WO 2001/101-137 PCT/US200-1/013905 PROCESS FOR PRODUCING
1.3-PROPANEDIOL Technical Field The present invention relates
rally to processes for producing and recovering 1,3- propanediol.
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production and recovery of 1,3-propanediol. Background Art Purified
1,3-propanediol (PDO) can be produced commercially by methods known
in the art that can involve fermentatlon chemlcal and mechanical
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glucose can remain after fermentation. A disadvantage of the fermentation
route using glucose for the production of 1,3-propanediol is that sugars
Backgspuad dliicose will create color in downstream processes involving heat,
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downstream processes involving heat, such as distillation and evaporation. Preferably the

residual glucose is separated from the PDO to purify the PDO. There is a need for a process to
separate 1,3-propanediol from impurities in addition to sugars that will result in greater purity
of the PDO, and that can eliminate or reduce the amount of energy intensive distillation (e.g., a

common method of purifying PDO) required to produce the purified PDO.

Summary of Invention

In one aspect, there is provided a process-for the recovery of 1,3-propanediol from a

fermentation broth comprising 1,3-propanediol, comprising the steps of :

contacting a fermentation broth that comprises water, 1,3-propanediol, and at least one

contaminant selected from glycerol, glucose, and butanetriol, with at least one solvent

extractant to form a first mixture, and



first phase of 1,3-propanediol to at leagt one of glycerol, glucose, or
butanetriol is greater than the weight ratio of 1,3-propanediol to the same
contaminant in the fermentation broth prior to the fermentation broth
being:contacted with. the solvent extractant, wherein the second phase
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compounds. A low molecular weight hydroxylated compound can be

selected from the group consisting of glycerol, glucose, and butanetriol.
Discﬁ)ggfgr&bﬂg{vmﬁioﬁqueous feed stream has a pH of between about 2 and 11,

more preferably between about 6

Certain embodiments of the present invention are directed to processes for the recovery

of 1,3-propanediol from an aqueous feed stream. The aqueous feed stream comprises water,
1,3-propanediol and at least one contaminant. Preferably the aqueous feed stream comprises a
fermentation broth that is concentrated and/or partidlly purified. In certain preferred
embodiments, the aqueous feed stream comprises between about 5§ wi% to 85 wi% 1.3-
propanediol, and further comprises greater than about 10 wit% water, and between about 5

wi% to 70 wt% of one or more of the contaminants. In certain embodiments, the aqueous feed



and 8. The aqueous feed stream is contacted with at least one solvent
extractant to form a first mixture. The contacting of the solvent extractant
and the aqueous feed stream can be performed counter current, cross
wEdsienti@rycounter cross current, as explained below. The seniagitng@dsos
be performed using more than one stage, as is known in the art for the
contacting of two liquids. In certain embodiments the solvent extractant is
essentially anhydrous (e.g., comprising less than about 0.5 wt% water),
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isopropyl acetate or tributyl phosphate, (4) acids like oleic acid (5) oils like
and 8Soya oil, or castor oil, and (6) ethers. Preferably the solvent extractant is
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contfetaferbavphasedenhiaaesis grabakiaratsihene by e rosianax aprertaally

anhyHRERANE L€ -Qonﬂﬁlﬁiréé% feemiifaninencathion FRERShaling Hist-MbUS S ted with

separatéd into a phase and a second phase. The first phase o
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consxsst{i%%rgf Tﬂeaﬁ(%%%Fsdsr‘f&a%ep‘é%}ﬂ%ﬁi,s&%&n- 1-ol, hexanol, or olef;l alcohol, (2) ketones
like 4-methyl pentan-2-one, (3) esters like isopropyl acetate or tributyl phosphate, (4) acids
like oleic acid (5) oils like soya oil, or castor oil, and (6) ethers. Preferably the solvent
extractant is hexanol or tributylphosphate. In certain embodiments the solvent extractant has a
carbon to oxygen atom ratio of between about 2:1 and 18:1, more preferably 2:1 and 10:1 and
most preferably 3:1 and 6:1.

In certain embodiments a phase enhancer selected from aliphatic and aromatic
hydrocarbons can be used in addition to solvent extractants (such as those taught above) in
order to enhance phase separation. Preferred phase enhancers are alkanes in the range from
hexane to decane (e.g., having from 6 to nine carbon atoms).

The first mixture is separated into a first phase and a second phase. The first phase

comprises a majority (e.g., greater than about 50%) of the solvent exiractant and at least some



majority (e.g., greater than about 50 wt%) of the water from the aqueous

feed stream, and at least some of the contaminant from the aqueous feed

stream. The separation can be performed using methods known in the

wokhol£astaIN embodiments, the contacting step and separgtigiu@ivilielisst

phase and the second phase are carried out in a mixer-settler. In certain

preferred embodiments the first phage is separated from the second

phase using a centrifuge. In certain embodiments purified 1,3-propanediol

is recovered by removing thirst phase from the . second.phase. Certain .. .t
of s BB OSBRSS R S R LA I th fs
phasée;m@r%fw@b@wvf@a;@hﬁmtcfzﬁ@rtjimr@@@smie preferdisly betwaeht agsue!

25C and 35C, and most preferably at a tem ure.of ahut 34t feed
1:3"Pé%l??&ﬁﬁhgmﬁg&‘?rﬁ%ﬂ?s‘f%%%%‘%n%\;gcﬁﬁ (s %%Oéjs?e?égiéon?act d. with a fi%%lte o
streafiUantify-@ftaaguenits Solstivrnorxveamb farnm.dhsebomioparadiel mrbe first phase
is puvolyme ratioof the first quanity of \aleL PLAGHEOYESUMIRNIR B8 HHptises a
15 PURR A aéli%ﬂ%%%wgléoﬂ) %rgghot i&gﬁll ant 10:20, more preferably between about
majodity eamdetedicatichnbsb Adfardbip Eibe vrater B the auproseBsidHsRRuARd at

least iSSm%g Bﬂﬁ‘é%%d@&%ﬁ‘&m reRsy ﬁ%ﬁl&l’f%@s fpurhphase Tihe-Hairdiphasebe performed

comprises a majority (e.g., greater than about 50 wt%) of solvent <on of
usingRtederrkoMRaTiFE piade CTHENSTIAPBRESE i Bt Res SR pHSAmR RO ©
the 1RO RDA N GeBondTSIRIRY thaRMRAWD hwittief-Saalbirstauantitypoferred

agueous solution or water. The weight ratio in the fourth haseﬁgfH o. Tn certain
embadguspshls SHRSIBRSHY SREFLEHEIMAR BTl RIS, FELR? HRAR the '
emblBighiatie séd B3pepanetioliadhe aahsy contarnip tnrfirstheharg feonshe

feed stream prior.tq the aqueous feed stream being cont ith: th
secoRpRE o A PRI O PR e Do r oy Ui Bt o
tempbanibedydeprdpanetiol indhe dquesusridetydutverhabosp APt gREAN C. and

mosfbrﬁ h%%cg%'&na%% y@sin gﬁt@g@g} ég}l%w&t[n the art for separation of two

e or partially misci iquids. In certain embodiments purified
1,3upropainegitlidirentvdhedeame remBuinePpegis BorHstashatlnn PIRETIBRHK of
aquéjoﬂug oM dbe.thitd PRase, iasritainemborimenisuthedecdvrsarsttdntity of
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of aqueous solution or water. The weight ratio in the fourth phase of 1,3-propanediol to any
one contaminant present is greater than the weight ratio of 1,3-propanediol to the same
contaminant in the aqueous feed stream prior to the aqueous feed stream being contacted with
the solvent extractant. Thus, the 1,3-propanediol in the fourth phase is purer than the 1,3-
propanediol in the aqueous feed stream. The separation can be performed using methods
known in the art for separation of two immiscible or partially miscible liquids. In certain
embodiments purified 1,3-propanediol is recovered by removing (e.g., by decantation) the
fourth phase from the third phase. In certain embodiments, the recovered third phase can be

recycled to the solvent extractant used in the first mixture. The recovered fourth phase can be

treated to further purify the 1,3-propanediol in the fourth phase. The fourth phase can be



contacted with a hydrophobic solvent to form a second mixture. Preferably
the weight ratio of the removed first phase to the hydrophobic solvent in
the second mixture is between about 4:1 to 1:4, preferably 2:1 to 1:2.

Preferably the hydrophobic solvent is selected from solven ' -
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molecular weights between hexane &hd that of dodecane. The second
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extractant than in the aqueous feed stream and the solvent extractant is hexanol. The first
mixture of the aqueous feed stream and the solvent extractant is separated into the first phase
and the second phase, as described above. The first phase is removed from the second phase.
The tempetature of the first phase is adjusted such that a second mixture is formed. The
second mixture is separated into a third phase and a fourth phase. The third phase comprises a
majority lof the hexanol from the first phase, and the fourth phase comprises 1,3~propanediol.
Preferably the weight ratio in the fourth phase of 1,3-propavediol to any one contaminant
present is greater than the weight ratio of 1,3-propanediol to-the same contarninant in the
aqueous feed stream prior to the aqueous feed stream being contacted with the solvent

extractant.



extracting the PDO from the aqueous feed stream, into a solvent phase
away from contaminants present in the feed. Certain embodiments of the
present invention can increase the purity of 1,3-propanediol from impure
W ez%(c}li%rﬁggns. Brief Description of Drawings Figure 1 is a Proces 29&%1390;
diagram in accordance with the present invention for recovery O }
1,3-propanediol. Figure 2 is a process flow diagram in accordance with
the present invention for recovery of1,3-propanediol with back extraction
involving water. Figure 3 is a process flow diagram in accordance with the
présentinvdmibrikaavirdadhe gridpr muBtispibei o pracie edtierifolsed (e,
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extractant for extraction of 1,3-propanediol. Figure 6 is a process flow .
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the pextiagtant faexbdctiaoafihgpropanediohsEigure 7 is a process flow
diagram of counter cross current contacting of a feed stream and a
solvent extractant for extraction of 1,3-propanediol. Figure 8 is a process
Brieffowdipgrant inrasdgrglance with the present invention for recovery of
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the present irivention for re overy of 1,3-propanediol’involving a washing
recopryceds3-Bestandad.for Carrying Out the Invention Figure 1 is a schematic
of & RIRCERS, f LREPIRRE At IDMENTIO R ARIARUSONS dRestSlsaidfiln for
fermentation broth) 14 comprising water, 1,3-propanediol and at least one
recovahieimifrRftP s ebAtAEB DT SEICERD SR EBRPEE N an extractor 12 to
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reco g T L L DTy O e T e s
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solvent extractant for extraction of 1,3-propanediol.

Figure 6 is a process flow diagram of counter current contacting of a feed stream and a
solvent extractant for extraction of 1,3-propanediol.

Figure 7 is a process flow diagram of counter cross current contacting of a feed stream
and a solvent extractant for extraction of I,3-propanediol.

Figure 8 is a process flow diagram in accordance with the present invention for
recovery of 1,3-propanediol.

Figure 9 is a process flow diagram in accordance with the present invention for

recovery of 1,3-propanediol involving a washing proéess.

