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25 Known processes to purify 1,3-propanediol have serious limitations.
Liquid-liquid extraction of aqueous 1,3-propanediol (Malinowski, Biotech. Prog.
13(2), 127-30 (1999)) was disclosed as “not good enough to make simple
extraction efficient”. Another liquid-liquid extraction (DE 86-3632397) uses
cyclohexane to extract dimeric acrolein from 1,3-propanediol; however, the
30  process takes longer than 1 hour and is of little use for removing impurities other
than acrolein. HPLC separations of 1,3-propanediol (Mao et al. J. Lig.
Chromatogr. 17(8), 1811-9 (1994)) with ion-exclusion or reverse phase methods
are well known but can be used only at small scale because of the cost of
chromatographic media and high pressure operation. One standard technique to
35  purify the 1,3-propanediol includes evaporation of the process stream followed by

distillation, both of which require extensive quantities of heat input and can be
costly.
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di mensi ons are SXF#48al to the performance of these materials in catal ytic
and 25 . The zeolite structure consists of corner-linked tetrahedra with Al or Si

atoms at centers of tetrahedra and oxygen atoms at corners. Such tetrahedra are
combined in a well-defined repeating structure comprising various combinations
of 4-, 6-, 8-, 10-, and 12-membered rings. The resulting framework consists of
regular channels and cages, which impart a useful pore structure for separation.

30  Pore dimensions are determined by the geometry of the aluminosilicate tetrahedra
forming the zeolite channels or cages, with nominal openings of 0.26 nm for
6-rings, 0.40 nm for 8-rings, and 0.55 nm for 10-rings and 0.74 nm for 12-rings
(these numbers assume ionic radii for oxygen). . Those skilled in the art will
recognize that zeolite with the largest pores being 8-rings, 10-rings, and 12-rings

35 are considered small, medium, and large pore zeolites, respectively. Pore
dimensions are critical to the performance of these materials in catalytic and
separation applications, since this characteristic determines whether

reactant/adsorbent molecules can enter and product molecules (in the catalytic
2
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Silicalite has been used for ethanol recovery from dilute aqueous.
solutions. In one i,inplementation (Sano et al. J. Membr. Sci. 95(3), 221-8 (1994)),

30 silicalite membranes on a stainless steel or alumina support were used asin a
pervaporation method to obtain selectivity of greater than 60 for ethanol to water.

. Additionally, H-ZSM-5 zeolites have been used as a separation tool of

leucine and isoleu_cihe from aqueous solutions (EP 645371). H-ZSM-5
(Si/Al=14) was used to separate isoleucine from leucine in an aqueous mixture,

35  and then the zeolite was regenerated by contact with base, a process which
generates waste salts which must be disposed or treated with expensive
electrodialysis. Leucine and isoleucine, both six carbon moieties with bulky

amine and acid groups, have much greater molecular size than 1,3-propanediol,
' 3
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1, 3-pr opan%(g i oga{ﬁﬁgg%(ﬁé%g?%ﬁéﬁ h%?g’S@i gﬁé}%}g’gltﬁfééqﬁéé gf&ep {a) with a

desorbant such as an ethanol:water solution or any C,;-C,4 alcohol:water solution;

(c) collecting the 1,3-propanediol, glycerol, or mixture of 1,3-propanediol and
glycerol eluted from the zeolite in step (b); and (d) optionally repeating the series
of steps (a) through (c) at least one time. Additionally, the process includes
selecting in step (a) a first zeolite to selectively adsorb a mixture of
30  1,3-propanediol and glycerol from the biological mixture, and after performing
the series of steps (b), (c), and optionally (d), then performing step (a)' by
contacting the mixture of 1,3-propanediol and glycerol with a second zeolite to
selectively adsorb 1,3-propanediol or glycerol from the mixture of
1,3-propanediol and glycerol, (b)' contacting the zeolite of step (a)' with a
35  desorbant such as an ethanol:water solution or any C;-C,4 alcohol:water solution;
(c) collecting the 1,3-propanediol or glycerol eluted from the molecular sieve in
step (b)'; and (d)' optionally repeating the series of steps (a)' through (c)' at least
one time to obtain a purified 1,3-propanediol or glycerol.
4
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1 oo PAGBBH B el A PR RO BI]
i nventi on al saakes use of relatively simple equipment and easy mamtenance when compared - '
to other available methods. Also, the method resolves the major problem of the
high cost of currently available adsorbents and the product variability.
25 - Selectively concentrated product is provided in accordance with this
invention by contacting a cell-free broth with a zeolite-sorbent selected froma
group of molecular sieves at a temperature and flow rate suitable for sorption, for
a period of time sufficient to remove impurities associated with the broth and
enrich 1,3-propanediol.
30 Where enriched 1,3-propanediol product is desired, the invention also
includes a process for desorbing sorbed 1,3-propanediol to provide a product
which is enriched therewith. The process, based upon adsorption/desorption, is
particularly useful for high product recovery where the product is recovered in
ethanol instead of water and therefore is less costly to distill.
35 In the purification process, additional impurities may be present in the
product. It is preferred that a principal compound (e.g., 1,3-propanediol, glycerol,
or both 1,3-propanediol and glycerol together), be entirely removed selectively,

not only from the fermentation, but also from other contaminants, by products, or
5
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| npurities may SR%L gélgc%%treﬂngv%%un on 1&% In &Bst'ugs%g{r%go%%n{ ﬂgst ﬁflféﬁm pal

conmpound (e.g. propane F 0 ane
gl ycerol toget here)momneretthmeﬂv tmnbmenp@:@ﬂ@ud thus|the cost of reprwing ﬂlsmmghfe

fermentation, Righy @:J&&@&@&Jaed seeont ﬁ?ﬁéaﬁon?)’oﬂléxﬁ%ﬁés’swha{ the s¥fBent
01/ 25178 PCT/ US00/°27257 . co- product s suc as. g

ucogsg 8 elcero etc. One
skilled in Phe inFegensraieds By selecting the propes moleaularsigve(s) apd uilizisg @ncommon. | n
TOSt | NSt ances progmidolVeRs désoptivhidfisbtbed ! 3-prOpaNAIOTDA Scpafialonidfe t ar get

d and t t he t nd d
IR U M TR O
By sel ecting t leothroopponents eabeschievede(s) and utilizing a prograrmed
13" propancd ol . ol yRaigfHEatar "@%*’a%%%%é&. eI B TP IO her 11 om
other broflfi c@hbmmwss gachd¢finitions app In the application, unless
speci fical ly stated «gf hgy Pfo?ﬁct rEfi'x%vﬁl""lé Mrf\gateéﬂsﬂ?br evi ations and

deflnltlons apply: "lLn._si roduct I s abbrevi ated | SPR

"Vol umetric producti \VQ‘}me‘ir’é'ffPé? WWh@%E%théﬁn%F ptiprodustirsaduced inp a
gi ven vol ume pefivén vBumeip éxhumelwhﬁﬁntsg@tagmhé/klitéﬁﬁmﬁplabhevﬁ&brgm ed g/ (L

hr). "Titer" refers, ,Ih ocentratJon i.n the,ljqui hase wth
units of 15 grans/| |'[It-‘tgf g%g 'S‘F chyqneentgation in the Houid B*’“%‘ tBHBF%ﬂ?f at ed
3G "Qmax" land gi—:lms/htee,fahbrdmted]g/uangrm r paraneters of maxi num adsorbent

| oadi ng and adsor bat gﬁ]é:ﬁ b 2, respectively. Typical units
are grans adsor bat e/%:ﬁﬁlgg sor %e%st?& § gﬁd grans/liter (g/L), 20

respectively. Ml ecliiQmaxandé K ef ‘Wép mh%m“nrpatrmetsrsm anakimum defined in
R Szosak, Mlaagstbant 1& §nd°£ds8ﬂiafé| &icéﬁtraﬁﬁﬁhh@ﬁia&/?.ai’éé é&%ﬁy Fratdion,

A e oA B S roni ik S sl LT e the
fol | ow ng: 20ki eespettively. At I as of Zeolite 25 Structure Types (International
7ol 158N 1970) AP B L ARy 58 3o B S Y SRR ! 00
Chenistry and dséolacqlsn &evase&umplggo&bmtheﬂns andfderitificatiah MenddostraBdci et v,
(1976); Breck, Reffifld {0sbPhiGhgh 87 AddRYGRI udeflllgoderalidfidhinceP¥&hting 10 %eolite
structure and characterization include the following: Meier et al. Atlas of Zeolite
25  Structure Types (International Zeolite Assn. 1978); Mumpton, “Natural Zeolites”
in Reviews in Mineralogy 14:1 (1977); Smith, “Origin and Structure of Zeolites”
in Zeolite Chemistry and Catalysis, ACS Monograph 171 (American Chemical
Society, (1976); Breck, “Zeolite Molecular Sieves” (Wiley, 1974); Dyer, “An
Introduction to Zeolite Molecular Sieves” (John Wiley & Sons, 1988); Szostak,
30 “Handbook of Molecular Sieves” (Van Nostrand Reinhold, 1992).
A class of zeolite species employed in the process of the present invention,

