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a critical role in the total cost of the 3GI polyester. Vari dliegbes to
produce 1, 3-propanediol are found in the literature. These routes I nclude
comer ci gl | gract i ced chem cal synthesis routes (e.g., 15 acrolein
hydratio Oa{ﬁe Y8bsequent hydrogenation), and an uncommer RGHVS08ET257

bi ol ogi cal route (e.g., fromglucose through glycerol to 1, 3-propanediol).
In either case, the synthesis of 1,3-prpggaBediol results in inpurities

these 1mpuri b ed KNEFId O REFARALE For kAP AREpIGY, of U FCERDT DR8I C.
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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 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.



in the separation process. Zeolites can be generically descrifgd;agggonpl ex
alum nosilicates characterized by a three-dinensional framework structure

“encl osing cavities occupied by ions and water nol ecules, all of which can

nmove wit Wossigsiigi cant 15 freedomw thin the zeolite matriycrhikogoagercially
useful zeolites, the water nolecules can be renoved fromor replaced

within the framework wi.i-houf. destroyi Its structure, olites.can be
represented by the I’f'gi\i\élg\c/’\?’ﬁ lsfv‘(’)eiﬂi'ﬂoé{.X1 tﬂ%ﬁrfﬁsﬁﬂ’sfeﬁ’-r c@é%ﬂ?@?"%‘gt‘:@i‘n Mis
a cation of vahfecigedback inhilAtiomtbiatyis,iparticularlynfoe theddologivalwdtdyshet he porosity
and the hydraty : R?gﬁﬂt , : In

nat ur al | y-‘occﬂﬁ%ﬁgbgggw%gé@ 1S %rﬁ%é?ﬁ%?ﬁ@édgép%ggé%@gggqgépﬂ{gd Ca, K,
My and Ba in FAdisepal hipropanediolpreductionor sell grasvth (Gpperorictal: Sigfeefcheni cal
abundance. 5TheProat 141365 ¢1958)0 CRifis YthBRUASHL ivhAIal afdtid
frequently be 8 4Iget yqor é‘};r.tiéfﬁh r.e lg?gtgli!‘{,ﬁ%in?h ot_hdgﬁlégt&igbons lr)ly
conventional i ‘ﬁﬁg@%ﬁ%é’g.‘mﬁ St “E‘Eéll'r:;['gl"???%? JFreduehRg| st s of
corner-1linked t et r élebattise vorbéntd\suchras Sarbons and zeulitesdhave beerpropededdbedr a and
oxygen atons ajad -1 et.r.ahedr [ onbi ned in a | | - defi ned
repeating st rﬁié% _@?Jﬁg%(ﬁn%!rs?gﬁg%&va’fr‘l%o%se‘:@&%%el%fﬁ8f?°5’ﬁ?t’°5f’s’£g,s“§§s,°r -n?s 10-,
and 12- menber sdries wifh thereampaaenis of thy Hielagivabmixtursrasid sShessabents myolvad.

A | ) . , ] f 0L i on, 30
channel s apd %cc%?&sﬁﬂﬁ'fs@r&nﬁﬁﬂeﬂ E%SE%@IS%OEJH&EHJH%H &ﬁogiﬁfﬁ'ﬁ i ON

Pore di nensions are determned by the geonetry of the alum no i cate
tetrahedra fJRMGSPARHODBYOCESSe channel's or cages, with nominal openings of

8. 32 nm;or 16-r@ ngseon&s%aagé%icaﬂyamﬁbc@,ﬁgﬂc&nﬁéxgmmigésiﬂ&mi ng)s aQﬂ'
: nm f or ] . e _nunbers ume ionic radii .for oxygen). ose
okt 1160 1 ot et W%@Eg@ﬁﬂcgsmgf Bye ¢ eiploging SvEs 0 e
bei ng 8- ri ngs,octupird hydonsand wassrmolgmiles3sll af whivhraihdesvedvithaiphificamdi um  and
-arge Por &152 €Ofdclifih witfih RECLoN R atrk® 18 co ¥Rl RS AR Bofiel. thE Frek O 1 N
performance of these materials in catalytic and- s€ Aracl on a pfiat i ons,
since this chaPalcFups eamite rempuedirprmor aprlaoedrwithin sbq rame wor mol ecul es
8 «'ﬂ 22?7 gr P?:_r;;i dH’sgdjéiﬁ itﬁﬁth-@&bﬂe7 I_.eze_bl'itas Eﬂ?b?ﬁb?ésb!ﬁt&& b?tl% fanbwlhn%ﬁﬁfﬁump ok
-0 | i on _case). can. exi e zeol I te franework.
~In practice, % S @é‘ﬁgg&%ﬁ%ﬂ&mﬁ%?wﬁqbﬁ@%&%g&apqhyaﬁ=hg
- dimensi ons camusiter defeuningd by tskeporositydndahie hydragor state@if tiezdoliey, garerally
- react ant s/gflsc agﬁgﬂ' wiihin.a.zeolite structure. 5
- The pore di negfsr%nr&sm%ilg Qon?ﬁjﬁc%%e%ﬁFS’ %Wﬁ‘f‘@i’ﬁfyo?epsﬁ'rge'e‘ﬁ‘é%%é@h te are
"~ determ ned notC#i{,Mpynd Ba in propartisns asyablyreflertingdhgivapproyiewitaggochernical so by
t he resence ahRen id '

p £bun Nq8e GhtidnRMNE afe']o@éelf‘_ﬁ@ﬁn&th?h@ﬁ%ﬁmﬁ Bnd @ﬁfr@&feﬂt gﬁg such

zeolite A, for, exanplge, access can he restricted nonova
as Nat or K}, %ﬁ:@p@t&ﬁr or partlaily rcﬁaced with other cations bgrl conventional ion
exchange. :
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 appiications, since this characteristic determines whether

- reactant/adsorbent molecules can enter and product molecules (in the catalytic
2



are situated in or near 8-ring openings as well as 6-ring op%rgd\dg}% godccess
is ..10 enhanced by divalent ions, such as Ca2+, which are situated only in
or near _6- r| n s Thus, KA and NaA exhibit effective pore openings of about
0.3 nm aN®MFW8nm respectivel y, whereas CaA has an ef f ecPEWESWETSTopeni ng
of 0.5 nm Mol ecul ar sieves, of which zeolites are a sub-class, have

recently been applitiiofl easey cArDexiflth zgoing fas@ivotk. Plarpradtival it Bk beth ebzeald t es

used for urlflctlon wer e onformand
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748-50 (1990) ) 5%Rpd ned de-alum nized NaY and silicalite for separation of

1, 3- propanedi ol /water solutions; they obtajned a maxi mum |oading of 0.12 g
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sel ectivity. ebriniednot bniglby théREANSRI K the PotSdpenins! bk aldcliPR}) used
activated carbon, but experi nced SI ni f.i can on- specific. a;k& tion :
the costly i ntpé?%?g‘dﬁf%rtag’ g‘f OL19gP “?aﬂﬁ CAL HheRALEr ﬁ“g ﬁ%ﬁﬁ{ ment at | on
productiviti e&xahptmhgceﬁs Ean@klredﬂn‘xcte&bymirﬂomﬂemabnsabucl(a]s N&r end(t, vﬁhﬁm ]
336(5), 404-7 - t M5 zeqlite. The
Na- (ZS?V#S was 25 %l gﬁc?) @ggg&;{)ﬂfﬁ%&ﬁﬁ%& gﬁa ?%I\éamn%%utA cc‘és i"h can | each
a salt intl® tt@hmww@thMmmh@eCeﬁ e'dmh athextuz;ed)velwnofnear