- Best Mode for Carrving Qut the Invention

Figure 1 is a schematic of a process of the present invention. An aqueous feed stream
{e.g., a fermentation broth) 14 comprising water, 1,3-propanediol and at least one contaminant
is contacted with solvent extractant [0 in an extractor 12 to form a first mixtore. The solvent

extractant is preferably immiscible or partially miscible with water over a range of



solvent extractant has a hydrophobic parameter logP (logP =
[solute]octanol/[solute]water) of between about 0.8 and 7.7, and more
preferably 0.8 and 2.9 such as those listed in the table below. A preferred
solvent extractant is tri-butyl phosphate (TBP). ethyl acetate 0.68 royl
WO 20446472 hexanol 1.8 TBP 2.0 (estimated) he tanol _ fﬁ'rgjél’é.'ﬂﬂfy?@*“
The aqueous 1,3-propanediol feed stream 14 and the solvent extractant
(e.g., TBP) 10 are agitated at a température between about 2C and
100C, more preferably 30C. After agitation the combined mixture can be
tempattdwetl(toesettie amnidl §6j§axakbd ol twie/ phiasestAdisstsplvaseekGactant 10 to
i jority (e.0...qreater than about 50 wt%), of solvent
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the aqueous feed stream 14 and the weigh propane
betwegiy abag Q8 mihTimantdhreswrrriarbli8Bonuka fsurk asdhesafitted indhghable
belowati gtiBeck 3oprananediohipidhe saMNS FNPRMIRRAPIN the aqueous feed

stream 14 prior to the aqueous. feed stream being contacted with the

solvent extractant 10. The éitstl ploess:16 cansise separated and removed

from the second phase 1 SIgpoﬁgg%g{ageS-p[pi)anediol by methods known

in the art (e.g., centrifugati'on and decantation, among others.) The

recovered 1,3-propanediol1€80Per (e g., h%ﬁ&neftively less contaminant

per amount of 1,3-propar|etid! present) thanGhe starting aqueous feed
stream. The first phase 15@campiis@s 1,3rpropangdiol and solvent
extractant, an_d the major ty, qS%l(_;jc.),igreater g@n abjout 50 wt%) of the
1,3-propanediol can be transterred-back+{e.g;-back extracted) to an
enriched aqueous phase back extraction
process can in certain embodiments involve known mixer-settler systems

The 2QueSRHN{UGRLFYSIBTIS BRSHe AXIACHRNERRPRACCARRISN MDY $8%EI@L e
agita tg]ﬁ?()ds' These include use of water or aqueous WO 2004/101437

JETRATBISTE FBittion tFYar) Cuttr A derbhioXolvendimmagitation
the combydrbpihobie (righraiB)wod use-afcagiang@ate into two phases. A first phase 16

comprises a majority (e.g., greater than about 50 wt%) of the solvent extractant, and a second

phase 18 comprises a majority (e.g., greater than about 50 wt%) of the water present in the
first mixture 12. The first phase comprises at least some of the 1,3-propanediol that was
present in the aqueous feed stream 14 and the weight ratio of the 1,3-propanediol to any one
contaminant present in the first phase is greater than the weight ratio of the 1,3-propanediol to
the same contaminant in the aqueous feed stream 14 prior to the aqueous feed stream being
contacted with the solvent extractant [0. The first phase 16 can be separated and removed
from the second phase 18 to recover 1,3-propancdiol by methods known in the art (e. g.,
centrifugation and decantation, among others.) The recovered [,3-propanediol is purer (e.g.,
have relatively less contaminant per amount of 1,3-propanediol present) than the starting
aqueous feed siream.

The first phase 16 comprises 1,3-propanediol and solvent extractant, and the majority
© {e.g., greater than about 50 wt%) of the 1,3-propanediol can be transferred back (e.g., back
extracted) to an enriched aqueous phase by several methods. The back extraction process can
in certain embodiments involve known mixer-settler systems or centrifugal systems. Back

extraction can be accomplished by several methods. These include use of water or aqueous



in temperature (Figure 4). Back extraction with water or an aqueous

solution is shown in Figure 2. A first quantity of water or aqueous solution

26 is contacted with a first phase 16, as described above to form a

second mixture 22. The first quantity of water 26 can be contacted with -

WA Hhase 16 at a range of temperatures from about 2B-TEUTBRE01396=

preferably 30C. The first quantity of water 26 to first phase 16 can be

between about 20:1 to 1:20 v/v, but ispreferably about 3:1 v/v. At least

some of the 1,3-propanediol transfers from the first phase 16 to a fourth
solutiquéBigspliases28f anecthid cdvebethenovadhofdbxaiFiglac Bororasetier change
in te?ﬁl gle ant %9,@;'9 ving a third solvent extractant phase 24, which can be

regyaed for furthet extraction processes (e.g., recycled to solvent

extRestapt)rapierthiith prriseop ancomprisesatmajsrity feign, Heatsr. thairst
quax?ﬁ?%‘%\%t\%%@ a%LgBﬁSS&)I WB%EQE%@J{S%EB? atis ngasnaq(g}j rae%' 8-(2\%]/({65%88 tabove
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ourth phase 28" comprises a majority (e.g., greater than about
to fame aseanttoniries décors Mstiurantiy ebrataréhbudinermtictedorithifthgdirst

phaAb S RE YRR RERAAIE IR AgHEPUS BB 28 HRMLINS PRIVERL £yt

extractant phase 24. The weight ratio in the fourth’ phase 28 of the

quaniity. of SERERd {§sRYshd Cemambshntsyebavk3d:4led@P tan tines preferably

abowweighiatior addsBspransnBeinkighamamer aARMIaNHO £he ABHEqYSo a fourth
feed trea}r? prigr to the aqueous feed stream being contacted with the
Xtra

AU B ExiPa BPSHETAFRA RS TS RE by BreAEEU N R K Bxeieransafing leaving
a tm;arénafﬁymmﬁmjmw?g wiidh this is f&@W[&drfoE igluﬂ%se%fafﬁaamyo%égses

ro ic solvent js selected from salvenis with logP of between about
5 AR S A0 REGETn b CABETa RBHEn AP GBREE - Bt
thanghlvenis ardoalidihesdhvtheerdngaftdmihéxane todiacane. decafoakdh Bhase 28

- G 0 hexa 54 ctan b5d%9r(l)e 98 So %ill.
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In cgtrnpising snbtoprmédiore selvalne dxvaeddntsamthisttieasisonse a8 from
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second mixture 32, and ) )
to any one contamunant present is greater than the weight ratio of 1,3-propanediol to the same

confaminant in the aqueous feed stream prior to the aqueous feed stream being contacted with
the solvent extractant.

An alternate way of accomplishing back extraction is with a hydrophobic solvent, and
this is shown in Figure 3. Preferably the hydrophobic solvent is selected from solvents with
logP of between about 3.0 and 5.5, such as those in the table below. Preferred hydrophobic -

solvents are alkanes in the range from hexane to decane.

decanol 4.0
dodecanol 5.0
hexane 3.5
heptane 4.0
octane 4.5
decane ‘ 5.98
Soy oil ' 74




the mixture 32 can be allowed to settle to form two phases. The contacting
and settling can be performed in mixer-settler equipment. In certain
embodiments, the two phases can be separated in a centrifugal device.

e of the two phases is a solvent phase 34 comprising a jority (e.q., _
Wgégﬁééft%? f%?an about 50 wt%) of the solvent extractant and thpm%%éﬁ%ﬂ%ﬂﬁ
solvent, and the other phase is an aqueous phase 38 enriched in
1,3-propanediol that was transferred from the first phase 16. The
agueous phase 38 is comprised of a majority of the water (e.g., greater

The fithierhagsout SOREEPadd PRIBISHHeNbIHRWAS e s8AdhitRE firgte water can
be cm{ggéé&“&&- Lrptefensddatio o iestahass dBdnbysiarhbisn salent 3§isand

etween about 4:1 and 1:4, more preferably between about 2:1 and 1:2,

the mitere e bHensd Witk tHid hiard SREBRASSIvARE RIFFYRGAPGFeting can be

perforiftRaalngxhesdud:PrappResiol eake SalRieAl heaveo pralishesh by
extracting, and back _extrig:tin ,aIt different temperatures E}%Fﬁlagug% 4). This

separgted B ARHEILSH TP e CHHPI HEYARBINES & &L ERIRS AR CARPTRES @

majordfieaugiere Mhisdbraughtiik) cotiassiwiih hexanok ahdbith@GGplvbic
mixer-settler 42, and upon settling the.aqueous phase 46 (e.d.,.-
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transfelisgbidediiEHesheixandibl, Bherapanesiiglanixfiie dbnpratcd o mmagaigt of the
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inthe extractor'48. One phase 50 comprises hexanol an
16." Acpmfbaatoytote. fTvepbtised phabpdsmboppricksniafer bt ssenpiciddl mmd 1:4.

mote %rgfgfa pediol, Awngferred weight iatig.ekaguecusfert h389adrhoifc

exanol’solvent would be about 1:3 The processes depicted in Figures 1
solveihrough 4 can increase the propane-1,3-diol content of a fermentation

brgth,p4 athes aruesks faed streammaalgulatedinsavwatesiree Lasisplished by
from about 85% to gver 99% by weight, and the 1,3-propanedio czan be .
extraqipgi Par kAT ATERE ARG RSt T (ﬁe%%“é‘t"jﬁ?afﬁh*g“fj‘f‘ one using,

for exllrﬁﬂ?éﬁ&&ﬁﬁdl' ak MIth@mmambe‘maﬁadmtfhame istageghoidi contact
oo QPSS oD Ay L enen(e e A e e
compplagsetadhirathér phases Theletrere pwitntbe ropuwiies of dishagledulfipe
RIS hatearen st on (g e
wherofistaesifrorrial vilhsaitatastioseg elegstasehiry dhivigdei Se faramase 50
compg?sgs AR %‘ﬁH'&Eﬁ’b\é\@c?&QéV AP ﬁxysg §§QQ&(&1§§Q§A&:1, and is enriched
in 1,3-propanediol. A preferred weight ratio of aqueous feed at 30% d.s. to hexanol solvent
would be about 1:3

The processes depicted in Figures 1 through 4 can increase the propane-1,3-diol
content of a fermentation broth or other aqueous feed stream, calculated on-a water-free basis,
from about 85% to over 99% by weight, and the 1,3-propanediol can be much purer than in the
starting feed stream.

