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PROCESS FOR PREPARI NG 1, 3- ALKANEDI OLS This invention rel ates
to the preparation of 1, 3-al kanediols. In a specific aspect, the

i nvention wo 974589l at es tO the preparation of 1,3-propaneHCHEPSMIISS

et hyl ene oxi de via hydrogenation of 3- hydroxypropanal 5

1, 3-propanediol (PDO) is an internediate in the producti on of

pol yesters for fibers and filns. It is = 1known to prepare PDOin a
process involving (1) the hydr ogenati on of 3-hydroxypropanal (HPA).
HPA may be prepared by hydrofornylation (reaction wth synthesis 10
gas, H2/CO of ethylene oxide. HPA may al so be prepared from e.g.
gl ycerin and acrol ein. PROCESS E@R BREBRABENG cororfildANEDIOLS i nport ant
for the HPA hydr ogenati on step to be highly selective to PDQO
Selectivity is, however,. conplicated b the reactiyity of HPA,
which can react with s Wﬁ#ﬁiﬂ? réfates H3%55§5ﬁ59%5 t?@ﬁc?¥on m xture
to form by-product 3, 3althanediols. [Iower speciifite aspHat .atdecdnpentior

p[OdUCt recovery. lLflates to tihe KIRQWMArkeibAPEPVE, $EIRPAnkdiv10¥rdai N a
sturry ethylene oxide via hydrogenation of 3-hydroxypropanal.

5 1,3-propanediol (PDO) is an intermediate in the
production of polyesters for fibers and films. It is
known to prepare PDO in a process involving {1) the
hydrogenation of 3-hydroxypropanal (HPA). HPA may be
prepared by hydroformylation (reaction with synthesis

10 gas, Hp/CO) of ethylene oxide. HPA may also be prepared
from. e.g., glycerin and acrolein.

For process economics, it is important for the HPA
hydrogenation step to be highly selective to PDO.
Selectivity is, however, complicatéd by the high

15 reactivity of HPA, which can react with species in the
hydrogenation reaction mixture to form by-products which
lower product yield and complicate product recovery. It
is known to improve selectivity by using a slurry
catalyst at relatively low temperatures between 60 and

20 90 °C. Slurrxry catalyst systems are, however, quite costly
to operate.

Valerius et al, in Chemical Engineering and
Processing 35 (1996) 11-19, already illustrated the
hydrogenation of an agqueous 10 wt% so1ution of HPA

25 cocurrently with hydrogen through aiﬁrickle bed. However,
when this example and others at slightly higher con-
centration were repeated, unattracﬁi&e results were
obtained. u

It would therefore be desirabléﬁto prepare PDO from

30 HPA with high selectivity and activity in a relatively
inexpensive fixed-bed éatalyst system.



catalyst at relatively |ow tenperatures between 60 and 20 90 [err]C
Slurry catal yst systens are, however, quite costly to operate.

Val erius et al, in Chem cal Engineering and Processing 35 (1996)
11-19, al reagypohhdayst I At peiStSHEET HAS BEEM)dr ogenati'on of an wReygengedd W %
sol ution of HPA 25 COCWR’E?['MBD wi t h thydrogen through a trickle bed.
However , when thi hers, at slightly higher con-
centration were repeated, unattractive results were obt ai ned.

It would therefore beIdessralbéﬁef@r@ra&paierBDOofr%%ventxdﬂ%o BvRagh
selectivity and agt i,y Lnexpenst Vi ve fla)i?‘a bed

a_l v,
catal yst system ei X§Q¥§7?ﬁ§ééﬁé f%ﬁlthe preparation ne-
PCT/ EP97/ 02953 diols including PDO from 3-hydroxyalkgnals including HPRA | s

t herefore an obj eg@lgi bheikaaewpdd q;ydlq,g@r@@lgg catalyst @ sel ective process

5 hydr oxyaikanal s | noPGEPRATRPAS the mv&atefa%ﬁ'fQMOQEH%%HQ
catalyst. 5 1)3eprdpagediol hare mumpsired via3thé Kaydarbgematiion odi ng
1, 3- propanedi ol a@eh93§8§9§ﬂk¥h§lérWhéBgyﬂNQ%@abEQQeég comprises passin
3- hydr oxyal kanal s _whér ei nut hgaﬁ <g!a‘?ess i sei Easmg% an aqgeous
3- hydr oxyal kanal &8 88P*6R4E0° N ’%aeﬁ?y ution Yoy @ hygdragenasirict
with a fixed-bed kpdeogedainogontact with a fixed-bed hydrogenation
10 catalyst under hydrogenation conditions to form an
aqueous 1,3-alkanediol solution, characterized in that
the agueous 3-hydroxyalkanal solution has a 3 hydroxy-
alkanal concentration within the range of 0.2 to 5 wt%.
According to a preferred embodiment of the invention,
15 1,3-propanediol is prepared in a process comprising the
gteps of:
(a) contacting, at a temperature within the range of
50 to 100 °C and a pressure within the range of 0.7 to
34.5 MPa (500 to 5000 psig), ethylene oxide with carbon
20 monoxide and hydrogen in an essentially non-water-
miscible solvent in the presence of an effective amount
of a non-phosphine-ligated cobalt or rhodium catalyst and
an effective amount of a catalyét promoter under reaction
conditions effective to produce an intermediate product
25 mixture comprising less than 15 weight percent (wt%)
3~-hydroxypropanal ;
(b) adding an aqueous liquid to said intermediate
product mixture and extracting_iﬁto~Said aqueous ligquid a
major portion of the 3- hydroxypropaﬁal at a temperature
30 less than 100 °C so as to prov1de an_aqueous phase com-
prising 3-hydroxypropanal in a concentratlon of at least
20 wt%, and an organic phase comprls;ng at least a

portion of the cobalt or rhodiw a;ylyst or a cobalt- or

rhodium-containing derlvatlve thereof
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10 - catal yst under hydrogenation conditions to form an aqueous

.1, 3-al kanedi ol solution, characterized in that t he aqueous

3- hydr oxyal kanal sol uti on has a 3=hydroxy- al kanal concentration
within the r{o®94ab 0.2 to 5w % Accoi-di ng to pcmEmiersed
enbodi nent of the invention, 15 1, 3-propanedi ol is prepared in a process
conprising the steps of: - 3 (a) contacting, at a
tenperature within the range- of 50 to 100 [err]C and a pressure

wi thin the range of 0.(@)tgeparating 3heb alflaoc(506hase S6ftn pdieg organtiyl ene
oxi de with carbon . honoxi de and hydrogen in an essentially non-water-
m sci bl e sol vent ©n thé presence of an effective anmount of a

non- phosphi ne- 1 i gat ed (8dbgituting iwadid RAugPHFyBRagMWith an aquec¥sf ect i ve

anmount dof a cat al ySlqupgogst £6rmNale3 - Hyehixypiropanal -son@tfwb'ﬂimwrgfaeﬁt ive

to produce an internedi L XL u oL, Si es n 15
wei ght perc%lnt (M%W&?%r%&gpg‘-gﬁy roxcilc’é’rSc()ef)lzg'rzfzgIql'n;:")&l &?tﬁj(lg?gﬁgao%?‘ r#ge é% tzgci%eous
liquid to said intter fe¥itiie product m xture and extracting into

sai d aqueous liquid al(e) pa?]sir@]ﬁi&%ie@ilsoﬁ—hiﬂ@réxm I ARk oat ha

com e Bl &g BRSRISR IR AR® (n i%iﬁ%%ﬁ%%%%ﬁ & Sedhed

20 wt % and an or dwidireogenatéon opptalysty wnderehydragenation cqmtitiismsoftot he

cobal t or i@odiLnnfaghahﬁsgqgéo@scg¢gﬂ§ro§yhediol; and!l hodi um cont ai ni ng

derivative thereof; (£) recovering said 1,3-propanediol.

In a specific embodiment of this process, dilution of
the relativély concentrated 3-hydr¢%ypropanal solution is
effected with an agqueous 1,3-pf¢paﬁ§@iol solution passed

i5 to the 3-hydroxypropanal solution f¥om downstream hydro-
genation. Dilution of this agueous i-hydroxypropanal
solution prior to hydrogenation_pe:@its the use of a
relatively inexpensive fixed-bed hfafogenation catalyst
without sacrificing hydrogenation séiectivity. Use of an

20 aqueousg solution of 1,3-propanediol to dilute the
3-hydroxypropanal solution further.gnhances selectivity
and yields of 1,3-propanediol, prolongs catalyst life,
and saves on equipment and cooling costs.

