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BACKGROUND OF THE INVENTION
1,3-Propanediol is a key monomer ingredient for polytrimethylene

10 terephthalate (3GT), a high-performance polyester with a variety of applications
in apparel, carpet, etc. The cost of 1,3-propanediol synthesis and separation plays
a critical role in the total cost of the 3GT polyester.

Various routes to produce 1,3-propanediol are found in the literature.
These routes include commercially practiced chemical synthesis routes (e.g.,

15  acrolein hydration and subsequent hydrogenation), and an uncommercialized
biological route (e.g., from glucose through glycerol to 1,3-propanediol). In either
case, the synthesis of 1,3-propanediol results in impurities which must be -
removed before polymerization. For the acrolein route, these impurities include
water, acrolein, and other organic compounds. Similatly, the biological route

20  from glucose can have impurities such as water, glucose, organic acids, salts,
glycerol, and other compounds. Given the high boiling point and hydrophilicity
of 1,3-propanediol, economic separation of 1,3-propanediol from these
contaminants and from reaction by-products and/or reaction co-products by
standard means is difficuit.

25 Known processes to purify 1,3-propanediol have serious limitations.
Liquid-liquid extraction of agueous 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 impuritiés 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 'puﬁfy 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.




These routes include conmercially practiced cheni cal synt heS|§Aé{ﬂ%§§
(e.q. 15 acrolein hydration and subsequent hydrogenati on)

“uncommerci al i zed  bi ol ogical route (e.g., fromglucose through glycerol to
1, 3- propweedli?>si7e. I n either case, the synthesis of 1, 3-prepgredy®hsf esults
in inpurities which nust be - renoved before polynerization. For tﬁ

| ei t i | t | d
or gantc compounds. SeAaiFRiL s Rl ) it 1o BFoBef 1 hp@PtREL S have
i npurities suchffessfepdhack ;tnhgllntmmstbat Is;rpgamu&arbcfodﬁ;e Walogical rogtey ther ol , and
ot her CO”poungyﬁodlﬁnMﬁ’Bf cﬁh&ﬁﬂ@dﬂs'dg? ?Bx%:%n&ﬂ& J%é?%{,’r@?é 'thgﬁé’ of of

1, 3- pr opanedi econom separ ation propane rom t hese

contam nant s AAditiopald.3-prpenesdiolarodicyion or selhgrovak (Cameronsi ak Higfeefduct s by
standard mgansprog. o, fvl@-czsl(19988)5 Tﬁi@vme&rw&ﬁa%e%d&ﬁoﬁawame for 8 s&faepAedi ol

have serious | 0 ui, ui.d, extracti.on .agueous

1, 3- propanedlcﬁlr{%‘?@ pﬁﬁ%ﬁg e%l éi':‘ﬁﬂ I-J’dTbBrOPali czl)procgug’ymgo (1999)) was
di scl osed as "not g‘.htbmtheenmrbmtcmdhmseaﬂioﬁphmd zeolitdsdnive beereprobededfbr -
Anot her i qui t 9 uses cyc og_gx e to
extract di rrerlqdi gf’dﬁaﬂ%cﬁéls%ﬁﬁ&ﬁ@{]?) pro%%ﬁg ?E#Wfﬁg'?"s%ﬁém aB%%

takes | onger t‘ﬁ&ﬁsmﬂi&ﬁcmnﬂstsoﬁhﬂhlolbglcakmmeanémssmbentsmwnlwzdes ot her

th I TH R
chr omat g1 1y gieet: E%.“*‘*gg? (oeni pACRE RGNS Qnsitbed o bran fuit]

met hods are KRERHOBBIOESEn be used only at small scal e because of the
cost of chromat ogrmmescmaegemﬁamycéhcﬁbe@m&n eﬁmimﬁémh% standard

technique to 3 | -Propane i ncl udes ev oratlon of the
process streani 3"%&%5 gﬁqqggpﬁﬂﬁqmg\g?rﬁf%@cﬁm SURg F9VatieSyt ensi ve
quantities of deeupied hpmnsandwammdecldessa]ﬂyfwhm& oaprmdvezﬁﬂﬂsxgﬂﬁ&éﬁt%lm
PCT/ US00/ 2175257frée'aoﬁf’19iﬁ§1¥1 zéftﬂlté d;ga "In E&giﬁ&l el %Ei@%%éﬁt%s? h@wRfepduce

1, 3- propanedi ol ca par |cufarly for

the bi ol ogi cal™pks rcwpz-s%&emrw agadghithi teframewptkwithgut
1, 3- pr opanedi Odesgaying @6 sasarel ZROKRS @a.tpfae fdbAb @B khe]foﬁbﬁr‘ir%)@ﬁﬁﬁlam -

- product I on or Wt | ot ec Pro 16- 25
(1998)). Thus, ’G@ﬂ? gz@é&?‘béggﬁg ‘éﬂ’r}‘i‘ I%Fﬁ@nﬁ% aieng@aam% Y#eR hod
capabl e of usenumberldbtmdmedbgtﬂq;ﬂ)rpmqmd&ﬁthjrdraﬁmmteldfmheMlea;tgenﬁifally

175 b oparshi of R 818 aAREa Sl 2401 8 pREGREN Fophewed by e,

" Sorbents varl%KMMEatl Bammnmumallwmﬂmtmg@mwpmmmgmhmdchb
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consi dered an | ortan cto the separation rocess
generically del%ec qrpigie sord’GFﬂﬂlil@%elgF‘ifﬁll‘W&P‘thE‘é&t@é‘s ¥ sepveatiopslien by a

t hr ee- di nensi osxahadigeanewor k structure encl osing cavities occupied by ions
and water 4l ecul esTh@Léoli?J 5&4{%‘%@ c&n%lnstsmfvc%m\’\érzll}}xkga getrarnegrg Qatnth 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 appiications, 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 implementation (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 ethano} to water.
. Additionally, H-ZSM-5 zeolites have been used as a separation tool of
leucine and isoleucine 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



15 purification were not of the proton formand therefore were susceptible
to contam nation of the m xture or adsorbate through | eachi pg\pgf 2ddae
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1,3-propanediol or glycerol, (b)' contacting the second zeolite of step (a)' with a

30 desorbant of an ethanol:water solution or of any C;-C, alcohol:water solution, (c)'
collecting the 1,3-propanediol or glycerol eluted from the zeolite in step (b)', and (d)'
repeating the series of steps (a)' through (c)' at least one time to obtain a purified 1,3-
propanediol or glycerol.
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" through the 10 Fzguﬂesﬁeapdaﬁlkmddcmicahn (5) and the -spent fluid (6) returned
“to the fernmenter (1). W%Mm t are used for
" redundancy. Figure 4 sht?uﬁtT Tgs {ET;@ pﬁ fermentation
before, during, and%?@ﬁ%%%ﬂ%@dﬁan%ﬁmgm tigxseparatidhofshow t he
bat ch adsor:mt | oN3dpReyshinBdioR etykerdl Uy QRARAAE 6f 1,3 }r0

deeiaﬁaegti%hdia%aﬁct ively
fromcell-free f.e ation broth hex axi's Fﬁ type of
zeolite with tHE® @&}cﬂf%“élﬂsw Aleeuiag ﬁ@ﬁfhzﬁ%@e&?ﬂﬁ thedreseiayension
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25 : Selectively concentrated product is provided in accordance with this
‘invention by contacting a cell-free broth with a zeolite-sorbent selected from a
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, giycerol,
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



bi ol ogi cal m xtures using a nol ecul ar sieve. The nethod of theapyesent

I nvention makes use of relatively sinple equipnent and easy mal nt enance
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wher e t he prodpregrammedsalvant desorptiongifiserbed 1j3mpropanedis, aweparationeft her ef or e
e |e_55_005t|y1,g Gropinefiiol, ayo%&udwfhs ?aﬁadﬁﬁ{ag@gr,g?@ggo;ggmtcﬁﬁ%{ stgal