The contacting of the 1,3-propanediol and the solvent can be earried out in one stage,
or in multiple stages. Treatment with a number of stages (e.g., fiom 1 to n) increases the
effectiveness of the transfer of the 1,3-propanediol from one phase to the other phase. There
are a number of ways of using multiple stages. For example, a cross-current arrangement set

up (Figure 5), as is known in the art, can be used for an extraction. There can be any number

of stages from 1 to n with each stage tepresenting mixing and separation {e.g., mixer settlers,



204-1, 204-2, 204-3, 204-n). Fresh solvent extractant 202 is fed into each
stage 204-1, 204-2, 204-3, 204-n, whereas the feed material 200
containing |,3-propanediol passes through each stage 204-1, 204-2,
204-3, 204-n in turn. In each stage there are two phases and the fraction _
VR EANEH containing 1,3-propanediol (e.g., first phase 208%&’&%&“"”9“’
removed at each stage. Usually these fractions can be combined. Each
stage can be provided with the means%or internal recycle of the solvent

extractant 202 or the second phase 208 so that the proportion of the
204ph 28426 3P b Sptimlzeuctdr shetesedmstnhdSepdedtion characteriatits., 204-2,

20445lemplivRl R LORIREE WA ATARASMATLITIoNE Sl dsils knounin the &
art, can be used for extraction. This can have anf number of : stages from
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witiBeslhasis, cfihirdOf LpRiand i), ke AAeoDs)eariR 00 ,comkainng, stage.
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the tlptlgsggst %B%asoe 06 Leéasnpgo%tg%e 204-18. Also in this configuration each

Btage 501 BUE S0 0d 5O A o BEBratR L hAtAciREsSans for
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l%gleted fez}? (e.g., second phase 208é leavin st stage n. Figure 8

contiguratan carlsined Lfdmilit o980 cR4 Grthbeevidad nthsngens for

intefexinentatiof throtbl praduaad by fRnantativaRidqthekaades s tagd proportion of
rising 1,3~ ediol 110 compyrises at.least one contaminant that

: om 3- propar
the Iglélars1 Sé:asf{;%&%t r%?%%@%%?%@%g iﬁ??f‘iﬁté?&f‘f}%@%\ﬁiﬁssalts, protein
fragmethts, fketdrle spetietd bibnsrclls, ealiulas debsis;tdecroentationt (as is known

in tharRgug oPlyear (a]e 4-butanetriol, among others), col :
" im%%rit%égﬁa%er, nuﬂgﬁt%dfe.tggs .ﬁr%arlﬁlnﬁ%%%néﬁ%e ﬁﬁ%%ﬁég ér’e)gtr%rggéz. In this
methpfcishanly enfupsddarbolseurbe 4yl inguaas ef the fermreritatioGeed204.-2,
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.. seed stock is introduced into a fermentation for the pro dctfori o 13"
withdrawsabeirse afthd-with fsteplotré fred (waternesnadnbarb 3AS3 deadag the last stage
n. Methods of fermentation are known in the art. The cell culture is then
essed to recover the fermentation broth 110.

proﬁgure 8 is a more detailed schematic of a process of the present invention. A
fermentation broth produced by fermentation or other aqueous feed comprising 1,3~
propanediol 110 comprises at least one contaminant that can be selected from organic acids or
salts thereof, inorganic salts, protein fragments, ketones, metal ions, cells, cellular debris,
fermentation products (e.g., glycerol, and 1,2,4-butanetriol, among others), color impurities,
water, nutrients (e.g., ammonia and phosphate, among others), and unused carbon source {e.g.,
glucose). A fermentation seed stock can be generated using a fermentation seed train. The
fermentation seed stock is introduced into a fermentation for the production of 1,3-
propanediol, along with fresh nutrients, water, and a carbon source. Methods of fermentation

are known in the art. The cell culture is then processed to recover the fermentation broth 110,



WO 20041101337 PCTIUS2004/013905 10 The present invention
provides means for recovering 1,3-propanediol from fermentation broth.
However, it should be understood that the present invention is not limited
to use in_conjunction with fermentation, nor is it limited to u%e”witzra er(?}t 03

WO Heen purified, and/or concentrated, as pointed out bl

Preferably at least about 75 wt% of the solids (e.g., cells and cellular
debris) in the fermentation broth 11®are removed by filtration or
centrifugation methods 120 known in the art (e.g., rotary vacuum filter or
The preacuninyvislofilteoyitte reqorstbratskoaenagst beopovdirddromfranegiiagsan broth.
Howeld® f?EH&%ﬂ%é%Eé&%M&%J‘EE@%%J&%&PIQE{%R%%@H'%&%Q%HB ofion

~ wit%. The dry solids content of the filtered fermentation broth is preferably
with fprapgreairabeei I8 hherizgds ey sotiueredhdhathatdssieravaiid 99(R115%

conceRaRArYsSRlidRBagiBeIRe filtered fermentation broth 120 can optionally
be concentrated by removal of water in an evaporator 130, res Itin% ina
Y.
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the solRINpVAkLGEcastain oM prith s OArsebrentcexiractant E3dbbom prising@né&Dmt%.
more, solvents can, be.contacted in an_extractor 140 with, the filtered apd

The 0 SR e P G L0 e L CAE G

20% Msaﬁthrﬁﬁishh@n%xpfms@yaﬂmﬁ B, oitve diplvelnd dxassctdiheditesd be
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ow, cross-current flow, mixer-settlers or centrifugal contact}l%% devices,
130, rosudtingrieleviveh pmbyiades ¥ 19iglid dhgumesrrataebly pheut 40% d.s.

eXHAGHARAYSeTLIAR 7N berkst QRg.sis HenSifigieNhLePer BHORcatment

_giving goodﬁlield it is preferable to use multiple stages. A typical ratio of
prior fRappeucyy, FlitbAsaroRAtrdioh Sram ahedHina ey feiifertadon gy Seatis,can.
for exdifiple solvamoxitastamivused Rnpxupstierdsaaikidd). The second
phase 141 comprisiag water wil]l comprise most of the sugars IS%%I;E nd at

e At LBE SN By ST ARESIRSPITRpIIHES THATWERY Breseifistng
extradttieiad BiathhkIDickhbasligptisn st @ndeglyserofefegutaadinatahddn. bene
prefofeaed Lid QL RUd WAL L fge Pl o TO I ShRUARE 4G 0r 140 can be na

comprising fhe Solvent extractant omprises’l,3-propanediol, extracte
numbfroof thedeedatream<:30:byntH b sokemti{predesabiy Bl orgsnitrseinfiow,
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puri ied further In"a purification ]
liquid extraction. The extraction system: 140 can be just one stage, but for efficient operation
giving good yield it is preferable to use multiple stages. A typical ratio of feed (e.g., filtered
and optionally concentrated fermentation broth) at 40% d.s. to solvent extractant used in
extraction is about 1:10.

The second phase 141 comprising water will comprise most of the sugars, salts and at
least some of the glycerol and other impurities that were present in the filtered broth 130. The
sugars, salt and glycerol (e.g., raffinate) can be discarded 141, or purified further if desired.

The first phase 142 comprising the solvent extractant comprises 1,3-propanediol,
extracted from the feed stream 130 by the solvent (preferably TBP) along with some of the
impurities present in the aqueous feed stream 130. This can be purified further in a purification
extractor 150 by using a wash with a limited quantity of agueous solution or water 151.

Optionally, the agueous solution 151 can comprise a dilute base such as caustic soda, to



extractor 150 by using a wash with a limited quantity of aqueous solution

or water 151. Optionally, the aqueous solution 151 can comprise a dilute
base such as caustic soda, to WO 200.4/101437 PCT/US2004/013905

11 remove some color and organic acids from the first phase 142. The

Wedattit)' s water or dilute base (e.g., aqueous solution) us&§ HUYLeAtAS

is typically at a ratio to the first phase of 1:15, but is always less than the
amount used in the back-extraction 180. The aqueous phase 152 from

the purification extractor 150, which is a stream containing the washings

remoffe Boifacabur fichbignstagedcanth ehmiksiophétle thie sdlveptexitpofanttdser dilute

he pur oseo#:e urification step 150 is to wash t emaini .
base |€'%ﬁﬁﬁl§§) Fc';osrﬂt lgrﬁfg e&aa%;tﬁsg%\%%g% é%@]%%r%é%? éﬁrl |ci§’i%%1.mlsﬁé}fl°15’
but ismiyeytidswibodtaimeomesdd3ipisacdivirauiothivtan Ivenqesosalesde 152

ﬁomveft@gl&ﬂﬁa%ﬁ%%é&% aledreygeddethe extracionslenddled f6m te

purification extractor 150 is a liquid-liquid extraction unit and can be, for
purifseiimptgarine he snkad witk danivatcotimdants 3eha he mbeesead fahge
puritlEQMPHE I D ULRIG A the amqg?g@mm%@ﬁf&m% PRSSRERU F‘ﬁsﬁg QMhigh

required. The purified 1,3-propanediol” in the solvent extractant (such as
degreppibpuiifigatioterhiisd T HGREH fPshaRR ahd BEPRBRRHES! SR &hiE can be
recoRFHAGIRMN ﬂiléheam&tgajhtm igdq&sRkdne purdiesdtish £m$m153 to a back

extraction unit 160. This unit applies.water. 161 in sufficient guantity t
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mixepRagkerd 63cditefibatkopxicagtor TiaOnssirafermabynadifioinl diguic aRtpletingts,

unit, an carhbe.a mixer-, ettl%r. column extractor, or.a centrifugal

e gitectiv iléa?’ é

depending on th - ess of pur on reqguired. X
PeRSRERLHNG evice, 1of exa p1e ere éan be one stage or multiple

- stajespaafehdifgopthalafic tvesdssotbaoktatttaction TRIreEH, Thermed the

.falig o r ifi irst 534is.pr Iy 1: . .
o A L b R A ARRRAS R IRN llpaice os
phasettéain eonsjsrisinyBonent bxPatitntnéd aoriigPyaien ivbin thEi¢ariquantity to
iransBXLEACHONHILAGR. FRBR BEssYE IR 1R-IhenaXtrastiand it +4R: Piptienally. The

the water can be removed from this solvent extractant stream 162 by

back grstineifion o075 PEHErERE WARH]HeU il OB AR NHBLBIC e AR or-settier, 2
colughisselve i, UBR deginsavent exiradantaf@astainple Mpriakiiescugfttage or
and removal of this water %%3 1o get dehydrated solvent extractant can
ol PSP L P S BTN B he P R e T
161 feepudedd fithehresestt inperfticiblis parialyl shiplleirdidtariddserred to the
remaining solvent.can be removed from the aguequs stream 1]6§PCtJ1
e R T 51 AR By Wt e e Shed S5h o te
backiB4rastioh mst HéRarrm n eedigphid-figythid extraction unit 140. Optionally, the water can
be removed from this solvent extractant stream 162 by distillation 172, and the water 173
discarded. About 6% water can dissolve in TBP (e.g., solvent extractant) at certain
temperatures used, and removal of this water 173 to get dehydrated solvent extractant can
improve the effectiveness of extraction in the extractor 140.

