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WD 2004/ 076392 PCT/ US2003/ 005606 PURI FI CATI ON OF
1, 3- PROPANEDI CL BY DI STILLATION 5 Field of the
WO pwentd3eon This invention relates to the puri f PCHUSN3/005606
of 1,3- propanediol. Mre particularly, this invention
relates to purification via distillation in a m ni num
pun Bz chiBo® bEPS 3 bibodeliic By [£3GH e BRaVY component s
are renoved prior to one or nore final distillation
and purification steps, to allow efficient
purification of PDOin the absence of reactive heavy
conponents. Background of the Invention 15 U S. Patent
Fiesl O, 448 deswgntoesna process for the purification of
1, 3-,pr opanedi P eC|aII mhen produced by
hygygfioﬁQ%eﬁiﬁéﬁ 4?%% wﬁ?er hgy BRE+EEERBACNOFOE 1,3~
prdﬂ&héﬁi&lmﬂtmkﬁ¥§|§Q§%§B§lagh¥s Q%ﬁ%@3§n§éﬁéf5§ Fe8es to
the disadvantages of only potentially renoving
putifrisiati ¥gn fybm @SPE@ﬂahdoalg@lﬂnmimamwmspéctwpcshﬁps, in
0 nt which _may adversely affe
Whl or§%56$X§lﬁE o? 558p§R§nFS E%ﬁ?d%% %n r18E' to one or
momerEdhﬂ&hC&l@leﬁ@dM@hs mmﬁephmmﬁﬂagﬂﬁﬁﬂCEt@ps, to allow
yesters). U S. Patent 5,527,973 describes a PDO
ef%ﬁ%antcaPPSﬁfl?Qt&P@ce%% WRG hiBonighe sebseacs ngfa reactive
heaB)} Wdr@bdntR?DO in an acidic aqueous nedium adding a
suff|C|ent anount of base to the aqueous nediumto
Badkgmaund axfi d:lmallrtvemtimw ng a pH greater than 7,

he gt b SI der onditions effective

toq}mé;t i IEFEC ch S(CH%I er? t BREr¥tTHin the
pu il dwatdmg bhe basal—cpr@@atmteldqr@lund(eﬂsn@pndl bb@@%lally when

effective.to distill maj or portion of the PDO

Pradiisst riom kydprbirae oé N 1 &Grp 08t & oWahavi nlpya axdwaction
of Ca{daoyd1 gpntgnt &f@ﬁ@%gﬁe staptgn rogess suffers from the

car bonyl - contaln DO conposiiio hi's process
dl&aﬁﬁanﬁaqemowpfheomlgadwfwamxy&iky requoiviingg aunhﬁmmmy' from

roc %8, 70 5 DR3E sl s LaaRian sy onilcant corboml ..
whildpregyicbdsalisely affect color or purity of PDO and the
property and performance of products made from PDO (such as
polyesters).

U.S5. Patent 5,527,973 describes a PDO purification
process which comprises forming a solution of PDO in an
acidic aqueous medium, adding a sufficient amount of base to
the aqueous medium to form a basic solution having a pH
greater than 7, heating the basic solution under conditions
effective to distill a major portion of the water therefrom,
and heating the basic solution under conditions effective to
distill a major portion of the PDO therefrom to provide a
PDO composition having a lower carbonyl content than the
starting carbonyl-containing PDO composition. This process
suffers from the disadvantages of requiring a number of
acid-base cycles to obtain significant carbonyl and color

body removal, thus generating significant byproduct salt,



10

15

20

25

30

WD 2004/ 076392 PCT/ US2003/ 005606 and requiring a
substantial capital investnent or extending
wEe@eamsINg tine requirenments via repetitive beCTS2003/005606

cycle treatnments. World Patent Application WO
5 process for the

0/.10953.al so descr.i bes, a
and 1 PHREREgh Sor PO e St GPEL6h T RFYShiGedssor extending
proospsisg conhactraguPROWhth ap;aci degat alyst ab8ch  cycle
tenperature above that required for inpurities to
treabBenfid bel ow that required for extensive ether

forpeti@n; i ting. purifi 0 ,

i mpuri t?eg,a%r%ggct flrrép%%c?ril e*éq,B %%@h@%gheggﬁpd describes a

preaess ydior Thhe proceficasifder o£f ronot he THeSagvad age this
not renoving specific ester or acid conponents

f
PIGFFEh GPRPLEERA L0 CHlionchothes VoERoabraBbdy Catalyst at a
. . P ] t h - ! f
ot o o dralc o orRert rqg EnpAEREL Ik ot ana

urification of diols or o
belpwdudtat | srepweepentfer disténdaré oretlvandutsenhtton, and
corrp_onent S

. . inh which the Lightest S .
o Rl PRSP0, B el T BBl o e e,
anduadessiacd di skithllgitans tohsequgpbtabky S€FBY¥Es from the

di fa:fgcti ons ("cuts") of successively |ower volatility
1IERAEIC pr88uct€20 EFBOHYRE odFPESiTds ovestead or acid

b Sesdr pr edu i ngludi r er he desired
corfﬁ oductsa\(,\?qnﬁtelai ?%%%e?e%%@ng%s Cgﬁ‘%\'lfov%?ﬁ'fé% ed’"or Cgﬁaa body
Prefraw qroductfimd Fdhattgduasult in the production of

a VY. CcO nents stre fromthe bottomof the
fi %% dpgfﬁgﬁatm%%’%‘%e coRpF St fgteBhpdientdods | e other
petZpateinaitddli t y priidusamponant s ar e s separat ed and 15+ on

recovered in the order of their volatility. The
confudtqq atfonen&t s MoxRy Prelenmeiuctied whtchwi seei lightest

' ol r s in sly in c ai no
cor R £ OB AR 0 P BB T 0ve
by wiudeess e tdont DIl diot drosst b osefieedt 10130 2cmuhsequ@tcions

(“c%%rét,,i)nugfds distillation sequence, or in fully
cort i’ndous® e Yo Sant CHEhuY o1 pE &L #F ¥t i(hpabiien) products
andC WPWSRtes, eaB| 8YedhbRaSY &9t adht &y SHEBELEEEILYic1 uding
this process cannot be used

recovery of the desired product (in this case, PDO) as an
overheaded or side draw pfoduct, and finally result in the
production of a heavy components stream from the bottom of)
the final distillation step comprising components of low
volatility. All components are thus separated and recovered
in the order of their volatility. The distillation “steps”
may be conducted batchwise in a single column, or semi-
continuously in campaign mode using one or more continuous
distillation columns with collection of bottoms for feed to
a subsequent continuous distillation sequence, or in fully
continuous manner in which multiple distillation columns are
employed in series.