i mpurities rray esent he . _prad at a principal
conmpound (e. g %ﬁ? ize 9‘@§rol or both 1;3-propanediol and

glycerol together), Ilbﬁeeﬁplﬁdhﬁbﬁ,M@Eﬁéxﬁ@llﬁ@ﬁt&d&itﬁemd&oﬁxe%néw{n om t he -

f er ment at|¥§ g@) E#o frﬁ%%er cont am nants, by- products or 5 April

2004 WO 01125178 OB} ¥ at es ~ such as gl ucose, glycerol,

etc. One skilled i n“IﬁmnlaprodtwhmmﬁhdabhrhaMediﬁBR, sel ect ive renmoval is

uncommon. | n nost Iﬂ%gﬁﬁfﬁ p mref f uc‘ oETRNE gOr € t han
t hus the co

the- target conpound an F' rem)V| ng ar et corrpound
i ncreases and- S'a8yeRERg WM@:W@&W‘&MM@W&W@E@W@E@M bent 5
i's regener ated. - By S‘Q’itexﬁ’trbfé&tbhﬁc Pro@id lcofitnB&idPin the AYGIdPhad) Withhinits BENY a

pr ogr ammed ,s0l vent desorption sorbed 1, 3- propanedlol a separation of
1,3-propané i ol®, %F&)’BWW‘l 3-'propanedi ol and gl ycerol t oget her from

other broth corrponé‘riﬂspmpanddml’éxshbbmsﬂtddrﬁ(}he application; unless

.. specifically statedﬁ%g & R | nd

- definitions appl y: Sl tuap%ﬁ}g{é%{%\ﬁaﬁ&nl s*a r%%a %ﬁ
“\fol-unetri ¢ pr fdserbentileading andadsorbaterconcemtrationst Gmexlcresprctivelye I ypicah

t = given vol une, paml&hfmgaﬁrshbsd!w adlbﬂ:@ﬁ(@%tﬁf d gramishiterqpAneVi ated g/ (L
_hr). "Tit%)i refers to the product concentration in the |IC]UId phase, with
“units of g ¥r, abbreviated. g/L. "1,3 propanediol"

:.abbrevi at ed 3G QTBMOIW Sikves aretwell k:tmvi fittht aRtGuid iate db’ﬂn%ﬂﬁﬁk. Szﬁ‘ak,ﬁHXi mum
iy Z?LZF“ ani 1 s PR SN E B SR PSS 3 e ERor, Van KSR a1V e
"(g/L), 20 respeBeinbeldy|1989) at page 2.- Additional useful general references relating to zeolite
. 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),[AlSigs O01921~16 HyO for ZSM-5 and
(Na,TBA)“[MnSi%nolgzklﬁ Hzo 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
att. These zeolites can then be converted to a hydrogen form by standard

procedures well known in the art (Donald W. Breck; Zeolite Molecular Sieves;
-6



Mol ecul ar sieves are well known in the art and are defi ned wg,g) %g@@\k
Mol ecul ar Si eves-Principles of Synthesis and Identification strand

Rei nhol d 1989 at page 2. - Additional useful general references relating
to zeol i WO M@ hcture and -characterization include the fRtCtusdongs7Vei er et
al . Atlas of Zeolite 25 Structure Types (International Zeolite Assn. 1978);

Munpt on, " Nat Uﬂﬁla ARBér &Eﬁdméﬂzifﬂn%é Feoltd S HR, BRNK tﬂélfrgm(eﬁg%ax%s Smi th,

"Origin and St t ur, of Zeol Zeol | t.e Chem str al ysi s,
ACS Monogr aph 5% Qﬁ@l‘ Fan e ves) aﬁelec%}ﬁ"c?@?ly“‘: P&@%SBWU"BP&H@“WSZ@QHW e
Mol ecul ar Si ewesﬁne(anIt of/the heidi) profopenithift e zeblite patisichiodtrine. nel i te
Mol ecul ar Si eyg & Sons Szostak 30 "Handbook of
Mol ecul ar S eves é/ R%\‘qe cdjof?e?lﬁ%%ﬁlgg%%? MSA class of zeolite speci es
enpl oyed i A the pr @stembmilmgnq;)ﬁea:ement imvemtidnoemploysH&Z.SMeb fom por e

LT < (SO Mgyt oy i 1

(Na, TBA) 11[ Al dasprpipn i, 3-propasadial fiom GSM-5 zeplite. Anexpetedly,dhgs

t et rapr opyl ammdﬁurbéd nﬂ4i)r6;ﬁhéaﬁbl Whe/dispTasudl By the é&hﬂ&ﬁwatéﬁﬁﬂ&ﬁﬂe' Webrkovel 1€
structure and sf|23 Oj nthetl zeolites are well known ih the
rel evant art geot} oPﬁolp ﬁ"%l’l’%‘?ﬁeﬁg b¥ Lt BC%‘WH?W f orm by
standard 1Pr o@ﬁmmlesvln@ﬂ indikatesthe idesitabilitg rof péﬁonmhgthélelﬁi(ﬁchfl pahe-

Mol ecul ar Si e / 0/ 2 ra When t he
bal anci ng cat :ﬁgably%nt% rtllgﬂéle%f}?lé ﬁ%%ﬁ&%@f&ﬁffg %?Cﬁ té‘@lsl d acid
‘that can reved Wéobé%f}tgh\?é%éﬁ%l @ﬂﬂ’@ughﬂvdsmmmhpnmphmadmmue to
confi nenent ofto tluee meladscﬁbéarpj-efbﬁéhédiblnaﬁ @;Odlé&h%l E%mrtﬁé‘écb ppre. The
H ZSM5 has a ave ore size of, ro I n one enbddl nent, the
present invent E%‘SPB@@ F?SE@W?“PBP F'Efﬂgqsl FQSPU%EQC@FBwﬂr om a
cell freelbr otrhomlicmpm rowetehdnis Iekpwtﬁﬂm&empeﬁmréﬂbet@e&i)fd%iﬂ on of

13- b opaned 8+m%a’9ﬂdﬁz§‘ﬂ*33’fe“é%ﬂyﬁ%ﬁ PR B PR bas e o oy cover, e

. yield of 1,3-propadBan d@é@édﬁlw-ﬂmpmmgeddﬁomamtratlon of
. 10 ethanol, V\m:EleédW ﬁé&ﬁ%g@né;tﬁx}urﬂlﬁ%ﬁﬁ%hh&rﬁaﬁﬁ E@g&cﬂg@.@ebrﬁehﬁpsi UpgieOn Of

1, 3- - | t t

13- propaned e s B A s o o w5 1 hough

t1 hg i nst aﬁﬂdl mvmlﬂltmgheuboﬁdcﬂﬁm@tdlﬂad)bredbﬁm@myq 3—5@) aﬁtﬁﬁélbqqilsh process -
r opanedi e present o

“the Br egent i (r%l\e/deun? m{heqe{iel3%@3&’%@?‘6@5&?&%@'&%&6@?‘? SPH’BBneé{tspw room

dn feired embatiment, & fietn I
t enper at ure. Howevdhn a prefeired em ok, & entation ivassel @3 it wp evithr Dlorgth
t enperat ure arfgu&@laﬁgnw[a “mquaﬁdédwaségsgesor@ Rl (25ahg g} mé,'{,tg%sg

al ternate enbag nt progr amre a8

f eedi ng the cdl HrZ8M-5, ﬁ‘?!r’éé'é‘i‘ Fﬂﬁﬂ%@heﬁhﬁrmw@ﬂdlﬁ ﬁ‘@!ﬂfémol The f| r st
| ow concemsr atferpientival bﬂﬁﬁnbcfbuﬁirblbe%&f&pﬂE@@??f&cﬁ@xnﬁqnﬁﬁﬂgﬁﬁ qm ﬁ'ﬁnt he 20

