PROCESSES FOR ISOLATING OR PURIFYING PROPYLENE GLYCOL,
ETHYLENE GLYCOL AND PRODUCTS PRODUCED THEREFROM
Inventor: 5Peter Kalagias TECHNICAL FIELD This invention relates to a
precass/foriseparating ethylene glycol or propylene glycopfromszen7/022815
mixtures containing the ethylene glycal or the 10propylene glycol and
other polyols using polar compounds, as well as compositions obtained
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process for hydrocracking carbohydrates in the presence of soluble,
transition metal catalyst with the production of lower polyhydric alcohols. A
carbohydrate is contacted with hydrogen in the presence of a soluble
wangitkwsTREtal catalyst and a strong base at a temperature pffrogaboiks
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pressure of from about 15 to about 3000 psi (about 1 to about 207 bar).
However, as is evident from Tables Il and Il in the disclosure of US
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Weight Percent Boiling Point, C. 2,3-Butanediol 3.5 182 Propylene

glycol 16.5 187 1,2-Butanediol 2.0 192 Ethylene glycol 25.2 198
1,3-Butanediol 2.7 206 2,3-Hexanediol 206 .

WO 2008/057317 PCT/US2007/022815

10

i5

20

25

30

4

25°C to about 200°C and a pressure of from about 15 fo about 3000 psi
(about 1 to about 207 bar). However, as is evident from Tables I and 1l in the ‘
disciosure of US 5,208,827, about 2-7% of other polyol compounds are
produced in the hydrocracking process.

US Patents 5,276,181 and 5,214,219 describe a process of
hydrogenclysis of glycerol using copper and zine catalyst in addition io
sulfided ruthenium catalyst at a pressure over 2100 psi (about 145 bar} and
temperature between 240-270°C. US Patent 5,616,817 describes a process
of preparing 1,2 propanediol by catalytic hydrogenolysis of giycerol at
elevated lemperature and pressure using a catalyst comptising the metals
cobalt, copper, manganese and molybdenum. German Patent DE 541362
describes the hydrogenolysis of glycerol with a Nickel catalyst, while US
Patent 4,476,331 describes a two stage method of hydrocracking
carbohydrates (for example glucose), wherein a modified ruthenium catalyst is
used for hydrocracking sorbitol to produce glycerol derivatives. European
Patent Applications EP-A-0523 014 and EP-A-D 415 202 describe 2 process
for preparing lower polyhydric alcohols by catalytic hydrocracking of aqueous
sucrose solutions at elevaied temperature and pressure using a catalyst
whose active material comprises the metals cobalt, copper and manganese.
Persoa & Tundo (Ind. Eng. Chem. Res. 2005, 8535-8537) describe a process
for converting glycerol to 1,2-propanediol by heating under low hydrogen
pressure in presence of Raney nickel and a liquid phosphonium salt.
Selectivities toward 1,2-Propanediol as high as 93% were reporied, but
required using a pure glycerol and long reaction times (20 hrs). Crabtree et al.
{Hydrocarbon processing Feb 2006 pp 87-92) describe a phosphine/ precious
metal salt catalyst that permit a homogenous catalyst system for converting
glycerol into 1,2-PD. Héwever, low selectivity (20-30%} was reported. Other
reports indicate use of Raney Copper (Montassier et al. Bull. Soc. Chim. Fr. 2
1989 148; Stud. Surf. Sci. Catal. 41 1988 165), copper on carbon (Montassier
etal J. Appl. Catal. A 121 1895 231)), copper-platinum and copper ruthenium
(Montassier et al. J. Mol.. Catal. 70 1991 65). Other homogenous catalyst
systems such as tungsten and Group VI metal-containing catalyst
compositions have been also tried (US 4,642,394). Miyazawa et al. (J. Catal,
240 2006 213-221) & Kusunoki et al (Catal. Comm. 62005 645-649) describe



1,2-Pentanediol 210 1,4-Pentanediol 220 1,4-Butanediol 2._1 230
1,5-Pentanediol 0.1 242 Diethylene glycol 2.2 245 1,6-Hexanediol _ 250
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a Ru/C and ion exchange resin for conversion of glycerol in agueous solution.
Again their process however, results in low conversions of glycerol {0.9-
12.8 %),

One of the problems of producing glycerol derivatives by
hydrogenolysis of glycerol is that other dicl compounds are formed which
reduce the purity of the desired component. For instance, in hydrocracking of
higher carbohydrates such as, for example, sorbitol to produce propylene
giycol, typically 3-5% by weight of 2,3-butanediol ié produced in addition to 1,2
butanediol, ethylene glycol and 1,3-buianediol. These products are referred to
as "polyols” or “polyhydric alcohols™. The boiling points of these components
as shown in Table 1 are very close to one another such that in a rectification
column, either under atmospheric, reduced pressure or at an elevated
pressure, the separation of substantially pure propylene glycol from these

other polyhydric alcohols is difficult to be attained.

Table 1: Polyols Produced by Hydrocracking of Sorbitol.

Polyol Weight Percent Boiling Point, °C.
2,3-Butanediol 3.5 182
Propylene glycol 16.5 187
1,2-Butanediol 20 192
Ethylene glycol 25.2 198
1,3-Butanediol 2.7 206
2,3-Hexanediol . 206
1,2-Pentanediol L 210
1.4-Pentanediol L 220
1.4-Butanediol 2.1 230
1,6-Pentanediol 0.1 242
Diethylene glycol 2.2 245
1,86-Hexanediol . 250
Triethylene glycol 2.1 285
Glycerin 38.8 290
1,2,4-Butanetriol 4.8 180/18 mm
100.00




Triethylene glycol 2.1 285 Glycerin 38.8 290 1,2,4-Butanetriol 4.8 190/18
mm 100.00 WO 2008/057317PCDUS2007/022815 6 The
differences in volatility of propylene glycol compared to 2,3-butanediol or
2 butawrszeliol are very small. As shown in Tables 2 and 3, the nuRiber®eis:s
plates required to achieve 99% puritysis very large, requiring 5the use of
very tall distillation columns (55 trays for 2,3-Butanediol and 88 trays for
1,2-Butanediol) and high energy inputs. Table 2: Theoretical and Actual
Plates Required vs. Relative volatility for Separation of Propylene Glycol
and 2,3-Butanediol. 10 Relative Volatility

10

I5

20

The differences in volatility of propylene glycol compared (o
2. 3-butanedic! or 1,2 butanediq! are very small. As shown in Tables 2 and 3,
the number of plates required to achieve 99% purity is very large, requiring
the use of very tall distillation columns (55 trays for 2,3-Butanediol and 88

trays for 1,2-Butanediol) and high energy inputs.

Table 2: Theoretical and Actual Plates Required vs. Relative volatility for
Separation of Propylene Glyeol and 2,3-Butanediol.

Relative Volatility Theoretical Plates Actual Plates, 75%
Efficiency

1.25 41 B5

1.35 31 42

1.45 25 34

1.50 23 31

1.70 18 . 124

Table 3: Theoretical and Actual Plates Required vs. Relative Volatility for
Separation of Propylene Glycol and 1,2-Butanediol.

Relative Volatility Theoreticai Plates Actual Plates, 75%
Efficiency

1.15 66 838

1.5 23 31

20 14 18

3.0 ] 12

3.5 8 11

Several reports in the literature describe efforts for
azeotropically separating glycerol derivatives such as 2,3 butanediol from
propyiene glycol. For instance, US Patent 4,935,102 describes a method for
using an azeotrope forming agent such as propylene glycol iscbutyl ether,
tetrahydro furfuryl alcohol, N,N-dimethylacetamide, ethylene glycol diethy
ether, diethylene glycol diethyl ether, 2-methoxyethyl ether, ethylene glycol n-
butyl ether, diacetone alcohol and ethy! n-butyl ketone. In US Patent

5,423,855, the azectrope forming agent consists of a material selected from




Theoretical Plates Actual Plates, 75% Efficiency 1.25 41 55 1.35 31 42
1.4525341.50 23 31 1.70 18 24 Table 3: Theoretical and Actual Plates
Required vs. Relative Volatility for Separation of Propylene Glycol and

;@) Buanadiol. Several reports in the literature desggba:gff@5ig12515
for azeotropically separating glycerol derivatives such as 2,3 butanediol
from propylene glycol. For instance, US Patent 4,935,102 describes a
method for using an azeotrope forming agent such as propylene glycol
isobutyl ether, 20 tetrahydro furfuryl alcohol, N,N-dimethylacetamide,

ethylene glycol diethyl ether, diethylene glycol diethyl ether,
2-metoRetRy RS TatR{ falE sy GUPA-BRRFFB e iR tEre B oresie,
ethylm-diistypreetoresrirebls Patantd, 4232205, thesagratopaiaianingReent,

consigtsdamatenalsaleciediohe, heptane, 3-methyl pentane, octane,
decane, 2,3.4-trimethyl pentane, dipentene, decalin, dicyclopentadiene,
5 alpha-phellandrene, limonene, hemimellitene, myrcene, terpinoiene, p-
mentha-1,5-diene, beta-pinene, 3-carene, 1-heptene, cyclopentane, pentane,
o-diethyl benzene, 2,2-dimethyl butane and 2-methy! butane. The azeotrope
forming agents described in US Patents 4,935,102 and 5,423,955 may be

characterized by their Hansen solubility parameters (Table 4).

10
Table 4. Azeotropic Agenis Used for Separation of 2,3-Butanediol from
Propylene Glycol (U. S. Patent 4,935,102).
Azeotropic agent Hansen p | Hansen h
Propylene glycol isocbutyt ether 542 12.52
Tetrahydrofurfuryl alcohol 10.45 10.96
N, N-dimethylacetamide 11.47 10.23
Toluene 0.75 1.68
Ethyl benzene 0.65 1.85
p-Xylene 0.61 1.84
m-Xylene 0.91 1.84
o-Xylene 0.91 1.84
Cumene _ 0.58 1.74
Mesitylene 0.58 1.7
Ethyiene glycol diethyl ether 9.19 14.3
Diethylene giycol diethyi ether 9.22 12.33
2-Methoxyethyl ether 1.81 7.41
Ethylene glycol-n-butyl ether 513 12.27
Diacetone alcohol 817 10.76
3-heptanone 5.28 3.93

5 Azeotropic distillation using organic solvents as an azeotropic

agent has also proven useful for azeotropically separating ethylene glycol
from 1,2 butanediol (Table 5).



