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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 partially purified. In certain preferred
embodiments, the aqueous feed stream comprises between about 5 wt% to 85 wt% 1,3-
propanediol, and further comprises greater than about 10 wt% water, and between about 5

wt% to 70 wi% of one or more of the contaminants. In certain embodiments, the aqueous feed
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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 5 0%) of the solvent extractant and at least some



conprises a majority (e.g., greater than about 50% of
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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
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aqueous feed stream prior to the aqueous feed stream being contacted with the solvent

extractant.



present is greater than the weight ratio of
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waowenos3f eed stream prior to the agueous feedPGL/DERNM/013905

bei ng contacted with the solvent extractant. WO

2004/ 101437 PCT/ US2004/ 013903 5 Certain nmethods known
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Figure 2 is a process flow diagramin accordance with
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-propanediol . Figure 8 is a process flow diagramin

1,3 .
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for, Caryying Qut .the.lnvention Figure 1 is a schenmati.c
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and 401¢A kxtractant for extraction of 1,3-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 process.

Best Mode for Carrving Out 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 10 in an extractor 12 to form a first mixture. The solvent

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



(e.g., a fernentation broth) 14 conprising water

1, 3-propanedi ol and at | east one contam nant 1is
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12 to forma first mxture. The solvent extractant is

preferably imm scible or partially mscible with water

over a range of WO 2004/ 10143% PCT/ US2004/ 013905 6

tenperatures (e. % , 2C and 100C). The vol une/ vol une
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1.8 TBP 2.0 (estinpéthag)acbeps anpbh.68. 4| octanol 2.8

The aqueous 1, 3-propanedllol {g?ed ? ream 14 and the

sol vent extractant (eGP 2EBBIC 10 4re lagitated at a

t enper at ure between p@ixahol2C and; 180C, (nore preferably

30C. After agitation Tﬁge conbi ne? m xi ure can be

allonwed to settle and Separate in 8 twp phases. A

first phase 16 conplriestgsatad)mjority (e.9., greater

t han about 50 W % theﬁa%o§°| vent,extractant, and a

second phase 18 conprises amajeftty—{e.g., greater

t han about 50 wt %) dfodtanel wat er 8sent in the first

m xture 12. The first phase conprises at |east sone of

he 1, 3- di,al .t hat t in the aqueous
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the same contaminant in the dqueous feed stream 14 prior to the aqueous feed stream being

contacted with the solvent extractant 10. The first phase 16 can be separated and removed
from the second phase 18 to recover 1,3-propanediol by methods known in the art (e.g.,
centrifugation and decantation, among others.) The recovered 1,3-propanediol is purer (e.g.,
have relatively less contaminant per amount of 1,3-propanediol present) than the starting
aqueous feed stream.

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
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enri ched aqueous phase by several nethods.. The back
extraction process can in ceftain enbodi nents invol ve
known m xer-settler systens or centrifugal systens.
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heptane 4.0 octane 4.5 decane 5.98 Soy oil 7.4 WO
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| east some water can be contacted with a hydrophobic
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and the nixture 32 can be aPlowed to settle to form

two phases. The contacting and settling can be
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would'¥ehbda%. Py wei ght, and the 1, 3-propanediol can be
much purer than in the starting feed stream
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 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 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 representing mixing and separation (e.g., mixer settlers,



The contacting of the 1, 3-propanediol and the sol vent

can be carried out in one stage, or in nmultiple
wG@@grel43Treat nent with a nunber of stages (e.BCT/US20041013905
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glucose). A fermentation seed stock can be generated using a fermentation seed train. The

o )

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.



propanedi ol 110 conprises at |east one contam nant
that can be selected fromorganic acids or salts
w0 b@naafs37 i norgani c salts, protein fragments, REL/US®84/013905

metal ions, cells, cellular debris, fernentation
products (e.g., glycerol, and 1, 2,4-butanetriol, anong
others), color inpurities, ter, nutrients (e.g.,
amoni a and phosphate, anong others) and unused
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e e e
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extra¢t@@ fropethg feedfsireanarld@ by the solvent referably P) 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 aqueous solution or water 151.

