions e sol vent phase
from 18 seco@h‘ﬁsot f&é’e%t’?’a@%i%%‘ cortai 5&3&2‘8&9&% %t?oeﬁ‘i“ePé‘SZS
recycl ed via 11, sdifiivemst fyonl thenserendtaxnrastorowast4byppm, giving

distillation or oielrd®RARsy b &66aiy QP iyl a&'&gﬂnal feed, MARE | ON.
The decobal t ed agogous prod méture 12 i pasie to
v 68

ot .
hydr ogenati on ve eps gﬁfdgﬁﬁgc'f 2 VR PhyReoGeh e contained 254 ppm

cobalt. The flow rate of MTBE employed matched that
15 required for makeup of MTBE lost from the

hydroformylation system via the aqueous product.

Higher extraction efficiencies would'be expected from

increased MTBE flow rates, with separation of catalyst
and MTBE to recycle a more concentrated cobalt/MTBE

20 stream, as desired to maintain MTBE solvent inventory
in the hydroformylation system.



of a hydrogen [ produce a
i hydrogi““lluuﬁmuﬂnn]'“n xture 15 cont 3?%%@E?EM\% % propanedi ol . The
hydr ogertat fontst®p Yy al so revert EfA ﬁgayy gEds to PDO. The
sol vent and extractant water 17 can be recovered by distillation in

colum 16 andw®®33851 recycled to the water extraction proc@CIERITPIL2
further WO 97/ 33851

PCT/ EP97/ 01172 _ 18 " 11 - distillation
(not shown) for separation and purge of I'i ght ends. PDO-cont ai ni ng
product stream 18 can be passed to distillation colum 19 for
recovery of PDO 20 from heavy endg Z21la P M g Hydr ogenat i on of
the HPA to PDO can be carried out in aqueous solution at an el evated
tenperature during at | east a portion of the hydrogenation step of
40 [err]C, denehaprycess Hiar hrepazagg df3 Grdmmnediolecohtyisinger a
hydrogen pressure @heaktbgasés0. 7 MPa (100 psig), 10 generally within

(he range o 13,14, T3 B L2038 emp oria B g R IO 1)
such as any of hydrogbns'm bears exb aepai aGl yupoivt wa t eretrdlseibilac bobvent 1n
ni ckel 5 CoRak! n?réé'éﬂ@é"é‘fnarpléfﬁe%g%?ngm&%é YE WnoASphBhbh Afe 1°
copper, zinc and ch ro um and xtures an
ligated cobalt catalyst and an effectlve amount of a
catalyst promoter under reaction conditions effective to
produce an intermediate product mixture comprising less
than 15 wt% 3-hydroxypropanal;

10 (b) adding an aqueous liquid to said intermediate product
mixture and extracting into said aqueous liquid a major
portion of the 3-hydroxypropanal so as to provide a first
aqueous phase comprising 3-hydroxypropanal in greater
concentration than the concentration of 3-hydroxypropanal

15 in the intermediate product mixture, and a first organic
phase comprising a major portion of the cobalt carbonyl
or a cobalt-containing derivative thereof;

(c) separating the first aqueous phase from the first
organic phase;

20 (d) adding fresh non-water-miscible solvent to the first
agqueous phase and extracting into such solvent at least a
portion of any cobalt catalyst or cobalt-containing
derivative thereof present in such aqueous phase, to
provide a second aqueous phase comprising

25 3-hydroxypropanal and a second organic phase comprising
the cobalt catalyst or a cobalt-cohtaining derivative
thereof;

(e) separating the second aqueous phase from the second
organic phase;

30 (£) passing the first organic phase and the second
organic phase to the process of step (a);

This Sheet-Has Béen Reﬂ
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t her eof . “,m,m talysts are particul ate nickel - based
‘conposi‘ti HH I'Zon Is preferably carried out in three

sequentlal t dnpératture siages: a first stage at 50 to 70 [err]C, a
second stage at 70 to 100 [err]C, and 20 a third, high-tenperature
stage at gr ewseysagshan 120 [err]C for reversion of pampsrerigs t-0