1, 3- pr opanedi o4- nhg.@ MTRREKASRUING, &ﬁﬁbﬁeﬁeaﬂﬂe %%ﬁlné'olfhﬁ@t}t'otﬁmﬂ%ﬁd been
used for et han6> Fecover. from di lrffﬂf aq ueci%\19 utrons. |Ln one

i mpl enent atio 4 SO ISSRactikely, wherggs tivg porsopeming p68Hnm. 30
silicalite menbranersiomuarﬁ&vaasgém&cﬁtzeaitemealsumcmS 3P fdcknttye ls%gu?ed as
in a pervapora ofd.to o tiv reat er .than

et hanol 1o var SPoRe POF 3 RarRatdol il Ehin, The 2SS B 1 Haasdkeid

separ at i onlt ocpurdicativrewerenot afithe ipsetbr dormand uhonfm'qummmssqiuhic ns (EP
645371) . H ZSNichtarkiBhri A GF'Ad mitfifire i 3flsdrBard BRBLAH abiifl BEAGsdL Om | euci ne

i n an aqueous xtu was regener ate by cont act

- with base, a pYBEEE et\ﬁﬁ (Qﬂemg@ﬂerﬁ‘fhe@%'{"@ %{bﬂﬁgo»ﬁ?‘@m Se-abuminizsposed or
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..carbons. Y2hseinyessigatetglyderol rselpctmtyd thhykdr etall (GdimdngtTdche64(B); 7228

" ad bat I

~ Adsor pti on aﬁﬁﬁbg?g SEEPAR R cirBoh ViR efitifinthd HetinbdiiGbRSpHAE H blion
variation is koiohecopivtiptermediate glyceral @and eeteevadfl,&pmmdngl rmentation

zeol i t e- adsor bS@dﬁétﬁﬁhlé‘stoanI s@amlsmmmetwi () PRaraVOhent. r33ég ) (31453058,

separati on of gxﬁrs fro 5?‘{0\%@%3{’ &B&%ﬂMi%@i“ge for % adsor ption

with zeolites
di sti.nct!| y2di f fomndstperivy ty the DDIMACY tzeelites bkt agdin cindeach asult intushe Migtirea

method is not gbyiQUslaVstARR! 'T%@péc%vgﬁrr ot 1,3-propanediol from the zeolite was not

discussed.
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




| mprovenent in processes for purifying 1, 3-propanediol, glycerol, or a

m xture of 1, 3-propanedi ol and gl ycerol fronlfernentatlon Qm@ﬁﬁgoo4
particularly with respect to 10 product recovery, energy consunption, and
f eedback inhibition, are needed. A technique which would selectively
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any Cl-C4 al cohol :water sol %UWAK@@FTM\WTI@&MG 1, 3-propanedi ol or

glycerol eluted fromthe zeolTte In step Ié and ' repeating the
series of stepdRpirantsprevide s method f@qsenggmg %r@rqpméhqulrp@fcépﬁamﬁm fied
1, 3- pr opangdi3opropnediblafdigdycerot sdedtipity FoRQOARWER: EdhEisinBhESitpd 530 27257
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shows a schendtic of the | Equi prrent’. Sef up er ment er
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to the fer
25 (¢ collectlng the 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-propanediol and glycerol
collected in step (c); and (€) 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

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.



Dual cell filters and zeolite colums are used for redundancg.Aﬁ | 96L 4
shows the titer of a 2L 1, 3-propanediol fernmentation before, uring, and
after two periods of I SPR Figures 5a and 5b show t he batch adsorption

| oadi ng ¥OA/23178 opanedi ol 15 and gl ycerol respectively fomuseeidsyfree
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Si/A ratio shown in parent MmﬁmesSa and 5b is
i denti cal . DETAI LED, DESCRI sent invention
provi des a new t echFlgdfRe] skaws the zelilepacked polamn adwmtian ofilshprepaiediql

gl ycerol, or afibindeli-Recferrhertatitinattanemk despSbrddMCRp aﬁerd%msnh ehagbcal
m xt ures using_a nol ecul ar sieve. The net hod of the present |n ention

makes use of r&PALi vel y sinple equi prent and easy nai nt enance when conpared

to other ‘avail abl e Figuro2shows the elitioa ofit3hardpanediol fiem: o lhgerBjalyy zepliRbl em of
the high costgagmglurrently avai | abl e adsorbents and the product
variability. 2 eéctively concentrated product is provided in accordance
with this inventiofigyeds @w%@SQignm:QefIheﬂS%Eqmtﬂcm/\Sewp aA ferolentee- sor bent:

. selected from q) lgmtgg}oggﬂgv@m ttﬁﬁgs:%#ﬂrﬁe&ﬁt A rdRshat ! PHL rate

sui tabl e for so%tgtlon perlo I'clent 1O _renove

I e

inpurities ass8 %f?@&mrﬁcxc tﬂﬂ!ﬁmf (hrHesmeate fh)ds %ﬂﬂhﬁé@gblﬂlc 30 Where
enriched 118- paﬁqﬂ&_aq:dclcddd%hﬁﬂu ah&ﬂﬁ%éﬁt%d d)eeﬂn&‘é@mﬂleﬂ'erﬁicﬁfér(ﬁ)nd udes a
process for deiﬂ{ag'ca or be& anedi o% %(a&ﬁe a product © which is
enri ched therew grdlite EB‘%B'F Ydesorption, is
particularly usef uI nglueﬁlsthpﬁmdueﬂofraeﬁmv,émyomhahelﬁhmqmmefores '

recevered in. BQ.[ gnd therefore is less costly to.
distill. 35 In the cat| rocess

additional inpurities may be
present in the. proﬁ-iu}é‘t““{5%aﬂ‘%ﬂbﬁ@ﬁéﬁhﬁb@@ﬁé@@%ﬂw@m&@ﬁl%@mméoke g.
"1, 3propanedbol anglgwmfm&espea[velaok&njceﬁ-ﬁ&(f&ﬁﬁﬁ&h%bﬁﬂﬁ 'Qﬁé’fsﬁilgin&i%t her),

BTG e A X

' PCT/ USOO/ 27257 EBgirss ﬁaamtSbmdcducals gl ucose, glycerol, etc. One Skl lled in-

. the art .understands that pg4 ISPy ' TR | n nost
i nstances, a sorbent_has ' ne target
conpound and t hus th@hw%mvmmmgdﬁmn@awgbmqu@fmﬂmwmdases and a
secondary aorifj %mwbp@ﬁm@rdr%w@afw Efi0tand2lycirdl gpNEr at ed.

