17 January 2006 ONE STEP HYDROFORMYLATI ON AND HYDROGENATI ON PROCESS FOR
PREPARI NG 1, 3- PROPANEDI OL This invention relates to the synthesis of an

al rphatic 1,3-diol, particularly 1,3-Qr9p§nediol, from ﬁ{%glene i de
(hereafter EO) and syngas in one step. -5 BACKGROUND OF R ON
Aliphatic 1,3-diols, particularly 1, 3-propanediol, have many applications
as nononmer units for polyester and polyurethane, and as starting materials
for the synt heNESSTEF H¢BDROFORMYDVHONSAND MY ROGENATICHOPROGRASFOR MEr is a

10 pol yester characterized bprepaRINGG SPRUFNEDIOES that is made of
1, 3-propanedi ol (hereafter PDO and terephthalic acid (CORTERRA is a

trademark). There is much interest in the art in finding new routes for
synt hesi zing PDO that are efficient, econom cal, and denonstrate process
15 advantages. U.S. Pat. Nos. 3,463,819 and 3,456,017 teach the ‘
hydrofornyl ation @f et byl eAeiex de1beck eduate lsyhiliepbnest cdnand
3-hydroxypropanal (hereafter 3-HPA) wusing a tertiary phosphine-podified
cobal t car bonglipbatacalystdiol, Spaztderlgsil wilkct e angilbeesstFom
synt hesi zing PPO. .ln _thi r e p [ | ptengredi ate product
hydr oxyet hyl ﬂ%ﬁ?éﬁ?edPBiSﬁeQ§§%§F§Q%§iE?ﬁoﬁ% eﬁ%@?@%%r%, or cool%r, before
the material gRERGROUNDOORYHEJERFENTIOND product. U. S. Patent 25 Nos.
5, 256, 827; 5,344,993, 5,459, 299; 5,463, 144;, , 463, 145; 5,463, 146;
5,545, 765; 5, 545, kbsphat5g51767d104Ad, P@F%ﬁ‘é@fﬁ%ﬁa@?%‘éﬁ’a’é‘??“&%m gned
to Shell, 17 JaQuahingO0Bpd}ieckesesCaliilorel etk SVEGLT 06 1YE st eonant

e.

et hyl ene oxi

polyurethane, and as starting materials for the synthesis
of cyclic compounds. For example, CORTERRA polymer is a
10 polyester characterized by outstanding properties that is
made ef 1, 3-propanedicl (hereafter PDO) and terephthalic
acid (CORTERRA is a trademark). There is much interest in
the art in finding new routes for synthesizing PDO that
are efficient, economical, and demonstrate process
15 advantages. | '
U.S. Pat. Nos. 3,463,819 and 3,456,017 teach the
Hydroformylatidn of éthylene oxide to produce
1, 3-propanediol and 3-hydroxypropanal {(hereafter 3-HPA)
“using a tertiary phosphine—mbdified cobalt carbonyl
20 cétalyst. U. S. 3,687,981 discloses a process for
synthésizing PDO. In this process phase separation of
intermediate product hydroxyethyl hy@roxy dioxane occurs
at- room temperature, or coocler, before the material goes
on to hydrogenatibn to product. U. S. Patent |
25 Nos. 5,256,827; 5,344,993; 5,459,299; 5,463,144;
5,463,145; 5,463,146; 5,545,765;.5,545,766; 5,545,767;
and, 5,563,302, 5,689,016, all assigned to Shell,




U S. 5,304,691, assigned to Shell, discloses a nethod of hydrofornylating
et hyl ene oxide to 3-hydroxypropanal 5 and 1, 3-propanediol by intimtely
contacting ethylene oxide (EQ, a ditertiary phosphine- Lfied al t
carbonyl catalyst, a ruthenium catal yst p?onnter, and g§ﬂ63§“¥gg@gon
nmonoxi de and hydrogen) in an inert reaction_solvent at hydroformyl ation
reacti on condiscdnse p@halﬁspaiﬁkﬁ%ﬁ%th%E?SPﬁmﬂﬁéFlPBd8 i Forthe e
tenperature of ., the reaction product. m xture will result in a separation

of phases. HE®e&V&r, it has been found that this is not always the case and
that at some desiyrghl &,@oer,adlng asnighedons, Sphade dépatasiesn addedhnsd

occur nerely by 15 reducing the tenperature,,hln such_ se |ve

li quid-to-1i qdi B YSTOERTR gl SEhY L SRF oA AEENSGs aﬁg%‘%rc’éfa’a%%ﬁé*i%l

separate the ugter iﬁ!gjsrqu\g}l v foyngh 84 fh sk pcbonduarcad rtthdard which
rotror

is a single-step’RAy nmyl-att om and -hydrogéenati on process 20 for
synt hesi zi ngoRB@ewHiEh ,can die-extriasy apsdaghénphacsifies: cobaditt i ons

‘wherei n phase separation cannot, wi thout. th j ti be

i nduced by t&ﬁﬁQQ%ﬁiw?a ﬁo%.r*ﬂ%eﬁ%gﬁu%P%%Eég%aﬁH%gkgéggr5?8% from

g_het_ lrf‘af_t i Ogﬁéﬁla‘éer(tcé’fﬁdw%oﬁcﬂﬁ&@eaﬂﬁ hiyghogest) dxt mactirErt25 or
istillation

thods, thus permtting val uabl e, hydrofornyl ation catalyst
to be recycle@aﬂﬂﬂmmﬂSOngﬂtuﬁﬁi%Mdé@f@¥%B§BFé°Por&@ﬁﬁ@?%béﬁ?ﬁﬁﬁfﬁ%%?hg.
Furt hernore, _our, process .i s y. o 13Rd thd! hipedfai® of
flext®ility F% 6@05&%§?ﬁf%§i¥§§$€§+dﬁg%£38&ggkln@?he crude PDO product can
be converted tys @ ddiei o rebidict tisektuas whelr e@stildn isola/ PR T PR

heavy ends (undesirable byproducts heavjer than P a e fro
the system wioth Dhafieaf HowateI « ol he2ga SF%EP“?C‘D%E‘% L e Yk from

always the case and that at some desirable operating

conditions, phase separation does not occur merely by
15 reducing the temperature. In such a case, expensive-
ligquid-to-liquid extraction or distillation methods are
required to separate the materials. 7
We have found a distinct advance in the art which is
a single-~step hydroformylation and hydrogenation process
20 for synthesizing PDO which can be run as a single phase
| under conditions wherein phaée separation cannot, without
the use of our invention, be induced by temperature
reduction. The product PDO can be‘separated from the .?%
reaction solvent without the use of high cost extraction
25 or distillation methods, thus permitting valugble
-t hydroformylation catalyst to be recycled without
degradation or exposure to downstream'processing.
Furthermore, our process is extremely efficient and
allows greater flexibility in processing since residual
30 EQ in the crude PDO product can be converted using the
product itself és the reaction solvent and the heavy ends
(undesirable byproducts heavier than PDO) can be purged

from the system with minimal impact to the catalyst.



17 January 2006 SUVWMARY This invention is a process for one-step

hydr of ormyl ati on and hydrogenati on synthesis of 1,3- propanediol which
conprises: (a) Contacting in a reaction vessel a m xture_of et b ne
oxi de, carbon nonoxi de, hydrogen, a non-yater- niscible ¥ ¢2BY3Y glvent

and a hydrggﬁrg | ation catal yst conposition; (b) Heating said reaction
m xture t %ﬁerature within the range from 30 to 150 OC and a pressure

within the ranggisf ilvént9cd7i8 WP3r6t@Qst §o408Repsitef or a tine

effective to produce_a single-phase reaction product m xture containing
suf fi ci enthednebarinal pbacef and, Bypropanagien syeakherds sfade 3separation can
be i nduced a .and (c¢) Inducing phase separation by
at |east oRe Qéeﬁﬁaggi & Feggﬂﬁgﬁg% € group consisting of: (i) tenperature
reduction @@thﬁﬁdamtﬁhgaddlhl@Baﬂtlo& phaselspl ntixitndwciofg agent to the

m xture in an anmount  sufficient to induce Ethe separ ati on, ?%%ﬁ

t enper at ur 8ENY 808t PEAEonBRREATWIPROFEFASY RIGFRGER  miPs GBI Y

cosol vent ﬁ?sgﬁﬁPetPQa&Eééh'QBlQEﬁguahd”bX H%oEBr%yl%tW&ﬁfdﬁﬁéﬁyéﬂmithen
renoving the mscibilizing cosolvent, (iii) first adding a mscibilizing
cosol vent C@@pﬂeeplphe reaction product m xture in a single phase and then
r enovi ng th m Sci |I|Z|n cosol ent, _an Y ddi
split-induélhg %geﬁ% Fo® ? Fggg¥ﬁ8ﬁ mﬁ%o %ct%ﬁlétgF§%e§aEn anount
sufficientwieohindune phage fgepasattenisehereand bepphasereepdtatiron

results in a first phase conpr|5|n% a nmaj or portion of the react,ion
sol vent , qfhe range of 0.7 to 27.6 MPa (100 to 4000 psi) for a time

effective to produce a single-phase reaction product
mixture containing sufficient concentration of
1,3 -propanedicl such that phase separation can be induced
by temperature reducticn; and
(c) Inducing phase separation by at least one method
gselected from the group ceonsisting of:

(i) temperature reduction combined with addition of
a phase split-inducing agent to the mixture in an amount
sufficient to induce phase separation, (ii) temperature
reduction combined with first adding a migcibilizing
cosolvent to keep the reaction product mixture in a
single phase and then removing the miscibilizing
coscelvent, (iii) first adding a miscibilizing cosolvent
to keep the reaction product mixture in a single phase
and then removing the miscibilizing cosolvent, and (iv}
adding a phase split-inducing agent to the reaction
product mixture in an amount sufficient to induce phase
separation;
wherein the phase separation results in a first phase
compriging a major porticn of the reaction solvent, at

least 50 wt% of the catalyst composition, plus unreacted



| east 50 wt % of the catal yst conposition, plus unreacted - 4 17 January
2006 et hyl ene oxi de, and a second phase, which conprises a mmjor portion
of 1, 3-propanediol. The process can be carried out wherei_n the secaond

phase al so contains catalyst, reaction sofvent, and hi gh!” ¥HaVediPar

wei ght byproducts. The process can al so invol ve physically separating the
“two- phase ni xt et@yfleneowxigid, hand rdunddamd ghadeas ewlskgtar @ompni s&heapr ocess
can further comprise recycling the first ase directly to the step (a)
for further reBefPanPrntdosy éusﬁ'f%ﬂﬁaé%:'e?jl' 10 starting materials. The

process can furt herncoml 38s @6 3 ik Fited BIAl WAl P M5 the OSRESgaSecond
phase, recycling said'catalyst to step (a), and passing the remainin

second phase cphtakenialgol cdmadpeneditdl st a TRaell o rsebeentr yandhbighans
for recovery of 15 1,3-propanedi.ol can he a distjl Lon I
product® 1, 3- pr 8P ﬁ&&#@FpW APk 4#%%ﬁ1ﬂ{h$ féé%ﬁ%rcgﬂe#g%?m@ﬁgglve

by-products. TheyRReeasy Gaparwtitef wophicehsepantktuge| fghlosbhyebhe
fron11,37propanegiol_an distilling to isolate individual |ight solvents
and 20, opti onahBpcitdeyciofn@hass AaRrtatight Ef vRReceBacRaP ol UFRBSSt ep

(a) . BRI EF DESCRI PTI,QON g%ﬁ%g%%ﬂgyy (E%f?éguﬁh;séa?%ﬁ%ﬁggggggctgéamdng of

t he process degpﬂﬁrﬁseo ent inventi‘on 1nc eral optiona
25 design feat gtep. (BETAERURESNSR FRLMN &n WHEH NVETL @1y theepcesdnt
i nventi on we have made sever al hﬁ{ising di scoverjes_and incorgorated

them i¥t o a newtaskdnst t‘if]aéitl‘fﬂy-'el-t‘f'é-f~°tS)lrJ SQRTGIFSHR FRAur DYEHaRT onCBPHeEss for

extracting residual catalyst from the second phase,
recycling said catalyst to step (a), and passing the (-
remaining second phase containing 1,3-propanediol to a
means for recovery. The means for recovery of

15 - 1, 3-propanediol can be a distillation column where
product 1,3-propanedibl is separated from high molecular
weight by-products. The process can further comprise
separating light solvents from 1, 3~-propanediol and
distilling to isoiate individual light seclvents and

20 . optionally recycling individual light seclvents back to
the step (a).
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic drawihg of the process design |-

of the present invention including several optional

25 design features.
DETAILED DESCRIPTION OF THE INVENTION

In the present invention we have made seve:al
surprising discoveries and incorporated them into a new
one-step hydroformylation and hydrogenation process for

30 synthesizing PDO which demonstrates a number of
advantages over anything currently available in the art.
In the present invention recycling of the reaction

solvént and catalyst, if desired, can be accomplished



30 synthesizing PDO whi ch denonstrates a nunber of advantages over anything
currently available in the art. In the present invention recycling of the
reaction solvent and catalyst, if desired; can be‘accoqﬁlishedzb g - 17
January 2006 without prohibitive build-up of niscibiliziAg22¥4208 oduct s.

product can beHPHtePRALIPL TR e B WA PR 18T R EP™ ' These

advant ages ha?‘ioﬁﬁﬂlécmrﬁ\%ﬁﬂﬂ&h&éﬁi&:ﬁﬂi EO yiedt ¢ @ba Rpsic felidber
i nprovenents Can be achieved by: 1. Using a noderate pol arit%/ sol vent as

the reaction psaitidritons? td dyrodeanrpnatadPIRAret S8R e EEPate®dt Rt he
w% 10 EO is pgaintain het ween 0..2 209 intain rapid rates of
reaction and &#ﬁﬁwﬁ%@ ?g%ﬁkﬁ<ﬁ%ﬂvﬁ5§§%?gg’§%é§%€bg§hi|e recovering a

maj origy of the E@HegaviatGrdritadesntizdie Kesn raclybdeedaik the tireesenttion

" section. 3. Using one or nore |iquid phase se aratiogﬁl 1}? extra.tc)ti_ons to
facilitate redpMentdOTEGHhELVHIGT IBRIRTSREIYS $37 ti RAPDRESS ¥ he

liquid phases,in PRQy el atiye (4 LHA Aty HSLPERECSS erber@astibhe
present i nver}t'i onlagﬁnﬁsaa&rr%o\rloge e#fl I ent sesf)ar ation of PDO via thernal
recovery wthslodsserdt.ress on catalyst. In 20 addition, it allows for a

i gni fi t ti f talyst, 1 le in.th d '
ol vent phase?- ool R nthe 1y 5L Er Cunbing; BORRPEROiRE cchERE Y

al  owsga pur g@stiread it D d Bkt ddang he dedtoos o6 waent£DO raphdstream
after thermal recovery. Degraded catalyst 25 is expected to accurrulgte I n

this pol ar phaséesswdh ndrattiamanhynigeinet:e VePPnpre el JE§RabeE €385Pyst
with heavy e J@Qg#g¥¥%éia'ﬁ?fgﬁf%§téktgﬁétﬁéaiegéiﬁbyﬁﬁe reactor
for recycle back to the reaction section.’ |

3; 'Using one or more liquid phase separations/
extractions to facilitate recycle of EO and, most
importantly, to enrich one of the iiquid phases in PDO |
relative to catalyst. The process scheme of the present
invention allows more efficient separation of PDO via
thermal recovery with less stress bn catalyst. In
addition, it allows for a significant portion of catalyst
to recycle in the PDO-depleted reaction solvent phase,
avoiding thermal stress altogetber; Furthermore, this
allows a purge stream to be taken from the bottoms of the
PDO-rich éfream after thermal recovery. Degraded catalyst
is expected to accumulate in this polar phése, such that
one may selectively purge degraded catalyst with heavy
reéctor byproducts, relative to the total catalyst
inventory, thus minimizing usage of very high cost
ligated hydroformylation éatalyst.

