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1.3-PROPANEDIOL Technical Field The present invention relates
rally to processes for producing and recovering 1,3- propanediol. )
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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



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 fermentaéiog broth being:contacted with. the solvent extractant,
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alcohols, proteins, amino acids, and low molecular weight hydroxylated

compounds. A low molecular weight hydroxylated compound

Disclosure of Invention

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



can be selected from the group consisting of glycerol, glucose, and
butanetriol. Preferably the aqueous feed stream has a pH of between
about 2 and 11, more preferably between about 6 and 8. The aqueous
wdesaiatream is contacted with at least one solvent extractangdq farmadieshs
mixture. The contacting of the solvent extractant and the aqueous feed
stream can be performed counter cuE,[rent, Cross current, or counter cross
current, as explained below. The contacting can be performed using more
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(such as those taught above) in order to enhance phase separation.
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consisting of (1) alkanols such as pentanol, propan-1-ol, hexanol, or oleyl 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



13-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 first phase is purer than the
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of aqueous solution or water. The werght 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



recycled such that the aqueous feed stream for the first mixture comprises
the recovered fourth phase. In certain embodiments, the removed first
phase further comprises at least some water in addition to the
1.3-propanediol and solvent extractant, and the removed fi [ -
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and the solvent éxtractant is hexanol: The first - mixture, of the a%%eous
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feed stream prior to the aqueous feed stream being contacted with the
mixswbdning firawtatacting step such that 1,3-propanediol 1s more soluble in the solvent
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.



WO 2004/101437 PCT/US2004/013905 5 Certain methods known in the
art for purification of PDO from an aqueous feed (i.e., fermentation broth)
comprising contaminants involve extracting contaminants while leaving
(She PDO in the aqueous feed stream. Certain methods of th B sen5 )
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invention'involve extracting the PDO from the aqueous feed stréam, Into
a solvent phase away from contaminants present in the feed. Certain
embodiments of the present inventiof can increase the purity of

1,3-propanediol from impure feed streams. Brief Description of Drawings
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change in temperature. Figure 5 is a process flow diagram of cross

current contacting of a feed stream and a solvent extractant for extraction
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the present invention for recovery of 1,3-propanediol. Figure 9 is a
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Figure 5 is a process flow diagram of cross current contacting of a feed stream and

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



extractant is preferably immiscible or partially miscible with water over a
range of WO 2004/101437 PCT/US2004/013905 6 temperatures (e.g.,
2C and 100C). The volume/volume ratio of solvent extractant 10 to
aqueous feed stream 14 (e.qg., filtered fermentation broth, as described
WO gl oreferably between 1:4 and 50:1, more preferabhy-aBo3t %6 1A
certain preferred embodiments the solvent extractant has a hydrophobic
parameter logP (logP = [solute]octanal/[solute]water) of between about
0.8 and 7.7, and more preferably 0.8 and 2.9 such as those listed in the
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was present in the aquec.ﬁggﬁ%&g@m 14and the weight ratio of the
1,3-propanediol to any one “contaminant presentin the first phase is
greater than the weight rad$*§3¥e 1 3-propdhedidl to the same
contaminant in the aquedusi8ed stream [L4.firior {o the aqueous feed
stream being contacted withdhagalvent extractant 10. The first phase 16
can be separated and rem 1életadn &om the ¢ ond phase 18 to recover
1,3-propanediol by methd dstknown-in-the-ait (e:g, centrifugation and
decantation, among othet<’¥ % recavered-§ 3-plopanediol is purer (e.g.,
have relatively less contaminant per amount of 1,3-propanediol present) .

The #@iibe, Staripshaaciieaussieassiream (h& frstRhasedf LOMPHSPS 10 are

. 183-Proganediol agd solvent extractant, and the majority o
agitated at a temperature between about 2°C and 100°C, more preferably 30°C. After agitation

the combined mixture can be allowed to settle and separate 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



(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.
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solution (Figure 2), use of a second salvent that is hydrophobic (Figure 3),

or use of a change in temperature (Figure 4). Back extraction with water
solugpaliague Alsusehftios:toshoein thig iy @y2irdpficticqBRNELSRfwatedh change
in aguequs %L{;groen 4%6 is contacted with a first phase 16, as described

above 1o form a second mixture 22. The first quantity of water 26 can be

corftackexkindtiioheMifstvphingeed B preauasget ohteniperatir Esefrem. adiitst

t A = The i ' ater. 26.to.first phase
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phadOWEh: ABHERUST %%aﬁe@ﬂglﬁ%&@a%mw%&%@3&@@8&% ffglgf'?st

settler by decantation leaving a third solvent extractant phase 24, whic
quattity plewiey R trBrsturines bxtaadiohehiser sbeut @y todeyP e thi hmnforably
abo®drBGTRNI TESdRisRTane 24 SOMPUERS RANMA IO Go HFEAIRLINBN0 a fourth

about 50 wf%0) of the solvent extractant from the second mixture. The )
AU BBl 28 CUHTAR S8R rEnplreiitat #ish st ey riatepdeaving
a thittlesolater dronrthe seeend mikili eanl BoREAH:e TP OsHNE o & 6enfigSes

can al e used to separate the equs phase 28 from the solvent
g e o TR e PR TR ASa B B erster
than Bi3proparideiof e aplyonextoutamihantthresentdigreater Thaotneh phase 28

' i -pr iol t minantin the aqueouys .
co ey D 1 e S L S i
In ctsiepmbadiaeeals aaanaBIzRganelsyp bE asebmpiishiny backesdragtioseigs from
the Witk @ Bydiophppigsolye %@Q&gﬁh'?&lﬁ)%%&l@ 'ﬁ@l?&?tﬁéﬁ@gg&ﬁﬁmdiol :
r

hydrophobic solvent is selected from solvents with F;EP of between
{0 any GUEHEPBIHD EFEh PASSIHO Sees e that e efleh Brdie Alebhptrepisdisit o the same
conts@rRAtSAe: alianes feetherkanggifiom hexaaste deeaneAasanobduticted with

d?decanol 5.0 hexane 3.5
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




he tare 4.0 octane 4.5 decane 5.98 Soy oil 7.4 WO 2004/101437
PCT/US2004/013905 8 The first phase 16 comprising 1,3-propanediol,
solvent extractant, and at least some water can be contacted with a

rQ ic solvent 36 (e.g., hexane) to form a second m| Eﬁg
Wg%g"’r/ﬁ&t@i 32 can be allowed to settle to form two phases. z]%ép]a};\é 9nﬂ§

and settling can be performed in mixer-settler equipment. In certain
embodiments, the two phases can b® separated in a centrifugal device.
One of the two phases is a solvent phase 34 comprising a majority (e.g.,