Quite surprisingly, this process cannot be used

effectively with PDO because during distillation PDO and 3-
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effectively with PDO because during distillation PDO
and 3- 2 WD 2004/ 076392 PCT/ US2003/ 005606
WhgaaenyssDpi oni c acid (3-HP acid - one of the PCT/US2003/005606
inmpurities) react as water is renoved formI ng la_ heavy
i -hydroxy _ester.. The heavy ester has a volatility
oy P SRR B0 eV HE oAChat 61 PESf (T héper ehpbBELtics)
redcombheapeedud MndHEE, fEPhSng SOMY tdi”ﬂ&ﬁﬁ%?? 8ster.
dehydration reaction to for m_3-éhydroxy r opyl
Thach¢rave esiifirchhas aomveledlidtitie tdwesr PDDRRN@DOLhusHowever,

t S : ugm, For. thi s reason re P i
2 e T HEOh bPRrREaT i nea BePRrEE &R’*é!giliﬁm this
colyeomerse thedérgbesacayl deaydipuiiohy iedaried W& form 3-

reaction 10 of hiavy conponents in the colum bottons.

DY FHeEYR BRIt sAFRYLRRE. * Skeahi P BPrenivsLlpighe ddeyl RRO and

th€ONReRRRY sAGIOSEnEN o /A Fe GRl Uy ;s Eram Q%nt oMt Qure PDO
top. The present invention provides a distilldtion

steedrenecainet pure f i guta oredf PR whilod oﬂ/mmmt;rdrs]ne column

0j 15.probl e Summary of the lnpvention The i

be%%i%n{tﬂlgnvlérgth&ona?gy 21y odB® 'fl&y_ put i E?El_ﬁ??ioﬂlé’f regction

of chegey PBOmpbxttte iih ahd nverimd gbstbhbati eniSequUents s in
whi ch conprises: 20 (aﬁ_ogtl onal |y renpving water or

theyt heressioent £ rigw s t hég Fu@@rﬂlatmoggm@m@gt lacross the
' i L Stiql L t de 1, 3-propanedi o

enﬂn%%% ﬁ%%&perﬂ%n%ﬁ%s@gm?%' maxi m ze the

sepéraat iparsehtconpoaehi snofprdhiedes xtaur @igbithadien scheme
fo heavi er_than, 1 3-§£op?ﬁ§di Oh‘ﬂf om the 25 .

h, Rbroapaher?dl Zhd cBipGRentY SHCER Sar &1 gHigregoing
prddlam. 1, 3-propanediol; (c) drawing off a stream which

contains at |east nost of the 1, 3-propanediol and at
Sunmayst Moo ruRntedonents of the m xture \lei ch are

li r , B di;ol ;. and 30 (d) distilling,.

%Héapfégéﬁé %yQ%%Q?QS 1@ g é%?if 3 E?Snggaﬁépgtlon of

the stream ( Seéparate t

a trodecofiponedtsure the sireamvehicel adestighi€fon sequence

which comprises:

(a) optionally removing water or other solvents from
the crude 1,3-propanediol mixture;

(b) distilling the crude 1,3-propanediol mixture under
conditions which maximize the separation of components of
the mixture which are heavier than 1,3-propanediol from the
1,3-proapanediol and the components which are lighter than
1, 3-propanediol;

(c) drawing off a stream which contains at least most
of the 1,3-propanediol and at least some of the components
of the mixture which are lighter than 1,3-propanediol; and

(d) distilling the stream of (c) to separate the 1,3-
propanediol from components in the stream which are lighter
than 1,3-propanediol and any residual components which are

heavier than 1,3-propanediol.
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than 1, 3-propanedi ol and any residual conponents which

are heavier than 1, 3-propanediol. 3 WD 2004/ 076392
WEMANS3MD3/ 005606 A small portion of the heavRCT/US2003/005606

conmponents (conponents which are heavier and |ess

vol atil e an PDOQ may thus travel with the main PDO

pro ucslfm%{feéjr‘ﬁrt FhePdownat r A VI SOMPOREN$H coFomponents
whiehl oxag Hdey ot tepi n9e§§ep§ol§_@§l$ SEESAMEHo)( C)nay thus

preferably contains a |ower anount of conponent’'s
trofedh wirtdl helagi 8@ ilnhatPPDOreHantt et méatt ute dfhe ((jdwwnstream

; - ef er o mre t.han apout 1% w .. |In order to
dl%@ﬁ?%@EEQEre al¥$glf%g&FgP reg 5[()%?%3%%%?gtrﬁ¥QQ]3 The
stoesh bef pud)fi eskdfetdisl exteshtibat | @ss ithat abaunt  of

10, 000 ppm, .10 preferably |ess than about 1,000 ppm
COI%%H%E? ﬁ?’ﬂ“é‘[cg“r abf§ NPa¥defhdmatboBPO10tgsprEhef mixture of

e kve e f Qe DO durin
LT Bl At am B ATt A& ot t o righier to
achiepeop rhéatiselyl apionm Segee®dO. prardEiGOrHAUEDGS must be
rabl e that the 15 heav

S, it y be pref
pu%%ﬁ%%%eﬁ¥§ E&%id%x%éhFi a delﬁéﬁctﬁ@%naﬁﬁxﬁﬁh-Xor000 ppm,
prefacih Ve m@ﬂyﬂﬁﬁﬁﬁ)abbﬁmti&@@@tbﬁmﬁﬁaﬁ@em%%ﬂnﬁf%ferably
subsequent distillation steps be recycled to the
Legii §haRI abaydt (M nBPmdi & |1eadoive oheamy Tifq?%mploela@dm that
f this i t . the recovery efficienc .
fo%%%eg?ém@r? t erleﬁgosgég%#%orgr?egff i‘%lneéa\v%e NS Erom PDO in
the otpotiermingkestép sof edne fd b 1 heat poRCcesguerlbs.
praocess_of this invention can, also be carried out by

r epl aci hg“BRETBICHEr BX8FSFRe i SERY| BEi BFedsrakis Witk the

heavy f | eshesnOfit £Vapgerater &thhiﬁEﬁga%S 23l SLAYE non-

25 separation. Brief Description of the Draw ngs

reggighite 1cPRPaneRbW di dgPam dhet hd grtoressobf Dhials or more
sudMEIUA T IELOUNS b 08 S OELOSLARNE S0RLYSLS 51y
“bottoming" distillation column. The reason for this is
that the overall PDO recovery efficiency is best when there
is only one final heavy component takeoff stream from the
process.

The process of this invention can also be carried out
by replacing one or more of the distillation columns with a
flasher or evaporator which effects a single stage
separation.