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



and optionally concentrated fernmentation broth) at 40%

d.s. to solvent extractant used in extraction is
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e.g., TBP). 162 fromthe . i
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



back extraction unit 160, can be recycled to the
extraction unit 140. Optionally, the water can be
wo esmned3fromthis sol vent extractant stream 1PQI/D§2004/013905
distillation 172, and the water 173 discarded. About
6% wat er can di ssol ve in TBP (e.g., solvent
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butanétsiofyen ghicosm (%aecﬁtxampleﬂ in thedale bslem) | nventl on can
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a sol vent extract yggx;glu__ | nl ey Sml n enmbodi nent s,
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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
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Example 1c. 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 the compositions of the streams encountered in this

example.
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PDO is 1,3-Propanediol
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 phase, and then separating the heavy aqueous phase that forms. Purer

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 90°C. The amount of
fresh hexanol used in each stage was 12g. The light phase from the second extraction was
then used to 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.
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The heavy phase was re-mixed with 14 g of anhydrous TBP and separated to give 15.4 g of a

second light phase comprising TBP and 0.6 g of a final heavy phase comprising water. 98% of
the original 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.
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EXAMPLE 4. Counter Current Extraction of PDO

Example 4a. Robatel 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
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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.
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[Extract

Example 4b. Aqueous back 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

purity of 97.5%.

!
f

Table 7

% on dry matter basis
PDO | Glye | BTO Gluc

Aqueous
Back Extract 97.5% | 2.2% |0.208% 0.24%
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glycgrol). Table 8 Solvent Distribution Cpefficients

Sel edti vi t ySolrd® G ycer DisteihudionC weffiviantscerSxlectivityy |

Al cohjol 0.038 0.024 0. 0106011 ég',\ceﬂ!ﬁ)@@h&'ggé @,ﬁ&ﬁy@eﬂﬂ%

0. 0292 Tate 0. 2030077 D016 265
Oleyl Alcohol 0.0381 0.024 0.001 1.60
Hexan-1-ol 0.326| 0.134 0.029 2.43
Tributyl phosphate 0.2031 0.077 0.016 2.65
Butan-1-ol Only one liquid phase formed
Pentan-1-ol 0.609| 0.417 0.256 1.46
4-Methyl Pentan-2-one |{0.033 | 0.008 0.001 4.03
isopropyl acetate 0.024] 0.005 0.001 5.17
Oleic acid 0.009 | 0.002 0.241 5.23

Example 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.



utan-1-ol Only one liquid phase fornmed entan-Il-o0
0.609 0.417 0.256 1.46 k-Methyl Pentan-2-one 0.033
wO2@®38013001 4.03 isopropyl acetate 0.024 0. 0PSI/0SDO4013905
5.17 deic acid 0.009 0.002 0.241 5.23 Exanple 5b
Broth with m xed solvents 5 of a fernentation broth
at 33.9%dry material, cont ing 31.3% w v PDO, 1.66%
gl ycerol, 0.74% 1, 2,4 butanetriol and 0.13% gl ucose,
Tablehs extracted at anbient tenperature with (usually)
30 M of a series of sjolvent mxtures. Two ph§@qy wer e
obt ai ned _whi ch were sjepar.ated and anal yzed.
Solvent| 2004/ 101¥ewmes T/ (1S2004y 0 Disigibutisn Coefficignts En&lyc PDO
Fodede Molvéal| un@ht Dirsivy PEDOON GRef [ BTG R SelRBDPurity
Sorvent Light Heavy PDO dyc J BTO G UCOS€E Select
HexanOIbE%glﬁ exanol [ TBP 80 / 20 5 30.32.5 1.2 0 23 0.03

80/20|0.81 D.060 §.8297]21.250 :0250 _|5_03@ 39.01. 8 @.0@7608@3 0902
50/50(0 30 b 30°4 53 SFSLY [Qond L0035 dog”d @B £ g1g o7