TBP that can be used in the present invention s partially soluble in water. The

remaining solvent can be removed from the aqueous stream 163 that contains purified 1,3-

- propanediol by treatment with a hydrophobic solvent 164, such as hexane, in a liquid-liquid

extraction stripper unit 165. The hydrophobic solvent stream 164 (e.g., hexane) will separate
solvent extractant from the water, leaving the 1,3~propanediol in water with virtually no
dissolved or entrained solvent extractant. This stripper 165 can be a mixer-settler or a

centrifugal contactor, and there can be one or multiple stages, depending on the effectiveness



extraction stripper unit 165. The hydrophobic solvent stream 164 (e.g.,
hexane) will separate solvent extractant from the water, leaving the
1,3-propanediol in water with virtually no dissolved or entrained solvent
extractant. This stripper 165 can be a mixer-settler or a centrifugal
We3Metd#3and there can be one or multiple stages, dependfitg /driiifid/013905
effectiveness WO 2004/101437 PCT/US2004/013905 12 required. The
typical ratio of aqueous product stredrh to hydrophobic solvent stream
(e.g., hexane) is 50:1. The mixed solvent stream 166 contains a mixture
requiedchytiie phobkit 1adtyehtdeegushendnd)stanach Jolugditopktizictavit ¢etgtrehBHY, g,
hesxaty dstgqﬁe can be separated by distillation in an evaporator 170. The
a!ﬁ;}d‘rop 10bic solvent 167 separated by this distillation evaporation can be
reflinnedxted sobviiguitehguidGrppans niniéararithiideosbiensextradimpt hexane)
and s%?x?eﬁ?&&%%gﬁ?(n@g%ﬁg%ﬂa k. 4400 5 AR A BP ol W Bfitor

stripper 165, can be evaporated 190 to produce the” product
170. iBeproirapleetis 30080 b ritiyatnd bxchiarigelittatiemempeBtiasieg, Horeturmed to
the HEURMYGI3DELASHLO UMW IO RKHR QhSIANI 0 LANRR BRfction unit
strong base anion resins can be used, either before or after the
140. evaporation stage 190, in order to remove color and some organic acids

sughagiryuiRicAsid saSadurberRiificationareiemblixitae PUHRIARR the

1,3- propanediol 193 can be qver 99% by weight, and a high yield of
prodic Tt RIS s BTN T PSS CC3EB1, LR e for example,
mixed, Beprapaneiohianace oipexmaqubdusifeeshlesgonfetmentatin febiatBirine

dthe rel-?s nt inv%gtiotrp can reSl%lt in %he sltal(?ctive rartlsfer of 1,3-lpr%;§anediol

use8a Colent Bxtractant phase. M dettain enibSHifients, tRe°savaAt Some
orgagxtractionodfthEpresencidyendidunrten pifigsedito Befarbly hdamispetific 1,3-

impriti Wi .2 complex. d_stream. .
prop B A B P o 5 ossie
usiogoileisamedesan aqueous feed (e.g., fermentation broth) comprising PDO

argeRRMICas:of. 1heraaRt LREMIE b HIASS ARuERCK .. OWRAUREHIH broth) in

weight hydroxylated compounds). Contaminants that are in the same
the peesedt HWpBeN GEsBEPHRRectar e rosiacel | atewpaasditR g,
extraRHANRHR], B GHSRSESEM S IRQsIRIDeaRIe DeIO BIYEREehvédiBn can
1,4 butanediol -1.384 1, 2 PDO, -_1.0(?3 )
be used to separate a few, specilic impurities along with PDO from a complex aqueous feed
strearn comprising PDO and impurities. Certain contaminants, which can be present in an
aqueous feed (e.g., fermentation broth) comprising PDO are chemicals of the same chemical
class as PDO (e.g., low molecular weight hydroxylated compounds). Contaminants that are in
the same class as PDO, with logP in the range of -2.1 to 1 are for example glycerol,

butanetriol, or glucose. (See examples in the table below.)

glycerol -2.08
1.4 butanediol | -1.384
1,2PDO -1.003
ethanol -0.24

Compounds in the class of low molecular weight hydroxylated compounds, such as PDO, tend

_ to interact strongly with water, and are often completely miscible with water. Methods known

in the art can require high energy input (e.g., in distillation) to separate water from these
compounds, as these compounds interact strongly with water and are miscible with water.
Thus, the fact that 1,3-propanediol and related compounds can be recovered in a water-

immiscible solvent, as in the present invention is surprising. It is even more surprising that the



ethanol -0.24 Compounds in the class of low molecular-weight

hydroxylated compounds, such as PDO, tend to interact strongly with

water, and are often completely miscible with water. Methods known .in

the art can require high energy input (e.g., in distillation) to separate water

WOSHIAESE compounds, as these compounds interact stroRhGlyUnitH 4P

and are miscible with water. Thus, the fact that 1,3-propanediol and

related compounds can be recoveretfin a water- immiscible solvent, as in

the present invention is surprising. It is even more surprising that the WO
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elf'in the practice of the invention, and thus can be, considered. to
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obtaiSCORE: of thailnyentinAvitEX A iBLGiSinglaistagaicxtbstipeftic backtion.
extractions of 1,3-ptoanediol Example 1 a. Extraction with tributyl
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1,%,4 buﬁ%qe?r' Mg‘gg} %HH Qibéioé? g(!gggl%ﬁewas thorouglily mixed with 35
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comprising tributyl phosphate (3.7 ml). Example 1 b Back extraction with
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comPAGK £iagIRe Wibspllaf: al hwatephyeddIgaric separatrgithel water and
phases, to give Light 3 phase comprising. . - “oumified” Licht
allowed to separafe to give a Heavy 2 phase comphising water {0.3 mi) and a “punfied” lag

2 phase comprising tributyl phosphate (3.7 ml).

Example 1b, Back extraction with water

The purified Light 2 phase comprising tributy! phosphate (3 ml) was back extracted
with 11.5 ml of water by mixing and separating the phases, to give Light 3 phase 'c()mpr';sing
tributyl phosphate (3 ml) and Heavy 3 phase-comprising water (11.5 mi).

Example 1. Back extraction with hexane

2 ml of the purified Light 3 phase was back extracted with n-hexane (6 ml) by mixing and
separating the phases to give Light 4 phase comprising hexane (5.8 ml) and Heavy 4 phase
comprising water (0.2 ml). Table 1 shows ﬂae-comp@sitions of the streams encountered in this

example.



tributyl phosphate (3 ml) and Heavy 3 phase comprising water (11.5 ml).
Example Ic Back extraction with hexane 2 nil of the purified Light 3 phase
was back extracted with n-hexane (6 ml) by mixing and separating the
phases to give Light 4 phase comprising hexane (5.8 ml) and Heavy 4
WORMKE B hprising water (0.2 ml). Table 1 shows the, compbSKITAZ G IS
streams encountered in this example. WO 2004/101437
PCT/US20041013905 14 Table 1 Phase Composition w/v %Purity PDO
Glycerol BTO Glucose PDO Feed Broth 31.33 1.66 0.74 0.13 92.6
TablEKtraction with TBP i ht 1 2.38 0.06 0.04 0.00 96 envy.1 16.06 1.81 0.75

0.05_Purification-with-water-fight2-1:67-6-63-6.010:00-97-4—eavy 2-10.77
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O-1=tepvy 48.50.26 -0 15:: .00 PDOis 1.3-Prgpangdigl BTO is
recdirt ) Fan o Lo 000 38 PO Isd, 3 rqpanseig
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brown. The first _extractishagtive withAiB&llow | ight 1 phase, and a bfown

%ph%% In the pgrificatiqn  stage further amtr was rengved flom
< Ao by 4 d llow f the H 2
Heav,;fhlnm v ,ﬁ%%? a3 s olwé”l y 4 arﬁefsye 0 C%CHSO ne Heavy

...... VHREE-2-Chatite nr LCIII[JCIal.UIU aurimg extractionof 1

3-propanediol 1,3-Pr rofaFEsMIoPMIE) Walshe purified by extracting-in]
Lighhgxanol sepasating fanddtoen cooling.the light sobzednt pHase,‘)ﬁﬁU then
Hen %egaratlng_tm %eaw agyegus plhaseb@@t fonms. Ryser

Back extraction with water

Light 3 0.06 0.00 0.00 .00 .

Heavy 3 0.46  0.01 0.00 0.00 973
Back extraction with hexane

Light 4 0.26 0.00 0.00 4.00

Heavy 4 8.5 0.26 0.15 0.00 96.3

PDO is 1,3-Propancdiol
BTO is Butanetriol

The color of the fermentation broth fed to the extractions was brown. The first
extraction gave a light yellow Light 1 phase, and a brown Heavy 1 ‘phase. In the purification
stage further color was removed from the Light 1 phase as shown by a darker yellow color of

the Heavy 2 phase.

EXAMPLE 2. Change in temperature during extraction of 1.3-propanediol

1,3-Propanediol (PDO) can be purified by extracting in hexanol, separating and then
: cooling the light solvent phaée, and then separating the heavy aqueous phase that forms. Purer
1,3-propanediol will be present in this aqueous phase. _ 7

3 g of a mixture at 30% of dry solids, containing 1,3-propanediol to be purified and
with a composition as in the table below was extracted in two stages at 90°C. The amount of
fresh hexanol used in each stage was 12g. The light phase from the second extraction was
then used fo extract PDO from 3g of further 30% dry solids feed in a third extraction. The
extractions and separations were all carried out in conical glass tubes.of approximately 50 ml

volume.



1,3-propanediol will be present in this aqueous phase. 3 g of a mixture at
30% of dry solids, containing 1,3-propanediol to be purified and with a
composition as in the table below was extracted in two stages at 90C. The
amount of fresh hexanol used in each stage was 12g. The light phase
WO i&!8Econd extraction was then used to extract PDO REEUSG0s#/01390S
further 30% dry solids feed in a third extraction. The extractions and
separations were all carried out in corscal glass tubes of approximately 50
ml volume. WO 2004/101437 PC6/US20041013905 15 Each extraction
wasdastigacaohfanturinldesfaithopatiode agilapionddedighénhaselight phase
& hr%tt%e gst xtr%%tsl%nswa(f glscarded The analysis of the light phase for
O R i A CEOR % given in‘'the table below. This light phase is then
co’ﬂhedxt@lywmftém pehatieseofo BIE:. Bindcootmgiinspliis¢o imthqoiahm‘@em This
e ne fo e te nd
it A A SOl I e TP 108 P ans
the negdlpérivgd @W%@@D@@&MG@W@@ @E&Y@@@nﬂm@ GG n the table.
TabiCh-Vroo GLU PDO 24.2 1.86 0.46 6.03 - 0.16 0.00 28.3 1.69 0.03 1.3 18

SelgrIvity = [I-’L)U/Imﬁkglll%hQ&’ivyp ase (EFOpmpLTityffer: wgglléw,l
GLY or GLU GLY=GlycCepop-GLU=Glucose EXAMPLE 3. Gross current

PDO CSFERGHONG PHPDEHBXAINPIE Jas BRI agity Wity anHygTqys Sibu#st | GLusno

phospaté In a two st extragtion scheme, $.0.g of an

24.2 ahiiShud 248 al 44%, HRL &qgjt e cohlpbiti ﬂ@@’o Wiw bA dry 18

Selectiligsy PRSYIPINGYE. 094 glycSBIHERRUSY bluedSWiE FHEFbYgMELU

GLYtxed Rt ambientiesperature with 24.9 g of anhydrous tributyl phosphate
(TBP). After settling and centrifugation two clear phases were obtained
(27.9 g of a first light phase comprising TBP and 2.0 g of intermediate
EXAbgaw phasecamprhisingavates)of Phgcheavy phase was re-mixed with 14 g
of nmﬁ/dlroys P ) 4ﬂ of a, second light phase
SRS prising water. 98%
oflmhetwugtagd: E’:D@vmxﬂ@wmmlmeschmwféﬁ figiitzphgsesiatapority & dry

solids %ﬂgl/ %@L%%%H?o%%@ v@’w%ﬁ 83%8%(19)'%%@ ?’%33%/0 c%r%i'gn'&allz%

glucose was thoroughly mixed at ambient temperature with 24.9 g of anhydrous tributyl

phosphate (TBP). After settling and centrifﬁgation two clear phases were obtained (27.9 g of a
first light phase comprising TBP and 2.0 g of intermediate heavy phase comprising water).
The heavy phase was re-mixed with 14 g of anhydrous TBP and separated to give 15.4 gofa
second light phase comprising TBY and 0.6 g of a final heavy phase comprising water. 98% of
the originai‘ PDO was found in the combined light phases at a purity of 93.6%, along with 83%
of the original glycerol and_ 37% of the original glucose. |