The invention can be convenienﬁxy described by

25 reference to the-Figure, which illustrates an embodiment
of the invention process for preparation of 1,3-propane-
diel by hydroformylation of ethy}eﬁgfoxide to 3-hydroxy-
propanal and then hydrogenation?oflﬁﬁe 3-hydroxypropanal
to 1,3-propanediol. f

30 In the illustrated embodiment, ggparate or combined
streams of ethylene oxide 1, caxbonjﬁonoxide and hydro-
gen 2 are charged to hydroformy;atiéﬁ vesgsel 3, which can
be a pressure reaction vessel such;égua bubble column or
agitated tank, operated batchwise of?in a continuous

35 manner. The feed streams are contactéd in the presence of
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- 3- (c) separating the aqueous phase fromthe organic
phase; (d) diluting said aqueous phase _w th an aqueous

i quid to fowonea4dsdydr oxypr opanal solution having a 5 PCT/EP97/02953

3- hydr oxypropanal concentration within the range of 0.2 to 5 W%
(e) passing said aqueous 3-hydroxypropanal sq@l ution to a

hydr ogenati on zone and in contact with a fixed-bed hydr ogenat i on

catal yst under hyar dngdmatbnmyﬂ:mmmm | catsally®st],0 general by na afe sl iibonyl
1, 3-propanedi ol ; ected FrOﬂlghééfuﬂQQﬁyngggtSébg?&nﬁlgrqaﬁh d%

In a specific enb I ment rocess elatlvely
concentrated 3- hydosRypabpanaratal et ofill generallys becpxrEsst Hiarkbequeous
1, 3- propanedi ol saleakitdonpasgedrd Sin an tatnciulne: Bribhﬁihoxu@rﬁwg@bfsfd o @
from downstg eam h diR ggﬂ”?t | Uty of ou

3- hydroxypr%panal oy, preF ar rior oohtfd%géénla)%l%)% %g?c%: §”et11$é1 §’§ of
a rel ativelte; Mféﬁ@ﬁemﬁlﬂm TRAF PRI BdERUYe onTeathyrdeagen and

Wi thout sacrifici RGribwsr ﬁ@ﬁaﬁid@mﬁﬂ E;féneﬁatMy beeift réduddl into 3FEOUS

solution of 1, 3-propanediol to pr opanal

sol ution furt her 5%5&6‘8? g@?%%f Wt?/  ndlar ratéﬁdw§F£¥’as€%¥ atlge Of 1:2

1, 3- propanedi ol , pcolBgAgsprafargisly |1 fe to 6:1. and saves on equi pnent and
cooling cosgs. The hyab@fd;ﬂmaﬂm GRARICRODN LA LPLdY SRS Ginldesd byf

25 reference tQ | Il ustrates
the invention pro@é’@ﬁ&?ngrggg?c\é\@r h § Pf‘tg“ﬁﬁoﬁaﬁ nP°erTa"'o‘1clﬂ by
hydr of or nyl ati on afeagthipheprodnetanixt grehyahntaining a majqr quandlomard t hen

hydrogenation of theydb¥JdpPsy¥RELPHRA a minor pbetioR-HF PANEH Rhyde and

1,3-propanediol, while maintaining the level of 3-hydro-

15 xypropanal in the reaction mixture at less than 15 wt$,
preferably within the range of 5 to'lo wt%. (To provide
for sclvents having different densities, the desired
concentration of 3-hydroxypropanal in the reaction
mixture can be expressed in molarity, i.e., less than

20 1.5M, preferably within the range of 0.5 to 1M).
Generally, the cobalt-catalyzed hydroformylation reaction
is carried out at elevated temperature less than 100 °C,
preferably 60 to 90 °C, most preferably 75 to 85 °C, with
rhodium-catalyzed hydroformylations on the order of 10 °C

25 higher. The hydroformylation reaction is generally
carried ocut at a pressure within the range of 0.7 to
34.5 MPa (100 to 5000 psig), preferably (for process
economics) 6.9 to 24.1 (1000 to 3500, psig), with higher
pressures preferred for greater seieétivity The con-

30 centration of 3-hydroxypropanal 1n:_ﬁe intermediate

product mixture can be controlled b :__'_.';;regulat:.on of
process conditions such as ethylene oxlde concentration,
catalyst concentration, reaction temperature and
residence time. In general, relatlvely low reaction



30 : In the illustrated enbodi nent, separate or conbi ned

- streans of ethylene oxide 1, carbon nonoxide and hydro- gen 2 are
charged to hydrofornyl ation vessel 3, which can | be a pressure
reacti on vessebvedwh as a bubble col um or 7 agi t at e ®CEERRIO28Ter at ed
bat chwi se or in a continuous 35 manner. The feed streans are contacted
I n the presence of WO 97/ 45390 -5 -
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“hydrof ornyl ati on tetrgeysturegntreddw 99 8} sand ardi@pilvely short sved:memba‘ rom

rhodi um and cobal rtlﬁggbtpgyl,gmaﬂ‘gg h_-)girlohour) are {,Qéf%&td on catalyst wll
‘general ly be present reaction pixture in gn anobunt within

‘the range of 0.01 to Tg hydr??%ﬁm%lﬁﬁagpeF56F§l%nOﬁst??qu?deyt bBsBd on
t he wei ght of liqui@hsohyehtfiorent & ther rasctamtsu Byréne¥hé hydr ogen

and carboHeHBEOFhQE Hﬁé'séWWE%?BanBE bBﬁéG@MﬁQﬁnﬁﬂboth@ecougs?

reaction vessel in ratf1o the ra
preferably 1:1 to©6: thejgeaction. Inﬂﬂ?qﬁféﬂof69ﬁ71a§?¥ﬁPQQ§aéprﬁth carried
out under hgaedibirapsateidre grosesiso wilbdecbubi il afarbiay abheRide,

reaction product aﬁi Up& gggéﬁﬂigf¥§i£ ke Oﬁ%éﬁf%#g and will exhibit

3- hydr oxypr opanal a m nor ortlon ace
3- pr opanedi ol , whﬂPE ﬁ&lﬁ?@??ﬂ?ﬁ)RQ%§4¥§VéFUSP Bhﬁ9d¥kﬁ 3rdhydroxypyppapahal
in the reapd i on nistdimediatessilhae Eolub¥lized to the desired con-

centration of at least S wt% under hydroformylation
conditions, while significant solvent will remain as a
separate phase upon water extractioh. By "essentially
non-water-miscible” is meant that the solvent has a

15 solubility in water at 25 °C of less than 25 wt%, so as
to form a separate hydrocarbon-rich phase upon water
extraction of 3-hydroxypropanal from the hydroformylation
‘reaction mixture. Preferably this séiubility is less than
10 wt%, most preferably less than 5 wt%. The solubiliza-

20 tion of carbon monoxide in the selected solvent 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
25 ethers which can be described according to the formula
Ry-0-Ry c (1)

in which R; is hydrogen or Cj.gg linear, branched, cyclic
or aromatic hydrocarbyl or mono- or polyalkylene oxide,
and Ry is Cq_.30 linear, branched, cydlic or aromatic
hydrocarbyl, alkoxy or mono- or polyalkylene oxide. The

- 30 most preferred hydroformylation solvents can be described
by the formula :



preferably within the range of 5 to 10 w% (To provide for solvents
havi ng different densities, the desired concentration of

3- hydr oxypropanal in the reaction m xture can be expressed in
nolarity, i.aevo914s3® t han 20 1.5M preferably within tperepsmaosdl 0.5
to 1M. Generally, the cobalt-catal yzed hydrofornylation reaction
Is carried out at elevated tenperature |ess_than 100 [err]C,

preferably 60 to 90 [err]C, nost preferably 75 to 85 [err]C, with

rhodi um catal yzed hydrofornyl atiegs on the order of 10 [err]C 25

hi gher. The hydrof ornyl ation reacition I's generally carried out at a
pressure within the range of 0.7'to 34.5 MPa (100 to 5000 psig),

- preferably (for process R4-EcOnBmics) 6.9 to 24.1 (1000 t 628500 psig),
¢ Wi th higher pressures prgferred for greater selectivity. The con-

i 30 centration of 3- hydroxyp&opanal in the internediate pr oduct
m xture can be controlled by regtfifati on of process conditions such
as ethyl ene oxi de twriwkieh &ij dis hydrogen cunt@ ysthychreanbyat, i and Rgackj on

d . . 1 H t 1
temperature and  and R £ deiePenbEReLy e IEORA LA &1 yehyal QULESRE! T On

-5- t enpe? U ANh ALY Isne oxife) Sweh rethans, dnglyder t £p®si dence
~times (20 minutes éxatploumetdyd -prbheyledther, ethyl-t-butyl ether,

5 diethyl ether, phenyliscbutyl ether, ethoxyethyl ether,
diphenyl ether and diisopropyl ether. Blends of solvents
such as tetrahydrofuran/toluene, tetrahydrofuran/heptane
and t-butylalcochol/hexane can also be used to achieve the
desired solvent properties. The currently preferred

10 solvent, because of the high yields of 3-hydroxypropanal
which can be achieved under moderate reaction conditions,
is methyl-t-butyl ether.

To further enhance yields undeér moderate reaction
conditions, the hydroformylation reaction mixture will

15 preferably include a catalyst promoter to accelerate the
reaction rate. Suitable promoters include sources of
mono~ and multivalent metal cations of weak bases such as
alkali, alkaline earth and rare earth metal salts of
carboxylic acids. Also suitable are lipophilic promoters

20 such as lipophilic phosphonium salts, lipophilic amines
and lipophilic ruthenium catalyst promoters, which
accelerate the rate of hydroformylation without imparting
hydrophilicity (water solubility) to the active catalyst.
As used herein, "lipophilic" means that the promoter

25 tends to remain in the organic phage after extraction of
3-hydroxypropanal with water. Theiﬁromoter will generally
be present in an amount within thé:range of 0.001 to
1.0 mole per mole of cobalt or rhodium. Suitable metal
salts include sodium, potassium ané“cesium acetétes,

30 propionates and octoates; calcium{éarbonate and lanthanum



The hydrofornylation reaction is carried out in a i quid sol vent

-inert to the reactants. By "inert" is 5 nmeant that the solvent is not
consuned during the course of the reaction. In general, ideal
sol vent s f onwo dmis390 hydr of ormyl ati on process wi |l sol BETEPYF®2BAr bon
nonoxi de, wi |l be essentially non-water-mscible and will exhibit
| ow to noderate polarity such that the 3-hydsaxypropanal 10
internediate will be solubilized to the desired con- centration of

at least 5 w % unasstdvedr Gher pybfeioed rutheniwomduricenss whitetlsemginid i cant
sol vent will remgidyAsdrbonyl, a9SPRLBIE RNARA-IRAANREBh RXaFAGLTON. By

"essentially non-watér-mscyble” is meant that the solvent has a 15
solubility in wat@temkcals COBPARE: oVhiER 1§ HiFPd 5 n,@dY amgurk within the) form
‘a separat e hydr ocesris-off ©hophase 0pbnmakd gver mole ofexbbalt| opreferably

3- Hydr oxypgropanal , f t he, by atd ' ' e.

