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Methoxypropanols separation including azeotropic distillation

The present invention relates to a process for separating 1-methoxypropan-2-ol in a stream S3
from an aqueous stream comprising 1-methoxypropan-2-ol and 2-methoxypropan-1-ol, wherein
the process comprises providing a stream SO comprising 1-methoxypropan-2-ol, 2-methoxypro-
pan-1-ol and water, and having a molar ratio of 1-methoxypropan-2-ol : 2-methoxypropan-1-ol in
the range of from 1 : 5t0 5: 1. The invention also relates to 1-methoxypropan-2-ol obtained or
obtainable from said process, as well as to a mixture of 1-methoxypropan-2-ol and 2-methoxy-
propan-1-ol, preferably obtained or obtainable from said process, which preferably comprises in
the range of from 95 to 100 weight-% 1-methoxypropan-2-ol and < 0.5 weight-% of 2-methoxy-
propan-1-ol, each based on the total weight of the mixture.

Propylene oxide (PO) is one of the most important chemical intermediates in industry. It repre-
sents the starting compound for a broad spectrum of products, such as foams, solvents or de-
icing agents. Traditionally, PO is produced via the chlorohydrin process, which is still in use to-
day, as well as the oxirane method. The development of catalysts based on zeolitic materials
having a framework structure comprising Si, O, and Ti, such as titanium silicalite-1, together
with the improved availability of large quantities of hydrogen peroxide enabled the large-scale
implementation of the co-product-free HPPO technology. This new process enables PO to be
produced with excellent yields and selectivities.

The HPPO process produces propylene oxide from propylene and hydrogen peroxide in aque-
ous organic solvents with zeolitic materials having a framework structure comprising Si, O, and
Ti as catalysts, in one constellation, methanol is used as the solvent, typically in combination
with a zeolitic material having a framework structure comprising Si, O, and Ti of framework type
MFI (titanium silicalite-1, TS-1) as catalyst. As side products in the HPPO process, methoxypro-
panols (MOPs) are formed by reaction of methanol (MeOH) and PO. MOPs are formed as a
mixture of the isomers 1-methoxypropan-2-ol and 2-methoxypropan-1-ol. Thereof, 1-methoxy-
propan-2-ol is an interesting compound, which can be used, for example, as a solvent. 2-Meth-
oxypropan-1-ol on the other hand is teratogenic and has to be removed.

In an HPPO plant, MeOH, after having being used as solvent in the formation of PO, is normally
separated from undesired side components and recovered. The MeOH containing stream, as
mentioned above, comprises several side products such as the 1-methoxypropan-2-ol, which
are of interest for further use. However, due to the similarities between the side products, the
isolation of pure 1-methoxypropan-2-ol is complicated. First, the separation of both isomers is a
difficult task, especially when considering the low concentration of water that is required for the
final product (official sales specification is 100 ppm). Second, it is quite complicated to get rid of
other side products, for example, propylene glycol dimethyl ether.

US 5,723,024 A describes a method for recovering 2-methyl-1-propanol from a mixture consist-
ing of 2-methyl-1-propanol and 1-butanol. EP 0 425 893 A discloses a separation method for
the two MOP isomers. DE 10233388 A1 describes MOP separation in general, but not specifi-
cally the separation of both MOP isomers. US 2004/0000473 A1 refers to the separation of the
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two MOP isomers from agqueous solution by usage of dewatering agents, without separation of
both isomers. CN 103342631 and CN 103992214 are both related to MOP separation with ex-
tracting agents.

EP 1 375 462 A1 refers to a process of separating 1-methoxy-2-propanol and 2-methoxy-1-pro-
panol from aqueous compositions, comprising dewatering of the aqueous composition compris-
ing 1-methoxy- 2-propanol and 2-methoxy-1-propanol to a concentration of 1-methoxy-2-propa-
nol and 2-methoxy-1-propanol of at least 90 percent by weight in total and isolation of 1-meth-
oxy-2-propanol, 2-methoxy-1-propanol or mixtures thereof by means of distillation. The dewater-
ing can be done by azeotropic distillation using an additive or by extractive distillation. The
aqueous composition can be concentrated prior to the dewatering step by means of a pre-distil-
lation to contain at least 10 percent by weight in total of 1-methoxy-2-propanol and 2-methoxy-
1-propanol. The distillate obtained by such a distillation preferably contains the MOP isomers in
an amount of 10 to 50 percent by weight. According to EP 1 375 462 A1, any suitable distillation
column can be used for the pre-distillation step. The distillation column used for the pre-distilla-
tion can, according to EP 1 375 462 A1, be run at any suitable pressure; however, a pressure in
the range of 0.5 to 5 bar is indicated as preferred embodiment, whereas atmospheric pressure
is indicated as most preferred.

In view of the plurality of side products which can be present in a stream comprising the two
MOP isomers, there is still a need to separate the 1-methoxypropan-2-ol in high purity. Espe-
cially, it had been found that removal of specific impurities, such as propylene glycol dimethyl
ether, cannot, or at least not efficiently, be achieved by the methods known in the art.

It was therefore an object of the present invention to provide a process for 1-methoxypropan-2-
ol separation, which is effective and allows to achieve 1-methoxypropan-2-ol in high purity with
only traces of water (official sales specification is 100 ppm), as well as only traces of impurities.

In afirst aspect, the invention thus relates to a process for separating 1-methoxypropan-2-ol
from an aqueous stream comprising 1-methoxypropan-2-ol and 2-methoxypropan-1-ol, wherein
the process comprises:

(@) Providing a stream SO comprising 1-methoxypropan-2-ol, 2-methoxypropan-1-ol and wa-
ter, and having a molar ratio of 1-methoxypropan-2-ol : 2-methoxypropan-1-ol in the range
offrom1:5t05:1;

(b) separating 1-methoxypropan-2-ol and 2-methoxypropan-1-ol from the stream SO provided
in (a) by distillation comprising subjecting the stream SO provided in (a) to distillation con-
ditions in a distillation unit comprising a distillation column B, obtaining a (top) stream S1
comprising 1-methoxypropan-2-ol, 2-methoxypropan-1-ol and water, which is enriched in
1-methoxypropan-2-ol and 2-methoxypropan-1-ol compared to the stream SO and a bot-
toms stream S1a comprising water and being depleted of 1-methoxypropan-2-ol and 2-
methoxypropan-1-ol compared to SO; wherein the distillation column B is operated at a
pressure of 2 2 bar;

(c) azeotropic distillation of the stream S1 obtained in (b) with an entrainer, comprising sub-
jecting the stream S1 to azeotropic distillation conditions in an azeotropic distillation unit
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comprising a distillation column C, obtaining a bottoms stream S2 which is depleted of wa-
ter and further enriched in 1-methoxypropan-2-ol and 2-methoxypropan-1-ol compared to
the stream S1 and a top stream S2a comprising water and the entrainer;

(d) separating 1-methoxypropan-2-ol from the stream S2 obtained in (c) by distillation, com-
prising subjecting the stream S2 obtained in (¢) to distillation conditions in a distillation unit
comprising a distillation column D, obtaining a stream S3 comprising = 95 weight-% 1-
methoxypropan-2-ol and < 0.5 weight-% of 2-methoxypropan-1-ol, based on the total
weight of stream S3, and a stream S4 comprising = 95 weight-% 2-methoxypropan-1-ol
based on the total weight of stream S4;

(e) optionally distillative separation of the stream S2a comprising water and the entrainer ob-
tained in (c) in a steam stripping column E using steam as stripping agent, obtaining a
stream S5 comprising the agent, which is depleted of water compared to the stream S2a,
and an aqueous stream S6 being depleted of the entrainer compared to S2a; and option-
ally recirculating at least a part of the stream S5 to (¢).