4. Continuing hydroformylation of that fraction of EO
that leaves with the PDO-rich phase, versus with the PDO-

lean reaction solvent phase, can provide a means for




I nventory, thus mnimzing usage of very high cost |igated

hydr of ornyl ation catal yst. 30 4. Continuing hydrofornylation of that
fraction of EO that |eaves with the PE()r%ch phase, vers%s mﬂtg ﬁge PDO-
| ean reaction solvent phase, can provide a°neans for - 47 January 0 ry 2006
i'mproving EO yields while not requiring thermal recycle/ distillation of
EO Thermal rdmpodosdidicstBA |yt lots ofh B rah peavéningatbeymadz FeeyClmdus,

e liquid-liqud. ‘ ; ‘ Mo, ;
the EO. 5 wi t A IG Iy drbr R aeToh BFCERkE, F-aELiaR AATet &5 o
with the PDO rdggh t BafRecexidastdng thesPDEnei thgphasa iynder phyzgas

(using makeup noderate polarity reaction solvent) to further inprove
catal yst and Bepsg@tdian cER R UsR@nEP okeEXaseproPrdesiiyYgrdatthg EO,

Dl O al TR doe ARG i PR P] o E1 BT ¥10 ERAE AR Yo MR Y O

recycle cataly reactio concentrating the desired
PDO product prixdnd aviftitnalhe G+t Lelh i phaséeps. This process utilizes a
direct 15 separation of product rather than introducti,on of

i bl,
|iquid extractant RepE*FARITE e rPARVELED PRaSFeHBIEY §V§g§%3335i%ga
distillation gahabid idoderBie SBY sy £EhcEOBhCsbIvihe) ey Ireuereier gy

0

i
I ntensive and a s a lower capital requirenent. Al so, catalyst
separat ed 20 fimpmoReO itk ety cired EQ ré¢gcphase split manner is not

SU0) SEf o Lo SUTeRRES RN AL TR RPN p b Rnab L5 Ml R o o
i nvention, capahiredd 2 A ifg 4 SpkebimifagysBpauEtias tdfermmd stress
is not applied as in the use of distillation, nor is the
from recycle catalyst and reaction solvent, thus . [
concentrating the desired PDO product prior to final
purification steps. This process utilizes a direct
15 separation'of product rather than introduction of 7
possibly a liguid extractant, which would later have to
be removed via added distillation capability. This more
direct route is thereby less energy intensive and affords
a lower capital requirement. Also, catalyst separated
20‘- ~ from PDO and recycled in this‘phése splitrmannerlis not
subjected to stresses associated with recovery via
thermal evaporation or distillation, or liquid extractive
means. ‘
Using the process of the present invention, catalyst
25 : degradation is kept to a minimum, as thermal stress is
not applied as in the use of distillation, nor is the
entire catalyst inventory subjectéd to an extraction
step. Heavy ends or by-product purging from the system
can now be accomplished with minimal imggct to the
30 catalyst. Reaction rates can be Increased, as highef EO
concentrations are possible, with the concept of a

“finishing reaction” on the crude PDO product.



entire catalyst inventory subjected to an extraction step. Heavy ends or
by- product purging fromthe system can now be acconplished mﬁth ninimm
impact to the 30 catalyst. Reaction rates can. be increa Qg@%
concentrations are possible, with the concept of a "fi n |”H@ tlon"

the crude PDO product. 17 Januar 6 _The F| agran1of
the process. SeparBfeF1gYFBi fhdd OISC Tged St angsanbfo e"tsch ?M%xs?gd’e 1,

syngas (GO H2) s¢p aéaéecatc%h%ihea @rze s@:@@@%ﬂ&ms Mﬂreﬁﬁrwmamﬁde 1,
reaction vessel(s) whi ch can be pressure reaction vessel such as a

bubbl e .col um ayngaslﬂﬂﬁdﬂamtéeléwé Qﬂ&ﬁ%ﬁ%&i@xﬁ%ﬁnﬁﬁﬂ?%ﬁ itP & cont i nuous
‘node. The reaction is run to afford a tar centr n PDO wher eby
partitioning ohygﬁ@fpé%’ﬂ-?GﬁonnF?P&téoé’aﬁ'%&@qln@{} 33" ca'ﬂu%?rllolﬁ *dt the

temperature !oplQsLlger 30de:obpabauled ) 4o MRuRS A L Giir e T rom

4, at a tenperature o about I's passed in one enbodinent inline 5to
a chiller 6, watthred puebelakbky O@etrea;tedemmig@rse iaF Gigbl R dCst HBRKS 45

C, and is then assed to _an unheat ed settl vessel parator 8, .15
which can be a™QEfr YBEsEPACHRB 1Sefiielt® 'ﬁ%ﬁ 2 cfé%%gfescer or sinilar

vessel . The papbhbbRRirBgisndorsepd wméﬁawyl#aﬁﬁﬂﬁldﬁhHEHOEchﬁFmiﬁﬁmﬂﬁﬂ
between reaction and anbient, preferably at reaction pressure, and I

require resi demtwtursesan bhi Angpeesk byateadpctoiogn oF rﬁﬂeestewlf%wrr% ©
parti h\ oni ng aQE set'xt]l | ngfofabgp% o %%ctgoonacm x4t E‘reaté\ﬁd}heiﬁ?x@@f@ af b
Batt*8/ So1 Ven

pr edo nantly unreacted ethy ene oxi de, and :

majority of the, catakysempshavnras ofppioythdde)’dsis @gﬁﬁ@ﬂ i Qm@ r eact or
via |line 18. The PDO-rich _phase 25 (shown %ﬁ_lOW?r ﬁf) cont |nlqua
m nor anount ofMpAdiment in line to a chiiler is preferab

a heat exchanger, is cooled tec about 45 °C, and is then
passed to an unheated settling vessel or separator g,
15 which can be a weir vessel, mixer-settler, filter bed
" coalescer or similar vessel. The partitioning and
settling can be carried out at a pressure between
reaction and aﬁbient, preferably at reaction pressure,
and will require residence times within approximately
20 30 minutes. Following partitioning and settling of the
reaction mixture, the phase ¢ontaining predominantly
reaction solvent, unreacted ethylene oxide, and the
majority of the catalyst (shown as upper\phase) is
recycled to the reactor via line 18. The PDO-rich phase
25 (shown as lower phase), containing a minor amount of the
reaction solvent and minor amounts of byproducts and
heavy ends (relative to product), is passed via line 9 to
splitter column 10 where light solvents are separated
overhead for optional recycle to the reaction. The
30 bottoms 13 from splitter column 10, cqntaining PDO and
residual catalyst, are directed to column 18 for
separation of product PDO 19 overheads from higher

molecular weight by-products, which exit at 20.



reaction solvent and m nor anounts of byproducts and heavy ends (relative
to product), is passed via line 9 to splitter colum 10 where |ight
solvents are separated overhead for optional recycle tﬁ?Bhe regﬁg{on. The
30 bottons 13 fromsplitter colum 10, confaining PDO ahdaM&E&

catalyst, are directed to colum 18 for separation of product PDO 19

. over heads fromhtegiestivel ecuharboktght BE- frovuspditieicicodamn 30 Zpn - g

- 17 January 2006 Alternatively the,bottons, 13 fro i L.t ol uitm 10 can
be directed toPandbpEFbH It%a?él98§189ﬁﬁa893?§¥fF gkggﬁfgﬁﬁilgrso shows
several optional feaduFEsutd 2186 BRENESSedeshinopEabnhilgifentarsis dat al yst

systens, an 5 option in"the current invention is to include a catalyst
extractor, 14 théarrepeds edesbgdveF9rohighersfret SabEHYStosYSHENS/st2h hat

exits with the product rich ph | & ' cheme, firesh & & etk
reactigg sol ve Fl%W %?étgiS,u$?§a§ ggﬁ%?gﬁ?gu?renp wth theabrude DO
product, 13, Iléiradiherextdacthatvensblesliecprvenyt ofg tiet ismatld |ampun-
liquid contacting through the use of trays forced agitation

. . . packing, ~or_, 1
such that the ekaeatahyshl Veat 8XiFactitha P?v?rSQgng§ﬁqhw§hﬂﬁﬁfcfhde PDO
product. The rgcovered.catalyst Lhepskgcheut e@abaslnt @diientmi 27 agid or 4

via 15 line 167 n a streamof nmakeup reaciion solvent. Also, prior to the
separator, 8, i, afitbws omotmtéhecheaentewéhangde CevdieePO @roshii@pt i bhal

flasher is represented by 23. An _optiongl stream.far .int.r Ci )hase
spl it 20 nduci iy dgdfht exer %B?Esgﬁtgégiby[‘ﬂgél. PESt 8%%‘ f&rnq‘ut*ﬁ“ Sﬁt:é. r%gmng‘%d;nd
el ntai ni ng a pigses sehidabeghy Yhebubhe cheaseexehangess,( saalieng, G whi ch

reduces the tenpéerature of the hydrofornylation prqduct(gﬁ;eanl such t hat
a phase splitfewtédozgitathonr SBAB &OAE thendeathd OPpSVTART extracts |

active catalyst from the crude PDO product. The recovered
catalyst then is routed back to the main reactor 4 via
15 line 16 in a stream of makeup reaction solvent. Also,
prior to the separator, B, in addition to the heat
exchanger {cooler), 6, an optional flasher is represented
by 23. An optional stream for introducing a phase split-
inducing agent is represented by 24. Options for inducing
20 and maintaining a phase split begin with the heat
| exchanger {cooler)}, 6, which reduces the temperature of
the hydroformylation product stream, such that a phase
split will occur under some conditions. The optional
flasher 23 can be used to remove miscibilizing cosolvent
25 that has been previously added to induce phase split. The
miscibilizing cosolvent may include, for example, short
‘chain alcohols. In stream addition 24 a small amount of
phase split-inducing reagent is optionally added to
induce the phase split after hydroformylation. The phase
30 split-inducing agent will be a substance that changes the
polarity of the mixture, and might include, for example,
water, or linear alkanes such as hexane,. heptane, or

dodecane. Stream 25 is an optional recycle of additives



fl asher 23 can be used to renove mscibilizing cosolvent 25 that has been
previously added to induce phase split. The mscibilizing cosolvent may

include, for exanple, short chain alcohalsy Un streamaddjtion %ﬁ a snall
anmount of phase split-inducing reagent is optionally adde@@Y 9%8uce the

hase split after hydrofornylation. The phase split-inducing agent wll
Be a suBstancethﬁ5t¥ﬁﬁﬁﬁ§eg%9ﬁ§|5§3P§Fi@&§ﬁaqj2} '%éﬁﬁéﬁéggif%#%ﬁﬁklOHm
i ncl ude, for eéﬁapgéggcw% MPBE, | Be) #‘ﬁ@&?%§%&%éﬁ@%piﬁﬁm, or

dodecane. Stream 2 an optional recycle of additives 17 January 2006
that induce phasd setitlesbifeardiivaprleddighd separentioon and recycl e of

Colvents. For any EORORAL: FAMCTCERE phae e FHEE, AFE SR Oate oo

sol vents. For any sch obtains a

PDO-ri ¢h. pr odugh+ ghaseaapgoa ri esy prodiedc e sald entradydl hasectiam t he
"phase split unit 8. As nentioned. above, the reaction solvent containing

most of the usekuenbdriohanhagendron '.tt@eofpl'@zﬁ?dlﬁ&].tiq dnido frerftent | y
recycled to the hg?éﬂ%gr Ego@te' 0R 1 L3ELI QN onl & Ml ferlt %%1%% ﬁ@rﬂ‘é‘”@g

preferenti al r%%? and Tcatalyst is provided in Table
_PDO-rich phasethéshawsaasetihEochead er mahags)t f rrdmdatissl ysdutiedl to a t her nal

recovery section, including a splitter | um 10, radyct columm 18, and
reaction solveﬁ@nﬁﬁpbﬁﬂtii.IFHYFH§d1§°p%§EUan;ﬂ§ﬂﬁﬁég? iR HHAL ed

over hf}%d 19 ang; hegyy. €@ds pRkYS sHOWR nge Prddlr it ly tedyaaee off E@Oamdt h

the distillation or evaporator bottons from 18. Data provided in "%
Total s" col utmsabél¥abl és PramddédshiawTeleie é¢hl Whe BOGmLti@h Biagde
catal yst parti he. PDO-ri ch. 20

be renoved vi aEIﬁg‘g?ﬁ?nggogﬁjﬁegﬁ\ayéfarv\ﬁqag%qg ir%én gqéirglsl %Ac%\r% ﬁ\e/és/seggfaf gst
than thermal recovery section, including a splitter column 10,

product column 18, and reaction solvent column 12. In the

15 product column 18 PDO is separated overhead 19 and heavy
ends plus some residual Catalyst leave via 20 with the
distillation or evaporator bottoms from 18. Data provided
in “% Totals” columns of Tables 2 and 4 show that only a
fraction of the catalyst partitions into the PDO-rich

20 phase. This allows heavy ends to be removed via a purge
stream 26, while losing significantly less catalyst than
would be possible with any. other scheme. Thus, loss of
expensive one-step catalyst is substantially reduced.
Moreover, it is anticipated that the active catalyst will

25 prefer to recycle with the reaction solvent rich phase,
while catalyst purged with the bottoms following
distillation of the PDO-rich phase will be rich in
degraded catalyst, -which would preferably be eliminated
from the system. '

30 A-disadvantage of option 23, entailing a preflash
prior to phase split, is that this reduces the amount of
EO that can be conveniently recycled, and one must reduce

the pressure prior to flash distillation. Other options



woul d be possible with any. other schene. Thus, |oss of expensive one-step
catalyst is substantially reduced. Moreover, it is anticipated that the

active catalyst will 25 prefer to recycle ngp t he reactign sol¥$ég rich
phase, while catalyst purged with the bottors fol | owi ng J2Ruay i on of
the PDO-rich phase will be rich in degraded catalyst, which would
preferably be adlliov reitaid pressuEhct @ yRe eRpinDaANEAs REVSRERGE ot REpPNGF D3,
entailing a prefl.ash rior. to phase_spl.i I S:1hat [ s the anpunt
of EO that ca® 'C%Hp/erfﬁc%?%/ %lgg %feid#iglr}dﬁ%%gﬁ&nﬁ%? ng%gg@et he pressure
prior to flashcdhatrdnaition Addhet owpbioasshlllamdantary 2006 ealsipdvthi gh

pressure to be naintained throughout the_phase  split_and re%%cleth' S,

whi ch ni ni ni zdhdnefh RIeHyAFERRNRXIrABRFPYOATIP A SRRIFSERTET POF PZ%Hase
split-.inducing agent af f at hAlcihePaeeaRt @410y e24+ 5 can

hel p. EI’he phas&e-ans%erhtp'i n@ﬁ%i%yéé‘ge%%{zl l&hexﬁ’ %priamari ly w teh the PDO-rich
phase, will beriecoidnedvith the BDGtritht pbassecwidd, bendecaveiest éfrore be

ase, w oo 94, band esa
2041 1 on U1 & SR SeebToBn: SHi AP EGRESHTRE FRIOrES Y one

of the Pp_tiori%cfe&flé‘cprﬁaoel&m 1 her pheseasphhkePsptess. Suitable
m sci bilizing al cohols and agents include, for exanp shaort chain

3

al cohol s, such asPneummwkﬂanﬁkﬁhﬁﬂ@ddﬁﬂionséﬁrépﬁhéLgbﬁéFZéﬁgnple, one
o VB o Ao i SRR UbhePRLI T orgptegaces o
reaction tenpeyAtiymes fde é‘&ﬁ@idﬁ]ﬂin?sthéeﬁhheaspamuptocte(ssi.ndimatable
solubility, typically in an amount_of 1 to 50% ,
miscibilizing alcohols and agents include, for example, L
short chain alcohols, 'such as methanol, ethanol, and
isopropanol. For example, one cosolvent, ethanol, with an
15 appropriate bulk solvent, can be added as regquired to
bring the prbduct PDO up to the desired concentration at
reaction temperature. The cosolvent is used in an amount
to induce solubility, typically in an amount of 1 to 50%
by weight of the total reaction product mixture,
20 preferably 2 to 20% by weight, most preferably 5 to 20%
by weight. ‘