IR e b AT Ak e
1, 3- propanedi ol makgsyse nbtelatbrelyofimpleqpipamanast aky fathtelaieewidn doagrider from
- other Dbroth c W&%ﬁilﬁ)ﬁ@m%&oﬁghﬁs\é,e e 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 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



In the application, unless specifically stated otherw se, the Agiibayang 10
abbrevi ations and definitions apply: "In situ product renoval™ 1s
abbreviated | SPR "Volunetric productivity" refers to the mass of product

pr oducedwaomesiggi ven voI ume per time, with units of granmspélinkGiarheur) .

abbrevi at ed g/(L hr). "Titer" refers to the product concentratlon in the
liquid phase h units_ of ns/|iter, abbreviated. g/L. "
propanedi ol " | ss“ %Pév?“&bé‘ag@’&os"* Eﬁﬁ?@ L gitel Ongakilledip th QWM&‘P@@]%

par anet ers of smkseflwﬁveaéﬁwdiwﬁncbﬁﬁﬁbmgnm ﬁﬁ&ﬁé&ah %&@ﬁﬂ}ﬁﬁtﬁﬁb

Cor o) ant. - ormehprs more/ i o e opfupa G s i Gt Prg s 5 32%

known in the- mmmdmmammmdﬁmnﬁdauonptdbémhmes&mahe grbenti pl es

of Synt hesi flfﬁaga at page 2. -
Addi ti onal %se q?égeneral %98 ?%ﬁlﬁ %%ﬁ%&&g%cture and
-characteri zatpr@srm%%%vqnhdeaomm sorbeddidep egiol wdpasltlonoﬁeol ite 25
Structure Type ( rOpRedR aw&{-o it mg%ﬂ:c

Zeolites" | n fg\éﬂl’ ews i n1 géﬂzgfﬂiﬁpﬁﬁ% 197 )%Z@g%c% I gl n a&g@lj
Structure, pIRRONents Faty %eéhem stry and Catal ysis, ACS Mnograph
171 (Ameri can Chemi nﬁiheaﬁpﬁdaﬁbu,uxﬁek%@cxﬁo&n %aw&mﬂseewfbwingr Si eves".

(W1 ey, ); .Q.duct nto ZeoI ite Mblecular Si eves (John
Wley & SOZQ T%Wm 15 Sélf U PR ndbook of Mol ecul ar Sieves” (Van

Nostrand Rei nhol d, 1Hosdu pradust essoval” maﬁbrehatedpﬂBRes errpl oyed in the

process of. the prese I NSl Lite that
in the as-synthesi zegB or m cgmge vi escrl begﬁét%hgp?% et ifl e
(NaTPA) n[ Al nSi @benmebume perdingg, wi tzsﬁe@nﬁl(hwrpm)mmm a6l &2 0192H6

H2O for ZSM 1 1, wheTger® I?éferﬁathﬁedaéteo@&n&aM@ﬁrtﬁ@uhﬁmaﬁél Withhits of
tetrabtttyl,gmmoni u ca’{tﬁ@bgns1 ﬁﬁpect ively. The structure and synt hesi s of
t hese synthéti known in the relevant art. These

zelo: i Les can t?ﬁn bé‘lé’epmpanegdal’tmahbnyﬂmm form by standard pr ogegu;\gs_l
S we nown in the a . $5° ri
- 2004 WO 01/ 25178 PCT%@? #su ra. em’%hﬁpg%"g%%sﬁg ca |on in the

“zeolite is H+,. &m@{ﬂ@ Cencm@ atQmiax/Barespestivelyy dapical

i = shape-sel ecti; venﬁahﬁ,l m%,q&gm (gAgnfinenent of
the acidic roton W|t |n the zeo e pore arc tecture. The H—ZSMS has an
“average po Angstroms 5 In one enbodi nent, the present

_:invention errpl oys I-I-MSMcElaf sieves rswpll Rowe i 1Bk afteipdadd definclioR. 8zexak] free
br O,t h. Further "Pofecufal gaevgs-{’nnclp es o? Synthesis and Identification, Van Nostrand
- - Reinhold (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
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. al'so be used

used for desorpt lon of 1, 3-propanediol fromZSM5 zeolite. Aérﬂﬁ besl Y,
the adsorbed 1, 3-propanedi ol was displaced by the ethanol /vvat m Xt ure.
Mor eover the ield of 1,3-propanedi ol was increased by increasing the
concent r‘yﬁ%ﬁﬂa?/ 10 ethanol, which indicates the desirabir¢Tysemf2rzser f or ni ng
the elution of 1,3-propane- diol by an ethanol-rich m xture, Total recovery

of 1, 3-propang ,@I Whét®e b +a [ 0
Al though t he % alBding Eéldﬁ%ﬂ%oh%@?{ &eﬁt@frﬁﬁhw%lrk gér bed

i i nventio es eth | ut e
1, 3- pr opanedi 3&%% tt@tFanréﬁﬂails@iﬂ’? SRV FR VHCPH@%EBWSP@?PCW%@“N@%M of
t he pr esent |mﬁhenmmtoﬂ.ﬂﬁa&ﬁmnmdwaﬂudﬁmmmm&cﬁﬂéd‘t@renmﬁeat 15 room
t enper at ur e. Rect ed t t enper at ures between room
t enperature and%§¥5&a§w£?%‘§emrg§ DEESEHE %gfﬂggg@&suseful effect. In an
alternate énbodi nedr ongem mtaﬁathsrmgﬂeahmdnmwngdbym-zm Sfohi eved by
foeding Lhe Cals:Rpihin aBuikRaRSh A8 BE SN leflor BB wIR, T1050

| ow concent ratlfgﬂ sul ted In el utin esiFed CORpOLN
second hi gher % @éﬁFWWQFrP db P’é’@ @ﬁm%wﬁzfompmmy,thth s
process tred:mdsbrbéthl B@r@%anedlopﬁﬁﬁcﬁﬁglﬂétﬁ' @Eth%g?iﬂ s O?W‘)!HS g’;‘erp
conponent s ed e i men mentatiop v u
Wi '?E a broth q‘“’z%‘g de(lﬁai PER r‘%b"g WW%FFSF?@VWH‘ BB 9f;  at i on
unit (2) dAd #theoblwhichSpdicates the desitabilitytof Phiformifhg thel elutior of Iﬁ-?mjﬁhe-()f
1, 3- pr opanedi f t capabl e of
prodgcl I?\g 1, SQ%OI Ean ﬂl of)lzﬁ‘rﬂglr?nli 2 u?%gagq%@ggﬁqgfgro%ﬁﬁe&?&rﬂ@?ﬁtws(l) The
setup all ovved° be aphighis PAd M. Aitongh therinstantinyention miilizésreghanok
return of the ibeReethsbisbedel, 3-Srofnddiel, by Gf’g@ﬁﬂcoh\ﬁ’(‘isl Vgl e &obe bf e€ b Oth
p

was passed thr, h the eolite .col um ropan diol. The
broth was U|tltﬁ%ﬁrgF Eﬁ’ﬁﬁ@ﬂ“‘t’ﬂ“ﬁ“}t}@“f i?n%‘i??é‘?ed( dgsaraties) 1s psrformed #f ocedur e
i s perfordéd wpermh temperhtﬁFéRmmevadat i\sﬁexpdsuedﬂmam&@drahh&s bétveehifdonpn rate to
t he hi ghest r d Thi ates the positive
ef fect of the%%%%%%ﬁy ﬁﬁﬂﬁpﬁ%ﬁpéﬁﬁgﬁﬁ%@%ﬁoss fl ow

. filtration is used panﬂhmembedwmgwsmpwmc@dm@m broth with

. the ol ecul arachiegstEby f&:ﬂiﬂ%ﬂiﬂ!dhﬂnﬁ WA 0 RGRAIRY ERefBI{dAbT e 5'1 Afhe
centrlfugatlorhIﬂSIS dead- en f||trgt|o . or_tangentia OWfI tratton can