)-.

is a medium-pore synthetic zeolite that in the as-synthesized form can be
described by the formula: (Na,TPA),[Al,Sigs.,0192]~16 H,0 for ZSM-5 and
(Na,TBA),[Al;Sigs.10102]~16 H,O for ZSM-11, where TPA, and TBA are

35 tetrapropylammonium and tetrabutylammonium cations, respectively. The
structure and synthesis of these synthetic zeolites are well known in the relevant
art. These zeolites can then be converted to a hydrogen form by standard

procedures well known in the art (Donald W. Breck; Zeolite Molecular Sieves;
)



Introduction to Zeolite Ml ecul ar Sieves” (John Wley & Sons, 1988);, .
Szost ak, 30 "Handbook of Mol ecul ar Sieves" (Van Nostrand Rei nhold 1992) A
class oVOAIGF e speci es enployed in the process: of -t he B?'E’yémﬂ"?ﬁventlon
is a nmediumpore synthetic zeolite that in the as-synthesized formcan be
descri bed by suprer. fWhenithe balabeing lRaicr] ifY thEzéditeisTPY thehGtheif@mieooriZ s 5 and

(Na. ;Sﬁgg;ﬁa 531id Beifl Wt 2hi ﬂ?t@eﬁ%ﬁ)?é Obei ot Laraly}iP BF Easbibtive HiGneHficy §leSor

I ons, T es

structure an@ost}nmpfﬂwfaczdnewtwwmmmzm pare architectuest [Thenown |n the

rel evant art ‘{Zg%%ﬁg ted to a hydrogen form by
st andard pr(g{:egﬁfgglaéve F*’ sﬁz@@f‘s art %%gﬁgld W_ Breck: Zeolite

Mol ecul ar58| eves; BW@!?P@B@BWP@QWQ‘FWm@Bb?H' SWehfarhe bal ancing -
cation in tha,Zpriphhcliolsephratidn RomtaRllffFerbrowr K"uttﬁel?noré @mﬁoﬁ%ﬁr fhat can

reveal shape-se t|ve cat c_or e.ta

confi nemenlto gfe dﬁ?ﬂ‘ﬂ?@‘?% BWW?ﬁgﬁf?‘ﬁzsﬁéﬁeP cg?ﬂhf’éh‘f ure. The
H ZSM 5 has adsabed b,gq:mpnnedmlwasdlkplﬁcéﬁ bsngsbﬂmml/wﬁeﬂ miawe., ddredverpnt, the
resent inve 1 froma
2e|| free brﬁ%ﬁgﬁm Eliéﬁw"}z’ano as%?%y@ﬂc?@ae *:or?c% esof‘p&?on of

1, 3- pr op&Bedietianek m«z@ndsatgemeldesrabummﬁoenf@mmg thewéutuamfdr dotbpane- o
1, 3- propanedigi] bYaR e@ia%@i-ﬂ@l?ﬂmﬁﬁret Mt kel oFaL 1 ro%‘affédi'&l rodftt Gayer. the

yield of 1, 3- rease cr.easi ng Qncentratjon of
10 et hanol , \R)R]FEﬁtqgﬁﬂ |bE§§ Je/§1 Ai@P%gli a‘ed?s%ﬂ?‘fﬁnﬁf’ﬂﬁnlﬁﬁé ethagel on of -
1, 3- propane- télelote thy adsor k anediolmam;ta €, alevhal 1srvﬁﬂﬁﬂﬁfe)3c6}fae of

1, 3- pr opaned| oI as. 94..7 % AIthou h
the netant . i pteAff %‘F:ﬁaﬁs%‘é‘ﬁ“é‘f'ﬁa o3 l%rsp%esf"i aPheRPiEi ppisfméa at ' 04
1, 3- prophﬁedmﬂm teanger@ure. Gowdvenlitis ekpectdd thattemperatwesketwéen rohm pr esent of -
the. present 4 e‘?&{&eodhdt!b%ﬂl Wmhd%ﬁgéd)ﬁgememmperforned at 15 room -

terrperat ure. ver, It 1s ex at terrperat ures between room
t enperature and 8éne1alt¢matspe@eé@%@ta@s%¢nm;earaag@ﬁ%esm@e@s In an

alternate enbademrﬁy feadxhg\mesdoam@mraamebsdgsamén@ﬁon%femaiimemd by
r,at.|

f eed he The first
| ow concent r SrtdAw sBbeiraion SR Rfhng BihbRu Ao MatRal Wi e (ne 2o
second h2@hesecond bigher emncentratiomtewecbpxsdmmnaaﬂy ﬂﬁ-mpﬁmpduﬂaﬂ'hmlpmdmesﬁr his
process rEdrédﬁge& ﬁx@ &R Bf cd?{%ﬁﬂ?ﬁ&ﬂ"&f‘?ﬁ bﬁgaaﬂédxai @11196@199&5{3#&#2@ th other

corrponent S. erre I ment ment at.| on, ves s set up

with a broth rec IF@HWJ‘E‘F?Q"FH‘W“%? fsmenfationiuessel (1) issstyn with pibrethat i on -
uni t (2) andréi:u@ﬁiati&ﬂi‘l whfch'xﬁ&ﬁhé&d&io&d-m&ramﬁ%lﬂ(ﬂ) aidwcdlﬁﬁﬁm of

IR e T et R
The set ups al fermdtahemoﬁalmaﬁcuhnmﬁﬂ footircapable of producing 1,3-propanediol from :
glucose was added to the fermenter (1). The setup allowed removal of broth from
the fermenter (1) permitting the return of the biocatalyst cells to the fermenter
while the cell-free broth was passed through the zeolite column (5) to remove
~ 1,3-propanediol. The broth was ultimately returned to the fermenter (Figure 3).
30  The procedure is performed with two ISPR periods which increased the
production rate to the highest rate of the entire run. This result demonstrates the
- positive effect of the ISPR. For use with a fennentation broth, cross-flow
filtration is used to remove the cells before to contacting the broth with the
molecular sieve. Other solid-liquid separation methods such as centrifugation,
35  dead-end filtration, or tangential flow filtration can also be used.
In an alternate embodiment, the zeolite H-ZSM-S (Si/Al=140) is used for
batch l,3-propanediol removal from the cell-free fermentation. The demonstrated

numbers for 1,3-propanediol adsorption (0.132 g/g) exceed those obtained in the
7 _




the fernmenter (1) permtting the return of the bi ocatal yst cells to the

ferrrenterwgyghlﬁl the cell-free broth was passed through the zeolite colum

(5) tore 83. propanedi-ol . The broth was ultimtely r SCHARIY21257 ¢ he

fermenter (Figure 3). 30 The procedure is performed with two | SPR peri ods

whi ch i ncr easedrt (e., Swholiertet ak) byad 1% ar mowe; theghebseticahtoadings (M7 efgire run.

This result de f; 0 Quse with a
;@?ﬁ* Crosag:{g?i‘unrﬁﬁ?k{:é Mehéeeiff e £H b W/léplﬁore':o{lh

fermentation b |on|s us enove e cells
before to cont aubstawiallygrestenlpading meﬂh%thamii-“e’@alltﬁrm%ﬁ@%]els negdedand hence a

. solid-liquid S%amreia&armuawémﬁp eﬁ&ﬁeﬂumefr-@ﬁfed%ﬂééaﬁe%&&d

filtration, an flow filtrat can so be, u In.an alternate
ermbodi nent, 5t h lﬁ"éﬂ? Fbezssmeﬁ W@lf&éf? CF‘% ?evyﬂtrgqpxre
1, 3-pr Opanedl oldeserptivmbydlésundtliess sobﬂehtrfrsragewhﬁdhrwsmdmr deébreastahi®nst r at ed

nunbers for adsorption (0.132 g/g) exceed those obtained in
the 7 WO 01/ 2§f§’§1%§§f§%§&7 27257 art (e.g., Schollncr et al.) by 33 %or

nmore; the theoreti cdh ahother ergboditent; aghmber pitmolecualar sievesrane exantingd forceed
th th mean
that 1 ess. zeol 1P L3 ttopArRhiol Yl foerdl b 1 3RGAR:PaAd (9L 461 iR Behdlty 1o
capi tal exp8nsSumprisinglyanelseilpr sieves guch and LEM-Jreolites(SV/A=4Wendat i vel y,
the same quant IH-ZSM-SZzé@ixtbt(SUAﬁﬂ 5bE hatb e t%%i’%lfe Wefal Idading g5 %ﬂ%ﬂfé@%ﬁ'ﬁﬂ%' on

cycles and | ess solvent age decr eas erating
expense. |n anéfﬁﬁtr‘ Qn‘?fo‘d?ﬁ’g‘rﬂamép Yceé‘? WeE deunde bejdspendent en €ani ned

~for their 1, 3chompaﬁﬂrérmd>1ec1ghxysisreol , or 1, 3-propanedi ol hand gl ycer ol

| oadi ng capacity. | Si | ecul ar.. as

zeolite (Si/A1=140) W%%é% ?3@‘8%?‘%’%&1%%%‘5% ?"r?esnf‘%a“r‘?f)ﬁﬁﬁst
total |oadilhgs r@mdvﬁdfeoméhafemmta'smimhbyus,mg)fzecmterZSMaﬁeeblmé and

gl ycerol were fgy)qgsbg)&q_lm té)qgl%ﬁelsacgmegg Qhidhes IRhEGH ar sieve.