Pr ef er abl yr‘:’t his sol qudlqtlot ;?/J 'ﬁs%gég&g%%h e current 1\)& @?8%2?3‘312#%# ably

|l ess than 5 w % Oinelispnyigmotezs age tetrabujylphasphesiumpoassiaeeiand he

sel ected sol vent gfmdthyldodecydehfiakl YaADEe A8 priombtBraSiNéVudd atm 25
[err] O, gref e-rtal{;léé %rngat relruf:,hﬁnto. 24—3 v/ V., as expresse‘?. in terns

of Ostwal d coef f i TR unsubshitured BPERVELRES BFCRRTARt L ar e

al cohol s and 25 the fognwmyla whi ch can be described according to the fornul a
Rerr]-ORerr] R g (1) in which Rlerr] is hydrogen

or CJerr] linear, branched, c LQ or aromatic hydrocarbyl or nono-
or pol yal kyl ene oxi de, R andﬁREgFr] is CJerr] linear, branched,
I

cyclic or aromatic ¢ YoheQea , al koxy or nono- or polyal kyl ene
oxi de. The 30 MORt—, ferred hya_r_o_f_q;r nyl ation solvents can be
descri bed by the f r[r_u_l. %N _
r——f 1 \=lw
.~ N~
/Cﬁ ~
R R
R R
10 in which M is a transition metal, bﬁt-preferably

manganese, cobalt or rhodium, each of R and R' is
selected independently from hydrogen, halide, alkoxy,
aryloxy, and substituted or unsubstituted hydrocarbyl
including alkyl and aryl groups. The preferred por-

" 15 phyrines, because of their commercial availability and
demonstrated effectiveness, are 5,10(15,20-tetrapheny1-
21H, 23H-porphyrine cobalt(II), CAS#[14172-90-8] and
5,10,15,20-tetraphenyl-21H, 23H-porphyrine manganese (I11)
chloride. The transition metal wiil5§§nerally be present

20 in the promoter in an amount within ﬁhe range of about
0.001 to about 0.5 mole per mole of;gébalt or rhodium
metal in the hydroformylation catalfgﬁ, preferably about
0.008 to about 0.1 mole. Larger amodﬁgs of the porphyrine
promoter can be used but are not nedéééary for

25 promotional effect. o
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Rl err] | Rerr]-CORerr]

(2) | Rl err] in which Rlerr] is hydrogen or
Clerr] hydr o%pws”oand R3, R4 and Rl err] are indepeadgpiiogoss
selected from err] hydrocarbyl, al koxy and al kyl ene oxi de. Such
et hers include, for exanple, nethyl- 4-butyl ether, ethyl -t-butyl
ether, 5 di et hyl et her, phenylisobutyl et her, ethoxyethyl ether,

di pheﬂylOI e]E her ;amdI di llstoarsog;sheehm ﬂﬁéﬂ:?e@ftcﬁ%)gﬁmhﬁe the coridegh. as
tetrahydro urantou r

t- butylalcohol/he%ﬁﬁb éh alsoqég 8 d%ﬁgﬁﬁgﬁgwﬁﬁél°n reacﬁ%%?red

sol vent properti esnlmeourarsechyssmf:ew@qu) of watelkyyaduceelBRAer ADQAIhe

hi gh yields of 3-hygipesRiieRanaiow accepﬂﬁblé’Iéﬂéﬂ@ea%ahhﬁyeﬂnéﬂg§r
noder ate reaction éq?ndltlon

further enhdnce vi ‘H%atlﬁ?(’j’elpfnﬁdgfg?gdr%ﬁ%‘f"r%r?hase ¥“:cgﬁ{’.fl PPBRENE T3,
hydr of or nyl ati on rteiansd owatiext gap agbistisin promagfimgalthe Eorimatibom afattdeyst

pronoter to accel edé’é:’?ré&‘%obalt cah’rﬁaﬁ i ofav iyt Selcdlke H&BE%EQS}.%' ncl ude
sour ces of nono al.en tal ‘cations of weak _bases such as

|
al kali, alkaline é%ﬁqqrz%ﬁfﬁ¥§rgléir9ﬁpﬁﬁ Py the golvent used, with more

polar solvents generally being more tolerant of higher

10 water concentrations. For example,*bptimum 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, hydro-

formylation reaction product mixturé 4 containing

1s 3-hydroxypropanal, the reaction solvent, 1,3-propanediol,
the catalyst and a minor amount of:reaction by-products,
is cooled and passed to extraction vessel 5, wherein an
aqueous liquid, generally water aﬁd;optional miscibi-
lizing solvent, are added via 6 fotsextraction and

20 concentration of the 3-hydroxypropanal for the subsequent
hydrogenation step. Liquid extxactipn can be effected by
any suitable means, such as mixer%sgttlers, packed or
trayed extraction columns, or rotating disk contactors.
Extraction can, if desired, be carried out in multiple

25 stages. The amount of water added to the hydroformylation
reaction product mixture will generally be such as to
provide a water:mixture ratio w1th1n the range of 1:1 to
1:20, preferably 1:5 to 1:15. Watg;i
preferably carried out at a tempe '

30 of 25 to 55 °C, with lower temperatures preferred. Watex
extraction under 0.3 to 1.4 MPa*(Sp?to.ZDO psig} carbon

extraction is

ure within the range

monoxide at 25 to 55 °C maximizes_é?talyst recovery in
the organic phase. '
The organic phase contaxnlng the reaction solvent and
35 the major portion of the catalyst

n be recycled, with




carboxylic acids. Also suitable are |ipophilic pronoters 20 such as

-l i pophilic phosphoniumsalts, |ipophilic am nes and |ipophilic

rut heni um cat al yst pronoters, which accel erate the rate of

hydr of or my| awigm4ssed hout 1 nparting hydrophilicity (VeCHEPIBI9Hility)
to the active catal yst. As used herein, "lipophilic" neans that the
pronoter 25 tends to remain in the organig phase after extraction of

3- hydroxypropanal with water. The pronoter will generally be present

in an anount wit hicptienalangeargel off. A8avycends, froh GheDkestpect ioh evearisel
cobalt or rhodi um | | 4 i u LU [
%§L&g%§ztgf‘ot[$;1%.tlon reacéfa#)ﬁ Sid. Q&(\%qu ke PLLASS ! U]
¥

and cesium acet at es, propi onates _and oct oates; Cl um car bonat e and
| ant hanum oy bmaiappe subjected to additional operatipwsy gpirh @053
-7- acet at epaddmge rtfreiugdd anutbedi Loh Sotdiemges resinub8a i ten
dodécacar bopyl , avaj . CO cial Ly_ y. 1:61 enj nmpany,
which is usgd I n a%gc%%%tﬁlt&w%n % hg% L&Qg’} ?Jé%del%gﬁ 89&6?5;?0 Bg'gglheo%oee o[f]:'er
nmol e of cobalt, predetidl yogidatiop ofsthe cartakuste/matiad. £Phdowed riant |y

preferred 1ipo- precffiddtGidd QW €istRaCide! P cRBASBRORI v Aget at e
and di et hyl dodec ernative prorm-‘téf-;eri Lncl,

| . Al d
substituted and ungfﬁgﬁ'EU?%%%§%FBH§FPﬂe285%%6TJFH§WP er'mlgcghégf%ﬁ}ﬁﬁﬁf

for removal of residual catalyst. Agqueous extract 8 is

10 passed to hydrogenation zone 11 aﬁa{reacted with hydro-
gen 12 in the presence of a hydrgggnation catalyst to
produce a hydrogenation product mii;ure 13 containing
1, 3-propanediol. :

In accordance with the inventiéh process, input

15 stream 10 to hydrogenation vessel 11 is an aqueous
solution containing 3-hydroxypropaﬁ§l in a concentration
within the range of 0.2 to 5 wt%, preferably 0.3 to
4.8 wt%, based on the weight of théﬁaqueous liquid. In
the embodiment shown, outlet streaﬁﬁa from aqueous

20 extraction of the hydroformylation’ product contains
3-hydroxypropanal in greater concentration (generally 20
to 40 wt%) than that desired for séiective hydrogenation.
Dilution is accomplished by additién-of an aqueous liquid
to this relatively concentrated B-Hydroxypropanal

25 solution. ) :

Although any aqueous liquid which will not interfere
with hydrogenation of the 3-hydroxy§ropana1, including
water, can be used for dilution of the 3-hydroxypropanal
solution to the desired concentratidg, it is preferred to

30 employ an agqueous 1,3;propanediol-q§§taining solution

ym ‘9. Dilution with such
a PDO-containing solution serves to concentrate PDO in

. the system water, thus avoiding the

such as hydrogenation output stream:9

gh cost of recovery
of dilute PDO from water which would result from the use

- 35 of water alone as the diluent. The preferred dilution



[err] - 10 in which Mis a transition netal, but
preferably manganese, cobalt or rhodium each of Rand R is selected
i ndependent|y from hydrogen, halide, alkoxy, aryloxy, and substituted or

unsubsti t ut egoygsecar byl including al kyl and aryl groups.pcthoianedserred
por- 15 phyri nes, because of their commercial availability and

denonstrated effectiveness, are 5,10, 15, 20-t.gt raphenyl -
21H, 23H por phyrine cobalt (I1), cAS# [14172-90-8] and

5, 10, 15, 20- t et r apRepgbm2dih1 %Mxpmrsl @&oﬁaﬁgagéﬁ%ﬂdH-)hydroxg%ﬁghﬁﬁlde

The transition netal wll gene 'y %1 ent I'n an
amount wit hin t he *PaffeaBP %Y:)o‘ﬂ’tth n the gagge P5 200t 4P B"tr’fol UG8 afpl e of
cobalt or rhodi umcould benetaveniernttly hypwtetofrphatn cxrxiht atysde ofr ef erably

about 0. Ooﬁyheoabaahgnl TR Qa1 lhANGRN stEBLgtS &{11 g&e%f %g | BE
pronoter can be uséd gt are not Cessar% not.I ona ect.
5 cooled prior to admixture wi

th the hydroformylatlon
output stream to bring the temperature of the combined
stream to that desired for input to the initial stage of
hydrogenation.