WO 2008/057317PCT/US2007/022815 7 the group consisting of toluene,
ethyl benzene, o-xylene, p-xylene, cumene, m-diisopropyl benzene,
m-diethyl benzene, mesitylene, p-cymene, hexane, cyclohexane, methyl
eyclohexaney heptane, 3-methyl pentane, octane, decane, 2 &:4-imethavbs:s
pentane, dipentene, decalin, dicyclopentadiene, 5 alpha-phellandrene,
limonene, hemimellitene, myrcene, terpinolene, pmentha-1,5-diene,
beta-pinene, 3-carene, 1-heptene, cyclopentane, pentane, o-diethyl
benzene, 2,2-dimethyl butane and 2-methyl butane. The azeotrope
forming agents described in US Patents 4,935,102 and 5,423,955 may be
characterized by their Hansen solubility parameters (Table 4). 10 Table 4.
AzedeblsictAgbrastigsied fgeSephiratiofoof 2e3:Battamestiol fraaRrenylenserm
Glydaihplers. (el 935 413235 8zeotropic agent Hansen p Hansen h

L | 1 [T Y E-A42-49.59. Tateabyicdleafiivfiind A
e i i 1 ot e

3-Heptanone 5.28 3.93
Cyclohexanone 3.13 5.08
Diisobutyl ketone 4.9 3.79
Methyl isoamyl ketone 6.03 4.2

Isobuiyl heptvl ketone 3.78 3.31
2-Methoxyethyl ether 1.81 7.41
2,6-Dimethyi-4-heptanone 4.90 3.79
p-Xyiene 0.91 1.84
m-Xyleng 0.91 1.84
o-Xylene 0.91 1.84
Ethyl benzene 0.65 1.85
Cumene 0.58 1.74
Mesitylene 0.98 1.7

The azeotropic agents used in US Patents 4,935,102 and

5,432,955 can be described by Hansen solubility parameters, which are
described in detail in “Hansen Solubility Parameters: A User's Handbook,” by
Charles M. Hansen (CRC Press, 1998), which is incorporated by reference in

10 its entirety. Hansen sclubility parameters can be calculated using the program
"Molecular Modeling Pro Plus (version 6.0.8, Norgwyn Maontgomery Software

Inc, available from ChemSW, Inc) based on values published in the
“Handbook of Solubifity Parameters and Other Parameters” by Allen F. M.
Barton (CRC Press, 1983) for solvents obtained experimentally by Hansen.

FTy )

15 The Hansen “h" (hydrogen bonding) values at 25°C and Hansen p" (polarity}

values °C listed in Tables 4 and 5 were calculated in this manner.
Thus, a need exists for an economical process of separating

polyethylene glycol and/or ethylene glycol from other polyhydric alcohols.



Ethyl benzene 0.65 1.85 p-Xylene 0.91 1.84 m-Xylene 0.91 1.84 o-Xylene
0.91 1.84 Cumene 0.58 1.74 Mesitylene 0.98 1.7 Ethylene glycol diethyl
ether 9.19 14.3 Diethylene glycol diethyl ether 9.22 12.33 2-Methoxyethyl

ether

SUMMARY OF THE INVENTION

In one embodiment, a process for isolating or purifying bic-
based propylene glycol, bio-based ethylene glycel or a combination thereof
comprises placing the bio-based propylene glycol, the bio-based ethylene
glycol or the combination thereof, and a polar solvent in an apparatus. The
bic-based propylene glycol, the bio-based ethylene glycol or the combination
thereof, and the polar solvent are distilied in the apparaius. The process
further includes collecting the bio-based propylene giyeol, the bio-based
ethylene glycol or the combination thereof.

in another embodiment, an isolated or purified bic-based
propylene glycol, an isolated or purified biobased ethylene giycol, or a
combination thereof has less than 0.2 weight percent of 1,2-butanedicl, 2,3-
butanediol or a combination thereof.

In yet another embodiment, a system for removing butanediols
from bio-based propylene glycol, bio-based ethylene glycoi or a combination
thereof includes a first conduit comprising the bio-based propylene glycol, the
bio-based ethylene glycol, or the combination thereof. The system further
comprises an apparatus configured for distilling a mixture the bio-based
propylene glycol, the bio-based ethylene glycol or the combination thereof,
and the butanediols. The system also includes a second conduit comprising-
an isolated or purified bio-based propylene glycol, an isolated or purified bio-
based ethylene glycol or a combination thereof, and a third conduit comprising

the butanediols.



1.81 7.41 Ethylene glycol-n-butyl ether 5.13 12.27 Diacetone alcohol 8.17
10.76 3-heptanone 5.28 3.93 15Azeotropic distillation using organic
solvents as an azeotropic agent has also proven useful for azeotropically
separating ethylene glycol from 1,2 butanediol (Table 5). WO
2008/057317PCT/US2007/022815 8 Table 5. Azeotropic Agents Used for
Separation of 1,2-Butanediol from Efaylene Glycol (U. S. 5,432,955). S
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be described by Hansen solublllfmg@rameters which are described
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its entirety. Hansen solubility parameters can be calculated using the

ElyERber GRA‘%EPé‘&}ia? Nisahny P roPelifsspleraios ectr Bt ipyroup consisting

of M@H&t@@meﬂwﬁﬂftmﬁﬁﬁﬂﬁbia\daﬂaﬁlﬁ)ﬁtﬁmuﬁhaﬁﬂﬁ\éin&mQQ basedLeByauestc
.cgubhshed in IE e "Hand of Solubilit Par meters and O her
aci g/t

grcaeﬁl] ?é:t]g Wie A3 ngWSna% éori‘égﬁb%? R}aéfnfé)mbmatlons
thcmbt“amed @qawmeﬂtaﬂylbg/ iﬂ'ﬂﬁbﬁﬂhﬁébﬂ‘ﬁﬂ@lyﬂaﬁsgmydﬁf (mgdsagBased ethylene

tZ? an H en Iarl IuesCIlstedl
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the &rpdeoadpmicalt mgéwbt@@arbﬂx@ plyletinyiteigly cot andionsthyldresof.
egCIQII J@M@F&%ﬁ&?}l’l@/ 91[«':%6%091@81[1%1011 refers to an isolated or purified bio-based

propylene glycol, an isolated or purified biobased ethylene glycol, or a combination
thereof, having less than 0.2 weight percent of I.2-butanediol, 2,3-butanediol or a
combination thereof.

In a further aspect, the present invention refers to a method for isolating propylene
glycol or ethylene glycol, the method comprising: extractively distilling a mixture
comprising propylene glycol or ethylene glycol and further comprising at least one other
compound in the presence of a polar solvent selected from the group consisting of
methanol, ethanol, n-propanol, n-butanol, iso-butanol, amyl alcohol, acetone, lactic acid,
acetic acid, butyric acid, gluconic acid, hydrochloric acid, and any combinations thereof;
and, isolating propylene glycol having a decreased content of the at least one other
compound.

In a further aspect, the present invention refers to a method for isolating
polyhydric alcohols, the method comprising: extractively distilling a mixture comprising
the polyhydric alcohols, propylene glycol, ethylene glycol and at least one other
compound in the presence of a polar solvent selected from the group consisting of
methanol, ethanol, n-propanol, n-butanol, iso-butanol, amyl alcohol, acetone, lactic acid,
acetic acid, butyric acid, hydrochloric acid, and any combinations thereof; and separating
the polyhydric alcohols from the polar solvent.

In a further aspect, the present invention refers to a method for recovering
propylene glycol from a mixture of 1,2-butanediol, propylene glycol and ethylene glycol

comprising, azetropically distilling a mixture of {,2-butanediol, propylene glycol and



9 SUMMARY OF THE INVENTION In one embodiment, a
process for isolating or purifying biobased propylene glycol, bio-based
ethylene glycol or a combination thereof comprises placing the bio-based
propylene glycol, the bio-based ethylene glycol or the combination thereof,
and a polar solvent in an apparatus. The bio-based propylene glycol, the
bio-based ethylene glycol or the corflBination thereof, and the polar
ethPRNMEDLAHE Q'%t_'&%@iﬂ&éﬁ&%ﬁé&%%&b&iﬂ@ﬁ%&%ﬁ%@'%@H&ec?isﬁnate; and
collecting the bio-based propzlene glycol, the bio-based ethylene glycol or
recoper b atiHitRedidand cthylene | viebtrepEonp saitherd ianliabratidior
purified hiataseppropyenealycrlcandsolated o Purifigshibiobasedering 2.3-

b eth ,Ieln glycol, ar a compination thereof has less than 0.2 weight percent
Ut isl litdh etifl 215 Witanedidsr dtomibinatoretketbond other palykpdric
alc@ngther aohadiment;ea gy sterpuansaivipving Piangtieds Hemdaierbasesydric
ropylene glycol, bio-based ethylene glycal or a combination thereof
e L R AL A B IS B G B broPSRCNE YRt then i re
prefgiosbaded mthylenkb glyceolgardh&wonibinatiop therpofinthensysien) tulithet, n-
rises an apparatus configured for distilli ixture the bio-based .
P S e B i a e A e Ay TR i
acepdcidebbiita nedidlsu Thecsymie iy disohiluciu deis arsesontlicoivaaiv! any thereof;

recGOMRLISING anisQlategior pryified bé%z&ﬂ%%ﬂfaxp@g'eg}? 9%?81@3”35?8&@&%‘3' and
0 and a third

or purified biobased ethylene glycol or a combination thereof, t

rec@hngitioHpiia g e urarisre dycol as anhunstingldefinssisect, the
present invaatignreferstoaRrRogsslaniseleting of pulifying Piebsads 1.2-

propylene glycol, bio-based ethylene glycol or a combination thereof, the
butggiediabdreghb vt piating THEBRsLIvAs8d Yresy R hsRBRTiRE Hicisaling

mixethylene glyeahetithe:coraination therenf, And @rRalRhsaiuant selectgthe the
e grgup consisting of methanol, ethanol, n-propanol, n-butanol
0 B}hec?%

rom t
128 Eri) NEDHG SO, 1A TR it B i HERg i iesy, as an
und@ititediesadid, hydrochloric acid, and any combinations thereof in an

apparatus; distilling the Ho-based propylene glycol, the bio-based .