I n anot her enb d ment , gro ane fycero are si mrtaneously 15
renoved from t drfgsrreﬁhaﬂ rprﬁpaaeﬁlobglmmgelmm@smm Thotesulting

(Si/ A1=500) or lﬁﬁﬁyh&dz&@ydeﬁﬂ(rﬁkhﬂémkﬁ&ns ¥Biaaienbamitibh @b t ot al

| oadi ngs and h di ol cer.ol ctrvr close to yni y. The
‘resulting 1, S%ﬁ%‘&ﬁﬂ%‘% e%‘éﬁ%? X?ﬂ ﬁlf‘ﬂrp% H‘é‘iﬁ}ée‘b%‘i’%?‘gﬁ’eﬂg?

gr adi ent eBQrtrecpawlondnsthodmldhabdmﬁllamm m xture can al so be further
purified using CO“"?H?&%@@J@@S&?& 1%gﬁﬁwe%9&d§&?%oﬁ§ﬁg' Pl ! ation. In

yet anot her enbodi ro ane enove rment ati on
‘broth using a Ksmeatatign sqtbvemwatmplm 111’ siesiecwith high pelectivity, for p3opmpane-

- diol/glycerol ﬂﬁ)l@ﬂ%@fdl QEdes%BEH&abcﬁ'@daM\ﬁe %ﬁ‘ﬁﬁﬁﬁhaﬁ bfdth l?srﬂkxbtrbét & Wﬂi& a
tHf Eg\fg ;V'ef)r. ? glolim 1) %%m%gysrtlh%lg% Wadlngr}joxg &yl:&gij (e.g., H-OZrSI\% 5y ge%ilte, Sl/AI-IS)
25  to remove the valuable glycerol component. Combinations of the above methods,
to recover 1,3-propanediol, glycerol, or a mixture 1,3-propanediol and glycerol
- either sequentially or in parallel, are within the scope of the present invention.
Moreover, it is discovered that using any of the above mentioned
molecular sieves in a separation step and ethanol in an elution step achieves a
30  yield greater than 90 %. H-ZSM-5 (a particular form of MFI) is chosen for this
means of purification; however it will be appreciated by the skilled artisan that a
variety of zeolites will be suitable. Other zeolites for the purpose of the present
invention can be selected from a group consisting of MFI, MEL, BEA, MOR,
FAU, LTL, GME, FER, MAZ, OFF, AFI, AEL, and AET and materials of the
35  same topology as these specific zeolites. Preferred structures include FAU, MFI,
MEL, and BEA. These molecular sieves are well known in the art and are '
described by W. M. Meier et al. (Atlas of Zeolite Structure Types, 4™ edition,

supra). Examples of these molecular sieves might include but are not limited to
8




25 to rermve t he val uabl e gl ycerol conponent. Conbinations of the above

met hods over 1, 3-propanediol, glycerol, or a m th"btl‘lalg

1, 3- propane |o?§and gl ycerol either sequentially or in paraﬁwe,ﬂzszlre
within the scope of the present invention. Mreover, it is discovered that
using any of those withhi | ratiesi(erdy] 2D dndieatingdheacidity, hydephebacitynpereep and
et hanol 'in ang é%a%ﬂlékﬁﬁamtegsfaﬁmé&amﬂ& ﬁa:ﬁaw@fk tpR1iOiedbadt ZSM 5

(a particular n for i fjication;
however it wibP¢® 8-3@"5}55?‘"88?%%% afﬁ%atgxgptp ISE‘a’ aér%’é‘&ﬁnmggﬂ%{mc%r iety of
zeolites w | |trb&nﬁ:msts&&l&m&1|ﬁﬁﬁg #raholeadar sievetwich p vodtinge Spécxﬁbalypaesent

FAU LT Eaveeoniakof rasiceaids HeR, W R Rl Lt be Mhcomilhea e o0
sarre t opol ogyfaib\mh@mnwecﬂ)fasaxmﬂ@bfﬂlemolﬂukiretewemb exposest torthsambiehtude  FAU,

Mre' descri hednibhers T ﬁeme%dllﬂﬁeﬁ%ﬁ*ﬁ‘h%fw@gﬁﬁw} i L‘&“E? ?ﬁy‘%eindm h
edition, sup$3<!l)Ple Bdligredandriadst seominnenanatare overjgly; (3) dha sammple isdbebut ar e

not limted tRefediR ffbWidg Aitfd Eﬂt’ng?ﬁgurstﬁfﬁ§ﬁréébdxﬂg H’bﬁhxeﬁt éaﬂber at ' 03
(e.qg., >5£ I ndi atla% he aC|d|ty dr ophoboci t Si ze,

charact oGt i B el gre SEPL IS RPaREIRS & IoBE P IR PRt sclotedn
further inprofiegh diliconhaininiminh,ersnand shospisius to deposit ubsstabtially ohdlnd cal

treat nent o
Spect 11 ca |y, Sijertal Rfcts/or i mbfeclh SEe 1) 618 Whigtt R oP B AL, o

- can be acconpThebeatingican hiso be petformedpnmomdlisted rmbecdarssamsewmch caneyield ecul ar
sieve is ex po ?oxttﬂs p?{?%k@?&‘tp &h%le@ﬂlgr élévé fORR5 %ﬁ‘ﬁjldcﬂxde but

tetraethylort 03| |cate our s is filtered and
dried at Hoonhetd m&datpah@ee@esawﬂgh?m\dsse mulg%u?art@r.@@%ﬁ? mEWREADE, in
f1 ow ng nitrogeme #ike550C for 3 hours. The preceding treatnent can be 10

f d wth |
Cel coten  1rom oi | 1bPCET GRAVEY B0 Do o ive By HESie 8 Nngipll T

subst anti al | yacpxaot&m:pom&omle i thefinvantionf the mol ecul ar. sieve at |east

0.05 wei ght % of tR&, tlv”mﬁ ﬁ‘gf 8 ofh ﬂﬂxtﬁf‘edﬁri f&ﬁﬂe&&

non-1isted nol ecul ar SI eves pent fo ose of the
i nvent i or20 Moanscglyesrokytilizing the ﬂhO‘@adFSWqu %ﬁam%s ePF"n‘i’ rsb W]yt hose -

in powder, exiimpdddip xﬁéxﬁlaudi pfov;deadatsy fhiniiahee Whecstipirediticthe kadwh he | i ke’
It is further dlsc.overedt re stable.to |long term

aqueous exposifParaigp p{&cgdurpﬁ ‘f‘ﬁ@"l:l ﬁ?/@?ﬁllq’(?ﬁ’w §8?)|§Fg€?‘6?$ BHPOIE S Y nedi ol
glyceral , or smafiertronethose deséripedogbave tavel verp iffencht gdsorptivel prapértiesandg t he

above- descrl b\%ﬂl H&'b%cc ﬁflc gf%ﬁﬁvgfglﬁs&ﬁﬁgqf:’, fn?hgﬁék dial Y 5| rrpl e equi pnent -

and provi de easy nance nown aration
procedur 6. As wi |In ssmmnﬂufemmhozéalm\@b' seRaTates 1 'BES’(P@“ ioleglygernl,

or a mixture of 1,3-propanediol and glycerol from a mixture of contaminants,

by-products and co-product compounds using specific molecular sieves. It further
concentrates them during the separation using specific desorbents. It still further
minimizes the cost of the following distillation or purification.