WO 2004/101437 PCT/US2004/013905 16 Table 3 Corn onent Weights
Phase Composition % w/w PDO GI ¢ Glue PDO Give Glue % DS Feed
2.009 0.150 0.027 91.9% 6.9% 1.2% 43.7% light 1 1.594 0.073 0.004
95.4% 4.4% 0.2% 6.0% Light 2 0.376 0.052 0.006 86.7% 11.9% 1.4%
wo2@lmodsavy 2 0.040 0.025 0.017 48.5% 30.8% 20.8% 13%@%yuskobad13965
lights 1.970 0.125 0.010 93.6% 5.9% 0.5% Example 3b. Extraction. with
hexanol at 90C In a two stage crossygurrent extraction scheme, 6.0 g of
an aqueous feed at 29.1 % dry solids with the composition (% why on dry
TableS01ids) 90.7% PDO, 7.3% glycerol and 2.0% glucose was thoroughly
mixed at 90C with 18.1 g ofhexan-l-ol. After settling and centrifugation two

clear phases wenepoRiaineve(sl 9 of PinskeighiphaRR EOMRIRING
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Heav¥ d slorl 848 98" %@)Jaéléri’cgm Weldhis phldd?e
Tt@@ifﬁgh&ﬂloﬁ 97 W/w FQJ@SGI c Gltée PDON6 Glué 9%DS Feelh 1.584

0.127 0.035 90.7% 7.3% 2.0% 29.1% Light 1 1.261 0.058 0.003 95.4%

4,4% 0.29%,6.0% Light 2 0,275 0 038 §,004 86.7% 11.9% 1.4% 2.8%
ﬁxa’“ Cht %%%9%#01 ¢ 525.7% 15.2% Total lights 1.536
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with tﬁPQrE?&%IHE’ﬁ%@%R?Q&%%& action ')%“ﬂl?ﬁ?tk)’?}'@ %5%%@?'5}9@“ 05N se was

step A'laboratory version of a Robatel (an aufomate sequence of
thorowahls nyseders) Was LS. havih @f&em&eﬂ-séﬁﬂerr stigescoperatinidation two

clear ﬁﬁéﬁ@g%&g gﬁ&ﬁ@&@ﬁliﬁ e &xir ‘i’x%ﬂ?ﬁlﬁig%oc@&%rising hexan-1-ol and 2.0 g of

intermediate heavy phase comprising water). The heavy phase was re-mixed with 9.96 g of

hexanol and sepérated to give 11.3 g of a second light phase comprising hexanol and 0.7 g of a
final heavy phase comprising water. 97% of the original PDO was found in the combined light
phases, along with 75% of the original glycerol and 21% of the original glucose. The purity of

the combined light phases was 93.7% (raised from a feed purity of 90.7%)

Table 4
Component Weights | Phase Composition % w/w
PDO Giye Gluc DO Glyc Glue % DS

Feed _1.584 0.127 0.035 890.7% 7.3% 2.0% 29.1%
Eight i 1.261 | 0.058 0.003 95.4% 4.4% 0.2% 6.0%
Light 2 0.275 0.038 0.004 | 86.7% | 11.9% 1.4% 2.8%
Heavy 2 0.048 0.031 0.027 44.8% 1 294% | 25.7% 15.2%
Total lights; 1.536 0.096 0.008 93.7% 5.8% 0.5%

EXAMPLE 4. Counter Current Extraction of PDO

Example 4a. Robate] extraction with broth, incorporating purification step

A laboratory version of a Robatel (an automated sequence of mixer-settlers) was used
having 8 mixer-settler stages operating in a counter current fashion in the extraction step and

similarly 8 stages in the purification step. Figure 9 is a representative schematic of the general



similarly 8 stages in the purification step. Figure 9 is a representative
schematic of the general WO 2004/101437 PCT/US2004/013905 17
process used. A fermentation broth 64 is added to a combined feed 66.
The combined feed 66 is mixed with solvent extractant 72 in a primary
wexifdotorie.g., Robatel mixer settler) 68. The second phaseCagu@ig4/013965
raffinate) comprising water and impurities (e.g., sugars from the
fermentation broth) is removed. The fiyst phase 62 comprising solvent
extractant and 1,3- propanediol is then washed in a purification extractor

proccd8uddae Washuiieaiah Mdinatd ssadded (0a hiemanavesiiyst Phase:feaTeed 66

. .be aqueo(is, either water or water with the addition of wash chemicals, for
is mixsh Hipte o YR SRS ST IVGRIHEC PR E Sorifictichrenitadiends. The
secor@DPhpsiSES(8. glagtknas: prplainet ahave ofit énas i gnasiupha ses0igan
be recaovered.from the  puyrification extractor 58.leaving a purified extra
el AR SRR R R S R RS Sl aa Lo
propanedbing tbepunifibedionaptn fvetivatertiadicailin dleasasthetrgani A dfidhia added to
1.3-pr. ' removing some.i ities, and,the agueous,strea
e S A R e

chemipal s dpnlsiredpie ad>as6 el axsudizokiidmiednaibhe pvadtortionitBinoo dier
compQEEFRIMBAN Lniaranrdiol f,he, Agheausiast 68 ANY PIEVRRLIASSom e

of 1,3-propanediol yield. The extraction was conducted at ambient

PurifigipyeFAHAGOEE At A Bedenien sl St AMUDRITSTRD SRl cThevfeipwand

purift@ e HiakRARdeth BheatARMM A3 Baa0HASd B0 CORIAINIDG, 3Erdd X,
w/y of PDO, 1.6% glycerol, 0.7% 1,2,4 butanetriol (BTO) and 0.1 %

Putyfiched APWERPEY AR BrEIUIE RO RUSRIHFS A thA BvRAGHIS M.
comphbR gatithsiaalgsAk26ippsmbliha brsthebdsnasdadioha sysiePodibined feed
.85 ml / minyte where jt was mixed with 0.70 ml/min of ification . .
66 ang e e P O AL L SRR B PGl 4 B HAT i By o
aquedhe“exlréﬁiimdsme@ﬁldsstbﬁl@epagﬁmcﬁdsépi@.the combined feed 66
wafh%o&@ggggnwg %g' uE%M{‘a%‘%SfE gc;glp e(llaqgr%y EQCDIOS%Q hﬁ? Ilea)i thsetﬂer volume
(containing 5.4% waterr’). The outputs from the ' extraction ep were a

of 148aubridiplradevtfinemasontion rofiyfdintabowt Hdst ghasdidxidied 6autaining
30.17G0VR YRS e) .@B/}éﬁ%m',/mmﬂfzﬂis&%aaaeﬁﬁ RS EPH PRSI Q-G

ml/min water 54'in the purification stage 58, leading to a purification

as saliRleBiE BURNAHREM B HBH b ISR cblipction siepleBy kfuppmaEhe broth:

64 wiBlitanined peidiadexia sl TG HRaSMAb a5g)s IRANRNSEI ArR/Shown in
. the tables below. The yield of PDO (in the g urified extract) was 95% and

purifigation payepur PRHE LB §Hihe'gs B 60reed fa5d it ot qtldmapigathe
extrad290steicregrame drinttonsidp d3alpuibias exied wpieseptingedwith 14.0

mi/mgpli(o:%o vgerta%f’ rPtlr?lgjl}teyI phosphate) 72 (containing 5.4% water). The outputs from the
extraction step were a second phase raffinate 70 at 1.1 ml/min and a first phase extract 62
(solvent phase) at 14.45 ml/min. The first phase 62 was contacted with 0.6 ml/min water 54 in
the purification stage 58, leading to a purification aqueous outlet stream 60 (led back to the
exiraction step 68) and 14.35 ml / min of purified extract 56 (solvent phase). The analyses are
shown in the tables below. The yield of PDO (in the purified extract) was 95% and the purity
had been raised from 92.8“ to 97.2%. The input of cations was 3200 microgram / minute, with

the purified extract representing 255 microgram / minute.



WO 2004/101437 PCTIUS2004/013903 18 Table 5 Anal sis % wlv Mass
Flow / min Flow PDO GL ¢ BTO Glue PDO Gl e BTO Glue Broth 0.85
31.721.630.71 0.11 0.270 0.014 0.006 0.001 Purified outlet 0.7 15.58
1.47 0.52 0.05 0.109 0.010 0.004 0.000 Combined eed 1.55 26.87 1.54
WS BE3H 416 0.024 0.010 0.001 affinate 1.1 0.99 1.64 OF AP G105
0.018 0.005 0.001 Extract 14.45 2.23 0.08 0.02 14.45 0.322 0.012 0.002
0.000 Purified Extract 14.35 1.79 0.04 0.01 14.35 0.256 0.006 0.002
0.000 Table 6 On d matter basis Flow PDO Glyc BTO Glue Broth 0.85
92.8% 4.8% 2.1% 0.3% Purified outlet 0.7 88.4% 8.3% 2.9% 0.3%
TableCombined 1.55 92.2% 5.3% 2.2% 0.3%_Feed affinate 1.1 31.2% 51.8%

14.7% 2.8% Extract 1hdR 85 7% A:6% 0.7% 0.0% Purifiass FeRiiuddo

2. 1% 07 i)%o, \%§C1tp%%@pleﬁp05q£@qs_ O%L)(&x .raéﬂ%n OE),TQ Gluc

Raohateal H & AL N i V1P rwiy bt Fr s a
~opater-purtiea oA Ky Qrme-ryrmetcXtacCtiromXampre-4a

Brothyas mixdd With 44 31dg of rbférse Béndsi8-dhalin?willer GAKHyLH06 | 0.001

Purifiedtiadia the?DO| frsghe solvent imip theoaten phage.| THisovaln04 | 0.000

Comhose Vs SRR T S TP P BTG o | o

RafmiQ@rodude grodutt wifh 8 PDQ pugty-of|97{596. Talie17| o.018 | 0.005 | 0.0m

Extract 1445 1 223 | 0.08 0.02 | 1445 | 0322 | 0.012 | 0.002 | 0.000

Purified - 1435 | 179 | 004 | 001 | 1435 | 0256 | 0.006 | 0.002 { 0.000
[Fxtract

Table 6

% On dry matter basis
Flow | PDO | Glye | BTO | Gluc
Broth 0.85 192.8% | 4.8% | 2.1% | 03% |
Purifiedoutlet | 0.7 | 884% | 8.3% { 29% { (0.3% .

Combined 1.55 192.2% | 5.3% | 22% | 0.3%
Feed

Raffinate 11 [312% | 51.8% | 14.7% | 2.3%
Extract 14.45 1 95.7% | 3.6% | 0.7% | 0.0%
Purificd 1435 197.2% | 2.1% | 0.7% | 0.0%
Extract _

Examnle 4b. Adueous hack extraction of Robatel purified extract

16.4 kg of the Purified Extract from Example 4a was mixed with 44.5 kg of reverse
osmosis quality water. This water extracts the PDO from the solvent in to the water phase,

This water phase was separated and was mixed with hexane to remove any remaining
TBP.