Preferably, stream SO comprises 2 0.001 weight-%, more preferred = 0.006 weight-%, propyl-
ene glycol dimethyl ether (1,2-dimethoxypropane) based on the total weight of SO; and stream
S3 preferably comprises less than 0.01 weight-%, more preferred less than 0.006 weight-%, of
propylene glycol dimethyl ether based on the total weight of S3.

Surprisingly, it was found that if the distillation column B is operated at a pressure of = 2 bar, it
is possible to separate the propylene glycol dimethyl ether very efficiently, without need for fur-
ther separation stages. It was found that operating column B at 1 bar (about atmospheric pres-
sure) resulted in more water going over the top of column B with stream S1, which included the
isomers 1-methoxypropan-2-ol and 2-methoxypropan-1-ol to the column C. Further, more impu-
rities were transferred together with the water/1-methoxylpronan-2-ol, 2-methoxypropan-1-ol
azeotrope to column C; mostly propylene glycol dimethyl ether (more than 89% more than at 10
bar). Consequently, also the impurity content in the final stream S3 was higher when column B
was operated at 1 bar, resulting in a slightly lower purity of the obtained 1-methoxypropanol-2,
and, simultaneously, in a propylene glycol dimethyl ether content in S3 of more than 0.006
weight-%, indeed more than 0.01 weight-%, based on the total weight of S3.

Preferably, (a), (b), (¢) and (d) and optionally also (e) are operated in batch mode or in continu-
ous mode, more preferred a (a), (b), (¢) and (d) and optionally also (e) are operated in continu-
ous mode.

Another aspect of the present invention is a process, which can be preferably conducted in a
continuous mode and which is energy efficient. Thus, in a preferred embodiment of the process
for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-methoxypropan-2-ol
and 2-methoxypropan-1-ol, the thermal energy of stream S1 is partly transferred to a heat trans-
fer medium stream HTMS1 after (b) and before step (c), preferably in a heat exchanger H, ob-
taining a heat transfer medium stream HTMS1a having an increased thermal energy content
compared to HTMSH1;

wherein HTMS1a is used to provide thermal energy to:
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- the azeotropic distillation unit of step (c), preferably to a heat exchanger unit connected to
the distillation column of the azeotropic distillation unit of (c),

and/or

- the distillation unit of (d), preferably to a heat exchanger unit connected to the distillation
column of the distillation unit of (d).

According to a further preferred embodiment of the process for separating 1-methoxypropan-2-

ol from an aqueous stream comprising 1-methoxypropan-2-ol and 2-methoxypropan-1-ol,

HTMS1a is used to provide thermal energy to:

- the azeotropic distillation unit of step (c), preferably to a heat exchanger unit connected to
the distillation column of the azeotropic distillation unit of (c),

and

- the distillation unit of (d), preferably to a heat exchanger unit connected to the distillation
column of the distillation unit of (d).

According to a further preferred embodiment of the process for separating 1-methoxypropan-2-
ol from an aqueous stream comprising 1-methoxypropan-2-ol and 2-methoxypropan-1-ol, the
thermal energy of the bottoms stream S1a of (b) is partly transferred to a heat transfer medium
stream HTMS2, preferably in a heat exchanger H1, obtaining a heat transfer medium stream
HTMS2a, which has an increased thermal energy content compared to HTMS2, wherein
HTMS2a is used to provide thermal energy to the steam used as stripping agent in the steam
stripping column of (e).

It was surprisingly found that if column B is operated at a pressure 2 2 bar, the involved units
can be energetically coupled in a very efficient manner. At lower pressure, it is still possible to
energetically couple the units, but not as efficiently, causing the energy consumption to increase
drastically.

Preferably, the thermal energy provided by HTMS1a provides at least 90 % of the energy de-
mand of the azeotropic distillation unit of (c), and/or of the distillation unit of (d), more preferred
the thermal energy provided by HTMS1a provides at least 95 % of the energy demand of the
azeotropic distillation unit of (¢), and/or of the distillation unit of (d); more preferred the thermal
energy provided by HTMS1a provides at least 98 %, more preferred 99 %, more preferred
100%, of the energy demand of the azeotropic distillation unit of (c¢), and/or of the distillation unit
of (d). More preferred, the thermal energy provided by HTMS1a provides at least 90 % of the
energy demand of the azeotropic distillation unit of (¢), and of the distillation unit of (d), more
preferred the thermal energy provided by HTMS1a provides at least 95 % of the energy demand
of the azeotropic distillation unit of (¢), and of the distillation unit of (d); more preferred the ther-
mal energy provided by HTMS1a provides at least 98 %, more preferred at least 99 %, more
preferred 100 %, of the energy demand of the azeotropic distillation unit of (¢), and of the distil-
lation unit of (d).

In a preferred embodiment of the process for separating 1-methoxypropan-2-ol from an aque-
ous stream comprising 1-methoxypropan-2-ol and 2-methoxypropan-1-ol, in the range of from
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40 to 95% of the thermal energy of stream S1 is transferred to the heat transfer medium stream
HTMS1 obtaining a heat transfer medium stream HTMS1a having an increased thermal energy
content compared to HTMS1. Preferably, in the range of from 50 to 90 %, more preferred in the
range of from 55 to 85 %, more preferred in the range of from 60 to 80 %, of the thermal energy
of stream S1 is transferred to the heat transfer medium stream HTMS1. A transfer of thermal
energy of, for example, 70 % means that, for example, stream S1 has a temperature of 177 °C
before thermal energy transfer and of 120 °C after thermal energy transfer. This corresponds to
an energy content of 9.18 MW, wherein 7.38 MW are transferred via HTMS1/HTHMS1a to the
azeotropic distillation unit of (c), and 1.245 MW to the distillation unit of (d).

In a further preferred embodiment of the process for separating 1-methoxypropan-2-ol from an
aqueous stream comprising 1-methoxypropan-2-ol and 2-methoxypropan-1-ol, the thermal en-
ergy provided by HTMS2a provides at least 90 % of the energy demand required for producing
the steam used as stripping agent in the steam stripping column of (€), more preferred the ther-
mal energy provided by HTMSZ2a provides at least 95 % of the energy demand required for pro-
ducing the steam used as stripping agent in the steam stripping column of (e); more preferred
the thermal energy provided by HTMS2a provides at least 98 %, more preferred at least 99 %,
more preferred 100 %, of the energy demand required for producing the steam used as strip-
ping agent in the steam stripping column of (e).

The heat transfer medium used for HTMS1/HTMS1a and for HTMS2/HTMS?2a is preferably
steam (H2Ogaseous)-

Stream SO

According to step (a), a stream S0 is provided, which comprises 1-methoxypropan-2-ol, 2-meth-
oxypropan-1-ol and water, and which has a molar ratio of 1-methoxypropan-2-ol : 2-methoxy-
propan-1-ol in the range of from 1:5t0 5 : 1.