. 66 ZL9 97.7 ent an -1-ol / Hexane 80 / 20
s0/2013 30 B¢ 1G5 U280 TR § 0B [T R i 223, Poug

Av4
U UL » UL U U0 J U ATT T U1 T T ICATNTO A\~ A A =\

50/50|5 30 B2.6 (. 970. 53 0. 0806702 @ODO 6.08 $50.00 5048 509%7
Pentan-ﬁgl,:/?ﬁ &}7L0£3 0.00 5.8 entan -1-ol / Soya oil 80/2

N 2N 1N Neo (A YA NN =S N =¥ a VI S = o W =s | 20 2
80 /20 0.6)8 D. 6@ 0.

88 0l 0@ Hi| B.697] 026 lyc - @ §.26r bl 2.3BTO -
50/ 50 {Busangt ghol| Sgj e
Butan-1-ol / Hexane

¢t 5 SelgtivebY | 001 | 0.00 | 83 | 985
80/20] 5 | 30 |325] 09 {053 | 008|002 000]| 68 | 950

n

50/50] 5 30 33 2 0.17 | 0.03 0.00 5.8
Pentan -1-0l/ Soya oil
80/20{ 5 30 32 1.2 0.30 | 0.06 0.00 5.3

50/50] 5 30 32 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. The 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 phase at
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the table foll,gw ng lg 1 Nalg—kLigt hase Hea
Phase Added ﬁHBWI O :I:‘Jﬁ |u§)0§rg 350 Zglggsg 0. 004
2.25 4.2 0.081 6.26 0.016 3.5 5.4 0.043 10.2 0.047 5

Tab1g1p0029 11.6 0.099 10 7.0 0.021 12.4 0.102 20 7.7
12.6 103 30 7.8 0. 02 12.8 0.103 40 7.9 003

1ﬂs .nzg Da0dE | Tabl e LightPhascPronegties GadsinpRIBayy) es
(Aci dlgaé ppmpH v) | Asigit pHLexal i ¢ Aestid |AGlycblic | Succinic
Qrycofdt SucThiy T 0 139 378.6 11.9 0.8
2.25 4.2 0 50.3 238.6 115 13
35 54 0 14.1 40.7 93 1.4
5 7 0 6.4 41.8 1.4 0.9
10 7 0 9.2 31.7 1.8 0.9
20 7.7 0 9.2 35.2 1.8 12
30 7.8 0 5.9 34.1 1 . 13
40 7.9 0 185 82.1 33 12

“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

purified sample as it was felt to contribute to the color. As can be seen from the results, the
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2.25 4.2 0 50.3 238.6 11.5

8 5
9.3 1.4 57 06.441.8 1.4
0.9

1.2 30 7.805.934.111.3 40 7.9 0 18.5 82.1 3.3

Levulinic Acig EXAMPLE 7. M xed bed for
nmoval of contam nants A p fied aqueous PDO stream
as in Exanple 4 after
mixed bed wab effective at smnovingaosiritace 6ride an@theisalugios reygained colorless even

1.
re

VO

2 "Levul" =

hexane washi ng, was passed over

20 7.7 0 9.2 35rQr/SB®04/013905

| ume fractions. 1 xed it .
RTINS g VT —
420 A8éR ety TRE f3ATD1orAs @ 068 shdtheicsfebntrBteaol atvia3 zefo. 1: 2

bed

vol unes. The bed was effective in renoving nost

Tablptyanic acids as shown in the following table

Le

vul i nic aci % wés of concern in the origippthwiv

Fraction pu

I iPhed |Ghrptod

aBTOt

VHsecdse| tLattic doheviulblitAcetio {tGlgcolic

Succinic

Feed

co

1.98A3 0.208D

E024¢8

fpoast he 4resyl t37.9 t he 490 35.6

244

0.5BV

20

41 1431434.158-1

e

T0XB905 82 i xed bed 7@s 0

(=

1.0BV

ef

f?ﬁ%iE79“r g172°¢

nogf tracg adl dasg -ang tde

1.5BV

S0
Th

T"E?lu

1.1
e EVEY t §1 tunugwt rat '0“”/”

2.0BV

th

oY Vs
T

O o Ul

£
1
o ohkeaontrarao- o
aATTY \OJ A dll [C
=4

2.5BV

0.