The water phase was then concentrated by evaporation, to produce product with a PDO
putity of 97.5%. |

Table 7

% on dry matter basis
PDO | Glye | BTO Glue

Aqueous
Back Extract 97.5% | 2.2% [0.208% 0.24%




on dry matter basis PDO Glyc BTO Glue Aqueous Back Extract 97.5%
2.2% 0.208% 0.24% WO 2004/101437 PCT/US2004/013905 19
EXAMPLE 5. Solvent Screens Example 5a PDO Mixture with single
solvents 10 g of an agueous solution containing 46% w/v PDO, 3.5%
WERBer &17d 2.9% glucose was heated to 30C and the req@irddsgl¢Em3*03
added in very small quantities until a cloudiness just began to develop.
Additional solvent (about | g) was added and thoroughly mixed, The
mixture was allowed to settle for 10 minutes and then centrifuged to
EX saghieves cormpletepbase separation. The two phases (solvent and
aqueous). : ed Th%}abl below §hows the distribution
e s SES ] he concentration in the
soIngbﬁbaaqumhummnymemanmmowmé)aﬁﬁ%omqﬁnmwahﬂ% glucose
of extraction of PDQ a ared with de ine
was {ﬁat%ftﬁ%%tt%/n ég]é ficisn CCCJ%BB t gd %0 llstr ﬁgﬁoﬁe%ée idién dsfmss
just iglyee ltGIiisﬂ'fﬂdqieﬁdﬁmlvmﬂtﬁi%nb(ﬁimnt(l@mﬁdéﬁdﬁxbﬁwwm@m@mmd. The

i R R A A LU B e
separzxﬁﬁz Ed;mph&ﬂ)(&oh‘@ntq@nd plipessonerechnahteall Bhotage Bl shows the

dfsui%as?&%n%@ﬁ%ﬁtbxk%}%rﬁﬁ@e?s;%e%&gé%l@a%%% Q01 4: 93439 1A Meas%%@ﬁ? phase
0.005 0.001 5.17 Oleic acid 0.009 0.002 0.241 5.23 Example 5
dividggdati artsonrceiergeiBhiesiiPersPitancd iehsplestiviy 38 gdsagkipn Of PDO as
comPARIE Aty 010G Bded% WY REBud SR 1GNERI A P Yt Rdiby the

utanetrio and 0. 13% glucose, was extracted at ambient temperature
d‘S“WHH%E%ﬁ’f}e@b%gléf’ﬁrggnes of solvent mixtures. Two phases were
obtained which were

Tablc8
Solvent Distribution Coefficients | Selectivity
PDO ; Glycerol | Glucose PDO/Glycerol
Oleyl Alcoho 0.038] 0024 | 0.001 160 |
Hexan-1-o0l 0326 0.134 0.029 2.43
Tributy! phosphate 0203 0077 | 0016 | 265
Butan-1-ol Only one liquid phase formed
Pentan-1-ol 0.609| 0417 | 0256 | 146
4-Methyl Pentan-2-one {0.0331 0.008 0.001 4.03.
fisopropyl acetate 0.024} 0.005 0.001 5.17
Oleic acid 0.0091 0.002 0.241 5.23

Exampnie 5b. Broth with mixed solvents

5 ml of a fermentation broth at 33.9% dry material, containing 31.3% w/v PDO, 1.66%

- glycerol, 0.74% 1,2,4 butanetriol and 0.13% glucose, was extracted at ambient temperature
with (usually) 30 ml of a series of solvent mixtures. Two phases were obtained which were

separated and analyzed.



separated and analyzed. WO 2004/101437 PCTIUS2004/013905 20
Table 9 PDO/ Solvent Volumes Distribution Coefficients Glyc PDO Feed
Solvent Li ht llea PII0 Gl ¢ BTO Glucose select Purity exanol / TBP 80/20
53032.51.20.230.030.010.00 &8 97 50/50530331.80.170.03
WOR0410100r6.1 97.1 Castor Oil / TBP 80/20 5 6 6.5 4.5 0.01P§:DV 00 HOS
2.898.2 50/5056 7 40.070.020.030.00 4.9 97.7 Pentan -l-ol |
Hexane 80 /205 30 33 2 0.60 0.26:4»26 2.3 50/50 5 30 33 2 0.09 0.01
0.01 0.00 8.3 98.5 Butan-I-ol / Hexane 80 /20 5 30 2.5 0.9 0.53 0.08 0.02
" Table .00 6.8 95.0 50/50 53033 20.17 0.03 0.00 5.8 Pentan -1-ol / Soya oil

807205 E30321.20.30 006 0.00 5.350 /505 32 3 0.08;515,0.47 0.4

0
1li h 97.7 Glyc - Glycerol. BTO - Butanetriol Select-- Selettivity As before
Solvent| ihe taple YABHRShe distribulion Ristiugiar Goaticents,o | SRR adtROnk:

coefticrehts-oi-the-species
Peadaftlatat ighe SBlvent|phB diGiljed bPTER ¢Ghomstidtuderin Rugity

Hexano! /2ERIEOUS phase) and the selectivity of extraction of PDO as compared

.|.

+ X7
B eStREPUfitY tRe-extracteq

o L S T g
50/50] PBO Is ffhel thdn thelg® 5odkA The BE3. THEMelbcMiek df dhelnfied

castor OiBPERts (PDO / glycerol) are often higher than the single solvents shown

vEFY AMPEE-6-Removat-of cotor-and-organic_acigs with-gtkar

%0/ 20 eegrue%aagd the gﬁsll._sg&of g(%:f)se gx)]thqnsﬁ SO emd@igtugﬁ IS lf§§§ll)

Pentan -1 I0MR-Rabatel

50/50] Sdcedssife 15 nil partiohs df #-4Bulififd4ErAd3 (TEFSolutide) tak8h7 |

80/201 5§ 30 33 2 0.60 | 0.26 - 026 1 23

50/50) 5 30 33 2 0.09 | 0.01 | 0.01 | 0.00 83 98.5

Butan-1i-ol / Hexane
80720 35 30 3 325 0.9 0.53 | 0.08 0.02 1 0.00 6.8 95.0

150/50) 5 | 30 | 32 1 3 0.08 | 000 | 047 | 0.00 | High | 97.7

50/50) 5 1 30 33 2 0.17 | 0.03 0.00 | 58
Pentan -1-o0l / Soya oil
80/20] 5 30 32 | 1.2 1030 | 0.06 0.00 | 5.3

Glyc - Glycerol. BTO — Butanetriol  Select — Selectivity

As before the table shows the distribution coefficients of the species (defined as the
concentration in the solvent phase divided by the concentration in the aqueous phase) and the
selectivity of extraction of PDO as compared with glycerol (defined as the distribution
coefficient of PDO divided by the distribution coefficient of glycerol). In all cases the purity of
the extracted PDO is higher than the 92.5% in the feed. The selectivities of the mixed solvents
(PDO / glycerol) are often higher than the single solvents shown earlier, and the exclusion of

glucose By these solvent mixtures is usually very good.

EXAMPLE 6. Removal of color and organic acids with alkali )
Successive 15 ml portions of a “Purified Extract” (TBP solution) taken from a Robatel

counter current extraction and purification of a fermentation broth were mixed with increasing
amounts of sodium hydroxide in 1 ml of water. The heavy phases were separated. Thie color of
the heavy (aqueous) phases increased as more alkali was added and that of the light phase

decreased. (Light phase color was measured as the absorbance at 300 nm, and heavy phage at



counter current extraction and purification of a fermentation broth were
mixed with increasing amounts of sodium hydroxide in | ml of water. The
heavy phases were separated. The color of the heavy (agueous) phases
increased as more alkali was added and that of the light phase
walzergegesy. (Light phase color was measured as the absorlFACESAHBER396S
nm, and heavy phase at WO 2004/101437 PCT/US2004/013905 21 420
ran.) These are shown in the table bglow. The organic acid levels in the
respective sequence of light phases were also measured showing the
120 JEMeYRLOLQr ARG acids aslivhewtahle doloviingid rRbiesin trgdipthki
ht Phase Hea Phase Added H Co ‘109 H Color 03.50.124 3.550 0%4-&5 in the
sequepcrEpl e 0BESE 27T 68 BT AN S DOHRYVE Y ST UG s
table @P3%idL 7.0 0.021 12.4 0,102 20 7.7 0.02 12.6.0.103 30 7.8 0.02 12.8
0.103 40 7.9 0.03 13.2 0.103 Table 11 mg NaOH Light Phase Properties
TabldAoids in ppm w/v) Added PH Lactic Levul Acetic Glycolic Succinic 0 3.5

0 139 375.6 }1-9-6-8-2:2542-0503 2386 ude 355240431 0.7 9.3
1.4 570 6.4 1808 10 AdghiPhase g § o gwPBA§S 515 18 1.2
307.805.94.1 Wadka40 7.9 pFL8.5 820!98.3 1 Z)HLe\ ufCaldreyulinic Acid
0 3.5 0.124 | 385 | 0.004
2.25 42 0,081 | 626 | 0.016
3.5 54 1 0043 | 102 | 0.047
5 7.0 0029 | 116 | 0.099
10 7.0 0.021 124 | 0,102
- 20 7.7 0.02 126 | 0.103
30 7.8 0.02 12.8 | 0.103
40 7.9 0.03 13.2 | 0.103 ]
Table 11
mg NaOH Light Phase Properties (Acids in ppm w/v)
‘Added pH Lactic Levul | Acetic | Glycolic | Succinic
0 35 0 139 378.6 1.9 0.8
2.25 42 | 0 50.3 2386 | 115 13
35 5.4 0 141 | 407 | 93 1.4
5 |7 0 6.4 418 | 14 0.9
10 7 0 9.2 317 | 1.8 0.9
20 7.7 0 9.2 35.2 18 | 12
30 7.8 0 5.9 34.1 T
40 79 0 18.5 821 | 33 1.2

“Levul” = Levulinic Acid

EXAMPLE 7. Mixed bed for removal of contaminants

A purified aqueous PDO stream, as in Example 4 after hexane washing, was passed
over a 60 ml mixed resin bed and collected in 0.5 bed volume fractions. The mixed bed
composition was Purolite C160 Strong Acid Cation resin and Purolite A510 Strong Base
Anion resin mixed in a ratio of 1:2 bed volumes. The bed was effective in removing most
organic acids as shown in the following table. Levulinic acid was of concern in the original

pﬁriﬁed sample as it was felt to contribute to the color. As can be seen from the results, the



EXAMPLE 7 Mixed bed for removal of contaminants A purified aqueous

PDO stream, as in Example 4 after hexane washing, was passed over a

60 ml mixed resin bed and collected in 0.5 bed volume fractions. The

mixed bed composition was Purolite C160 Strong. Acid Cation resin and

WORrglitatX510 Strong Base Anion resin mixed in a ratio of FEXAEg04/013905

volumes. The bed was effective in removing most organic acids as shown

in the following table. Levulinic acid wgas of concern in the original purified

sample as it was felt to contribute to the color. As can be seen from the
mixed 684 EstDgWRQ20 Q4GB A RET(LLSARHAA 3205 4R bseliBed o¥RSless even

effective at removing most trace acids and the solution remained colorless
afer Qe SRR ORIt RS LTSl B AL el M PO PA R pgorPion
120 niRERSWRI RS thedahserpiien a0 20dhnomeiaitafhefredsatan was