According to a preferred embodiment, stream SO is a stream obtained from a HPPO process,
more preferred from an HPPO process, wherein propylene oxide is prepared from propylene
and hydrogen peroxide in aqueous methanol as solvent, preferably using a TS-1 catalyst, more
preferred using a TS-1 fixed bed catalyst in a reaction zone. MOPs are formed as side products
in the process by reaction of MeOH and PO and are removed from the reaction zone with an ini-
tial MeOH containing product stream. From said initial product stream, MeOH is recovered, op-
tionally using one or more further separation steps. According to one embodiment, an intermedi-
ate stream comprising MeOH, water and other components including the two MOP isomers is
obtained. MeOH is then separated from water and the other components via distillation, wherein
stream SO0 is obtained, which comprises the two MOP isomers, water, and several other side
components such as propylene glycol dimethyl ether (1,2-dimethoxypropane).

In a preferred embodiment of the process for separating 1-methoxypropan-2-ol from an aque-
ous stream comprising 1-methoxypropan-2-ol and 2-methoxypropan-1-ol, stream SO provided in
(a) comprises water in an amount in the range of from 50 to 90 weight-%, more preferred in the
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range of from 55 to 85 weight-% and a mixture of 1-methoxypropan-2-ol and 2-methoxypropan-
1-ol in an amount in the range of from 8 to 50 weight-%, preferably in the range of from 13 to
45 weight-%, each based on the total weight of stream SO0, the remaining amount up to

100 weight-% being other components (impurities and solvent (MeOH)).

Preferably, stream SO provided in (a) comprises 1-methoxypropan-2-ol and 2-methoxypropan-1-
ol in a molar ratio in the range of from 1 : 4 to 4 : 1; more preferred in the range of from 1 : 3t0 3
: 1, more preferred in the range of from 1 : 2 to 2 : 1, more preferred in the range of from 0.75 :
1to 1:0.75. Preferably, stream SO provided in (a) comprises propylene glycol dimethyl ether in
an amount of = 0.001 weight-%, more preferred = 0.006 weight-%, more preferred in the range
of from 0.001 to 0.1 weight-%, more preferred in the range of from 0.003 to 0.01 weight-%,

more preferred in the range of from 0.004 to 0.01 weight-%, more preferred in the range of from
0.005 to 0.008 weight-%, based on the total weight of SO.

Propylene glycol dimethyl ether (1,2-dimethoxypropane) is an impurity contained in SO. Prefera-
bly, stream SO comprises besides propylene glycol dimethyl ether in the range of from 0.0001 to
3 weight-%, more preferred in the range of from 0.001 to 2.5 weight-%, more preferred in the
range of from 0.01 to 1.5 weight-%, each based on the total weight of SO, of one or more compo-
nents selected from the group consisting of 1,1-dimethoxypropane, 1,2-propanediol (MPG), 1-
butanol, 2,4-dimethyl-1,3-dioxolane, 2,6-dimethyl-4-heptanol, 2-butenal,2-ethyl-4-methyl-1,3-di-
oxolane, 2-hexanone, 2-methylcyclohexanol, 2-methylpentanal, 2-propen-1-ol, 4-methyl-1,3- di-
oxolane, acetaldehyde, 2-propanone, dimethoxymethane, dipropylene glycol, ethanol, hydroxy-
acetone, 2-propanol, methanol, acetic acid methyl ester, formic acid methyl ester, propylene ox-
ide, tripropylene glycol, and dipropylene glycol monomethyl ether (DPGME). These components
are here understood as solvent (MeOH) and further impurites.

Column B

According to step(b), 1-methoxypropan-2-ol and 2-methoxypropan-1-ol are separated from the
stream SO provided in (a) by distillation comprising subjecting the stream SO provided in (a) to
distillation conditions in a distillation unit comprising a distillation column B. Preferably, the distil-
lation column B comprised in the distillation unit according to (b) has between 5 and 100 theo-
retical stages, more preferred between 8 and 60 theoretical stages, more preferred between 10
and 40 theoretical stages, more preferred between 15 and 30 theoretical stages.

According to step (b), column B is operated at a pressure f = 2 bar. Preferably, the distillation
column B comprised in the distillation unit according to (b) is operated at a pressure in the range
of from 2 to 30 bar, more preferred in the range of from > 3.5 to 20 bar, more preferred in the
range of from 4 to 20 bar, more preferred in the range of from >5 to 15 bar, more preferred in
the range of from 5.5 to 15 bar, more preferred in the range of from 6 to 14 bar, more preferred
in the range of from 7 to 12 bar.
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Regarding specific temperatures to be used at the top or at the bottom of distillation column B,
no specific restrictions exists as long as a stream S1 and a stream S1a according to (b) are ob-
tained. Preferably, the distillation column B comprised in the distillation unit according to (b) is
operated at a temperature at the top of the distillation column B in the range of from 140 to

250 °C, more preferred in the range of from 150 to 220 °C, more preferred in the range of from
160 to 200 °C, more preferred in the range of from 170 to 190 °C. Preferably, the distillation col-
umn B comprised in the distillation unit according to (b) is operated at a temperature at the bot-
tom in the range of from 140 to 250 °C, more preferred in the range of from 150 to 220 °C, more
preferred in the range of from 160 to 200 °C, more preferred in the range of from 170 to 190 °C.

Regarding specific reflux conditions to be used in the distillation column B, no specific re-
strictions exists as long as a stream S1 and a stream S1a according to (b) are obtained. Prefer-
ably, the distillation column B comprised in the distillation unit according to (b) is operated with a
reflux ratio in the range of from 1 to 10 g/g, more preferred in the range of from 2 to 9 g/g, more
preferred in the range of from 3 to 8 g/g, more preferred in the range of from 4 to 6 g/g.

According to a preferred embodiment of the process for separating 1-methoxypropan-2-ol from
an aqueous stream comprising 1-methoxypropan-2-ol and 2-methoxypropan-1-ol, the distillation
column B comprised in the distillation unit according to (b) has an energy demand in the range
of from 10 to 30 MW; wherein preferably the reboiler of distillation column B has an energy de-
mand in the range of from 5 to 15 MW and the condenser of distillation column B has an energy
demand in the range of from 5 to 15 MW.

Stream S1

In step (b), a (top) stream S1 comprising 1-methoxypropan-2-ol, 2-methoxypropan-1-ol and wa-
ter, which is enriched in 1-methoxypropan-2-ol and 2-methoxypropan-1-ol compared to the
stream SO is obtained. Preferably, = 95 weight-% of stream S1, which leaves distillation column
B over the top, consist of water,1-methoxypropan-2-ol and 2-methoxypropan-1-ol. More pre-
ferred stream S1 comprises water in a amount in the range of from 40 to 80 weight-%, more
preferred in the range of from 50 to 70 weight-%, more preferred in the range of from 55 to 65
weight-%; and a mixture of 1-methoxypropan-2-ol and 2-methoxypropan-1-ol in an amount in
the range of from 20 to 60 weight-%, preferably in the range of from 30 to 50 weight-%, more
preferred in the range of from 35 to 45 weight-%, each based on the total weight of stream S1,
wherein preferably stream S1 comprises 1-methoxypropan-2-ol and 2-methoxypropan-1-ol in a
molar ratio in the range of from 1 : 4 to 4 : 1; preferably in the range of from 1:3to 3 : 1, more
preferred in the range of from 1: 2to 2 : 1, more preferred in the range of from 0.75: 1to 1 :
0.75.

Preferably, stream S1, which leaves distillation column B over the top, contains less than

0.05 weight-%, more preferred less than 0.005 weight-%, more preferred less than

0.004 weight-%, more preferred less than 0.002 weight-%, of propylene glycol dimethyl ether,
based on the total weight of S1. The wording “less than” means from 0 to less than the respec-
tive value.
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According to some embodiments of the process for separating 1-methoxypropan-2-ol from an
aqueous stream comprising 1-methoxypropan-2-ol and 2-methoxypropan-1-ol, stream S1 after
leaving column B and before entering column C is flashed to reduce the heat demand in column
C.