The figsetesethanoapoit 50 WiarP brifd Yorpbyrne RirHamHt ot tHd aiyHroRarEeT can

be coﬁ%\(miﬁpg ithe:ofshie RIS R AgUecKRNAS e, AR £MIThHetifwre 32, and
1,3- ropanedlol that was transferred from the first phase 16. The

the mﬁ&u@éuscghagé@e@éaﬁ?&#&@ L SRRSO t”H@ atartRegnd retlive can be

perfortiad lams&taégewr@{oé@nﬁﬂe& propanadiahthativastresenidpihedicsh be
phase 16. A efe red ra r£FI1Ilrst ase 16 to hy dlr f%oho |c%glvent 36 1s
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diol f I
sotver LT B AR Rt TR T R A g o s
transfeanddfecdothe fisioghaferléxdihpleuhexapivlas’g mmﬂrm&aétamaﬁmw o the
water?nq)‘ésr%us{ 40 %55 b{ QHY/ g‘%%&‘i’%i%gu %Dﬁ% 0qlA g&@g’éﬁt%%é'h?st phase

upon settling eous p ase e.g.,

16. 'Acmﬂfﬁ@ﬁsmgmmérfﬂ@mhﬂqe &q@é&d&ﬂé@@@tl@éﬁ%&@mﬁéﬁm@pa ghiewtis1 and 14,
more gﬁ‘faﬁ%ﬁ% Jhg-hexandd Apiopaneiglmixiuie. 4R halds dempyedidivic

0C is cooled to about 30C, whereupon the material will separate into two
solvelhases in the back extractor 48. One phase 50 comprises hexanol and

CaR B8 d ST IERG IR INNRSSHRABRINPESLEW ARl RREN HEREIEGSidhed by

1,3-propanediol. A preferred weight ratio of a eous feed at 30% d.s. to

extra g BB ORI L RO CLLRBE AbpibIoGH e gaRErTme
for extiFRUg Mk S ﬂ@@@aﬁerﬁhe\@mqaaﬂﬂl Bhdipfueonteiatdfia febmentation contact
with E?Fr&%{q tF 0 81\5“:& r%g%ség?%re%%?kﬁ%% gncgﬁ%% pa:n%%peoll’ asha%e 16 (e-g-
compRiics) \patﬁelﬁthmrﬂm #heeous feed stream) with the impurities is discarded. The
hexanél/ 1,3-propanediol mixture 45 that is removed at 80°C is cooled to about 30°C,
whereupon the material will separate into two phases in the back extractor 43. One phase 50
comprises hexanol and can be recyeled. The other phase 52 comprises water, 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,



starting feed stream. The contacting of the 1,3-propanediol and the
solvent can be carried out in one stage, or in multiple stages. Treatment
with a number of stages (e.g., from 1 to n) increases the effectiveness of

the transfer of the I,3-propanediol from one phase to the oth)erﬁ%hase. )
WORBKIYYE"a number of ways of using multiple stages. For éxaripied /413905

cross-current arrangement set up (Figure 5), as is known in the art, can
be used for an extraction. There can b% any number of stages from 1 to n
with each stage representing mixing and separation (e.g., mixer settlers,
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= (?4-3,, 202? can be grovitdedlwitﬁ%he means fggra%tﬁ%e%tr%ga% rgecég% %cf{%lw%
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methyply Sreathep rt draweiant Sehean da-addadtmthemjeplebedsters (e, Xdctrid-2,
204-8h85€.2G83) {BaVing ﬁﬁﬁs@%é@%@ss@d counter-current from stage 204-n and
withdrawn at stage 204-1, with the depleted feed (e.g., second phase 208) leaving the last stage
n.

 Figure 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,



Figure 8 is a more detailed schematic of a process of the present
invention. A fermentation broth produced by fermentation or other
agueous feed comprising 1,3- propanediol 110 comprises at least one
contaminant that can be selected from organic acids or sak’g eof, _
Woiﬁ%’?‘é'é'ﬁfé7salts, protein fragments, ketones, metal ions, cel s%%:me?ﬁ%‘f%“}mm{b
debris, fermentation products (e.g., glycerol, and 1,2,4-butanetriol, among
others), color impurities, water, nutfiénts (e..g., ammonia and phosphate,
among others), and unused carbon source (e.g., glucose). A fermentation
The pseendt Btookioapbeigeneeaetfesing sefétnbatativrseel frgm. frmeentation broth.
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production of 1,3- propanediol, along with fresh nutrients, water, and a

with ferpsalatinu e, Ivisiipieddprarmsiidtorh has harkean RuHE et ardetcell

conceTHIMIE 1S (BERJArOsEsI6H to recover the fermentation broth 110. WO
20041101337 PCTIUS2004/013905 10 The present invention grovides
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content of the filtered fermentation broth is preferably between about
130, randtizdin aibyosb ety ndpe phaferibhyldbonerows Grblnsbenlide’s d.s.
basjs The it dermentationfratit2d canaptisnalinbecansenta@inent

. by removal of water in an evaporator 130, resulting in a broth preterably

prior 1¢ARY30 86 baoerananchistareracibri b asvihg atThatiaiRaritisagan can,
for exBFR 1460 Jr2dd eaR ndesg amBréiabpalrficaiomangaimie-treatment prior
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flow, cross-current flow
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



mixer-settlers or centrifugal contacting devices, or other devices
commonly used for liquid - 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.qg., filtered and
WoBHtHEIyEoncentrated fermentation broth) at 40% d.s. to sBR/éHEZ004/613905
extractant used in extraction is about 1:10. The second phase 141
comprising water will comprise mostidf the sugars, salts and at least
some of the glycerol and other impurities that were present in the filtered
remobecibnk3dldrhedsugais; saltsdinchgtiicdnot fbaye daflindte) gantive discacdeddilute
41, or purified further if ired.. The first. se, 142 comprising the .
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but istieays k30tbyntte solvent ysmdiordiolyTBPY tahohignwith. sbheagfaties phase 152
trom ROUIHRSRISSARLINIDPRINERUS: et sliran ] i CAGAGPHOARR.

ther in a purification ex_fractor 150 by using a wash with a limited

purifpgtiptitfase sepidsugiseliiin Biewelan sitragiprohilly Theeumpesvnbihe
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200.4/101437 PCT/US2004/013905 11 remove some color and organic
degregepitrEireiRa firShpivaRyiias Wi sogimn AR WinPernaiitk biyheuseng be
reco@?%@ﬂérﬁtﬁ@ﬁ@fﬁiﬂé@?ﬁta&@%&%%i&)%iéﬂ&fﬂcgm Eﬁéﬂ%ﬁ@iﬁe first phase

of 1:15, butis always less than the amount used in the hack-extraction
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mixedSigamveontiainingl hewashinGhdrmumbiee cpurifigatibonstagapaatiide anits,

t}} solvent e>%trac£gé;[t%§]2. The Rurpose of the purification

de en%!ixed W.ll?i' eClIvengss ol pur TegUIIe
Py énpg 1€ f0 Wash the ¢ aining mpﬂnhes from the first phase, giving a

: higﬁla(t&g'ré@iqtbprﬁmdml‘ﬁhélm@iudﬂ@@iwaﬁ@oh(amfsmﬁé%m, 153, is termed the
purif‘}dg Tﬁ)rrggﬁgs%dﬁgr!l’ J%‘ﬂﬁéﬁ%%& giﬁvt%ﬁt A WQ:%H% gtf‘%ﬂ%l% I?e’ﬂ‘.%ﬁd“éx% ﬁgﬁﬁed first.