In the illustrated embodiment, agqueous 1, 3-propane-

10 diol stream 9 is used to dilute agueous 3-hydroxypropanal
stream 8. Other configurations of the hydrogenation input
and recycle streams can be employed within the concept of
the use of a 1,3-propanediocl-containing stream for
dilution of the 3-hydroxypropanal. For example, stream 8

15 can be divided for input into both a first hydrogenation
catalyst bed and a second hydrogenation catalyst bed
downstream from the first. The aqueous product stream
passing from the first catalyst bed into the downstream
second bed would serve to dilute the 3-hydroxypropanal

20 feed into this second catalyst bed.
' Hydrogenation of the aqueous 3—hydr6xypropanal to
1,3-propanediol is carried out over a fixed-bed supported
hydrogenation catalyst. The catalyst can be a Group VIII
metal such as nickel, cobalt, ruthenium, platinum or

25 palladium, as wel. as copper, zinc, chromium, and
mixtures and a.lcys of these. The preferred catalysts are
particulate nickel-based compositions on water-stable
(e.g. ceramic) supports, such as are commercially
available as Calsicat E-475SR (nickel on a ceramic

30 support, 8x14 mesh spheres) and R-3142 from W.R. Grace.
Particle size for the catalyst will be that consistent
with fixed-bed operation, which will generally range from
10 microns to 3 mm, with larger particles giving lower
pressure drop at the expense of activity.
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It is generally preferred to regulate the concen- tration of water
in the hydrofornylation reaction m xture, as excessive anmounts of
wat er reducawd b¥sase PDO) sel ectivity bel ow:accept abPeT/ERV@RSS3and may
I nduce 5 formati on of a second |iquid phase.-"At | ow concentra-

tions, water can assist in pronoting the foLpmtion" of the desired
cobalt carbonyl catalyst species. Acceptable = water levels will
‘depend -upon the sol véile dowentipe hhydregenation prbgessotaenive grendie |y

bei ng nore tol er afic ofn Q:lr&h%'i;aég or iNAWS HORRl: %éhh@ﬂélafoierﬁ‘ﬁé’f&ﬂxﬁse
optimumwater |evels for

h for met h but yl et her
sol vent are stages | &ed 95e5%¥ﬁf kﬁW#QQﬁ§QP§ngé ?egﬁtﬁo% %
Fol | owi ng the hydrafoired/lcatti es described dharepat a temperatuye awitixin

reaction pgoduct E‘Eé(tﬂr@éo‘iogbatB' P80 1, fonéwaadwxavpéé&&malstag@
reaction solvent, 1, propanedlo he catalyst and a mn anount

of reaction by- pr%%ﬁ?é‘t%d, out at F%mﬁ%ﬁ%e’aﬁﬂ-gﬁ'ﬁﬁé apotBREr @kt vessel
5, wherein an f:.rst apserUantd qitHin geeernadrige it @0 asdiept tnamndr sci bi -

l'i zi ng sol vent, g?q#§$° aﬁlg %Oﬁhfférégéé laﬁaghtggger tuf8 r@@gﬁgéglon of

t he 3- hydroxypropan seque Pron s ep.” Liquid
extraction can betkan & dCpfor revers%ﬂﬂy°§uPFaHYeeﬂ%%ﬁ%° %mﬁﬁ?ﬁ%?ane'
m xer - set-tibers, paidkEd I such a prbceyed whd rﬂqhﬂsmaeaaunvamgéniﬁ@il ng

di sk contactors. zone 11 includes a series of two orfmore hydrogenation

stages, optionally carried out in t@§.or more separate

reaction vessels. Dilution stream 9.is preferably output

from the .first hydrogenation stage. ' The preferred
15 catalysts for the second-stage hydrqéenation include
nickel-based catalysts such as thoSé“referenced above for
the first stage, as well as copper chromlte or copper-
zinc catalysts j'
Residual solvent and extractant. water can be
20 recovered by distillation in column- 14 and recycled via
15 to the water extraction process v1a a further
dlstlllatlon (not shown) for separatlon and purge of
light ends. 1,3 -Propanediol - contalnlqg_product stream 16
can be passed to distillation column;17-for recovery of
25 1,3-propanediol 18 from heavy ends iQQ
A series of hydrogenation experiﬁépts was performed
in a 0.5-L autoclave reactor with ag -ation provided by a
draft-tube ‘gas dispersion impellerig
30 transport of hydrogen gas into the 1
Approximately 28g of a commercial
supported nickel catalyst (50 wt%¥ ni

nhance the rate of
id phase.
mesh spherical
1'on silica/-
‘ alumina, 0.43 wml/g pore volume) we?g retained in an
' annular catalyst basket to examiné_f
35 performance. The same catalyst was c

-bed catalyst
shed under an inert



Extraction can, if desired, be carried out in nmultiple 25 stages. The
-amount of water added to the hydrofornylation reacti on product

m xture will generally be such as to provide a water:m xture ratio
within the nggesssép 1: 1 to 1: 20, preferably 1:5 to pbriporgsdéscr
extraction is preferably carried out at a tenperature within the
range 30 of 25 to 55 [err]C, with |ower tenperatures preferred. Water

extraction under 0.3 to 1.4 MPa (50 to 200 psig) carbon

nonoxi de at

25 to 55 [err] C revndBptRiec@oalgise 1LSOVRIdrdd particlest bsr%ﬁaﬁ&ﬁaﬁf&ﬁe

port Lonof the. cErLE L hgR 1ot BELSMERe " Yor Sy copualar, THE”
portion o e ca an

PCT/ EP97/ 02953 crushed catalyst was added directly go the reacopy | gnalhe
pur ge of heavy endsseddeiBe! RheCXhEaLyLOMMARESE] The reactBr WAL bRIBAA! I ON

t 7 t
ddi | onal Soper at oS, s of Shupans ryPlaginakis

e sub ected t.o

B PEOMTE SdFhnge

resin bed, re- 5in 3- hydnqupmopanaﬁh(HPhtwunuﬁnmednatelbThesnéaemmr was
conpl ete or o éaaerééa-?llatowo@atwaoo}p& %f@qeﬁ%n@ekab #ph ! owed by

precipitation and f||trat|on deposition on a

port, or

extraction using SHthR& eF‘YI‘?FQEFBI' eWabER efas replenlﬁ&‘?dréﬁo lefed
residual catal ystduringe e eeaczdibn8 Asfiltered dip tube allowed sampling

190 of the reactor to monitor the course of reaction. Samples

were analyzed using a temperature programmed capillary
gas chromatograph to determine remaining HPA and

1,3-propanediol (PDO) formed.

Apparent selectivities were computed as moles of PDO
15 . formed per mole of HPA converted. Apparent selectivities

in excess of 100% indicate reversien of heavy ends
(formed during ethylene oxide hydroﬁprmylation) to PDO.

Runs 1-3 examined slurry catalys?;performance.
Hydrogenation activities.(definedseeﬁthe pseudo-first-
20 order rate constant for consumption of HPA, assuming a

first order dependence upon catalyst concentration)
ranged from 96 to 233 1/h/wt.cat, with selectivities in
excess of 100% at HPA concentrations up to 22 wt%.

Runs 4-7 examined particulate-form (8x14 mesh)

25 catalyst at HPA concentrations from 18 to 23 wt%. For
these runs, hydrogenation activities}were reduced more
than 10-fold relative to the slurry catalyst hydro-
genation. Selectivity for the initial hydrogenation run

was only 85%. The observed selectivity and activity

30 diminished upon recycle of the catalet,
degradation of catalyst performance

indicating

Runs 8-11 examined performance of the particulate

catalyst over a range of initial’ HPA concentrations. For

these runs, HPA solutions were dlluted with deionized
35 water. (Separate runs demonstrated that dilution with



10 ‘passed to hydrogenation zone 11 and reacted w th hydro- gen
.12 in the presence of a hydrogenation catalyst to produce a

hydr ogenati on product m xture 13 contai ni ng .1, 3-propanedi ol .

| n accor dancewowntssss he i nvention process, input 15 St rRCABPIT02983
hydr ogenati on vessel 11 is an aqueous sol ut.i on cont ai ni ng
3-hydroxypropanal in a concentration - Wthin the range of 0.2 to 5
w% preferably 0.3 to 4.8 wt % based on the weight of the aqueous
liquid. In - pbbafh wa]gbﬁdwﬂm_i&imxgmwut;hﬁ&@mﬁm&:f&sarﬂoaquewsoao
extraction of the ro n  produ I N

3- hydr oxypr opanal wil%gg‘r"gg%g#g%%%‘en rta%.oatﬁlggg%gf gﬁ?@e%, gave morg 4o wt %9
than that desiredacsnraspepredect anadysis: tban did dilutgionmigh i s
acconpl i shed by agdgol/wagesf) anFaeuamiSdit@aldruns at diXuddi @ .0ehabi weky

contentrated 3-hydraoxypr h any
aqueous | i q%i d Wn%%ﬁ N

O

opanal,. 25 L solution, . Al_t.houg
PeREF=tfehg el res bareicuiake, sARAIVER of t he
3- hydr oxypropanal ,(RumcBldang for the \fimst, regyche ofethisrcatialyston of the
3- hydroxypropanal (run 9),SEhet hftirdgerdta oRC Bt 861 CPNEGHE 1dd Ysehtih3ly
preferred to 30 en‘g’%o&an aquequs 1 S#r ogimed[ 0] - cont ai,ni ng sol U%,I on
such as hydr ogenatiogFt8atp °§t¥%§?ﬁ ' MhidE; BRIGFHHV LR remained” af
PDO-cont ai ni ng solessentiatlyes0t%. dtitde agr dnerPaEkiin initial HPA system
vater, thugavol didag ke b 96n (5 110fs WRAOVERK hydrogendifidl Itk ZbD from
wat er which woul d result fr,omtt%eéjse 5 of _water aJ one as .the

di | uent. The preféppéﬁlﬁiﬁb??ﬁhs ed. A further reduction in activity and a

decrease in selectivity to 85% wéréfobserved upon

increasing the initial HPA concentra;ion to 21 wt% in the
fourth cycle (Run 11). _