Stream S1a

In step (b), also a bottoms stream S1a is obtained, which comprises water and is depleted of 1-
methoxypropan-2-ol and 2-methoxypropan-1-ol compared to SO. Preferably, stream S1a com-
prises = 95 weight-% of water. More preferred less than 1 weight-% of stream S1a consist of 1-
methoxypropan-2-ol and 2-methoxypropan-1-ol, each based on the total weight of stream S1a,
more preferred S1a comprises = 98 weight-% of water, and less than 1 weight-% of stream S1a
consist of 1-methoxypropan-2-ol and 2-methoxypropan-1-ol; more preferred S1a comprises 2
99 weight-% of water, and less than 1 weight-% of stream S1a consist of 1-methoxypropan-2-ol
and 2-methoxypropan-1-ol.

Column C

According to step (c), the stream S1 obtained in (b) is azeotropically distilled with an entrainer,
comprising subjecting the stream S1 to azeotropic distillation conditions in an azeotropic distilla-
tion unit comprising a distillation column C, obtaining a bottoms stream S2 which is depleted of
water and further enriched in 1-methoxypropan-2-ol and 2-methoxypropan-1-ol compared to the
stream S1 and a top stream S2a comprising water and the entrainer.

Preferably, distillation column C comprised in the azeotropic distillation unit according to (c¢) has
between 2 and 50 theoretical stages, more preferred between 5 and 25 theoretical stages, more
preferred between 10 and 20 theoretical stages. Preferably, the distillation column C comprised
in the azeotropic distillation unit according to (c) is operated at a pressure in the range of from
0.5 to 10 bar, more preferred in the range of from 1 to 5 bar, more preferred in the range of from
1.5 to 2.5 bar. Preferably, the distillation column C comprised in the azeotropic distillation unit
according to (c) is operated at a bottoms temperature in the range of from 120 to 180 °C, more
preferred in the range of from 130 to 170 °C, more preferred in the range of from 140 to 160 °C.
Preferably, the distillation column C comprised in the azeotropic distillation unit according to (c)
is operated at a temperature at the top of the column in the range of from 70 to 110 °C, more
preferred in the range of from 80 to 100 °C, more preferred in the range of from 85 to 95 °C. In
some embodiments, the distillation column C comprised in the azeotropic distillation unit ac-
cording to (c) is operated with a reflux ratio in the range of from 10 to 40 g/g, preferably in the
range of from 12 to 30 g/g, more preferred in the range of from 15 to 25 g/g.

In a preferred embodiment of the process for separating 1-methoxypropan-2-ol from an aque-
ous stream comprising 1-methoxypropan-2-ol and 2-methoxypropan-1-ol, the distillation column
C comprised in the azeotropic distillation unit according to (c) has an energy demand in the
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range of from 10 to 30 MW; wherein preferably the reboiler of distillation column C has an en-
ergy demand in the range of from & to 15 MW and the condenser of distillation column C has an
energy demand the range of from 5 to 15 MW.

Entrainer

In step (c), stream S1 obtained in (b) is azeotropically distillated with an entrainer. Generally, no
restrictions exist in what kind of entrainer is used as long as the streams S2 and S2a are ob-
tained. Preferably, the entrainer is selected from the group consisting of aromatic hydrocarbons,
cyclic hydrocarbons, acyclic hydrocarbons, esters of carbonic acids, ketones, and mixtures of
two or more of these compounds; more preferred from the group consisting of toluene, ben-
zene, hexane, cyclohexane, C1-Cs alkyl esters of carbonic acid, C,-C1o ketones and mixtures of
two or more of these compounds; more preferred from the group consisting of benzene, cyclo-
hexane, dimethyl carbonate, 2-pentanon and mixtures of two or more of these compounds;
more preferred from the group consisting of benzene, cyclohexane, 2-pentanon and mixtures of
two or more of these compounds; more preferred the entrainer at least comprises benzene.

The azeotropic distillation with an entrainer in column C is necessary in order to break the azeo-
trope and separate the water from the 1-methoxy-2-propanol and 2-methoxy-1-propanol. In the
azeotrope, the boiling points of 1-methoxy-2-propanol and 2-methoxy-1-propanol/water are so
close to each other that there is no separation possible of 1-methoxypropanol from 2-methoxy-
propanol. When the water is removed (in this case via azeotropic distillation), the boiling points
of the two methoxypropanols are different enough from each other, enabling their separation.

The entrainer is applied to column C in a weight-based ratio stream S1 entering column C : en-
trainer entering column C in the range of from 1 : 5to 5 : 1, preferably in the range of from 1 :
0.5to 1: 7, more preferred in the range of from 1 : 0.8 to 1 : 6.5, more preferred in the range of
from 1:1to 1: 6. The entrainer stream entering column C consists of one or more streams and
comprises preferably fresh entrainer and/or recycled entrainer, more preferred fresh entrainer
and recycled entrainer. Preferably, in the range of from 95 to 100 weight-% of the entrainer
stream entering column C consists of fresh entrainer and recycled entrainer. Preferably, during
operation, fresh entrainer is added to column C in a weight based ratio stream S1 entering col-
umn C : fresh entrainer entering column C in the range of from 100 : 1 to 1500 : 1, preferably in
the range of from 200 : 1 to 1200 : 1, more preferred in the range of from 300 : 1 to 1100 : 1.
Preferably, during operation, recycled entrainer is added to column C in a weight based ratio
stream S1 entering column C : recycled entrainer entering column C 1: 5t0 5 : 1, preferably in
the range of from 1: 0.5to 1: 5.5, more preferred in the range of from 1 : 1.5 to 1 : 5. Regard-
ing details about recycled entrainer, reference is made to the section referring to stream S5 be-
low.

Stream S2

In step (c), a stream S2 is obtained from the azeotropic distillation, which is depleted of water
and further enriched in 1-methoxypropan-2-ol and 2-methoxypropan-1-ol compared to the
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stream S1. Preferably, the stream S2 is obtained as bottoms stream from column C, wherein 2
85 weight-%, more preferred = 90 weight-%, more preferred = 95 weight-%, more preferred 297
weight-%, = 98 weight-%, more preferred = 99 weight-% of S2 consisted of 1-methoxy-2-propa-
nol and 2-methoxy-1-propanol, based on the total weight of S2, wherein preferably stream S2
comprises 1-methoxypropan-2-ol and 2-methoxypropan-1-ol in a molar ratio in the range of from
1:4to 4 :1; preferably in the range of from 1 : 3 to 3 : 1, more preferred in the range of from 1 :
21to 2: 1, more preferred in the range of from 0.75: 1 to 1: 0.75. Preferably, S2 has a water
content of at the outmost 100 ppm of water, based on the total weight of S2. Preferably, S2 con-
tains less than 100 ppm, more preferred less than 10 ppm, more preferred less than 1 ppm of
entrainer, based on the total weight of S2.

Stream S2a

In step (c), a further top stream S2a is obtained from the azeotropic distillation, which comprises
water and the entrainer. Preferably, stream S2a is obtained as tom stream from distillation col-
umn C, wherein 90 weight-%, more preferred = 95 weight-%, more preferred 297 weight-%, 2
98 weight-%, more preferred = 99 weight-% of S2a consisted of water and the entrainer based
on the total weight of S2a; wherein preferably the molar ratio of water : entrainer in the stream
S2ais in the range of from 1: 4 to 1: 12, preferably in the range of from 1:6 to 1: 10, more
preferred in the range of from 1: 8to 1: 9.