30 The present invention is further defined in the following Examples. It
should be understood that these Examples, while indicating preferred
embodiments of the invention, are given by way of illustration only. From the
above discussion and these Examples, one skilled in the art can ascertain the
essential characteristics of this invention, and without departing from the spirit

35 and scope thereof, can make various changes and modifications of the invention to
adapt it to various usages and conditions.



smal I er from those described above have very different adsorptive

properties and vm |1 not be capable of selectively adsorbin

1, 3- propa@M@F17825 | sunmary, this invention sel ectively ‘%5%“3@&57

1, 3-propanedi ol , glycerol, or a mxture of 1, 3-propanediol and gl ycerol
from a mxture of cont ami nants by- pr@jg«;M?[@sd €0z product conpounds using
speci fic nol ecu v furt her. concentrates them duri ng the
separation usin ents. It still further mnimzes the cost

of the follow ng di sMatdrmisiamdmethodnsuithbled‘d)ﬁthamaﬁﬁeﬂ'dmee pnégmwthiofivention is
further define t hat

t hese Exanpl esdbv»ﬁ:riﬂe‘| [ ﬁ'g%éc% | ng pr br%?a%a& n%u'” cgfgﬁbWﬁg%l%\c}gnt I on,
are given by wefpllowing ¢7@§m1@tm@h ofound aFseout incManywd\of Muthadsfen Genexall t hese
Exanpl es, one sghdibgslobn p?ﬁerlﬁdl’t RSGEE! Mdi‘ra yRal E?@@Hshﬁ:‘w Eugene W.

h t t ft th ‘th t 35
and scope. ¢ her QuFst erc%ﬁwe&e ARG ST i‘hoewfg%&%ul@%f, Bt Aerices
' :3 @#Bts Io%/n2t7 (2)57W férmmwablo@yswasm n;’:lDd,‘ (le&llmﬂwte&ny\?ggllff25lt78bl

. me s .suitable

for the nai nten%‘leﬂf?:%gJ gﬂgfmﬁaﬁ Mygro baa{g%ﬁrg&atleﬁ,?r E&la WA PSSREBRSY i n t he
art. Technil§uesSundetlay, dMassachusastes (19893. Aﬂiréagelntwwasgloanmcptmesmjd be found
Cornardt. R oA Bedfoh ﬁ‘;ﬁdﬁ ol ”@Bﬁf%ﬁ@%ﬁ*@“@@é’elﬁﬂré oblRed, o o
Wod, Noel R Kiemehldrieh ChemjcalsdMibpaules,pW]), E{!EC Imberateries (DstroiteM)),f or
~ M crobi ol ogy: Vasicomren (GQ@&W)MDﬂ dr'Si d&ggtﬁ&hmj C6Mparfy (sIe.vs&B@qhogf

| ndustrial M crohiol Br ock Si nauer "Associ at es
Sunder| and, Mas¥HEHS spaabied. A | reagent s, restriction enzymes and
materi al s Ll§6d for tTie m&mﬁ@oﬂﬁhbréﬁaﬂiﬁxﬁﬁamnﬁf;vsbaﬁcéiﬂeahs Sezbhd(s))hfin”

 (Betrort, My, s aE Tnsns ot Bedishaands) "Rt BiGialiiS o,
(St. Loui s, NtD)“mTu’hmgus mtlhbtews)s éLépma@ns llteds), iBlM'hmemmmlhglolﬂr “M” means
?b_brew ations 'rﬁ Be ‘hﬁh&le‘fﬁeansﬁﬁf?x JEE) g ﬁﬁﬁm&)o‘mé?erfd}?%aﬁwﬁg“) ,

~"h" means hour(s ans da AL® neans. m ans
mililiter(s), angd nﬁemﬁanr@g{asr}(s “Faw mgans ¥olymelperselame. © M neans  nol ar,

"mol " meany mldehtitlatos hnd Meas e Qof tlonﬂf‘iﬁ‘%ﬁﬂiil%c%l@g{ag(s) and
mg" neans nanogra i.fj cation
ang Measuri ng t%e Coﬁ gﬁ??@?%ggﬁéﬁﬁrﬁﬁ@abgﬁ&?Pﬁne‘ﬁ‘fe yFbry %md
gl ycerol nmay bemedie td high edessure digiiid/chirymatography (HBLCh enalysisli Brefa‘rreldugluhe

pressure |1 qui 4L ORREAWAR Dinddhbd-hed Tl cHation th&if I ddiyzBd b Sin

analytical ion exchange column using a mobile phase of 0.01N sulfuric acid in an

25  isocratic fashion. In all of the examples the concentration of 3G was measured by
HPLC or GC. A
A Waters 717 autosampler, Waters temperature control module (T=50 °C),
Waters 410 differential refractometer, and Waters 486 absorption detector
(1=210 nm) was equipped with 2 Shodex HPLC column (SH1011 sugar column,
30 300 mm x 8 mm) for 1,3-propanediol quantitation. Mobile phase was 0.005M
H2804 at 0.5 ml/min isocratic flow. Pivalic acid was used as an internal
standard. Under these conditions, 1,3-propanediol and glycerol elute at 26.7 min
and 21.2 min, respectively.
Production of 1,3-propanediol was confirmed by GC/MS. Analyses were
35  performed using standard techniques and materials available to one of skill in the
art of GC/MS. One suitable method utilized a Hewlett Packard (HP) 6890 GC
equipped with an HP Innowax polyethylene glycol column (HP19091N-133, 30 m

x 250 mm x 0.25 mm) was used for 1,3-propanediol quantitation. Detection was
10



present invention is a method where fernentation nedia is analyzed on an |
anal ytical ion exchange colum using a nobile phase of 0.01N sulfuric acid
in an 2WOWEEYEtic fashion. In all of the exanpl es the cBAE&SMARSON of 3G
was neasured by HPLC or GC. A Waters 717 autosanpler, Waters tenperature
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absorption _de ed h X col um
(SH1011 sugar®®Bf %fﬂ‘éﬁ gg%%(}lwgs@%&%yrﬁ \.m —% URReES 315191 8% ati on.
Mobi | e phase meﬂlVﬁﬁﬂl\/SaxhpBﬁmeemorﬂvrﬂmntmﬂmlsdbrdﬁﬂmsé b@ndmcmsyal ic acid-
was used as agn t%&% t @’f“’ 3- propanedi ol
and gl ycer ol al?l?%éﬁﬁ&ﬁ Gan? n lanc}yggsélﬁlﬁgﬁ&?gggg%ﬁeg v roduction of
1, 3- pr opafediMediagand Carhon Substraies: GO/ V5. Anal yses were 35 perforned using -

standard techni queg RGtaRMiTVI5 pAHAYFDTEOWES ised MEl Brmekiatibngd destfied art of:
GC/I M. One Sld)l jiqa*gle method utilized a Hew ett Packard (HP) 6890 GC

equi pped w t ‘HP | nnowax pol yet hyl ene gl ycol colum (HP19091N-133, 30 in
X 250 nm x 0. 25 nrjennantatioiethedliarin thePpresenpmvention mustzohtaineduitable chdboact i on -+

/ d
The oven pr offiPaXigts Sgbie supstas madE b e noABiie L 2901 0O CO CRCPY o
250 C untlDI tménasacohardes (Swdhi as@ﬁdomdgwase)ddlmwccmﬂgs Esuch Jaelactom vol ume
was 1 m. er‘ gg&%?e?ep&g&%ﬁdrﬂ% sucﬂ-as?s‘tﬁEHB?gEzﬂﬂ Bixak ctﬁér%%%aﬂ e at

2.5 mn and 3 spective on Su strat E. coI|

strain FN6 pAmpBrifesDixtges ﬁ?gwnpwalap rfeeﬁ@tpﬁﬁr{%&h %r@emwww@aneaé@ ow.
Fernentation daacéte% L ubheugu'rebsariholmugrahdeﬁrldytmalt)cqmaanmaw thelhogar bon -

substrat es. e su rat es ut are n lLimte 0
Tonosacchar | UL (el ey e SbE2arbal suales Suct s BogBbeeh B il o as -
| act ose 16r sfur:whs:h)metpiuﬂr;cs:anmaon irgs kéy bivbheasicaltinteohediates bad bdense or

m xtures ther pcks (such
as cheese V\he&m‘%l?neg? ém%?ﬁfs&gg%g %%r& lé;{]a?ﬁﬂlf Eee gﬂ)gésses énd b<(51rl ey'
mal t). Add.t.gnmldghydpnéfqrmamhas epagted 1 3%%@9@&% £Xamada -
substrates sughi. a i@agia@rcmpm@s,,mrs m)pandlﬁﬁaearenwuﬁﬁtefrataabol i

&yeer o °Bré%8«mkee B ST AT LOBED Teneremiges o Srigti el

f or mal del29de carboh@ompbends) emgingdn oxidlation steteifronmaiethane to fipinate, ;mdast s (Yanada

ot ol b oI eT Tiehdhygph? ﬁﬁ‘ﬁtﬁ%ﬁ“"g?&g?"gﬁ. c‘%ﬁ*’éﬁif‘ﬁa{g

Q)

singl e 20 camenoph @?P}éé'@n thsough:serine @r thyowsh Bdulpsmmemep Om% Fettsehakk, t o
format e, and Bacterial Metabolism, Second Edition, Springer-Verlag: New York (1986)). The

ribulose monophosphate pathway involves the condensation of formate with

25  ribulose-5-phosphate to form a 6-carbon sugar that becomes fructose and
eventually the three carbon product glyceraldehyde-3-phosphate. Likewise, the
serine pathway assimilates the one-carbon compound into the glycolytic pathway
via methylenetetrahydrofolate.