ethpﬁle%e%Tyt?é%l 8?%%’ cto#r% dina |3Ctin %‘égrlﬁ]o I?‘airngég fﬁeﬂ%oﬁa?jgg}\o/ nth tReverne
poleppaiatisylans tottestimixtioe: bidhasetpradytehamlyabktipelbiydasettohols

lene mbination thereof. In afurther aspect, the .

o oyl D R clvari
aleqhiglsoin anristiBestioor puriedi bidisapedeatiy e yiaotobieal combirhfiom the
groﬁzeetf&@i»sﬁ@g’ '_5‘9dﬁ:?ﬁaﬂlﬁﬁe@hgr}\ﬂﬁ'gmreﬁéﬁgf?tﬁ{hﬁr SaRNeiaknol, iso-butanol,

3-butanediol or a combination thereof. | a further aspect, the
am ) ddeHiolny BAtSN FEFTEG0 BGetHeE fotRitatfl prapyIEhagicsrbiric acid,
hydRibylene ghcahdhaymethed aamprisingrextsactively Aistliog 8- miXisols and
comprising propylene glycal or ethylene glycol and further comprising at
the jalat SR dther éan?b’a%waqnpm ﬁ?e@@Hc@%%‘fgrﬁzﬁaﬁhgomwig@?eelé@haﬁnan
undibgilgdawpdansisting of methanol, ethanol, n-propanol, n-butanol,
iso-lbuta?oltham I alcohgl, acetone, lactic acid, acetic acid, butyric acid, . .
gluchriic ALl Hd SEnORcPASE aHty %Hﬂ%oﬁsmatﬁoﬂs%% 1ghgomprising
propsddatiredypebpyléiesg yenl haVingy adegdreased pdptadiiof dlvetal deagicane said
ther. com In a_further aspect, the present jnventj fers to.a
co e o R A R S R ha
RadigdnetetivéipmistilliMgthanRtaféomprising the polyhydric alcohols,
propylene glycol, ethylene glycol and at least one other compound in the
presence of a polar solvent selected from the group consisting of
methanol, ethanol, n-propanol, n-butanol, iso-butanol, amyl alcohol,
acetone, lactic acid, acetic acid, butyric acid, hydrochloric acid, and any
combinations thereof: and separating the polyhydric alcohols from the
polar solvent. In a further aspect, the present invention refers to a
method for recovering propylene glycol from a mixture of | .2-butanediol,
propylene glycol and ethylene glycol comprising, azetropically distilling a
mixture of | ,2-butanediol, propylene glycol and 9b ethylene glycol in a
rectification column: recovering the propylene glycol distillate; and

recovering the 1,2-butanediol and ethylene glycol azeotrope as an
1indicetilled recidiie In a2 fiirthar acnect the nrecent invventinn refarce tNn



Figure 2 depicts the conditions of another embodiment of a process of the

present invention, as well as the results obtained therefrom. Figure 3
presents the conditions of an additional embodiment of a process of the
present invention, as well as the results obtained therefrom. Figure 4

illustrates the conditions of a further embodiment of a process of the

present invention, as well as the res#its obtained therefrom. WO

2008/ 0?@&%@%%‘8&?99@7 3%%&&5&9@@1%f?e%e{?‘se%fébsgrﬁ%% ?Q&Q'E&%&%n g
one embodiment of a process of the present invention, as ell as the

biokasgsitremiaired Herefrom. Figaseds elbplets aciregdh dndidaitiggthait content  of
butdndalutansdiol uillform ssbigh boiling azeotrope with ethylene glycol in

one embodiment of the S5present invention. Figure 7 depicts the conditions

of y&t AriBINET eititsetifhe MieTaipiIEasS b thapre SertRASHIRIh cagvEIng: a
bioasdhe prpiitseiBirach e wiomed cthylene figuse UlUSHAES 2@I@RMNercent

showing the lack of an azeotrope between water and 2,3-butanediol in )
L2 SRR SR RESE Nt T oAt O PG PHSE R graphhydric
alcdndicaingihe hekd-ansazeniiopebehyesn.paethanohand:2 3ybutanedipliene

in.ane embodimen present invention. , Figur
o1y SR AR S G BB b 28 SRR SAdP G
2,3-butanediol in one embodiment of the present 15invention.
Figure 11 depicts a indicati otrope between
n-propanol and 2,3- %‘%ﬁé&&%@%&%é%‘ﬁ%ﬁ%ﬁﬂ@é e present
inveritiore. RODETA¢E BB DESGRIPTION cmbodimenh aachrotdts vhtioupresent
inv&m&qﬁd({gr@_&tlsastg% Q‘ggﬁmgm@ggi%{éﬁ&lﬁ.this need. In one embodiment,

this invention describes a method to improve the relative volatility of
propytaie gilEEatievee etReiipslyeisuathaahedisefodn arewssopethe present

invdRTNN ;308 N5 WRIGE: GRS SuRisRll:RERARIm cOmMpounds, 25 and are difficult
to process and handle due to environmental regulations. In one

emBbadHehP isrOihven R HERS e Adiien of poher ubri G amapcess of the

p;*eiﬁiﬁf%%‘;&tﬁbﬁa%@Q@éﬂ%@&ﬁ]@ﬁ%%ﬁf@t}fﬁiﬂé@ﬁ%&%ﬁiyﬁd antzilor eltf:jylege

glycal from ather polyols. Polar solvents that may pe used include, but are

not i}%ﬂ%ed“td?ﬁ]ﬁsb“ﬁﬁgﬂ}ea&% Hiinich ?sfta&ebreda‘ef&aaw mMePBie Fohe

predeydioceadkings outie aehaptoydd thpisglidesiichmpolyols or some of the
hydrogenolysis routes employed to convert glycerol into polyols. With the
aid of such polar solvents, the undesirable species that reduce the purity
of propylene glycol may be effectively removed. WO
2008/057317PCT/US2007/022815 11 In another embodiment,
the present disclosure teaches a method where purified propylene glycol
or purified ethylene glycol may be obtained from a mixture containing
propylene glycol, ethylene glycol and butanediols, such as a mixture
obtained by the hydrocracking or



5 hydrogenolysis of a carbohydrate or polyol, such as glycerol. In one
embodiment, a compound which does not form an azeotrope is mixed with
the product of a hydrocracking or hydrogenolysis reaction and extractive
digtiltagimsisicarried out. Extractive distillation is defined by Wikipesligo7/622315
(access date Oct 20, 2006 at 16
http://en.wikipedia.org/wiki/Extractive_Distillation) as 10follows:

Extractive distillation includes a distillation in the presence of a miscible,
high boiling, relatively non-volatile component, i.e., the solvent, that forms
no azeotrope with the other fompone ts in the mixture. Extractive
distillation is used o’?%?xgjre%s ﬁ?ﬁﬁg{?&elo%%tfﬁgsof){e?gﬁv@(}%‘?g{mﬁﬂt of a
nearii§cess ity Msaarétevioy aslovellekathversnlitilityt@ann didsefrom.
separated by simple gliafilation-Recauss theualagditsof BIRANE 0! wil form

comporr][er;'ts inlthe mixture is nearly the same causing the components to
evaporaie aP Ry AR LaRRe i SEMENR Rvsidmishexrsiotipent of the

reduélisgahiaroieatiors of separating the components by condensation.

20The method of @sy@%ﬂy@gﬁiwa@_ea%aﬁ@ﬁs%?ét%ﬁ%éﬂ!ﬂ&@aﬁem of a
generallg%non%/%latlle, has a hl%h boiling point and is miscible with the
0

mixtdfE Bt Boes RSPRIMFT i e GRopv Atk syl btieddirmirom.
interacts differently-igitte thdivsirapena nis:of thewingure dnit causesherope
relatiyawolaliities ghthe Lomponents ihshangsy s snablinathe mixture,
f}g be- 25 separateg,through distillation. In such distillation, the component
ith the greater voldiifiy 2&fFataE SUeal wricRppioa et Heomspirope
prodbetireiudestihedowst olatilignprioluict. drite potarisobrensfcam beresent
sepafategidrom the fraction in which the polar solvent is present because
the polar solvent does not form an azeotrope. The polar solvent can be
separated from suti¥46rLcHiBH" Vﬁ@%ﬁﬁéﬂ?@f’ﬁ@d@%‘@&héﬁlé’i@%ﬁ@tme
inclutlhgesnitethadivhitatibr?, isesoatlaryidistitatiorbotimenabsange present
1SePaLatfyn. In various embodiments, extractive distillation agents
(i.e., polar solvent%) useful in the present disclosure have Hansen polarity
(P) values of greafeé?tfad hBeRIEE 2 (@eplydaF{ming i iptkaplsan azeotrope
hydroglereW/ @ 2008405 234 ZPCRIHHZ0RY /02284 BrhBotiansiner (i valsasi
of grgatekthan about 15 (delta/sqr(MPa)). The Hansen P and H values,
respectively, for the following distillation agents are: water, 16 and 42.3
(delta/sqr(MPa)), respectively; for ethanol, 8.8 and 19.4; for methanol,
202.29 and 22.31 for metham# TANE thEGOaPSEwents which may 5 be
used have a Hansen P value | ss of 12 (delta/sqr(MPa)) and.a .
Hansen H value i‘:’lﬁefgg\és%?!RS%ﬁﬁﬁseﬁﬂFéﬁrﬁa{%’aﬁ& erfz ge%lbé%‘fﬁ?é'ﬁﬂ
as ettiliolfis iRy rlé‘gﬁ'f‘ﬁéﬂ%‘ﬁ’b%r%@ﬁdéh@?ﬁ@l‘aﬁ%@%ﬁsatmihmym
bfe1Us&dmﬂmiﬁmﬁommm§6dﬂ@b@@gi@i\tflgrym%%’riﬁgtvﬁé'MKﬁﬁ%e
0 Hansen H value in excess, 0 .
édelt%a%c?}rlial\aﬂ{%% , fro%vzgﬁ%{?f".rﬂ eg 00 gﬁ éhva e ¥81ﬁ%\7aﬁf LT RY RGNS,
2p.5.2nd are diffitghdodissamiat hardisiiog & esivgpoRIigoveristienshin