Column D

According to step (d), 1-methoxypropan-2-ol is separated from the stream S2 obtained in (c) by
distillation, comprising subjecting the stream S2 obtained in (c) to distillation conditions in a dis-
tillation unit comprising a distillation column D. Preferably, the distillation column D comprised in
the distillation unit according to (d) has between 20 and 100 theoretical stages, more preferred
between 30 and 80 theoretical stages, more preferred between 40 and 60 theoretical stages,
more preferred between 45 and 52 theoretical stages. Preferably, the distillation column D com-
prised in the distillation unit according to (d) is operated at a pressure in the range of from 0.5 to
10 bar, more preferred in the range of from 1 to 5 bar, more preferred in the range of from 2 to 4
bar. Preferably, the distillation column D comprised in the distillation unit according to (d) is op-
erated at a bottoms temperature in the range of from 140 to 200 °C, more preferred in the range
of from 150 to 190 °C, more preferred in the range of from 160 to 180 °C. Preferably, the distilla-
tion column D comprised in the distillation unit according to (d) is operated at a temperature at
the top of the column in the range of from 120 to 200 °C, more preferred in the range of from
130 to 180 °C, more preferred in the range of from 140 to 165 °C. In some embodiments, the
distillation column D comprised in the distillation unit according to (d) is operated with a reflux
ratio in the range of from 5 to 30 g/g, preferably in the range of from 8 to 20 g/g, more preferred
in the range of from 10 to 15 g/g.

Preferably, the distillation column D comprised in the distillation unit according to (d) has an en-
ergy demand in the range of from 1 to 5 MW; wherein preferably the reboiler of distillation col-
umn D has an energy demand in the range of from 1 to 1.5 MW and the condenser of distillation
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column D has an energy demand the range of from 1 to 1.5 MW. For example, having 48 theo-
retical stages in distillation column D would result in an energy demand of 1.245 MW in the re-
boiler of distillation column D and 1.23 MW in the condenser of distillation column D. In case of
decreasing the theoretical stages from 48 to 40, the heat duty would increase from 1.245 MW to
12 MW in the reboiler, i.e. the energy demand would increase by about factor 10.

Stream S3

From step (d), a stream S3 is obtained, which comprises 2 95 weight-% 1-methoxypropan-2-ol
and < 0.5 weight-% of 2-methoxypropan-1-ol, based on the total weight of stream S3. In some
embodiments, the stream S3 is removed as top stream from distillation column D, which com-
prises 2 95 weight-% 1-methoxypropan-2-ol and < 0.5 weight-% of 2-methoxypropan-1-ol, pref-
erably 2 98 weight-% 1-methoxypropan-2-ol and < 0.15 weight-% of 2-methoxypropan-1-ol,
more preferred =2 99 weight-% 1-methoxypropan-2-ol and < 0.1 weight-% of 2-methoxypropan-
1-ol, each based on the total weight of stream S3. Preferably, the stream S3 comprises prefera-
bly less than 0.01 weight-%, more preferred less than 0.008 weight-%, more preferred less than
0.007 weight-%, more preferred less than 0.006 weight-%, of propylene glycol dimethyl ether
based on the total weight of stream S3.

According to a preferred embodiment, stream S3 comprises = 95 weight-% 1-methoxypropan-2-
ol and =< 0.5 weight-% of 2-methoxypropan-1-ol, preferably 2 98 weight-% 1-methoxypropan-2-
ol and < 0.15 weight-% of 2-methoxypropan-1-ol, more preferred = 99 weight-% 1-methoxypro-
pan-2-ol and < 0.1 weight-% of 2-methoxypropan-1-ol, each based on the total weight of stream
S3, and stream S3 comprises preferably less than 0.01 weight-%, more preferred less than
0.008 weight-%, more preferred less than 0.007 weight-%, more preferred less than 0.006
weight-%, of propylene glycol dimethyl ether based on the total weight of stream S3.

Stream S3 comprises the valuable product 1-methoxypropan-2-ol in a purity = 95 weight-%,
while the detrimental impurities 2-methoxypropan-1-ol and propylene glycol dimethyl ether are
only present in amounts of < 0.15 weight-% and < 0.01 weight-% respectively. Furthermore,
stream S3 comprises less than 100 ppm, more preferred less than 50 ppm of water based on
the total weight of stream S3, i.e. the final product 1-methoxypropan-2-ol fulfills the official sales
specification of < 100 ppm.

Stream S4

From step (d), also a stream S4 is obtained, which comprises = 95 weight-% 2-methoxypropan-
1-ol based on the total weight of stream S4. Preferably, the stream S4 is removed as bottoms
stream from distillation column D, wherein S4 comprises = 95 weight-% 2-methoxypropan-1-ol
and < 0.5 weight-% 1-methoxypropan-2-ol, preferably = 96 weight-% 2-methoxypropan-1-ol and
< 0.1 weight-% 1-methoxypropan-2-ol, more preferred = 98 weight-% 2-methoxypropan-1-ol
and < 0.001 weight-% 1-methoxypropan-2-ol, more preferred = 99 weight-% 2-methoxypropan-
1-ol and < 0.0001 weight-% 1-methoxypropan-2-ol, each based on the total weight of stream
S4.
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2-Methoxypropan-1-ol is a teratogenic component. Thus, its concentration in the valuable 1-
methoxypropan-2-ol stream has to be severely restricted, preferably to a maximum of 0.3
weight-%, based on the total weight of the respective stream. Based on the process of the pre-
sent invention, the following specifications (instreams S3 and S4) can be met: 0.05% 2-methox-
ypropan-1-ol in S3 and 300 ppm of 1-methoxypropan-2-ol in S4.

Column E

In some embodiments of the process for separating 1-methoxypropan-2-ol from an aqueous
stream comprising 1-methoxypropan-2-ol and 2-methoxypropan-1-ol, optionally a distillative
separation of the stream S2a comprising water and the entrainer obtained in (¢) is done in a
steam stripping column E using steam as stripping agent. Preferably, the steam stripping col-
umn E according to (e) has between 3 and 20 theoretical stages, more preferred between 5 and
15 theoretical stages, more preferred between 8 and 12 theoretical stages.

Preferably, the steam stripping column E according to (e) is operated at a pressure in the range
of from 0.1 to 5 bar, more preferred in the range of from 0.5 to 2 bar, more preferred in the
range of from 0.8 to 1.2 bar. Preferably, the steam stripping column E according to (e) is oper-
ated at a temperature at the top of the distillation column B in the range of from 60 to 100 °C,
more preferred in the range of from 70 to 90 °C, more preferred in the range of from 75 to

85 °C. Preferably, the steam stripping column E according to (e) is operated at a temperature at
the bottom in the range of from 80 to 120 °C, more preferred in the range of from 85 to 115 °C,
more preferred in the range of from 90 to 110 °C, more preferred in the range of from 95 to

105 °C.

Regarding a steam stripping agent, the steam stripping column E according to (e) is preferably
operated with steam (H2Ogaseous), Which is preferably introduced into steam stripping column E in
the range of from 80 to 120 kg/h, more preferred in the range of from 90 to 110 kg/h, more pre-
ferred in the range of from 95 to 105 kg/h; wherein the gaseous water has preferably a pressure
in the range of from 2 to 6 bar, more preferred in the range of from 3 to 5 bar, more preferred in
the range of from 3.5 to 4.5 bar. Preferably, the gaseous water has a temperature in the range
of from 120 to 160 °C, more preferred in the range of from 130 to 150 °C.