recycled to the extraction step 140. The purification extractor 150 iIsa
phastidditithiguierlexeretidriumit AAY. cBivpatopplanypmer Hikersdfieat guantity to
iransFENHIY 9L CRAIRAIBI FrolN e WRHRIICRR ANaE TroMmAPaLORHItIAYNES, The

depending on the effectiveness of purification required, The purified
back £Xipckd AR ATAT eSO HBHE digri EARTAlinm M aB e £ s AdNafRiReler a

colutheepyitiad Jirstphase-anch campiises Bl onkexiipRlamhefhenextogtedse or
to send the purified first phase 153 to a back extraction unit 160, This unit
ol g JpAP A L AR AR B e haP G T Bt of weer

161 fograrihieddusifisichdor 365p hapeftbdintb4hEhwatsrpbpeedi6Bis ThesfacH to the
heav%xig@%?lej% t]Pe rg’sg RE f?ﬁ%%%%}{ %%Irgif)l&%% g&@%%%%@(%gc%ﬁ "{‘Qg,‘:‘? ﬁﬁelg'l from the
back extraction unit 160, can be recycled to the extraction unit 140. Optionally, the water can
be removed from this éolvent 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



column extractor, or a centrifugal contacting device, for example. There
can be one stage or multiple stages depending on the effectiveness of
back-extraction required. The ratio of water 161 to purified first phase 153
is preferably 1:4. The 1,3-propanediol is transferred to the heavy,
WagEHs Phase 163. The stream comprising solvent extracnt/ e Y%+PiPRY>
162 from the back extraction unit 160, can be recycled to the extraction
unit 140. Optionally, the water can be2removed from this solvent
extractant stream 162 by distillation 172, and the water 173 discarded.
requifddo Uit %y piatbradartigeebis rotBE femgm Joluedtopktizictsviticat aertaire.g.,
hex: a}%rlgcg(galtures used, and removal of this water 173 to get dehydrated
nt'extractant can improve the effectiveness of extraction in the
exiractoixgd SolVBR shetredidbeontansin thetywre g€ hy dovanfionsis pattially, hexane)
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tha

aqueous stream 1 contains purified 1,3- propanediol by treatment
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the IiSiﬂElaﬁ&ﬁl@ ﬁﬁ'ﬂ% %Hﬁ'iéﬁ%ﬁ%%%&ﬁ@gg&m 91 %@3@3{ _%@fhé%raétion unit
hexane) will separate solvent extractant from the water, leaving the

140. 1,3-propanediol in water with virtually no dissolved or entrained solvent

extrACIANboh IS SHHPPEY A6 CRNRSBMINE!-SAIIRIQERERANIMYIRIroduce the
contactor, and there can he one or multiple stages, depending on the
produgtd ipseRS (O B0 LRHSY FE PHS280 41518585 SRR AW, 8
mixety piehldation ofidn aoxsur ofluehsireadciadty drdpihobictsebwent S keam can be
d(e, y QefxaneggiEtSOﬂ'l. The m{xed oIvc—iQ sIreaEp 1t66 containsl a mixture
use =o?‘ﬁ§?ar8p T6icBotvert (e, hexangy: and SOIVERt e ?gléi‘é%f?e‘?rg".‘}"ié%')‘?
orgai@nddhissecbars bandeparatddaby Gistiitaton ficaimeypdratbly fiéQnitie of the 1,3-
hyd i solv 4 I this distHlati oration can be .
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usiogthisrgiepeted to the extraction unit 140. The aqueous stream 168 from the -
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1,3-propanediol 193. Optionally ion exchange treatment 180 using, for
the pEsssRtRYCHRI B BB S bmTTIRAR S BRdisreobt strivgaaeticd Axdradnent

extraStHRR GRS CIARIGRESNSoaan-hes, useshieitherbaltoks or altqirdbast invention can
evaporation stage 190, in order to remove colo nr% some organic acids_
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streail o prapancHioh 193 tapubeaayerdRin bynwaighianehichigh yeldwént in an
aque%ﬁ%_ﬁere%o(%iig?,d%gzlnil%rﬁgggri;btlgoth) 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



using this process: Recovery of 1,3-propanediol from a'complex aqueous
feed (e.g., fermentation broth) in the present invention can result in the
selective transfer of 1,3-propanediol to a solvent extractant phase. In
certain embodiments, the solvent extraction of the present invention can
WORHESHEF separate a few, specific impurities along with PEfG fot*4¢ 13903
complex aqueous feed stream comprising PDO and impurities. Certain
contaminants, which can be presenti;h an aqueous feed (e.g., -
fermentation broth) comprising PDO are chemicals of the same chemical
PDO ElaSscasiPiRRifegtrdaad malecutapouaihtiiiid rernydaiess cAinposmiedjve
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water from these compounds, as these compounds interact strongly with .
the puaetior ahthate IR SALPE ARTEIeHRE | tacemEricRTapan Quidraing it
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the present invention is surprising, It is v%n more urgrlsm that ﬂ‘eﬁvs%
that ip@nAcEenEes PO TR0 PSSHS TaNeHB A LA TSl et iadE
obtaiRValICPRalRdsohhcisamelglag iius, delepifiitendxtrastiontiad RB@tion.
from aqueous feed into water-insoluble (e.g., castor oil) or low-miscibility

T
thd&&" L ‘techniques disclosed in the examples
whichifd dw epresetideahriiys aruaiendd Bl traHvaRY- 18 fulttdm-
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constit eferred modes for its practice. However, those of skill in the
thorcanglghouiickdnviigritonted Elasehplnseioiuteonipipragite Ve My C- The
mixtg%zasgtﬁ ?eﬁﬁ@t&? JAade.n: e spasifieroRcfiner prubiciareisalagad phase
(e.g., first phase) and 2.5 ml of Heavy 1 phase (e.g., second phase)). The Light 1 phase
comprising the tributyl phosphate (4 ml) was purified by mixing with 0.24 m! of water and
allowed to separate to give a Heavy 2 phase comprising water (0.3 ml) and a “purified” Light
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.



obtain a like or similar result without departing from the spirit and scope of
the invention. EXAMPLE i Single stage extractions and back extractions
of 1,3-ptoanediol Example 1 a. Extraction with tributyl phosphate 421 ml of
a concentrated aqueous fermentation broth containing 31.33% w/v 1,3-
WORApHHBHI (PDO), 1.66% Glycerol, 0.74% 1,2,4 butanetridi (B FEA EHYF 3905
0.13% glucose was thorouglily mixed with 35 ml of tributyl phosphate
(containing 6% water) at 20C. The mixture was separated with the aid of
centrifugation into two phases (37 ml of Light | phase (e.qg., first phase)
Tabland 2. 5 mI of Heavy 1 phase (e. g second phase)) The nght 1 phase
A-phesph il Q.24
ml of water amhmma@éem‘%’ate’/m give: ) Hrising
water (C 3 npipand a "msmitied! Light EIghase cdiipeising trlbLﬁQO

phosphate (3.7 mi)[EXample 1 b Back extra¢tion water purified
FeedlBﬁPFh? I g Iuhcinu'}é—n A nh Pt N L) ..Bh -BB%