as atcehelstibeitrdatnahiaciresmibazeeirons farmingaseRbrntsaitind e at
rem 1,2-but iol . 2.3-butanediol fro [0 ne glycol and/or
AL USRS 2 RS Lo B sl o

ethylene glycol are describe nother

sucH B Wi RSYRiay Holaseglvents that ThRy Hie-bese diphefsylént alyoud
the biﬂt&&s&? %thy}ﬁm&)glgmm[_ tmiggn@i@p&grbm%ggég qﬁ{}a%%ﬂxfth@e
ro present inventign, may he subjected to further purification
3% é‘?@ﬁ?ﬁ%&i i&od“e?'%sine&"f%’#‘i% ot %}(Opgﬁjﬁ?y %lr'cit |%%1}§? 585 ?é)”aefu?fh‘é‘ﬁ
emBYEIRASACHSE BFowiEE Ry Breditmirad20dcsr b inte $9/895.0Ndkehe aid
g9-%mﬁm@mﬁ&ideﬁr@ﬂmsﬁ:m@daﬁbﬁ&ﬁ% W&Qﬁé’@ﬁﬁ&lﬂﬁ% the
I0- t n ol or the combination thereof. Propylene
gIyc%%%?%&%(@é%ﬁﬁ%g%?nq%é}%%?[ltrse{gp f‘ﬁ% process is referred to as
"bio-based" propylene glycol. Propylene glycol produced as 25 such finds
many uses. Some of these include, without limitation, use as a solvent for
aromatics in the flavor-concentrate industry; a wetting agent for natural
gums; an ingredient in the compounding of citrus and other emulsified
flavors; a solvent in elixirs and pharmaceutical preparations; a solvent and

coupling agent in the formulation of sunscreen lotion shampoos, shaving
20 creame and nothar ecimilar nrodiicte: an emiileifier in coemeaetic and



13 flavorings and salad dressings; use as a dust suppression agent;
solvents and compatibilizers for the many dyes, resins and inks used in
modern high-speed printing presses; surface lubricant in metal part
mamgfeeine; as a raw material for dipropylene glycol phthalater/as2eo7/022815
plasticizer for polyvinyl chloride 5 (PMC) resins; for use in the natural gas
processing industry; and to provide freeze-thaw protection in various wax
products to help prevent damaged caused by freezing. Propylene glycol is
also used as the starting material for the synthesis of propylene glycol
esters with sorbito fatty acids. Such,uses are not limited oy all
inclusive and may llt%%nage{g@ﬁ?/ 51?/%?%?&%%;1 t aogéeﬁg{ziﬁtésgi?ns the ger?f:hes a
VaridtEai TRt HEgrdeentaisel svuraTbnsteto/ e isobusddmay be

replageanent fi@dirﬁf@m@|¢6ﬁia;aﬂﬁi%emhﬂ%ﬂ@39|)§Iﬁ’scl§ie@lf®|¢bﬂgirgiy§al and
petr ical sources. In particular, bio-based, propylene glycol and
biob%%%%%%gg’/?éngbgﬁ%ycoﬁscaﬁ bfg‘%?%t uced By Hyd? gei?ﬁ%lyg SSFRSIER o
derivedrage s Bidtb gic Atasboleeaie eor bientiehivedyh Vagiougcapplications
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product mixture fro e rogenolysis of bio-derived polyols and the
prod%?&%uﬁ?ogfcgd ?ﬁgpr% ?E(gér%m ay F'bé(T ﬁ@gﬁﬂyfé% ﬁ%?#% trgfunf<tractive
derivbelifsrirRiuitsaford vatn prarasyth el dhionissdebpeiratigé g ABTHMSs
Intermationsi &@?@@@EQB? R%ﬁf@cﬂWQ%@?BWi@@@CWQ@%@aﬁ%) as
jgroduced and present in the product mixture of the hydrogenolysis
produc?‘ﬁo‘m a bio-derived polyol feedstock may have a bio-based carbon
isotope ratio rangifigtfectivesdisbitetitonsieseddivdiiielivitie teerprismrbmstd
carbems N PRFREBIIHICIHAIRR @ ATIPRSTHAD AntheARPANENRT B vent, that

composition having a carbon isotope ratio, as determined, for 25 example,
by ASTH |’ﬁ?e?r%§ﬁ%ﬁ%? F&’%ﬁ%oﬁ%%tS E'SAPAPMRtiod'® BB8Y Stbxiractive
discrigiiietiof vehishdSdnouxpoeatbaving referenaie dhef eitaiivatgabattitglyetivaly
tis indis;@t.im,@m@mmiﬁi%w%Ig@U@_%aatwhﬂs&r&%igeyﬁa@dp@gtsmme
biolo 'ﬁﬁ" roducts or renewable a?gflcultural materials (including plant, =
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like used in the sgl)ecification and claims are to be understood as bein

modifEl TR A SRRER AR term "about”. Accordingly, unless indicated
2fo the contrary, théhsumetical pérartetsns satstdidtion tvedodopdrg Wikknt,
200aﬁq&??s_ﬂg@n,@;;(:%%ﬁo&;mé?ﬁésga%gﬁdr&%%&ﬁ%wﬁ}l ang‘ AHACHSA Clals.

are §_ﬁ%)I’OXImatI0nS that may vary depending upon the esired propertles

souffit t5% & St bo AP LR atiHER agrPARE Y 261 IR Bsts
applidiientpf Wit dietricergbequivaldnisstontheuse opeiottheeslaines reaale
numRaRtparaRILLhILALSIBASt AR CONRIIBRINGNAET fg UMb,

f reported significant digits and by applying ordinary rounding techniques.
2R ot THRRIARI GHEE I HEHREridAl PARR Uil B e corSRetaRig RS
the mqrscoqaéliu pg@mmimtam amarom%at@m&.t%amaﬂ&alwaﬁms
set feyiss e SREEITIREXRTBISS RIS TROBHEH 7RIFSISENe 10:8Fated from

possible. Any numerical values, however, may contain certain errors

necBSsHARYPESTIMHYR NP RE'tRbAR HeBlaABH foRARYIR theiPpipeoet

testdwgmgumthropg, TWsm!air sbmddt ke bdersiantthaban¥uch
30MUNRRHGEh | geyrs%%tb%ﬁsgf S/RIE0E%0 iR DR Al PHERNORR)

S.. ..
mjtation,
subsumed therein. For example, 15 a range of "1 to s'intended fo

inclAFESRN<am-AisiYalopRvBER {ENG RRAEEIR) the recited minimum value
of 1 and the recitéd meaiinauembaliinefti0 chaidsy davinisacminigen vadle
eauglip ebeerripan L AN AN UTKANE AlRAuAbR gl Iess A,

: t is understood, however, that the invention'embraces
nunf@iiss UmisBeRtce AR My @@i%%m%e@‘ﬁy%ﬁ%n GOEC A
of the different features and aspects described herein any combination
that one of ordinary skill in the art would find useful. EXAMPLES 25
EXAMPLE 1.



A series of studies were conducted in a 2000m1 high-pressure Stainless
Steel 316 reactor. A solid catalyst similar to the "G" catalyst disclosed in

US 6,479,713 or the "HC-1" catalyst available from Slid Chemie
(Porpsviiles YY) was loaded in the reactor to a final volume of 4O00smbehiz281s
30 catalyst. The reactor was jacketediwvith a hot oil bath to provide for the
elevated temperature for reactions and the feed and hydrogen lines were
also preheated to the reactor temperature. A solution of a bio-based,
substantially pure, 40% USP grade glycerol was fed through the catalyst

bed | i hrl to 2.5h(1. en w jed at

Tooor e S R B S s e s ©
bar) 4Rt Wa@'srso resereliratedenibadpitmenesitdiation teeirsgem:toater, 16
g|ycemafeeg:|:ang=anm@qm;;. I%Q%@arvemb@gﬂn%ﬂﬁﬂhﬁwdgﬁ@efg% for
I | feed ti e between 1.1 to 10:1. Tables 5A and

D e I A B B R TR o dim Gy it b 8 Gopay
grad&gylyeefohmredsa Bianasen 2 ¥Fe6in s obtsedf|yice (obivdsicbtRmitedd a

and mm?ﬁﬁ?&@&f?ﬁﬁmqslmgwgﬁdnw%ﬁ& é@gﬁ&/&ﬁi@ﬁt}%s
the rogenolysis reaction proauce .04-2.31%

R e e B B T BTl et PR e used

propyenerg cestPabials) hatiewB Bitbsrwerdaneas uPe dalisin dadwresn gfas 2

chropaalegiapiydfasalysissmathod. WQ in excess of 15 (deita/sci{&MPa)),
008/ 5731¥hPCT .US%QO? 0228é5 16 Table 6. Hydrogenolysis of 40%
éSP%%ﬁ/rg;enrol REER OSinGrs8lia BhERE Catal)af $8mperature C IS H -a

Press. NaOH f %) lvpi¢SibPeh@oh-+ GSblet & uking dists fokidte such as
alechols that do not act as an azeotrope forming agent and aid in the removal
of 1,2-butanediol and 2,3-butanediol from propylene glycol and/or ethylene
glycol are described. In another embodiment, a polar solvent such as water

15 maybe used.