15 For Runs 12-14, initial HPA concentrations were
maintained below 4.5 wt%. Observedjhydrogenation
activities, although diminishing sQ@ewhat with catalyst
recycle, remained high (at leasﬁ;e@ﬁal to 50 1/h/wt.cat

_ corrected to 70 °C), and_selectivit{és remained over 100%

20 for all runs. '
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- 10 - streamw || contain 1, 3-propanedi ol and 3-hydroxypropanal
in an anount within the range of 20 to 40 wt % such as coul d be
conveni ent | yygouissyd from an early stage of hydr 0genpEtR7039%8
dilution stream9 will preferably be 5 cooled prior to adm xture with
t he hydrofornyl ation output streamto bring:the tenperature of the
conbi ned streamto that desired f¥ i nput to'the initial stage of
hydr ogenat i on. In the illustrated enbodi nent, aqueous
1, 3- propane- 10 diol stream9 is used to dilut e_ agueous
3- hydr oxypr opanl, stream 8. [ |
hydr ogenati on i EJ'[ and] recygl 4 within the
concept of the use of a] 1, 3-prq am f or
di l'ution of the|® hidir oxypropahal . For can be
di vided for inpfith ii{o bofh a first h) : st bed and a
second hydrogen%tﬁ,oﬂ cat al yst pgd ifrst. The
aqueous product |&r@am S  p8ssi n‘Q iFs8:] & *hed into the
downst ream —Se¢oft—t BrtH-t—ev D yel-e)ypr opanal 20
feed into this gecond cat gl yst]bed. dr ggenati of the
aqueous 3- hydroxybropanal |0 |« ol 3t N sIny ‘ out over a
fi xed- bed suppof bed N [© hyffogen®yi 3t can be a
Goup VIII metfal ffch R ni cxé Rati numor 25
pal | adi um as W¢H as ~topp& . rinc,|ch ir es and
al l oys of thesej The|preferred|catalyq e
ni ckel - based cofposi { 'Fpns an wager - Bt 3 ) supports,
such as are co cigaldy { .- : .
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avail abl e as Cal sicat E-475SR (nickel on a ceramc 30 support, 8x14

.mesh spheres) and R- 3142 fromWR G ace. Particle size for the
catalyst will be that consistent with fixed-bed operation, which

wi |l general woorasige from - . 10 microns to 3 nm with PCIENOPBticl es
gi vi ng | ower pressure drop at the expense of activity. WO
97/ 45390 - 15PCT/ EP97/ 02953

- 11 - The invention hydrogenati on process can be carried

out i n one stage @xampliewd or nore sequential tenperature stages. ‘In

a preferred enbodi nenty, e@édéggg{c]%é!‘?@%'@ere pe’—’fcﬁﬂ'ﬁ‘[eElI EQ &g&eﬁ‘%ﬁ@ fgﬁ owed

above at a tenperature wthin e ran of 50 30 [err]C,
by a second stage aqueous FRO, pRiupien sgoutd é’rsz%‘quB ALYRE? ¥Bfin that of

t he first sharogendtibhhinptbtestremge wifthéitt addbbs¢ csffdstanh
then optionally a a ature greater than 120 C
for reverS|§n of régaég$e%%%98n %cgl$f€93%e- 10 diol. In such a process,

the illustrated hydroé@ﬁapﬁéﬁh hydr°ge§EFkPQHFQQQ§PQB§swﬁr%e¢$¥%&%§ Quko asr

more hydrogenati onzo °C and 6!906fa Wi MAllsicaar El-evlssmthyrdi'dgé@;a@ioﬁme
separ ate

fromthe first hyﬁagtCt Iﬁ%’?l \ég[%: Lﬁ A T%uéé% %%p:ngwfgclegtggg '?éﬁa?/b% ceq#”b&ut he
second- st age hydrgg@ndmn@noxn@puugdroformylation and water extraction was

10 - diluted with deionized water to give an agueous solution
of 4.8 wt% HPA (with residual 0.2 wt% PDO). In run B, the
HPA concentrate was diluted with purified PDO and water
to give an aqueocus solution of 3.9 wt% HPA and 24.4 wt%
PDO. The observed hydrogenation activities were equi-

15 valent, within experimental error. Gas chromatographic
analysis of product revealed no difference in by-product
identity from the two hydrogenation reactions.

Example 3

A series of experiments was conducted in a 500-ml

20 autoclave reactor containing 28g of the hydrogenation
‘catalyst used in Example 2 and 300-325g of HPA-containing
aqueous feed. The aqueous feed was diluted with water to
provide aqueous solutionsg containing between 3.8 and
4.8 wt% HPA. After pressure uptake (70 °C, 6.9 MPa Hj)

25 had been completed, liquid was drained from the reactor
and replaced with fresh feed, to pefform a recycle test
of catalyst performance. Activities and selectivities for
9 recycles conducted in this manner using the diluted HPA
solution were compared with those conducted under

30 identical conditions using higher (19.5-21.92 wt%) HPA
concentrations. _

Use of a diluted HPA solution gave a higher intrinsic
catalytic activity which stabilized at a higher value,
compared with the recycle reactions using the more

- 38 concentrated HPA solutions. Selecti#ity to PDO formation



ni ckel - based catal ysts such as those referenced above for the first

stage, as well as copper chromte or copper- zinc catalysts.

Resi dual sol vent and extractant water can be 20 recovered by
distillationwosngisem 14 and recycled via 15 to t hecwbiozess
extraction process via a further distillation (not shown) for
separation and purge of i ght ends, 3- Pr opanedi ol - cont ai ni ng
product stream 16 can be passed to diStillation colum 17 for
recovery of 25  wadl .gdeRitaparedihobd @itk AReREL 160dS %gec?oaigrrx% fimi jExanpl e

1 A serje h enat ] on erl nts . was

a 0.5-L autocl ave rezﬁ%{m’” ﬁgﬂ‘art%’f %ﬁ( tE'JV’-'éles which dq}ig matube
gas di spersion i nphinigdisho wéthahiwe t Were edhserfveiﬂl)wn.th thandphitedfrdydr ogen
gas into the |iquigbhilriiases. Appr oxi mately 28g of a commerci al

8/ 14- mesh spheric supported nickel catalyst (50 wt % ni ckel on
silical- 3 a&{ﬁﬁ%é43 m /g pore volune) were retained in an

annul ar cat al yst bask&hisoegampleeillxsitdedred (tanteahyai-oﬁérmyla&)ﬁhf ygrance.

The same catal yst S n [ WD 97/ 45390
PCT/EP97/02953y AR 100 BRIGENEE ngd s | A1 ¢ porphyzine-promote SRadfker e

to give 1-20 micr SrEYELel 8sMrBI2RSES PRImyrine-promoted cobalt catalyst
and a ruthenium-promoted cobalt catalyst. 5,10,15,20-Te-

10 traphenyl-21H, 23H-porphyrine manganese (III) (manganese
TPP), 5,10,15,20-tetraphenyl-21H, 23H-porphyrine
cobalt (II)}) (cobalt TPP), triruthenium dodecacarbonyl
(Ruz (COJ)12) and dicobalt octacarbonyl (Co,(CO)g) were
used as the source of the metals. Thé amount of each

15 catalyst component is listed as mmoles of metal atoms to
allow a guantitative comparison on an atomic basis.
Reaction times were 1 hour.

Manganese TPP and dicobalt octacarbonyl were intro-

duced to a 100-ml Parr autoclave containing 34 ml of

20 water-saturated (about 2 wt%) nitrogén—purged methyl-t-
butyl ether (MTBE). The reactor was pressured with
4.8 MPa (700 psig) of 2:1 Hp/CO. The reaction solution
was then heated with stirring, and 1.5g (34 mmoles) of
ethylene oxide was charged to the reaction vessel after

25 the reaction temperature had been réached. The pressure
was increased to about 11.4 MPa (150¢_psig) with
additional H2/CO. Stirring was continued for 1 hour and
the reaction mixture was cooled to 5j°c. The gases were
slowly vented to ambient pressure ahd-zo ml of nitrogen-

30 purged deionized water were injectedi The reaction mix-
ture was stirred for 5 minutes and the phases were then
allowed to separate. The water phase’'containing the
reaction product was removed and angiyzed (on the
presence of acetaldehyde, "AA"; oliéémers; HPA; PDO and



of -slurry catal yst performance. For slurry studies, the crushed
cat al yst was added directly to the reactor in the absence of the
catal yst basket. The reactor d 5 wi th 300-350 ml of aqueous
hydr of or ny| awoomsgsm 197 SIRET HAS BEENY 3- hydroxypropanal (BemaPp97/02953

I nternedi ate. The reagtor Wﬁ?LﬁCED ofderated at 1000-1700 rpm agi tation
and 6.9 MrPa (1000 psi—myerogerr, whi was r.epl eni shed as depl eted
during the reaction. A filtered di p tube al l'owed sanpling 10 - of the
reactor to nonitokchBe eBMPSEdS) rkga@dsoahr&:\aebgfaph RediBt® ARa! ¥RBUn
using a tenperature- %rggragned capil lary gas-c ronatograph to

det er m ne renalnlﬁ 1, 3- propanedi ol " (PDO) f orned.