HRUY-PROSPRateo ||||) was-back-extract

with 11.5 mI of water bErtizptigranakdpHiating the phases, to give Light 3
Lllghppase compsisigg tributyl gghosphatey(@ml) and Hemvy 3! phasi
COMPTisin h\ivr(?a e (1 5 nlﬂ%lExa*nple T?ack extrgcégon with hexane 2 nil

v ﬂﬂﬂﬂﬂﬂﬂ
Hea Sfthe pirified-Hght-3-phase-was uou,r\ extracted-withrn=hexane (6 mt) by

mixing and _separatind HidipHipsesid yigen ight 4 phase comprising
| ighhexane (5 8 iy and| Heawy34 phlase (}:omprlélng Water (0.2 mP7 Fablg 1

ST‘Q\WS the 9 ositio suoafethe s,tream%encountqge)q in this example; WO
20041101437 PCTUS20041013905 14 Table T Phase Composition jw/v
%Purity PDO.Glyce R P esiicn S BBAICE cad Broth-31.33-1.66-0-74

Ligh03l3 92.6 Extraction with.FBP i ht 1 2.88 0.06 0.0408.00 06 envy 1 16.06
Heavély%l 0.75 0.Qpy Puriticatignith yatepight 2 [1.67¢303 O.bl 009 97.4
Back extraction with hexane
Light 4 (.26 0.00 0.00 (.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.



eavy 2 10.77 0.50 0.25 0.02 Back extraction with water i ht 3 0.06 0.00

0.00 0.00 eavy 3 0:46 0.01 0:00 0.00 97.3 Back extraction with hexane ,i

ht 4 0.2G 0.00 :0-1~ leavy 4 8.5 0.26 :-0::15::: 0.00 96.3 PDO is

1,3-Propanediol BTO is Butanetriol The color of the fermentation broth

Waaehhl e Bxtractions was brown. The first extraction gave BTGHE08HER0S

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 Chant e in temperature

duEieg exdratiionel arpiopaieddd indnktes pariepipltRQ) e D& he light phase
from Urlftl g ’?\é‘a tractln?dn heéegml separating and then cooling the light

semgr‘fv Hen separatlng the heavy aqueous phase that forms.

Pﬂfm aﬁa&rpmzﬁhedﬁgﬂwmabefprehemud thisatueosigiphrameth8 ghidé aclow. This
light P pik opixtre Rl 3056:0k 9'J¥o%%“q‘§m§%{£@g”'”gz%ﬁcp "8R3 H'O' fto BGPiied f}ases and

a composition as in the t elow was extracted in tWo stages
the nORle faned avpgatohereshiheximsipasdedirnaalorostayd Waseml@s arhénlighttable.
Tableopase from the second extraction was then used to extract PDO from 3g

of rpégaer 30% (.er SO'HEH@%%@ a thimd exwhla'gg ext aC[iO@eﬁe%ﬁgigzo

separations were all carrggetout in copical glassstgbes of approximately

PDO MM VO PPRF 1Ek437 RERIUSHIBA THBY0D G E pessaqigRieno

as carried outifar 20 minuteg with periodic agitation. The light phase

242 fiokfhelftdlextrdfon KA disbARed2t e addtdsis BOhellight-Ahade fol8

‘Selectiatytit RN Livemis the RO weIst] Fridumitpiasdig eséH.U
GLYSopeetp (aam-tanpesature of 25C. On cooling it splits to two phases and
the newly formed aqueous heavy phase is separated, analyzed, and the
results are in the table. Table 2 Feed Light Phase Heavy Phase
EXASEEBtitYross current extractions of PDO

Fxample 3a. Extraction with anhvdrous tnibuty] phospate

In a two stage cross-current extraction scheme, 5.0 g of an aqueous feed at 44 % dry
solids with the composition (% w/w on dry solids) 91.9% PDO, 6.9% glycerol and 1.2%
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. |



90C 25C PDO GLY GLU PDO GLY GLU PDO GLY GLU cLVroo GLU
PDO 24.2 1.86 0.46 6.03 - 0.16 0.00 28.3 1.69 0.03 1.3 18 Selectivity =
[PDO/impurity/] heavy phase / [PDO/impurity] fej. Impurity = GLY or GLU
GLY=Glycerol GLU=Glucose EXAMPLE 3. Cross current extractions of
woRPR@Example 3a. Extraction with anhydrous tributyl phospete/irs 206wer 3905
stage cross-current extraction scheme, 5.0 g of an aqueous feed at 44 %
dry solids with the composition (% gN on dry solids) 91.9% PDO, 6.9%
glycerol and 1.2% glucose was thoroughly mixed at ambient temperature
TabieWith 24.9 g of anhydrous tributyl phosphate (TBP). After settling and
centrifugation two clear phases were abtained (27.9 g of a_first light
phase Cémpri@m JRune g of in tea’mdieiaﬂﬁawﬂﬁr%@ﬁmprising

water). h%ﬁgflvy plaﬂse Was(l_tﬁﬁtplxed @ g EIv%nth@H%L P@'}ﬂg

P
o] LU‘EIVU 5.4 -secomnd IIE 15 LUIprI:III aita-U.o

D9 rhh;QQ pn ’lnﬁ'g%é\ 804 of-H1e ofigi gfleD ko
[ieharid in thd Gﬁmbindﬁiﬂ@’lt hé$04 at adsuitty gf 9848%0, aldhg%lltl‘ 88%%
r.ghihe originad glycerg) and 37% qfdhe ayigiaal 9lucose, WO20Q4/101A37

PCT/US2004/013905 16 Tlable 3 Carnognent Weights Ahase

H?QXX\‘?'\!\S 1'an1 QAI/ M. B!Sée CQ\ﬁh% BD hfl'stg%n I3 % Qz‘lgtgc(h 2 ﬂb})g%

TTV-T

T@ﬁ%@%ﬂ 91(390 b 6099451200480 % 193H4% 1;59490:073 00004 95.4%

44%02%60% L|ght2037600520006867% 11.9% 1.4% 2.8%

. . 0.8% 1390%. Total lights
mple 3b. Extraction. with
Ina hhex@ugelcatsgemlmrm ct»«hﬁ@t@g@@r@ss Ghent extraetion Sslierna?.6.Boghofsolids
I [ e [ MV

it 30 A PR B S PSRN A . e wa
thormmbkéd@teg@@ﬂmﬁ w8 1§ diekdaxiaot ] Ateh Bertivitiag dnderapiiiyatoontive
clear I%l;_:. %SRO&%%%%% ?ﬁat'%e&@&rét A0k AL LGALRAS S SOMATSAEA 2.0 g of

xan-l-ol and 2.0 g of
intermediate heavy phase comprising water). The heavy phase was re-mixed with 9.96 g of

hexanol and separated 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



intermediate heavy phase comprising water). The heavy phase was
re-mixed with 9.96 g of hexanol and separated 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
Wiighfitiphiades, along with 75% of the original glycerol and 2 1% 16§ $h##-4/013905
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
Com osition % w/w PDO Gl ¢ Glue PDO Gl ¢ Glue % DS Feed 1.584

procddsh2éd)- B3R A0t%idaWho @ 8Y4 221494 1 9B ALk ¥LLDE8 §1R0R.9BiA%A foed 66
.4.4% 0.29% 6.0% Light 2 0.275 0.038 0.004 86.7% 11.9% 1.4% 2.8%