Stream S5

In optional step (€), a stream S5 comprising the entrainer is obtained, which is depleted of water
compared to the stream S2a. At least a part of Stream S5 is optionally recirculating to step (c).
The stream S5 is preferably removed from the steam stripping column E as top stream, wherein

stream S5 preferably comprises 2 25 weight-%, preferably = 30 weight-%, entrainer.

Stream S6
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Furthermore, a stream S6 being depleted of the entrainer compared to S2a is obtained in op-
tional step (e). The stream S6 is preferably removed from the steam stripping column E as bot-
toms stream, wherein stream S6 comprises 2 95 weight-% water and < 1 weight-% entrainer,
preferably = 96 weight-% water and < 0.1 weight-% entrainer, more preferred = 97 weight-%
water and < 0.01 weight-% entrainer, more preferred = 99 weight-% water and < 0.0001 weight-
% entrainer.

Possible decanter

In some embodiments of the process for separating 1-methoxypropan-2-ol from an aqueous
stream comprising 1-methoxypropan-2-ol and 2-methoxypropan-1-ol, at least a part of stream
S2a, after removal from distillation column C and prior to entering steam stripping column E, is
introduced into a decanter, wherein at least a part pf the entrainer being contained in said part
of stream S2a is separated from stream S2a obtaining a stream S2a-1 comprising entrainer and
a stream S2a-2 being depleted of entrainer compared to S2a, wherein stream S2a-1 is prefera-
bly recycled to distillation column C and stream S2a-2 is introduced into steam stripping column
E.

Further column F

In some embodiments the process for separating 1-methoxypropan-2-ol from an aqueous

stream comprising 1-methoxypropan-2-ol and 2-methoxypropan-1-ol, preferably if the methanol

content in stream S0 is > 0.1 weight-%, more preferred in the range of from 0.02 to 1.00 weight-

%, each based on the total weight of stream SO0, further comprises the step:

f) separating methanol from stream S1 by distillation, comprising subjecting the stream S1
obtained in (b) to distillation conditions in a distillation unit comprising a distillation column
F, obtaining a stream S1’ comprising 1-methoxypropan-2-ol, 2-methoxypropan-1-ol and <
0.1 weight-% methanol based on the total weight of S1°, wherein S1’ is introduced in step
(c) into extractive column C instead of stream S1;

or

g) separating methanol from stream S6 by distillation, comprising subjecting the stream S6
obtained in (d) to distillation conditions in a distillation unit comprising a distillation column
F, obtaining a stream S6’, which comprises = 95 weight-% water, < 1 weight-% entrainer
and < 0.1 weight-% methanol, preferably = 96 weight-% water, < 0.1 weight-% entrainer
and < 0.1 weight-% methanol;

wherein preferably step (g) is used.

Distillation column F preferably comprises in the range of from 5 to 25 theoretical stages, more
preferred in the range of from 7 to 15 theoretical stages, more preferred in the range of from 8
to 12 theoretical stages; and/or wherein distillation column F is operated at a pressure in the
range of from 0.5 to 1.5 bar, preferably in the range of from 0.8 to 1.2 bar; and/or wherein distil-
lation column F has an energy demand in the range of from 1 to 3 MW; preferably an energy
demand in the condenser in the range of from 0.5 to 1.5 MW and/or an energy demand in the
range of from 0.5 to 1.5 MW in the reboiler.
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1-Methoxypropan-2-ol

A further aspect of the present invention relates to 1-methoxypropan-2-ol obtained or obtainable
from the above-described process.

Furthermore, an aspect of the invention relates to a mixture of 1-methoxypropan-2-ol and 2-
methoxypropan-1-ol, preferably obtained or obtainable from the above-described process,
which preferably comprises in the range of from 95 to 100 weight-% 1-methoxypropan-2-ol and
< 0.5 weight-% of 2-methoxypropan-1-ol, more preferred in the range of from 98 to 100 weight-
% 1-methoxypropan-2-ol and < 0.15 weight-% of 2-methoxypropan-1-ol, more preferred in the
range of from 99 to 100 weight-% 1-methoxypropan-2-ol and < 0.1 weight-% of 2-methoxypro-
pan-1-ol, each based on the total weight of the mixture.

1-Methoxypropan-2-ol or a mixture of 1-methoxypropan-2-ol and 2-methoxypropan-1-ol can be
used for the production of methoxypropyl acetate or methoxyisopropylamine.

The present invention is further illustrated by the following set of embodiments and combina-
tions of embodiments resulting from the dependencies and back-references as indicated. In par-
ticular, it is noted that in each instance where a range of embodiments is mentioned, for exam-
ple in the context of a term such as " any one of embodiments (1) to (4) ",, every embodiment in
this range is meant to be explicitly disclosed for the skilled person, i.e. the wording of this term
is to be understood by the skilled person as being synonymous to "any one of embodiments (1),
(2), (3), and (4)". Further, it is explicitly noted that the following set of embodiments is not the set
of claims determining the extent of protection, but represents a suitably structured part of the
description directed to general and preferred aspects of the present invention.

According to an embodiment (1), the present invention relates to process for separating 1-meth-
oxypropan-2-ol from an aqueous stream comprising 1-methoxypropan-2-ol and 2-methoxypro-
pan-1-ol, wherein the process comprises:

(@) Providing a stream SO comprising 1-methoxypropan-2-ol, 2-methoxypropan-1-ol and wa-
ter, and having a molar ratio of 1-methoxypropan-2-ol : 2-methoxypropan-1-ol in the range
offrom1:5t05:1;

(b) separating 1-methoxypropan-2-ol and 2-methoxypropan-1-ol from the stream SO provided
in (a) by distillation comprising subjecting a the stream SO provided in (a) to distillation
conditions in a distillation unit comprising a distillation column B, obtaining a (top) stream
S1 comprising 1-methoxypropan-2-ol, 2-methoxypropan-1-ol and water, which is enriched
in 1-methoxypropan-2-ol and 2-methoxypropan-1-ol compared to the stream S0 and a
bottoms stream S1a comprising water and being depleted of 1-methoxypropan-2-ol and 2-
methoxypropan-1-ol compared to S0O; wherein the distillation column B is operated at a
pressure of 2 2 bar;

(c) azeotropic distillation of the stream S1 obtained in (b) with an entrainer, comprising sub-
jecting the stream S1 to azeotropic distillation conditions in an azeotropic distillation unit
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comprising a distillation column C, obtaining a bottoms stream S2 which is depleted of wa-
ter and further enriched in 1-methoxypropan-2-ol and 2-methoxypropan-1-ol compared to
the stream S1 and a top stream S2a comprising water and the entrainer;

(d) separating 1-methoxypropan-2-ol from the stream S2 obtained in (c) by distillation, com-
prising subjecting the stream S2 obtained in (¢) to distillation conditions in a distillation unit
comprising a distillation column D, obtaining a stream S3 comprising = 95 weight-% 1-
methoxypropan-2-ol and < 0.5 weight-% of 2-methoxypropan-1-ol, based on the total
weight of stream S3, and a stream S4 comprising = 95 weight-% 2-methoxypropan-1-ol
based on the total weight of stream S4;

(e) optionally distillative separation of the stream S2a comprising water and the entrainer ob-
tained in (c) in a steam stripping column E using steam as stripping agent, obtaining a
stream S5 comprising the entrainer, which is depleted of water compared to the stream
S2a, and an aqueous stream S6 being depleted of the entrainer compared to S2a; and
optionally recirculating at least a part of the stream S5 to (c);

wherein stream S0 preferably comprises 2 0.001 weight-%, more preferred =2 0.006 weight-%

propylene glycol dimethyl ether (1,2-dimethoxypropane) based on the total weight of SO; and

stream S3 preferably comprises less than 0.01 weight-%, more preferred less than

0.006 weight-% of propylene glycol dimethyl ether based on the total weight of S3.