Brief Description of the Drawings

Figure 1 is a flow diagram of the process of this
invention.

Figure 2 is a gas chromatographic analysis of the first
pass distillation of Example 1.

Figure 3 is a gas chromatographic analysis of the

second pass distillation of Example 2.
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Figure 3 is a gas chromatographi c analysis of the
second pass distillation of Exanple 2. 4 WO

wWQMNDB8892 PCT/ US2003/ 005606 Det ai | ed DescrP@r/uswop605606
the I nvention 1, 3-propanediol (PDO) is an internediate

in, the _production of golyesters_for fibers and fil ns.
D_e%b{_?ﬁgﬁﬁférﬁﬁ’ﬁboﬂnoﬁ g- SREANBEBBess i nvol ving the

cat @l yz for i on of hyl i de_ Db :

reacti oﬁgov%%%% heg%?615 gas, H2% ) ?gg?gﬁéglaFg in  the
produetind afe @ llypdtexpprizpanflb¢ HPARNATHREL 1ntdPA | $DO0 may be
ubsggiuent Iy F%dr ogenat ed to formPDQ The initial

MRy dr ofor nifl at TER PriftesPTOSASEe cArYPeW Ut ahe  catalyzed

hyd eIt 1HEion Weateiyidan 30 ang f‘éa@:ﬂgnsﬁmeﬁssgnthesis
pressures to achieve 10 practical” rates. PDO can b
gagmdide P rottrertheuivtermiiast Ankedretwproparala (HPA) .  The
0 rei i C roduces by i
HP‘?egg?isgir?éoéfC}haegﬁ%@efﬁnyéﬁﬁe% eéjp. 1lE)%i o-Yased synt _%l‘ﬁ ginitial
hydrfo RO leesi dreeprpceposedn \bea darefddf euterd@at temptatures
bi o 15 feedst ocks, proceeding directly to PDO, or via
Irgtetucthan df00°8- iyt oryphdgihons xnams dpassanres to achieve
| nte i.ate. In the hydrofornyl ati on/ hydrogenati on
pr%%lcciraaggq} chet;%r'i bed above, crude PDOis readily
pr opi@ edaui deatnm$Ppheyi othdirstiddtaid on Ferr eMM&nce, there
. _Wwater, trace, solvent, and 20 ethanol/propanol or other
1S yof at FPEORBHEBALYL SPS?He PDOCESR, vadohy mHBAudishgsEDO by
rede 458 do ASa 8 €8EHARE thNyRAeLYy.est %&o—@)%@é'@@ﬁ?&ﬂe%‘%s of PDO
Further purification requires renmoval of = color body
hagpr ebgesor spropokedi ng vaa borlilrsctand femoeaftandiononabt  bio
ies. which linit' | ecul ar weight in the 25 ,
BB ER o TORE B bBI JEFFRbLRy FEnE her Gt Reodqusthon of
3-Hydnoxikepihe: degene 98 pridtsahé@atequired was
previously established via characterization of the '
fi i hele pBr et ormyhps iqadhuprppenpt isnneaormsp tdemsribed
- po not. LI fter, the PDQ .
DORe adn 50" Ton carboryT P ( cBAPArarig Nads traRspheric
diaﬂiﬂﬂqgﬁpn to remove water, trace solvent, and

ethanol/propanol or other volatile coproducts. The PDO can,
among many things, be used as a reactant in polyester
polymerization. Further purification requires removal of
color body precursors, including carbonyls, and
monofunctional species which limit molecular weight in the
polymerization of polytrimethylene terephthalate (PTT) from
PDO. The degree of purification required was previously
established via characterization of the finished polymer.
This was difficult since many times the . polymer was not made
until months after the PDO was made.

Low carbonyl PDO (containing 1less than 1000 ppm
“carbonyl” or carbonyl precursors) is difficult to produce
from the hydroformylation process material described above.
Alternate approaches to distillation, including absorption

and/or treatment with an ion exchange resin, carbons,
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"carbonyl" or carbonyl precursors) is difficult to

produce fromthe hydrofornyl ation process materi al
waele®enidserl above. Alternate approaches to PCT/US2003/005606

distillation, including absorption and/or treatnent

m%%h an ion exchange resin, carbons, ~ 5 W 2004/076392
ZePeTF82003/005606  zé@Pitles, ctgactiiqui d exedact esitractive
di8Rd1extraali w8 il Stad | Abt 0ne g8k, 4o Nat. reduge, levels

carbonyls to low |l evels, or require expensive !
Orsepad@at Ton eepeinmiom eeppuricfiboateguipmather icd spurification

i gorous hydrogenation to renove trace acetal or 5

ma?%?%%%ér colgFgﬁﬁﬁylﬁ%E%ﬁ¥§¥ﬁ Rork WRIPVPutTFEquRrEsal or
ca@boh@ll gec€BPt t BodynVesbEBAECLD MySFIOgeRRUONLut requires a

capability. The present invention was found to be

lagggnsGaritadd sukeessent iln hydoeeematpohyrepalriddey.  The
Tk purificati C 0 e, present ,

pr?ﬁ%@ﬁtngggggegohggs%%hgﬁ%ﬁb ﬁ%%se%%éé%ﬂgb%n r 8REEFGRTUL in

prddstihbappomtheirngtthede PDost distillation col um,

resyl ti in_the _smearing of the acrylate inpurit .
fro ?OSQF% BBEE6CREA08s ?TE@%%I6ﬁ%.¥ﬁﬁeFﬂﬁﬁﬁﬁﬁ%igﬁventlon

ofreki ght BrbwdeaxyRy: I t . gshe
Soofes-hydrgiypropionﬁ%ﬁﬁ%?gﬁgng&%%ig%%?t*é????%%tﬁgﬁ In the

figpkt dibiatiléntéohumehaubssiestbsinheinsehef smeseciongd of the

: :odu crylate-fr PDO _regardl ess of
wcfpLUD 140.B1R0LEE ALULALS: hesS FE0 L etar Al eS8l ane
fopneseot icWeltigbn CaRhherosedréPyPaEklyaPPO fasle Bhe heavy

Eng of thg abgove net hods or any other method. |f .
estotvenfs DByt ARYPTRARCNAEer28t€ udBkd, PRBselBol Vlatsfirst

diate118ryRdcalitfh HRALI AN AL AN LOPYENL IO a1?g§§ﬂ§'column

If water is the solvent, then it is prefera
tor prodeids reerviytagfappaPitus, regehdasssa odi sthél atuntier of

ein the dried PDOis renoved and becones
th%ﬁ%@?@gﬁfggﬁ%%%$f%wp Ré°Purification process, 25
spethéi paesynt henvbattienl agn Biestisldatdpmstien, ofpd Llﬁ‘ade by

gresent i nyention. A conventional distillation nmay be
anyr ke hGodP IR dRaRyodpuRBerof Xdreimsebhodat cHE solvents

ot B £PEHahNwWREED JAONISSE, ndDLCso1vents are removed after
reaction by any conventional means. If water is the solvent,
then it is preferably removed in a drying apparatus, such as
a distillation column, wherein the dried PDO is removed and
becomes the feed stream for the purification process,
specifically the “bottoming” distillation step of the
present invention.