is mixed Wih SOl VERES IS PR, 32 FRAUPEIR DY FURSKH G B oo el SRk finriliass The
secor@ 9RO W0R .93 AYh By e Subiis X AMIBLIndHiGauties Gy Tenikxkastion of
PDO Example 4a. Rohate] extraction with broth,.incorporating2urification
fermego PR e T R e R e B .
propamikert setiar syasiasius achundidnitp 8 enixetacitieTitagashoperatiig thaais added to
counter-current fashion.in t xtracti nd_similarly 8 stages in.the
the AR IR ROV A0S ST Rlor PICR BTN SIS I e
chempdy b0 $4BRINGTIS 200470 18405 hkiprselessThsaurifidafmenttticnr 58

compfQtDsE4 Iz added 1o a.gamRinedifesd 68:s T8 mRINgS! {)ﬁ?%@@@%{@ﬁgm the

__with solvent extractant 72 in a primary extractor (e.g., Robatel mixer
purifigatipsrygmeitie Skeasing pRagdeberdract paffpR) b fohsineRsreraimnd
puriiSARUIHRS B Qo UIRESHRMNS: fRrRem AR i) sdemavedndgs st

phase 62 comprisé%% solvent extractant and 1,3- propanediol is then

PuntiRidhed THRIBIHHRCKNON BRI BECTRPWHAR PRt SHCH086 €5tled to
compieie maveshiirshphase; G2coaibeBaiir Guisn ithes IAtRT an Walles WibIRGI feed
oSSR MR Rl e Sese SO,
aque@bsoveshiite agusousiashqillabser6facahiddeyieldovered from the

P N I SRR,
of 14ghehBher &l oens intrsessdaten potinpbritndauB3sPo s eoligh ig-soremviing
30.1 BRWNA IDHRBIHES 63 g1l 80Weks SIERinetriol (BTO) and 0.1% glucose as well
as salts of sodium, potassium, calcium & magnesium. The cations totaled 4126 ppm. The broth
64 was fed to the system at 0.85 ml/ minute where it was mixed with 0.70 ml/min of
purification aqueous outlet stream 60 to give the combined feed 66 at 1.55 ml / min to the
extraction step 68. In the extraction step 68 the combined feed 66 was contacted with 14.0
mi/min of wet TBP (tributyl 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.



comprising water and impurities is combined with fermentation broth 64 in
the combined feed 66 and sent back to the main extractor unit 68 in order
to reclaim any 1,3-propanediol in the aqueous wash 60, and prevent loss
of 1,3-propanediol yield. The extraction was conducted at ambient
WQIMHEPASTe. Each stage had a settler volume of 140 ml. Thelf&&{r4d 405
fermentation broth 64 at about 33% dry solids (d.s.) containing 30.17%
w/v of PDO, 1.6% glycerol, 0.7% 1,2)4 butanetriol (BTO) and 0.1 %
glucose as well as salts of sodium, potassium, calcium & magnesium.
The cations totaled 4126 ppm. The broth 64 was fed to the system at
Tabl€))85 ml / minute where it was mixed with 0.70 ml
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Anal sis % wlv Mass Flow / min Flow PDO GL ¢ BTO Glue PDO Gl e

Tablg%0 Glue

anf!ﬂﬂQL—\ Q‘I 7') 1 R’Dn7‘| n11 n')7nnn140006n001
purified oullet 0.7 15.58 1.47 0.52°%.Omalnogetterhassod 0.000
Combined fed 1.55 26.87 fya# 0.6811ch3 Q%6 0.02A@.01Q10 001
affinate 1.4,0. 99164 0.4 1,1.0.031 0,018,0,005 0,001 Fxiragt [14.45
2.23 0.08 (L2 14450322 G.é' % 062 pou"ﬂJP ?‘.Zﬁeou Extract-14.35 1.79
0.04 0.01 1RusHiedmtles aod’d odB8Heg 8-3% | 2.9% | 0.3%

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

Feed

Raffinate 1.1 | 31.2% | 51.8% | 14.7% | 2.3%

Extract 14.45 ] 95.7% | 3.6% | 0.7% | 0.0%

Purified 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
puity of 97.5%.
Table 7
% on dry matter basis
PDO | Glye | BTO Glue
Aqueous
Back Extract 97.5% | 2.2% [0.208% 0.24%




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% Combined
1.5592.2% 5.3% 2.2% 0.3% Feed affinate 1.1 31.2% 51.8% 14.7% 2.3%
Extract 14.45 95.7% 3.6% 0.7% 0.0% Purified 14.35 97.2% 2.1% 0.7%
WO %Il act Example 4b. Aqueous back extraction of Roldt@I(guntied 3905
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
EXAMHIAS mixeshiviithcbexane to remove any remaining TBP. The water
ph 3se was then con entrated by.e apg atl n, to produce product with a
e Jingick basis PDO Glyc BTO Glue
Aql@glmﬁ Meﬁmﬁra@l&%xﬁ%&ﬁaﬂ%@%%@ Padx m@@wﬁomz 9% glucose
was g% ( §8%4/02f%1?e(.) rSe :tl'x%e go'APMPLgd% ?r? "Ly emsr%% G % 1ES u acioudmcss
B Nhisture With singte so vents an a ueous 10N con aining
just u@%w@@a@ &mxgiwenmvwdaatﬁﬁ/d @)mmsedmhéammugmﬁhwmd The
the&r%gléi Iver%\ n V uagtl n ue%t oaggumn%rsr? igﬂ hase
, tBregan {6'd eve dditional S0 venﬁiaboutﬁ g)w thorbu Gn!i)
separpiicwd T @vomkme (el seall owd aiqtes Sésik lecfesr @@Im&é@mlmw Shows the

distfiRRRILIER R ASHIEYR ﬁ%@%@ﬁé@i@@%ﬁned as the conceniration 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).

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.



separation. The two phases (solvent and aqueous) were analyzed. The
table below shows the distribution coefficients of the three species
(defined as the concentration in the solvent phase divided by the
concentration in the aqueous phase) and the selectivity of extraction of
woRPP@iItig3tompared with glycerol (defined as the distributioR(CUERTE A H0S
PDO divided by the distribution coefficient of glycerol). Table 8 Solvent
Distribution Coefficients Selectivity RDO Glycerol Glucose PDO/Glycerol
leyl Alcohol 0.038 0.024 0.001 1.60 exan-1-ol '0.326 0.134 0.029 2.43
" Table Hbutyl phos hate 0.203 0.077 0.016 2.65 Butan-I-ol Only one liquid
phase formed entan-I-ol 0.609 0.417 0.256 1.46 Methyl Res{gy)-£2-one
0.033 0.008 0.001 4.03 jso to yl acetate 0.024 0.005 0.001 5.17 Oleic
Solvent| 5cid 0.00¥@umesq 241 523 EJAsiEbudie ' ,@Hﬁ}en@)?rrl
Bhedfespleniainiphedtiars3.INQY GterjaBEoniGhined S et/ RuPDO,
Hexanol /]1“@9% glycerol 0.74% 1,2,4 butanetriol and 0.13% glucose, was

o o

TAOL O VWCTTC|'UDTAITT ,u VAARLAYZ | VUV CTC DC[JQICL oAV | T

50 /50| arfalyzedOw 23}04/1011_337 FEUSS664/0180H5 0rdhié-d PDOT-T |
Castor OiDON@Nt Volumes Distribution Coefficients Glyc PDO Feed Solvent Li ht

o e L I [ e

\V AT Srv aav M vie v v O I7T"IUT IUPIOUIDSiL0VU. 1LY UUS U‘|-UU

50/50| 951 Cadior DILITRP 4 1 0.07 ] 002 | 0.03 | 0.00 97.7
Pentan -1-ol / Hexane '
$0/201 35 30 33 2 0.60 | 0.26 - 026 1 23
50/50 5 30 33 pi 0.09 | 001 .01 | 0.00 3.3 98.5
Butan-1-ol / Hexane
80/20 5 30 ) 325 0.9 0.53 | 0.08 0.02 i 0.00 6.8 95.0