In the process of the present invention represented
by Figure 1, oxiranes of up to 10 carbon atoms, | (
preferably up to 6 carbon atoms, and ethylene oxide (EO)

25 in particular, can be converted into their corresponding
1,3—diols by the hydroformylafion reaction with syngas in
the presence of a specified group of hydroforﬁylation
catalyst complexes, as will be described below. '

The 1,3-diols are made by charging the oxirane,

30 catalyst, optional cocatalyst and/or catalyst promoter
and reaction solvent to a pressure reactor with the

introduction of syngas (a mixture of hydrogen and carbon



by wei ght of the total reaction product m xture, 20 preferably 2 to 20% by
wei ght, nost preferably 5 to 20% by weight. In the process of the present
i'nvention represented by Figure 1, oxirangs of up to 1Q_carbon

preferably up to 6 carbon atoms and et hyl ene oxi de (EO0) 728N P?{y@bgl cul ar,

can be converted intqQ their rres ondln di ol s. hy
hydrofornylatl%ﬂn?ﬁééﬁroﬁu&Fﬁ lgyﬁ§a§ My aﬁhéaﬁﬁé%éﬁ%g‘&fqﬁ’gbévlfled group
of hydrofornylﬁagafgﬁaﬁii abysgt +60RRh§XeSideds Middo famflasali die & ditd ivi.ordde

1,3-diols are y charging the oxirane, 30 catalyst, optlonal
cocat al yst and/ or Tl apyetepsontt Ehe R Sesdc tinyienddiore man dea QReEhAD

“reactor with the tion_of synga rQge car bon
- 11 17 Janua‘?‘? %0%%£ﬁﬁ gk’P&eprs?ﬁ %g %oﬁﬁtlarﬂ no fp %%sdof 1%11%%%
preferaply 2:1rpem6: thevBeg!, Rydegber ﬂfmleatﬂemmwudﬂm pHesetocess of

*the present invention can be operated as a batch- type§£rocess cont.i nuous
process, or ni kevestiennyouRdr erMifoRe FON AN TR WSS WGP HE Tt et

i nvention woul t e P%fti[ £ IRE Rl TR S1
effectively angpgﬁ%irgﬁﬂgyg&%lﬁqgﬁgg ouzﬁtd;%%s& }PThe | r%\%ktent I on v
process can bepessibed. omheiﬂnwbatlonnpnmmassluaﬁahg/aﬁnnﬂeﬂrﬂukyln the
homogeneity in the, 10 reaction, m xtyre ynt, | mum, PDQ cqﬁgentratlon S

reached. The r&8REiBHOESNBPERORY WALE ﬁh&ﬁﬂqéRQngﬁﬂﬁﬁ§ycﬁ oper at i on
-1 ncl ue_lg) an EO fQQE@ﬂéﬁaﬁ\hS&'Buh:@ (i@ 1N CAC hiaGA mul DT & Rfcertit deadisin ahout 0.5

wt % and avoi dance of the formation of b products such as I| ht al cohol s
and 15 acetaldehgdhedorThsgr@ﬁcalbha§@ 1&g ang e RerRit kDRI .
Reactlon In 2- 4freag£g£§oﬂﬁggci %%e 90 concentration in the reaction

mixture of at least about 0.5 wt% and avoidance of the
formation of byproducts such as light alcochols and

15 acetaldehyde, or use of a flash step to remove said
byproducts. Reaction in 2-4 reactors with staged EO
addition is preferred for continuous operation.

The reaction process includes conversion of the EO to
- PDO via intermediate 3-hydroxypropanal, which is formed

20 : and hydrogenated to PDO in-situ. By “in-situ” in this
context is meant that conversion of ‘ethylene oxide to PDO
is carried out without isclation of the intermediate
3-hydroxypropanal and in the presence of a single
catalyst system for both hydroformylation and

25 - hydrogenation. The reaction is carried out under
conditions effective to produce a reaction product
mixture containing a target maximum concentration window
of PDO with relatively minor amounts of 3-hydroxypropanal
(HPRA), acetaldehyde and heavy ends.

30 For best results, the process is conducted under
conditions of elevated temperature and pressure. Reaction
temperatures range from ambient temperature to 150 °c,

preferably from 50 to 125 °C, and most preferably from €0



addition is preferred for continuous operation. The reaction process

i ncl udes conversion of the EOto PDO via internedi ate 3-hydroxypropanal,
which is formed 20 and hydrogenated to PDOin-situ. By "in-sityu' in this
context is meant that conversion of ethyl éife oxide to pHoJanL@%ﬁﬁl% ed out
wi thout isolation of the internediate 3-hydroxypropanal and in the
presence of asd NMUl® °catehystesysiem ppesbork Hydtefopmplsasuiren amd 25
hydr ogenati on. The reaction is carried out under onditions effective to

produce a rewuﬁﬁ%ﬁi%ﬁcﬁﬁﬁﬁsuﬁﬁx%ﬁrénEBEF3?ﬁFﬁB?ad@iPﬁBanéfﬁnﬁﬁFd is
concentration i w;ir?%é“ fgngsl AFbMEEY+B1 ASr MPEDURLS Rirably from

3- hydr oxypr opana , acetal dehyde and heavy ends. 30 For best results,
the process i 8 condulté¢ek untiera kahdht ponsess, ekbearedctdmpematldr e and

pressure. Reaction t eratures yrange, from apbien rature to 150 C,
preferébly fr&ﬁ%ﬁf%%ﬁ?ﬁkﬁ(f°%ﬁ£eﬁ%sglbﬁé?g?agP§°f50%5%3%? 12 - 17 January
2006 to 110 C. TherHe£aedd O ¢ essuventt 06 abrefegable, inertpameaalingr essure
if inert gaseous diluents are used) is desirably in the range from5 to 15

MPa, - pref er ablhaty ot B teot ccpaumed dupdnghtprosessset e t8&ction will 5
general |y be GONRlEl g W ARLDY 1+ 5L 0: SahOUS SenTlie shpathionndahNanh | o

preferably i nerts, ieani ng I'S not consuned during the course

of -, the reactyrvedsloailY esshilonl sokvenesféad thd predoriten durongsshei | |
solubilize the feed and products during the_ _10 cgurse of thg reaction, but

al | owtPhase seFurES A aihe cERREEI PRAPEREL A1LSY PRBSP PEREEPEHZoRVent s
willexhibit f%&%éé&l é¥§%ﬁE%§{if&eéPCPeEEEthhgoEDEht%ph&dchd and
uy W I Tor

converted in-si emaln 1n solution during the course of the
reaction but wiHilvigadidw tsplmederate polarity such that the PDO
(produced and converted in-situ) will remain in solution
during the course of the reaction but will readily split
i5 into distinct phases upon cooling. Suitable reaction.
solvents are described in U.S. 5,304,691 incorporated
herewith by reference in the entirety. Good results can
be achieﬁed with ethers, including cyclic and acyclic
ethers, optionally in combination with an alcochol or
20 aromatic hydrocarbon. . |
One group of suitable reaction solvents is alcohols
and ethers that can be-described by the formula:
Ro-0-Rq F
Where Ry is hydrogen or Cj-3p linear, branched, cyclic,
25 or aromatic hydrocarbyl or mono- or pélyalkylene oxide

and Ry is Cj-3¢ linear, branched, cyclic or aromatic

hydrocarbyl, alkoxy or mono- or polyalkylene oxide.
Preferred reaction solvents can be described by the

formula:

Ra
Re—C—0—8;

5



15 into distinct phases upon cooling. Suitable reaction solvents are
described in U S. 5,304,691 incorporated herewith by reference in the
entirety. Good results can be achieved yMiﬁ et hers, includingyé &%ic and
acyclic ethers, optionally in conbination with an al cohbray é romatic

hydrocarbon. One group of suitahle reactign solvents i | cohol_s d

et hers that ca%nb%hﬁﬁgcglbeﬁ BydrReeRoPRul-a-8 Eﬁgépﬁfr%w rgngla3§ %gﬁrogen

or C1 20 linear, branched cli 5 qgr.ar ti roca I 0- or

pol yal kyl ene o%?%eﬁsaﬂﬁeF&néépeﬂéﬁﬁt&Vnss%%cgggngﬁgﬁye&y§|?S%SFR%}O ti ¢
hydr ocar byl , al koxy. or o] yl OX%k ‘ ed ction

- sol vents can b%f %%%fi%gggg§y?%%8 F%?ﬁéragﬂgg éE%?reCF%?ﬁ%ge! f%ﬁal7

January 2006 i&xahpth, RhetsybytdrbgeploetBerd keyiydedrbytydnetR®r,.R4, and

R5 are independent]ly selected from Cl 8 hydrogarbyl,  .al koxy, .or 3l kylene
- oxi de. 3Such et%k@§h¥%cFEH%?ffBPenX}éﬁ§§8F¥ieF%§F;¥-5§P§Fx§ﬁﬁ¥% ethe?)
ethyl -t-butyl &%ﬁ'ﬁé%? digthy! agtihgs i sBpeBYl1Sebuey!, ghhericuthayet hyl

et her, di phenyl” et and di1 sopropyl ether, particularly nethyl-t-butyl
ether. The EO mgethyprefeunbplyebbemni nt ai ned t hroughout the reaction in a

Fange of 0.2 to 2058y= et Ghi. BF SR AbIY T (B NGt Ee e ahe S RaRed Sh t he

total weight pfstheoreastiopoAt¥hbeatithenprodess aharhabout 0.2% by

| 10 weight, generally within the range of 0.2 to 20% by
weight, preferably 1 to 10% by weight, based on the total
weight of the reaction mixture. The process of the
invention can be carried out in a eontipuous mode, while
maintaining said EO concentration, by staged EO addition,

15 for example.

Catalysts useful in the one-step process scheme of
the present invention include certain homogeneous
bimetallic catalysts comprising an essentially nonligated
cobalt carbonyl compound and a second Group VIII metal

20 compoﬁent preferably selected from ruthenium or iron
compound, optionally ligated with a ligand selected from
a phosphine ligand, a bidentate or multidentate
N-heterocyclic ligand, a porphorine ligand, or a
phospholancalkane ligand.

25 Suitable cobalt sburces_also include salts that are
reduced fo the zero valence state by heat-treatment in an
atmosphere of hydrogen and carben monoxide. Examples of
such salts comprise, for example, cobalt carboxylates
such as acetates, octanoates, etc., which are preferred,

30 as well as cobalt salts of mineral acids such as
chlorides, fluorides, sulfates, sulfonates, etc. Operable
also are mixtures of these cobalt salts. It is preferred,

however, that when mixtures are used, at least one



I nvention can be carried out in a continuous node, while nmaintaining said
EO concentration, by staged EO addition, 15 for exanple. Catalysts useful
in the one-step process schene of the present invention_includ rtatn
honbgeneous binetallic catal ysts conpri§iig an essentié?ﬂ?”%ﬁﬁﬁpégted
cobal t carbonyl compound and a second G oup VIII netal 20 conmponent -
preferably sel sempanensnmefuthenimdstaire fem a erlplihBl bpeakal 5 Pikat ed
with a ligand I f a Sphi d [ Mo gmd

mul 11 dent ate REngREpaRy eEber; MARYURE I an 0 pEbEGed prior to
phosphol anoal kehe hkgasd. tBe Suitkdlylst scolat titsarar ase ad scompli sidedsal t s
that are reduced to the zero valence state b¥ heat-treatnment in,

an
at mosphere of ByERSEEREGHELYaMBER FEWoYFEC TP PLRAcHSSalRsthe

conpri se, for bnCabbexyl ates such as acetates, octanoates,
etc., &ﬁich ar§§g?§%§¥ng?%§8nasc&%%l as cobalt salts of mneral acids such
as chlorides, fluDhedpsefenrkdt eatadylstenatapriste. arOpessdheiablyomane

m xtures of these cohalt salts. It is preferred owever ., . t hat _when

T Xt ur s are USbESE PERELtoREmPopEne A LA o AT AR OB TRE
mxture be a cohaké akkangatecompliekxes LarfaidoaiOibied ey retyggst@be can
be performed prior to the use OF the catalysts, or it can be acconplished

si mul t aneous| yakkespt henhpaebsorny Bt il [t aPestiWe o5 BRIrerbr-hyFhtion

zone. Fhe preferred catalys c i Eﬁﬁ i-al -, gated cobalt
corrpor:@nt and ??I&%?gﬁgl&ﬁ?heﬁ?’ﬁmggg#ﬁzﬁrﬁp g%‘Ie cﬁ%ﬁ%{b%%ﬂrlrp?exes can be
idenfified by &ignespheéncabsgapilioa pRAkS dyntatd rdxr asidersipecé rum of the
cat al yst '

N-heterocyclic ligand, or a class of bis (phospholano)
alkane ligands. -

The catalysts can be prepared by the stepwise method
or the self-assembly method discussed below.

Where the ligand is a N-heterocyclic, a large number
of N-heterocyclic compounds have been ideﬁtified as
suitable ligands for the one-step PDO synthesis using the
cobalt-ruthenium catalyst couple. Suitable types of
 bidentate and multidentate N-heterocyclic ligands
include, but are not limited to: diazines such as
pyrimidine, pyrazine, pyridazine, as well as
benzodiazines such as quinazoline and quinoxaline; [+
bispyridines such as 2,2'-dipyridyl (DIPY), 2,2'-bi-
pyrimidine (BPYM), 1,10-phenanthroline (PHEN), di-2-
pyridyl ketone, 4,4’-dimethyl-2,2’-dipyridyl, 5,6-
dimethylphenanthroline, 4,7-dimethylphenanthroline, 2,2'-
biguinoline, neocuproine, end 2,2'-dipyridylamine;
multipyridines such as 2,4, 6-tripyridyl-s-triazine
(TPTZ), 3,6-di-2-pyridyl-1,2,4,5-tetrazine, 2,2":90",2"~
terpyridine, 2,3-bis(pyridyl)pyrazine, and 3-(2-pyridyl)-
5, 6-diphenyl-1,2,4-triazine; pyridine, 3—hydrokypyridine,

and gquinoline, particularly the lower cost homologues




10 conposition. The rutheniumcan be ligated with a di phosphine |igand, a
mul tidentate or bidentate N-heterocyclic |igand, or a class of bis
(phosphol ano) al kane |igands. The catal ystsccan be prepared by t st epwi se
method 15 or the sel f-assenbly method di sdfiesed bel ow 1\7/\H3P%3/W|?§8§i gand is
a N-heterocyclic, a large nunber of N-heterocyclic conmpoungds_have, been
identified as 9¢Fivas £nomygadd &GT t%tlafet%-'t-e?flcﬁstiﬁ%‘i?ﬂlh | & REF f’he
cobal t -1 ut heni WnsGalAly Shofoul &, IBISM-HHANPS, Hedl Dinbib A Pradihe

mul ti dentate N-heterocyclic I'tgands 1 nclude, 'but are not limted to:

di azi nes such amd pRye-inici (e, ( ZJoya-aki ireppywy dzhrimel ) et gl imbro] -
benzodi azi nes such as qui nazol i ne and qui noxal i ne; bispyridines such as
2,2' -di pyri dyl P¥BEEYe-2, 2' -bi 25 pyrim dine (BPYM, 1,10-phenanthroline
(PHEN) .5 di - 2- pyri gyl rket@pe heted odidBt M Hombindl iod dyde &s Gtigands

di met hyl phenant hrol i ne, 4, 7-di net hyl'phenant hrol i ne, 2,2'- biquinoline,
neocupr oi ne, adQCZpﬁe-@h@deﬁymmﬁQ&% (DARY) py4 4 i el Biidpi @kne  (BPYM),

2 4L i 0 AT S o) D i e

5, 6- di phenyl - 1 tRedet Rhadien@-hptdbdyes]l Bedyarexypyfoldices: and qui nol i ne,
particularly the | ower cost honol ogues - 15 17 January 2006 derived from
coal -tar extracts;. and certain 2,6-pyridyl- diimnes such as

2, 6- bi s(N-phenyl, nethylimno)pyridine and

2, 6- bi sS[ N-(2, 6-di i s&@®Edpyl phenyl ) met hyl i mi ndgP¥ridine. 5 Preferred

het erocyclic conpounds for use as |igands include 2,2'-dipyridyl (D PY),
2,2' -bi pyrimdine (BPYM, '

=N N
7N N7 7 N\
PN oD

TPTZ

The cobalt counter ion, for best results with N-

10 . heterocyclic ligated ruthenium, is believed to be the
cobalt tetracarbonyl anion, {([Ce{CO)4]17}, having a

characteristic cobalt carbonyl IR band in the region 1875

to 1800 cm—l, particularly in the region 1888 cm~1l.