;?ggggs hi gher g(fl?cogee al 8dded T ﬁle%rmen ??)O mh?easrétull;y al%wed%t%ogﬁ o 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 fermentation 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-5 (Si/Al=140) is used for
batch 1,3-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




reduced the |l evel of contam nation of 1, 3- propaned| ol with oter, 2004
conponents. In a preferred embodi ment, a fernentation vessel (1§ set up
with a broth recirculation | oop, whi ch included a cross-flow fi Itratlon

unit (2)wandpgygol um (5) filled with HZSM5, for in S|];d[.<i. PB
1, 3- pr opanedi ol fromthe 25 ferrrent ation. An inoccul um of co capabl e of

produm ng 1, 3-propa from ucose was added to the fermenter (1). The
setup all ovvedaF‘e(ﬁt&b "BPB?JI'NW Yo erqaoreethgheorstical dpadings{Plig/g t he

return of the @n@ﬁﬁbﬁw&@nﬁﬂﬁgek&ddhﬂad‘e%ﬂﬁ%ysmld:%dréeml | -ftee broth
was passed thrﬁﬁ% zeol i.t e..col um to rmve % c%do anedi ol . The
broth was ul ti @ﬁf? dgading meang Ycliﬁ”d‘iﬂ 1 e Bcedur e
i s perfornmed md&leradsottspalcbeapmuexpdmsemmﬂdﬁeapmddﬁteheWn rate to
t he hi ghests S Y positive
effect of the%ﬁ%&o&%eeﬂMﬂ%gﬁy tﬁgﬁﬁg%&%ﬁg@ﬁv
filtration i-s Q%@@W@W@@MWO&@mmﬂﬁn@wmﬂdemﬁc broth with
the nol ecul arg xré&g gr solid-liquid separation nethods such as -
'centrlfugatlon 35 dea nd flltratlon or tangential flow filtration can
al so be used. In anﬁeﬂm dimsat; amppber pﬁmogs;blmqusmmmw@fom = 140)
I's used for bmeﬁ-hj.ﬁ,pmmn bglolroe &drbt Toh @8 aggnit at i on.
The denons dat erﬁn%gpers fﬁ{ : w?éggméﬂfgl 0 1%%

exceed thoSe o e poas; ara,-eg 00/27257 art
(e.g., Scholl anZW—&tco)xtda@S:ﬂﬂ—%@)rhaMhemd lilghéshmeﬂ@diadh@s ahdﬂﬁhrﬁl;ﬁvc( 0. 17

-Eﬁﬁst?rT?iXaT{S %‘%‘ﬁ’é"#"?oé SR ol MR St o aepipdef o R, O 0°

-and hence a. IP%? thei el aramrecapu tal expense would be required for the

sane process 5 A t%ﬁﬁﬁtﬁéf%ibod&ﬁé: B&nbfa\h c%ﬁﬁ'akéﬁnﬁﬁ&x 1y sed
wth fewer eqwr &gpglon cyc nd l.ess [¥ usage whic vvould
further del él%’b "@%ﬂb 21“»&}6 , a number of
. nol ecul ar si ev(a%:lﬁl%%)mrﬁ-ﬁéd&-ﬁmeohtd’(&lﬁlélﬁ a&ﬁpdmhicbhas Wkl eslol , or
1, 3-propanedi o q@%s | ecul ar
" sieves such as'Il le Z€0 M@%‘%&%ﬁ%‘ﬁwﬂ‘%ﬁ% *yl ?‘g’\é =150)
had the two hi é%wmﬂdmlmnmwmwwgmummm
1, 3- pr opanedi. oldegithed b¥o&! Ahe\tRixBurk QY hﬁ.ﬂ%pg&mw oq,Ppl ce of
the ol ecu ﬁr Si eve, In ngt r?e{] enbo, |rgr]e§£r)1t ropanedi o anci1 ycer ol

are sinult °‘l~ermentat|on broth by using zeolite

H ZSM5 zeolte (Si /IAIyeEﬂﬁ)heeeﬁHgM pafiedicliié fehtoved fropt tHeer of whi ch
has hlghtotalfloagﬂqﬁ &E %&ﬁ{ aned1 L{ﬂg‘l eraql i t|V|ty cl ose
fo unity. The FARproth ettt mofechiap Pett widkhigh sHestivefor 1 Scpropce
. separat ed usi hdliel/glycaolasdesdribed abows anddmcfmﬁmnhthﬂlbwm is thes troated with acan
g 3! so IbleaI urtf hermpidbiih Gewiktl HighGONRRE FF WY cert] (.8 CRALSN £ 0e TS, RpA3=15yCh as
25 toremove 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 MFT) 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, MFL
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




I n, yet another enbodinment, 1,3-propanediol is renpved fromtheapy 2004
fermentation broth usi ng a m)l ecul ar sieve with high selectivity fo

1, 3-prop /glycerol as described-above, and the fernent atlon broth
is then S’?@gygéc}%\n th a nmolecular sieve with high | oadi ngPCEUSEIZRET o
(e.g., HZSM5 zeolite, Si/Al1=15) 25 to renove the val uable glycerol

c;)rrponelnt Con’timsatmthdagb&/hﬂnmtﬁh(wg n‘ﬁ)lhtddsnngthEadh&ﬁﬁ\lﬁﬂrobh&d@h?Htﬂﬂ@ﬂ ol,
glycerol, or a r entially or
T baral el areiddinehta s%%@ﬁ@o SR 6 PrpaRbro vl igtEt by |
i s di scovered bﬁi‘tﬂhﬁiungl‘%fns‘bmp y$ieal stsemmentsewch andniingendonthemisaleves in a
separati on stepeane great er
than 90 % OngMS n%taiﬂég?%%dg 1251 Oér:'fr#]ogéau%f:ﬁ?\rl S C gga}r?%f gﬁgﬁlﬁhﬁiyda means of
purification; edngest ai‘imtﬁﬁﬂ?f sieve, phiddinglpdeizagjites randgiapeasaplished indhe t hat a
_variety of zeoffpll@singimdnnbe yatsahbﬁof@tehﬁmeaﬁﬁtmév%sé séd8 thsdeie Of the

pr esent |nvent on_can be.se ec from VFI

BEA NOR | FALRIHONPCIEad i Wﬁ\‘g ezl ﬂﬁE‘eqihétsh\E’gf ﬁt?&f%&%)éyzal s of
theI 33 sanme t opahplgyis ﬁi;ertckiaad dsxpéat foom tzmipbmtwsove?mgmem&hb samiple isith&s

I ncl ude FAU, ar own in
the art and aygéatdescrlg%ég%l%ﬂ%@elg&rhe 'ﬁﬂ's 'Ih%g?ffcgé’mg]tr%%ﬁha@
Structure ¥ pederfgrmedsyith ope 01' ﬁ@(ﬁ)@@}wmmt%@ngﬂt letst one alomentidelectedi eves

ht | ud
QC?‘ / USi)(r)]/C 2?227%&?& ?}]udrﬁnﬁhi Sbed b pﬁuﬁmbh‘k tgqgﬁbg%ﬂﬂ&éﬁ%ggl%ng t he

rati 0s
acidity, hydrof {rfaces BF e fg?{s@ﬂaraﬁwe&t h*é?t Ogﬁa‘?’%tég‘ iof theelerent o
~particular zeo I'Iih'eeeoﬂungmmnléo beSedrfitined bh nes-lised mdll&:ufabl sietéy whitl egvFelddy

physi cal treat [ at ment s

nodi fyi ng t he rm SII eve cyofq%ggg@% %{ﬁn&é‘%gél Wf“é“"?‘%fg’b‘gu ng of
a nol ecul atdsi @9&1111"&%@ tmthommmcmﬁmué@e granﬂﬁsepmmmlc ofiethembrariee