1, 3-propanedi ol . Hi ghest yi el ds are achi eved under slightly acidic
reaction condi tions. Exa_np_,[ee 125 Thi s experinent
was performed to determne if i.dual cobalt carbonyl,

hydr of or nyl ati on (§§t al §RtaGLiRE the Secoﬁ‘g RERDYER l?l?alﬁﬁ ER™REHEHE sol uti on

of 3-hydr oxyprop&ralydroxypropaslaiwisdh hydwagen oxttlecipreseate of a
3- hydr oxypr opanaly, gtj&'ggénatlon cddif yRAGhiar RYaUndl o 8nak  E0RE! Lo

carbonyl catalyze é*%q ene oxi de hxdro or Two
parts fresh net hﬁr"t"lgﬁt?Ihlé engdion, greduef { pixt zd C°“‘§51F&f190n to one
part of the aqueays-prbpdnedipl opardl solution at roomtenperature

under 4.1 Mra (GO(Ql)p%Q:overlnga ue% E}Qﬁls_'&loﬁyf‘ﬂax? sa-g.@ %8% %ﬁig al | oned

to resolve. ase was renoved, phases
wer e V\ng?ld§§85'_’ﬂl"ture

PCT/ EP97/ 01172 2. The process of claim 1 in which wWéter is presangl yged by
cobal t - speci fic ‘é@éﬂ*(ﬁ?tﬁx gﬁraﬁéﬁﬁﬂ1w1t%9%)the range of 1 to 2.5 wt%.
10 3. The process of claim 1 or 2 in which the carbon
monoxide and hydrogen of step (a) are present in an
Hz/CO ratio within the range of 1.5:1 to 5:1, and in
which step (a) is carried out at a temperature within the
. range of 60 to 90 °C and a pressure.within the range of
15 6.9 to 24.1 MPa.
4. The process of any one of claims 1 to 3 in which
step (b) is carried out at a temperature within the range
of 25 to S5 °C.
- 5. The process of any one of claims 1 to 4 in which
20 steps (b) and (d) are carried out under carbon monoxide.
6. The process of any one of claims 1 to 5 in which the
non-water-miscible solvent of steps (a) and (d) comprises
an ether.
7. The process of claim 6 in which the non-water-
25 miscible solvent of steps (a) and (d) is methyl-t-butyl
ether. _
8. The process of any one of claims 1 to 7 in which
step (d) is carried out by staged countercurrent contact
between the fresh solvent and the first aqueous phase.
30 9. The process of any one of claims_i to 8 in which the
solvent of step (d) is added in an amount within the
range of 3 to 300 wt¥%, based on the weight of the aqueous -
phase.
10. The process of any one of claims 1 to 9 in which

step (d} is carried out at a temperature within the range



of the ‘ “Emuulginal wat er phase was renoved. Exampl e 2

A ser|¥ﬂ“ '“ﬁ“ﬂ was conducted in which 5 aqueous internedi ate
product *was8 shanpt ed directly from 3.8 1 (one-gallon) batch ethyl ene
oxi de hydrofornylatlon reactions, follow ng water extraction in the
reactor at w0973385145 [err] C and 3.4-9.0 MPa (500-1300 psiPCTEPY7/HYTZJAS.
The aqueous product was transferred to a nitrogen-capped jar 10

of nitrogen-sparged nmethyl -t- butyI et her. £]f7gassing of syngas

provided a syngas bl et o The was shaken ¢
provi de thorough cd’rﬁaggt R:8f g?he& %ﬁ%cﬁfs a ca °“pﬂ%’§%x1ﬁet Hi’rteﬁéufv”/fFBEltlah’él t he
phases were al | onedheo range ofs@partn el.4TN@acobalt content of each phase

was assessed 15 by colorinetry following acid digestion. Results are
shown in Table 1. Cobalt recoveries by solvent re- extraction
ranged from 5-80 percent, dependi ng upon condi tions enpl oyed.

WD 97/ 33851 ‘

PCT/ EP97/ 01172 - 13 -



[err] WD 97/ 33851

'PCT/ EP97Y 01172 -14- Exanmpl e 3:
Aqueous product fromthe first extraction stage of a continuous
pi | ot plant PDO preparation process containing 25 wt%
3- hydr oxypr opmmad/33ssit er nedi ate and 67 5 ppm cobalt at aPCT/®ERPI701177. 08
grans/ m nute was extracted with cdlhtercurrent fresh MIBE at 0.67
grans/mn flow ina#6.2 cm(30-inch) tall by 2.54 cm (one-inch)
i nsi de di aneter extractor packed with plastic rings. Extraction was
carried out at 40 [err]C under 9.7 MPa 10 (1400 psi) 3:1 H2: CO. The
cobalt |evel of the aqueous effluent fromthe second extractor was
43 ppm giving 35% recovery of cobalt fromthe original feed. MIBE
solvent exiting the top of the colum contained 254 ppm cobalt. The
flowrate of MIBE enpl oyed nmat ched that Q

Q.