WwasSTHreaSutiet
na nmete TJI'\IL 'Fa‘g‘iﬁﬁluoﬂ: o
rat

b de 3ol Hi0 o 100

3.0BV

w

C
D A% cerol 9BTQ dAldcose Lbctficl-l

3.5BV

Le

vll. %cet 02164

oily

Sudkinic OFeed 28 938 38208 1.2

4.0BV

0

H1320.,083297

403859

42.®® 3p. 60244 0.5BY 20.863 011730

Concentrite

18358 0 07844

0.5549

0 ¢l.OBV 08.79 172 0433388 ® 0

OO |O|CIO|O|CO

anc¥folVLevhl Ul thak Lid 1.2 8.4

PDO = 1 3-Probantdibl; BP0 =11, 283
70 2. BV 2157 0, 211 0.15508 0 0 1.1 10.9 1. 1T 0
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21.47 0.212°0.15771 0 0 1.1 16 1.1 0O 3.5BV 21.58

16 0.16117 %

0. 2L
EXAMPLE 8. Sequential

0 1.8 18.2 1.2 0
exane exiraction

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 (all about 0.15 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 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 terms of PDO than the feed

material.
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Tabl showh- t-hetabl el-ow—TFhe—b P t
e s || 'H‘Q s i fQade Gen BfoP{ &l T P50 | Total
added water purity | PDO*
(ml) | (ml)
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 4.182 0.102 0.107 0.02 952% | 64.1%
2 6 2.025 0.010 0.014 0.00 98.8% | 74.7%
2 8 0.902 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 0.00 96.3% | 82.5%
* Cumulative PDO extracted into aqueous phases

EXAMPLE 10.

5 g of fermentation broth at 55% dry solids 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.



successi ve extractions. Table 14 Water Total PDO G yc
BTO d uc PDO Total added water purity PDO* m ni
wo-e@®d/1014971 0. 04 0.08 0.00 93.9% 2 2 8.083 0. 31PCDUIDB4/013905

0.00 94.1% 42. 2% 24418201020107002952%

64.1% 2 6 2.025 0.010 0.014,0.00 98.8% 74.7% 2 8

0.902 0.002 0.007 0.00 99.0%%9.4% 2 10 0.417 0.000

0.004 0.00 99.1%81.6% 2 12 0.176 0.002 0.005 _0.00 .
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reads 5m lon +g5adliglodnd YhgyTop | ayer very Tine
cl oudy approx. 2 % Top layer all clear no visible
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approx. 1 % Top layer ali clear no visible
bubbles
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TBP 50% Top & bottom layers separate Bottom layer clear & reads 5ml on
Kerosene 50% graduated tube
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N
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 similar
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1, 3-propanediol, and at |east one
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volume ratio of the first quantity of aqueous
contaminant present 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.

4. The process of claim 3, further comprising the step of recovering 1,3-propanediol by
removing the fourth phese from the third phase.

5. The process of claim 4, further comprising recycling the recovered third phase such
that the solvent extractant comprises the recovered third phase.

6. The process of claim 4, further comprising treating the recovered fourth phase to
further purify 1,3-propanediol in the fourth phase.



solution to the first phase is between about 20:1 and
1: 20. 9. The process of claim@8, wherein the vol une

WO 2104001437 bet ween about 20:1 and 1:1. 10. TheP@r/US®84013905
of claim8, wherein the volunme ratio is about 7:1 to
3: 1. 11. The process of cl 2}3_/[11 2, wherein the renoved
first phase further conpris at |l east sone water,

and wherein the process further conprises the step of
c SFitearbasg of bleim dnfwiber gamuisingyggyding;thtfoarth|nbase sugh ghat the

7.
hydr ophobi ¢ _sol vent to f d m xture,
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hydrophobi wivepeofwbe secabdmix@rs and 10. 14. The process of
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phase; remvjng . the first phase fro he second

12, pnhhagprogess @§Piaﬁa 1 nwhergindas Retghgragio quﬁ elfemogfﬂg %ﬁ%%ﬁse to the
. . ' h$.4f ormed; and WO
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atoms.