fol  owi ng manneg the(lfke, @ sanpl e of the nol ecul ar sieve is exposed to the

anbi ent at nospher rse ety thyI orthosilicate (TEOCS) for 2
~ hours; (2) the- nﬁt’é%’gﬁ% ?‘é‘?@@gé}m ’él‘F‘? %#%%etsﬁr‘?ﬁ?et@é%&@%verm ght ;
. (3) the sanpl eaqaemubenpodmfoedxstmﬁxbmveﬂgoﬁ]ltrogen at 550C for 3 hours. The
Eéﬁfif"nf‘%gt ;?af caor SSAEa85n b2 1 BEapiehioh Uil g bR Se L A REBbr on anc
. phosphor us291t o and ghyserol utilising the ahdvg-describaé mohcular m&tressmlteame of reflatively
. hol ecul ar si evgugﬂ b tea# I can
~al so be perforne 8["]—‘3%? e?l steé%k’ﬁ*3 Ilg%m%e?g%cgs mtﬁ?of&leﬁ%x 0"gorbent
* for the pur pos&SRATAHGNPORRARIEES. o‘hSW%bmnbeloy»mth&amg@mmmmm@but 15
not limted to siﬂﬁﬂ&tefrblﬁ RO RS cribdlabl dhdve vBFMItRAL addSiphivObropeRicS aftd 2

Tore. ot abl et o TG PEFFRebla i selRetusis atieang o RIeeAeoLhe fﬁve'n{‘?§LS oo
Separ ati on2bf 1, 3- prIn sametiry| thisghyention keleatively separhtes &,3qfrofanddiel, @bwesdl] ol
rzg I Z??v g : ycero |or Uinhikch#ré BB 1 3050 p e 966 Gt AE0IRSaNLAL of LN ERinaRke use of
y 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.




Si npl e equi pnment and provi de easy nai nt enance when conpared %9“;”‘ Sodown
separation procedures. As will be seen below, zeolites having pore size
much smaller fromthose descri bed above have very different adsorptive
properti seoamdi7em | I not be capabl e of selectively adsor bpdfruseennTesr

1, 3-propanediol. 25 In summary, this invention selectively separates

1, 3-propanediol, glycerol, or a mxture of 1.3-propanediol and glycerol
froma mixture of contani nants, by- pﬁm—gnd co- product conpounds usi ng
speci fic nol ecGlENEFBAEm‘HODSE urt her concent rates themduring the

separation using spegifi SO St rther 1 Ni [ zes the cost
of the follow ng di “f’f"gsﬁ“gﬁnﬁlﬁ ‘%&H‘?‘?‘EB‘F‘B aggenfﬂ%e iﬂ%@ﬁ[ﬁ?ﬁvent ionis
further defi nebadteriallcaitdrod drewrakiknbwarin Klesart. ITechﬁiqued siutlabletfuﬂmesndw t hat
these Exanpkesg, Ymif'h ntion,
are given by o ?F%l%%%%%ﬁa%ggﬁﬁhwgemt ctsgq%ir}\y‘gnd these
- Exanpl es, one &Neﬂé tpgyrPhillipp Sferhasdty GCErL‘hIMYIMPhHSQQmID&IL Eugene W. '
characteristic tWilfs ANW&IRH t 0 pirit 35
and scope therN&{er h € va??elmmhégnﬁggwa%@e%l Efdlgo%sﬁ&fa?he

i nvention to ‘;(;88 *C"FR‘!-‘E‘"E 1ologyy %@Qg@&ﬁﬁd %ﬂmrtmgf@ec%golgwﬂ. 2004 WO
01/ 25178 - PU/WBBM%:&E&% Tm“eamsﬁ.hualmaa&ca:et hods

v |5 40 B PARGE RS e, liiod b SSan, crrp

may be found agnatetialy usedifor i goadth ahd hhﬁme:ﬂmoé ofba@&mml a&llsﬁme ebtadedgy,

1117 s i R O

Soci ety for M CFEHF WMD) wlmnmaaré%qqhgu@glyio) A
Text book of Induﬂ&loaienMsg ERifitldogy, Brock T. D., 2nd ed.; Sinauer

et LR G T X I peE i Ul

- cells were obt ammmhm@)ﬂhdm&hsmx(s)wm(am&ay{s)kﬁdﬁm@nsﬂcm@ms)

Ifjggg;ﬁiloz IS'?S- (Low S, hm%%‘ esg%@%%éwng%é méani ngg}gm cal

_abbreviations imBols, ‘empldwmeans millimole(sk &g smeanspram(s), mgnmeanmmwmﬁs)e( s),
"h" means hour (g4 n@méiﬁ@ﬂﬁxo%@a‘ﬁﬂ(@%vhmm%w&%&ﬂf ~'mL" neans
l

mII|I|terE§8 " .pgeans d " means m | A nmeans - nol ar,
: »“" 'ty 0 AAIDANIETY tlom ' e iiih BT Y LHY Ogr an‘( S) and

"ng"- means nanogr anﬂs)Propanemol ﬁﬁﬁg?cetﬁl b@ﬁrenﬁﬁédmﬁacﬂ?(b |sdbiitibg @ad | On
grscg/lregisu%ggbtegeg%?ﬁ:?t rati 03 of%l(iG and BWF’%C BLFM“"“B Pr%g%gr%ﬂl oI and
pressure |iqui dpisentrinvantomjsaméthi]l Gherfamysitationfnafizisrandlyized oimen

-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
~ HPLCorGC. '
‘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 a Shodex HPLC column (SH1011 sugar column,
30 300 mm x 8 mm) for 1,3-propanediol quantitation. Mobile phase was 0.005M
| 1,50, at 0.5 mI/min isocratic flow. Pivalic acid was used as an internal
standard. Under these conditions, 1,3-propanediol and glycerol elutc 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 utitized 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 nethod where fernentation nedia is angl,%/ﬁ;? an
anal yti cal ion exchange columm using a nobile phase of 0.ON's uric acid
in an 25 isocratic fashion. In all of the exanples the concentration of 3G
was nmeaswioed”2byr8 HPLC or GC. " A Waters 717 autosanpl er, \Whenswhesgper ature
control nodule (T=50 C), Wiaters 410 differential refractometer, and Waters

(S5 261" P kSR8 Y Bl Do B C ot urm
quant i tat i on. TEDR i PHLECebyETS NS Meld-E 250 °Eruntil S=Sunimites. Hadivmaflow f | ow.
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1, 3- propanedi o respectively.

cerql elute, at
Producti on of 3?’%38?%@&@&13' °B’6?ﬂt|2r$‘r€’ﬂnb‘}d%3éﬁmn TRFQEC%%Q were 35
perfornmed ési ridedizand @athohSubstgeses and nmat erl aI s ava| | able to one of skill

(1) 6890 G0 equi st e E peFRRCE Wi e i P megnphions Eordb
(HP19091N- 133,bed@wm x 250 mMm x 0.25 mMm) was used for 1, 3- pr opanedi ol

quant Tati on. . Dot o RfBfmlfhat Mo A NRL AL Tl PSR 257

done vmthaflarremnlzatlon etecto e oven pro
ranped to 250 Subpipates-Puitablgisubstraies mpyLnclpdobut aggnet limitel t9i nut es.  Hel | um

fl O\c/iv tWaS n mlrhghtﬁsac@aﬂ&%sﬁ(s?dmﬁ thdé@e Mi?'ﬁ@oé@?%h%oﬂcch&i&@ (s&ﬁ%%l’ag%ose
condi ti ons, or opanedi 0 cero man a m n,
respectively. & W § ﬁa aﬁ‘éli‘ag@ﬁ %ﬂ 5 SigreR or q’"@?ﬁeﬂf&lm% oB APds/ pDT29
was used in al lhn;fuatﬁnénummuasrﬁsmdmnewaﬂﬂe(ﬂeedeMSu&easmmwhﬁy lﬁeﬂbﬁe,l n the
present invent | | e S | e
substrates myé@ﬁsgﬁaiqu%p%gdr bet lel&?me aﬁ%%?ﬁ é}lﬂgﬁgn‘%@%&g aryi’ es Sch as
gl ucose and frﬂl@ﬁ'@%té}rw@ﬂsog@m@mon@wn@@a@ncw ¢aalmmcbex1dg,rormthmé)
pol ysaccharj degor mﬁ&imeﬁbaic%ﬁbe@bnmb Ik} BRRh&hicAl i&éx‘ﬁm%&xaie‘g %@Béén and

unpurified m xtures fr ene eegdst ock as cheese
per neat e, cor% cer&i’%%% ‘B‘é‘é&"'ﬁ‘ﬁf‘!ﬁi%é@ T FRITEEAF -8y