< &
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, required for makeup of MIBE | ost fromthe hydr of or myl ati on
+syst ém vi a t he aqueous "product. H gher extraction efficiencies
woul d §xpsi ed from i ncreased MIBE fl ow rat espcpidddns@par ati on
of ' cat’gf‘?/st i and MIBE to recycle a nore concentr;ed cobg??/ MIBE 20
stream as desired to maintain MIBE sol vent inventory in the

hydr of or nyl ati on system - 15 -
1.- A process for preparing 1,3-propanediol conprising the steps of:
(a) contacting ethyl ene .oxi de with carbon nmonoxi de and - hydr ogen in
an essential |y non-wat-@RIGESS HIOR SRERARING X, 3- PRORAMERI@Eence of an

ef fective ampunt of a non-phosphi ne- | i gated cobalt catal yst and an

ef fective anount . catal yst ‘pronoter under reaction conditions

effective to %lspr’ﬁ’d'@&,;lz%‘t‘ HRISTRSi SR I RRRR2TASARIP T onpri sing | ess
than 15 wt % 3-,By@rroparedialal | D one aggyciddiing aveattboausrélages t® said
|nternEd|ateapQQﬂg9E catalyzed process for manufacturing

1,3- propanealol in high yields without the use of a

phosphine ligaﬁd for the cobalt catalyst. In a specific
aspect, the invention relates to improving the degree of

recovery and recycle of the cobalt catalyst in such a
process.

151

1,3-propanediol (PDO)iis an intermediate in the
10 production of polyesters for fibers and films. It is
known to prepare PDO in a two-step process involving (1)
the cobalt—cateiyzed hydroferm?lation (reaction with
synthesis gas, H3/CO) of ethylene oxide to intermediate
3-hydroxypropanal (HPA) and (2) hydrogenation of the HPA
to PDO. The initial hydroformylation . step.can be
carried out atlﬁemperatures greater than 100 °C and at
high syngas pressures to achieve practical reaction

' rates. The resulting product mixture is, however, rather
unselective for "HPA.

[
wn

20 . In an alternate hydroformylation method, the cobalt
catalyst is used in combination with a phosphine ligand
to prepare HPA with greater selectivity and at lower
temperature and pressure. However, the use of a
phosphine ligahd adds to the cost of the catalyst and

25 increases the?complexity of catalyst recycle.

It would be desirable to prepare HPA in a low
temperature 'eelective process in which cobalt catalyst
recovery was inexpensive but essentlalTy complete.

- It is therefore an object of the invention to
30 provide, in a process for the prepération of

1,3-propanediol which does not require the use of a
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m xture and extracting into said aqueous liquid a ngjor portion of
, t he 3-hydroxypropanal 5o as to provide a first aqueous phase

Canrl svogrssesydr oxypropanal in greater concent r aPCOERPRTIATZ he
concentration of 3- hydr oxypropanal 15 in the internediate product
m xture, and a first organic phasggconprising a major portion of the
cobalt catal yst obal {-contai ni.ng derivative thereof;
(e) separating tﬁgef??gYeﬁﬁugBHs bﬁﬁs@eFP8ﬁ1gﬁ§rFFF§Pn tep GRYRF c phase;
20 (d) andiof thesh pravwatmn.yrrdeelclﬁmesiolﬁcenttﬁeo t.he first
aqueous phas h V. l,ea ortion
of any cobal ﬁyggg ?éﬁ‘?igkagoba%gtigg S%%k’g V?ek’eze sttheaﬁrefe?ﬁe‘?eof
present in sachvaq§eumélphas§hetéame as thatonhpsen fogortdeaqueous phase

conprgsi ng Z@drofohgxaﬁeéhp%Qegnah\o%r&d PTG O R HYL RIS $PRPI i SiNg

the cobalt ca

st OE i cont ai ni erlvatlve,’ t her eof ;
(e) separatiBgheRe s&BEnE°AYBEGUSIFnESe t'iekasdgig selvent oF (Gapc
phase; 30 be (sb)].venpasebbgetrhd oot dowgastixte ah akiss tailkll dthieorsecond
organi ¢ phase to s _of ste
PCT/ EP97/ 01172 Th 8%%& s% ge e&t&é@tlon is most\N%éac1enéEy
carrlee out at a temperature within the range of 25 to
10 55 °C and a preferable but optional carbon monoxide

pressure within the .range of 0.3 to1.4 MPa.