The bio-based propylene glycol, the bio-based ethylene glycol
or the combination thereof obtained by the processes of the present invention
may be subjected fo further purification or isolation techniques in order to get
a purity of at least 95%. In a further embodiment, the purity may be obtained

20 to at least 99.5% or even 99.7% depending on the desired use of the bio-
baéed propylene glycol, the bio-based ethylene glycol or the combination
thereof,

Propylene glycol produced by the embodiments of this process
is referred to as “bio-based” propylene glycol. Propylene glycol produced as

25 such finds many uses. Some of these include, without limitation, use as a
solvent for aromatics in the flavor-concentrate industry; a wetling agent for
natural gums; an ingredient in the compeunding of citrus and other emulsified
flavors; a solvent in elixirs and pharmaceutical preparations; a soivent and
coupiing agent in the formulation of sunscreen lotion shampoos, shaving

30 creams and other similar products; an emulsifier in cosmetic and
pharmaceutical creams; an ingredient for low-temperature heat-transfer fluids,
involving indirect food contacts, such as brewing and dairy uses, as well as
refrigerated grocery display cases; a humectant, preservative, and stabilizer in
semi-moist pet food (with the exception of cat food), bakery goods, food
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flavorings and salad dressings; use as a dust suppression agent; solvents and
compatibilizers for the many dyes, resins and inks used in modern high-speed
printing presses; surface lubricant in mefal part manufacture; as a raw
material for dipropylene glycol phthalate; a plasticizer for polyvinyi chioride
{PVC) resins; for use in the natural gas processing indusiry: and to provide
freeze-thaw protection in various wax products o help prevent damaged
caused by freezing. Propylene glycol is also used as the starting material for
the synthesis of propylene glycol esters with sorbitol and/or fatty acids. Such
uses are not limited or all inclusive and may be readily developed by those
skilled in the art.

Various embodiments of the present disclosure relate to a bio-
based replacement for propylene glycol and ethylene glycol derived from
petrochemical sources. In particular, bio-based propylene givcol and bio-
based ethylene glycol can be produced by hydrogenolysis of polyols derived
from biological sources (i.e., bio-derived). Various applications for the bio-
based hydrogenolysis product mixture are also disclosed. The product mixture
from the hydrogenolysis of bio-derived polyols and the products produced
therefrom may be differentiated from petroleum derived products, for example,
by their carbon isotope ratios using ASTM International Radioisofope
Standard Method D 6866. Products produced and present in the product
mixture of the hydrogenolysis product from a bio-derived polyol feedstock may
have a bio-based carbon isotope ratio ranging from 50% to 100. As used
herein the term “bio-based carbon isotope faﬁo" inciudes a composition or a
component of a compasition having a carbon isotope ratio, as determined, for
example, by ASTM International Radioisotope Standard Method D 6866, the
disclosure of which is incorporated by reference herein in its entirety, thaf is
indicative of a composition including, in whole or in significant part, of
biological products or renewable agricultural materials (including plant, animal
and marine materials) or forestry materials (Method ASTM 6866).

Other than in the operating examples, or where otherwise
indicated, all numbers expressing quantities of ingredients, reaction conditions
and the like used in the specification and claims are to be understood as
being modified in all instances by the term "about”. Accordingly, unless

indicated to the contrary, the numerical parameters set forth in the following
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specification and attached claims are approximations that may vary
depending upon the desired properties sought to be obtained. At the very
least, and not as an atiempt o limit the application of the doctrine of
equivalents fo the scope of the claims, each numerical parameter should at
least be construed in light of the number of reported significant digits and by
applying ordinary rounding techniques.

Notwithstanding that the numerical ranges and parameters
setling forth the broad scope of the invention are approximations, the
numerical values set forth in the specific examples are reported as precisely
as possible. Any numerical values, however, may contain certain errors
necessarily resulling from the standard deviation found in their respective
testing measurements.

Also, it should be understood that any numerical range recited
herein is intended fo include all sub-ranges subsumed therein. For example,
a range of *1 to 10" is intended to include all sub-ranges between (and
including) the recited minimum value of 1 and the recited maximum value of
10, that is, having a minimum value equal to or greater than 1 and a maximum
value of equal fo or less than 10.

It is understood, however, that the invention embraces
numerous embodiments, which may be accomplished by combining any of
the different features and aspects described herein any combination that one

of ordinary skill in the art would find useful.

EXAMPLES

EXAMPLE 1.

A series of studies were conducted in a 2000m| high-pressure
Stainless Steel 316 reactor. A solid catalyst similar to the “G” catalyst
disclosed in US 6,479,713 or the “HC-1" catalyst available from Siid Chemie
(Louisville, KY) was loaded in the reactor to a final volume of 1000 mi of
catalyst. The reactor was jacketed with a hot oil bath to provide for the
elevated temperature for reactions and the feed and hydrogen lines were also
preheated to the reactor temperature. A solution of a bio-based, substantially
pure, 40% USP grade glycerol was fed through the catalyst bed at LHSV
ranging from 0.5hr”" to 2.5hr™. Hydrogen was supplied at 1200-1600 péi
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(about 83-110 bar) and was also re-circulated through the reactor at a
hydrogen to glycero! feed molar ratic of 5:1. In other embmjirﬁeﬂzs, the
hydrogen to glycercl feed molar ratio may be batween 1:1 to 10:1. Tables 5A
and 5B in FIGS. 2A and 2B describe the resulls with hydrogenolysis of 40%
5 USP grade glycerol feed. Between 47.7-96.4% of the glycerol was converted
and between 36.3-55.4% of propylene glycol was produced. In addition to
propylene glycol, the hydrogenolysis reaction produced 0.04-2.31% unwanted
BLOs, which may present a problem for recovery of pure propylene giyeol
(Table 8). The BDOs were measured using a known gas chromatography

16 analysis method.
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Table 6. Hydrogenolysis of 40% Usp Glycerol Feed Using a Solid Phase
Catalyst,

PG
Run Temperature, °C p rLe%s. NaOH . v&%%n \%Gi- ’ St_i?:_i?:{: Butanediof's (g/100a)
(%)

# | Too w08 Ly, sy | o | | oo |22 i | oo
248 | 183 | 191 | 199 (1161%0) 1 23 | 417 | 383 le21 | o | o ! ooa
249 | 184 | 194 | 199 ("16100{; 1 18 | 567 | 424 |98 | o | o | oos
250 | 85 | 193 | 199 (ﬁ%‘; 1 15 | 633 | 473 | 907 looz| o | oog
205 | 178 | 190 | 198 }gg? 12 18 50 38 94 |oo03| 0 | 016
257 | 184 | 195 | 208 2161%(’) 1 18 | 502 | 453 | 926 | o | o002 | 005
264 | 178 | 190 | 196 ("161%‘; 18 16 | 593 | 443 [ 903 | o | 001 | 005
261 | 184 | 194 | 200 (1151%0) 1 15 | 504 | 444 |94 | 0 | o | oos
242 | 185 | 194 | 205 (1151%0) 0.7 18 | 852 | 332 | 922 |o0s5] o | o026
199 | 154 | 177 | 194 }gg? 1.2 1.8 67 | 479 | 866 |007 | 0 | o038
262 | 183 | 196 | 202 (1161%0) 15 15 | 672 | 488 | 896 | o | o | oos
263 | 181 | 193 | 109 (ﬁ%o) 1.9 16 | €88 | 508 | 81 | 0 | 00t | 04
180 | 178 | 191 | 202 }gg? 1.1 10 | 767 | 5 |87 |01 0o | os7
256 | 188 | 206 | 217 (1151%[; 0.8 18 | 771 | 559 | 876 | O | 0.04 | 017
254 | 193 | 211 | 223 (116100{; : 18 | 812 | 608 | 06 | 0 | 006 | 020
255 | 191 | 200 | 221 215100(’) 08 | 18 | 82 | 524 | 736 | o | 008 | 020
228 | 193 | 228 | 220 (11610(3 1.4 18 | 3.1 64 | 832 04| 0 | oso
240 | 188 | 212 | 228 (’161%0) 1.3 1.8 93 | 631 | 822 lo1a| o | 105
164 | 183 | 203 | 207 ’(gg? 1.1 1 946 | 686 | 877 |012| o | o061
166 | 188 | 211 | 216 1{53)0 15 1 954 | 477 | 807 [012] o | o081
191 | 185 | 205 | 227 }gg? 16 18 | 964 | 554 | 696 | 023 o | 165

5 The exemplary embodiments of the processes of Examples 2-

7 were modeled using the ASPEN Plus™ software version 12.0, available

from Aspen Technologies, Inc. (Cambridge, MA).
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EXAMPLE 2.

Extractive distillation of a feed mixture of propylene alycol,
ethylene glycol, 1,2-butanediol, 2,3-butanediol and trace amounts of water o
be distilled in a stainless sleel structured packed column under reflux
conditions was simulated using ASPEN Plus™ scftware version 1 2.0,
available from Aspen Technologies, inc. (Cambridge, MA). In these
Examples, the components and amounts of the feed mixture that were used
are representative of a product produced that may be produced by the
hydrogenolysis process of Example 1. However, it will be apparent by those
of ordinary skill in the art that the processes and conditions described herein
may be varied and optimized depending on the feed stock used. As shown in
Figure 1, overheads were predicted to contain 0.758 mole fraction of
propylene glycol and 0.125 mole fraction of 2,3-Butanediol. A loss of
propylene glycol in the overhead fraction with 2,3-butanediol was predicted by
the model.

Figure 1 also illustrates one embodiment of a system for
removing butanediols from propylene giycol, ethylene glycol or a combination
thereof of the present invention. A conduit 10 transports the propylene giycol,
the ethylene glycol or the combination thereof fo an apparatus 12 configured
to distill a mixture of the propylene glycol, the ethylene glycol or the
combination thereof, and the butanediols. A conduit 16 transports the
butanediols that have been removed from the mixture. The conduit 16 is in
fiuid communication with the apparatus 12. Another conduit 14 transports the
isolated or purified propylene glycol, ethylene glycol or combination thereof

away from the apparatus 12.

EXAMPLE 3.

Extractive distillation of a feed mixture of propylene glycot,
ethylene glycol, 1,2-Butanediol, 2,3-Butanediol and trace amounts of water
mixed with the polar solvent, water, to form a solution containing
approximately 10% water to be distilled in a stainless steel structured packed
column under reflux conditions was simulated substantially the same as
described in example 2. As shown in Figure 2, overheads were predicted to
confain 0.082 mole fraction of propylene glycol and 0.15 mole fraction of 2,3-
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Butanediol. Addition of the polar solvent (i.e., water) was expected to reduce
the overhead loss of propylene glyco! from 0.758 mole fraction {example 2) to
0.092 mole fraction. The still pot bottoms (undistilled residue) were predicted
fo contain propylene glycol,  1,2-butanediol and ethylene glycol recovered
5 with trace amounts of water, and 2,3-butanediol. Figure 8 shows the lack of

an azeotrope between water and 2,3-butanediol.