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

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



80/20566.54.50.01 0.01 0.000.002.898.2 50/5056 7 40.07 0.02
0.03 0.00 4.9 97.7 Pentan -1-ol | Hexane 80 /205 30 33 2 0.60 0.26 0.26
2.350/50 53033 20.090.010.010.008.398.5 Butan-l-ol / Hexane 80 /
205302.50.90.530.08 0.02 0.00 6.8 95.0 50/505303320.17 0.03
w®0M584Pentan -1-ol / Soya 0il 80 / 20 5 E30 32 1.2 0.30 FOE 2B-BU83965
50/505 3230.080.000.47 0.00 1li h 97.7 Glyc - Glycerol. BTO -
Butanetriol Select-- Selectivity As befgre the table shows the distribution
coefficients of the species (defined as the concentration in the solvent

420 IPQ?%&B/QQQM& EBNMIRION. Iﬂfﬁh e@aﬂmaﬁdpbaﬂe)xamﬂ thepective

cti ’t@’i}/ﬁOf extraction of PDO as are Wlt rr? %eef{rgeagl stsh{e1 the
sequegnat it btrbih PR MR PG Y |r§ iCiaht of

table @BIRRNAL. 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)

Tabl@re often higher than the single solvents shown earlier, and the exclusion
of glucose b X \MPLE 6
Removal of cm l wv,,wg.%si“ Al portions
of a "Purified|ExtratdedTBP sqifition]) &édem frompeRobafallagodnter current

extraction and purifigation jof @fgarm;er[;gtiqn brothgwere m'o(m vith

increasing amounts of sodiu aro nEm Twa € heav

7 .
hases were ed-TFhe-color-pf-the-hebw-tagueo uuc hases
PAAN ‘-1 } IJ

increased as |moreXfkali was &dded dht¥hat ofithé lightdMse

decreased. (Light pbase C(Blor*pvmas meapgyed ag the abS{DOlQan( e at 300
nm, and heavy pﬁaﬁe at WO 2,(;5)4/ LO%@LPCT{&@ZGO{{%@OS 21 420

ran.) These are-shown-in-the-tapbte-betow.The-organigacrd fevels in the
respective saquend® of light dirhsel w8 also MehsirdiiHoing the

SOt

removal of organic agids as initlie tablefdllowingd. J abled1®3

40 7.9 0.03 132 | 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 11.9 0.8
2.25 42 | 0 50.3 2386 | 115 13
3.5 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 8 | 12
30 7.8 0 5.9 34.1 1 | 13
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



mg NaOH Li ht Phase Hea Phase Added H Color H Color 0 3.50.124
3.550.004 2.254.2 0.081 6.26 0.016 3.55.40.04310.20.047 57.0

0.029 11.6 0.099 10 7.00.02112.4 0,102 207.7 0.0212.6 0.103 307.8
0.0212.8 0.103 40 7.9 0.03 13.2 0.103 Table 11 mg NaOH Light Phase
WOPRopENiEs (Acids in ppm w/v) Added PH Lactic Levul AcetRCEGYEIiEA13903
Succinic 03.50139375.611.90.8 2.254.2 0503 238.6 11313 3.55.4
04.10.79314570641.81.409 10709.21.71.80.9 2067.709.2

521812 307805941113 407.9018582.13.31.2 "Lewvul"

mixed SMNRICAEIg EXAMBLE Y Mbedhediaty enoyal o aantaminasiBclorless even
purified aqueous PDO stream, as in Example 4 after hexa

after pRepERiRRl bUeFeBE RIS FRATRTSER

LG B &%@%‘ﬁﬁ%%%vt%%%s%’rpn on at

420 n¥QuBe frastionsd thRmiked bes edrposiioanivas PeloliteCt60 Strong.

Acid Cation resin and Purolite A510 Strong Base Anion resin mixed in a

Table bdio of 1:2 bed ‘v;,n!ur*l:es. The-bed-was-effective inremoving-most-orgarnic
acdids-as-shown-Hi-t fallowine-tabl i PR PY A ot

Fraction .1 P00 \Ghveeroll BIQ_ LGRcosel Ladtic |- Eevul FAceiie | Glycolic) Suecinic
Feed o lor %\a:::'mrmmh A4 T G v S o R L ol
05BV 1 11.63 | 0.130 10013591 010" =AYV 6%2 1 0
1.0BY 18.79 1 0.172 ]0.13388 0 0 1.2 8.1 1.1 0
LIBV 2106 | 0.211 10.17256 0 0 1.2 8.4 0.7 0
2.0BV 21.57 | 0.211 |0.15508) O 0 1.1 10.9 1.1 0
2.5BV 2146 | 0.211 10.15732 0 0 1.2 10.2 0.9 0
3.0BV 2147 | 0.212 10.15771 0 0 1.1 16 1.1 Y
3.5BV 2158 § 0216 10.16117] - O 0 1.8 182 1.2 0
4.0BV 21.82 | 0229 | 0.1852 0 Y 1.5 20.8 1.7 0
Concentrate] 82.73 | 0.784 | 0.5543 0 0 4 43 3 0

PDO = 1,3-Propanediol; BTO = 1,24 Butanetriol; Levul = Levulinic acid

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 feed, and represented 46% of the PDO in the original TBP solution.

The aqueous phases from the 4™ and 5% extractions were purer in ferms of PDO than the feed

material.




mixed bed was effective at removing most trace acids and the solution
remained colorless even after concentration. The color of the feed and
concentrate was measured as the absorption at 420 nanometers. The
feed color was 0.106, and the concentrate color was zero. Table 12 % w(v

WOrRsMAVELECtion PDO_Glycerol BTO Glucose Lactic Levul ASE& & BEbHYS

Succinic Feed 21.88 0.208 0.2413 0.045 474 37.9 42.2 35.6 244 0.5BV
11.63 0.1300.11359001.4 7.4 -0-631.0BV 1.8.79 0.172 0.13388 00 1.2
8.11.10 1.5BV 21.06 0.2110.17256001.28.40.70 2.013V 21.57

TableQ:211 _ 0.15508 001.110.91.10 2.513V 21.46 0.211 0.1573200 1.2

10.20.90 3,013V 21.470.2120.15771001.116 1.1 0 3.513V 21.58
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Feaw DheeepIidldabaud thibaqiyonerdaamoved before proceeding to
the next contact. The analyses of the initial light, and the successive

heavy phases are shown in the table below. The earlier aqueous phases
BXAM@[Q:I&SSenumt(ﬂn vistmexahE00) than the feed, and represented 46% of

B T

1.91%\»(@%(1@113 W%@TM@Z&D%Y@@Q& baaribid a8lHe s Toat PR was
conta%lé(f; V%J;(QDQJH&;&QIQB -Eq}ﬁ‘lportions 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.