In addition to one and two carbon substrates methylotrophic organisms are

30 also known to utilize a number of other carbon containing compounds such as
methylamine, glucosamine and a variety of amino acids for metabolic activity.
For example, methylotrophic yeast are known to utilize the carbon from
methylamine to form trehalose or glycerol (Bellion et al. Microb. Growth C1

_ Compd. [Int. Symp.], 7™ 415-32 (1993). Editor(s): Murrell, J. Collin; Kelly, Don

35  P.Publisher: Intercept, Andover, UK). Similarly, various species of Candida will
metabolize alanine or oleic acid (Sulter et al. Arch. Microbiol. 153(5), 485-9
(1990)). Hence, it is contemplated that the source of carbon utilized in the present
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produce glycerol. The pathway of car b’on assimlation can be through

ri bul ose sphate, through serine, or through xyl ul o%-ﬁm phRsphat e
(GottschaYVE[mBEg'gt erial Metabolism Second Edition, Springer-Verlag: w
York- (1986)). The ribul ose nonophosphate pat hway invol ves the condensation
of formate wi tHnpationmaensomppsiosyidsrvariety qf sarhon-containing subsgrgtes and aill

becones fruct pqgﬂyagglinﬁfég%qgé thoidd 6f drparfi@mcar bon product gl yceral dehyde- 3
- phosphate. Likew se,. the "serine th S | at es t he one-garbon
sed it L o1 e b d

conpound into the gléitheughiitisgop RYCRFAINS °3te. In
addi tion to ongubstthtésndanixingss thefedf aret shitable imniHeqiresephinveticgg preferpedar e 30

al so known to uti,Jize,a nunmber,of other carbon caontalning conpounds such as
met hyl am ne; gl%ﬁwgfﬁbﬁ%a egh*;gﬁ,&?ﬁ{og?,s KRG oég?egféﬁpg( met abol i c
“activity. For exanplnadditionity lanappropiisteycathon savnce kieunentstionumedia nmist he

carbon from . A : r ' )
M crob. G ow %@Yaﬁ%%ﬁ?lixﬁg{e%@ﬁ%ﬁpffef@ﬁ)ﬁ& %&?gl{s@a() %%@ﬁbééﬁ?sdﬁg%
Mirrel |, J. Coltpithosegkilled in therarg suitablefosthesgrewth ofihe culiwes andpromstion of) .
Simlarly, vari nam' },C;gyg i - h 13 534& ' ;& ; | eic
acid (Su?/t eIr ettﬁg;é.. Arcif?.eP%tl\}/lﬂ%:a oﬁ' gss.dglﬂllg ;?r 48 Eglbgd?gg%&?%g@gp It

i 5. cont enpl!8t eftieRUeN ISV gFaltf‘é\“ YT 2 2107, By rﬁﬂ?ﬁ-ﬂ%t 11 WO
01/ 25178 PCT/ USD@hizd Conditions:ent i on may enconpass a wi de variety of
carbon-containing s t.raie nd_ will ly~:be limted by the.chojce aof
organism Alt hough iufﬁ’u‘%ﬁ‘é’o?sﬁlgr%? AN ?t?i@t }Ca’glap B?OPP% Iﬁ%‘ﬁ@ep%ﬂf%ﬁm&%‘
carbon substr anedia imtheprosent inventionraze oramen smm@ntidly prephredmeiesich as

| nvention, prefighfatnai; A8 PORS WABOGAL DAl SIS HS BRI of Vh HRA se,

or methanol. In a Lon to an appropriate carbon’ source, fermentatio
medi a nust 15corhrathn Qther dafined gr pynthgtic grawth media sayaley be ussdrpdike and ot her

conponent s, kn_fbgﬁroptrﬁtetrh@éiﬁnﬁféi‘ btoveth iof tHe YRrtidullar riidtdorPdnisrh Will bB&néwAMyN Of
the cultures an ronot.j.0 .O‘L th enz% tic thvvag/. necessary, for

1, 3- pr opanedi ol*CPiEBEE IEHn 1Bg Afto gRCTOLIIoR T RRRETAIIA iepER, 14e w5(af) )

salts and/ or viagentsknBwih2o arodplatceatabolite tepressiof diredtlyl drindiréstlyde i, epélic
Typically, cell gexy LY 0 I+ | P rl:ed growth
media in the pragglgl%?‘ [ n.%é\ﬁ}oliéﬁﬁ%Pgat%m %coﬁn@%@?gﬁgﬁﬁoedﬁg%g%ﬁ%gdi a such
as Luria B8rt anedig.| Similarly, the wsalob agentakmoavn togeedyldpengymaatie astivitisa §¢.gaedi um

(YM 15 brot h.méhiiefioldgbhyiRat 104d R¥RhAREfentsoVS profatbdiolBrodadinm may bsed

and the appropriate nediurnfor,_growh of the particul ar, nj croorgani'smw | |

- be known by sdﬁ%‘i)ﬁ’ec"é’k‘mcp% with'qrias aﬁlaﬁe’S‘F“Yﬁ EEBEYt B’@?’Pgimf’ﬁ-nent ation

sci ence. The use of Sui@bleipH kangeifor theetititrhorCat bbtweeh 9H £:016 pH DO

G TEct LY o | nhSERRI OB Bt EU S e AFBRLMR G OnoP0SPRat )
25 Reactions may be performed under aerobic or anaerobic conditions where

anaerobic or microaerobic conditions are preferred.
Batch and Continuous Fermentations:
The present process employs a batch method of fermentation. Classical

batch fermentation is a closed system where the composition of the media is set at
30  the beginning of the fermentation and not subjected to artificial alterations during

the fermentation. Thus, at the beginning of the fermentation the media is

inoculated with the desired organism or organisms and fermentation is permitted

to occur without further addition to the system. Typically, however, “batch”

fermentation is batch with respect to the addition of carbon source and attempts
35  are often made at controlling factors such as pH and oxygen concentration. In

batch systems the metabolite and biomass compositions of the system change

constantly up to the time the fermentation is stopped. Within batch cultures cells

moderate through a static lag phase to a high growth log phase and finally to a
12



20 nedia. Simlarly, the use of agents known to nodul ate enzymatic

activi two nmet hyl vi ol ogen) that |ead to enhance '
1, 3- propaned&oﬂ production may be wused in conjunction F?ﬂﬁ!g?(fl%nm

alternative to genetic manipul ations. Suitable pH ranges for the
fermentation staonaey phase wheregrowthorage is dirginishnd pehalieds Ihunteeated, eclls in s
prefgrred as fh'&%tdtt)lﬁ gﬁgﬂmlé\»eﬁmau;éleRmkixgmgpﬁ&e éé%eraﬂ?raf-ét;rm?d ugdfr o
aerobi c or anaerobj ondi ti on e robj G. or, m crgaerobi ¢ conditions
are pref erredfeslﬁ%ﬁskbjeé’ﬁ&h@m]ﬂp a% tﬁé‘r‘ﬁg"ﬂg Jb‘ﬁ or ijeEmedig®ent process
elrrpl Oés a batch WEAhﬁﬁaﬁénéleﬂmwndhndcbitchGyaﬁﬁME&ieFddaBabhﬁystmnt ationis a -
cl ose sy e conposition .
begi nni ng o "ﬁ%&;ﬁfx@pm%%%gﬂpﬁas% 5%58 s&%ﬁ%%‘%ﬁ? f‘{i%‘ve%l glat'@r ations -
during the fmmpmea!ttypnalb‘ﬁmhsystgmwhbﬂb@gcmonghatﬁhqmwﬁcmd&dmn the .
media is i nocy L:fé‘ir?eﬁts"!sttﬂeleﬁxﬁ &gﬁ ?%g%&gnpgm{ h%&@ﬂ)!s%f@sus%ﬁﬂ wishment ati on.