0.106, and the concentrate color was zero. Table 12 % w(v m w/v Fraction
Table!j%o G!‘

_Glycerol Bg'owg,!ueose Lactic evut-Ace-tie-Glyeolie SU&bi‘lﬂli(, Feed
21.88 0.208.0.2443 u’n/u:4? 37-9-42-9-35-6, 244 3 E3-0-136 —
CETANY AP AT ) RIREUIS S N T 8 o E Vot DO
1'OBV Q.'\'l]r;{" %1 A r“y;’l"@’lﬁbggf_ﬁ 1.9 4-r\ ? 4._n- oY ti:iix\ J Na g'{!’n .:>1r\ ‘.f ) 0
ORIV e X oo N 1 S N 5 T it il o sl S o A L
208V LD G Sl O A B 0 280 (15T O S 201 10
XTI Y WAV N CAZANAR B ol A e 109 ol 2 T
0BV B1ST472 4 BHigne "_it;g;jinjt-l-; ut=yLevuimigac :ﬁ/l-\lerLJIE‘lg Sgquential 0
3‘5BV h M‘ﬁ%g;\ "rott 98 g & f.l, |gi|i{)pflq?e PREpaTEU Y EXTagling 8y 5 0
4.QBV fe ﬁ"f{‘ug@‘m ”Qf%'{ | vﬁll] BP (coptaining I-91% Wiy ofPBRg0.039% )
(ioncentrggbgﬁ?p’n%f?@éil’ 2 G utametrigh and ngydetectaiie giucose) was 3 0

PDO = 1,5’5#%5“?%5%3%32“1%?%%?XW%&QE%%@; LRI G B udpg, followed by~
— I hight—andheavy” . reach contactthe neavy
phases (411 about 0.15 ml) were removed before proceeding to the next

contact. The analyses of the initial light, and the successive
EXAMPLE 8. Sequential hexane extraction

8 ml of a light phase prepared by extracting a fermentation broth, with TBP (containing
1.91% wiv of PDO, 0.039% glycerol, 0,085% 1,2,4 butanetriol and no detectable glucose) was
contacted with successive portions of n-hexane by mixing, followed by separating the light
and heavy phases. After each contact the heavy phases (41l about 0.15 ml) were removed
before proceeding to the next contact. The analyses of the initial light, and the sgceessive
heavy phases are shown in the table below. The earlier aqueous phases were less pure (in
terms of PDO) than the feéd, and represented 46% of the PDO in the original TBP solution.
The aqueous phases from the 4™ and 5% extractions were purer in terms of PDO than the feed

material.



heavy phases are shown in the table below. The earlier aqueous phases
were less pure (in terms of PDO) than the feed, and represented 46% of
the PDO in the original TBP solution. The aqueous phases from the 0’
and 5th extractions were purer in terms of PDO than the feed material.
WOR®20047101437 PCT/US2004/013905 23 Table 13 HexErBURGaHPBROS
Glyc BTO Glue PDO Total added hexane _pwrity  PDO Feed 1.91 0.04
0.08 0.00 93.9% 4 4 15.87 0.82 0.239.00 915% 16% 4 8 13.13:1.08 0.35
0.02 90, 1 % 28% 8 16 15.35 0.84 0.27 0.00 93.3% 46% 8 24 17.10 0.63
TableQ:23 0.00 95.3% 60% 16 40 19.02 0.42 0.20 0.00 96.9% 79% *
Cumulative PDO extracted into agueous phases EXAMPLE 9. Sequential
Waienexirativest 20 nimba firsGphase peapareld t(ylextrTctmg(a Total
fesmpsatatigesheih with TBPj(containing 1.91% w/v of PD@uft@3DWDO*
glycerdke@d085% 1,2,4.9utahe®ioftand nblfetectab® gluct3efwds
contacted with six |sutg8gsiye 2.83] porti6nRg of wakditoy imddrids follolvéd
by separatinggthe |lighi.&hd hehdp phaséSAfter ddth corftidithe hadly
phages (all apout 2 mB veere rengaved hefore prazeedingd® e nexiss
contact- Themgnalysesyaipthe irted light,carsd the sueEessive Mealy 60%
phages are siipwn|in thezable ketow| Thepurity ofthe ageeous phases
IcreasRiEPSOcsassiva extragions: pflable 14 _ Water Total POO Glyc
BTO Glue PDO Total added water purity PDO* --LM-I)--L-CM-9 Feed
1.91 0.04 0.08 0.00 93.9% 2 2 8.083 0.310 0.193 0.00 94.1% 42.2% 2 4
EXAKRER 0.362:6nta7v0a02 OF2¥064.1% 2 6 2.025 0.010 0.014 0.00 98.8%

0,
7%8 _r/r(ﬁ of a first phase prepared by extracting a fermentation bseth with TBP (containing
1.91% wiv of PDO, 0.039% glycerol, 0,085% 1,2,4 butanetriol and no detectable glucose) was

confacted with six successive 2 ml portions of water by mixing, followed by separating the
Jight and heavy phases. After each contact the heavy phases (all about 2 ml) were removed
Before proceeding to the next contact. The analyses of the initial light, and the successive

heavy phases are shown in the table below. The purity of the aqueous phases increase with

successive extractions.

Table 14
Water | Total PDO Glye BTO Gluce PDC Total
added | water ' purity | PDO*
mh | @) | | |
Feed 191 | 004 0.08 (.00 93.9%
2 2 8.083 0.310 (.193 0.00 94.1% | 42.2%
2 4 4.182 0.102 0.107 | 0.02 95.2% | 64.1%
2 6 2.025 0.010 0.014 0.00 98.8% | 74.7%
2 8 0.902 0.002 1 0.007 0.00 99.0% | 79.4%
2 10 0.417 0.000 0.004 0.00 99.1% | 81.6%
2 12 0.176 0.002 | 0.005 0.00 96.3% | 82.5%
* Cumulative PDO extracted into aqueous phases

EXAMPLE 10. o
5 g of fermentation broth at 55% dry selids PDO, was added to 30 g of tributyl

phosphate (TBP) containing varying percentages of kerosene, from 0 to 50%. The mixtures
were mixed carefully so as not to create micro bubbles and the time taken for phase separation

was noted.



2 80.902 0.002 0.007 0.00 99.0% 79.4% 2 10 0.417 0.000 0.004 0.00
99.1% 81.6% 2 12 0.176 0.002 0.005 100 963% 82.5% Cumulative PDO
extracted into a ueous phases EXAMPLE 10. 5 g of fermentation broth at
55% dry solids PDO, was added to 30 g of tributyl phosphate (TBP)
wocemtainiag varying percentages of kerosene, from 0 to 5098CTRS WXL A8SS
were mixed carefully so as not to create micro bubbles and the time taken
for phase separation was noted. W4} 2004/101437 PCT/US2004/013905
24 Table 15 shows that the increase in kerosene percentage in the TBP
extpelingsolvenlashe eals dUrthephass-SRpakation RevaBPtberactigosis vent
and solvent phases. At 100% TBP extracting solvent the rate is 5 minutes
SPB@d’Fd%PdBﬁ‘Eﬁl%‘-’t%?@ﬁ%&ﬁ?‘ﬁfe@@%&@?ﬁoﬁﬁﬂfﬁ%%lﬁﬁ?& Hé&%t has decreased
At 1009/3r MmN Sc(and Qdbvepd uation) ias 2ON0EBR endirkreseper ey atS0%asTBP
decreased to_ 1.5 minutes (a 70% reductjopn). Table 1 ing.rates as a
and 2SR 8 BSOS ot RREACH BT ST L bR teme
the raftBR{kRIBSLBE MIKLIISs@6((SHverductiorpth) Ratio Time 1 minute Time
5 minute TBP 100% Top & bottom layers separate Bottom layer clear &
Tablergfids 5ml on graduated tube Top layer very fine cloudy approx. 2 % Top ‘
Settii%%{ "s"'z'xsczi%%}?o‘ﬁ'%@éﬁn@%ﬁ? sJieg L nindie T3 e, TRRSM) and
p & bottom layers separate Bottom layer clear & reads 5m1 on

TBP/keroseral 2006shel (Refeetibé (ribislatvery fine cloudy approx. 1 % Top
layer all clear no visible bubbles Time 1 minute Time 1.5 minute

Time 1 minute Time 5 minute

Top & bottom iayéé separafe Bottom layer clear & reads 5ml on

TBP 100% graduated fube
Top layer very fine cloudy _
approx. 2 % Top layer all clear no visible
bubbles
Time 1 minute Time 3 minute
TBP 80% Top & bottom layers separate Bottom i'ayer ciear & reads 5ml on

Kerosene 20% graduated tube
Top layer very fine cloudy

Top tayer all clear no visible

approx. 1 %

bubbles

TBP 50%

Time 1. minuie

Top & bottom layers separate

Time 1.5 minute

Bottom layer clear & reads 5mlon

Kerosene 50% graduated tube
Togp layer very fine cloudy
approx. 1% Top layer ail clear no visible

bubbles

All of the methods disclosed and claimed herein can be made and executed without
undue experimentation in light of the present disclosure. While the methods of this invention
have been described in terms of preferred embodiments, it will be apparent to those of skill in
the art that variations may be applied to the methods and in the steps or in the sequence of
steps of the methods described herein without departing from the concept, spirit and scope of
the invention. More specifically, it will be apparent that certain agents which are both

chemically related may be substituted for the agents described herein while the same or simitar



TBP 50% Top & bottom layers separate Bottom layer clear & reads 5mi
on Kerosene 50% graduated tube Top layer very fine cloudy approx. 1%
Top layer all clear no visible bubbles All of the methods disclosed and
claimed herein can be made and executed without undue experimentation
WORNEI P the present disclosure. While the methods of thid ﬁ%@ﬁfﬂ?ﬂ"hﬁ%
been described in terms of preferred embodiments, it will be apparent to
those of skill in the art that variatior® may be applied to the methods and
in the steps or in the sequence of steps of the methods described herein
resultwwiooldt ieeshitingt frod shdh contdepiubgititemnahdoopdfativesiappmtioito those
o ) i il hat ) .
S e B A Tor o ap e G R b s
defingiHilethepnaniedelgiilar WO 2004/101437 PCT/1JS2004/013905 25
results would be achieved. All such similar substitutes and modifications
apparent to those skilled in the art are deemed to be within the spirit,
scope and concept of the invention as defined by the appended claims.
26 What Is Claimed Is: 1. A process for the recovery of 1,3-propanediol
from a fermentation broth comprising 1,3-propanediol, comprising the
steps of: contacting a fermentation broth that comprises water,
1,3-propanediol, and at least one contaminant selected from glycerol,
glucose, and butanetriol, with at least one solvent extractant to form a first
mixture, and separating the first mixture into a first phase and a second
phase, wherein the first phase comprises a majority of the solvent
extractant and at least some of the 1,3-propanediol that was present in
the fermentation broth, and the weight ratio in the first phase of
1,3-propanediol to at least one of glycerol, glucose, or butanetriol is
greater than the weight ratio of 1,3-propanediol to the same contaminant
in the fermentation broth prior to the fermentation broth being contacted
with the solvent extractant, wherein the second phase comprises a
majority of the water and at least some of the contaminant from the
fermentation broth;



recovering 1,3-propanediol by removing the first phase from the second
phase; contacting the removed first %t%ase with an aqueous solution or
hydrophobic solvent to form a second mixture, and separating the second
mixture into a third phase and a fourth phase, wherein the third phase
Woniprisestd mdfsiity bF the solvent extractant of the first phase, and