Apparent selectiviti einmpmcmﬁﬂﬁmsas tirel ﬁsagtOPwrltEainingf ¢heed per nole

of HPA converted. réﬁﬁiih@ﬁ& REBE drd/ IddtRdyst was régr@g@&seﬁ Q;f 40@%qpRdi cat e
reversion of heav et hyl'ene oxi d

in
hydr of or myl %t i on) X’l"(‘}?‘Pﬂdm and éeate?l’%?n%‘ei‘cgl%{ ‘P%?Fastl‘iﬁerynééﬁﬁ yst
per f or mance. 30 hiidnogenal i 9 @ittéthytlieas bdéﬂennmbeagaﬂme1mseudedfanat-
first

20 order rate  4angtagk,folwLONSHIIRY 8h EBAue 255 Wik

order dependence upon cata yst concentration) § rangedq?}on196 to 233
|/h/wt.cat, with SSO4ELPPRL| B2/ Q. After stixzing £ 1HdWuR
concentrati ons up rieac2iowt &onditions, the Reastdod eiatnre dvazaldoodedat e-form

(8x14 mesh)y 25 4 oGRLA K8 ahs diRA '}Ier ag&%gc@éé’%ﬂ& Ry %[1%4’ For

t hese runs, hydrogenation aCtTVI T s were r 10-fol d
rel ative to the sWatey.cangl péﬁswiﬂnﬁrated undegepBtingrt Sdnaspherey The

the initial hydrogqnabu@naﬁanorganlc phsa® s0vey-e8afialyhed diuie praduct
SeleCliviLy and AGkibebt B9 gac CHABMUADSAANDON hoLUsl e Plidie AR BE:

I ndi cating rada or man.
8-11 exam ned perﬁ@Pﬁﬁﬁ@édOPhﬁﬁﬁﬁrﬂﬁ#q(ﬂﬂﬁ&ténalYZEd fQ%u@ﬂ%ﬁ& cOpERNS -r ange

of initiali13PA commenExper@Rént&oising "recychege éHﬂﬁlyéﬂ:‘/hféﬂdétsla.@ﬁ&t\éﬁr e
diluted with delon'%%pan "R" in the Table. The percentage of catalyst
remaining in the MTBE after the reééiion in run 3R
amounted to 96.8% on cobalt and.BQﬁd? on manganese.
As can be seen from the resulté,;ruthenium, manganese
20 TPP and cobalt TPP have a promotioﬁJi'effect for the
dicobalt octacarbonyl catalyst. Theféromoters are effec-

tive even at very low concentrationsé
Example 5
This example illustrates the hy&ioformylation of
25 propylene oxide catalyzed by a wanganese porphyrine-
promoted cobalt catalyst in accordapée with the invention
process. f” 
A 100-ml Parr autoclave was chaL?ed with 115 mg
;%25 mg (0.037 mmole)
30 of manganese TPP, 34 wml of water saturated (about 2 wt%)
nitrogen-purged MTBE, and 1.98g, perylene oxide

(0.34 mmole) of dlcobaltoctacarbony

(34 mmole). The reaction mlxturE' eated with stirring

at 80°C and 10.7 MPa (1400 psxg) /CO (2:1) for 1 hour

and then cooled to 5 °C. The gases wééé slowly vented to
- 35 ambient pressure, and 25 ml ofiﬁ ogéh—purged, deionized

i m\ m‘ﬁ“““-



35 water. (Separate runs denonstrated that dilution with WO

97/ 45390 PCT/ EP97/ 02953

- 13 - PDO wat er sol uti ons gave equivalent results to dilution

with water afyiyusadft er dilution, however, gave nor-e POFERY39R3

product analysis than did dilution with PDO'water.) For the initial

runs at dilute (2.9-3.3 W% 5 HPA concelrgratlons with fresh

particul ate catal yst (Run 8) and for the first recycle of this

catal yst GEE8r Wrerd hﬂdﬁﬁk&ﬂ%ﬁb‘ Qﬁeaﬁéb&tézy rmxn@he%iﬁ?t flalfl y
ally

constant upon recycle, while ctl Vity. rema essen
100% Wth an |nc¥e‘§§§ UERS $ &gléhase sﬁBﬂf%rﬂ?%‘t iTe M5TES. 8 7
t he hydrogenati onwast Feeyed from thehaegicgoti andi ametiyzed thy haer cheduct i on

in activity and amatographf€dERRA ivit3@sCebl zhéyofgaéﬁcﬁ)%&&asa&%d upon
|ncrea5|ngthe|n|t|az Aconcetrqtlonto 21 W fourth

cycle (Run®i1). 1%0-1% acetong 33 fxdrPﬁVPF‘éYr#}@fﬁﬁreﬂt A%ti ons were
mai nt ai ned bel ow 2- ﬁeﬂh%pﬂmmnaa]didmeogénaﬁl mn3-butane<hc:tl| \andi 4s4%

al t hough di m ni shbﬂgggﬁgﬁwa@rgﬁl;l@@t@ﬁg convers:_._ng'?? % ?roﬁ enai ned hi gh

(at least equal to corrected t 9
selectivities renmi ne8iBy+ar ¥RPplie were pghigypd ywikh cobalt TPP and

triruthenium dodecacarbonyl.
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TheSe experinments were perforned to deternmine if an aqueous PDO
~solution could be used to dilute the hydr ogenati on i nput stream

© Wi thout adverse effec @ éﬁt ='.AQY§‘JE‘N9 ngtion activities. OITwo

- bat ch hydr ogapa by e ¢ Epd% carrjyed out at 70 , 6.9
¢ MPa using Cal sicat E-475SR R Eﬁnafi catal yst. | g&?fgﬁi@zﬁg 28
Wt % HPA concentrate produced by et hyl ene oxi de hydrofornylation and
. wat er ~ext+action—was—10 — diluted with dei @0 zed water to give an aqueous

sol ut fenaecc . of 4 8 wti% HPA (with residual 0.2 w% PDO). In run B, the
HPA ijgmlw’ml ﬂgi -utled wi th purified PDO and wat er to give an
agqueous "0y P Opt =04 &9 'wt % HPA and 24.4 wt % PDO. The observed
hydr ogenat-ionractivities iwere equi- 15 ¢ pvalenmg.gsw thin experinental
error.” Gas chromat ogr aphi c anal ysi s of product reveal ed no

di fference in by-product identity fromthe two hydrogenation

reacti ons. Exanp| Rracess for preparingi bs3 vilkaneddiotenvéanabe

ﬁogduct ed in a 500h9‘ﬂr8@enaticﬁwtdﬂlLjBa}r@dEXQﬁS}&FEaME ?I%Hg‘&é%%ﬂeoﬁrgggss
ydr ogenat i on y, ed .in_Exanple. 2 a - 0 ,
HPA- cont ai ni ng comp gg%]%éec%s?%%lgd .aﬁﬁguﬁgﬁﬁoﬁé‘xcgai‘ a&?&u?@&“%?‘h to

water to pRoRY@rogRiAiolAn Feingt BoAs L onort anm griltdt we €t x3d8baad

4.8 Wt % HPAS Aft er hpaesgarise it aetai gt ahtd e hfa:DIRa R 23ndity en
conpleted, liquid déx?ia?c@fje furso ?%g;lkeac&or #a dﬂ:‘ al% reBFé‘éJééﬁgvi ‘tf)
fresh feed, to performa recyele redf atkanedio}salytyan,, charperaghzed in

Activities andhsel Ehat \ihe eanfenus 3-hydrogyatkymd esscdandont adsi ﬁ B rf:]i1§5dro-
e u : SE: o

Conduct 60 under 30st e Hbn L ER S L oS e g 19052555 o8 kg
HPA concen?rat TRRProcess ol 'claingl {7 Wiigh whed aupross| L3y gave
a hi gher iA0rinsi cdroxyproparslalspliutisot isi pysséd aio et d#Hirstz agdaabgendt oher
val ue, ConMpaaceoM dril iher @eY &l Beb6RE AP RDIEHNY 2B Sy main-

tained at a higher temperature than said first hydro-

genation reactor.

3. The process of claim 2 in which the first hydro-

15 genation reactor operates at a temperature within the
range of 50 to 130 °C, and the second hydrogenation
reactor operates at a higher temperature than said first
hydrogenation reactor and within the range of 70 to
155 °C.

20 4. The process of any one of claims 1 to 3 in which the
hydrogenatidn catalyst comprises nickel.

5. The prodess of claim 4 in which the catalyst com-
prises nickel on a ceramic support.
6. The process of any one of claims 1 to 5, in which the

25 aqueous 3¥h¥droxyalkana1 solution is prepared by a
process comprising the steps of:

(a) contacting, at a temperature within the range of 50
to 100 °C and a pressure within the range of 0.7 to
34.5 MPa, alkylene oxide with carbon monoxide and

30 hydrogen in an essentially non-water-miscible solvent in

the presence of an effective amount of a non-phosphine-

e ————— .

—_—
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35 .concentrated HPA sol utions. Selecti Hmmmmm@u tion
TR

-WWO 97/ 45390 02953

, ; ’
- 16 - was gr €JHlS SHEEUHAS BEENN t he undiluted feed and dimi -

ni shed with wown4ssdsacell ent RIEFLAL p;)vi ties which did not PCT/EPIHNI9Ni sh
with tinme were observe ' HPA solutions. 5

Exanpl e 4 This exanple illustratgs _the hydrofornylation of
et hyl ene oxi de using a cobalt porphyrine-pronoted cobalt catal yst,

a rrﬁnganese por ph%&bagelaream" nﬁ&owgui;gatl ahggi;%st al%d arAlRE fective o
rut heni um pronoted cobal t _catal yst. - Te- . traphenyl - ,
23H por phyri ne mﬁ@gﬁﬁgeofﬁllsa%?ﬁ’r‘? alrn’(f 5‘°§ér unciarl'lﬂl’:%a,c‘:]'on co%gng(Dns

5, 10, 15, 20- t et r apledfigct 2ee, Q@FPWWMéHtEMEdia%MQC’@dt) mixsbxket TPP),
”'t;Ut hg”' Ulm ?gg[e%ﬁnf}fk@gﬂﬂé 1es)s thar( e[ qt%] ﬁ%%:?&x}?’e{ﬁcéﬂﬂ(}bm t -

oct acar bony err err wer e . ..o Used as the sour.ce o e
metal s. The® anount(li’())f Sg%{ﬁg ﬁ’l aquechs &Fggf‘dcﬁ?rpﬁfe‘itnf%eq“\egl@&eagrﬂaw‘és
of metal atons tomixture and|ewtapingt insoi saidcapezoworliguizn aatejor
basi s. Regeklteent LE®Sy éﬂes-qthﬂa%lﬁanal at a te%@ém@%%e 1LEE and

di cobalt octacarbonyl were_intro- .duced to a 100-m Parr autocl ave
contai ning 34 n &#@20100 °C\80 A8 &g Rrovide aBoyauecui Bhafs cogerfdRged
nmet hyl -t - 3-hydroxyalkanal in a concentration of at least 20 wt¥%,

10 and an organic phase comprising at least a portion of the

cobalt or rhodium catalyst or a cobalt- or rhodium-
containing derivative thereof;
{c) separating the agueous phase from the organic phase;
and '

15 (d) diluting the aqueous phase comprising 3-hydroxy-
alkanal with an aqueous liquid to form a solution having
a 3-hydroxypropanal concentration within the range of 0.2

to 5 wt¥.
7. The process of claim 6 in which the dilution of
20 step (d) is effected by adding an aqueous solution of

1,3-alkanediol.
8. The process of claim 6, wherein the promoter is a
lipophilic ruthenium promoter, or a transition metal
porphyrin.