. Additionally, ﬁnnmhhmhmnwﬁmuhmﬂmaﬁbmmnypa&anh& emqﬂﬁbyam&quahmﬂhes such

 Eocaeeen O e OB S0 U SR AU DR 1),

= si'ngl e carbon 3%#%@34941481%55&%5)) 'lﬂlosmgdmhmaeamasshmﬂmsm};lehas been
- reported iz MethybdtdRRRtings, Yo Sin(oXHHROA sta %[fr@nh méifrieto thinfie fﬁaem 53(2),

Hunter eta lochem stry 2 4148- 4155

541-543 (1989)) and I.n bac
1 (1985)). Thesez’@gﬁ%ﬁﬁX%&CE@GQ%WI%P@@FW@IW%W%H Hipse rangi ng
_in oxidation sﬁﬁh@ﬁd’spliﬁté[&lﬁrbﬁ@lﬁs&mef&rmhgh Qibse MiGHOIHD éJ &ischﬁh,e

{ir ough ser | nebsaeA ANty Berefd Eficn, Ensﬂ%ﬁsakegi‘a@eiﬁ%?ﬁ%"{?@%ﬂ“ﬂe

ribulose monophosphate paihway 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 glycoly’uc pathway
via methylenetetrahydrofolate.
In addition to one and two carbon substrates methylotrophic orga_nisms 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 Cl
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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Bacterial Metabolism Second Edition, Springer-Verlag: New Y%r@rﬁ%%@)'
The ribul ose nonophosphat e pat hway i nvol ves the condensati on or mat e
with 25 ribul ose-5-phosphate to forma 6-carbon sugar that becones fructose
and evOMPOHPIY8the three carbon product gl yceral dehyde- RGIRRIPATASE.

Li kew se, the serine pathway assimlates the one-carbon conpound into the

gl ycol ytic pat | : . 0 1 e and
P cal bon Subiy phon Hiap o ‘?ﬁﬁggﬁ*ﬁ?’é‘wgaﬁ?éﬁé’@%?%“"”%%@%?‘;%a%ﬁﬁ ke
utilize a nunSBly Rsliug PYéE e 05 RISy conpounds such as  met hyl ani ne,

gl ucolsarri ne ﬁn? a mﬁi@guitqgc@ﬁé mplaaﬂmstaﬂmftnfwdw_ In':]e@ﬁaﬁédbeairﬁqn- For

exanpl e, net r | Least re nown., t ut I ze the carbon o

Tt ol i ne. 1 SRR And iR aRes Biseal SRRt thsbe phfed BB H s oweh 1

- Conpd [Int5 Sgagboh substtates4itSgiBRose] H0&pse, Buérose, osinethvbolr el |, J. Col | i n;
Kelly, Don 35 P. PyhlLisker arious
"speci es of Candi da%_#@lﬁgﬁﬁ g@%ﬁ%ﬁ%?ﬁ%?gg%c%ﬁél}ngngé%h%@u I%négr{ et al.

Arch. M crobi geniairsgiighlessienls, sgitsooufpstors-bwiders and other eospnoapmis.dimewvnt hat t he

source of car hethddt kkiilé®th the afthQuiRAbRSPP thelskowth ¥iTthé cdfied MPpidmteh/dt
PCT/ US00/ 27257, i nventi,on pmay enco asfs ia\ w de variety of cafbon-containing
iy By1# diol prgfu

 substrates andhSFIZYMaGGPathEEy Dessss TRECRARS ahREIEMIaR| t hough it
"i's cont eniDat ettentiat isgfivenad Coliil) sHbiswadioe vitaroineB,; oot iphtrsofsitheresfat es and

m xtures ther @‘h} @%@oﬁ&iﬁ%&bl e in the present invention, preferred 5 carbon

substrates ar 3 ictose, sucrose, or nmethanol. In addition to an
appropriate car bon Eaweally, callsapegrosm a3 0fednapmopriate aendiai Frefemied ghivah

mnerals, saliedis & HpMssnt iRikrhioh ire Bl RbphRFHAN HeSarek B suliPad NOSE

skilled in the art, suj le for, the growth of the cultUres and pronotion
of the enzyn'gtqr@ %@Jm@bmeﬁs%qu Bﬁﬂftsossﬁspaﬁm o Yepsbrigdiomd Y M)
Par ticul aﬂSlﬁ hibﬂl]?rl)tharrlldfme@bréogmé&mc@bivtﬂTmagﬁhtnﬁyaﬂsﬂbﬁﬁsvd hihe B 12 or 30 C
precursors ther . ur ondi fi @ns: ica cells r own, at
i n appropri at @pﬁog%ﬁgﬁ?égiﬁﬁ;%#‘gim‘ci{q%gaﬁfsgégﬂﬁ ﬁ'??é’\ﬁ?”bn are
common conmer coaicbpe gkitlpdinetlie asdf miswbivlogy of fermentBeEmtsaiency. 'Bje use of h,
Sabour aud Dex!4056 kaohh 0 bl califtite fEBAHsMEh @ittay drindif@hf (o £ Btiicdel | ned
or synthetic grfowmh nedia nay al so be us and t he"appropriate-ed um for
growt h of the 3¢spesing?'s-manepkpsphata), smavalsq boyacementedipto theraashien skilled in
- Ehe a(r]I t | o{zom‘ c:gledakos?ﬂuarw, tHeAlsE® _dt@ﬁgfﬁﬁﬁﬂﬁ_@dtgﬂa%ml &facﬁame@(é%.knom
o nodul ate catabolite r eSSi rec ok . iLndi r ect; .g., cyclic
adenosi ne. 2' - FERUhUBREERIBEORE hephapepeieof HogrpmstolPPRidion A et | on
20t _nre_olut a. SI( i dsad firy cortjimection avit orcegentattekmative td geneticlmanipalatiogy mat i ¢
activities (e.g., _
- 0l, 3- propanedi o] pr%@‘ﬁ@ﬁ %ﬁn%ggd;)th%@ﬂ%ﬁg%%ﬁ%u%g?%gﬁ’%p#BIr{ %2 an
~alternative tovberapH ¢O0iepHRE tprefesred 8athedbitial penditiomges for the
fermentatizgn are beRuLLRnPilap bE ptfoRtkPurdler 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 contrdlliﬁg 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



where pH 6.0 to pH 8.0 is preferred as the initial condition.5,§p'§"5§ tions
may be perfornmed under aerobic or anaerobic conditions where naer obi ¢ or
m'croaerg‘%ilc conditions are preferred. Batch and Conti nuous Fernentations:
The pres&f¥%588Bess enpl oys a batch method of fernent ati oPETESMEA5Tal

batch fernentation is a closed system where the conposition of the nedia is

se% _ ?t _ 3? t P?Sm1 :dﬂYlbh}tée @ihet&grtoﬁeh ]fﬁté\is&tilj[nﬁﬁsk@ﬂdr !l}iﬁfcds mt Et@dl,bdeﬂs in f
artificial altgration ring. e, fernen on us, a e beginning o
the fermentati on t %g’nggcﬁlﬁgsei %‘I} ﬁv(?@magyggefv‘\%tlh 1 |og RYaY geerlY %ni sm or
organi sns and fespemsihlafordhe bulkpépriducton of endgraodict ov inteemtdiftar t her addi ti on
to the system Typi ; : ! 4 | | ch with