A preferred embodiment (2) concretizing embodiment (1) relates to said process for separating

1-methoxypropan-2-ol from an aqueous stream comprising 1-methoxypropan-2-ol and 2-meth-

oxypropan-1-ol according to embodiment 1, wherein the thermal energy of stream S1 is partly

transferred to a heat transfer medium stream HTMS1 after (b) and before step (c), preferably in

a heat exchanger H, obtaining a heat transfer medium stream HTMS1a having an increased

thermal energy content compared to HTMSH1;

wherein HTMS1a is used to provide thermal energy to:

- the azeotropic distillation unit of step (c), preferably to a heat exchanger unit connected to
the distillation column of the azeotropic distillation unit of (c),

and/or

- the distillation unit of (d), preferably to a heat exchanger unit connected to the distillation
column of the distillation unit of (d);

A further preferred embodiment (3) concretizing embodiment (2) relates to said process for sep-

arating 1-methoxypropan-2-ol from an aqueous stream comprising 1-methoxypropan-2-ol and

2-methoxypropan-1-ol, wherein HTMS1a is used to provide thermal energy to:

- the azeotropic distillation unit of step (c), preferably to a heat exchanger unit connected to
the distillation column of the azeotropic distillation unit of (c),

and

- the distillation unit of (d), preferably to a heat exchanger unit connected to the distillation
column of the distillation unit of (d).

A further preferred embodiment (4) concretizing embodiment (2) or (3) relates to said process
for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-methoxypropan-2-ol
and 2-methoxypropan-1-ol, wherein the thermal energy of the bottoms stream S1a of (b) is
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partly transferred to a heat transfer medium stream HTMS2, preferably in a heat exchanger H1,
obtaining a heat transfer medium stream HTMS2a, which has an increased thermal energy con-
tent compared to HTMS2, wherein HTMS2a is used to provide thermal energy to the steam
used as stripping agent in the steam stripping column of (e).

A further preferred embodiment (5) concretizing any one of embodiments (2) to (4) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the thermal energy provided by HTMS1a
provides at least 90 % of the energy demand of the azeotropic distillation unit of (¢), and/or of
the distillation unit of (d), preferably the thermal energy provided by HTMS1a provides at least
95 % of the energy demand of the azeotropic distillation unit of (¢), and/or of the distillation unit
of (d); more preferred the thermal energy provided by HTMS1a provides at least 98 %, more
preferred at least 99 %, more preferred 100%, of the energy demand of the azeotropic distilla-
tion unit of (¢), and/or of the distillation unit of (d).

A further preferred embodiment (6) concretizing any one of embodiments (2) to (5) relates to
process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-methoxy-
propan-2-ol and 2-methoxypropan-1-ol, wherein the thermal energy provided by HTMS1a pro-
vides at least 90 % of the energy demand of the azeotropic distillation unit of (¢), and of the dis-
tillation unit of (d), preferably the thermal energy provided by HTMS1a provides at least 95 % of
the energy demand of the azeotropic distillation unit of (c), and of the distillation unit of (d); more
preferred the thermal energy provided by HTMS1a provides at least 98 %, more preferred at
least 99 %, more preferred 100 %, of the energy demand of the azeotropic distillation unit of (c),
and of the distillation unit of (d).

A further preferred embodiment (7) concretizing any one of embodiments (2) to (6) relates to
process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-methoxy-
propan-2-ol and 2-methoxypropan-1-ol, wherein in the range of from 40 to 95% of the thermal
energy of stream S1 is transferred to the heat transfer medium stream HTMS1 obtaining a heat
transfer medium stream HTMS1a having an increased thermal energy content compared to
HTMS1.

A further preferred embodiment (8) concretizing any one of embodiments (2) to (7) relates to
process for separating 1-methoxypropan-2-ol from an agueous stream comprising 1-methoxy-
propan-2-ol and 2-methoxypropan-1-ol, wherein the thermal energy provided by HTMS2a pro-
vides at least 90 % of the energy demand required for producing the steam used as stripping
agent in the steam stripping column of (e), preferably the thermal energy provided by HTMS2a
provides at least 95 % of the energy demand required for producing the steam used as stripping
agent in the steam stripping column of (e); more preferred the thermal energy provided by
HTMS2a provides at least 98 %, more preferred at least 99 %, more preferred 100 %, of the en-
ergy demand required for producing the steam used as stripping agent in the steam stripping
column of (e).
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A further preferred embodiment (9) concretizing any one of embodiments (1) to (8) relates to
process for separating 1-methoxypropan-2-ol from an agueous stream comprising 1-methoxy-
propan-2-ol and 2-methoxypropan-1-ol, wherein stream SO provided in (a) comprises water in
an amount in the range of from 50 to 90 weight-%, preferably in the range of from 55 to

85 weight-% and a mixture of 1-methoxypropan-2-ol and 2-methoxypropan-1-ol in an amount in
the range of from 8 to 50 weight-%, preferably in the range of from 13 to 45 weight-%, each
based on the total weight of stream SO, the remaining amount up to 100 weight-% being other
components (impurities and solvent (MeOH)).

A further preferred embodiment (10) concretizing any one of embodiments (1) to (9) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein stream S0 provided in (a) comprises 1-
methoxypropan-2-ol and 2-methoxypropan-1-ol in a molar ratio in the range of from 1:4t0 4 :
1; preferably in the range of from 1 : 3to 3 : 1, more preferred in the range of from 1 :2t0 2 : 1,
more preferred in the range of from 0.75: 1to 1 : 0.75.

A further preferred embodiment (11) concretizing any one of embodiments (1) to (10) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein stream S0 provided in (a) comprises propyl-
ene glycol dimethyl ether in an amount of = 0.001 weight-%, more preferred = 0.006 weight-%,
more preferred in the range of from 0.001 to 0.1 weight-%, more preferred in the range of from
0.003 to 0.01 weight-%, more preferred in the range of from 0.004 to 0.01 weight-%, more pre-
ferred in the range of from 0.005 to 0.008 weight-%, based on the total weight of SO.

A further preferred embodiment (12) concretizing any one of embodiments (1) to (11) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column B comprised in the
distillation unit according to (b) has between 5 and 100 theoretical stages, preferably between 8
and 60 theoretical stages, more preferred between 10 and 40 theoretical stages, more preferred
between 15 and 30 theoretical stages.

A further preferred embodiment (13) concretizing any one of embodiments (1) to (12) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column B comprised in the
distillation unit according to (b) is operated at a pressure in the range of from 2 to 30 bar, prefer-
ably in the range of from 3.5 to 20 bar, more preferred in the range of from 4 to 20 bar, more
preferred in the range of from >5 to 15 bar, more preferred in the range of from 5.5 to 15 bar,
more preferred in the range of from 6 to 14 bar, more preferred in the range of from 7 to 12 bar.