25 9. The process cf any one of claims 1 to 8, wherein
1, 3-propanedio. i1s made from 3-hydroxypropanal.
10. A process for preparing 1,3-propanediol comprising
the steps of:

(a) contacting ethylene oxide with carbon monoxide

30 and hydrogen in an essentially non-water-miscible solvent
in the presence of an effective amount of a non-phos-
phine-ligated cobalt catalyst and an effective amount of
a catalyst promoter under reaction conditions effective
to produce an intermediate product mixture comprising

- 35 less than 15 wt% 3-hydroxypropanal;

————
————
————
——
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butyl " et her (MIBE).

Th pressured wth 4.8 MPa (700
‘psig) of 2:1 H[err]/CO wiw” IH"' ution was then heated with
stirring, and 1.5g (34 et hyl ene oxi de was charged to the
reaction vesg§byahder 25 the reaction t enperat ure hadpppgpetiBashed.
The pressure was increased to about 11.4 MPa (1500 psig) with
additional Herr]/CO Stirring was continued,far 1 hour and t he
reaction m xture was cooled to 5 C. The gases were- slowy vented to

ambi ent pressure and @) erdlfngnLahr agaeousohquldw@adddeheatﬁe&wé er Were

i njected. The react s stirred r m_nutes_an
phases were then P O&th m**tur(j%ﬁg §§5§?meen91+ﬁf %ﬁ& 8&3&8“80§%%?h ﬁb
t he r eact wayopreeiicionef theodeltydnoxypreonanal (aGnat Remperature
presence of acetajdsbyeigan "F¢¥ “c ¥d @%”Ebspr65¥HngKD Udous haseV@%m-
97/ 45390 PCT/ EP9 /0295

-17- 5 ot hBFLIEHNE othfs) IATPAYPERPAART olf SRR A% SOPFERLETRLLRRWN
in Table 2. than thé ncouremtinadtizmc of, 3+ hpdroagimpanaidt dnnithg t he

remai ni ng MIBE angl,eat-abdfc dGorJRRILC ik Ge! Cafa W&g’%mc nésLh
H err]/CO and heated to reacti %rF t enper at ur e. §’ m nut es,

Af t
1.5g of ethyl ene SRTBEIFERI ARilfaAsh & PItinAR of e cobad thcatadyet wes a
|ncreased t 0 aboutobdl¥-dblatiring derivataddi themedfH err]/ CO After

stirring f,gr 1 hour updfrgeparating 86! hQBeEQIPhd U Frchh EnkeBESLRN M Xt ure
was cool e&
phase;

(d) adding to said aqueous phase an aqueous solution
of 1,3-propanediol to form a dilute aqueous 3-hydroxy-
propanal solution having a 3-hydroxypropanal con-

15 centration within the range of 0.3 to 4.8 wtk;

(e) passing the dilute 3-hydroxypropanal solution to
a hydrogenation zone containing a fixed-bed nickel
hydrogenation catalyst maintained under hydrogenation
conditions of temperature and pressure and therein

20 converting at least a portion of the 3-hydroxypropanal to
1,3-propanediol; and

(f) recovering the 1,3-propanediol.



10 © ~ ‘vented to anbient pressure, extragted with deionized wat er ,

and phase separated under an inert*atnosphere! The aqueous and
organi ¢ phases were anal yzed for product content by gas
chr omat ogr aph\WWO 9Ms38®ver al i nstances, the separ at ed RANERG BT ©
al so anal yzed for nmetal content. 15 The Experinents using "recycl ed"
catal yst are designated ~ with "R' in the Tepl e. The percentage of
cat al yst remai ni ng if:the MrI Eiafter the rea@ion in run 3R
anounted to 96..8% on cobalt and 89. 0% on nanganese. As can b
seen fromthe results, ruthenium nmanganese 20 P and cobalt TPP hawe
a pronotional effect for the: di cobalt ockggcarjoonyl catal yst. She
pronoters are effec- tive even at very |®W cncentrations. T
Exanpl e 5 This exanple illustrates the hydrof i of 2
propyl ene oxi de catal yzed by a manganese porphyri ne- -——Qégﬁbba
cobalt catalyst in accordance with the invention oce
A 100-m Parr autoclave was charged with 115 ngy : of
di cobal t oct acar bonyl, 25 ng (0.037 muol e) 30 of manganese {TPP, 34 ni
of water-saturated (about 2 % ni trogen- purged MIBE, fjand 1. 98g
propyl ene oxi de (34 Wl e). The reaction m xture was hga ﬂamﬁth
stirring at 80[err]C¥nd 10.7 MPa (1400 § . 1/ (2:1) for 1
hour and . es re $l vented to
35 anbi ent gressure, and 25 nl of nitrogen d¢yoni zed
[~
N -
I
S -

-7

W o
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Hq/CO
EO



WD 97/ 45390 PCT/ EP97/ 02953 05184 5
- 18 - . water were injected into the reactor. After stlrrlrkf ~or

5.m nutesv@@ﬁ‘,gﬁd owi ng phase separation, the water phase pcrEPWARIS3ENDVEd
from the reactor and anal yzed by gas chro- mat ogr aphy. Selectivities
- to f¥e organi c products were 5 10. 1% aget one, 71.4% :

. 3- hydr oxybutyral dehyde, 7.4% 2- et hyl propi onal dehyde, 6. 7%

1, 3-but anedi ol and 1:& 4% thereforld goieitSiedy oy lwiie Dxveet Tonves shpovide

??i%; ut ..h;enl um dege e ?:.bon I l‘llrlotcsesmserteoR/\%qb%eve W taktfgr?aoé TP?—QQQane-
. PCT 02953dlols 1nclud1ng PDO from -3-hydferydlkanals including HPA
using a fixed-bed hydrogeriation catalyst.

According to the invention, 1,3-alkanediols including
1,3-propanediol are prepared via the hydrogenation of
3-hydroxyalkanals wherein the process comprises passing
an aqueous 3-hydroxyalkanal solution to a hydrogenation
zone and in contact with a fixed-bed hydrogenation

-}ﬁip catalyst under hydrogenation conditions to form an

| aqueous 1,3-alkanediol solution, characterized in that
the aqueous 3-hydroxyalkanal solution has a 3=hydroxy-
alkanal concentration within the range of 0.2 to 5 wt%.

According to a preferred embodiment of the invention,

1,3-propanediol is prepared in a process comprising the
steps of: _
(a) contacting, at a teﬁperature within the range of
50 to 100 °C and a pressure within the range of 0.7 to
34.5 MPa (500 to 5000 psig), ethylene oxide with carbon
jsz monoxide and hydrogen in an essentially non-water-

S miscible solvent in the presence of an effective amount
of'a non- phosphine'ligated -cobalt or rhodium catalyst and
an effectlve amount of a catalyst promoter under reaction
conditions’ effectlve ‘to produce an intermediate product

'-}”25 mixture comprising less than 15 ‘weight percent (wts)
o 3_bydroxypropanal :
- (b} adding an aqﬁeous liguid to said intermediate
product mixture and extracting into said agqueous ligquid a
_ major portion of the 3-hydroxypropanal at a temperature
30 less than 100 °C so as to provide an agqueous phase com-

prising 3-hydroxypropanal in a concentration of at least
20 wt%, and an organic phase comprising at least a
portion of the cobalt or rhodium catalyst or a cobalt- or
rhodium-containing derivative thereof;
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WD 97/ 45390 S PCT/ EP97/ 02953 - 20 -
CLAI MS 1. A’'proce$s for preparl ng 1, 3-al kanedi ol s via the
 hydr cgén¥Paw4EP0 3- hydr oxyal kanal s wherein the process PCT/EPITO3Hr i ses
;-paSS|ng an aqueous 3-hydroxyal kanal solution to a hydrogenati on

. zoné&¥and in contact with a fixed-bed 5 17 -hydrogenation catal yst under
. hydrogenation conditions to form an aqueous 1, 3-al kanedi ol

~ sol ution, char adtteni zewinpaiinds) by gas hattrdnwt egpaiius. Sidrgltdkmy@tdxaahbwn

c solution has a ;3 hydiQs 5 xyal kanal concentration within the range
-0f 0:2 t0o 5 wt% 2. The process of claiml1l in which the aqueous
o 3- hy- 5210 - droB&a?rO“P@ari'é}Stan%‘%ﬁfut‘?% TRAGRAR GPRF NG sthe

- -hydrogenation remalnlng IEFEH (anﬂrtfhdim& Cwdis Sﬁépm;élyﬁc?mad L@&MP@aCt or
©omai ns. r erature than sai irst ro-

~ genati of reactd wn't% /& ‘%‘g }geﬁw c%)ftorg:)ersesa% D ar e s |£:v%? cHT R first

- hydro- =~ 15 3Cgm¢@ﬁféad$r0ﬁ)|ﬂ¢f&{b§1%to>al@%m agsien winrheatedeand

" range of 50 tot]i'%) bRssdGre Al the-sacand &wdaw%aiio@ MPa with Teactor

- operates at a r ten}; rag ur efbpan said f X drogenati on

" reactor and W|t ter Stirring E%’S } roye. under 4. The
: process of any mﬂomlmmmdmss the weadtide mixture wadycsobedati on