In the case where ruthenium is ligated with a
15 phospholanoalkane, suitable phospholanocalkanes include
phospholane substituted alkane compounds of formula I and

II as follows:



and 2,9,6-tripyridyl-s-triazine (TPTZ). The structures of these t hree
N-heterocyclics are as follows: DI PY TPTZ BPYM N* N N | i \ The
cobalt counter ion, for best results with N 10 heteroc UIC I| gé
ruthenium is believed to be the cobalt™ t¥ racarbonyl éz ghv r(% §C1341 ),
having a characteristic cobalt carbonyl IR band in the region 1875 to
1900 cm 1, particularly in the region 1888 cm 1. In the case where
rutheniumis ligated with a 15 phosphol anoal kane, suitable
phosphol anoal kanes include phdsphol ane sd%stltuted al kane compounds of
formula | and 11 as follows: 16 - 17 Ja uary 2006 1 RIl R P ~-CnP RR

1. P-fCHZ nl 'mLR-3 al and I'l, Ris a |lower
-al kyl, trifluoronmethyl, ph nyl,p ed phenyl , aral kyl, or

ring-substituted aral kyl; and ns/is an i roml to 12; and for
formula I'l, Ais CCH3 CH N ori{P Preferre 5 are conpounds of formula |
and Il wherein Ris a |lower R -

Ii. —

where, in both Formula I and II, R is a lower alkyl,
trifluoromethyl, phenyl, substituted phenyl, aralkyl, or
ring-substituted aralkyl; and n is an integer from 1 to

12; and for formula iI, A is CCH3z CH, N or P. Preferred

5 are compounds of formula I and II whereln R is a lower

alkyl of Cq to Cg alkyl and n is 1 to 3. Most preferred

are those compounds of formula I and II wherein R is
methyl and h is 1 to 3.
Examples of such compounds include, but are not
10 limited to, 1,2-bis(phospholano)ethane, 1,2-bis{2,5-
dimethylphospholanc)ethane, 1,2-bis{ (2R, 5R)=-2,5-
dimethylphospholano]ethané; 1,2-bis{ (28, 58)-2,5-
dimethylphospholanojethane; 1,3-bis(2,5-dimethyl-
phospholano)propane; tris[({2,5-dimethylphospholano)-
15 methyllmethane; tris{(2,5-dimethylphospholano)-
ethyllamine; oxr 1,1,1-tris[(2,5~-dimethylphospholano)-
= ethyllethane. Particularly useful are bidentate,
bis(phospholand)alkanes such as, for example,
1,2-bis[ (2R, 5R)-2,5-dimethylphospholanojethane {BDMPE) ,
20 1,2-bis{ (28, 55)—2,5—dimethylphospholano]ethane, a




alkyl of A to C6 alkyl and nis 1 to 3. Mst preferred are those
conpounds of formula | and Il wherein Ris nethyl and nis 1 to 3.
Exanpl es of such conpounds include, but arg not 10 linmted to,

1 2 bi 5( phosphol ano) et hane, 1, 2-bi 5(2. 5 di et hyl phosphtt eaRY B9,

1,2-bis[(2R 5R)-2,5- dineth hospho] ano) et han S)-2,5-

di met hyl phos pFASETH] e fHAHET % %beg%z %OdlﬂiFﬂyf! ph6§gﬁ§%§REP&P88éne

tris[(2,5-di mgy @ﬁ#ﬂﬂospholano) 15 net hyl ) met hane;

tris[(2,5-dineth osphol ano) - ethyl]am ne; or

1,1,1-tris[(2,5- dmharquH&Eqﬁmﬁzamarbonglhqmiemhahéo(PQﬂuﬂémamﬂ%ﬁQBefuI

are bidentate, bls(phospholano)alkanes such as, for .exanp 1, s[ (2R,

5R) - 2, 5- di et Beliesashdiarks et bareouBERPE}on DT 1be sk §F€2ét3 Wlth the
I

59) - 2, - di net qnﬁ! Ja Y2006, ragem.ceFixt ure
- of theétmo pFUs Egﬁﬁb osﬁ%an% ?d %g%%ngthg%béﬁg ?gtracarbony
ani on, (Cb(CQb@baBysﬁﬂcﬂh ﬁEﬂaem&dlfbcbelbnethenebér ion for best results

W th the 5 phos holanoalkane | i gand., However, active
cat al yst canpbe g 'ﬁ%PéEFatA?%éY%f¥S?§§9§£éHFtﬁgﬁ res, Bpgd

effective and fﬂaf%;eéﬁrgqeg n 5&@@4 e8s ladRoddr Lo depnasphake tpgiphase split

process design o resent invention is a ruthenium 10 nodified catal yst
characterlzedphpcm$andahugﬁiwiﬂtﬁmlmn$sﬁﬂtainvﬁatlpg Lisgat sytbenaumertiary

0 phosph e 1L, g 8 SLeL ALY UL Sek 50 OBl SO R,
general formik@tal that is ligated by a tertlary dlphosphlne ligand
- "having a preferably unligated cobalt compound ‘as counter
ion. ' _ .
The phosphorus ligand is a tertiary diphosphine of
15 the general formula:
RRP-Q-PR’R’ ,
wherein each group R and R’ independently or jointly is a
hydrocarbon moiety of up to 30 carbon atdoms, and Q is an
organic bridging group of 2 to 4 atoms in length. The
20 group R or R’, when monovalent, can be alkyl, cycloalkyl,
bicycloalkyl or aryl, and preferably of up toc 20 carbon
atoms, more preferably of up to 12 carbon atoms. Alkyl
and/or c?cloalkyl groups are preferred. The group Q is
preferably composed of carbon atoms, which may form part
25 of a ring system such as a benzene ring or a cyclohexane
ring..More preferably Q is an alkylene group of 2, 3 or 4
carbon atoms in length, most preferably of 2 carbon atoms
in length. A non-limiting list of illustrative
diphosphines of this class include 1,2-bis{dimethyl-
30 phosphino) ethane; 1,2-bis(diethylphosphino}ethane; 1,2-
bis(diisobutylphosphino)ethane; 1,2-bis(dicyclohexyl-
" phosphino)ethane; 1,2-bis(2,4,4-trimethylpentyl-
phosphino)ethane; 1,2-bis(diethylphosphino)propane;



RRP-Q PR R wherein each group R and R independently or jointly is a
hydrocarbon nmoiety of up to 30 carbon atons, and Qis an organic bridging

group of 2 to 4 atons in length. The 20 gr R or n non | ent, can
be al kyl, cycloal kyl, bicycloal kyl or arft and prefer)g1 L@ﬂ’%ﬁ%to 20
carbon atons, nore preferably of up to 12 carbon atons. Al ky and/ or

cycl oal kyl grduﬁ%%nw&ﬂ¢Ee¢hylpd03ﬁh§ngiBuppénﬁs 1pﬂéﬂ€¢§ﬁﬁﬁh@§Eﬂ&§9ﬂ7ﬁ‘

- carbon atons, i,C form t 25 _of a-.rin Y zene

ring or a cycl qﬁgﬂg??ﬁ%hl %rBPg?%fa% o" %}gégaﬁghﬁﬁqgh%épg%gﬁﬂ of 2, 3
or 4 carbon atQEnhdN ie@%{ls(@éycpbﬁéﬁyabhwspmaoqen:harmeat apR-His (2engt h.
A non-limting list of illustrative dlihos phi nes of thi,s cl,ass_include

1, 2- bi s(di met mmrmylp.ho@mmmbpb@ﬁaheny ) beRrepgi eth¢rpRS SHVOORERTY ™ 1, 2-

b d but yl ph h I
1{§fb:§?g,z,ﬁlﬁ}0§§F%3$£ enty -'p bsp |ng? g%% QQ&&%&hyRQQ%QEbﬁ%Eéﬁﬂﬁﬂﬂ

1, 2- bis(diethxﬁgﬁﬂﬁﬂﬁjnD)D¥bpaneipheﬁﬁlphmﬁphanoar@eza@ae, and the

1, 3- bi s(di et hyl phosph - hyl phosphi n) -3 .
(di bultxsfl(pngsr)y . OSp@'b%%%pégggﬁgbsseéﬁbﬁ‘enéﬁﬁhg’éﬁﬁhﬁ% Stgtpghyith non-

1,2 b'S(d'Cyd%yﬁgggégﬁéﬂthQﬁgéh@ﬂ@msélgeg'Sﬁ%thpb&b s’ R and/or both

phenylphosphan I ) benzene; di cycl openty 5 phosphi no) et hane;
1, 3- bi s( 2, 4, 4-draupet Y peay ypheepfipno) a piopaiéthl theh PHOFRMREMA phosphi no)

benzene, and the ese grou e ted, with non-
hydr o&8r bon gﬁﬂﬁﬁ%gﬁhen§%F e?s %o?ﬁoaghﬁﬁgcgbggggn% ggﬁﬁkgigupg)R' nay

al so form a i did). ! #R=RPPESNERUS-20ng! 8btkmss Ughoaphdlano-based
phosphacycl oal kane of fro to 8 atons. Exanples on rlng Sﬁ%&%s(z 5_

‘ (phosphol ano- basgands ) gamebydent} adblifphaﬁebﬁl%@%&
2-01s(2, 5 di TRt FiRSBRoL 20L PEBASARe , OBk 4R P ik el e AEG),

(S, S) 1,2—bls(2,5—d1methylphospholano)ethane or its
15 racemic mixture, and the like. The ring itself can be
part of a multiring system. Examples of such ring systems
can be found in the aforementioned ‘691 patent and in
WO-A~9842717, incorporated by reference herein in the
entirety. In the former phdsphabicyclononyl groups are
20 described, in the latter adamantyl-like. groups and
phosphatrioxatricyclodecyl groups in particular are
described. Diphosphines wherein both groups R and R’ form
a ring with the phosphorus atom are preferred. The most "
preferred ligands are'1,2—P,P’—bis(9—phospha—‘
25 bicyclo{3.3.1] and/or'[4.2.l}nonyl) ethane (hereinafter
| ' BYPBN-2), its 1,2-P, P'—propane‘and/or its 1,3-P,P'-
propane analogue (herelnafter BSPBN-3) .
Ditertiary phosphlne ligands are commerc1ally
available. Catalysts prepared therefrom are known in the
30 art and their method of preparation is described in
detail in U.S. Patent Nos. 3,401,204 and 3,527,818, which
are both incorporated by reference herein in the

entirety. The phosphine ligands may also be partially




cart and their "meth

(S,S 1, 2-bis(2,5-dinmethyl phosphol ano)ethane or its 15 racem c m xture, and
the like. The ring itself can be part of a nultiring system Exanples of
such ring systems can be found in the afqgrenmentioned 1691 patent and in
WO A- 9842717, incorporated by reference hérein in the gnt&t“t‘@tyyz %n the

f or mer phosphabl cycl ononyl groups are 20 described, in th .
adanantyl-llk@xgagﬂﬁﬂ r?%&%ﬁ?|%@CW%%é%@?n%Foﬁ%%ctﬁb%grt?cular
are descrlbe gﬂ; wherein both groups Rand R form a ring with
t he phosphor us atom ar referred. The nost preferred ligands are

1,2-P, P -bis(9- phamhacazﬁdm:t;/c;brm[@lﬁms] Tanghinodt m.:zuul}mhw)até@mmy

e 2 i 4 3 ¢ PLEPENE BB 417 305 PP opLopane
commergi al l'y pa}:\éayé%lylg, £l sS4 Stcpr@p@r@@dtbgrr@éé@rrpaégek@pm apotibe 30

preparation is described in detail in U S, Patent
Nos. 3,401,204 alnd I& 57 mtmﬁmd arleapokini § neeF pokat &d %yt?éFé?E)ﬁce

herein in the 0Ss a

17 January 206% Jféd E‘%cerb%fs r"ﬁl e %%(il‘]%égﬁl n%&ngﬁhggugeggr@%g%ti n

the 1691 pateratlsole% r:Atd i0s Fﬁelﬁi’mﬂhldlﬁplhd)mmﬂné Ormtlhhnhummpentmﬁay vary
from2:1 to 1:2, preferably from3:2 to 2;:3, nore referfiﬂfrom5:4to

4:5 and is no§@q@Qﬂﬁ%%ﬂﬂWPQHﬁﬁﬂ QP%}94FG¢SIWQ%%Wh%@| HPPh% is results
in a %grtlary %@%%DI e J}ﬁ’&r&’é@ﬂ cal éscogr,pQUflge bitalysti ght

al so. a bi s(fert ary i'ne rut eniu peht a- car bonyl conpound.
Unl i gat ed rut@m@pﬂﬁaﬁﬂdﬁnnherefdibtméebweuatbl@@taneaﬂhcrqueapémles and

the cat al yst
v atom.

The counfer ion, for best resplts, is believed toc be

éobalt tetracarbonyl {([Co(CQ)4}~}, although the ion in‘
15 the active catalyst can be a modification thereof. Part
| of the cobalt compound can bermodified with (excess)
tertiary diphosphine, e.g., up to 75 mole%, say up to
50 mole$ or less. However, the counter ion is preferably
the non-ligated cobalt tetracarbonyl mentioned before.
20 Cobalt carbonyls can be generated by reaction of a
starting cobalt source such as CObalt‘hydroxide with
syngas, as described in J. Falbe, “Carbon Monoxide in
'OrganiC-Synthesis”, Springer-Verlag, NY {1970), or

otherwise.