1. Wheseledhadputhahase compisesh ddiepanediflans heaveiahttiBrising

in the fourth phase of the 1,3-propanediol to at least one of glycerol,
13-prgprmsdiolocpnpasEadhissiieatdr than the weight ratio of 1,3-propanediol

tothrRame.crptamna idhedrrnsniiien RLath prnpiepihediol, and at least one
fermentation broth being contacted with the solvent extractant . 2. The

contapigapteelrtadifrn alneseh shecrsmotddripgHabevEherten st wnt

extradifsk ©UBAILY Rfsegiieps saltion to form the second mixture, and and
wherein the fourth phase comprises 1,3-propanediol and a majority of the

firgnt o S HRBY S SRR B 7Pt e oS SBLPR M 2, further
CAPRRFISING TR SIER.6F rReaYeliRG: Indrprepanaticbbyediemayiishinadald st some

phase from the third phase. 4. The process of claim 3, further comprising

of the b prorpasdird dtfaras RifRgpHadhessem At P ek etide b vt ratio in the

first pRABRRITSES- thepiecavsires ihikdphase, ful Yhedretessfelaisetiuiiereater than
comprising treating the r_ecoveﬁed fourth phase to ‘furtheg puri

the welgIblin ABMGNFPIRE TP ShE SRS CPREBIgRBL S Re %‘“‘T%/?ﬁiﬂﬁé’rmth prior to

the feERARMRAISINDIECYSHRG the fauehwhRse:sutithakibetigimentation broth
comprises the recqvered fourth phase. 7. Th?%;%rt cess of claim 2, wherein

thW RIS S6ECOF (IPRF SOOI DRI Y SIS e Hst shmgeet the
contaifin@ivesm ahofe-20ntatiod 8:30:;8. The process of claim 7, wherein the

volume ratio, is between about 20:1 and 1:1, 9. The process of claim 7,

WS LT AL B ar B gt b SR oeE B i se:

whengiotihe tremexedctrstahtsedwiticscaqposesoaitioasir Boorephetat solvent to

and Wh?fre.in the removed first phase is contacted with at least one

form p SEFRASHIEELIRAt to form a second mixture, wherein the third phase
coinpisesetiie graiaidynokhetdhessbive phextrastanfounth Plese,

wherein the third phase comprises a majority of the solvent exfractant of the first
phase, and

wherein the fourth phase comprises 1,3-propanediol, and the weight ratio in the fourth
phase of the 1,3-propanediol to at least one of glycerol, glucose, or butanetriol is greater than
the weight ratio of 1,3-propanediol to the same contarninant in the fermentation broth prior to

the fermentation broth being contacted with the solvent extractant .

2. The process of claim 1, wherein the removed first phase is contacted with a first
quantity of aqueous solution to form the second mixture, and

and

wherein the fourth phase comprises 1,3-propanediol and a majority of the first guantity

of aqueous solution.



hydrophobic solvent of the second mixture, and wherein the fourth phase
comprises 1,3-propanediol and the rr?z?']ority of the water of the first phase
11. The process of claim 10, whereirrthe weight ratio of the removed first
phase to the hydrophobic solvent is between about 4:1 and 1:4. 12. The
3. piideeseofsslaimldi®, Avhetbon toerhyidnaphichitesollanbisseledtécfopanediol by
remov§glv%rét§o ‘yfrvt(l:h Ill%%lg i, h?h@‘t%%? eg{ull)etween about 3.5 and 10. 13. The

process o m 12, wherein solvent is an alkane having from 6 to 12
4. cditboproatssrs d4inT Refpridee sepukiim kcintingticompeistngt @8d phase such

that uRSINE AN SHIPEIRILIE. &1 e st IR g the contacting step

such that 1,3 propane IS more soluble in tt vent extractant than in
5. thEhfepmestatibnlbiroth, ivHbeeippthpsising trsahie sl eeravxnetfantth phase to

furthef Bﬂ@tir,‘ﬂ-&gc‘?ﬁﬁfﬁatd%i’ﬁw [fic '%&%goﬁﬁ%Phase and the second phase;

moving t rst phase from the second phase; adjusting the

6. tehperanss of dhrfirdt dse suohriaga sading thedoveolsineusiafut the
fermertERAIPHRAHRGREGOAB LGP @ g pigse and a fourth phase,

wherein the third phase comprises a majority of the hexanol from the first
7. pRhsereprstied sbumi pAsecbthprehsna ratir o dircliel anmeise fisgucous

sotutid¥EIG RS Phtle fopKth, Bhase.af Jo3rRigPangdiol to any one contaminant

present is greater than the weight ratio of 1,3-propanediol to the same

8. cdmapitant it dhenichmidsrstivhpistipacrts dsersramhaw’Bibind 1:1.
9.  beigsantaciadiih hesavenkexasiaN ks Thepresess of claim 1,

wherein the fermentation broth is concentrated to at least about 90 wt%

10. g kha propges piodeiss bf whrain thersraayeAdifstplastalioth e etmrissstaillyast
some RMffiEGnd GHERGPIQCRSSREGIRIT &hﬂg ereinina e manetion IRt Ras ghobic

pH of between about 2 and 11. 18. The process of claim 1, wherein the
solverbipni@RtaRcRITstWEETE.pH of between about 6 and 8. 19. The process

ofglaimlnwharaipihe femeniation Hgtheo BTN 2RESR BRHE2R and the
wt% and 80 wt% dry solids.
hydrophobic solvent of the second mixture, and
wherein the fourth phase comprises 1,3-propanediol and the majority of the water of

the first phase

I1. The process of claim 10, wherein the weight ratio of the removed first phase to the
hydrophobic solvent is between about 4:1 and 1:4.

i2. The proceSS of claim 10, wherein the hydrophobic solvent is selected from solvents
with logP in the range of between about 3.5 and 10.

13, The process of claim 12, wherein the solvent is an alkane having from 6 to 12 carbon
atoms.

14.  The process of claim 1, further comprising:



20. The process of claim 1, wherein the process is carried out at a

temperature between about 20C an gOC. 21. The process of claim 1,

wherein the process is carried out at a'temperature between about 25C

and 35C. 22. The process of claim 1, wherein the solvent extractant is

esdanritly thnbydpsuuro 3 Tivelprboes it dluine Thotnsremiitdtestiyvepk that 1.3-
propaRBFIRM AL MILNARE ftadli HARSE Y ElANEL AN HHBR Wicrein

at least one solvent extractant is selected from the group consisting of
hexanglkianbissHeeohestradesys, acids, ethers or vegetable oils. 25. The process

olgaimat pharehhesolE e dRcL et Aol rgroup

consisting of pentanol, propan-I-ol, hexanol, oleyl alcohol, 4-methyl
peAeLTDHE, fiseipbisa e die serpriylitiesphate, oleic acid, soya oil,
andicasiy Al &R IRAAIRPERS BESIBIMCIuNRIRIR (B8R0 NARERXIARIARL; and

is sélected from the group consisting of hexanol and tributyl phosphate. .

2geparatipg hrowsss OREHie ZUOGHBrE RiAecfirad mfctirl Botrprisaegn the third
phascRidasE-RBIANCEbSaIRAER QM S SROHR FRBSHING ahaiRbalic@thase comprises

aromatic hydrocarbons. 28. The process of claim 27, wherein the phase
1,3-piomnedietis an alkane having between 6 and 10 carbon atoms. 29. The

PrRGess PR ch iR INHD &S0 SRL U ACIAR 6RMBAISE SoCAP 8RR htaminant

oxygen atoms in a ratio of between about 2:1 and 18:1. 30. The process

preseysy s griiz0 hgndhsii eahbrtie it dxirREeRAREHRIIALES CARSSHHABBR)GERthe
fermcAlQAd iBradaliQetdelveen AR BrEARU ik ShidhieIReeasS obeiaiMetractant.

wherein the fermentation broth comprises between about 5 wt% to 85
15, wibhameorsssbplama diol bR & BsniBHOBD IR PRRSFIUBISH f @t least about
90 wini%water, and between about 5 wt% to 70 wt% of one or more

contaminants. 32. The process of claim 1, wherein the solvent extractant

16. halhs gPeethaimabothaan fornesstimd pdtssy Bl lied

17. whetehdhasehanhexiaaianinnas ainanbebyeeniahoih 98 camdiR&n about 2
2027.613010 30 Abstract

and 11.

18.  The process of claim 1, wherein the fermentation broth has a pH of between about 6

and 8.

19.  The process of claim 1, wherein the fermentation broth comprises between about 20

wt% and 80 wt% dry solids.

20.  The process of claim I, wherein the process is carried out at a temperature between |
-about 20°C and 90°C.

21.  The process of claim 1, wherein the process is carried out at a temperature between
-about 25°C and 35°C.

22.  The process of claim 1, wherein the solvent extractant is essentially anhydrous.

23.  The process of claim 1, wherein the solvent extractant is saturated with water.

24.  The process of claim 1, wherein the at least one solvent extractant is selected from the

group consisting of alkanols, ketones, esters, acids, ethers or vegetable oils.

'25.  The process of claim 24, wherein the solvent extractant is selected from the group
consisting of pentanol, propan-1-ol, hexanol, oleyl alcohol, 4-methyl pentan-2-one, isopropyl
acetate, tributyl phosphate, oleic acid, soya oil, and castor oil.

26. The process of claim 25, wherein the solvent extractant is selected from the group

consisting of hexanol and tributyl phosphate.



Disclosed herein are processes for the recovery of 1,3-propanediol from
an aqueous feed stream. The prese%\jnvention involves contacting an
agueous feed stream that comprises™Wwater, 1,3-propanediol, and at least
one contaminant with at least one solvent extractant to 5 form a mixture.
27, Thbepixterss isf sépardtbvibvre i finst phbmexawe goserGing pihhgee glwncer sclected

from (RES20% e@esjst& PURER.AMAIPHLY,f e WLk fam the aqueous feed

stream. The Tirst phase” comprises solvent extractant and at least some of
28.  thEhe proresariationtfat whesprabembisserrahageedesiedpragbarngbeween 6
and 1 (yvceg%tnrgg%g the first phase of 1,3-propanediot to any one contaminant

present Is greater than the weight ratio of 1,3-propanediol to the same 0

29.  camamirsss if ehemduedisseiadbestpbernt sHERE N S UBDEHICrERAPSPE ARy EeD
atomsQ8 R 9aEQAG IR ithutik $qlMGALEXractant. The first phase can be

removed from the separated second phase in order to recover the
30. 1 Bhpmwparrsdibelaim 29, wherein the solvent extractant comprises carbon and oxygen

atoms in a ratio of between about 3:1 and 6:1. |
31.  The process of claim 1, wherein the fermentation broth comprises between about 5
wit% to 85 wt% the 1,3-propanediol, and further comprises greater than about 10 wi% water,

and between about 5 wt% to 70 wt% of one or more contaminants.

32.  The process of claim 1, wherein the solvent extractant has a logP between about 0.8
and 7.7.
33.  The process of claim 1, wherein the solvent extractant has a logP between about 0.8

and 2.9.