S permtted to occur w ditign tg.the system Tlypically,
however, " bat edtabolifeieptession isapt Fosmbﬁ’clféhe mctaboligm g the qells anwhergit on of

carbon sour cegagngblaitd BaR 1smitéd Bheunts 6ie§ﬂlb§t?di€nﬁﬁ1e efedia, QUkAsieenieat bothe such as

pH and oxygen co elgltratlon | n atgﬂ 'éﬁ th%bﬁe &bol Lt géj bi omass
conposi ti ‘t‘ﬂ‘m{fﬁ strote coneenietign In EefiBeish sysfemssdittichit ap ?1?‘? '
fernmentati on ¢ssinfuteagretie bi¥is bf the lohanpes ofdnbanumle:fnk:toss sm:hdepb]r, dissdivedigh a .~ -

| h 1/ 25178,
pCT US00) 375599 %ﬁ%v@gﬁﬁwh%ﬁé%ﬁ%ﬁ@%%%f%ﬁ% ?%Raﬁ%ﬁé%ﬁ% H el ted.
| f untreated, feoaentstlamaretcnmnmm omas qmrtan@@nmmrnyy founde| | s in -

| og phase genﬁrﬁlouy s3pfa. r esponsi bl e for the bul k of production of end

pr oduct or i nt er medi A variation on, the. sta rd bat hs stemis the
Fed- Bat cHl ystem étﬁ@tghléh?ﬂws?‘ﬁl‘%m‘%‘iﬁdﬁrfﬁ% ’é’g@é‘}‘a‘P@ suitable in
the present | ébh@éihpl@ﬂad i theoferhod sukl Beygdaptablehatotimpas Emmﬂaﬁoﬁ he

exceptlonthat rate.i s added. in S fermentation |
pr ogr esses. MB‘%?’EF@ %ﬂs&flo\%‘g%’;&g%g&aa ?eg}' pression i s apt
to inhibit tr@mmmmm@saddhécwmmudmdoahmctqranéandemhamuetqfo have
limted amunéo%dﬁ{onwnfehfa% &ng&ehuﬁnﬂeﬁe&mlmw&m ObntiriBud O act ual

substrate concentrati on %item; 1S diff &ﬁna,nd s therefore
esti mat eclon ieﬁgerﬁg{rgqrgg@pra@ Mé"%ﬂ"é’d‘@é@e mF@é%ﬁF%‘bﬁt@tk%%‘c ?%W ffeas pH,
di ssol ved owglareapﬁdnirﬁlylﬁ)lifgtplﬁkeyomwe of waste gases such as CQ2. a

exanpl o5 may be. { P Braeaataf o WL AR of A Mhadrbr'alf I1 ; N
i s performed numbeatof Factorsithat affect celd:gmrehpr aanpl'Othconmtrmmoﬂmv\oul d be
adapt abl e 10 &aﬂﬂwﬂyﬁlg{lﬁd%ghﬂ&hamaﬁﬁﬁm@m&ﬁ@aéﬂwéc&%me& ion is.

an open system W
P S or nitrogen level at a fixed rate and allow all other parameters to moderate. In

other systems a number of factors affecting growth can be altered continuously
while the cell concentration, measured by media turbidity, is kept constant. -
Continuous systems strive to maintain steady state growth conditions and thus the
cell loss due to media being drawn off must be balanced against the cell growth
30 rate in the fermentation. Methods of modulating nutrients and growth factors for
continuous fermentation processes as well as techniques for maximizing the rate
of product formation are well known in the art of industrial microbiology and a
variety of methods are detailed by Brock, supra.
It is contemplated that the present invention may be practiced usmg either
35  batch, fed-batch or continuous processes and that any known mode of
| fermentation would be suitable. Additionally, it is contemplated that cells may be
immobilized on a substrate as whole cell catalysts and subjected to fermentation

conditions for 1,3-propanediol production.
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fermentation nedia is added continueusly to a bioreactor and an equal
amount of Bg %I oned nedia is renoved sinultaneously for %r ocessin

Cont i nuou@’ofg if57 mentation general |y maintains the cul t ur eSCA{USQORBA t ant
hi gh density where <cells are primarily in |og phase grow h. Conti nuous
fernentation alQellas for the . nodul ation of one fact.or or any nunber of

- factors that affect slsuflh Wﬁhgrr&%lﬁ{ré}ﬂféﬁtcoﬁ'ﬁﬁgt?ﬂfoﬁe caﬂ%rbg% exanpl e,

~one nmethod will maintain a |mt|a§nutr|ent on source 25
M

or nitrogen | ewehydratase enzyme. rkypicaliy dhesnzymeviil bereither palyserel dehydragase
noderate. In Qﬁ-laQﬁol%éﬁ @afasehaHAP & Suldtrafedpbanisitp fdr@thenglysromgh can be

- altered con I n ile the cell centration measaHFe bﬁ nedi a
turbidity, ﬂéspr%aﬂ OlntespecEyrl; Rriwarawsteg@gngsmr?s@ VEFRE st eady
S]E ?t e gr O\Q/t hbc ;gmyhetolmhydmﬂyp:bﬁﬁ)nhlkllelllydee(BlHPm):s%\ghﬁhes ﬂﬁnl&ﬁﬁiv@?eﬂeo ng drawn

of f nust be ba LNst it 0| rate t he f.ermentation.
Met hods of m)dL} §f°%§%?¥%e]§§8%% \Mﬂ?‘g 15‘?%‘96‘Fd%185tﬁ$edr?ﬁous

ferment ati on prewashinant asganisns bdoanlthagmeimCmnbmter,zEMgdbheter ate of
product formati S y and
a variety of n@?ﬂﬁgﬁﬁk%ﬂ?@? B’BJI Br oc&a(%bdcm ?\{Ifc?dor%&n q{lﬂﬁrﬁévﬁgd t hat
the presend0 |n\bé’rﬂel’$§’ﬁsﬁlﬁ 34)81 Faﬁtto@mﬂuegg}yger@l YhéarmegBtipates, Amfdgiﬂa&ch or
continuous progRssiRFomPpELst Didos@thakombBs, Peéifa Q{’luyieﬁérﬂﬁ‘c‘bkaé&;%dd“)u' d be

suitable. Addit nal I | at'e hat ce be nmobi | i zed
on a substrate ¥ lqeﬁgaﬁ%aﬁnycgﬁgw é’d’s’t"oa‘%eﬂ’! Q??’Gﬁa
“condi tions for maybehe hests foral remmﬁnmﬁtldahydﬂ&sé/ﬁ@id&m& m/shfm 85/ 257

O S oL S Bl PO RRS R SR SRS PR d ™ " 2

- dehydratasé5 o wwe@dhmpvsbthhmrgmgsras delmgingtte thpawive neentipnédr
ei ther glycerolg, &fSSCx}sth ngpdrghm tdbES 15 ¢ F}M.ggeyl S atase enzynes are

capabl e of conver r oxXypro ona hyde (3-HPA) which is
then converted to ®mo f@!ﬂaﬂle&%ﬁﬂl@}(hﬁiﬁ ta%mfiﬁqyamms may

Io n;:I uge [rut at e@hamhfagtlﬁéx@ﬁimlﬂdiﬁg Zteég m:b@*@(gﬁlallley FordehPA lGSifa"-@h%mle
robact er, er oba r ie anonel’la, an

Lact obaci | | us. ?&z‘ﬁ?éﬁs EM%%V%@QSW?’ led in the art to
produce gl 3@er oI by fernentation, e.g.EXAMRMRIiIIus, Saccharonyces,

2ygosacchar ony ce81ecll ¢ Bbfivenhiy 6F LIS oG Rl of/Defifion ! | &
Debar yonyces, ana Ve osts for

a reconbi nant dehydﬂétgaﬁ?‘éméﬁf)ﬂf@ m@themet@mféi&ﬁl\déuhzws s VeNah t he

r'

('ll

present invent cgtion bildntdeSIBAEDS! 76 % %ﬁf@BO%hﬁmﬁéE‘Hﬂ&?Wﬁ%a@l&ﬁ ift® an
Streptonyces. It |sbI|e(§&ithat or aannE th e abpve
ment i oned Amicon column (Millipore Corporation, Bedfor mlc olumn volume,

25 ~1"1ID) and cell-free broth (47 g/L 1,3-propanediol) was pumped through the
column at 0.8 ml/min. This flow continued until 1,3-propanediol breakthrough of
the column was observed (i.e., when the exit concentration of 1,3-propanediol
equaled the inlet concentration (t=90 min)). At t=120 min, 50:50 (v:v) ethanol:
H50 was pumped through the column at 0.8 ml/min to elute the adsorbed

30  1,3-propanediol product (Figure 1).