25 The oxidétion state of the ruthenium atom is not
entirely certain (in theory, ruthenium may have a valence
of 0 to 8), which may even change during the course of
the hydroformylation reaction. Accordingly, the molar
ratio of ruthenium to cobalt may vary within relatively

30 broad ranges. Sufficient cobalt (0) should be added to
completely oxidize all of the complexed ruthenium '
employed. An excess of cobalt can be added, but is not of

particular value. Suitably, the molar ratio varies from



preparation therefore seeks to ligate each ruthenium atom The counter
ion, for best results, is believed to be <cobalt tetracarbonyl

([Co(CO 4J-), although the ion in 15 the,active catalyst can

modi fi cation thereof. Part of the cobal { 8§rrpound can ngr?BHP'fyl?z)@%vmth
(excess) tertiary diphosphine, e.g., up to 75 nole up to_50 nol e% or
![etss I—b\élevelr 4 ﬂheocdum,erpneﬁenesblm i yl t@el h%n IFPﬁﬁtEHGE%EﬁN-Y
etracarbonyl menti e. 20 Cobalt carbonyls can be generated
reaction of a §t°5Lrt1| ﬁgq&bﬁa&{ source such as cobal>/t hydr.oxi dg Wi th syﬁéas,

as described in JrpealhgctiGH Wik dbnoxiile iprefkgably Byolhésiz”,
Springer-Verlag, NY (1970), or otherwi se. 25 The OX|dat|onE%¥ate of the

rut heni um at omaitg liystt RﬁﬂﬂQQﬁﬁlQRH%%E?#?F%F?hEB?yFe?ﬁFﬁgﬂl fray have a
val ence of 0 tot,aég lcor}norpé/ mgfogyééggokhﬁoﬁgurgﬁdof t he

S
hydr of Or ny| at i°ont 1 ifom, Accor molar ratio of rutheniumto
cobal t may va&rwwltvl”alremlﬁuamlqaﬂ(brmm waagebasssf ﬂlcheﬁﬁ abbald,(0)
shoul d be added to conpletely oxidize al

enpl oyed. An @idkaddrs ppdit anfh %r%dﬂ%’ath]l;lﬂ% géc%gﬂ:exe E{ng ﬂ]c

val ue. Suit abl h I f
1:4, preferablaigj %o%rgw %r{iaéé!‘? érr%ﬂeﬁredglgéfna féﬁoﬁégm‘}?m%a?gnfggm¥ beto

{ﬁgc: |eg(r:1t |mo>r(1t ?:;xses\adﬂ :p*lrjﬁrglroal'i?qnt ncitej?fl ?th%alfénggt ofr 6%PEr Ot BlaEEeI erate
e AT i St B o OELEL S SObUYE SRt eE8! papas s e
and rare eartﬁd@@dﬁefﬁﬁéihﬁﬁ S DM £ and cesium acetates,
proplonates and octoates; calcium carbonate and lanthanum 3
acetate. The preferred promoters, by virtue of their
availability and demonstrated promotion of ethylene oxide
15 . conversion, are dimethyldodecylamine and triethylamine.
The homogeneous bimetallic catalysts described can be
prepared by the step- wise method as described below. It
is also within the scope of the invention to prepare the
catalyst complex by a self-assembly method wherein all
20 catalyst components are brought together at the same
time, but the cénditions and, in particular, the solvent,
are selected such as to favor the formation of a ligated
ruthenium species, rather than a ligated cobalt species. v
In the stepwise method, the ligated ruthenium
25 component is prepared first, and then the cobalt ‘carbonyl
_component and any promoter are added to the ruthenium
complex solution. The ruthenium complex is formed by
reaction of a ruthenium'éarbonyl such as triruthenium
dodecécarbonyl with a stoichiometric amount of the
30 selected ligand. The reaction is carried out in a solvent
in which any catalyst intermediates are soluble. The
solution is heated to a temperature within the range of

about 90 to about 130 °C, preferably about 100 to about



acids and tertiary amnes. The pronoter will generally be present in an
anount within the range of about 0.01 to 10 about 0.6 noles per nole of
cobalt. Suitable nmetals salts include sodjym. potassium, and cesium
acetates, propionates and octoates; cal ciUm carbonate d’af“é‘m’%ihgm

acetate. The preferred pronoters, by virtue of their availability and
denonst r at ed p?bﬁnt?onuﬁﬂeétﬁyFéﬁQOBxW@§°¥5d80ﬁEQQ9H§?r%ﬂwf%r a time

di met hyl dodecyl agt s anl EbkCbB¥baEtaCrealh OBROMROUS diriEkAld Ghe

catal ysts descri can be prepared by the step- wi se nethod as descri bed
below. It is mhisbenitii nusheligopboot fh&oi abpentti ¢h honys.eFhe sehlected

catal yst conplex by a. se]f-assemhly nethod erein all_ 2Q.catal yst
conponents ar ec?é'?%%bhf’aff gBY e tgph’ep§8ﬁ‘8\g%tri r?@,ecglﬁret ﬁcehe%’o?la S and,
in partg cul ar, thbessoh¥ebh, oral @gaekacrad heudhmsarbdmploraddater mat i on of
“a ligated rutheniumspecies, rather than a |ligated cobalt species. |In the
st epwi se net hosoleheoni gat sairtahepfuRt2sheordevated LemRsFatedrs ik 2 and
then the cobal}t, carbgn onpopen y ter are added to the

rut heni um coﬁ%+%§ %gléngﬁ.T$hggrépﬁggi%21@@#%&%§'is formed by reaction
of a ruthenium carbenyhessehfasstembliyhasthod, dodeedodr Felydctiiorh cf the

stoichionetric anmount of the 30 sel ected IiggggaﬁgPe reactian is %grrLgd
out in a sol veRtainshnPERCRAYOES: ARFs thrnFatRedish & ShaF doiqibIS9 L ¥ ATE

sol utipqn is heaed;fgo; LAbPES 1 Wi hBi RHEn@idsaneas finaboiyt 86,410 about
130 Cﬁggrefera%%g %%%a?t%ggp?o agou% - 91 17 January_256% 110 C,andqr a
car bon nonoxi decmpossphene, Ifoisanecessagyf ffiogi &de fldgasshpletEadadtiteh of

el cctod  cobatte cEPBRRYTAniSERYPSRORBLER dSed s SR d A g
cobalt (0) carbonyl by reduction. Self-assembly catalyst
preparation is carried out by combining, in a solvent, a

15 cobalt salt such as cobalt octancate, a ruthenium (0)
carbonyl such as triruthenium dodecacarbonyl, and a
ligand for the ruthenium. The starting ingredients are
present in a Co: Ru ratio within the range of about
1:0.15 to about 1:2, preferably 1:2, and a Ru: ligand

20 ratio within the range of about 1:0.16 to about 1:1. The
solution is heated at a temperature within the range of

. about 110 to ébout 130 °C gnder a reducing atmosphere

such as 1:4 CO:Hp for a time effective for essentially

complete ligation of the ruthenium,'genefally about 1 to
25 about 3 hours. |
The optimum ratio of oxirane feed to bimetallic
catalyst complex will in part depend upon the particular
complex employed. However, molar ratios of oxirane to the
cobalt within the catalyst complex from 2:1 to 10,000:1
30 are generally'satisfactory, with molar ratios of from
50:1 to 500:1 being preferred.
At the conclusion of the hydroformylation reaction in

the present invention, the product mixture is preferably



5 the solution of ligated rutheniumcarbonyl and the solutionis

mai ntai ned at the el evated tenperature for a tine of about 15 to about 60
mnutes. In the self-assenbly nethod, carefyl selection f t he I@%alyst
precursors and the catal yst preparation Solaferit 10 are nﬁBV?ﬁ n
obtaining the desired final catalyst conposition. It is necessary for the

| i gand to reactraddvderddicoy yiliess usepar Hohyh ﬁoibpwed biesguagrdti on of any

cobalt (0) carbonylj%y reduction. Self-assgnbl é i s% ﬁre a ation is
carried out by HeOR BLERDI R ReTRI 5T RGBS %ng Pt BiE eg‘obalt
octanoate, ar lHB(éﬁtef%%f!"wgsSﬁéblaéstEhéUbBQB&9Btdﬁdacaéabbemﬂ

and a ligand for the Tuthenium The starting i ngredients are present in a
Co: Ru ratlo\MadmvenﬁwafqnuﬁuxﬁhQﬂxmﬁe 1The 1preseaboip venpiopr prevasey

1:2, an SO| uﬁ gﬁ)and 20. r 'O‘{W%gi]ée%%?é?ggngft fE???EHeﬁt cé@a}?s%bom

1:1. T ure W € range o about

110 to about 13Q Lweyerard r@_ﬂwlxﬂﬂltﬂilﬂpépdﬂjiéﬂessUﬁheQSeﬁtélaﬂ]DyHZ:ofnpﬂ.ea:e
time effective for essentially conplete ligation of the rutheni um
general |y abouﬂePﬁQie:HfeﬁﬁﬁﬁlEFWKERstthﬁeﬁﬁFFﬁﬂnlFQ?lBrﬁfEB%F ane feed

to binetallic q__ta &sé Icé)cr% clfcégsp goggggngeggggtggﬁ ggr q:h@ulta,ro

conpl ex enploye&' Ver, I 0S o oxl rane t cobalt with
t he cat al yst cqm@uﬁdfgh&&élﬂ;ﬂtuﬁé)ﬁﬁmbd ﬁﬁeaﬂeugémeaadlyesaﬂﬂgf@€t¢h¢
with nolar ratios of from 50:1 to 500:1 bejng referr At the,concl usion

of thel%ydrofoﬁﬂﬂ%ﬂ#%ﬁF?%%&t? vent RBRSHrERehPei ATAH °5nan9h§eﬁP58uct

mxture is prefsgy, eaﬁqal“yl Z&T -adl N dBauagy 290604 epovReeghbyophaie sepatdtigon
foll owed by severa J; stillation steps to pern1t recycling of unreacted

catalyst.

In a preferred manner of running the process,
reaction conditions such as oxirane concentration,

15 ‘catalyst concentration, reaction solvent, product
concentration, reaction temperature, and the like, are
selected such as to achieve a homogeneous reaction
mixture at elevated temperatures and cause a partitioning
of the reaction mixture into a reaction solvent phase

20 containing much of the catalyst and a second phase |
containing most of the 1, 3-propanediol, upon cooling the
mixture. Such a'partitioning facilitates isolation and
recovery of product, recycle of catalyst, and removal of [
heavy ends from the reaction solvent system. This process

25 is referred to as a phase separation catalyst
recycle/product recovery method.

In the process, the reactor contents are allowed to
settle or are transferred to a suitable vessel at or near
reaction pressure where, upon slight or considergble |

30 '~ cooling, distinct phases may form that:are substantially
different, being conéiderably rich in product or in
catalyst and reaction solvent. The phase rich in catalyst

and reaction solvent is directly recycled for further



starting materials, as well as the catalyst and reaction solvent, for
further use. The present invention provides 5 a commercially viable process
with efficient catalyst recovery and i@tb mul tiple cyqbef of e ntially
conplete recycle of catalyst to the réaction. The pr ef | yst
recovery process involves separation of the two I qui-d phase n1xture not ed
preV|oustﬁﬁﬂfﬁ¥Rﬂuﬂ¥$Qﬁ e MICPRA &L $eaE??ﬁhcgoFﬁeﬁ?CBH§§GQJfﬁqnareactor

and return h%h 2%erre I#ﬁggg Qf égnggﬁ%?¥n¥§'ﬂgEhBEsthe start[ng

catal yst. In a er of Tunnin rocess reaction
condi tions sucﬂtaasomsmicaﬂnctérat adthemread.ﬁ:.cnt abysuncsnchntumru on,

reaction solve uct concentration tiopn te erat e, and the
li ke, are d&ﬁﬁﬂﬁ%ﬁiﬂ@%ﬁ?ﬁ?ﬁQﬂﬁﬁ%ﬁ%ﬁg;ﬁ%ﬁ%ﬁ%n£8 eéEt mxture at’
el evated tQ@ﬁ@tﬂfdﬂ 6t -8 GBSk af@.@@h&@“é@ﬁar@hbhe peae@:@wp Xture
into a reaction solvent phase 20 containing nuch of the catalyst and a

second pha§§e @&ﬂﬁﬁﬂﬁﬁﬁf%ﬁﬂnoﬁﬁth%elﬂ3ﬁpb@B®&ﬁ@§PéllsuﬁéﬁmcéomQu§Q%m
h i | f
m Xt ur e. re yg%e%ﬁé ftOcIrHQQ:J@apl 1d2Le$ ﬁoﬂrgﬁﬁc% x?t fu gcol‘i%rr)é 0

pr oduct, afid Fenpval romthe reaction
sol vent sypteﬁerﬂhhy4ﬂth&£ﬁnﬂﬁhntratiamreﬂ thea%, a-phapanedﬂ@ﬂahmon

cat al yst ecycl e/ pr c ecov t rocess t he reactor
contents aFE"\é’i O\Eé’d%t% Lbé'et“queg%&%/ ‘gf t ?aﬁ%‘f‘%irﬁﬁ E5ignsBrPEMSE vessel at
or near rRagkueR. pwrﬁmﬁolw%éle«.&%eﬁfrseﬂéhd%aéhe 30 zcool i ng,
di stinct phases may formthat are substantially different, being

consi der abPyopaaiedie lprlédlﬁﬁo%rlﬁ o A% ywtwehahteadt £-ba tokadnt . The
phase rich éQc%%%%l oy 6B§gﬁhgon solvent is directly recycled for

further - nuary
Temperature during quiescent settling of phases can

be between just above the freezing point of the reaction
mixture up teo at least 10 °C less than the reaction
temperature. Preferably, the temperature during phase
separation is reduced from 10 to 100 °C, depending upon
the reaction temperature, and preferably from 10 to

40 °C, Preferably, the temperature duﬁing phase
separation c¢an be from 27 to 87 °C, most preferably 37 to
47 °C.

The EO concentration is maintained to aveid the
formation of light alcohols and aldehydes that are
miscibilizing agents. Oxiranes will preferably be
maintained throughout the reaction in a concentration not
less than about 0,2% by weight of the total reaction
product mixture, generally within the range of 0. 2 to 20%
by weight of the total reaction product mixture,
preferably 1 to 10% by weight of the total reaction

product mixture.

Empfangszeit 14.Noy. 18:518




reaction with feed materials. Product is recovered from the product rich
phase by conventional nethods. It is essential that the reaction is run
such that product diol maintains concentration levels in the reaction mx
suitable for phase separation. Preferably,24tfie concent rdtrPBHa¥~PRe

1, 3-propanediol is from1l to 50% by weight of the total reaction product

m xture. More prefeeabbictibf eencket rahi edtdf a Herotrpdasreoprsdiol i s
fromB to 32% by weight of the total reacti,on product nixt%%f. Mbst,_ . h
preferably, thBOYBHeEnt Yaeieh 8rct RELIEFEIVALESHh ERoMarHHas 18T 23 by

veight of the LohakneLeREbhANOR! BRUELoll W Srob¥menal W & thylagruesscent

settling of phases can tween just above the freezing point of the

reaction m xtueactpohoanti behseglent pbasect is@PANE HOFa@GBI S tWERPRrat ur e.
Preferably, the t erature during phase separation is reduced from10 to
100 C,5dependiﬁ§°§ggﬂ' the reaction tenperature, and preferably from10 to

40 C. Preferably, {he;hgyperat vhetdmpengtphaseedirndriat,i gamrat ieningno27
to 97 C, nost preferably 37 to 47 C. The EO concentration is naiPtained to
avoi d the forteei oractlphghixaheshers &Rd PACRSHATeON RACH PR O 2

m sci bilizing agents, Lran LI _preferabl ' A glned gdr o4gbgut
the reaction iﬁgﬁsgoﬁegﬁ#rg ?gﬁwﬁgtalggg'tﬁgﬁ%hgﬁht' .2@65@ wei ght of the
total reactiontoptRgUetaftxbir Aixgemer dhl wnwiartunt he thanyetld 102129¢ coL0OW

DY, oLt o {he Leral LoBRtion pLoduSL I LU Rl o Al gt 4 1N
- 24 - 17 Januﬁégtzgggferably 4 to 8 %wt based on the total reaction
mixture. Suitable agents include, but are not limited to, |
glycols, such as ethylene glycol,'and linear alkanes,
such as hexane and dodecane.
15 The optimum amount of each phase-inducing agent will
vary and can be determined by routine experimentation.
' For example, hexane induces reaction mixture partitioning
when present in methyl-t-butyl ether reaction solvent in
a concentration of about 16 wt%, based on total reaction
20 solvent. Tﬁerefore, the primary reacticn solvent and any
phase-inducing agent will influence the partitioning
behaviour of the reéction mixture.
Partitioning can be accomplished by the addition of i
PDO into the reaction mixture to bring product
25 concentration up to the target proportion. Also,
miscibilizing alcohols and agents with similar polarity
such as ethanol, propanol and isopropancl can be added
initially (the miscibilizing cosolveﬁt), then removed
prior to, and subsequently induce the phase separation.
30 For example, under normal reaction conditions in methyl-
t~butyl ether reaction solvent a homogenecus PDO _
concentration of about 16 wt$% at about 70 °C will result

in partitioning of the reaction mixture into a reaction



The reaction can be run with a tws-phase system However, yields and
selectivities are maxi m zed when high concentrations of product are
present in a single phase reaction and §u9§eguent phase _separatjqn occurs
upon 5 cooling. In addition to tenperature“feduction, pa?r7t4aF‘P%‘Hi2rQ§60f t he

reaction m xture_can be pronoted by addition of a hase split-indyci n%
agent. Such anSaéEﬁPtWFPth@hééﬁe&ndt@1ﬁﬂ97¥%ﬁﬁiRﬂé?ﬁ)&Rﬁ FeAURt 1o unt

within the ranggmgF§égu?%o§5%%P%ﬂt2Q3%Mb}nﬁﬁﬁﬂ [ pRSrd e S0har2i £ Lol Pngit .