A conventional distillation may be broken down into any
number of columns or batch steps, in which lightest or more
highly volatile products are removed first, followed by
removal of progressively lower volatility products or
impurities. The process of this invention inverts the
distillation sequence. The unconventional “bottoming” step of
the present invention must be implemented in order to produce

high purity PDO low in color body precursors.

6
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highly vol atile products are renoved first, followed
by 30 renoval of progressively |lower volatility

w@e@doodds2 or inpurities. The process of this PCWESLDBONF606
inverts the distillation sequence. The unconventiona
"bottom ng" step of the present invention nust be
i npTlehentsehienos dérs t onprodeosioniagh poritlyatPDOOD®wis not

i n_col or body .precursors. .6 WD, 2004/ 076392, ...
e S GORROBAB0R Y TS SRENES I UndBRobitibNal | FRther,
théhagdr X2t S stateane My ed iseatenddal | ypraeedi rgnda tibhs are
volatility. Rather, the product streamis "bottoned"
selpEbedsE LoRAFPIBASE althe segeYel P§ encBihphgdaurentage of

théeQR¥Rhfﬁi)é?gbgﬁeﬂgg§eQ&9g§eﬁ£vé thge heaud Ao st components

conmponent s renove t he heavi est conponents from
frome thiextmirs hef dsef dae t Hertdest dilkatiildatdont ket prloeluproduct

PDO) mxture to produce hjgh purity PDQin a separate
(P b SN 1T | PEOC st BpdBy RFETFYI ¥ion Jo| Bmacbarate
subBoOgLeAt g1 sAst abeoroRdEpt 88 HAsEHThad iBANGBEN uknhat a

10 majority of 3-HP acid and esters of this acid of

vol aBpttepinpfwerusithdre PEondvet sdpdiat wech rammagnner that a

mj orjty -of, t d he -PDQ.st ream t hus L7
ma”?%gt eﬁfnéyfﬂﬁé%;%% #%?t%%%er%iggiﬁag}t%éﬁﬁgﬁ?pﬁ?%?glllty
lowdrt thaabsenmoe afer eaplarensd | AivohviagmbHerdeiyd abfd the PDO
ester byproducts. The bottoning 15 sequence shoul d

Prediktt o rdtovePHealyeari ¢t Rerd et Fay ye further

di5PRYLLHI egol Onligss 1han tgbouty 1000 ppms&nek prefer abh¥tions
' ess than about 100 ppm “in the main PDO stream from
invhévihgr stheli stdid aendn. eshoar ikypyodasta. resfhe opottoming

finite eparation efficiencies in_distillation, i .
seqPhtRos A BRI bre S S S L o it HE ppi-cevived
hebtromiiparheavy teoMeeRerhsrc BRIt TP @chshaAngndAcpdeferably

derivatives. Some PDO wll therefore be "lost" to the
lepgapadonpbaeht L& rim  Ithe ot BRianoiht SErReRyvyfrom the

fisegpoci‘fﬂﬂpéwoﬁ esi dua,£20Q dh v 1 he hegvy, COMPONeH Seinite

streamw depend on the selectivity 25 of the
sepeagtion sefpscisedies symt hbsitzel RBCG omRor idn will not be

poa‘ggggreﬁ c t%r ocseespsartahcee t oa%laJl. agPuntchgf k%%tot Or?r n{ Odt%:é S heavy
components containing acid and acid derivatives. Some PDO
will therefore be “lost” to the heavy components stream.
The total amount of heavy components plus residual PDO in
the heavy components stream will depend on the selectivity
of the reaction steps used to synthesize PDO. For an
economic process the total amount of bottoms products will
typically represent less than 20% by weight of the PDO
product stream, and preferably less than 10%.

Figure 1 shows a general overview of the process.
Crude PDO is fed as a mixture (stream 1) to column A. Some
light components may be removed overhead as stream 2. Heavy
components i1ncluding reactive heavy components are removed
as stream 4. PDO freed from reactive heavy components

(stream 3) 1is fed to a second distillation step (column “B”)
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typically represent |ess than 20% by wei ght of the PDO

product stream and preferably less than 10% Figure 1
wWGebows7@9Iyener al overview of the process. 30 ErTUS20PBRO5606

is fed as a m xture (stream 1) to colum A Sone

i ght conmponents may be renoved overhead as stream 2
andlemgpamdrgsbnénes intcligdialg tegbti vesthesary Bonporkntssidual

are r ved stream 4. PDO freed f.romyreactive .
hefi¥yy Torhents  (SHPESRE) | $PERTISY 2 adohy PUrity PDO
préistt! l(atireamstep (oel tavyB Jompbrd 2408 &l 689Lumn “B” may

PCT/ US2003/ 005606 and separated fromresidual_I|ight
optippaanysPeaded daduaic Bedvin( S edmtaRat offbonkpt smprove
rePbOOYG! B BOGhEs RULELYLERO.BLaduct (stream ). The

eavy~ conponents from col um may optionally be

f edBhack PeoocebanhibAlllistieam 7B) to i nprove 5

recover, f P descri bed ,above., Batch Process

D1 SEP| FEPTGR=DTo PTGt HE BT ThiRhtforipe, crude
ppOabelanede, i LrattergdDA Pr 9dugls i 16hagedtd md (column A).

distillation colum (columm A). |If desired, the crude

Ifppesiapdne tishj@wetdal RO ampy ebenmismdriected itghta preliminary

. 0 Y, and/.ar r
1 SATPOGRL S IDY Uoralon S0RLa" ELPLer SORNGL St step.
Dibotldatabn tike cxolduatdd bni dpaleihgi hedp afo tttee bottom of
mxture. It i,s common practice to initially operate

Eheheotdimy Cat MBS FhEC S W &S Ure® dri %t it | yLhbbyecommon

prheeicemyvgl ohithe 1y ohRstads RSt wah@i | 8k atmospheric
conponents fromthe 'm xture, under conditions

prepeussurey whekrghttlhe ekpyes miprberenpdehserf t ghe lightest
liquid _upon.repoval fromthe t of the co

G Fnoul S FBHUTT | ng- TR BT gor at B syhsm t BLGRIFR !t hendeT

coMadpeliohs ofdeyssure)l iwhefy: t3e Griponal hyy bhe ddnddrded to
distilled fractions nmay contain solvent and ot her X

Ligpgdt WPQRr ifeyadr bypPodike s PPonPEhethay modedng without

reéﬁ??in frer Jremewal+9hnt RESe il A GOMPONEaN Sy@Sor@in order

eparate fraction, the distillation 1s continued via
tocontgiumdiyng to apply heat to the columm, and typically

WitB'ptionally, the initial distilled fractions may contain
solvent and other light impurities or byproducts from the
synthesis step. After removal of these light components as
a separate fraction, the distillation is continued via
continuing to apply heat to the column, and typically with
application of vacuum to facilitate boil off of the
progressively lower volatility components such as PDO. The
overhead distillation fractions will contain substantial
concentrations of PDO. These fractions are collected for
subsequent distillation.