3 Cataly§} ConprLééﬁEéﬁc%ﬁﬂamblent pressure, extracted with deionized

water, and phase seﬁarated under an inert atmosphere. The

aqueous and organic phaées were analyzed for product

content by.gas chrométography. In several instances, the
o separated phases were also analyzed for metal -.content.

o 15 . The Experiments using "recycled" catalyst are designated
with an "R" in the Table. The percentage of catalyst
remaining in the MTBE éfter the reaction in run 3R
amounted to 96.8% on cobalt and 89.0% on manganese;

As can be seen from the results, ruthenigm, manganese
20 TPP and éobalt'TPP have a promotional effect for the
o " dicobalt octacarbonyl catalyst.-The'promoters are effec-
" tive.even at very low' concentrations. '

o This example. illustrates the hydxofoﬁmylation.of
.25 propylene oxide ‘catalyzed by a manganese porphyrine-

promoted cobalt catalyst in accordance with the invention
pfocesg.-
A 100-ml Parr autoclave was charged with 115 ng

(0.34 mmole) of dicobaltoctacarbonyl, 25 mg (0.037 mmole)
. 30 of manganese TPP, 34 ml of water-saturated (about 2 wt%)

nitrogen-purged MTBE,-and 1.58g propylene oxide

(34 mmole). The reaction mixture was heated with stirring

at 80°C and 10.7 MPa (1400 psig) Hp/CO (2:1) for 1 hour

and then cooled to 5 °C. The gases were slowly vented to

35 ambient pressure, and 25 ml of nitrogen-purged, deionized
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5. The process oftTttfaim4 in which the cat al yst com ' prises

ni ckel on a ceram . The process: of cl ai ns
1 to 5 WU t:ﬂ“‘mm ‘“““ul]“ll“lus 3- hydr oxyal kanal sorgﬁﬁggﬂ‘lﬁsgg{)repar ed
by .a pr ocess.tcohpr® sing *t he steps of: (a) contacting,
Cat’.a terrperature wir'thi'n' the range of 50 _ 20 to 100 [err]C and a
pre‘ssure within the range of 0.7 to " 34.5 MPa, al kyl ene oxide with
carbon nonoxi de and 30 " hydrogen in an essentially non-water-mscible
i solvent in t he presence of an effective anount of a

- non- phosphi ne- _ WO 97/ 45390
PCT/ EP97/ 02953 CLAIMS 5. i gat ed

cobalt or rhodiumcatal yst and an effective anount of a catal yst

promoter undery rea&téﬂﬂcéggdféf0ﬁ§epar1ng Qfgeﬁﬁkgﬁehﬁoﬁ SOQYGE tafk
I nt er nedi at e product m Xt u conprising_less than 15 w %

3- hydr oxyal karf&f rsgenatl%)°§darhyd£ﬁxa{a&§é&§lﬁ Q’Bieé'etlé é'&ed RERSEFRdi at e
product coptUE€s apdsexhgaghi aguebue sam@d&@btqau&alrﬂaqwsbmmmrto

portion of the %a{drx kanal a a_tenper at re.les than 4
[err]C so as tao %w eX%lr:] §nu58ué pﬁasgplcorrp A& Wl%h a flﬁceﬁi]g? oxyal kanal

. 1In a cd:'ncentralw@og#nat:lpéas@té@}’mwnﬁ@r hydr@mnartl@mgmnsi:mm to
i conprising at ¢SAataA RGLELAS Qf 3LB8kanediol &A@, 'MGAERLAAbISinOr
a cobalt- or rhodiu mi"b’ ni n there?_1 ]goz
separ ating the“%ﬁe%% ﬁﬁﬁ?@uﬁra 63% aﬁhﬁﬁutw” ds a 3 hyd
) xyalkanal concentration within the range of 0.2 to 5 wt%.
2. The process of claim 1 in which the aqueous 3-hy-

10 rdroxyalkanal solution is passed to a first hydrogenation
reactor and then to a second hydrogenation reactor main-
tained at a higher temperature than said first hydro-
génation reactor. '

3. The process of claim 2 in which the first hydro-

15 genation reactor operates at a temperature within the
range of 50 to 130 °C, and the second hydrogenation
reactor operates at a higher temperature than said first
hydrbgenation reactor“énd-within the rahge of 70 to .
1185 .°C. ' | . . |

20 4. The process of any one of claims 1 to 3 in which the

. hydrogenatlon catalyst comprises nickel.
5. ~T.he_proce_ss.,of claim 4 in which. the catalyst com-
prises nickel on a ceramic- support.
6. The process of any one of claims 1 to 5, in which the

25 agueous 3-hydroxyalkanal solution is prepared by a
process comprising the steps of:

(a) contacting, at a température within the range of 50
to 100 °C and a pressure within the range of 0.7 to
34 .5 MPa, alkylene oxide with carbon monoxide and

30 hydrogen in an essentially non—water-miscible solvent in
the presenée of an effective amount of a non-phosphine- it
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~and 15 (d) dils mg\m“‘m\mus phase conprising 3-hydroxy- -

i *alkanal a form a sol ution havi NnQpcrmEp97/02998

RN 2 hydr.oyyag%}%glﬁg ration within the range of 0.2 to 5 m%
. 7.. The process of “ckai'm 6 i'n which the dilution of 20 . step (d) is

.f.fvect ed by adding an aqueous sol ution™ oft - 1, 3- al kanedi ol .

3. «The process of clai the L.QRDt er ophi I|c

it honi om pr ORGEEFS GPORIE ARCFRRRLICERESTVSY ahd Ao ergace i

‘he pracess efcamy ofeaotatkdyst promogerwhodein reactlon I:qzxqgrtdmsedl ol is

mede from 3- Qg w%oreenis&oduce an ﬁ%ﬁa&e&%%&%&r R
3- propanedl ol canmprisi.n (a) contacting

ethyl ene oxi FOTRTHF1EGr B&ﬁsnﬁﬁﬁ% &é 3’5 %Yﬁﬁxﬁﬁ?&l"&&@&'l n an essentially
- non-wat er - m gbi)beaddakyvent aqueous linutide tpr eaedcemfemeéefa‘t@tpnc&imunt

:'-1_-_-o_f' a non-pho P e bal

" .apount  of %lXture & Q&Q?ag{';g.% q_n‘f:% atldc ?@t | oﬁtr? ?@%&ﬁ{a I ons gﬁ ective

produce a@olrﬁa:l@rnnﬂfl z§1h6 gr Gié‘mea%k@Pélc@ﬁplal sigfgpeamture e than 15

- P W% 3- hydr oXYRizePamdl ;°C so as to YWPoUiad53I0 aqueous phase comprising
PCT/EP97/02953

3-hydroxyalkanal in a concentration of &t least 20 wt%

and an organic phase comprising at least a portion of the
cobalt or rhodium catalyst or a cobalt- or rhodium-
containing derivative thereof; _
(c) separating the aqueous phase from the organic phase;
and ' '

(d) diluting the agueous phase comprising 3-hydroxy-
alkanal with an aqueous liquid to form a solution having
a 3-hydroxyalkanal concentration within the range of 0.2
to 5 wt%.

7. The process of claim 6 in which the dilution of
step (d) is effected by addlng an agqueous solutlon of
1,3-alkanediol. o

8. The process df claim 6, wherein the-prometer is a
lipophilic ruthenium promoter, or-a transition wmetal -
porphyrln ' . - '

9. .The process of’ any one of claims 1 to 8, wherein
1,3- oropanedlol is made from 3- hydroxypropanal _
"10. A process for preparing 1,3- propanedlol comnrlslng
the steps of:

(a) contacting ethylene oxide with earbon monoxide
and hydrogen in an essentially non-water-miscible solvent
in the presence of an effective amount of a non-phos-
phine-ligated cobalt catalyst and an effective amount of
a catalyst promoter under reaction conditions effective
to produce an intermediate product mixture comprising

less than 15 wt% 3-hydroxypropanal;
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(b). "addi hg an aqueous liquid to said internediate product m xtur

e
~and extracting into said aqueous liquid a maj or portion of tﬁlezcsq%""g
. 3-hydroxypropanal at a tenperature | ess than. 100 [err] C 48 m}

| provide an aqueoug ﬁase com 5 rising the 3-hydroxyproparg __
| greater 'jconcentr;é(_S MR YR A BRI REMTZTIO8 - hy dr oxXYeEdpanal i n
(the . INPERGERONAL apBLRdtdy s v R R BoRBRoN eeATY
- cobal t-c‘_éﬁ’(’a'rfm“ﬂ I Bptopt Clasyiieagion § 1161 cof : | 10 (11) International Rublic@ipp Mumdirt gg_tﬁw_ 97/4_5339()
- aqueous |phde®@G + HE0A438 119 phase: . d) addi n§ to sai

agueous phase an aqueous solution .%‘glf'"'i'f'?f"ﬁ'ri?dblﬁﬁ‘é’ﬂ‘gﬁ)‘ th ¥ ©4.1297)

~dilute g - hyd . . ution having a ]

5 hygr o A i e PR |86 hf'im%x’a@@%fgw;@a% o

Wt % 22) Internations| Efjng PetsSi Ng t2D1dia W9es.®y hydr %&Jgﬂﬂ&&h KEDKG) IKP,O{R, K2 LC, LK, LR,
vk @8

- a hydrogenation zone containing a fi xed- bed ni LUL‘;,MD%%MMM MO'NT%
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(57) Abstract

: A process for preparing 1,3-alkanediols via the hydrogenation of 3-hydroxyalkanals wherein the process comprises passing an aqueous
3-hydroxyalkanal solution to a hydrogenation zone and in contact with a fixed-bed hydrogenation catalyst under hydrogenation conditions to
form an aqueous 1,3-alkanedjol solution; characterized in that the agueous 3-hydroxyalkanal solution has a 3 hydroxyalkanal concentration
within the range of 0.2 to § wt.%. ' ’ L