and nost preféra based on the total “reaction ™ m xture.
Sui t abl e agent sfi thkudeachitnapeodatct] miixterke gt gl geuteant sakchomswithihene

~glycol, and |ipear al kanes, .such _as hexan d .dodecane. 15 The opti num
anmount of eachtPRaS&PBRdR fﬁ&ogéeﬁt ﬁxnﬁhﬁ£“§h " can be deternined by

routing experinent abhRABrcibQr op¥aERlien RaxaneddiduceefRacida) dapdlyst
partitioning when present in nethyl-t-butyl ether reaction solvent in a
concentration vecaveny ¥étht srlbasde Gvalasalof erysni bl fEntete

Therefore, the_primry reagti ol.ve a Y; ofPhasgs | Hggi gent will

i nfl uence the 5%?%7???0?“ n&gﬁ: g&as\%i [(‘):\ér t(l).’fe t eaaérjtelaocr[)‘l on mxt urée. cgrti tioning
can be acconpl tshetlyby rhecaddiyt ppdcelss RRRdIntes tdepamsact drom fri therrewd o
bring product 25 concentration up to the target proport| Al so

on. :
m sci bi | i zi ng &i@ehel Bhase Bastusenwnoresd RISHPuI L ia8e KRR fnthel ,
propang and is@pfopaga isﬁnsgﬁv%ﬂ%egh U taldne (MBS Al | 4t i
cosol vent), then renove prior to, ng subsequent |y i nduce the phase
.separ ation. 30tfkerewxhhpbé, atndeasmobialta &k ikon woiraditt iohsthen seanying
t-butyl ether reac&%og sol vent a honbgeneous PDO concentration of about 16
W % at about 79PERWEF-result :

The following examples will serve to further
illustrate the invention disclosed herein. The examples
15 are intended only as a means of illustration and should
not be construed as limiting the scope of the invention
in any way. Those skilled in the art will recognize many
variations that can be made without departing from the
spirit of the disclesed invention.
20 EXPERIMENTAL

Table 1 lists_categories of materials, formulations,

and abbreviations used in the examples.
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a concentration wi.thin the range of about 5
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Commercial operation wll require efficient catalyst recovery with
nul tipl e cycl edabiesdseMatamnials) BN ifOrMEALINSHT catal yst to the
reaction. The preferred catalyst recovery process involves separation of
the two | Qoidophasqg @aoG¢e ur e Mkl previoatsey and recycle of the 10 bul k
~ reaction splvent phade to thejreactor. and return treremdth of at |east 60
“to 90% by Mei ght of tkﬁé%tartirﬁfc%%ﬁﬁﬁy%??aQﬂﬁb?%Y owi ng exanples wil I
serve to fURENESurEET|UPRE At € | 1 AV A Olln C1SGELREArPSAGLN. The exanpl es
15 are intended only jfas a nears of illustration and should not be construed
as limting the scopd BRC& he i|Rdentiwiheninmnyreyromhpsehirritded in the
art will reepgatze—raRy-—ypateps—that—ean:h na“c4wffheg%—de§?5§+ng from
the spiritib%2tfie dilSTRRES i venith dn. Do E&@R@Rﬁ%ﬁcﬁ PRORYI St)s
categories| of materigls, formilatiss, and abbreviations used in the
exanples. |- 26 Tablg 1. Materfials and fornul ations 17 January 2006 {Co
sour ceCoQc{Cobal t oct deHREHFO0DI| dotkathi nid i hbplye syl BoLIFERARETT i r utfheni um
dodecacar onyl BRCC&E%ﬂfgﬁenl%?flﬂféqé¥¥agﬁﬁ%§iﬁﬁ%@phino)ethane
BDOPE 1,2-bis(2,4,4-trimethylpentyl-
phosphino) ethane )
\
BDMPE (R,R) 1,2-bis{dimethylphospholano)-
ethane
Reaction |MTBE Methyl-t-butyl ether
Solvent T/CB 5:1 v/v mixture of toluene/
chlorobenzene
Oxirane EO Ethylene oxide
Promoter | DMDA Dimethyldodecylamine
NaAc Sodium acetate
Example 1
Phase separation catalyst recycle/product recovery
process with catalyst formed by self-assembly.
In an inert atmosphere drybox, to a 300_ml autoclave,
5 1.85 grams (5.35 mmole Co) cobalt (II) ethylhexanoate,
1.392 grams (4.48 mmole) 1,2-bis{S-phosphacyclononyl)
ethane, 0.509 grams (2.3 mmole Ru) triruthenium
dodecylcarbonyl, 145.85 grams methyl-tert-butyl ether
(MTBE} and 0.30 grams dimethyldodecyl amine was added.
10 The autoclave body was sealed and fitted to a benchscale

process unit. Under a headspace of 4:1 Hp : CO ratio

syngas at 1500 psi (10.3 MPa) the mixture was allowed to

reach equilibrium and preform catalyst over 2 hours at



Li gandB9PBN- 21, 2- P, P' -bi s(9- phosphabi cycl ononyl)- et hane
BDEPEL, 2- bi s(di et hyl phosphi no) et hane
BDCPEl,Z-bis(diiosbutylphosphino)ethane.BD@PEl,Z-bis(2,47? trlngﬁ | pent yl -
phosphi no) et hane BDWE(R R) 1 bis(dinethylphospholaﬁ
React i onMI'BEMe | s5,- byt yl . e nt.I/ u of- tgluene/
chl or obenzene %EgraﬁeEgﬁ¥ﬁ§P gem§858 B%gngggr%ﬁékéeggﬁk P?odgéy am ne
NaAcSodi um acejafiet Exampe1é. Bbageaﬁ@p@lfatem@rlmtealomaer e((E.y)qI ol achidiet
recovery process with catal or med sel f - assenbl In_an inert
at nosphere dr y®og, a%éDHEQOOOHFeQEFowﬂﬁpeSYnQaf é@egréﬁsa(g ‘35 Bandt® oo
- cobalt (11) ethyl hexanoate gra 4.4

1, 2- bi s( 9- phosﬁ%ﬁ%?cPBFﬁin?e Ephéﬁe ugsgéﬁtdﬁér %L§ ﬁ&&|§°ﬁ@99t61y

tr'rUt@em‘”ndEQEEMhéarb@H¥lre$é§o§5cgh%@ﬁﬂ“ﬁﬁWEI%%%EeQﬁﬁﬂ widear (MIBE)
and 0. 30 grans di net hyl dodecyl am ne was added. 10 The autocl ave body was

seal ed and fitredctbon bendhtcaﬁe progepbagsi SEPERGAoR NEASSIaddied® 4: 1 H2

: COratio syngas at 1500 10.3 t a to reach
equi | i br i um andBrer SPRRESEAPYsPEgER; & YRk AE oTy<! HrEn! the iJae(r%\l%gy 2006 130
C. Reactor tenpgrghugeamaslbréucedybe BAtEriAn waddiiiodmteld.l@HeS wyppers of

et hyl ene oxide (EO was nmade _and allowed to react with s as feed at a
2:1 H2: CO ratRpeuntPROERENEDIA¥OSUNSFaREraIEd Rk nbP \é&%p

10 Compcsitions of the upper and lower layer are glven in

Table 2. Catalyst partition data is shown in Table 3. The
product, 1,3-propanediol, was produced'at an average rate
of 20 g/L/hr. |
Example 2

15 Phase separation process, Recycle 1

The recycled reaction ligquor from Example 1 was

heated to 90 °C. An addition of 14.74 grams ethylene
oxide was made and allowed to react under a head space of

2:1 Hp: CO ratio syngas at 1500 psi (10.3 MPa) until the

20 EQ was substantlally consumed. The reactor contents were
transferred under syngas pressure to a phase separatlon
vessel where phase separation began 1mmed;ately resulting
in the isolation of 8.22 grams of lower layer mgterial.
Upper layer reaction'liquor was recycled back to the

25 reactor. Compositions of the upper and lower layer are
given.in‘Table 2. Catalyst partition data is shown in
Table 3. The averaged reaction rate through this recycle
gave 14 g/L/hr.

Example 3

30 Phase separation process, Recycle 2
The recycled reaction liquor from Example 2 was heated to
90 °C. An addition of 14.74 grams ethylene oxide was made
and allowed to react under a headspace of 2:1 Hp : CO



5 consuned. The reactor content was transferred under reaction conditions
to a phase separation vessel where phase separation began i mredi ately.
Fromthe vessel, 12.94 grans |ower |ayer paterial was isol ated, The upper
,layer reaction |iquor was recycled back t®°tfe reactor!? E¥PH8 ti ons of
the upper and | ower layer are given in Table 2. Catalyst partition data is
shown in Tabl er8tidheyngredatt 15003 pshiodddedi MEalwasihe cereeibatcentenes age

rate of 20 g/L/hr. Exanple 2 15 Phase separati on process ecycle 1 The
recycl ed reagtV8ﬁelFEEBgE?FEﬁQE%EﬁﬁFeSf Ré&ns %()?Kﬁ(§%ﬁgéaddition of

14.74 grams etBybgpgtien ¢8sWes WREeeaRharld ¢ Ak fadegurler a head
space of 2:1 H2: COratio syngas at 1500 psi (10.3 MPa) until the 20 EO

was subst ant i alinpedbasakrdandhd . blagremsc @it diwe tnerdy el reakserd bdvamder

syngas .pressurge ha eparation__v I rai egan
e Seely rectrLRhgE | HOPRE RESFA: PORCoLiE: 23 Bk M AR A kil
material. Uppes tayerekeaski.olokipgdortivas e wteedigaak drd tlheweS Iaast or .
Conpositions of the upper and | ower Ea%er are given in Table 2. tal yst

iy

partition data®¥3 ShBRR iR T¥RBEe33. CRRa1aFE: Kged et iGH3 at® THIBugh
this recycle gaye, 1§.Qéhéh5ve§élagel %%F%Qolah%%eces%@ﬁrcﬁiémmoqeé@cle

Recycle 2 The recycled reaction i quor from Exanple 2 was heated to 90 C
An addi ti on ofgdve 737 ggAhehet hyl ene oxi de was nmade and allowed to react

under g headspace o{ 2:1 H2 : CO- 28 - 17 January 2006 rati o syngas at
1500 pdi (10.§§ﬁ§5¥;21ﬁe reactor contents were transferred under syngas

pressure to a phasghase separation process, Recycle 3

| The recycled reaction liquor from Example 3 was | (
heated to 90 °C. An addition of 14.74 grams ethylene
oxide was made and allowed to react under a head space of

15 2:1 Hp : CO ratio syngas at 1500 psi (10.3 MPa). The

reactor contents were transferred under syngas pressure
to a phase separation vessel where phase separation began
immediately and 19.50 grams of lower laYer material was
isolated. Upper layer reaction liquor was recycled back
20 to the reactor. Compositions of the upper and lower layer
are given in Table 2. Catalyst partition data is shown in
Table 3. The averaged reaction rate through this recycle
gave 49 g/L/hr.
Example 5
25 Phase separation process, Recycle 4
The recycled reaction ligquor from Example 4 was
heated to 90 °C. An addition of 14.74 grams ethylene
oxide was made and allowed to react under a head space of

2:1 Hp : CO ratio syngas at 1500 psi (10.3 MPa). The

30 reactor contents were transferred under syngas pressure
to a phase separation vessel where separation began
immediately and 32.80 grams of lower layer material was

isolated. Upper layer reaction liquor was recycled back



, Separation vessel where phase separation began inmmediately and 8.50 grans
of lower layer material was 5 isolated. Upper |ayer reaction |iquor was

recycled back to the reactor. Conpositionsgaf the upper_and | o | ayer
17 Jaruay 036 T

are given in Table 3. Catalyst partition data is shown i

averaged reaction rate through_ this recycle _gave 37 gllL/lhr,. ;10 Ex le 4
Phase separatibh BW%CE%%?tﬁécng@pgs?ﬁéxpécﬁélggerggg_FoﬁnPi&BgFrf?g&F%
Exanpl e 3 was jheatfdeh 03 Q0T L1 ANz addht hopsef phéti4iohadatat Hyl ehewnoxinde
was made and allowed to react under a head space of 15 2:1 H2 : COratio
syngas at 1500Tasle (10.BhePayerghed reactépncoatentbraupl thissfrecysdeunder

- syngas pressure _t separation vessel where phase separation began
i medi ately aﬁ%aﬁﬁé%% §2§Z§rof | ower | ayer material was isol ated. Upper

| ayer Eeactiongiéggg$ gas recycled back 20 to the reactor. Conpositions of
- the upper and Tower Tayer are given in Table 2. ggtﬁlyst partition data is
g

shown in Table 3.FImhee aoRParel PRaRTPERSPat BECHF this recycle gave 49
g/L/hr. Bxampl e 5 g, Eﬁ@éﬂ%ﬁ@g%é‘ébegoﬂwgaﬁér RecyCEgathpThe st gaxcl ed
anpl € 4 was t

reaction liquor from eate 0 90 C. An addition of 14.74
grans. et hyl eneeaoxd deo was MadeAmnddditbmedoto ldeddt guater eahiydg@iespace of
The

oo e PO Sy ke 1500 BEL oA, FolCRe TUBGRE BERRAA, 8RR
separ api on begam W@@tﬁﬁﬁ@@ﬁaﬁ%ﬂr@mo sioge. bayea) narkei al was
| sol ated. Upper |ayer reaction |iquor was recycled back - 29
reactor contents were transferred under syngas pressure
to a phase separation vessel where phase separation began
immediately and 71.96 grams of lower layer material was
isolated. Upper layer reaction liguor was recycled back
15 to the reactor. Compositions of the upper and lower layer
are given in Table 2. Catalyst partition data is‘shown in
Table 3. The averaged reaction rate through this recycle
gave 30 g/L/hr.
The three most important results for the phase
20 separation are: 1) achieve an acceptable high enough rate
of production of PDO, 2) recycle most of the catalyst (in
the upper phase), and 3) recover concentrated product
(PDO) in the lower phase. '
The data on rate of production of PDO in the examples
25 above shows that an acceptable rate of reaction is
achie%ed and that the catalyst is active after .5 recycles
(#1) .
Table. 3 shows that a high percentage of the catalyst
is directly recycled in the upper phase (#2) .
30 Table 2 shows high recovery of PDO in the lower
product phase, and high recycle of EO in upper, recycled

phase (#3).