The “bottoming” distillation may be conducted at any
temperature and pressure needed to distill PDO overhead from
the heavy components stream. If the distillation 1is
conducted at atmospheric pressure or slightly above (about

100 to about 130 kPa), the required temperature of the heavy
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25 application of vacuumto facilitate boil off of the

progressively lower volatility conponents such as PDO
wah@4/0m822 head distillation fractions will cone@i/ns2003/005606

substantial concentrations of PDO These fractions

are collected for subsequent distillation. 30 The
endboticdrrions’ mhiestd [whll onemapobe e@mductEIDE@ ARy as high as

tenperature and pressure needed to distill PDO

ab@VérW&%fqrwnnAd¢%th@@ay cbnp@ﬂbﬁnsnstpéanPD®fTnhebyproduct

ti conduct e nDspherl ressure or :
iR rS Labve b H60eFo BHBRE 155 e Tt is
theeqﬁb&edpkeﬁeeﬁau@rQcohxhhﬁuheayydl§tﬂil£ﬂﬂéﬁ0&5&82 partial

PCT/ US2003/ 005606, ends bottons phase will be above
vaghst et tdirtsasihi §heascoldiBit wEbE, aRdARk$oHaFe pressure
sdsgradalg an of ADOW 03hyReqauchy WEU e AR,
° under these con |t|on§@ F?QIS%B erefoeyﬁ%e ab%gg?t 1 to
aboondudx EPausanﬁlauﬁmnamuhmtpam$|abmﬁevatumm (for a batch
conditions in the colum, wth an absol ute pressure

pPrgregioutc®d. 1res é’&ﬂht 304RP4C anlowbstl X076r calaSt abyaically

10 kP f . bott t
anpby 180t kR Hhotbse) BE 11 omiBhodERta8 ro dUGE | absolute
prégggremﬁtlgh)é@ GRlchyim) 2B sl 3D t Lo@bOUl 1 70T at flon bottoms

general , | ower absolute 10 pressure (higher vacuum
tempgdstusel oaef drseirFedt | 6rgbatabien t elperaggcéoandof PDO

e a £ i.on roduct at the
P o IRy GRBr oS B SUnF BreAr e £ L Foskl?
dlsAsIIaheondandeeéslomheg%aadmwﬁenttué pd@r heafltent of

ctlogs wi |l di mnish, |eaving a bottons fraction

oveshgrch 46 tdBRBoNdrtls LIS foomsiEris, @ dpgttoms fraction
ofdheeafded g 4 esuthe 8¢ ERRpo thkgméﬂ¥'dﬂ§ﬁéfﬁeéh§s the

distillation sequence. Reactive conponents in the
repoitons &bel dbotveniingd priegemt th@d@c$tnhl@tlhnghbguence

f f PDO h b
o ! ABATR PR (AU 19,105 D8N0 SSRELEL prevene

prbaaﬁvabnabﬁ hsqhayl@mﬁa ﬂﬂ&b&mmmycﬁpnﬂﬂnenmﬁa to the above
fractiaon, the various _ overhead distillate fractions
deé@ﬁ%%ﬁﬁ.ﬁ@f@éﬁépanpﬁaﬁ ppeyrax¥rrepyhbrREY 126£ S ed

SePAFaLe! Yremoval and isolation of the heavy components
fraction, the various overhead distillate fractions
containing substantial PDO are recombined, or fed separately
to a subsequent distillation step, where the process is
repeated. Since the heaviest components containing reactive
heavy components are no longer present in significant
concentrations, the distillation may be conducted in the
normal manner. An initial fraction of light or wvolatile
impurities will be produced, possibly in part as a result of
the degradation of heavy components during the proceeding
distillation step. After removal of 1light components,
distillation cuts or fractions of higher purity PDO ﬁay be
obtained. A Dbottoms fraction concentrated in moderately
heavy impurities may again be obtained. However, this

bottoms fraction from the subsequent distillation step after
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to a subsequent distillation step, where the process
is repeated. Since the heaviest conponents containing
WO e@enTese2 25 heavy conponents are no | onger prESENS20031005606
significant concentrations, the distillation may be
conducted in the normal manner. An initial fraction
“bettbmngho”orvidol abialve $u@atamtéslhylh%hhunﬁbduoedentratlons

pOS LN rt_as resu at,l on
s R Ron e Ly e PRESE ARt 5r oRBedrRYC0 DLV | PREFERSOTS!
ty@ﬁ.eall&&f leksr emaviall 0ofo gt Loiponet sy 16sstthhat 100 ppm,
cuts_or fractions of higher purity PDO may be
ofopRaPRBYL 5&%6911eﬁsbpﬁé(cpff@ﬁuééﬁéém r at ed in

noderatgly qdeavyqi BBHr i fo%%c'@ S:E}tgque ?:Lned due

However, this bottons ractlon rom
tOd|$ILmILtatl@1mSSth afdmaratol D E(ﬂféﬁldim afforded by the

PCT/ US2003/ bott om n w | ave substanti all ,
paFgT dGledcon éﬁEFg}?Bﬁgn ochgH@Pive 85¢ ’con%gﬁenth%‘rlCh
digticohee bedyspresyr S8 s, redorGald ¥ aln%ss siipAR AP to vyet

ppm and ideally less than 100 ppm of carbonyl or

anggher bedytprraticers. SThe tee eiofredcpmumt@mma third
dlBHEi&Xtign %%%Pbiﬁ' %%td%gad%d bfg%hat ﬂle e Separatlon