A drthsiof OB andaRPbALY syelef] lt;%ggp R fich SR

respect to the_addition of carbon source and, : are o_F'ten made at
control | i ng® f aEedsBatch femnentation prpepsess\piealse Siebletn theirsesent inventianand sy st ens

the netabol i t ecampridd DFPRE] bAKPSHSdnh Vith e excBpriciBARRR SIRRSE s AHBIANt 1Y up
to the tine the fer nta%l ?n I S s.to%Fed. Wé{l?l ag%[(:h cultureélc I'l's

noder at e throuﬁ}?reémg‘?%ﬁ C [CIIepIALoB ProgTesses: d‘&? YSIEBYS aptuse il Xhant i nal |y
to a 12 5 Apri tatdixlite WPré3dioR5d it t6GIHIbiISOR/ st wlismtof thearalis yndivhae iviber e
rowth rate i s di: ok ni . L , IS0 N h ati onar
ghase w | | eve%%glﬁlg?)}yﬁ%g? B@@@é&?ﬁﬂsg&'s%%%@%ﬁ%ge&ﬂ.yﬁgg eréeé]gﬁiﬁ‘gi bl e g
for the bulk oﬁctpawgatfat@m@pnwmdﬁgtﬁatmsymmnm@ﬂicaﬂtandﬂs thegefert i on on
the standard b@étﬁﬁat&!_ﬁﬁ%Hﬁﬁ@%f%gﬁt&fhwﬁﬁ@faéorgﬂh%gp@ dssgvEnt ation

processes are also suitable in the present invention an rrse a

typi cal batch Q§%§e@‘rf’|“6¥/it€$?"trﬁ%‘ @i@@{ﬁ‘?fgﬁaﬂ%estw 6Cer g@@ﬁiaggg%‘gétchn

i ncrements as férmehmtion ateedan@nop aadjvel kaswn fiedie Batand esymplesmapbe fouaef ul
when cat abol i LERE r;@%i on is apt to inhibit the netabolismof the cells
and where it is es17&ble to have limited anounts of substrate in the
medi a. Meaddrement d¥ithongh the pretentinventinntis perforoed de batclamiodaitiin  Fed- Bat ch

systems is di f toftinpladiithhcihé BRARIOWEu1d B8 bl BUE o ontiloui S nitioh e
changes of neasurabJe fagtors such as pH, di sso‘?\?ggm oxy%en aﬁ%}l{) e partial

pressure of waSiethoslss Contpeqps fermensation s amopgayrieR e A definednent ati on are
-. common and wel ferleattion fadditeis aBedeshtipuousdy R Bibitadi6r draiitbquilhnfREsE
_supra. 15 Althq I?Aﬁ%he% rcﬁsent inv&:n.ti nis efrformed. i né)?a‘t.ch node it is
“ cont enpl at ed tﬁ‘g TR rfgf BE WBVE B‘é“"i‘&ﬁ%‘f“&& & PIGCETRE miBU Y ment at i on
z: met hods. C30it i firrmestation gemdrally onaintsing theapbures usd ennstahtliigh demdbity iwherk
.. fermentation ”S&ﬁsaarbggﬁﬁﬁggmclggtp%?! to a bioreactor and-an equal
renove

anount of conditioned nedia_ i I Si mul t aneously for processing.
Conti nuous. 20 fer m&oniinnens fgapentaiion alleyysforthe modylation pf erefsctar oranyonst ant

hi gh density wagh®ef6t fabtory BatdffedtREdH yrowth boshdiiadRt S6rtehttatioO Fbi NUOUS
fermentation allo

f th dyl at.i { fact nb f
factors that aff®eP ec@'h mﬁ&S&f‘”ﬂﬂcﬁ'?aa”lét%g' C[g’%tnugfﬁ?gr ["’ﬁ%? -nu urce”

25  or nitrogen level at a fixed rate and allow all other parameters to moderate. In
cother systems a number of factors affecting growth can be altered continuousty
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 using either
_ 35  baich, 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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exanpl e, one method will maintain a liniting nutrient such as F;} G4 bon
source 25 or nitrogen level at a fixed rate and allow all other pararreters
to noderate. In other systens a nunber of factors affecting growmh can be
al tered wormaizsnteusly while the cell concentration, neaspcqddayniedi a
turbidity, is kept constant. Continuous systens strive to maintain steady
state growh ?lﬂdltlons and thus the cell loss due to nedia being drawn
off must be b ced against the cell growh 30 rate in the fernentation.
Met hods of rmdul at |Gﬂle|smtabil€emtthemsbngmntﬁnrfm;mssthcmethad:hmhonaous

fermentation R

product formatlon are mﬁu}l;\&?%e art %ligéelwhglﬁkﬂ% %ﬁﬁbr{ﬁ# ogy and
a variety of oFgdigjdsh %ﬁféta-ﬁfeliaé’if}ge%ls ae speeificity fereither glyserebat enpl at ed t hat
the preseng lrl@ﬁfdp@ﬂedi@l}’rebﬁecﬁﬁr@?t D%Bf’drhltﬁs k@%ca waf@dhve&ﬁagdbat ch or

t t at
Ul bl o, AdcET TR YR RCri BRI o %%S hictis BB cpmgertd Yo o |1 zed
on a substr at €, xpropandédiolc €lells cartaininptthis pathway mpaydheddd mufaedent at i on
conditions for WD 01125178
PCT/ IUSi)O/ 27 25#@%‘8&9%2#% beEH "%ﬁ%% h%rh%é%régéﬁ‘%&e éggf ?bcﬂ’f' Ty nprise
t hose that har®estridiunydehsiellaaSemaenetiyrand mebaaﬂu;z Mirroengagisms kinb¥wnbe
ei ther a gbyceﬁyq{eréiﬁb %E'il]@d fictle aﬁ'io Prodbéd Zglﬁl@c%ﬂqfﬁ ARGt Qg %séH‘%?IMvat €

specificity fo cerol ;or 5 1, 2Z-propane resp

Dehydr at ase eni"yfég QFACE @P"%?fvgmqaélwg?w@%% Gapdida,

gg?lr oxypr ;)pl orfa&rdew&eDﬁMkPA)DyH&rﬁmycés, Muaag %ﬂﬂt dep.izﬁdnﬂ Metﬂyled&émﬁned' ol .
s cont ai ni wa nmut at ed or . reco or gani sns

bel ongi ng. t o trﬁ%’ %‘gﬁgﬁg&fﬁr%’ﬁ%@% @ﬁfﬂj Wrypsesngyme. Gthercpily f

Kl ebsi el | a, Sdhpstseh itz prasedt mmthamihdeactwscEmgalnusP@uHmmmdby

persons sHisl | eGrdnforh jk@ 5.t s Eé?ie@é&ﬂhic& ﬂhéﬁ@%@on&égﬁﬁﬁ%%kﬁ @htiodedd: -

Aspergil | US, Satcharomyces, Jygosaccharonyces yveromyces,
Candi da, HansERWNS, XS iR AT ?%M{/ﬁ’@ﬂ’r&m@m’m@@r yl opsi s, and

Met hyl obacteria, rBeolig usébasle kfoldclar ﬁeﬁ@qam@aﬁthn&rmsﬂf%§ enzyne.