17 January 2006 to the reactor.

Conposi tions of the upper and | ower

are given in Table 2. Catalyst partition data is shown in

averaged reaction rate through this recyc
Phase separation process,

Exanpl e

syngas at 150

5 was
was nmade and all owed to react under

ReBle, %2 pndbtr we Hiay

Recycle 5 The'r
heated to 90 C. An addition of 14.74 grans ethyl ene

a

Gty

| ayer

Table 3. The

gave 34 g/]Jhr. 5 npl e
é@yEred reactit#ﬁqqqﬁw' rom
oXi

ce of 10 2:1 H2 : CO rati

6

de
0

é&ég@ft LS transferred under

syngas pressu re p ase separation began
imedi atel y dpdaflb190[ DE38® Of PhO¥R’ [@YBE gﬁtermﬁésv\@g) IsAed£l. rpper
| ayer reacti on_liquor]was recycled bapk 15 to tihe reactor] Conpositiong of
t he upper an@lll ower Ia&ewerarDSQLV@n h8TaBl e 2. 1Zb@ﬁlyst imntltlon datta is
shown in Table-3—Fhe—avetray 28 f te—t t—this;Trecycte—gave 30
g/L/hr. The {FKree nDstL?ﬁﬁ5rtaﬁ? ?Z Fg'Fgr t He? b %se 20 separation afe:
1) achi eve apzaccept ap},§wBron| ggough  abeisof pr@dy@tlon of-PDO, 2) regycle
most of the gatalyst {in thel upper. phase) an recovelr _concentrated
product (PDDA in the| Lover phége32Thp2¥a¥d on r3a$e5‘?)f prloBiuzt i on of PDO in
t he exanpl es [-25—above—shows—thatamrpsgeptabt m TS
achi eved and|that the| La¥&F yst 4531§ct gg'gPter égrecycles ?%1%§Table 3
shows that a[Rgi gn percesiade pPr7ibe cpbkalyst 1is7digectly 22oy€led in the
upper phase (#2). 30 Table 2 shows hifgh recaverly of PDOiln the | ower
praduct phase, and high recycje of EQin upper,| recycled

1 Upper |4.74 85.70 152.36 *eme

2 Upper |5.15 |87.16 160.04 | *—- {

3 Upper |[17.67 77.60 167.19 *em

4 Upper 27.31 54.86 163.47 92.45

5 Upper |14.41 69.85 147.04 89.45

6 Upper |10.59 |80.36  |93.46 74.94

* Reactions where EO purposefuliy reacted to extinction



phase (#3). - 30 - 17 January 2006 Table 2 Table 2 Phase Split Primary
Conposi ti ons Exanpl eLayer PDOAMWMIBE %WWhss (g) % Avail. EO

1Lower 59. 7018. 1312. 94 2Lomer47.9716.608_2§ 3lower 45. 9719, }58 50
4Lower 47. 3221, 7319, 507. 55 5Lower 45. 1620 9332. 8010, 55 1/ January 2006
6Lower 47. 5025. 7871. 9025. 06 1Upper4.748§.70155.36'2Upper5.1587.16160.04
3Upper 17.6777. 60167. 19 4Upper 27. 3154. 8 2.45

SUpper 14. 4160.83447.0482445 19up ek 1330360 e 4. 94 * React | ons where EO

purposefully reacted to extinction - 31 Table 3 Table 3 Catalyst
Partitioni ng | Bxeapl? Jphagey 2006 E%aQ§Iéﬁayéﬁm&éfcﬁﬁaﬂwéﬁléceaﬁalyst ( Co;
gbépéygges995; u812Upp rg%kﬁJSS SUsper93——9% *U§6°'°88’ 755Upper76| 71

2 Upper 91 ; 88

3 Upper 93 ; 81

4 Upper . g2 ; 75

5 Upper 78 ;5 71

6 Upper 6l ; 75

1 Lower 10 ; 12

2 Lower .9 ;12

3 Lower 7; 9

4 Lower 18 ; 25

5 Lower 21 ; 29

6 Lower 38 ; 25

Example 7

Phase separation catalyst recycle / product recovery
process with catalyst prepared via stepwise procedure.

In an inert atmosphere drybox, to a 300 ml autoclave,

5 2.14 grams (6.90 mmole) 1,2-bis (3-phosphacyclononyl)

ethane, 0.694 grams (3.25 mmole Ru) triruthenium
dodecylcarbonyl, 119 grams methyl tert-butyl ether (MTBE)
was added. The autoclave body was sealed and fitted to a
bench scale process unit. Under a headspace of 4:1

10 (Hp : CO) syngas at 1500 psi (10.3 MPa) the mixture was

allowed to reach equilibrium over 1 hour at 105 °C. To
the reactor a solution of 1.11 grams (6.50 mmole Co)
dicobalt octacarbonyl and 0.108 grams (1.32 mmole) sodium
acetate in 33.3 grams MTBE was added at reaction

15 conditions. The catalyst was allowed to preform at 105 °C
and 1500 psi (10.3 MPa) for 1.75 hours. Reactor



1lower10 ; 12 2Lower9 ; 12 3Lower7 ; 9 4Lower18 ; 25 5Lower2l1 ; 29 6Lower 38
; 25 Exanpl e 7 Phase separation catal yst recycle / product recovery

process with catal yst prepared via stepw se procedure. 1n an inert

at nosphere drybox, to a 300 nl -autocl ave] ¥ 2714 grans [6/3WeRheY%) 1, 2-bis
(9- phosphacycl ononyl) ethane, 0.694 grans (3.25 mmole Ru) triruthenium
dodecy! car bonytemgdfaguaeswast pkdured: tbu®gl °6thdwq MEBRY atfasrdidfdePNThe

aut ocl ave body was_seal ed and fitted to.a. bench .scal r bt . der
a headspace oft@taling(ig-2 @é?“@yﬁ%a§%5lé’lf§6005‘s% e(lgecg (V\ll&g’)sét e émakr:r%re
was al | oned t% 16858 ¢ ukgégsci- wk@ver 21 1hqur, at cd9S s§nghe flekel neddtior a
sol ution of 1. ﬁ gr ams ?6.5 nmol e Co) dicobalt octacarbonyl and 0.108
grams (1.32 m@ﬁ@étéﬁgiamgzaﬁ@uaw it e3 B03 wgrsa o ridiBie dva ST heel degh Glto T eact i on

15 conditions. The catalyst was allowed to preformat 105 C _and %;00 psi
(10.3 MPa) forcanyenhsursrertzensderres Unfer) S¥RG3S T T ehperatlre was

reduced to 90 C.. T r hii (o) ' 1 S5 of Tigd £H€
oxi de (EO mr%enﬁ%%\gagﬁgé g%ﬁg%g’gl:ego%zlaacs:e vts\'n'%!tﬁha&gath}:oolrz(‘%Z : CO s %as feed

until substanséphbytabh obst hd IE@etasccemutsdratre skl orCs Rolt¥pts
were transferred under. syngas pressure.to.a,  t r troll ed phase
separation vesBaRseTRE E%a egrggﬁaﬁgﬁ(ﬁ?qﬁi§ﬁgﬁq§§§%#dﬁggﬁglY%%ate at 43

C. A lowver phf‘éé%eieégbﬁc&f BB LIRS riesicdired ey i phase vfisthe eayrérd
r. )

back to the react npositions of the upper

10 and lower phase are given in Table 4. Catalyst partition
data is shown in Table 5. The product, 1,3-propanediol
was produced.at'an avetage rate of 26 g/L/hr.

Example 8 |
ﬁhase separation process, Recycle 1

15 The recycled reaction liquor from Example .7 was
heated to 90 °C. An addition of 14.74 grams ethylene
oxlide waé made and allowed to react under a head space of
2:1 syngas at 1500 psi (10.3 MPa). The reactor content
was transferred under syngas pressure to a phase

20 separation véssel;-When equilibrated to 43 °C, 28B.5 grams
of lower phase material was isolated. Upper phase
reaction liguor was recycled back to the reactor.
Compositions of the upper and lower phase are given in
Table 4. Catalyst partition data is shown in Table 5. The

257 averaged reaction rate through this recycle gave
24 g/i/hr.

Example 9
Phase separation process, Recycle 2
‘The fecycled reaction liquor from Example 8 was

30 heated to 90 °C. An addition of 11.00 grams ethylene
oxide was made and allowed to react under a head space of
2:1 .syngas at 1500 psi (10.3 MPa). The reactor content

was transferred under syngas pressure to a phase



10 and | ower phase are given in Table 4. Catalyst partition data is shown
in Table 5. The product, 1, 3-propanediol was produced at an average rate
of 26 g/L/hr. Exanple 8 Phase separation_ cess, Recyc 1 15 recycl ed
reaction |iquor from Exanple 7 was heategﬁfo 90 C. An tﬁﬁ???%%ig% 14. 74
grans ethylene oxide was nade_and al |l owed_to rgact un%ﬁ&é@:h §g space of
2:1 syngas at 38PBrakiopi¥esskba) WheRe eAEAdioratsth &4t it Pandy SHARF
under syngas pressure._t h epakati el ;Mhe Hw@d librated to
43 C, 28.5 gra%g fgygfogggsghgégeﬁgﬁgrggf %ggﬂfggﬁgtégi Upggr phase
reaction |iquoresasicecytbadrbaeal trecyldedebercdr to CheposEadiemrs of the
- upper and | ower phase are given in Table_ 4. talyst partitiaq tg is

shown in Tabl eCHPHLE108S 20, L&) WPRSE RO &§V§I¥ﬁ$¥iﬁﬁ1%ﬁ% §Hﬁ%%§§Fé gave
24 g/ Lishr.  Expppie 9. Phasg19epapakeR iphogass, iBegpehe ArliTablecyil ahe
" reaction liquor from Exanple 8 was 30 heated to 90 C. An addition of 11.00
grans et hyl eneavexagedwaeantdenanatsl toreysho thdgcramyfdre da¥&d space of
2:1.syngas at &gooﬁﬁfﬁ (10.3 MPa). The reactor content was transferred
under. syngas p sEire™to a phase - 33 17 January 2006 separation vessel.
Wien equili br atgshmppe 480C, 24.8 grans of |ower phase material was
| sol ated. Upper phase Teaction |liquor was recycled hack to the reactor.
Conposi tions of th%h®%%e$eﬁﬁ€aFéﬂ€rPﬁﬁ&@ésargeﬁngﬁ in 5 Table 4. Catal yst
partition data is showp.ip-Jah! eeactIBE 134862024 R ESMPLL & Galdhr ough
this recycle gave : ' '

' heated to 90 °C. An addition of 11.00 grams ethylene

oxide was made and allowed to react under a head space of
2:1 syngas at 1500 psi (10.3 MPa). The reactor contents
were transferred under syngas pressure to a phase
15 ‘separation vessel. When equilibrated to 43 °C, 19.1 grams
of lower phase material was isolated. Upper phase
reaction liguor was recycled back to the reactgr.
Compositions of the upper and lower phase are given in
Table 4. Catalyst partition data is shown in Table 5. The
20 averaged reaction rate through this recycle gave
23 g/L/hr.
Example 11

Phase separation process, Recycle 4
' The recycled reaction liguor from Example 10 was
25 heated to 90 °C. An addition of 11.00 grams ethylene
oxide was made aﬁd allowed to react under a head space of
2:1 syngas at 1500 psi (10.3 MPa). The reactor content
was'transferred under syngas pressure to a phase
separation vessel. When egquilibrated to 43 °C; 38.9 grams
30 of lower phase material was isolated. Upper phase
reaction liquor was recycled back to the reactor.
Compositions of the upper and lower phase are given in

Table 4. Catalyst partition data is shown in Table 5. The



35 g/L/hr. Exanple 10 Phase separation process, Recycle 3 10 The recycled
reaction |iquor fromExanple 9 was heated to 90 C. An addition of 11.00
grams ethylene oxide was nmade and al | owed %o_react unng a he c%pace of
2:1 syngas at 1500 psi (10.3 MPa). The reé% or contents YRy sferred
under syngas pressure to a phase 15 separation vessel. \Wen equilibrated to
43 C, 19.1 gr amverageHowercphase rafieetharugls thd H&YCUHF Hhase
reaction quuoismag rﬁcycled back to the reactor. Conpositions of the
upper and | owe pﬂ %é are given in Table 4. Catal yst partition data is
shown in Tabl egpamdhe 120 averaged reaction rate through this recycle gave
23 g/L/hr. Example IT Phase separation process, Recycle 4 The recycled
reaction |iquor frBRRERaABPET2YiRAsPIISCRGat B8YE10C. An addition of
11.00 grans ethyle ' s .and jreyeTens r viaead
space %f 2:1 syngggea?éEggéggsFg?%g}gﬂwégkﬁggﬁgiﬁg%ctorI%%ﬂgghgﬁimas
transferred undestssingas 9pr éssufe tdddtpbasef ddpdtatdmams estgeilenhen '
equilibrated to 43 C, 38.9 grans 3Q.of |.ower phase erial i ted.
Upper phase r#&%:8foNaFi §ad \"i!ﬁn? Fgés?&“legd\é%af%ﬂco tm;ge eaiactlll)‘c‘\'r/gCf d5R12 88
Conposi tions 0§, {hg,HBRE a@nqsb@mgsipha@e 3aMPagi.Verd reakadde doniaital yst
partition data Is s%omn in Table 5. The - 34 - 17 January 2006 aver aged

reaction rate wasotghnslies redc yodergayagass PFRISHIEe Bearfp R332 Phase

Sepér?%lon pro§§5§ta5§% Cb%sgel. When equilibrated to 43 °C, 38.9 grams

of lower phase material was isolated. Upﬁer phase |
reaction liquor was recycled back to the reactor. {
Compositions of the upper and lower phase are given in
Table 4. Catalyst partition data is shown in Table 6. The
15 averaged reaction rate through this recycle gave
17 g/L/hr. 7
The data on rate of production of PDO in the examples
above shows that an acceptable rate of reaction is
achieved and that the catalyst is active after 5
20 recycles (#1}.
- Table 5 shows that é high percentage of the catalyst
is directly recycled in the upper phase (#2).
Table 4 shoﬁs high recoﬁery of PDO in the lower phase -

(#3):



The recycled reaction liquor fromExanple 11 was heated to 90 C. An
addition of 11.00 grans ethyl ene oxi de was nade and all owed to react under
a head space of 2:1 syngas at 1500 psi (1053 MPa). The §$ctor nt ent
was transferred under syngas pressure to a phase 10 sepdr Y8R ¥€Ssel . Wen
equilibrated to 43 C, 38.9 grans of Iomeg Ehase mat eri al was i sol at ed.
Upper phase reaction |iquor was recycl to the reactor.
Conposi tions pper I E+PBasgadvecompe’itiohabl e 4. Catal yst
partition datgfléfghgmm |Pﬁ€§%Igﬁ%. TEe 15&éve ghe reaction rate thraough
this recycl e ExaEmd Ve /1l ver fﬁmﬁht a | MTREat%®Y of Mpls(ﬁdd@t)l of bﬁammo R tlhe
exanpl es shows 1t hat—ah{acceptabt-e—+-agte—o t+-on achievediand
that the cat —ilst |s dlétcl‘{?é-’ afl toe- & 2 lr6ec1;f’zzl es @ﬁl? Tab g'gashows that a
hi gh percent of Al V3o g difecidy recygled i n the . wpper phase

- (#2). Table 4 shows hllh recovery of BPDOin thellower phase (#3) - 3
Table 4 17 Jdnmary 2006.ckadd e |£8PHEse Srﬂ iG3 Pri @ty 88onposiBi-dds
Exanpl eLayer RDOSWWMIBE-[94vWhss-—(-6)-Y%-Av-aiH—-—EO—F-ewet-63=681+611524-807
SLower 49. 6817, B928. 501 LBEOLdwe-68 0878 Oaa. 801948 | 1227

10Lower 53. 342A3TT9 1010, A7 T B3 [ JELH 39381 8822036 12kowes30.
3725.9129. 8033. 07

(@]
o

12 Tower |30.03 |[25.91 29.80  |33.07
7 Upper | 7.20 | 44.63 165.07 | 82.97
8 Upper |8.89 | 61.35 152.73 [ 88.48
g Upper | 36.69 |48.66 139.09 | B6.55
10 Upper 16.88 54.86 131.42 84.03
11 “TUpper |6.14 | B6.65 104.92 | 77.64

12 Upper 27.30 34.57 88.12 66.93




7Upper 7. 2044. 63165. 0792. 97 8Upper 8. 8961. 35152. 7388. 48

9Upper 36. 6948. 66139. 0986. 55 10Upper 16. 8854. 86131. 4284. 03

11Upper 6. 1486. 65104. 9277. 64 12Upper 27. 3034. 5788. 1266. 93, - 36 1%($ nuary
2006 Table 5 Table 5 Catal yst Speci es PartiX6 on Data Exgﬁﬂﬁ &, of
Avai |l abl e Catal yst (Co;Ru). 7Upper70 ; 67 8Upper82 ; 68 9Upper85 ;72
10Upper89 ; 73 1llUpper67 ; 63 12Upper 73 taBe FLower 30 ; 33 8Lower18 ; 32
9Lower 15 ; 28 10Lower11l ; 27 1ilLower33 ;737 IZLower27 ; 27 Exanple 13
Recycl e of | owdabgigase sﬁ@&ﬂlﬂ§txﬁﬂﬁﬁﬂ@ﬂiRﬁﬁ%ﬂ?k@n Pater | ayer sanpl es

00110 C 5 unpEF DKESun] LBAAFL i ons P 6. AUMRLAY - Cor e e ol et 1
tert-butyl ether reactipn sgpiyent apd 1,3- propaned gl gwere nmade on thg
col umm over head. Overhead
g Upper B2 ; 68
9 Upper | 8BS ; 72
10 Upper 89 ; 73
11 Upper 67 ; 63-
12 Uppexr 73 ; 73
7 Lower 30 ; 33
8 Lower .18 32 [
9 - Lower 15 ; 28
10 Lower ' 11 ; 27
- 11 Lower - 33 ; 37
12 Lower - _ 27 ; 27
Example 13