EXAMPLE 4.
Extractive distillation of a feed mixture of propylene glycol,
10 ethylene glycol, 1,2-butanedicl, 2,3-butanediol and trace amounts of water
mixed with the polar solvent, methanol, to form a solution containing
approximately 5% methanol to be distilled in a stainless steel structured
packed column under reflux conditions was simulaied substantially as
described in example 2. As shown in Figure 3, oéerheads were predicted to
15 contain 0.117 mole fraction of propylene glycol and 0.124 mole fraction of 2,3-.
Butanediol. Hence addition of a polar solvent like water was expected to
reduce the overhead loss of propylene glycol from 0.758 mole fraction
(example 2) to 0.117 mole fractions. The still pot bottoms (undistilled residue)
were predicted to contain propylene glycol, 1,2-butanediol and ethylene glveol
20 recovered with trace amounts of water, and 2,3-butanediol, Figure 8 shows

the lack of an azeotrope between methano! and 2,3-butanediol {2,3-B-01).

EXAMPLE 5.
Extractive distiliation of a feed mixture of propylene glycol,
25 ethylene glycol, 1,2-butanediol, 2,3-butanedicl and trace amounts of water
mixed with the polar solvent, ethanol, to form a solution containing
approximately 3.2% ethanol to be distilled in a stainless steel structured
packed column under reflux conditions was simulated substantially as
described in example 2. As shown in Figure 4, the simulation predicted that
30 the overheads would contain 0.134 mole fraction of propylene giycol and
0.108 mole fraction of 2,3-Butanediol. Hence, addition of a polar solvent like
water is expected to reduce the overhead loss of propylene glycol from 0.758
mole fraction (example 2) to 0.134 mole fractions. The stili pot bottoms
(undistilled residue) are expected to contain propylene glycol, 1,2-butanediol
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and ethylene glycol recovered with trace amounis of water, and 2.3-
Butanediol. Figure 10 shows the lack of an azeofrope between ethanol and
2,3-butanediol (2,3-B-01).

EXAMPLE 6.

Extractive distillation of a mixture of propylene glycol, ethylene
glycol, 1,2-butanediol, 2,3-butanediol and trace amounts of water mixed with
the polar solvent, n-propanol, fo form a solution containing approximately
3.01% n-propanol to be distilled in a stainiess steel structured packed column
under reflux conditions was simulated substantially as described in exampie 2,
As shown in Figure 5, the simulation predicted that the overheads would
contain 0.146 mole fraction of propyiene glycol and 0.096 mole fractions of
2,3-butanediol. Hence addition of the polar solvent, water, is expected io
reduce the overhead loss of propylene glycol from 0.758 mole fraction
(example 2) to 0.146 mole fractions. The simulation predicted that the st pot
bottoms (undistilled residue) were propylene glycol, 1,2-butanediol and
ethylene glycol recovered with trace amounts of water, and 2,3-butanediol.
Figure 11 shows the lack of an azeotrope between n-propano! and 2,3-
butanediol (2,3-B-01).

EXAMPLE 7.

Extractive distillation of a mixture of propylene glycol, ethylene
glycol, 1,2-butanediol, 2,3-butanediol and trace amounts of water mixed with
the polar solvent, xylene, to form a solution containing approximately 1.75%
xylene to be distiled in a stainfess steel structured packed column under
reflux conditions was simulated substantially as described in example 2. The
model predicted that 1,2-butanediol will form a high boiling azeolrope with
ethylene glycol (Figure 6). As shown in Figure 7, the model predicted that the
distiflation overheads would contain 0.171 mole fraction of propylene glyeol
and 0.071 mole fraction of 2,3-butanediol. Hence addition of xylene and the
resulting azeotrope was predicted to reduce the overhead loss of propylene
glycol from 0.758 mole fraction (example 2) to 0.171 mole fractions. The
mode! predicted that the still pot bottoms (undistilled residue) would include

propylene glycol, 1,2-butanediol and ethylene glycol recovered with trace
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amounts of water, and 2,3-butanediol. The overheads also contsined 0.727
moles of xylene that would need to be recovered from 2,3-bitanediol in order

to be recycled.

EXAMPLE 8. ,

A mixiure is obtained by hydrogenolysis of a carbohydrate.
The mixture comprising propylene glycol, ethylene glyeol, ?,Z—butahedioi, 2,3-
butanediol and trace amounts of water is mixed with water to form a solution
containing approximately 10% water. The mixture is extraciively distilied in a
stainless steel structured packed column under reflux conditions. It is
expected that the overheads will contain about 0.092 mole fraction of
propylene glveol and about 0.15 mole fraction of 2,3-butanediol, as shown in
Figure 2. Hence addition of the polar solvent, water, is expected to reduce the
overhead loss of propylene glycol from 0.758 mole fraction (example 2} fo
0.092 mole fractions. The still pot bottoms {(undistilled residue) would be
expected to include propylene glycol, 1,2-butanediol and ethylene glycol that
is recovered with trace amounts of water, and 2,3-butanediol. Figure 8 shows

the lack of an azeotrope between water and 2,3-butanediol.

EXAMPLE 9.

A mixture of propyiene glycol, ethylene glycol, 1,2-butanediol,
2,3-butanediol and trace amounts of water is mixed with methano! to form a
solution containing approximately 5% methanol. The mixture is extractively
distilled in a stainiess steel struciured packed column under reflux conditions.
It is expected that the overheads will contain about 0.117 mole fraction of
propylene glycol and about 0.124 mole fraction of 2,3-Butanediol, as shown in
Figure 3. Hence addition of a polar solvent like water is expected to reduce
the overhead loss of propylene glyco! from 0.758 mole fraction (example 2) to
0.117 mole fractions. The stifl pot bottoms (undistilled residue} would be
expected to include propylene glycol, 1,2-butanediol and ethylene glycol that
is recovered with trace amounts of water, and 2,3-butanediol. Figure 9 shows

the lack of an azeotrope between methanc! and 2,3-butanediol {2,3-B-01).
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EXAMPLE 10.

A mixture of propylene glycol, ethylene glycol, 1,2-butanediol,
2,3-butanediol and trace amounis of water is mixed with n-propanol to form a
solution containing approximately 3.01% n-propanol. The solution s
extractively distilled in a stainless steel structured packed column under reflux
conditions. It is expected that the overheads will contain about 0.146 mole
fraction of propylene glycol and about 0.096 mole fraction of 2,3-butanediol,
as shown in Figure 5. Hence addition of a polar solvent like water is expected
to reduce the overhead loss of propylene glycol from 0.758 mole fraction
(example 2} to 0.146 mole fractions. The stili pot bottoms (undistilled residue)
would be expected to include propylene glycol, 1,2 Butanediol and Ethylene
Glycol recovered with trace amounts of water, and 2,3-Butanediol. Figure 11
shows the lack of an azeotrope between n-propancl and 2,3-butanediol (2,3-
B-01).

EXAMPLE 11.

A mixture of propylene glycol, ethylene glycol, 1,2-butanediol,
2,3-butanediol and trace amounts of water is mixed with xvlene toc form a
solution containing approximately 1.79% xylene. The mixture is azeotropically
distilled in a stainless steel structured packed column under reflux conditions.
1.2-Butanediol is expected to form a high boiling azeotrope with ethylene
glycol (Figure B). It is expected that the distillation overheads will contain
about 0.171 mole fraction of propylene glycol and about 0.071 mole fractions
of 2,3-butanediol, as shown in Figure 7. Hence addition of xytene and the
resulting azeotrope is expected to reduce the overhead loss of propylene
glycol from 0.758 mole fraction (example 2} to 0.171 mole fractions. The still
pot bottoms (undistilled residue) would be expected to include propylene
glycol, 1,2-butanediol and ethylene glycol recovered with trace amounts of
water, and 2,3-butanediol. The overheads would be expected to contain 0.727
moles of xylene that would need to be recovered from 2,3-butanediol in order

to be recycled,

PCT/US2007/022815
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The present invention has been described with raference to
certain exemplary embodiments, compositions and uses thereof. However, it
will be recognized by those of ordinary skill in the art that various substitutions,
modifications or combinations of any of the exemplary embodiments may be

5 made without departing from the spirit and scope of the invention. Thus, the
invention is not limited by the description of the exemplary embodiment, but

rather by the appended ciaims as originally filed.
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CLAIMS
What is claimed is:

1. A process for isolating or purifying bio-based propylene glycol, bio-
based ethylene glycol or a combination thereof, the process comprising:
placing the bio-based propylene glycol, the bic-based ethylene glycol or the

combpination therecof, and a polar solvent selected from the group
consisting of methanol, ethanol, n-propanol, n-butanol, iso-butanol, amyl
alcohol, ag:etone, lactic acid, acetic acid, butyric acid, giuconic acid,
hydrochloric acid, and any combinations thereof in an apparaius;
distilling the bio-based propylene glycol, the bio-based ethylene glycol
or the

combination thereof, and the polar solvent in the apparatus; and
coEi'ecting the bio-based propylene glycol, the bio-based ethylene glycol or the

‘combination thereof.

2. The process of claim 1, further comprising subjecting the collected
bio-based propylene glycol, the bio-based ethylene glycot or the combination

thereof to g further purification or isolation process.

3. The process of claim 1, wherein the polar solvent has; a Hansen P
solubility parameter greater than 12, a Hansen H solubility parameter greater
than 15, a ratio of the Hansen P solubility parameter to the Hansen H

solubility parameter of less than 0.5, or any combination ihereof,
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4. The process of claim 1, wherein the distilling is performed at
conditions such that a molar fraction of the collected bic-based propylene
glycol, the coliected bio-based ethylene glycol or the combination thereof is
increased as compared to the bio-based propylene glycol, the bio-based

ethylene glycol or the combination thereof placed in the apparatus.