Mass of adsorbed 1,3-propanediol was 2.10 g and mass of desorbed
1,3-propanediol was 1.99 g; calculated recovery of product was 94.7 %.
EXAMPLE 2
Programmed Solvent Desorption of Adsorbed 1.3-Propanediol

35 A column (1 L volume; 1.875" ID) packed with H-ZSM-5 zeolite (see
Example 1) was previously contacted with a cell-free broth mixture of
l,3-pi'opanediol, glycerol, glucose, and other components (feed concentration:

8.0 g/L 1,3-propanediol, 29.7 g/L glycerol). Two-step programmed desorption
14



groups, exist in nature that are suitable for the present invention..
Zeol ites used as the nol ecul ar sieves may be obtai ned fromvarious

manuf act WP ncl udi ng Zeol yst (formerly PQ (Valley FoPGEUSER257
Slid-Chemie (Germany), UOP (Des Plaines, IL), Uetikon (Switzerland). 20
EXAMPLE | Selvmstaich&véﬂ)hy&eﬂmgtthc)mlumni(lmn%dp)awﬂh iS¢ BtOM/T0Ya HyO

Adsor pti on Desaii.eny s % BOHSQH 3,0, s W03 THEOI1gEa e/ S 5 (75 %

H+, 25 % Nat " catio al an umi na bi nder)
was packed mmdgw mcemi,wbﬂ%mSO&ﬁﬁtﬁ @InQ)gln insedorgiaantly d, MA) (40

m col um Vol BropdRedidl. THe)5 %rE*OIJD'%%H?%szQi@B(rﬂﬂm&/s)— é'%%‘ﬂc@ilﬁﬁ”e‘j' ol).

was punpe throu fl ow contl nued unti |
1, 3- propagedl"BF181 ?r]@tfsr\$ @bﬁ’efﬂ‘l an@gé °L€5§§F\9@H’ (i.e., when the"

exi 1 ConCent [gdel 5 plopineliepe240) ohe m@mm% HQD%tepC(@FﬁB&gintuﬁérs% on e
Col umn a0, 2% pieEtoftdsisnne BRooY eyt 813 5.4 Lo piBRartR Choss o ©
(Figure 1) Ivatie 1 3fprepansdiokglyted! prictandte 60 %EOH/500% §1Ahsteprthesefofe c
desorbed 1, ;b Ei%gﬁ' L finc%ed]th?? cﬁmrtﬁfﬂ a4l ﬁPﬂ%aﬁ&ﬁ&l qu{'é’e[g& Jeﬁﬁ%i{th was

94.7 % EXANP Desorpt
1. 3- Propzlﬂedﬂmfesé(ma%sdﬁm cn.ronmﬁél%sb‘ce@ 5P27); Byrthere iS4 h H zSM 5

zeolite (fsee Etémsm%eHgoemtWitn\mopﬁbmam&aﬁmd1eyshbatanﬁﬁldheide@ broth
Concent  at i ofeweE=BREgar of sahL SRR tsio The prdbtamed ey, hp Serep.
pr ogr amed desqu»'sueps;tﬂﬂtefﬂtéﬁﬂulﬁmﬂagﬂs@&dl}%ﬁ)’fﬁlﬁ&?and/\mi 3aprbpmedm1-by C
feeding the hﬂﬁ?ﬁ |l owed by 50 % .
Et OH/ 50 % H28R: ué ,%IE%%?%&@&%}/%%@&%%&/&KE%S%@M gl ycerol, while
the 50 9%ft OH/ 50 % H20 el uted predoBRAMBLE3 1 3. propanediol. The. 5 %
Et OH/ 95 % H20 step (tmaduTPicdanedidl Renfoval #6ih FRfmenta@aisBedthng of 5.8 g

gl ycerol and 1.8 g an : atl o -1, 3-propanedi ol = |
3.17). The 50 %Et"@ljlblsf?g%'&%@%‘{eébel D5 1e eé’ﬁ“@ 4 it 2o
consi sti ng ofbré&h2é&cirpulptipn ésopl which irkcbudedg. ctoss-flovofiltratidn ehit (2)pae a rat i 0 e

1, 3-pr opanedglegl KSF1 ok A07er 19 i IAGHOARP Y BRO SRR herof or e

has significan rease prop on o ropane I@ycerol

relative20o I@enmal imeqmposition to shat gsed laﬁaqa@p%?e)da lugtrgt%mdr‘ igure
Further, thi $heQuitfm Eﬁmmsﬂm¢tpm9)%ﬁdmém€praam@gwﬁb dnediel " ed | es:
heat input d to, the t heat et han r.el aj ter. The
programed e Ili:{f’l"'il Slr\“’o"’r?e‘?’%‘ %ﬁﬁ% rmngef eﬁgmg lﬂI"Fe?eg B F‘Escf‘ég% e‘t’%"&’ ﬁ\%
gl ycerol.- ri cHerhrientdri( Dywamin&omi?:h pnthpaﬂSBRo |At 35 h, the fermentation showed a :
: slow down in 1,3-propanediol production_-(o.s g/L hr) and cell mass, indicative of
25 impending fermentation failure. After the first ISPR period (60 min duration;
flow to filter 6 ml/min), the rate of 1,3-propanediol production increased almost
threefold to 2.1 g/L hr. After the second ISPR period (112 min duration; flow to
filter 6 ml/min), the production rate further increased to more than 5 g/L hr. Total
concentration of 1,3-propanediol produced, including the amount adsorbed,
- 30 exceeded 60 g/L. This number represents a 100 % increase over the base case
(30 g/L at 36 h). Total volumetric prdductivity (g/L h) increased by 40 %
compared to the base case. Further production of 1,3-propanediol post-37 h
occurred with little cell growth, as measured by final OD (Figure 4).
EXAMPLE 4
35 &mmﬂaﬁm&ma%&mm
H-ZSM-5 (Si/Al=140; wt % Nay0=0.02; crystallite of 0.5 um) was tested
for adsorption of 1,3-propanediol from cell-free fermentation broth. Zeolite was

batch contacted for 24 h with agltatlon (200 rpm) at room temperature (nominal
15




rich fraction, which otherwise may have eI uted together (Figure 2). 15
EXAVPLE S“J 1@ ysé 1, 3- Propanedi ol Rermval from Fermentation Broth A 2 L

f er ment at 'on V2% | (1) (1.5 L acti've vol uf‘na) was set up wi BH/US0037257 1
recirculation | oop which included a cross-flow filtration unit (2) and a
colum (5) (1 L22/t¢).| reguid. semplesivisre mehlvamdmvvmfdﬂ-qﬁ&mtﬁtnmof 1 Berepanedidht e 20
(identical in ca{a%g‘lfe% Pn to that used in Exanple 1), as illustrated in
Figure 3. An ino um of E, coli (FIVE pAH48pDT29) capabl e of producing

1, 3- propanedi ol f-r-ormot uCGSc was—addao—to—the—fFetrenter—ustreg—the—sqt up
described abové [3Giinigal, (f BSleawil griglylnjtiahg felylequilf) 56 IG@ing |wighkeolt || SARtvist |35 h,
t he fermentati ¢n_showdd sl dw ogian iin $13- dr opsipedijddadipg.ghict BGily) (d. 8
g/L hr) and celll gggss.| iggdicat|i vggpf 45 iggperfdi erjme i gqn ghald urdg.
After the first—tSPRjer UEI ot at{ggu, ?}giivv o ?TOIB% e \'?E%?ém H) ,

)
the rate of 1,3-#i8bared®df prlodddsior] i 48P edse@ 138 myst 0.08hr gef 41765 to [2. 1
g/L hr. After thgo§ecqndshePR |penkbed (11180411 dyipd i gn; OTOII‘PW to413jtl tgr 6

m/mn), the pfoductigmratefiorther—mcreasgd—tonore—than—3—g-t—+—Tot al
concentration @f 831 dr ofdBedilol 98P oducef00i ncl 4d26g |t h8.08khDL nt 488 0r hed,
30 exceeded 60 g/L. This nunber represents a. 100 % i ncrease over the base

case (30 gkl qbexﬁéndiaatedﬁamhgm aa&fm&l 019 ﬁa\aeélal/g 8otk Wefdas ed by

40 % corrpared e case. pr.odu ctlon of propane di ol
post-37 h ooc A gm %i?ﬁ%ﬂ%ﬁm %Wﬁa%@aﬁ%%ﬂwr%v Ioadingsowere
(Figure 4). Exmurauhtéd&aomumgfg(@%rmym@hmdmowﬂmom Cel | -Free
Fernmentation Broth HZSM5 (Si/Al1=140; 0 0=0.02; crystallite of 0.5
m was tested for adsorptlon of 1, 3-pﬁm%|g§|2 from ceII-free
ferment ati on br ot hBatgled opapediol land