QW copecmTaHenre g thpaondesired compopgs whilstirea = 140)
is used @0 Isatonid higlr poepARstibnEluted prodainitdntly 1g319ro@ehéd;$1r

o Zﬁ{ﬂ&@t ati on.
"~ exceed those. drtused MEIBL of Blmamisabod BT pangtnl b piier seimborssty. 51257 ar
(e.g., Schollner etlnalpréfetsed @8bedimentys farmentation ivesrebyli) ésdet kip adibgisroftD. 17
g/g Qmax frorfe&mmo&gal hickiiQ68ed 20865 NBw'dlfaddd ull¥ (5 nds QiR &) The

substantially at.er ? neans t ess zeo errtal
o

and hence a [vaith Hea¥Yite rdﬁdi"emft‘@lOﬁkémi@leaﬂﬁél@lﬁ'ob‘lethpeqw red for the

sane proce@ss. fermentation. An inocculum of E. coli capable 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 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
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5 Alternatively, the sane quantity of zeolite can be used wi t érﬁ% 4
required desorption cycles and | ess sol vent usage which wouldA urt
decrease the operating expense. |n another enbodinent, a nunber of

mol ecul afo919¥@E  are examned for their 1,3-propanediol, #g Py

1, 3- propanedi ol and gl ycerol | oading capaC|ty 10 Surpr|5|ng nDIecuIar
si eves such as I\élcg lil;aollte (SI/6°\| =140) and H ZSM5 zeolijte SI/Al 150)
had the two hi pliner ebaldi by S “rer mers: the theorefisal laadings (P17

1,h3- prlopanledi Qmmﬁumuhmeﬁﬁggn&etmmmm%hé&elm clhm ce Iof '
the nol ecul ar g n_anot enbodi anedi ol. an cero

are sinul taneﬁﬂb%neu%m\} @%ﬁf@ﬂﬁtg %FH@?@“&’S‘%H Feolite
H ZSM 5 zeol temﬂﬁrad&oﬁﬁﬁmdmplwé@dnsemoﬂdlﬁeeeqtﬁeﬂﬁﬂﬁ&am@mbﬁs of which

Lo, unity. Srnd i aaamd Inabihy Wankey OB BRANEN bEbe B RRUER, o 1Y © 00

separ at ed usi rfé;sarpgpa@y m-arxdileﬁwi mm@esdmlbedﬂd&hﬂlmdmﬂmture can

al so be furtheg lof el gsing conventional 20. separation nmethods such as
‘distillation. I'n yef ahqther_enbodi ment, propanedi ol is renmoved from
the fernentation @W&%P@@%@W@f@@@mﬁemgmwfmy for

1, 3- propane- dgheir/1¢8- @ﬁﬁ&d(ﬁSg e&ol,id e B-pi @g&@@&,&g@m gﬁybroth_

is then trgated wi.th egular si I'ycer ol
(e.g., H ’i‘?&ﬂ"ﬁg’ n@) ﬂ%‘ %Pﬂ%@ggﬂ%&%ﬁﬁl@g@gcer ol
conponent . Coan-ZiSM-i)mlﬁ(Slﬂd— tvaulkighest wtal deaditnys abd hepehianedi ol ,
gI ycerol, or séﬁr.?i‘ﬁ’tiiﬁ: | t| al y or
“in parallel, are w |n%’[3ﬁ”8écope (%Pﬁ e prlg'}se}e%n Lﬁ?‘!rllt\f’e%téeg&denﬁfg‘yg]over
i's discovered ¢ipite okthpmolaeplassievie above mentioned ol ecul ar * si eves |n a
separation step andlghiARglenitodafiert! FBLﬁGpﬁEﬁBlﬁﬁElggdéﬁﬁa?emﬁﬂlﬂﬁ&hﬁhreat e][
ans o

than 90 % ZSM 5 t cular form.of” M:l) n for_this
purificati ]) ‘(Féll(ﬁiﬂg% #"E‘g}‘é)f %@S’ﬁ S#gotet i san that a
. variety of zeo[SdA&l?Sﬁﬂ)¢r1-b£%@45tnblm=(SilAbeIS)z&iﬁktéb&h&bhaﬂﬁghmuﬂpose of t he
BEn Wor, AU Oothes g S ERROREDa el bR WRilo il TN < o
theI 33 SEZE t%mquﬁ@m@mwwmmm;ﬁes _
i'ncl ude an Efixtukl ?lﬁ'hﬁ own in
the art an are descrflgﬁ Xcl\ivgg Nel er et Eﬂi g fwt}lote

Structure Eearrpl es of these nol ecul ar si eves

m ght. i ncl ude but arla yﬂﬁm&eﬂbﬁﬁddﬁﬂmﬁ, pahedi®IG4 refoved fropl e -
PCT/ US00/ 27257 hoc&iﬂw tbt%tglngﬂl Si/ |$os &thw& @%I .ndj Ciél&}% tré_e
acidity, hydro;f 8&'{18 ’SY & pap
par ticul ar zeoldiolgljceavimsdescribgd above, and tefemasntation broth is thcn treated with a
molecular sieve with high loading for glycerol (e.g., H-ZSM-5 zeolite, Si/Al=15)
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




be, further inproved by physical treatnments such as drying ancg,ngg,,ﬂ%ggp cal
treatments such as nodi fying the nolecular sieve with a coating.

Speci fi ce&,&g & 5 coating of a nolecular sieve, which include zeolites,

can be accon{)? &ed in the following manner: (1) a sanpl ECHUSOHE25D| ecul ar
sieve is exposed to the anbient atnosphere and is imrersed in

t et r aet hyl or t hdmise mithitégl SEAByatioae.g., hS)indicatind) the hﬁdltﬁ&lﬁfﬂfo@hd)[&)ch’yhs&é ed and

dried at room tie( h tedln
1 ovi ng ni trogé%gp@d%&%%%%@%“ﬁ%%&faP%hg‘%?é%@@? §mbvely SeirehER e 1o
pelrfO{ m;d ¥M th Gﬁ'@ﬂmﬁhﬁ Hnnroléfedtbﬁwbmndd txﬁ@mwtsrﬂudgaéedlyiugmd/oommbﬂrrent

sel ecte r OMygh 96&3\9119

substantial]ly on th&%gftﬁggﬁiga@nrgﬁgég@%%ﬂ ec ?aar g@ﬁg P 8ast
0. 05 wei ght> % §Patngofa maleaular sigyr Mlnﬁgd%mllwss@n@é ag@mmﬁh@timdhe

_non-listed nol é@lwvahgmeﬁ (Wb ehms E%fﬂie&h@lec@&r%@tlsé sdd@ ti4smeieR of the
i nvention. Ml ecul ar sie

or ns | nc 15 ed 't hose in
powder, extrud °SP ?rgﬁa\ﬁégumagpg H"rteW’ﬁﬁil ’glimsﬁ‘ ﬁ@r@gﬁﬁéfm tfl | t
i's further dissamplegsifitthmt anil ldried abiooteempemmrerovesnightatld)ehd fani;ﬂﬂg th&y m