5. An isolated or purified bic-based propylene glycol, an isolated or
purified biobased ethylene glycol, or a combination thereof, having less than
0.2 weight percent of 1,2-butanediol, 2,3-butanediol or a comibination thereof,

6. The isolated or purified bio-based propylene glycol, the isciated or
purified biobased ethyiene glycol, or the combination thereof of claim 5,
whetein the isolated or purified bio-based propylene glycol, the isclated or
purified ethyiene glycol or the combination thereof is of a bio-based glycerot

origin.

7.  The isolated or purified bio-based propyiene glycol of ciaim 5 or

8, having a purity of at least 95%.
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embodiments of the processes of Examples 2- 7 were modeled using the
ASPEN PlusTh software version 12.0, available from Aspen
Technologies, Inc. (Cambridge, MA)25WO
2008/057317PCUUS2007/022815 17 EXAMPLE 2. Extractive
distillation of a feed mixture of propylene glycol, ethylene glycol,
1,2-butanediol, 2,3-butanediol and trace amounts of water to be distilled in
a stainlessgsteelstrghaeneskeshogbpyerungessefiuxieorditiens was
simurlnaet%%%ggm ﬁgrl?EN Plus T11 software version 12.0, available from
Aspen Techno (g’gles,g'lnc. (Cambridge, MA). In these Examples, the
compuineritscaheiition stebf e BRI BYS R elEcasatrkigene
repregriiativerahfepeRmvstmigdieattbat may be produced by the

hydrogenolysis process of Example 1. However, it will be aren
those 10 8%8%?8%08 nlﬁ)itﬁ t)Tti?g ﬁ? tvat ?hé¥par cggrsé%g i\é‘?{fgor? [ |(C)}nib§¥m the
descrilgselhnesensiniag 5é wRieanahEHBNmMized@epepldiiy dAndle ikedetano,
stock usegl- ?@ﬁb%@éwﬁég llxg@ta&,aatﬁ,llra@@tdﬁ mem@d%cm;@@f@amnacid,
0.758 mole fraction of propylene glycol and.0.125 mole fraction o
2,3-Bu%(rj1re{)5|!:§ﬁrf& ?(%Cé &F' %%Bﬁ%ﬁg aﬁ}ggﬁ(i{hh r%O?)’vaé"r 'ead fraction with
2,3-betdtiedisravais pralict dBJ ISIHEFREGEH content of the@depd|gpe other
illustrates @ngpRimhodiment of a system for removing butanediols from
propylene glycol, ethylene glycol or a combination thereof of the present
invention. A conduit 10 transports the propylene glycol, the ethylene glycol
or the combination thereof to an apparatus 12 configured 20 to distill a
mixture of the propylene glycol, the ethylene glycol or the combination
thereof, and the butanediols. A conduit 16 transports the butanediols that
have been removed from the mixture. The conduit 16 is in fluid
communication with the apparatus 12. Another conduit 14 transports the
isolated or purified propylene glycol, ethylene glycol or combination

thereof 25 away from the apparatus 12. EXAMPLE 3. Extractive
distillation of a feed mixture of propylene glycol, ethylene glycol,
1,2-Butanediol, 2,3-Butanediol and trace amounts of water




30 mixed with the polar solvent, water, to form a solution containing
approximately 10% water to be distilled in a stainless steel structured
packed column under reflux conditions was simulated substantially the
same as described in example 2. AsZhown in Figure 2, overheads were
predicted to contain 0.092 mole fraction of propylene glycol and 0.15 mole
fraction of 2,3- WO 2008/057317PCT/US2007/022815 18 Butanediol.
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described in example 2. As shown in Figure 3, overheads were predicted
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mole fracti amp 17 mole fractions. The still pot'bottoms
(undistillePea6R) Yete REHIGRHRD coflesiihisyIche girim, consisting of
1,2-butanediiphaid efindese giyeopatolecobeiadvittottataramauns afcohol,
water, and_2,3-hut ig.; ki O sk C r

between rﬁéﬁ%&%l@ﬁg g %ﬁ%&éﬁgcﬁgﬁz\%%@@o%ﬁé&gﬁ&gﬁgﬁé.ggg’rgggv%ny
distillation & aPfeliPRsifiEreCsfHBIdpylene glycol, 25 ethylene glycol,
1,2-butanstioth2 Sshttanediobant fracetanmolsmtsovbwater mixed with the
polar solvent, ethanol, to form a solution containing approximately 3.2%
ethanol to be distilled in a stainless steel structured packed column under
reflux conditions was simulated substantially as described in example 2.
As shown in Figure 4, the simulation predicted that 30 the overheads
would contain 0.134 mole fraction of propylene glycol and 0.108 mole
fraction of 2,3-Butanediol. Hence, addition of a polar solvent like water is
expected to reduce the overhead loss of propylene glycol from 0.758 mole
fraction (example 2) to 0.134 mole fractions. The still pot bottoms
(undistilled residue) are expected to contain propylene glycol,
1,2-butanediol WO 2008/057317PCT/US2007/022815 19 and ethylene
glycol recovered with trace amounts of water, and 2,3- Butanediol. Figure
10 shows the lack of an azeotrope between ethanol and 2,3-butanediol
(2,3-8-01). 5 EXAMPLE 6. Extractive distillation of a mixture of
propylene glycol, ethylene glycol, 1,2-butanediol, 2,3-butanediol and trace
amounts of water mixed with the polar solvent, n-propanol, to form a
solution containing approximately 3.01% n-propanol to be distilled in a
stainless steel structured packed column 10 under reflux conditions was
simulated substantially as described in example 2. As shown in Figure 5,
the simulation predicted that the overheads would contain 0.146 mole
fraction of propylene glycol and 0.096 mole fractions of 2,3-butanediol.
Hence addition of the polar solvent, water, is expected to reduce the
overhead loss of propylene glycol from 0.758 mole fraction 15 (example
2) to 0.146 mole fractions. The simulation predicted that the still pot
bottoms (undistilled residue) were propylene glycol, 1,2-butanediol and
ethylene glycol recovered with trace amounts of water, and
2,3-butanediol. Figure 11 shows the lack of an azeotrope between
n-propanol and 2,3- butanediol (2,3-B-01).



20 EXAMPLE 7 Extractive distillation of a mixture of propylene
glycol, ethylene glycol, 1,2-butanediol, 2,3-butanediol and trace amounts
of water mixed with the polar solvent, xylene, to form a solution containing
approximately 1.79% 25 xylene to 138 distilled in a stainless steel
structured packed column under reflux conditions was simulated
substantially as described in example 2. The model predicted that
1,2-butanediol will form a high boiling azeotrope with ethylene glycol
(Figure 6).18s showthin! Figuesdyetiegrmoupligredibed] b tAeHisuimeb -2-
overgggaq§myld ﬁ%}%@iéhg-l@l%@t'e fragtion of pegRYlergyatycolcdamnehg,
0.071 mole fraction of 2,3-but_anedioll. qI—%;atr)lce ao{ltggiionrgf Eg:géle @ngll tgg d
resufRy 2RISBILPEHNAS et (& retiaE TS SVe R 10ss 0r
propylene glygehtram@i 1568 mol§datictcaliexanssky2yte Bia prpyises glycol
fractions. EQ@;@@QQHQredicted that the still pot bottoms (undistilled

residue) would include pro %k?g%ﬂ% [, 1,2-huta ediolEa 97 hylene,. ...
S e S e e LS
amounts ofasatet, and 2,3-butanediol. The overheads also contained
0.727 moles of xylene that would need to be recovered from
2,3-butanediol in order to be recycled. 5 EXAMPLE 8 A mixture is
obtained by hydrogenolysis of a carbohydrate. The mixture comprising
propylene glycol, ethylene glycol, 1,2-butanediol, 2,3- butanediol and trace
amounts of water is mixed with water to form a solution containing
approximately 10% water. The mixture is extractively distilled ina 10
stainless steel structured packed column under reflux conditions. It is
expected that the overheads will contain about 0.092 mole fraction of
propylene glycol and about 0.15 mole fraction of 2,3-butanediol, as shown
in Figure 2. Hence addition of the polar solvent, water, is expected to
reduce the overhead loss of propylene glycol from 0.758 mole fraction
(example 2) to 15 0.092 mole fractions. The still pot bottoms (undistilled
residue) would be expected to include propylene glycol, 1,2-butanediol
and ethylene glycol that is recovered with trace amounts of water, and
2,3-butanediol. Figure 8 shows the lack of an azeotrope between water
and 2,3-butanediol. 20 EXAMPLE 9. A mixture of propylene
glycol, ethylene glycol, 1,2-butanediol, 2,3-butanediol and trace amounts
of water is mixed with methanol to form a solution containing
approximately 5% methanol. The mixture is extractively distilled in a
stainless steel structured packed column under reflux conditions. 25 Itis
expected that the overheads will contain about 0.117 mole fraction of
propylene glycol and about 0.124 mole fraction of 2,3-Butanediol, as
shown in Figure 3. Hence addition of a polar solvent like water is expected
to reduce the overhead loss of propylene glycol from 0.758 mole fraction
(example 2) to 0.117 mole fractions. The still pot bottoms (undistilled
residue) would be 30 expected to include propylene glycol, 1,2-butanediol
and ethylene glycol that is recovered with trace amounts of water, and
2,3-butanediol. Figure 9 shows the lack of an azeotrope between
methanol and 2,3-butanediol (2,3-8-01). WO
2008/057317PCT/US2007/022815 21 EXAMPLE 10. A mixture
of propylene glycol, ethylene glycol, 1,2-butanediol, 2,3-butanediol and
trace amounts of water is mixed with n-propanol to form a solution
containing approximately 3.01% n-propanol. The solution is 5 extractively
distilled in a stainless steel structured packed column under reflux
conditions. It is expected that the overheads will contain about 0.146 mole
fraction of propylene glycol and about 0.096 mole fraction of
2,3-butanediol, as shown in Figure 5. Hence addition of a polar solvent
like water is expected to reduce the overhead loss of propylene glycol
from 0.758 mole fraction 10 (example 2) to 0.146 mole fractions. The still
pot bottoms (undistilled residue) would be expected to include propylene
glycol, 1,2 Butanediol and Ethylene Glycol recovered with trace amounts
of water, and 2,3-Butanediol. Figure 11 shows the lack of an azeotrope
between n-propanol and 2,3-butanediol (2,3- B-01). 15