Sseparation e C|en af f'or
ofdmmﬂIﬂeﬁatnvaxﬂeﬂwychompnnehhe EBOﬁhaﬂunihsallPabetomlng"

cuts nay be recopbi ned and subjected to anot her
SCHRLEFIPRLT OF SML® nBed FOMRioh st HRGLEPREr o Qoct fectively

induskl | h@kbon siBYesn BYA reAadr QM INEOMPLRLL  components
separation of all reactive heavy conponents in the

difALenak tboﬁﬁpﬁtﬁge fsepaPROi-on, or this may sinply be

desb a nggg eEf ebgsc d%ce nore stages for
sep ifficult to separate

fromglo= 1% Capbichi®esS Praocegﬁplmcrlmppém&hwﬁoﬂ of a
descri bes a typlcal i mpl ementation _of a continuous

CORtARPPIAL | ShS ot btskoRNIVBATRF t IFHPAAN/Est | R1S cipdention.
crBBO ”PMOOp&é9n3$#¥lgﬁa§991eﬁéedsEB 588€e8" fB'€one or more

purification and/or distillation and/or drying steps

purpf20arénpveandfer odiatpotetdanofanfiéoki gitying steps to
refiSY Onetgé% bSEOQF portion of the light components before
entering ‘“bottoming c¢olumn” “A” as stream 1. Heavy
components, which may include reactive components 3-HP acid
and/or the dihydroxyester formed upon esterification of 3-HP
acid via PDO, are removed from the reaction mixture in the
“bottoming step” stream 4. Additional light components may
be optionally separated from PDO as stream 2, with PDO
removed as stream 3. Alternately, both light components and
PDO may be removed as a single distillation tops stream. In
either case, the PDO stream 1is fed to the subsequent
distillation step in column B.

PDO-rich streams from column A are fed to column B for
further purification. Residual heavy components may be

present and can be removed via bottoms stream 7A. This

stream will contain substantially less of the reactive heavy
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entering "bottom ng colum"” "A" as stream 1. Heavy

conponents, which may include reactive conponents 3-HP
wa@ediod/o7aoxd/ or t he di hydroxyester formed upon PCT/US2003/005606

esterification of 3-HP acid via PDO, are renoved from

the reaction mxture in the 25 "bottom ng step” stream
COMPORRHEEI oRBRN| | At coRporreht sitmythde yptiagnaldfy column A

ated fr P S i P removed. as
(sZEREEAY L PHT A LA Ayt e S 811y e
repgylbd tenowédmas 23 sin@leowh stot | sttedmt DPs 8br @AProve the
ther case, the PDO streamis fed to the

I .
ov§38§$%ﬁ@ﬁ9ve§§ 8fsEPPration step in colum B. PDO-rich

streapghtf rosnsohspsA are fadbiocohumyB At further ppo
urification. Residual heavy conponents may be

(spres@nt6)ant cgelvanr dhwoved Miexrrsdtelons sotkeamtzaanEhisay be

id ! _contain substanti.ally |ess of the reactive
préé‘gg%@ B Weho00arbrEdss Bey / 605608° U tBrpdrtenpBother
colhan d@ve pPaserdtidsntbe PoOOt AROE €EREUMgAt (SHRABnts. A

4£“ The heavy conponents stream may optionally be
POFEEOR| 8F (oot iiFht ACOBRORPBWA £Br Séfreadm7Eay oresult from

debPRE¥EohNe r QVEIR) | cbREBMERY <Ofi PO e Spbi
egonponeﬁts are séﬁérgte% %strgaﬁf%§%%?0n1gg5%l(%ﬁr%@&ﬁmn A
3-BydraxypkapplBcralatendtselgne bstbhsspearesmay Tieis reaction

.pr.oduced as an overhead distil] at nd. routed to
n1 B B oA R o e S Sh b1 L8 BRBO ol et gy (Stream
3) corpenReness Af Pehbi GurMert hef | tabBbreeaRANeNdSadds obtained
stream5 may result from 1.0 degradation of heav

(acBppenEnt £T rliviel bbttbam oFodbmgmeeRaration efficiency) in
co§aﬂxdg9xyegg%g%rs>é acguearf S0 A é%&hk§§r p%%' Pheoretical

reaction rs production I'gh” pur i
stegbamMmiA (stiwam 7A) regaoditdss obft hehsunmbéghaf components

theoretical stages ohtain nmeasur e _of )
2DHPSEH T al Ton Tof Chlh Sbpdfiadi of L6F1 | EPeRdy) FROTs incomplete
sep@LHBNoA. &F van diess cbh@bnantisnf bphberidgbeln ofstream 2 of

theoretical stages in colum A, a portion of the

colpghtAconponents appearing in stream5 will also

Looihe, KEOMIRGIR, P oBEPALALLOB:Okrd WY SOMRLDEN Pation
column 1is that conditions are chosen to remove the maximum
amount, hopefully wvirtually all, of the reactive heavy
components via bottoms stream 4. The amount of heavy
components that must removed will depend on selectivity of
the PDO reaction synthesis step. Typically, this- stream
will dinclude essentially all heavy reaction byproducts,
which for an economic process will typically comprise less
than 20% of the PDO product stream, and preferably less than
10% of the PDO product stream. The first column cannot be
boiled too hard or else reactive heavy components will go
over into the second distillation column and the undesirable
heavy reactive impurities will contaminate the PDO leaving

that column, and react further in the second column.

Generally, the goal 1is +to achieve a reactive heavy
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colum A 20 The key el enent of operation of the first
distillation colum is that conditions are chosen to
w0 20me®3vhe maxi num anount, hopeful Iy virtual PgT/EE1003/005606
of the reactive heavy conponents via bottons stream
4. The anmpunt of heavy conponents that nust renoved
COWPPGBEEeﬂBHBﬁn*éelJéu}F/bﬁtﬂs} PeavhagpPixhe eférsdn column of

nt | S . Ay cal hi t . Wl _inelu
gt s Tl et e e 1ee
than ebomdnild 4 aeestss wokt mypitahl y asehmidste pessersibap less

20% of th DO_product stream and preferably |ess
th?ﬂa%golf%%fgﬁ ?ﬁgtﬁDﬁeﬁr Blﬂigitlogtream The first col um

canngatabeaBOybhoi ket apdrakd 1ar gksen18aeti g heahe heavy
conmponents wll go over into the second distillation