added hexane _pwrity_ PDO Feed 1.91 0.04 0.08 0.00 93.9% 4 4 15.87
0.82 0.27 0.00 915% 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 0.23 0.00 95.3% 60%
16 40 19.02 0.42 0.20 0.00 96.9% 79% * Cumulative PDO extracted into
woaguenisphases EXAMPLE 9. Sequential water extractionP207k 20601245
phase prepared by extracting a fermentation both with TBP (containing
1.91% wiv of PDO, 0.039% glyceroh£,085% 1,2,4 butanetriol and no
detectable glucose) was contacted with six successive 2 ml portions of
walglay mxingaialiewedRysseparaingdherdahiand hearyphasesinpiisivent

each contact the heavy phases (all about 2 ml) were Eemoved before

speedpppdbeahagecBateREsresRihT ARSI RE SRS Mtlight, and the

At 108UCERPSINE 2108V YoPhASEs:ake: $H16 Witniitdh otk mplete wephhei pyrityS0v4 1B P
ueous phases increas h successive extractio

a Wi S. T ter
and 28R TG POG T B Reh Jurdy DRog -t osene
the rateld¥k-Beckefsbl BoRcemhih@dsq0A % 0810c00r93.9% 2 2 8.083 0.310 0.193
0.0094.1% 42.2% 2 4 4.182 0.102 0.107 0.02 95.2% 64.1% 2 6 2.025
Tabled.910 0.014 0.00 98.8% 74.7% 2 8 0.902 0.002 0.007 0.00 99.0% 79.4%

Settiilgz)%]a%zos'%lg ﬂ&%z@o‘f%&%@%%? 8109 tih 2120k 605892 8,005 080 ) and

2% Cumulative PDO extracted into a ueous phases EXAMPLE
TBP/i@osug ofifaniss ittt lyesth dibds)digtisolids PDO, was added to 30 g of

tributyl phosphate (TBP) containing varying percentages of kerosene,
from Q to 50%. The mixtures

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%
Kerosene 50%

Time 1. minuie

Top & bottom layers separate

Time 1.5 minute

Bottom layer clear & reads 5mlon

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 appatent 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



were mixed carefully so as not to create micro bubbles and the time taken
for phase separation was noted. WO 2004/101437 PCT/US2004/013905
24 Table 15 shows that the increase in kerosene percentage in the TBP
extracting solvent speeds up the phase separation between the aqueous
VOG8Nt phases. At 100% TBP extracting solvent the rBfer S B Gy

for complete separation, at 80% TBP and 20% kerosene it has decreased
to 3 minutes (a 40% reduction), at 58% TBP and kerosene the rate has
decreased to 1.5 minutes (a 70% reduction). Table 15 Settling rates as a

resultfumotidrbofchiverat. 20T serhfesmisn tafontirstAnd S8 dhpsoiinsaRDQY) tode

skilled RACIOSEPGMMER AL RiRAMER BIRURRBIR NG haIRKIE R
5 minute TBP 100% Top & bottom layers separate Bottom layer clear &

defingdhnishs annsmdgiadeiaied tube 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 layer clear & reads 5m1 on
Kerosene 20% graduated tube Top layer very fine cloudy approx. 1 % Top
layer all clear no visible bubbles Time 1 minute Time 1.5 minute TBP
50% Top & bottom layers separate Bottom layer clear & reads 5ml 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 in light of the present disclosure. While the
methods of this invention have been.gdescribed 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
Wépds ofthe méffids tescribed herein without departing from the concept,

1. SRt 3R Seors OfctBedRventian, Meig-aradifisally ritwall e APRiatstising

certam_a’?ents which are both chemically related may be substituted for
1 3-prppangiipscaassimes the asile the same or similar WO 2004/101437

PEihd 8200440 h3000 oA DIESHIER O RR AGhIeY a3 ?Ho%éﬁ@cﬁﬂﬂ”ﬁﬁ at least one

substitutes and modifications apparent to those _skilled in the art are

contapgrEetriesis finmiskrreglifusespenhiitsneainlor theatigaiis aelvent

extradgfineddnnth e apparaed alaims. 26 What Is Claimed Is: 1. A process for
the recovery of 1,3-pro§§nediol from a fermentation broth comprising

1 38psHasdbrdirigmshen ipine Sspeisrecitactiig iyl @haténtation broth

thahepmniserWattke benyaRaeHifloARGLEIRASI QAR REALMAINRAL at least some
selected from glycerol, glucose, and butanetriol, with at least one solvent

1 gl .
of thegh-REpRRP e RIS FirSEHRAnrED Al SEpEiig tHetrarthikiureiahs tic in the
first phEsRITase pgasaerns phrss, oubereinthedirslphasee MASERRs greater than

majority of the solvent extractant and at least some aof the 1,3-propanediol .
the Wﬂﬁ%é%%@&%&éﬁ?ﬁw%ﬂﬁ@ tﬁﬁ‘ﬁ‘ﬁr‘iﬁlﬂ%ﬁ%ﬁé%@f@?ﬁ‘%‘if&%%@@ prior to

the feRRas@@nlbdopioRancshatioed ieaktiposodiglyestakighicose, or butanetriol
is greater than the weight ratio of 1,3-propane igl to the sa

e
COMEFFIPAPE T PRRHAECRB BT ATINOR B OB SRVAIE R FStome of the
contaReHAgTRRiagie dewitbntig sobetl; extractant, wherein the second phase
comprises a majority of the water and at least sqme of the, contamjngnt
R SO R R e R S
firsbpaasesithamdhn setond phaseyidontaciingibesemayedifirstaphasa: solvent to
f with an agueous solution or hydrophobic solvent to form a second
orm gRecand BIHEERMting the second mixture into a third phase and a fourth
phapeshekinstoedhie phasmrompiidgmhasmadriyoitheteskent
exvtvr g[eaigttl?g tt'gi? I;r)%xtase 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.



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 gr@gter than the weight ratio of
1,3-propanediol to the same contaminant in the fermentation broth prior to

3. thihfepmeeratibntbiroth, heithgoontacied gvith shep solveotvestradtdnpropaiidiiol by

remo Vﬁ)ﬁg‘qggsfoqf rﬁ{aiﬁﬁ b %k%grtgi(intlﬁ%% reﬂrgsoyed first phase is qontacted with a
iIrst quantity of aqueous solution to form the second mixture, and and

that thfér%l%ﬁpék{ ag{aﬂg(u&ggﬁs%glﬁ{ko%cgg orad ISR | 6%%?5 of claim 2, further

comprising the step of recovering 1,3-propane y removing the fourth
5. phasefesasstiof el phisthes chhwpsuupissabingl dhnrecdurtiedrioorippising to

furthef Q}fﬁ@pg}_ Jﬁ&%{ﬁ[ﬁ%%ﬂf pha‘élﬂég'h that the solvent extractant

comprises the recovered e. 5. The process of claim 3, further

6. c&ﬂﬁ@ﬁ@ﬂgﬁ%@ﬁﬂﬁmﬁe Tadovereafosiug pirasting th@rfh@ﬂ_lpnhﬁ;e such that the
fermentaiBRORBACAiRh i e fRudh Rhase rdhgaocess of claim 3, further

comprising recycling the fourth phase such that the fermentation broth

7. c&rlm@ﬂgwwefr@ew&e‘ah@@iﬂqtbwgmm Tt ﬁfdbé§§%ﬁbl@ﬁ#f29ﬁ#@¥é?ﬁs
solutidiG flVBE Bl OiL e sl uanHt(Pf adigous solution to the first phase

is between about 20:1 and 1:20. 8. The process of claim 7, wherein the

8. vdiberdeaeghs i slefiervdistun 2oe v alvane 1ptio isthidvnec ke 2Odinnd, - 1.
9.  WRRLSIR M AlUmE /RS RO & diied k0 hBEuRFRERsS of claim 1,

wherein the removed first phase further comprises at least some water,
10 addurersns tiekamdvaditnenghaseans vehitstabasnhuathe-crapdses at least

some WYHPRAARRIS SOl B fonfBvRasaGARL T SR aIRiR IR 40irghPR3Rphobic

comprises the majority of both the solvent extractant and the hydrophobic
solverddp et f e Qub B Wiixture, and wherein the fourth phase comprises