(200 rpm gp roomt %dé mhm;lg wgeoéét&ﬁﬁﬂénﬁ%z c&{%@o?.?a%ﬁ

C). Liquid sanples. we en vm gquantitation opa%edl ol
and gl ycerol . [ostifres ?ntaﬂg@d}re apy}lsqql%szqvmor zwny] éqsnrbents’cam oadi ng,
gl ycerol sel ECtBanhtdbnt@fdd fof b4 Q/Vhthgigltatl@ﬁ ?zdoq?ﬁi) ragmoa{ ﬂ:rr(d)%ﬁtur@ {hom mfia] 16
68. 15 6. 86 6. 63)220‘#)33‘ g 860 th41 5 0. 025 4.705
20.79 13.39 1 ighig FAmplen Petethen PRBAENY for JUAitaIPR Rl -BrapRaedioh 0
4.053 5 Denonsindaglyerdloadi ngs of greater than 0.13 g 1, 3-pr opanedi ol / g
zeolite weng achiev i¥d L X1 mum
t heoreti cal I oadi ngsggml}o\g&%afﬁ%h?%?’r%% b%e{sejt 734@?%1?1%%8‘!(@%@ wi th Km of
20.4 g/L 3G  Example 4) not only gave the best performance of the zeolltes examined, in terms
of total loading of 1,3-propanediol and glycerol (0.0179 g/g total loading) but also
in terms of selectivity for 1,3-propanediol (2.82:1 1,3-propanediol:glycerol).
As shown in Figure 5b, CMS molecular sieve (commercially available
20 molecular sieve) and H-Beta zeolite were also examined. CMS, a small pore
carbon molecular sieve, gave no detectable loading; H-Beta, a large pore zeolite,
gave moderate loading (0.083 g/g total loading) and good selectivity (3.88:1
1,3-propanediol:glycerol). -

EXAMPLE 6
25 Longer Term Zeolite Operation in Aqueous Environment
The zeolite was used with a binder for mechanical strength in packed bed
operation. The mass of the zeolite-binder was measured over 24 h in batch with
agitation (200 rpm) before vacuum filtration with a cellulose acetate filter. Final
zeolite mass was measured by the dry weight of zeolite remaining on the filter.
30  The results indicate that the alumina binder becomes solubilized much more
readily (1300 %) than the silica case and indicate that a silica binder is preferable
for long term operation in aqueous environments.
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EXAMPLE 5 Batch 1. 3-Propanedi ol and d ycerol Adsorption from Fernentation

Brot h \%’Bnllz'ﬂﬂ-*i brium adsorption |oadings were determ negqhfsdiphsss PY
contacting cell-free fernentation broth with a nol ecular sreve or zeolite.

Adsor bent was batch contacted for 24 h m—;mrf t room
temperature (nominal 22 C). Liquid sanp]e e t hBpalyi k hdezep flor
quantitationfof 1zéblite opanéedexsiudaterbindgkylterasb,g 15 Asosh assldss gur e 5a,

H zZSM5 (Si/BREA0). ffurtheér defpned 1n [ le @4 % jonl ave t he best
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1, 3- pr opaned|BHZSMS @) ycer ol ( 090’ g/g t BIGET | 3i648% but 089s0 [ in terns
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nmol ecul ar sieve) and H-Beta zeol i te were al so_exam ned. CMS, a small pore
carbon nol ecul ar STheweplitgalescriptionsaneas fullawst JEASMy5S (D-BE¥Ad=14:8 pfierge pore -

lite, @ da | : v e . SI00S!
gg?elct ievi tgav dlg@q?f%f%glpgogﬁﬁpg%gl%gg%?%giwﬁ%? ’%]%d{on er Term
2tleotarsaqyenys 1l Y a bi nder

Zeol i te Oper IS AN=1R) femmes harcantasting Hireertimes,
forl _rr;achg_gi g@km@; §816tich 5t®gp@ﬁ§?qlélgﬁﬁeqcﬁ@iﬁ{eamg@ﬁgstuﬁhfg aRs : iaPivag he "
zeol i te- bi nder was .nmeasur ed. over i n /hatc i 4on rp
bef ore vacuurfAiciiedinair By mgising tﬁe @Efﬂe{ﬂt‘ggggagéjt%w&o ?P? fa(gwhoqé‘i“ﬁﬁf g&ggez%l ite
mass was nmeasor Beiminy, thdieraiding the tepiyieratreamoé again artamitaofif Whperietof i | ter. 30 -
The results idadio ckhe~agl U L nde ?b%c L much nore
readily (130(?13@() E?F@n adtéséélsll 9?%%’5@0%%% {11 icate ﬁ%%i?é g@sﬂc%llﬁ@gé bi nder is
preferabl e - fmatefialrinyader wiabanskseelings i n aqueous environnents. 16 WO 01/ 25178
PCT/ US003g7257 initial final %zeo zeolite extrudate binder zeo, g zeo, ¢
mass loss HZSM5 (1) Alumina 2.641 2.2981 12.98 HZSM5 (Il) Silica
2.667 2.6406 0.99 NazZSM5 (I11) Alumina 2.67 2.3264 12.87 The zeolite
descriptions are as follows: HZSM5 (1) (Si/Al1=14.8 after addition of Al
bi nder; %Na=0.08 %9, H ZSM5 (I1) (silica binder); Na-ZSM5 (I111)
(Si/A1=15) forned by contacting three tines with 2 L of an aqueous 10 %5 .
NaNO3 solution at 90 C for 1 hour each tinme. The resulting material was
calcined in air by raising the tenperature 60 C per h to 500 C, holding at
500 C for 10 min, then raising the tenperature once again at a rate of 60
C per hto .- : :
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e WBefafial, Vi, SIIIIIIIIIIIIIIII L2578 ) rkbsbaig

met hod for separating material froma mxture conprising the steps of 5
(a) contacting a biological mxture contai @GLAIMS, 3- propanedi ol, glycerol,
or a mxture of at?iégfaﬂ-ﬁgc{‘ diol and glycerol wth a sufficient anpbunt of
at least one zeolite selected fromthe group consisting of M-I, MEL, BEA,
MOR, FAU, LTL, GVE, FER metnm forpgparatime maternial froma a MEXtusecomprising thiesstapist h
the same 10 topgl ogy as these zeolites; (b) contacting the zeolites of step
(a) with a desorbant selected from the group consj stilng of an

sdt

et hanol : wat ér sol uti on @} contarting 8 biologigalgixire sartaming].dtnrepanediol,
col l ecting the 1, 3- propanglycerol, of h ysifu@é of DB-prbpdned] Aid g9 cdroBwith @panedi ol

d gl | eluted f t I ' i ; d, (d
opti onal 1y repeating st eptgRt SPOEAL ELipg onr el Biteied B he have
process of Caim1 furtheconsistipgiof MK], MBLe BEAMOR, Fadh I(H), GME| FER,

i I i vel d ' 0l . I I
zeolite to selectively a @FFHA@IUA%L?%%&@?E{“%%&%A@%@QSE%ScerO

fromthe 20 biological mxture, ’perform serres o , (c),
and opti ondf| y (d), then W@pmmﬂgsemntqsa)' by contacting the m xture of

L, 3-propanediol and gl YBpédhtactit the 2oBRS SR Shep ¢0)iFq EsoTBAE SLIEUEA Yrofls O B
1, 3- propanedi ol or gl ycert%lF fromthe, m%<tur of 1, 3-propanedi ol an
glycerol, (b)' contacti ngMPEEOURSIPFIFUAGP @E@-ﬁa"{o&ﬁwater\ﬁﬂ“ﬁoaodé@bﬁbﬁm such
asI i’in ?F han?lr]: vvatleg sol utalonshqulzaaenmﬁiltiﬂmpél ?I CI)hI(:)l dW?t er tZﬁ sol u]t I 1(:)n; (c¢)
collecting the. 1,3 -pr Lol or cer el.uted fromthe zeolite in
step (b)': and (d)° _opt@g@??%n%%ﬁéé??fﬁ_gﬂfﬁ@ls%lweggh8¥m&f_@ °ffa)' t hr ough
(c)' at led8t one tine th3guopanadigl and glycerdl edyted fronptheanidletularsigleyiner ol .

3. The process of O ainms gepfy)Zangherein the zeolite further conprises a

bi nder selected from tI2 group.consisting of alumna and silica. 30 18
g) optionally repeating steps (2) through (c) at least one time.

2. The process of Claim 1 further comprising selecting in step (a) a first
zeolite to selectively adsorb a mixture of 1,3-propanediol and glycerol from the
20  biological mixture, performing the series of steps (b), (c), and optionally (d), then
performing step (a)' by contacting the mixture of 1,3-propanediol and glycerol
with a second zeolite to selectively adsorb 1,3-propanediol or glycero! from the
mixture of 1,3-propanediol and glycerol, (b)' contacting the zeolite of step (a)'
with a desorbant such as an ethanol:water solution or any C;-C, alcohol:water
25  solution; (c)' collecting the 1,3-propanediol or glycerol eluted from the zeolite in
step (b)'; and (d)' optionally repeating the series of steps (a)' through (c)' at least
one time to obtain a purified 1,3-propanediol or glycerol.
3. The process of Claims 1 or 2 wherein the zeolite further comprises a
binder selected from the group consisting of alumina and silica.

550 C, holding at 550 C cool i ninto 110 C and placing the resulting

30
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