4 edi ol ,
Gl'yoerol o br - ancatPin Ho8e hibBed B3N 815 A AL bR hg redlpRAP G e
above- desct? be@crformed with ose eymorgeguepqusds entaining ai least pne elemohiselgtedprent
and provi de eaﬁbﬂﬁhﬂé&%ﬂﬁﬁuﬂ“%ﬂr&%ﬁ?ﬁ@ﬁhbﬂsttﬁ‘ﬁ fs&ﬂ%bst&ﬁﬁﬁg% tﬂeﬂ

procedur es. be .seen I t es, havi ore Sl z
smal ler fromtf Ela(lié'ér(f?‘ieﬁé‘ggﬁ a@c‘ﬁ%"\/%e‘i?é‘? Wlﬂfq%g‘i”@ﬁ t%ﬁgﬁﬁlﬁ’m@t
| Er gpert i es Snd 'I'lmncbhtmg)tanbﬂsd:beppéﬁhmﬂ oft abedikted ﬁio%l'eo&ﬁns Qsléfﬂésr\ghxch can yield

pr opanedi ol | n.selectively se
1, 3- propanedi o Flfop&ﬁlwé%ogkhrﬁ%ﬁr}q’e OM@ %F&?Bﬁﬁ Hﬁﬁ"‘%ﬁi'}ierol
froma m xir e et %@mﬁh@awspowcbyrm e.tesaming, past prrwhhle of 2 oiepduads  Usi ng
speci fic nol ecgk e 1§¢eeves It further concentrates them during the
separation using specif] de or bent E‘F"Fﬁ’i‘ﬁ?f’l |l further mnimzes the cost

~ of the follow ng di ?HS T scgyerﬁg Wers ars oape stablestodeng €% anti on i s
. further defi nedquevuskerpdsurd forusgirFthaimpleaton.|t shoul d be understood that

oo g ven By vy "ot EPRAbREF AR R ok e RO o LG ER Y Chese
. Exanpl es, 8%e @i glysarol ntiliningahe alxan-thsm:é)nd aioleculae sicessanaktei sk of relatively
B e e
“invention to AdAsetionprogedpaes. odswilkbeteen Wcmtﬁslhﬂﬁl@g agoge sxmmmdzom WO
01/ 25 178 - PCTistia0eY 2dmIBodeadbEnited oNRe M 1diient adsorptive properties and
will not be capable of selectwely adsorbing 1,3-propanediol.
25 In summary, this invention selectively separates 1,3-propanediol, glycerol,
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. 1t 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.




Material s and methods suitable for the maintenance and growt iy ;g; @@ﬁterl al
cultures are well known in the art. Techniques suitable for us€'in

foll owi ng exanpl es nay be found as set out in Manual of Methods for General

Bacteri omagewnzseisi | 1 i'pp Gerhardt, R G E. Mrray, Ralph Necfgsdorhedy, Eugene
W Nester, WIlis A Wod, Noel R Krieg and G Briggs Phillips, Eds.,

Anerican Society for M CI’ObI ol ogy: Washi ngton DC (1994) or in .
Bi ot echnol ogy: ' A Textbook of I|ndus robi ol ogy, Brock, T. D., 2nd

ed.; Sinauer AGENHRAEMETRODSnder| and, Massachusettes (1989). All
reagents, restricti al.s used for t grawth and

mai nt enance of bact g&‘} Jy@l%%@%ﬁ%*%ﬁemﬁng ragtﬁo ecr’#cal S

(M | waukee, W'bactﬁﬁﬂ@ﬁlttrabmat&ﬂrinnwn(@ﬂterm t Techhigues saiBbIeEt use@aithcher sbur g,

MD) , Si f d
R e e
- means ni nut e( s)Bacteriolagehillipp Gerhardt, RoG. Beliverap 2B4lph N. CostilowaRygene -

mcroliter(s), Nesth, Wﬂﬁ@ﬂSMN&ltﬁﬁrﬁgnang l%?htl 9@@!@,) Amdiihn TEaNS

m I linolar, "M msan means gran(s),
"g" means nicrég §>}' g‘dl?@nw ashingtonnRE/d Moz yn We"\h""’ﬂ%n 4 vol une per

\éol une. | 20 | dgﬂfexibbﬁhbdﬁtﬁusﬁﬁddmalbglﬁ Brbek,gbrm:gzﬁ ?@% smguﬁfAs%&tn?mb
cero N e laentitl e I rec
subm T i ng Pho SRR, MireeRiele AOE. ATERéges roffincsn Spmesand &

anal ysi s. Pref enaterdals nsedifer thp gemsh ind madnitnanne bfbaterial belld wdre obtained

2 nobi | o phase % &‘%‘W#ﬁ?‘ur. iR W OGO LARABARIRERR M) 001 01

the exanpl es t HAIRGHEF: (Gaithersbure, )V\afs igmaChemical Company (3 Las, MO)wat er s
717 aut osanpl erun}é&atoﬁfesw;se ure control nodule (T=50 C), Waters 410
differenti refract ters 486 or pt,j on, det ect or 10,,

was equi-pped with a r%b "f‘glihs(}%i ‘T'gpsﬁﬁ%r e SHTPm déo'?i%’@o

- 8 mm for 1,3- pmexmsainit{s), ki meéahahour(s), ‘NS mdans dngs)e“pES mBaBaidol G, at

(L)Jnge;n { magei zgnc}ﬁtl or%sdlﬂﬁﬂgfwg} ane%l%%%{g%s)gl ycero?a%gfﬁp'([a[% Wa}gar gnd

.21.2.mn, res pe@playe‘hgmolﬁmg&mﬂbmdﬁ(sn“g’ P PRIT(sh| “ped seanhmicragram(s)
GC/ MB.. Anal ” d mat |
nal ysesaet ngénpogfam) %wmaa@fg%w?fnegles and materials

avail abl e t O‘.Skj e nethod -
utilized a V\A ‘ : Artap. | nnovvax

pol.yet hyl ene gl ycol QLﬂﬁpade&Bl%lﬂél%&Gﬁmﬁﬁemenﬁﬁ&ﬁ&rWyb thas
e 10 L3, R0 AU it Al PSS kot i 1©
‘ - _ present invention is a method where fermentation media is analyzed on an
-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
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done with a flanme ionization detector. The oven profile was })Q%rpﬁedrtzo,
ranped to 250 C by t=3 mnutes, held at 250 Cuntil t-5 m nutes. I um
flow was 2 m/mn. Sanple injection volune was 1 m . Under these

condi t i OW® 01/28178- pr opanedi ol and gl ycerol elute at 2.5 nepriapshodsEd mn,
respectively. 5 Media and Carbon Substrates: E. coli strain FVb pAH48/ pDT29

was used in al - 1t ons | el ow, r Qen bLQAn ia in the
present inventc%og%%n%]ﬁ%%ﬁ%g%ﬁgg%%%‘gﬁg T(Pla%rcgg pr{fﬁlsgfaﬁgﬁéseag-i abl e
substrates mayamped @504 by miputes,iheld #@50SCrmtiltriominntésadialiom flewch as
gl ucose and f Wl Dinin ObAEAIE AGEHRR Vfifind SHEPnS U B& oS! 05¢)

pol ysacchari de such gs, starch qr cellul ose o, mxtures th ) and
unpurified m xﬁ%u‘ P ﬂ%qnéreimsm?sh%@@sf{ BUk 30 3¢ prigsresnreiEdynhey

per neat e, 5corisdeend CathéarSubsitgée: beet nol asses, and barley nmalt).