Escher chi a, - PeBIRRPaRang 2ol PGBy k) (eFCergrRAL stilipeinie

or gani sns, bel(ﬁwgnmy)tUOIPk(DeaBlmms,rﬁmwﬂﬂmd(Sgttmﬂmd) exi st in nature that
are swtal:),joe for the present mvenU%es used as the nol ecul ar

si eves nmay be obt ai ned fromvarious rers including Zeol yst
(formerly PQ (Relectizg Goneeptratiompf 1 pia Qobamniddso vmiD xp@oP| ai nes,

I'L), Uetikon (&Mtzzg axeldate’Q /ﬁﬁ&%e&r m%smsogf GERt $4 4 0Qa0f 1 3-Pro
i ameter) of Col—?%gﬂ/ﬂ’éda{%%%@/ﬁ%%%ég e, 302 pmics ﬁéﬁ%@waé%a& 58 a0 o
zeolite, 30 % AmicunoidhmnQdillipore Copaedtivg, BedforddMA) (40 ml column volume,
25  ~1"ID) and cell-free broth (47 g/L 1,3-propanediol) was pumped through the
column at 0.8 mi/min. This flow continued until 1,3-propanedio! breakthrough of
~ the column was observed (i.e., when the exit concentration of 1,3-propanediol
- equaled the inlet concentration (t=90 min)). At =120 min, 50:50 (v:v) ethanol:
-Hy0 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 previbusly contacted with a cell-free broth mixture of
1,3-propanedicl, glycerol, glucose, and other components (feed concentration:

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




Am con colum (M lipore Corporation, Bedford, MA) (40 nl colg ’Iﬁ hane, 25

-1" ID) and cell-free broth (47 g/L 1, 3- propanedl ol) was purrpe t hrough the

colum at 0.8.m/mn. This flow continued unt|I 1, 3- propanedi ol

- breakt hr ¥&H/28¥78 t he col unmm was observed (i.e., when .the BXi/US@Qmsant rati on
of 1, 3-propanedi ol equal ed the inlet concentration (t =90 mn)). At t=120

mn, 50: 50(vwas@3hihare@b feddafe theSolRMAR g hs@%% cS)Srﬂ/mn
ure

PR i i @é@%op 3@2%@ Pijes opant

thite@ﬂﬁr opanedi ol
was 1.9 g: cataudesitedcplyaenalywhile e SONOBIDNSNS YD dutkd préd6bhiEhey? PO o

T ere | Bje;ﬁr ke PofndBE SER S S T B0 sf’ee%g%?ﬂamr%sﬁs%ve& nYeﬁLFryTe
cont act ed wi t heamsisting of 5.8¢ dyewrdl anil 1t8g h,Sqiropahp&obfmqmmabb ol, glycerol,

gl ucose.  and. opiesEeInpRaLael 30 NSNS0 90 B Sikons i), 5
Aprllo 2804 VO &Aveafiacs ODCP%T%BS @?wly%agéﬁﬁei%aeropmdiohgnMe col um
(10 m/mn) w fahoa %ﬁbawd@& g%dd?@-lfm)l m@owE@m @ch oreThe 5 %

Et OH 95 % H20 ted.t nond red I e” 50 Et O—l/ 50 %
H20 el uted pre 5 %ﬂﬁ[@ ﬁ‘fﬁ‘ﬁé’ﬁ‘gﬁ’% ﬂﬂi’ip?n%‘ﬁe@g yeerob Ve i p (t <23
m nut es) gtve 'dleffofah(masmrﬁodﬁ?pr@amadgaltgﬂydércﬂ@ 21y Geakther, &islS0%8 ¢

1, 3- propanedi o S r h 50 %

Ef OH 50’ % HRO ié%deﬂ%? % Umél%%r? W?‘e‘ % ‘%’“&e‘? gg@ﬁ%% 1943%‘&“2‘%’?‘%9““8} §1e2 ’

gl ycerol and 1 Wéatqnt@ﬂﬁrfﬁﬁﬁﬁé@h rglatl(rfp@s\gate:r aktieprogrampesirlvtiah, hbmgioyxcer ol =
1.46). The 50 %tﬁxoca:ﬂ Oth¥peFROrehRed ﬁmeglml%chm&tﬁhaﬂa B'ICﬁEwp%(%égg&lr eased

t he proportion nedi ol : erol relative to 10_t (mass

ratio 1,3-propd ﬁéﬁ?‘cﬂ "8]“@@@‘@‘? WIS aVFﬁquéPgEtPW(%‘%’Ge% Et OH: 50 % H20

el uent withS1, 3-propanedi ol required EEsMPERB i nput due to the |ower

| atent heat of ethanol ;relaii [ 1 i on, here done

in two steps, theref or&%@%‘#@%ﬁg%mfﬁ ot og‘g%'r% agflueﬂgﬁ and a

-1, 3-propanedi ol - ri &7 kfermentationwasseh(1d(hdLuctiee velymiohwes sétupertit oget her

- (Figure 2). 15bitiMol-Buldidnlioh %&,ﬁcleawaem&w@aﬂmiwagp&@mm ation
et up with a

Broth A2 L f | |

bigt h recir cule‘ré? H)@BL Se ?%%% J@ﬁ'&hw@h‘éfﬁ%m Rtudateuni t (2)

~ and ad ;:OI i;l%m( (15¢nt{cillincoﬂipoﬁﬁonioMﬁlse&lﬁEialhlﬁled),\&ﬁ!ﬂhsﬁa@%ﬁgﬁ@Bl [
extrudat e s

“illustrated i nhﬂsgur ead‘{E Rﬂﬁm&’@ﬁ@ﬁpﬁ"’fe@é‘# ﬁGE‘°’5‘&§Z§BﬁP2é‘§d@§pab| e
of produci ng 1fremgluecsaadisatidedtoding fgmmaewmﬂnddemgdescﬂlbedfmmnher
Using the set wanfg &m)lwgra@ﬁsf%sﬂmo&ﬁ]mngeﬁs b lthe @hentitioh Showe §

w thout |ISPR At 3 , fermeptation s
slow down in 1,3-propanediol production (0.8 g/1. 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 productivity (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 Batch 1.3-Propanediol Removal from Cell-Free Fermentation Broth
H-ZSM-5 (Si/Al=140; wt % Na,0=0.02; crystallite of 0.5 pm) was tested
for adsorption of 1,3-propanediol from cell-free fermentation broth. Zeolite was

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




sl ow down in 1, 3-propanediol production (0.8 g/L hr) and cellg Nﬁ’rﬁ?
I ndi cative of 25 i npendi ng fernentation failure. After the first g%%
period (60 mn duration; flowto filter 6 mM/mn), the rate of.
1, 3- propmmnaiproduction i ncreased al nost threefold top@riisedndir. After
the second I SPR period (112 mn duration; flowto filter 6 nflmn), the
producti on ratf?ch@rther I_ncr ased

0

tha 5
concentration }1%?1863%8 F&ef"p'?“swé 88?‘??3“&%"@%&5‘??3‘&8?& bed,
30 exceeded GOangllglwad!lLs nunber repr esent s a 100 % ncrease over the base
case (30 g/L at _36 h). Total volunetric productivity (g/L h) increased by

oo 51T o T, b T gk Sl et et

(FI gUre 4) E)' 35Beat-cir J. 2
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pm was tested 4ag adsgation qfyy1, 3 prggarfediggls f riom | 4f r '
ferment ati on Qroth—3A UéIUI’ILU y 3 199 UL ﬁﬁiﬁthgi(g;ta i on
(200 rpm at riogdhPenpel3urel (AdRi nal PHO5 ApGI73 2004 WY 01/ 283128

PCT/ USO0/ 27257 23 544 - | Ligpdi d sa%esj/\er@o_tﬂen d’HzIshdlr a%o); orl aygey itation

of 1,3-pr0pan ot ot glybc ot |_QUJ||||LIO|.|, LQUchurl, bly]
al,lgly]equ SG I oadl n gI ycerol selectivit
--9/L91L9/L /g nsteied loadimes of greater §wp 01Kxe ééepreweﬂ!% Zgolite 3ews 0

31352205 éé%ééiclﬁe@edl 1@%@1&8&&&%&%&%& .. %ﬁ&nﬁgﬁh&ﬁ@@?@ﬂoﬁ&ntﬁéﬂveﬁ]

n e ixngs of greater an
0.13 g 1, 3- proﬁ%ﬁ%@%ﬁ? % %%@Hgﬁ% fﬁ@? géLanngl rian fit to’
" the data, maxi rrumtheoretlcal | oadi ngwl culated to be 0.178 glg

(r200.996) with K, hizgl:qso Yk didi: A . Bp(hhand
A ycerol Adsorpti Of 0 gsor pti on

| oadi ngs wdPe deter rﬁ%’é‘ébﬂ‘!’iﬂ M%}oe@mwmﬁgw@mdmbe@hbﬁ%mmu on
“broth with a Wlﬂeﬂ%&mmwoﬁ%ﬂiﬁﬂloi&ﬁwrsmebrmw badskbenoRhsict ed for
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- , . 22 °C). Liquid samples were then withdrawn for quantitation of 1,3-propanediol
and glycerol.