15.  The process of claim 1, further comprising

adjusting the temperature of the first mixture during the contacting step such that 1,3-
propanediol is more soluble in the solvent extractant than in the fermentation broth, wherein
hexanol is the solvent extractant;

separating the first mixture into the first phase and the second phase;

removing the first phase from the second phase;

adjusting the temperature of the first phase such that a second mixture is formed; and



wherein the weight ratio in the fourth phase of
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the same contaminant in the fernmentation broth prior

to the fernmentation broth being contacted with the

sol vent extractant. 16. The“process of claim1,
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process of claim1l, wherein the solvent extractant is
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21. 30 AHE oo SRR, whProl e s B S A Bmpgratug, petveen
aboup20Wkasl ICcl ai m 25, wherein the first mxture
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25.  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.

26.  The process of claim 25, wherein the solvent extractant is selected from the group
consisting of pentanol, propan-1-0l, hexanol, oleyl alcohol, 4-methyl pentan-2-one, isopropyl
acetate, tributyl phosphate, oleic acid, soya oil, and castor oil.

27.  The process of claim 26, wherein the solvent extractant is selected from the group
consisting of hexanol and tributyl phosphate.

28.  The process of claim 25, wherein the first mixture comprises a phase enhancer selected
from the group consisting of aliphatic and aromatic hydrocarbons.

29.  The process of claim 28, wherein the phase enhancer is an alkane having between 6

and 10 carbon atoms.



atons in a ratio of between about 2:1 and 18:1. 31.
The process of claim 30, wherein the sol vent
W@zdonaeradnt conpri ses carbon and oxygen at onmsPCTIUS2004/013905

rati o of between about 3:1 and 6:1. 32. The process of
claim1, wherein the fernmentation broth conprises
bet ween about 5 w%to 85 ot he 1, 3- propanedi ol ,
and further conprises greater than about 10 wt % water,

30. anBhprogessef alsbutl, whonets the sqlyciterastagremprispipgagbon and oxygen

atomg?ﬁ]% AN NI Rveer Bbodt 1 RAPEEFS Of claim 1, wherein the
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amnant 1s ound sel ected fromthe group
31. COTid probésg o tlaidh Gawheraii tts soloerg @riractaa|cbmprisesaragaoni and oxygen
salts, carbohydrates, alcohols, proteins, amno
atomg & g Eatio i etwirn el ard Gdi ght  hydr oxyl at ed

Cc . T X . .
2. CPIOULES (PUT XN b RERS o bl g ESB 5826 aou
wit% iy 85 o3l the &3-mropgmediod, and fustlsdreompd sés greatehtbagalooa 10 wi% water,

consi sting,_of glycerol, glucose, and butanetriol. 35.
and bﬂﬁ\@e%%é’lé‘g% “@%QE%QiW"l?f Q?ﬂ?&r &H91° CAaBaltsnt  ext r act ant
33. h a?htf‘pﬂoe&g oPELUE & Ny ADRHE thE cBntaAhntis & corbboun @ ScIBEOE B the
of claim1, wherein the solvent extractant has a | ogP
group eonwiting & organ(®. Bidsaengagicalts, inorganic salts, carbohydrates, alcohols,
proteins, amino acids, and low molecular weight hydroxylated compounds, and mixtures
thereof.
34.  The process of claim 33, wherein the low molecular weight hydroxylated compound is
selected from the group consisting of glycerol, glucose, and butanetriol.
35.  The process of claim 1, wherein the solvent extractant has a logP between about 0.8
and 7.7.

36.  The process of claim 1, wherein the solvent extractant has a logP between about 0.8

and 2.9.