Addi tionally, the carben. s r | so be.onescarbon.substrat such
as carbon di oxi de, %rcom#ﬁﬁg ggiﬁgp c‘ﬂ%f’%brbﬁgge%ﬁt%?%ﬁ Cﬁ%ﬁ% key
bi ochemi cal i ntedowedi ates has been denonstrated. dycerol production from
singl e carbon sour cgye I tai:%' ) been
reported in nethyl otr?é)ﬁ?goﬁllgggage?%frﬁsgg%g?&%?%%gfﬁg |u%$§lgéﬁ‘l}%ﬁ 53(2),
541- 543 ( 1989)3ubglwies. puiiablespbsiratesimaydncladebut are pptdemided tot ry 24, 4148- 4155
(1985)) . TitesemencRaEiHalesq(@ichas Biubobodl Hhdiaiey, olfdoSRAERA S PR W8 B2 tosk 2NYI NY
I n oxidation state fromlrret t%r#% t&uf or mat e ane?h ‘E)ﬁreoduqe y eroé. he

pat hway of car FonRsek: Ry sAcFRamdes (Fughas Farsh gheslulore S8 snixwssdpsen Rad e,

t hr ough ser i neynporifie mixigtes fomitenswabie fepdbtosks(atch {s@GhetseoktadylpermBae] er i al '
Met abol i sm- Seﬁﬂﬁg bt ‘ | - \Ver - rk . (-1 T

ri bul ose nonophgs g&%ﬁgﬁgggﬁ%\%@ E{et%@%s\.%% ab%ga%‘gﬁ%@@a‘ﬁ%ég_%ﬁ f'éhrerfgfbé’l\/vi th 25
ri bul ose- 5- phoiibatate may alsorhpoaecGathan isubstrateg such agarbascdinxide forueetbane! and
event ual | y13 hefor iteéh 16ehboli ddhossieh it k6 bRIAGHNIPInATRRIRRE AhEbedn kew se,

the serine pathway, asgimlates the.ong-carbon ¢ ound into the glycolytic
pat hway via %?}%B'ﬁ@aeﬁl%ﬁ‘f PHAYFRRLrom, SIngie ¢4 S‘%Uécﬁr(%galﬁ‘%f-'ﬂi‘%k»car bon

s]thbst Lat es rrEtm&m&fmimwmﬂmhwhﬁﬁ?mhﬁ?caﬁ@ﬂﬁaﬁﬁdﬁ_ nurﬁoegI
. of other carbog go . S oy TE ap n ucpsam ne. an
a variety of a%a(rjfd‘{%% %g&'?%ge%ngggﬂgb “ll(':éﬁg'c ‘?%)? ?/n 4 o Wgﬁb‘ﬁ?“ﬁ'“

= met hyl ot r ophi cBipshemisay 84,4188:4165 (1985))i Ahescarganisins warf assimilate singleani ne to

.. formtrehapmse | .
S oS sbagohgals clghid gl

93). E
" Publisher: | ntB‘i"@B‘Eﬁg,lyﬁ‘iﬂ%@F _
~will metabol i menepirpliate, dliroogtesezina Cirdhriobpth kiilddt-mdmoposphatdGoteiehak ;

d [Int.
Fr {e\:{]l?&ﬂ\?n % %E"&J}?&”@me 35 P,

( p'fﬂi‘)%agf%ﬁwbpaﬁs;q:ﬂ%ﬁq'%sbeg?a@@gbslbsﬁoseandi da

bein 3
ﬁt5|3 I( :5)2 ég8 :5;] 9,& th&ggg)b)I% taﬁlnsée, ﬁﬁ‘lfolt“fll%?{{] tS;e)nge%E\? éjrlatgb evntr %rl? alérsgﬁ lehec arbon
- 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 giycolytic 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 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

11



WO 01125178 PCT/ US00/ 27257 i nventi on may enconpass a w de varr,eé] 2864
carbon-contai ning substrates and will -only be limted by the choice of
organism Although it is contenplated that all of the above nentioned
carbon V¥QBYEF1E8 es and mixtures thereof are suitable in tHGI/PRGRTESY

I nvention, preferred 5 carbon substrates are glucose, fructose, sucrose,

or methanol . 'ui\reﬁﬂgﬁ a9 'én%cfinﬁé}s %Rﬁﬂf’ Radidy %f E&B@ﬁ’-@mﬁ%ﬁ%%ub&%?éﬁﬁ& il 0

medi a nust n ui m ner salts, cofa buffers an ot her
conponent s, eril“&“?‘ir&@eé’kp}‘*é’ OFANiSM art, suitable for the grow h of

the cultures and pm&mhg@it@Eontérhpla&ﬁlzthﬂﬂadﬂtﬁftbahﬁmmdﬁﬁ@ﬂ@f@fbbnfOF
1, 3- propanedi ql sgﬁgduc |on ﬂf ar %%Onr‘att ntion is ven t (II)
salts and/ or \ﬂﬂ? gf‘%fé Y5ru prestndlug oréé)ﬁ
- Typically, 5cechﬂ:oarsebsjradnmraglueﬁbecfructosqopunpsa,armetlnnbla Pr ef erred gr ow h
media in the prese | B di a such
‘as Luria Bertani %@ﬁéﬁﬂ&%%ﬁ%ﬁ&%ﬁ%&?ﬁ@&%ﬁ ?ﬁ or @:st medi um
(YM 15 br ot ifoniaim@iitablstninerls paitsy prfaetorss buffermpnd ather compepentsdaon@ used
and the approp tise skied iWhE aft, ﬂﬁemopihetﬁew&%ﬁth&ém&es%a St gtm wi | |
be known by soneone skilled in the afr &3f mcrg L 8\9‘{ errrentatron
 science. The (Reengymaligpathway ncerssiy I Ldrprpranediol g nré’

‘directly a0 i meentbet is\pien.tg Co(itysdlisand/ed ehasini® @rpﬁecu&fﬁh&l@sphat e) may
al so be incor ng&&gg hghgng_he reaction 20 nedia. Simlarly, the use of

agents known matic activities (e.g., methyl viologen) that
| ead to enhancenmentTxpicadly arcegiiowin 3339 FGciniappropagte media) Hydfermed gonvythnct i on

}[Mhte hf or as Z?Irg%cﬁ@h{‘&@ﬂée%tﬁn@ﬁﬂﬁh'afe%Bﬂlcﬁﬁ]k&‘?&?lle ﬁ@&ﬁleaia'sﬁ ngs for
preferred as tﬁi@*ﬁ%‘?‘ﬂ%h’ 8 56@“@&6&9*6%@%%‘?@ ‘F‘Sﬁi

aef obi ¢ on5anagohbiGthecdefintd onsynthaicgrowinmediaintaydilsoBeised aadibe C condltlons
ol bys o bat ARPRETHSIRGpch MR oF e TePl QlarafiRioopiRill FAFRRIATER <
cl osed syst emspiveone skiled bripe aittof oricrwbidlogy mtédnaentaiomesbieacc Be ushef

begi nni ng of t télﬂ)? q“re&! tions
during the fe%%&%f\?gﬁém%fg & lté%@gréﬁhrﬁng 0 ﬁrtlh&l é&ﬂiéﬁé{:ﬁ)ﬁr% t he
media i s i nocAdg® ‘t¥rmopaphpsphate)y mayplsq kainee torthe %er nent ati on
hovver . ot o e Lo AR KAt 10 @62“2‘8?“@??‘%%%‘?? &t
car bon source I&ﬁ‘é}g g%ﬁ?ﬁ?&%@%ﬁ%%@@ggfﬁ BRAF P‘Prﬁéuq@&[%ar Such as
pH and ;)xygen ???Mn]nmmmnmﬁmrdsahmﬂ:emaﬁltrercsgddeacmat@hhlnbhsa and bi omass
conpositions o s