CopBPuARtanBCothemgndesreaml ¢ Reavydueactd véiinmper | sépsration
tam n eavi.ng _.t-hat cqlum, and .
ef%g%?ﬁ?gr?ﬁér a(?%%%glgg]co%%ﬂ co ur¥‘7nl.lr}L @r?gcr aﬁ%y,pfgﬁélble to
segeabtés twdlachPkVe anteacttinee hepROY pkbdﬂ@ﬁZOgﬁégiﬁﬁgzwhile
PCI/ US2003/ 005606 conponents content in the
maF%E\@iLﬂbngheaffr steaottiffh Seavves§OMRERSABSU M 0tbg0o bottoms

hefayt 2oR@bnBhklsi 8prephef erghlivdiass than abaut 130G 105t
arts per mllion, and nost preferably less than :
wighobhe 1D02pHr compenenicklstorsans winvarbabless sonen PR of the

i “lost™ with the heav caonponents bottons
mah, EL085aLE b Mg HGePE (hox BT GO i trigeTR) - The
bottshs| katrkan, nidy e | siofebeeP0ssi RIte1elr0 pieepaf @€ M | steps
PDO i ntfo the product streamwhile maintaining all

PDO
(¥ BEREF V@R hedWy tREApSidhid Ik ioRe Botdrnternrs ingnvyto recover

soRONPENENL s shheam Typically, the anmount of PDO | ost
with the heavy conponents streamw |l be | ess than 50%

of ‘the mass flowate of tHhiXAMREEREAmM (for an economc
ExD feSf,). The bottons stream may be subjected to
X $—purification steps (extraction, further

diSAi|dﬁﬂ663naqhﬁdﬁ@geﬂﬁﬁéﬁm@diQtée%ﬁﬁﬁkml150&9@@39Eg 27.5%
1,§f£§5£§§édf§fNPH%%o>, with light and heavy reaction
byproducts, was obtained via continuous ethylene. oxide
hydroformylation in a 3-liter pilot plant with isolation via
water extraction. The sample was analyzed and determined to
contain 0.3 wt$% weak acid (3-hydroxypropionic acid) which
was partially neutralized to pH 5.7 via addition of sodium
hydroxide. ‘A portion of the water was subsequently removed
by continuous flash distillation on the pilot unit.

100.1 grams of this material was charged to a batch
distillation assembly comprising a 1-inch diametef vacuum
jacketed column packed with 27-inches of protruded metal
distillation packing. An initial distillation was conducted
at atmospheric pressure (760 mm Hg; 100 kPa) to remove the

remainder of water and light ends, yielding 498 grams of

product analyzed at 93 weight percent 1,3-PDO.
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Exanple 1 A crude aqueous internedi ate stream

conprising 27.5% 1, 3-propanediol (PDO, with |ight
w@ea4loaayy reaction 20 byproducts, was obtai nBCI/USR03/005606

continuous ethyl ene. oxide hydrofornylation in a

3-liter pilot plant with isolation via water

ext VAEHHBN. "Fhe Efipl @Prad ednal gzedrkiieiveletlst nicredl omm  Hg

prmﬁlgg%b” Q.3 Wb ye kk@SLt ?éﬁl %% &W%Qgia‘;t”i&n aghdly heated

was artla[ y ne

toaCiCﬂlt Ra0) Qf243@dft'd>mezﬁ5féwr@%éﬂ§ll£*t99flt 200 OfutBication of
ter was subsequently renmoved by continuous flash

PD@lsHﬂh%u¥%ﬁ16ﬁ rR&ipi wets waiiusied. iOgﬂ@mé(ﬁeu¢nm / take-
i al c ch sti n.assenbly
oTEonse & fiRRar 2RI MEATr BB Bo SR iaend aSRORR A

pacDedtmﬂﬂ.htZ%m nthessof pdefindead aet afr3Btions collected

d | I at Am tial distillat
- nihet S0P R A EH A FricioUrel (VD e Sapated in 22

tokPeg IaMevRcth@ns! €FRYN t o
Oyleld%ﬁb 498 gfan?ngf g§§ogﬁ%?9%ﬁ%?y§§6 E? 938§£0ﬁﬁgggraphy

(9B&F ceRtgurs- QD@hOMS wzb@mlam%mwimmst@oséeﬁvery of

L U | T B o RV 211 (7 3bYBROFTSERYL-, 3-

dibeahed %o lé’dnd@néa?é&r&o %fﬁcﬁﬁictdl stdfl | atopen agdth  Hpa),
gurlflcatlon of PDO. The reflux ratio was adjusted to
COfpeGPPRELRE Fot aKe-1ndtdpl iad culiatadh eetcexteptien epf 1.41

wt®D the dishdl lif’g' an g@aﬂ?agﬁ&ﬁl latien * tS.L" 5(7detdltged (good

as fractions coll ect romthe top of t
aguesmehthtloﬁhxﬂtﬂﬁstvmﬂvﬁaimdathd MW ZBZthydﬁbxy&w@tal to

fractlons .anal yzed b chromat ogr a (gc).

e idre 27 %ﬁ%géf?he¥$%§ul¥ggmhlchT?Hﬂfca?%gFééov@Wy P2 was
ellfiddtddgrianseDflgyaikeiacetal MM32 producing PDO free of

(2- hydroxgw}hyl 1, 3- di oxane = condensati on product of

thppa fpept A}ateéoFﬁe%b@n@%ﬁ@llbahhohn|t|aI cal cul at ed
Sglr‘%:%%?zatéégcfé% ingoocé% ;{ggerr{etglrrglr;]llt ;4:% lﬁlgga?%séede%ecame
domevamt ed tthe MAIS2 hyﬂMExWacduaklﬂaataome nmenes. Mass
spdOL8liLg fhan Fq, Thus, acetal MV132 Mas 0 e 3-
hydroxypropylacrylate. The mass balance of the amount of
acrylate evident in distillation cuts indicated 0.8 wt$%
should have ©been present in the original feed to
distillation. The gc trace showed no evidence for this
species, however, with a resolution of less than 0.05 wt$.
Despite increasing in successive batch distillation cuts
(Figure 2), this species was also not evident at measurable
concentrations in the distillation bottoms. This behavior

indicates reactive formation of a volatile species during

distillation. The acrylate probably formed from the known
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elimnated in early distillate cuts, producing PDO

free of this inpurity later in the distillation. A
woew48psei es not evident in the initial feed bRCHDS2003/005606

dom nant in |ater batch distillation cuts. Mass 20

spectroscopy analysis indicated this to be 3
3-hydroxypropybadcyl aetel.d Thereasstbaliancetbg t hemianmint feed,

acrylate evident in distillation cuts. indicated

zofl gty SRk Ea T LBV SoBeuRthr EDBnEntn BEhe B feed
elt@indtsbhkl ation. The gc trace showed no evi dence for

this 25 species, however, with a resolution of |ess

than 0.05 wt% Despite increasing in successiyﬁjbatgh
distillation cutg, (Figure 2), this speci e was™ &°€E™

not evident at surable cengentrations ijn the
HolT St hggyi en %\T&Hshﬁgior,{'n' a OH