EXAMPLE 11. A mixture of propylene glycol, ethylene glycol,
1,2-butanediol, 2,3-butanediol and trace amounts of water is mixed with
xylene to form a solution containing approximately 1.79% xylene. The
mixture is azeotropically 20 distilled?h a stainless steel structured packed
column under reflux conditions. 1,2-Butanediol is expected to form a high
boiling azeotrope with ethylene glycol (Figure 6). It is expected that the
distillation overheads will contain about 0.171 mole fraction of propylene
glycol and about 0.071 mole fractions of 2,3-butanediol, as shown in
Figure 7. Hentenatiditidor ofsgileriecand-thidangrrelsiuting irdotfopedis-

expected fpeduee e Rverbead %&h@@@hﬂﬁ)ﬁﬁ@é\t@&l&@@ﬁ f@@m mole
fraction (example 2% to O 171 mole fra%lons The Séﬂ t[%ot bat S,

(undlstllleangg’i'at?e M&t&ft?éi'&ﬁé%?é‘ W% M a2 Bropyi n GgivEs,

1,2-butanettivh@ndethyleing glycol recovered with trace amounts of water,

and 2,3-bytanediely, Theiny EH@%%W@MJ%%&NE@@S%@WHM%O 727
30moles of x ?glene that wou to b ove d from 2,3-bu %ehnedlol in

order to bBFSEPERY W@ é ?@T? ng%?Z%olrg 3
The presentingesitisth#vad, beg@m@irlbéwwmﬁféfét@ﬁt?é‘@b serkafignol,

exemplary, MBednRe s ORBRFHORS RS asdheserl. ddgwever, it will

be recognized by th for |na skill in the art hatv r

substitutlosf‘rﬁ H?o%‘fﬁﬁt’@ 1§ r%%lna%oﬁgrg Igﬁy}c}o %é%ﬁéﬂ% Tary
embedinteing my,Béa@anade wmddtrta dhofririnl e aF thie QifteRtdrsedyé.
of the inveptipn. Thus, the invention is not limited by the description of the

exemplary emgﬁs‘? nt, b her b he a ended clai IIy
filed Y ELAf WE é’l%? o ene@ %r%%%%g Qg’fs@) (ilng or
purifying bio-based propylene egcoI, bio- based ethylene glycol or a

combinatiqy thgreofiihe RIOcESS/EARPrSINELBIRGIRY thenbiw-bagett of 1,2-
propylene glycol, the bio- ba ed eth lene glycol or the combination thereof
and® aTBB%q?@(oR}EHI%QS@E’ P’ 'GFoup consisting of methanol,
ethatistllingoropiztes, of- b@t@umnmb@mrﬂwvmbw@dhma seifisriomegiymn
aC'%@S@é‘ﬁr@% bl@twueeaeuim@b%@m@ﬁ%dwimldna acid, and any

combinations of in an apparatus bio-based propylene
eg &??H%rﬁ%%b %ngthﬁeyr?%Pﬁlggl %ﬁﬁ c%srhglnatlon thereof, and

the polar solvent in the apparatus; and collecting the bio-based propylene
glycol, theygio haﬁ%et!wtﬁne&iveﬂhgrm@ﬁmbia@watmfﬁ@fa mixRire of

The process of claim 1, further pris ectln the collected
btoHEQé@BtMBh@é9ﬁﬁf ﬂ?@’%@ aseg"et%#eng 580l or the

corrmmaumethetebmt@aafuntxérrpuﬁtumma;mdmrﬁpﬁo@é‘@ polyteydric
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solubility parame ter than 12 a Hansen qu ilj aramet
greater th&f11%S éﬁé%& %Iett%oﬁgnsen!g@%lu i paerlir%mgéég o the" Spanol,
Hansen Hisolpiilianplararpenf iessthancd. 5nar aigobembiatiiorfcetone,
thereof. 2gciic £idhecRlieGRES Qﬁﬁlﬁdﬁcﬂd whetainsthe eistillifrgoisc acid, and
performed at conditions such t at a molar fraction of the collected

bio- based?f%ﬁt}l@ g l%gl € Collected bio-based ethylene glycol or the
comisiratiimghire s higrisasisehaicoRh AePRIANENBE 2scd b RIS IS
glycaol, theﬂ;&fb@sgdcethylene glycol or the combination thereof placed in
the a arat SO ate urifi propylene glycol,

an |§‘§ NES %ﬁrﬁ Ab %gsv Eﬁty enegg 3@% r‘E';Jétr?gt(ﬂ%omblnatlon thereof,
haying less than 0.2 weight percent of 1,2-butanediol, 2,3-butanediol or a
combination thereof.



6. The isolated or purified bio-based propylene glycol, the isolated or
purified biobased ethylene glycol, or the combination thereof of claim 5,
wherein the isolated or purified bio-based propylene glycol, the isolated or
purified ethylene glycol or the combi®ation thereof is of a bio-based
glycerol origin. 7. The isolated or purified bio-based propylene glycol
of claim 5 dr 6, Aayivgregtnity efmpieiast 95%. 8.A method for isolating

- pro Iehqaly e i-eshylene glycol, the method comprising: extractively
distilling a mixture comprising propylene glycol or ethylene glycol and .
furtHEF B RS 4 TSR EE! PBUAEP R A Bote T HHE Bret rRBeyalior
polar solvest selgictsd from thetijragsabrsistion) of nuethenvlea@thandls TM
n-propano|pshuianal Asarhuianel Ryl AlSRlRb-aseiee. lactic acid,
acetic acid, butyric acid, gluconic acid, hydrochloric acid, and any
combinations thereof; and, isolating propylene glycol having a decreased
content of the at least one other compound. 26 9. The method
according to claim 8, further comprising separating the at least one other
compound from the polar solvent. 10. The method according to claim
8 or 9, wherein the extractive distillation occurs in a rectification column.
11. The method according to claim 8, wherein the extractive distillation
occurs in a rectification column. 12. A method for isolating polyhydric
alcohols, the method comprising: extractively distilling a mixture
comprising the polyhydric alcohols, propylene glycol, ethylene glycol and
at least one other compound in the presence of a polar solvent selected
from the group consisting of methanol, ethanol, n-propanol, n-butanol,
iso-butanol, amyl alcohol, acetone, lactic acid, acetic acid, butyric acid,
hydrochloric acid, and any combinations thereof; and separating the
polyhydric alcohols from the polar solvent. 27 13. A method for
recovering propylene glycol from a mixture of 1,2- butanediol, propylene
glycol and ethylene glycol comprising, azetropically distilling a mixture of
1,2-butanediol, propylene glycol and ethylene glycol in a rectification
column. recovering the propylene glycol distillate; and recovering the
1,2-butanediol and ethylene glycol azeotrope as an undistilied residue. 28
14. A method for recovering 2,3-butanediol from a mixture of 2,3-
butanediol, ethylene glycol and other polyhydric alcohols or from a mixture
of 2,3-butanediol, propylene glycol and other polyhydric alcohols,
comprising,



extractively distilling the mixture in a rectification column in the presence
of a polar solvent selected from the group comprising methanol, ethanol,
n-propanol, iso-propanol, n-butanol, iso-butanol, amyl alcohol, water, .
acetone, lactic acid, acetic acid, butyfic acid, sulfuric acid, hydrochloric
acid and combinations of any thereof; recovering the 2,3-butanediol and
the polar stivent As erimpnsifisadopraelistigaritorsssderiigpthenéthylted or
9|yCBio%EQé8p&W§nQ|W@%ﬁ@ HAdigfikeddesistus: butarkRiidsnmedhadifes
recovering_1,2-butanediol from a mixture of 1,2- butanediol, ethylene
glycmaéb#%ﬁi ng: distilling a mixture of 1,2-butanediol and ethylene glycol
in a rectification column recovering the 1,2-butanediol as an overhead
product; ang reguasinghinstindens oy calasianundisdliediiasidieiols is
16. A method for recovering polyhydric alcohols from a mixture of
prop&ﬂ%g‘@wgcﬁl%nd other polyhydric alcohols comprising: extractively
distilling a mixture of propylene glycol and other polyhydric alcohols in a
rectification column in the presence of a polar solvent selected from the
group consisting of methanol, ethanol, n-propanol, iso-propanol,
n-butanol, iso-butanol, amyl alcohol, water, acetone, lactic acid, acetic
acid, butyric acid, sulfuric acid, hydrochloric acid, and any combinations
thereof; recovering the polyhydric alcohols and the polar solvent as an
overhead product; and recovering the propylene glycol as an undistilled
residue. 79 17. A composition comprising propylene glycol; and less than
0.2/0 by weight other polyhydric alcohols, wherein said composition is
obtained from a bio-based source as determined by ASTM International
Radioisotope Standard Method D 6866. 30 18. A composition
comprising biobased propylene glycol or biobased ethylene glycol and
having a content of butanediols that is less than 0.25% 19. The
composition of claim 18, wherein the content of butanediols is less than
0.1% 31 20. The composition of claim 18 comprising biobased
propylene glycol or biobased ethylene glycol having a content of
butanediols that is less than 0.25% and other polyhydric alcohols less
than 1%. 21. A composition comprising: a bio-based propylene glycol
or a bio-based ethylene glycol;



less than 0.2 weight percent 1,2-Butanediol and 2,3-Butanediol; and less
than 1 weight percent other polyhydric alcohols; wherein the bio-based
nature of the bio-based propylene glycol or ethylene glycol is determined
by ASTM International Radioisotope3$tandard Method D 6866.

20.  The composition of claim 18 comprising biobased propylene
glvcol or bichased ethylene glycol having a content of butanediols that is less
thar 0.25% and other polyhydric alcohols less than 1%.

21, A compaositicn comprising:

a bio-based propylene glycol or a bio-based ethylene glycot;

less than 0.2 weight percent 1,2-Butanediol and 2Z,3-Butanediotl; and

less than 1 weight percent other polyhydric alcohols;

wherein the bio-based nature of the bio-based propylene glycol or ethylene
giycol is determired by ASTM International Radioisoiope Standard
Method D 6866.