“fernentation is sto Ya}s@%?ﬂﬁgggﬁ c%%c u:&%tfeﬁwéeﬁﬁro era?é hrough a
~static | ag phawherepp6.fitgpHd-Oisprefemgd b thednitiabicenditign.y to a :

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 contrelliﬁg 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



12 5 April 2004 WO 01/25178 PCT/ US00/ 27257 stationary phase %rf?z@é@""t h
rate is dimnished or halted. If untreated, cells in the stationary phase
will evepntually die. Cells in | og phase generally are responsible for the
bul k of 8‘15(6 ¥?8on of end product or internediate. A variBTEMIER he
standard batch systemis the Fed-Batch system 5 Fed-Batch fernmentation

![or oces is ez ?r ﬁ stasionaayl bp?b h?xﬁi&gﬁhﬂh ﬁt@fs&ltiﬁ] iri ﬂifﬁ of hﬂg,d:[a mﬂ%mﬁ_@t@@!dggé’ %jna_

ypi cal batc S e..except i,on. substrate.is added in

i ncrements as f‘%ﬁ@%ﬁ&ﬁ‘gﬂ%‘fe&&%gg&@%d@@&P@*ﬁses%f&@l}%%e usef ul
when cat abol i tespensthle fwitbmbulk odprodustiombd didtprodvet orihelabdisten of the cell s
and where it is degy.ahl: ﬂ@%i L4 ! in the
medi a. Measurepent o &z?]%{el&ig?act ua daﬁ%%?‘?stgﬁt&g%}zee%dféa%{%_y&%%d- Bat ch
systens is 3i f FréBatchdpangntationanresasses arealso suitebls im thetrmeseptisvention ande
changes of neagethphten fypchPbacls sistenwithithe SicEHRInRS O Me R YIdEDf parti al

pressure of waste gases such as CO2. Batch ed-Batch ferpentation are

P omon and wel TRORS 10 RETERIETaR FreRIemD dedrhay s StgH e WSl SR

supra. 15 Alt hoatglolittieepeessioans aptity duitibio thei rsetptmlibmrofee: defis bed wheredie it is

contenpl at ed t Rat: . l: e .t ty ferpepntation
P 8rab o REOG00E USRS P SRR ARLE 1 nGRD SR PORRR!

met hods. Conti nuous fernen fon 1S an en sys ére a

fernent at i & naeiial substeaieieencentmationio FsiyBatch systoms isdifficult and i thexefareal

anount of  congitrnhaBeen MRBaAisiof theeFHUBE: Triakirane PALSIrY sha as IO ARSAVAD-
Cont i nuous. 20 fernent aﬂtéé on ,%gleral [ mai nt ai ns t he nst ant
e pariid )

ul tur at a_co
hi gh density wRdY&nAnd TESSRES ¢Evasts gases ﬁb‘ﬁ'&%céﬁoxhﬁﬁﬁa@ﬂ)ﬁf’qlﬁﬁ@bs
fermentati on aférmentation atdednimcibad wel kabwe iethe afttand eLimpleymay behsind of
factors that aF‘IEF&C Ccg Imgrowth or end product concentration. For exanple,
one method will" Ralntarna limting nutrient such as the carbon source 25
or nitrogetd|evel atAlthopglkthe pregent mwentidnl is performedtilbatclpmodaBtiers to

moderate. In Q&ﬂ%ﬁp&!&itﬁﬂﬁh@d@&iﬂlﬁ%ﬁﬁbE%Gﬁﬂb‘icﬁ‘;Jo‘ﬁﬁﬁﬁdlﬁfgg{% g ofian be

altered continuo sl% whi,l e the cell_ cqoncentration, neasur nmedi a -
turbidity, is F&g@" ofrongnous femnantation, s aq gransyglemy whepea defingd nt ai n st eady

;. state grow h cdtliehiatiof neddéh isfadded buntinGehsty toaSioft&of shd'dhqalla@hdit 8 awn

.. off nmust be balcﬁncflgg e%%ﬁic’}st t he cgl.l g‘rﬁgwth £ rate in tg’he.fernent ation.

“ Methods of modSPAEFERFAHATHR I emoyRd S ERPFP Ul dPLProcssing. CORIPYRYS us

o fermentati 8@ pfoumesttion genarelly maintsies theicylteres for comatanthigh depsitheviesd e of

... product formati ridel ' gﬁﬂprt of industrial mcrobiology and
“a variety of Egl?sh%g? a_rell)ag{]g%gég}bé} rock, supra, It is contenplated that
the present inventi &Pniayousdermentationailonsifarthe madelation of peg fagfor eranybat ch or

continuous progafbesoR@stod Wit Aeet KPHOwIRE e prodiRt BHeEAAtRA. Wor! d be

suitable. Addi %;(z(\)nqp el gﬁe I!ntethloﬁ \aﬁﬁ %aﬁn aé[ l%gi&ngzﬁutr?eglt ls&hrragﬁebc%rbon source

25 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 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.
13



i mobi | i zed on a substrate as whole cell catalysts and subj egt%”%ﬁo
fermentation conditions for 1,3 propanedi ol production. %004 WO
01125178 PCT/ US00/ 27257 Cells: Cells suitable in the present i nvention
conpri sewolaasi78hat harbor a dehydratase enzynme. Typi calploraidagapezyne wil |
be either a glycerol dehydratase or a dial dehydratase having a substrate
specificity fQ:r lle| ther glycerol or 5 1, 2-propanediol, respectively.

Dehydr at ase enzyires are capable of converting gl ycerol to

hydr oxypr opi onal det@fdlle sqigblein)thevpicsdnt uwenﬁmommemoedthamhatbpsapr opanedi ol .

bol ongi g o gy drdlale ARRECT, BRIy B AL EuRE o plRERTRLARRNGY 02N! ST
Kl ebsiel la, S&Fasedldgh YW11&&WBW%§ quwf&ﬂaé?rg%nhﬁémcwﬁb% 10 by
persons skgl | Gl@l-pfbphﬂéih@riesﬁd@npﬂ?d% dthit SRy mBY arle REPAYNM 8f tdtivertigd -

Candi da, - bian £2kgO &n”%ﬁ?fﬁmléﬂﬁ%%a??{)ﬁr%égv%m%%‘énaem?' i °”"2ﬁ3

Met hyl obact er |la3-prorn;techd 0edls bmlrfgdlus@aﬂmgmynaﬂhddmlnwamase enzynme.