reactive formation of a volatile species during 30
distillation. The acrylate probably fornmed fiffjomthe
known 13 WD 2004/ 076392 PCT/ US2003/ 005606 1fho
3- hydroxypropionic acid present in the initijgl feed,
followi ng esterification with PDO and bet a- hydr oxy
elimination: di-hydroxyester O O -HzZO *1~OH evateester
HO' 'v "OHHO'~~0OH 1-H20 ~O acryl ate ester  ~~
"O'"~~CH 5 Exanple 2: Redistillation o ef headedoH
Product The residual heavy conponents were transferred
Exenblef 2:t heedistilllation blFaskef-bkbawed Py duaref ul

cleaning. "Cuts”™ 10 or fractions of overheaded
pr odBigt TR e UdenPRBY e FOERORGE tENAFRER baeRsEerrRe out of

th%i8&5%F@&h@@oROEid@%NﬂUT¥%wQH hRAVYa - ne°@f@$§in&he “Cuts”

i Ssti ati on was conducted under the sa

or fractions of overheaded product were then reblended and
charged back to the distillation pot, now free of heavy
components. The distillation was conducted under the same
conditions as before. However, both MW132 acetal and the
acrylate impurity both diminished with successive overhead
distillation cuts, such that a PDO fraction largely free of
these impurities could now be obtained. This behavior is
characteristic of a simple distillation fo remove light
impurities from a heavier PDO product, in the absence of

reaction. The results are shown in Figure 3.
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conditions as before. However, both MAL32 acetal and
the acrylate inpurity both dimnished with successive
wo@rloaa 15 distillation cuts, such that a PDECT/US2003/005606
fraction largely free of these inpurities could now
be obtai ned. This behavior is characteristic of a
WESThPI¥:distillation to renove light inpurities froma
heavi er PDO product, in the absence of reaction. The
results are shown in Figure 3. 20 14 WD 2004/ 076392
PCTLUS20A3/00%666 AR G MulifAcptoeasst & ¢hede mixture
purification of a crude m xture of 1, 3-propanedi ol
ofwhi éAPEBRPRFEeS BNEGH GRTPSA&FFY renoving water or

ot her solyent so+fEQAY G be 13- nedi
n1xture;(%g) ngtiI?}ng ﬁﬁgM%§ﬁ§% Y?%%%?a%gngﬁgﬁr solvents

froimxtheecruddeil , dondppanadinhi nhxtaxenri ze t he

separ at i of ¢co ents . .of the mxture which ar .
heavi er ?ﬁén T}éggingHeéﬁﬁi ?FBﬁ?lé”#L@moPaneéﬁéi mixture
unde3- phapanednel waneht e xGaiReNeiHs ypLineien | bght6hponents

than 1, 3-propanediol; (c) drawing off a stream which
of c Sheai X eir ¢ edBichngde diednke, shppopanthiraiirit@l from
east, s opent s L Xt [ a
th%igﬁﬁ%r t é%éﬁéggil.9%?035%ed?%$?6£§%€%deg$§¥?F%%ngigghter
théhelgBrpanpeheflcplt o separate the 1, 3-propanedi ol

fromthe conmpagnents in _the streamwhjich are [|lighter
Lhon 1S BT P anet B’ By Gyt Eorh S es %t least

moweicbfar@heeay;gtpkaﬁanédﬁoproaﬁaedgel-18958; BRe of the
process of claim1l wherein the distillation is
cogppaaeted Pat chesemkihreensharhof arfe héabyer than 1,3~

pr§§€38§$g%s agaior to distillation of the stream of

he process of claim 1 wherein the
distill atdon deésteédbdngt ethe nstaresam efont) NaUSseieate the

1, g?g{:ghgntﬁQEBth rﬁgaorgnxt %g]e( %Sqr&]ggnér?tsm :?gegchfeorstare%?nr Iv?lgich Tare

lighter than 1,3-propanediol and any residual components
which are heavier than 1,3-propanediol.

2. The process of claim 1 wherein the distillation is
conducted batchwise with removal of the heavy components
prior to distillation of the stream of (c¢).

3. The process of claim 1 wherein the distillation is
conducted in a semi-continuous mode wherein the stream of
(c) is stored for a period of time prior to step (d).

4. The process of claim 1 wherein the distillation is
conducted in continuous mode with at least two distillation
columns wherein components which are lighter than 1,3-
propanediol are removed from the second or later
distillation column in a distillation tops stream.

5. The process of claim 4 wherein a distillaton
bottoms stream from at least the second distillation column

is recycled to the first distillation column.
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4. The process of claim1 wherein the distillation is
conducted in continuous node with at |east two
wale@iiordsat i on col unms wherein conponents whi CPCHDS2003/005606
lighter than 1,3- propanediol are renoved fromthe
second or later 30 distillation colum in a
di sbil | alhenpropssst péamliaim Fhevlprociessa oflistal hadion tops
whereip a distillaton . botto streamfr, t, | east ,
St R setbRE *diSt 905N ool IRt Y < Chebydned P8 { glum  is
diétisiedi 8bi kkabien saliutnondd WP32004L04639231 .
PCT/ US2003/ 005606 6. The process of claim4 wherein a
di st 1 atP8n REPEEI r &m ARYm Phe seEorrilaimg atler through 6
jstillation j isti L Q.recov
Whg%l%iutli oﬁg 1?%?%%2a?€di gﬁ:f‘ 74.:&%2%5%?00&33?% egnya%l?llént ot
compouént as whitdhr cangd Beafiwfrertdian t he3sprepmmetiibt) than are
contains,a %lcq)wer.a]['munt gf gorrponents whi ch are
CoRLAVIE! t+hah™S, BLHFBpantHi 6P)than are contained in
thegm xt4whe Prdddss B.ofThanpr o6ass &F a9 af through 7
claims 1 through 7 wherein the streamof (c) contains
whepehpr &hchaftapent df 16)wetghtapescamt Bbreonpomentdout 1

Lch vier - pr nediol. .9._ The
we%%ge s Ig%é}lanyognéE oéi crg%r?trrss iﬁ{}%rhoua g DSHare ntRe 103

prepaeadiol.(c) contains no nore than about 1000 ppm of

congonents whi ch are heavi er than 1, 3-propanediol. 15
10. 7 The pPBcdd LTS anPiongndr en&i nef 1 titidfgh o through 8
whiBEl 81 RHANG A P &F Of ¢ f heoditshind atd oo eal ¥MS ishout 1000
replaced by a flasher or an evaporator. 20 16
ppm of components which are heavier than 1,3-propanediol.
10. The process of any one of claims 1 through 9
wherein one or more of the distillation columns is .replaced

by a flasher or an evaporator.
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