- Recycle of lower phase stepwise assembled catalyst
Lower layer samples from Examples 7 and 8, rich in
1,3—propénediol product, were distilled at 90-110 °C
5 under vacuum conditions of 60-4 mm Hg. Collections of
methyl tert-butyl ether reaction solvent and 1,3-
propanediol were made on the column overhead. Overhead
material was greater than 92% 1-3, propanediol. The
distillation was carried out such that 75% of the initial
10 ‘charge mass was distilled. A 10_gram sample of the
distillation bottoms containing recycled catalyst, some
1-3,propanediol and minor amounts of heavy ends was
inventoried into a 300 ml autoclave in an inert
atmosphere dry box. To the autoclave was added 74 grams
15 of fresh methyl tert-butyl ether reaction solvent. The

autoclave was sealed and fitted to a bench scale process



material was greater than 92% 1-3, propanediol. The distillation was
carried out such that 75% of the initial 10 charge mass was distilled. A 10
gram sanpl e of the distillation bottons. cpptaining req&g%fd C l.yst, sone
1- 3, propanedi ol and minor anounts of heavy ends was i nVet8PPed 'nto a 300
m autoclave in an inert atnosphere dry box, To the aygtoe s added 74
grams 15 of freRhtmeth§| CRBRLYBhL FqEPﬁeWaPeQEF?Sﬁ gglégntha¥ﬁgwaautoclave

was seal ed andg{}itedsto ﬁd@fnshhésakgaeeowsa::l 3#,-:G) Japwgay, 2006 unit.
The catal yst |1 quor S heated to 90 Cwith stirring. Under a headspace of
4:1 (H2 : CO synges. grdms 08f geeny1eheebhyeneasxaddedasnddaddcaed &bl oved
to react. The reactor contents were transferred undgr S ngasg%Ipress%Ee to
a phase separ at¢antvethel rapgkeracontertspess SERRFIEFERDEGITT WHEY

equilibrated; 12, [ o] er ekealeaghiesel atred.s Plmi s | ower
phase %Eontaih%ﬁegagﬁ%g?i,é-gbgﬁgng ?%?35?%§U§F§ Upper phase reaction

| i quor was recyshed bepkravibhebegaot oWhend eg0ifdbreteds 9¢-€ @rgsr &L
syngas feed headspace: of 2:1 H_: CO. To_this cl re i.an sol vent
phase, 11.00 YPURE Bha§?h9PEﬁ%16}iH@smé§°38%38‘a §§§IF§%§ﬁ'?®Es%eact.'The
reactor cont ens,ygt febr 995h 94T el 3Updepankanay phodattie Unper mimse
separati on vesse? ere at 43 C 15 phase separati on began. \Wen

equi | i br at ed, fdaatgoantiqﬁorlwaerrsﬁa§éeﬁag@ﬁ$a¢°w§§ei§8@£ﬁ&i 2 s | ower

phase _ contai ned 45.14% 1, 3zpropanedi ol _product.. . T i .1af f or ded
an 81@4broducth??EFﬁ.t?h%g pEo9§ efhgtsyﬁg%g g%ﬁa 3%%%5 %ggiﬁg?%%nd stil

.active even afkﬁ% betH9. 200dtalikl kedyined treaqricdusblyeade Fradasecycl ed

twice through tfie upper phase of subsequent reactions. Exanple 14
11.00 grams of ethylene oxide was added and allowed to
react. The reactor contents were transferred under syngas
pressure to a phase separation vessel. - where at 43 °C

15 phase separation began. Whenlequilibrated, 24.5 grams of
lower phase material was isolated. This lower phase
contained 45.14% 1,3-propanediol product. These reactions
afforded an 81% product yield. This proves that the
catalyst is robust and still active even after being

20 distilled from the product phase and recycled twice
through the upper phase of subsequent reactions.

Example 14

Use of Hexane as phase split inducing agent
In an inert atmosphere dry box, to a 300 ml
25 ‘autoclave, 1.159 grams (3.73 mmole) 1,2-bis (9-
phosphacyélononyl) ethane, 0.696 grams (3.27 mmole Ru)
triruthenium dodecylcarbonyl, 119 grams methyl tert-butyl
ether (MTBE) was added. The autoclave body was sealed and
fitted to a benchscale process unit. Under a headspace of
30 4:1'{H2 :CO) syngas at 1500 psi (10.3 M?a) the mixture
was allowed to reach equilibrium over 1.5 hour at 105 °C.
To the reactor a solution of, 1.13 grams (6.30 mmole Co)

dicobalt dctacarbonyl and 0.108 grams (1.32 mmole) sodium



Use of Hexane as phase split inducing agent |In an inert atnosphere dry
box, to a 300 M 25 autoclave, 1.159 grans (3.73 mmole) 1,2-bis (9-
phosphacycl ononyl ) et hane, 0.696 grans (3.27 mml e Ru) i.ruthe

dodecyl carbonyl, 119 granms methyl tert-buty38 =ther (M )Ja'W%VEMd. The
aut ocl ave body was sealed and fitted to a benchscale process unit. Under a

headspace of 3Cadetlatfd?2inC}.syggansamTEBORapsiadidad. dtVe@adtieonn xture was
allowed to reach equilibriumover 1.5 hour at 105 C. To the reactaor a

sol ution of, 1.9%Md¥&HeNT 6. BhenfdFalys; varcabariesctac BSHHAm &fd 19208
grams (1.32 mmolg) Pogh Uik $80 17udanuapy 2098 AEALALeRACtY,3 orams MIBE
nai cat a owe

was added at reaction tions. yst was all to preform at
105 C and 1500:gagpexfdBuBe MPag fedudedSthofls’CRe@nkonddidmper atfur e was

reduced to 90 C._ One addition of 5 22 grans et hyl ene oxi de .((EQ S nmade
and al | 8wed to 2% &Hedmsi oh %t}QY.lLeY‘ﬁZO?‘g@f)) (EgsﬁgH?SfE‘@ € ﬂ?éidraéﬁﬁ“@d%o
contents were transf gr{€¢ snsgeq %xlxgg.aSch ESPg £s L Pedd, L BHBCHRLLEST

control |l ed phase separation vessel” The phdse separation was allowed to

equilibrate at dhiends |wies dPapboserell 9ndde gyvaBEs\BTcissurat ah aUpper
phase was recycled back to the reactor. As in a fashion sim_/lar to _above

exanpl es additiQﬁﬂﬂeﬁﬁﬁw¢%n@O%RFleﬁﬁsPhﬂﬁédS?Bafﬁéi°Pe8F6F§&-uﬁﬁﬁ'H
ol ouec L 4600 A 60 P dyel erBes sk ECERcas et Spl oy e
and al flowed to pteast &f 907 4% agdadb00a psisél1a8t8dMPapperTphiaskewaso phase
separation vessel and subsequent to cooling to 35 C, _no, phase ,separati on
was apparent. TRSYSerhraaesabei Er8nteaftat: 085yl AnfalfPGidCL §Fn8ﬁﬁfi§ﬁé
above examples additional ethylene oxide was added to the {
recycled uppef layer and allowed to react followed by a
temperature induced phase split. On the third recycle in
15 this example 11.00 grams of ethylene oxide was added and
allowed to react at 90 °C and 1500 psi (10.3 MPa).
Transfer to phase separation vessel and subsequent to
cooling to 35 °C, no phase separation was apparent. Two
separate additions of 11.00 gram aliqubts of ethylene
20 oxide followed by reaction at stated conditions, and
cooling to 33 °C did not produce a 1,3-propanediol
concentration where a phase separation could be made. We
" believe that this reaction produced some by-products,
such as ethanol and propanol that are miscibilizing in
25 nature that prevented the phase separation. Addition of
10 gréms of hexane while in the reactor at stated
conditions followed by transfer to the separation vessel
and cooling induced a phase separation at 77 °C. This is
one way fo change the polarity of the system such that a
30 phase split can be induced. It is even possible to add
before or during the reaction miscibilizing agents to
ensure a single phase reaction. Thése miscibilizing

agents can then be removed; such as by distillation or



20 oxide followed by reaction at stated conditions, and cooling to 33 C
did not produce a 1, 3-propanediol concentration where a phase separation
coul d be nade. W Dbelieve that this reactiggn_produced sone b5¥25 duct s,
such as ethanol and propanol that are miscibilizing in P5J3u@al 20hat

prevented the phase separati,on. Addition of .1 a i in
the reactor at f%laétl‘éﬂlgec&ﬁdilf’idé’ﬁ? PoPMGRES SR chgf;]os]f rro%% %E?‘eg%%‘gér% i on
vessel and coglekRg ipaas A thasecsapara,i ahatldwe:C.1dFhs sampbaeofay to
change the polarity of the system such that a 30 phase split can

be .
“induced. It is9%vdngress bies tecdadedamnst evrtaiiiahd ihel rRIIRIPedioL
mscibilizing agents,to ensure a single phase reaction. These
m sci bilizing pg&%ﬁf&'can t hen be renoved; such as by distillation or - 39
- 17 January 2006 flashing, to induce a phase split for product recovery.
- After equilibrating to 43 C, the |ower |ayer sanple of 92.7 grans was
i sol ated and contai ned 48% 1, 3- propanedi ol product. 40 17 January 2006
CLAIMS 1. A process for one-step hydrofornylation and hydrogenation
synt hesi s of 1, 3-propanediol which conprises: (a) Contacting in a reaction
vessel a mxture of ethylene oxide, carbon nonoxide, hydrogen, a
non-wat er- m scible reaction solvent and a hydrofornyl ati on catal yst
.conposition; (b) Heating said reaction mxture to a tenperature wthin the
range from30 to 150 C and a pressure within the range of 0.7 to 27.6 MPa
(100 to 4000 psi) for atinme .



effective to produce a single-phase reaction product m xture containing
sufficient concentration of 1,3- propanediol such that phase separation can
be induced by tenperature reduction; and (c) Inducing ase seB ion by
at | east one method selected fromthe group consisting fanygry Sﬁ%perature
reduction conbined with addition of a %%ase split-inducing agent to the

m xture in an anount sufficient to induce phase separation, (ii)
tenperature reduction conbined with first adding a m scibilizing

cosolvent to keep the reaction product mixture in a single phase and then
renovi ng the mscibilizing cosldMént, (iii) first adding a mscibilizing
cosol vent ke§$ thezfeaction @roquéro xtur %9 a siggle phase and then
renovi ng ﬁhe RE515 21ty ¢osof vent' ¥ ah addi ng'a phase

split-indugidipgeriid® dheceacs i on 1p3qdw;bamatwr ewhibcan anount
sufficient to i nduce phase separation; 41 17 January 2006 wherein the
phase sepd@RGIFYR®SUlts in a first phase conprising a najor portion of

the reactiqp Sold&mac@i d& P05 M 26 fvéé@efaé%yﬁ&ufmyss'tl on, plus

unreacted et hyl ene oxi a second phase, which conprises a nmajor
portion ohthy1qn&mnxmdbLﬂcaﬁboﬂimpmmxm@es ofdcda¢m lawhenevatehe second
phase al so | tains catal ctio S and, hj I wei ght
byproduct§u§§l£ﬁﬁaﬁﬁ?ﬁﬁ%ﬁﬁ%ﬁéiﬁ‘ r gh¥€;?%%¥m%%ﬁ%??glﬁa Ei‘iyéically
separ at i ng-dddWordthase m xture followi ng the induction of phase

separ ati on. The process of claim3 further conpr|5|ng recycling
(b) Heating said reaction mixture to a temperature

within the range from 30 to 150 °C and a pressure within
the range of 0.7 to 27.6 MPa (100 to 4000 psi) for a time
effective to produce a single-phase reaction product
mixture containing sufficient concentraticn of 1,3-
propanediol such that phase separation can be induced by
temperature reduction; and
(c) Inducing phase separation by at least one method
selected from the group consisting of:

(i) temperature reduction combined with addition of
a phase split-inducing agent to the mixture in an amount
sufficient to induce phase separation, (ii) temperature
reduction combined with first adding a miscibilizing
cosolvent to keep the reaction product mixture in a
single phase and then removing the miscibilizing
cosolvent, (iii) first adding a miscibilizing cosolvent
to keep the reaction product mixture in a single phase
and then removing the miscibilizing cosolvent, and (iv)
adding a phase split-inducing agent to the reaction
product mixture in an amount sufficient to induce phase

separation;



the first phase directly to the step (a) for further reaction with
previously unreacted starting materials. 5. The process of claim3 or 4
further conprising extracting residual catalyst fromt secon ase,
recycling said catalyst to step (a), ang, passing the r22€?WFH§SQ@£ond
phase containing 1, 3-propanediol to a neans for recovery. 6. The process
of claim5 wherein the neans for recovery of 1,3-propanediol is a
distillation colum where product 1, 3-propanediol is separated from high
nmol ecul ar wei ght by-products. 7. The process of claim5 further conprising
separ at i ng/PEYGH EH RIS 19pa e BLn opeFieti Ol iy BisEE I PRagSto isol ate

| ndi vi dualcdn}sﬁqésit Va?%asj(‘%]_dp&gg_ié%ﬁ%% Yehd efé’&éf-iiic‘%éi é‘S’ix‘/%ﬁH?' atight

sol vents back t e ste e process 0 iml ereln the
t enper at urdesdhir iy wighase Separatd oret scdmuors 27i¢mw, 991G Inrdaetpdocess of

claim8 wherein the tepperature durin hase separation is from37 to 47
C 42 17 FHARRS G0 O, b el AL o (AL SR er STHE PRt rper at ur o

during ph@g%rs%pﬁr@{tgrprbf s fromafataidy1 C the concentration of the
1, 3-propanediol is from1l to 50% by weight of the total reaction product

m xture, &nd tle @G ohcek ity orhexe i ddiersedramd eRaspyahgPght of
H | . . | ; Chor ef
the total .JQaGt]on. Jrof Mg Ur £, Q?]lxl}rés}&f pre%g;t%fg%% 4@é%g1%1%%r erein

t he tenperature during ‘phase separal%i 0 rom
concent r atwedryraf Hyherdd @ty opanediol is from8 to 32% by weight of the

total reaction product m xture, and the _oxirane concentration is fromaOo.2
to 20@6byfvei&ﬁﬁ(ﬁquﬂ§S of claim 1 or 2 further comprising

physically separating the two-phage mixture following the
induction of phase separation.

4. The process of claim 3 further comprising recycling
the first phase directly to the step (a) for further
reaction with previously unreacted starting materials.

5. The process of claim 3 or 4 further comprising
extracting residual catalyst from the second phase,
recycling said catalyst to step (a), and passing the
remaining second phase containing 1, 3-propanediol to a
means for recovery.

6. The process of claim %5 wherein the means for recovery
of 1,3-propanediol is a distillation column where product
1,3-propanediol is separated from high molecular weight
by-products.

7. The proceseg of claim 5 further comprising separating
light solvents from 1,3-propanedicl and distilling to
isolate individual light solvents and optionally
recycling individual light solvents back to the step(a).
8. The process of claim 1 wherein the temperature during
phase separation is from 27 to 97 °C.

9. The process of claim 8 wherein the temperature during

phase separation is from 37 to 47 °C.



t ot al

reacti on product m xture.

17 January 2006
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10. The process of claim 1 wherein the temperature during
phase separation is from 27 to 97 °C, the concentration
of the 1,3-propanediol is from 1 to 50% by weight of the
total reaction preoduct mixture, and the oxirane
concentration is greater than 0.2% by weight of the total
reacticn product mixture.

11. The process of claim 10 wherein the temperature
during phase separation is from 37 to 47 °C, the
concentration of the 1,3-propanedicl is from 8 to 32% by
weight of the total reaction product mixture, and the
oxirane concentration is from 0.2 to 20% by weight of the

total reaction preduct mixture.