Eocher  ohi a, - Redoasn oredgls el diehlt Bagl PSRRI Bulmaller, o' |

organi sns, bel ngrndg%dﬂemeﬂab&mowg;andrievdrobgczliuplemngamsms lkaowne t hat
are suitahpe t
o erréaﬁsema@ﬁme B 8 biodlice AFRroIlH feHRGHatRD, R, | % @O@%&a

si eves may be i ned frgmvarious manuiacturers Inc
(formerly PQ @W‘F"dr%@”‘ﬁﬁ """WF@&‘F@H’@”J’("G&W&% andidp, (Des Pl ai nes,
L), Uetikon (Mustaeln) Biashlielld DEBEAIMe @Aﬁebewap@ raﬁ@Mérﬁ,wbm:@fa 1 3-Pro

i amoter) ot _AnsERs SRR NeBRRRR R aclhey it Pl otge it o,

zeolite, 30 %Mst;nnrﬂacmwmzamycnm mdudmﬂaazliﬂsoEmhmMu,cﬁmudmmma(nﬂl | 1ipore

Cor porati |-free
broth (47q3/ LBL?FE ;ﬁ’éﬁ%ﬂﬁﬂe‘d{ dtﬁQﬂd{ t’h O“%‘E‘gt%{he abpf'ﬁﬂﬁﬂh?xfed
0.8.m/mn. THETURS S’WS'c‘Br‘i‘?‘i“FRJ ﬂiﬁﬁ‘i“Fab Breapeseaidnsentioneakt hr ough of  t he

col um was ObserVe%ht@medﬁﬁﬂewkieﬁ&ﬂﬁ%hééﬁmﬁéuﬂ-f)m]va'ﬁo%Opanedi ol

equal ed the inlet ncentr.a m \[I V
e'? hanol : H20 FH&E “f%‘d o™ lHﬁ%‘B%gﬁg ﬁ'ég%fmﬂ'a%ﬁ? Gh%"lﬁ‘?rlgﬁ’l l;r]f&]e gﬁgT ?h)e
adsor bed. 30 KBmpamp)abOPi(Des Plainbe i) (Betikon¢Sdjtzerdads of adsor bed

1, 3- propamgdi ol was 2.10 g and nass d 1, 3-propanedi ol was 1.99
g; cal cul ated recovery_ of product mfaw EXAI\/PLE 2 Pro ed Sol vent
Desor ption of Azdegityed oncentmfign gh bdrRibpanediol via Column Adsorpti

23 g extrudate (1/8 inch diameter) of H-ZSM-5 (~75 % H*, 25 % Na*
cation balance; Si:Al=25; 70 % zeolite, 30 % alumina binder) was packed into an
_ Amicon column (Millipore Corporation, Bedford, MA) (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 previeusly 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 }




.35 Acolum (1 L volune; 1.875" ID) packed wth H ZSM 5 zeol5iA‘§i| éﬁ&?
Exanpl e 1) was previously contacted with a cell-free broth mxture o
1, 3-propanedi ol , glycerol, glucose, and other conponents (feed

concent r MAYRS1783 0 g/ L 1, 3-propanediol, 29.7 g/L gl ycer dQT/USMAIESTEp
programed desorption 14 5 April 2004 WO 01/25178 _ PCT/ US0O0/ 27257 was

achi eved by fewsi agidvee b§ Fed tﬁé@olmnhf(l@mqufthgm %@lﬁ#&s%ﬁ%@ f ol | owed

by 50 % Et OH/ 5 l% Hgg fﬁ?@%ﬁt‘%ﬁﬁe&ﬁgﬁ ted the . non eSired
| |, whi | 2UPHEd 8Y S0 18 ¥ HaQrelyped the

%, %CS; gpaned: uonamipzﬁlmﬂ@wmmg(%g em?dt;?&g;;ﬁmﬁlya fraction

5 consisting o{ 35 §%E&lf’yoﬁ£fp§f X §%H%D ‘%r.ﬁf ne |§e@ nmass. rati o

| |21, 3- propangaror: = % 3 AEOHZ e THNES) §363 48R

IR e o sk b

1, 3- di - 04l 3 p-pﬁgegb | & b = e L Yo

Et O—y ggp?mn.azboélg gégaﬁﬁ’gﬁé?%dr“gdﬁg’ agHZ?gnl Tl ctcga{JnEttlgiyylﬁj ﬁc/'? gageséﬂpﬁ&%azs’pr}: o‘ié ion of

1, 3- pr opanedi ogz?V&I%‘L?éﬁ‘ P copsisgting o 9128 21glyeerel apddd-Y srb.dpropasiediol (mass

1, 3;] prloganedi Oiaﬁg!ly%pfdphnqﬂi&ififckml ElrJ]!rAdt).e_fIhe'[‘SPi“/gE@It&?ﬁOt%t}g'd? 9Ep %ﬁe'f@@rl t e'3|t Uﬁg;t
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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
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shown in Fi gure SipgGVS3mabsel Biehaltb e prdt

nol ecul ar sieve) and Bera Zeo e _WET 6 ar |
10 Equilibrivm adsorption loadmgs werc dctermmed in batch by contactmg

cell-free fermentation broth with a molecular sieve or zeolite. Adsorbent was
batch contacted for 24 h with agitation (200 Ipm) at room temperature (nominal
22 °C). Liquid samples were then withdrawn for quantitation of 1,3-propanediol
and glycerol.

15 As shown in Figure 5a, H-ZSM-5 (Si/A1=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).

-L)

por e

, 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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topol ogy as these zeolites, the zeolite selected on the basis of its
selectivity to 1, 3- propanedi ol and gl ycerol approachi ng uni &yprillZ004b)
contacting the first zeolite of step (a) with a desorbant of an

et hanol : water solution or any Cl-C4 al cohol :water solution; (c) collecting
the 1, 3-propanedi ol and glycerol eluted fromthe zeolite in step (b); (d)
repeating steps (a) through (c) at |lea’LAIMStine with the 1,3- 15

di ol d gl I |l ected i t X d rform ste
oy by cont act i b & FTIACILI95GRng | AP BRsHEh Bioaal 06 ghyeerof 15T ot eps
(c) or (d) pbpdhediob MPAYcEEeldcBval HDR) £ALAMRI bmpPR@the dept ¢F OPanedi ol or

glycerol, (b)" contacting the second zeolite of 'step (a)'" wth a desorbant
of an ethanol: wat da) @okagting a nxtued caainip@ a@lix®4e af Lotpodpanediel arslol ut i on,

(c)' collecting the 1%[3- r edi @l . or | crg_{FS eluted fromthe, zeolite in
Step (bF «Cand () r obRaEPPET RS Rici i Fh o Tl B Sekb TR

| east one tine to obt gtioﬁp@oxmiﬁtin?i(ﬁMFI}MﬁlmeMQRQFAQL LAy GMB)FER. The
process of Claim1l wherein the tirst and the second zeolite are each 25

bound in a nol ecul ar MALOHLAHH; 4FERgand AERJaYd matpdals withithosamehe gr oup
consisting of alumn L L4 T, km. rein either
the first or the seco]efaiogng%g%?lé tﬂgg?zsm%ﬁﬁ @&z%ﬁf%ﬁ&tﬁ{omﬁ#@b&%@g%@% of Claim3
wher ei n the desor bant sdl&tigity & hagebpanadiel and3flyseditipbmachih unity;

10 (b) contacting the first zeolite of step (a) with a desorbant of an

ethanol:water solution or any C1-C4 alcohol:water solution;

(c) collecting the 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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