1. 3rrepanediphpriae maisuty afdhevater#hiaediestaphaneditadif and the
process of claim 10, wherein the weight ratio of the removed first phase to
hydroghebic 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:



hydrophobic solvent is between about 4:1 and 1:4. 12. The process of

claim 1.0, wherein the hydrophobic sglvent 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.

14dinsspy deessrokoitin ¢f fiethet sorprisingizethadiesisthetep such that 1.3-
prop a%ﬁ]BF[é‘ _B?eosfotIQGIgri‘?lt %&M%ﬂ%ﬂ&é&%ﬁ%@%'ﬁ% ?éﬁﬂ&ﬂmotp ﬁl'c;th? wherein

propanediol is more soluble in the solvent extractant than in the
hexanfdrin8matbebrowagiietein hexanol is the solvent extractant; separating

the. frst xRN eSESh RN ARG thESRRPL PLaRG piRgwVing the

first phase from the second phase; adjusting the temperature of the first

pﬁ@l@@@@@ﬁhﬁ@t@ pbesnaomithGrecrondraheseiand separating the second

MRS it gPare Angkadny ﬁ%ﬁd@@@ﬁ@h wherein e hirduRhasermed; and

comprises a majority of the hexanol from the first phase, and the fourth )
phageredmghssscondIpispaniniion Wididiashendei EnttambancsheIgHnthe third
phaseRRRSEHREL SREORAPE HIAL 1. 2RR-P RO AARAHAYN, LT 8RB RhISIOIARIBh AN Bomprises
the weight ratio of 1,3-propanediol to the same contaminant in the
1,3-prepanediation broth prior to the fermentation broth being contacted with the
SQRALMAGRIY IRicTRAIRIasess PP LawhsssiRdhe founeaiatighaminant
broth is concentrated to at least about 90 wt% d.s. 16. The process of |
presepiafrareatph&raiiin e sight srtain sramenadsstity Wsnna contaimant in the
fermdAIQGE HRIE 3D ko \HREtSIn NG sHBRNIAHON P Lthhasi i @EReIMERRxtractant.

about 2 and 11. 18. The process of claim 1, wherejn the fermentation
15, préhs ReecsspAf Ty ks ferpneaiation-prsihideanccairaigihiopt least about
90 winhgrein the fermentation broth comprises between about 20 wt% and 80

wt% dry solids. 20. The process of claim 1, wherein the process is, carried

16, oukhs Bresaipeiaa defisrindhe sevpatanandyeinos priialbyguaiicds
17. clain provbareininerosastin arl fathenhaba NP e EHRSwaRRen about 2

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.



about 25C and 35C. 22. The process of claim 1, wherein the solvent
extractant is essentially anhydrous. . 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
27, cahsigtingef elikinvls ketberen Sxidrs! avitdyretaasiieyaguiris enbitgcopsclected
from (IOSRICEIRRLERUR ;bhmbceaﬁwaméabfﬁgﬂa&mg@t is selected from
egroup con5|s ing of pentanol, propan-I-ol, hexanol, oleyl alcohol,
28. 43?hemcpmﬁlmﬁél,, sbpreipyhepesteniiney o gdkane haring heiyeen 6
and 1(§;ggl%gllll,a@(§}gscastor oil. 26. The process of claim 25, wherein the solvent
extractant is selected from the group consisting of hexanol and tributyl
29.  phbsphiatesef dFnT hevphereir shefselypnt ZALHFaPE FP IR THES GRiRpgrand oxygen
stoms A MRLIRES A,BRARE SOBACeTslested from the group consisting of

aliphatic and aromatic hydrocarbons. 28. The process of claim 27,

30, whbratrpesessHalenmfanterandhesR st g HERsERTIScSFrbRY and oxygen
atomsqﬁrg%lgtgmtgge JThe Rracessol q‘lalm 1, wherein the solvent extractant

comprises carbon and oxygen atoms in a ratio of between about 2:1 and
31 18he pocrHeoprieisad orbeamn Ho (asaiAtiae HorierriaRtissstpveen about 5
wi% te%' RY{8E ShearBon AN QXY 0eRdaIRME BnRiR Of ReYeRMmaBoUt Bolvantwater,

6:1. 31. The process of claim 1, wherein the fermentation broth comprises

and b@m@@mw/wz%vﬁé RRORGHE WO FOFAHBIREISand further

comprises greater than about 10 wt% water, and between about 5 wt% to

70 wt% of one or more contaminants. 32. The process of claim 1, wherein
32, hBhsaeFRse Rl skt nadh ey b Gitlveat eabatient des Adozt, begveppabout 0.8
and 7/8rocess of claim 1, wherein the solvent extractant has a logP between

about 0.8 and 2.9. 2027.613010 30 Abstract Disclosed herein are
33, prbeepsesss PfdaEEbvERFBIA BetNsReRbiF SRt B 408D bt Hesg about 0.8
and 2 8tream. The present invention involves contacting an aqueous feed

stream that comprises



water, 1,3-propanediol, and at least one contaminant with at least one
2027, g ¥gpt extractant to 5 form a mixture. The mixture is separated into a first
ase and a second phase. The second phase comprises a majority of
the water from the aqueous feed stream. The first phase comprises
solvent extractant and at least some of the 1,3-propanediol that was
present in the aqueous feed streamgThe weight ratio in the first phase of
1,3-propanediot to any one contaminant present is greater than the
Abstiiégight ratio of 1,3-propanediol to the same 0 contaminant in the aqueous

fezﬁ) %tregr%%rlor to the a ueEQ tcee% stream. P% contacted with the.
gh%r 1‘0 EgSé crgnob emo’ve%?? om the separat(§§ ous
feed seaandlbbpsesant umimtmm rm@:oh@s thatdcBngrepasendied. feed stream that comprises
water, 1,3-propanediol, and at least one contaminant with at least one solvent extractant to
form a mixture. The mixture is separated into a first phase and a second phase. The second
phase comprises a majority of the water from the aqueous feed stream. The first phase
comprises solvent extractant and at least some of the 1,3-propanediol that was present in the
aqueous feed stream. The weight ratio in the first 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. The first phase can be removed from the separated second phase in

order to recover the 1,3-propanediol.