The process can be_earfied out by introducing
the solvent into the aqqedus phase with agitation, in the
same or different vessei eé for the water extraction

15 step, and then allowing the organic and'aqueous phases to
resolve. In such a process, the solvent can be used in
an amount within the frange of 3 to 300 wt%, based on the
amount of the liquid phase to be treated, depending on
the process options available for recycling catalyst and
20 | .solvent to the reaction. Alternatively, the cobalt-
containing aqueous phase can be countercurrently .
contacted with the added solvent in a multi- staged vessel
under the above condltlons The solvent phase from

second-stage extraction containing recovered cobalt is

25 recycled via 11, with optional concentration of cobalt by
: distillation or other means, to the hydroformylation
reaction.

The decobalted aqueous product mixture 12 is passed
to hydrcgenatién vessel 13 and reacted with hydrogen 14
30 in the‘presence of a hydrogenation catalyst to produce a
hydrogenation product mixture 15 containing
1,3-propanediol. The hydrogenation step may also revert
some heavy ends to PDO. The solvent:end extractant water
17 can be recovered by distillation in-column 16 and
35 recycled to the water extraction pfotess via a further
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“. 16- (9) fﬂ“ﬂﬂu“ﬂ H“ uﬂﬂcond_ aqueous phase conpri sing o
& 3- hytir oxypr opanal . w *#he presence of a hydr ogenat i on

cat al ygjo s3841 hydr odenét i on condi tions to - provigtermpnddizegenat i on
product m xture conprising 5 1, 3- propanedi ol ; and ('h)
recovering 1, 3-propanedi ol from said hydrogenation product m xture.
2. The process of claim1l in which waterlbs-present. in step (a) in
an amount within the range of 1 to 2.5 ww% 10 = 3. The process of
claim1 or 2 in which thecarbon nonoxi de and hydrogen of step (a)
are present in an Herr]/ CO atli-ddvitthiSh the range of 1.5:1 to 5:1,
and in - _.—which step (a) is carried out at- a tenperature within the
range of 60 to R%err Ca&d-apressure vvithintheﬁréneof 15, . 6.9 to
24.1 WPa. L TOPRESprECe FFFRHRE one® T W3R PP M ch

step (b) i's cherseepsupfat a tenperature within the range of 25 to

55 [err]C l of _any of __clal . 4 ich 20
steps (b) anéae dfog?:eac':g-a{?% %&%3’31%%&&‘?1 I%Ieaﬁglg:nh n%a%%@énéﬁée J}E&h The
process of ahydsegest in amessary iRy iprtwater-niscibleosplwent - sci bl e

sol vegt of st@Rshalettd B HOEHFESive amoun@bfidon-phosphide- The
process of claim§6 |n°\gm ch the non-water- 25 m sci bl e sol'vent of steps

(a) and (d) rEIREERYyICAOAf patalyst R effective @moumne ?F Ress of any
one of clai neatalgskt iproddtEdy under reiepidd)cosditisnsdepfdcbivet aged

aqucous. phasBrospies dn dncerneilE Brdalol IRELSE ‘R ELEITIEEET" 1y o1
t he sSiapettS ot st epydyorspreRR@2l A an anount within the
rangg oof 3 t qpI0RadifRg t&ﬁ%ﬁbﬁé‘@:ﬂ!@ﬁﬂmtéfsif@ PtePRSdiate product
mixture and extrac‘;ing into, 's'an‘:d aqueous liquid a major
portion of the 3—hYdroxy§ropanal so as to provide a first
aqueous phase Eomprising 3-hydroxypropanal in greater
concentration than the concentration of 3—hydroxypropanal
15 in the intermediate product mixture, and a first organic
.phase comprising a-major portion of the cobalt catalyst
or a'cobalt—containing derivative thereof;
(c) separating the first aqueoué phase'from the first
- organic phase; . L
20 (d) adding fresh non-water-miscible solvent to the first
agueous phase and extracting into such solvent at least a
portion of any cobalt catalyst or cqbgil,t-containing
derivative thereof present in such.aqﬁeous phase, to
- provide a second agqueous phase compri#ing

25 3-hydroxypropanal and a second organic:phase comprisiﬁg
the cobalt catalyst or a,cobaltecontaining derivative
thereof ; -

(e) separating the second aqueocus phase from the second
organic phase; ' B

30 (£) passing the first organic phase:énd the second
organic phase to the process of-step?@é’i
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‘phase. 10. The process of any one of claims 1 to 9 in which !PS coPy
step ¢d) 'is carried out at a tenperature within the range WO

97/ 33851 : PCT/ EP97/ 01172

- 17 - of 25 to 55 [err]C and at a carbon nonoxi de pres /e
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