15 As shown in Figure 5a, H-ZSM-5 (8i/Al=140) (further defined in
Example 4) not only gave the best performance of the zeolites examined, in terms
of total loading of 1,3-propanediol and glycerol ( 0.179 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
égitation (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 alurnina 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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and glycerol. is As shown in Figure Sa, HZSM5 (Si/A1=140) (f

defined in Exanple 4) not only gave the best perfornmance of the zeo ites
exan ned erms  of total loading of 1,3-propanediol and cerol

0.179 g/ﬁ’qtﬁfzépsl oading) but also in terms of selectivitR ’8$‘?‘/"27257

1, 3-propanediol (2.82:1 1, 3-propanediol:g igure 5b,
CI\/B mol ecul ar si eve (comrerm aI Iy aval | abl e ingfdl moj efndiar] siwvwey and H- Beta

zeolite were 4 DOr o, £ar bGP leailsalossi eve, gave
no detectable DTE—Zeot e

| oadi ng (0. 083HpaMr i) ‘; Fefdct | v2t298§3 8d28
1, 3-propanedi gi:zamorap! ) - EXAWPIGE & 25 LpngegezTer mz@ggl fe @y atjon-in
- Aqueous Envi r qqum g _ZEOof i tE S USed W tT_a D (Tder UL mECiTarT L al

strength in pc Qﬁ*"h@ )nnpr at i AU pks 27 1 hel Zedbft . er S

measured over 24 h in batch with agitation (200 rpm before vacuum
filtration with a cehéxeoﬁ&aieaﬁi;iﬁ@hgmfeldstf&uowle&lSM 590) (Si/A1eps.8 afies

Tesei e, v oo A GRlar sl MR N Baiinder MR e

readily (1300 @i} (Sléﬁd-ﬁﬂ)efomdzd h)acammlgmhtee tichies avith 2 haf armagudous 40 B4 nder i s

SBSZGO%bBilzsi%“?é%?%@%?‘?fﬁS*. Tk e RRIER TR RRG e Hhs V"

bi nder zeo, gze®glcig WWS%#@H%WW YWaperdgo 500 561 holdow ausP8RLCS
(U Silicaz. 667?or669ﬁ9, 9en NgsingMhe té?!)érhﬁl-@éﬁc@ mﬁ%@a%ﬁ@ﬂﬂ@@ 8¢ pthRtgeolite

descriptions a | ows, afte ad tion of Al
bi nder, 9%Na=0. é%)%gho%{lm%()( E_fzfr i‘r?‘?"&%‘g& ();anchalazxgm §d1
(Si'/A1=15) f or matkrial/incodry &ixl and)sdatinge tines with 2 L of an aqueous 10 % 5
NaNG3 sol ujgon 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 h to 550 C, holding at 550 C for 5 h, cooling to 110 C and pl aci ng
the resulting material in a dry vial and sealing. 10 17 5 April 2004
CLAIMS 1. A nethod for separating 1, 3-propanediol, glycerol or a mxture
of 1,3
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propanedi ol and gl ycerol selectively froma m xture conprising the steps
of: (a) contacting a m xture containing a m xture of 1, 3-propgankez2iid and 5
glycerol with a sufficient amount of a first zeolite selected fromthe
group consisting of MFI, MEL, BEA, MOR FAU, LTL, QGVE, FER, MAZ, OFF, AFI,
AEL, and AET, and materials with the sane topology as these zeolites, the
zeolite selected on the baS|s of its <HAMSvity to 1, 3-propanedi ol and

gl ycerol approachin X ntacti the first zeolit f step (a)
with a desorbant of‘9 Q?&Oéltfﬁ F‘"(a%égi EISP%PFB%FT %}‘C%W@m&rﬁ?fbﬁ - wat er
sol uti on; (}ﬁ)}%zﬁﬁhﬂoﬁﬁﬁd %gcérbleseﬂecav&f/%ﬂpgﬂhﬁhread%ﬁl;ﬂﬂsih‘%%@éteﬁldft ed fromthe

g

zeolite in repeating steps (a) throu (c) ‘at | east one tine
with the 1,3- 15 pr(@)o@nm@sttmgaanuh@mmg@@mk@ueeﬂl Bpropappdipkdnd and (e)
perform.ng step (a)’ m xt.ur.e of 1 .3-pr.o d|o and

gl yceroP of steps (C)E'%Ferf’gy%ﬁna £ g%ﬂwtféglfﬂoft@e?ﬁe§%IF§8$§ adsor b
1, 3- propanedi ol or glmap@bnsu(tmgofwn RMETL, BEA MORSFANY L7120 GME, Fmi step
(a)' with a desorbant_of an ethanol: water sol ution or of any 20 CI-c4

al cohol : wat er sol ut i oMAZ.QFF,¢dil} 8EL; and ARE, @dﬁﬁﬁ%@&ﬁ’é‘hlﬂm sate gl ycer ol
eluted fromthe zeoli §o$of ?y?easfé Pe?ohtetsaﬁlg % t?@c?@& él{@letbhgs o?l%' es of

steps (a)' through (c
1, 3- propanedi ol or gl stetiolty t1,3pepapedicbar gljrce@}aippiohchﬂ‘iguﬁlltﬁ the first
and the second zeoljte are e in a nol ecul ar sieve conprising a

bi nder el ected fr R g2 F‘%ﬁb” %}@ogqufgtepc(p ) Wit Adarerbay ok i ca. 3. The

process of Claim2 wh r lite is
MEl (H- ZSM5). 4. The %?%icdgé‘g‘ltéé? Srétlgﬂﬁmréﬂ)\r/ﬁr%aﬁét%] gggﬁﬁéﬁ? is an

et hanol : water 30 ggJ aHlleBtihg thd 1,3-propanediol and glycerol eluted from the zeolite in
step (b);
{d) repeating steps {a) through (c) at least one time with the 1,3-
15 propanediol and glycerol collected in step (c); and
(e) performing step (a)' by contacting the mixture of 1,3-propanediol
and glycerol of steps (¢} or (d) with a second zeolite to selectively
adsorb 1,3-propanediol or glycerol, (b)' contacting the second zeolite
of step (a)' with a desorbant of an ethanol: water solution or of any
20 C1-C4 alcohol:water solution, (c)' collecting the 1,3-propanediol or
glycerol eluted from the zeolite in step (b)', and (d) repeating the
series of steps (a) through (c)' at least one time to obtain a purified
1,3-propanediol or glycerol.
2. The process of Claim 1 wherein the first and the second zeolite are each
25  bound in a molecular sieve comprising a binder selected from the group consisting
of alumina and silica.
3. The process of Claim 2 wherein either the first or the second zeolite is
MFI(H-ZSM-5).
4. The process of Claim 3 wherein the desorbant is an ethanol:water

30 solution.
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