A further preferred embodiment (14) concretizing any one of embodiments (1) to (13) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column B comprised in the

distillation unit according to (b) is operated at a temperature at the top of the distillation column
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B in the range of from 140 to 250 °C, preferably in the range of from 150 to 220 °C, more pre-
ferred in the range of from 160 to 200 °C, more preferred in the range of from 170 to 190 °C.

A further preferred embodiment (15) concretizing any one of embodiments (1) to (14) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column B comprised in the
distillation unit according to (b) is operated at a temperature at the bottom in the range of from
140 to 250 °C, preferably in the range of from 150 to 220 °C, more preferred in the range of
from 160 to 200 °C, more preferred in the range of from 170 to 190 °C.

A further preferred embodiment (16) concretizing any one of embodiments (1) to (15) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column B comprised in the
distillation unit according to (b) is operated with a reflux ratio in the range of from 1 to 10 g/g,
preferably in the range of from 2 to 9 g/g, more preferred in the range of from 3 to 8 g/g, more
preferred in the range of from 4 to 6 g/g.

A further preferred embodiment (17) concretizing any one of embodiments (1) to (16) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column B comprised in the
distillation unit according to (b) has an energy demand in the range of from 10 to 30 MW;
wherein preferably the reboiler of distillation column B has an energy demand in the range of
from 5 to 15 MW and the condenser of distillation column B has an energy demand the range of
from 5 to 15 MW.

A further preferred embodiment (18) concretizing any one of embodiments (1) to (17) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein = 95 weight-% of stream S1, which leaves
distillation column B over the top, consist of water,1-methoxypropan-2-ol and 2-methoxypropan-
1-ol; wherein preferably stream S1 comprises water in a amount in the range of from 40 to 80
weight-%, preferably in the range of from 50 to 70 weight-%, more preferred in the range of from
55 to 65 weight-%; and a mixture of 1-methoxypropan-2-ol and 2-methoxypropan-1-ol in an
amount in the range of from 20 to 60 weight-%, preferably in the range of from 30 to 50 weight-
%, more preferred in the range of from 35 to 45 weight-%, each based on the total weight of
stream S1, wherein preferably stream S1 comprises 1-methoxypropan-2-ol and 2-methoxypro-
pan-1-ol in a molar ratio in the range of from 1 : 4 to 4 : 1; preferably in the range of from 1 : 3 to
3 : 1, more preferred in the range of from 1 : 2to 2 : 1, more preferred in the range of from 0.75
:1t01:0.75.

A further preferred embodiment (19) concretizing any one of embodiments (1) to (18) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein stream S1, which leaves distillation column
B over the top, contains less than 0.05 weight-%, preferably less than 0.005 weight-%, more
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preferred less than 0.004 weight-%, more preferred less than 0.002 weight-%, of propylene gly-
col dimethyl ether, based on the total weight of S1.

A further preferred embodiment (20) concretizing any one of embodiments (1) to (19) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein stream S1 after leaving column B and be-
fore entering column C is flashed.

A further preferred embodiment (21) concretizing any one of embodiments (1) to (20) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein stream S1a comprises = 95 weight-% of
water, and preferably less than 1 weight-% of stream S1a consist of 1-methoxypropan-2-ol and
2-methoxypropan-1-ol, each based on the total weight of stream S1a, more preferred S1a com-
prises = 98 weight-% of water, and less than 1 weight-% of stream S1a consist of 1-methoxy-
propan-2-ol and 2-methoxypropan-1-ol; more preferred S1a comprises = 99 weight-% of water,
and less than 1 weight-% of stream S1a consist of 1-methoxypropan-2-ol and 2-methoxypro-
pan-1-ol.

A further preferred embodiment (22) concretizing any one of embodiments (1) to (21) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column C comprised in the
azeotropic distillation unit according to (c) has between 2 and 50 theoretical stages, preferably
between 5 and 25 theoretical stages, more preferred between 10 and 20 theoretical stages.

A further preferred embodiment (23) concretizing any one of embodiments (1) to (22) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column C comprised in the
azeotropic distillation unit according to (c) is operated at a pressure in the range of from 0.5 to
10 bar, preferably in the range of from 1 to 5 bar, more preferred in the range of from 1.5t0 2.5
bar.

A further preferred embodiment (24) concretizing any one of embodiments (1) to (23) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column C comprised in the
azeotropic distillation unit according to (c) is operated at a bottoms temperature in the range of
from 120 to 180 °C, preferably in the range of from 130 to 170 °C, more preferred in the range
of from 140 to 160 °C.

A further preferred embodiment (25) concretizing any one of embodiments (1) to (24) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column C comprised in the
azeotropic distillation unit according to (c) is operated at a temperature at the top of the column
in the range of from 70 to 110 °C, preferably in the range of from 80 to 100 °C, more preferred
in the range of from 85 to 95 °C.
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A further preferred embodiment (26) concretizing any one of embodiments (1) to (25) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column C comprised in the
azeotropic distillation unit according to (¢) is operated with a reflux ratio in the range of from 10
to 40 g/g, preferably in the range of from 12 to 30 g/g, more preferred in the range of from 15 to
25 g/g.

A further preferred embodiment (27) concretizing any one of embodiments (1) to (26) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column C comprised in the
azeotropic distillation unit according to (¢) has an energy demand in the range of from 10 to 30
MW:; wherein preferably the reboiler of distillation column C has an energy demand in the range
of from 5 to 15 MW and the condenser of distillation column C has an energy demand the range
of from 5 to 15 MW.

A further preferred embodiment (28) concretizing any one of embodiments (1) to (27) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the entrainer is selected from the group
consisting of aromatic hydrocarbons, cyclic hydrocarbons, acyclic hydrocarbons, esters of car-
bonic acids, ketones, and mixtures of two or more of these compounds; preferably from the
group consisting of toluene, benzene, hexane, cyclohexane, C4-Cs alkyl esters of carbonic acid,
C,-C1o ketones and mixtures of two or more of these compounds; more preferred from the
group consisting of benzene, cyclohexane, dimethyl carbonate, 2-pentanon and mixtures of two
or more of these compounds; more preferred from the group consisting of benzene, cyclohex-
ane, 2-pentanon and mixtures of two or more of these compounds; more preferred the entrainer
at least comprises benzene.

A further preferred embodiment (29) concretizing any one of embodiments (1) to (28) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the stream S2 is obtained as bottoms
stream from column C, wherein = 85 weight-%, preferably = 90 weight-%, more preferred = 95
weight-%, more preferred 297 weight-%, = 98 weight-%, more preferred =2 99 weight-% of S2
consisted of 1-methoxy-2-propanol and 2-methoxy-1-propanol, based on the total weight of S2,
wherein preferably stream S2 comprises 1-methoxypropan-2-ol and 2-methoxypropan-1-ol in a
molar ratio in the range of from 1 : 4 to 4 : 1; preferably in the range of from 1:3to 3 : 1, more
preferred in the range of from 1: 2to 2 : 1, more preferred in the range of from 0.75: 1to 1 :
0.75.

A further preferred embodiment (30) concretizing any one of embodiments (1) to (29) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the stream S2a is obtained as tom stream

from distillation column C, wherein 90 weight-%, more preferred = 95 weight-%, more preferred
297 weight-%, =2 98 weight-%, more preferred = 99 weight-% of S2a consisted of water and the
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entrainer based on the total weight of S2a; wherein preferably the molar ratio of water : en-
trainer in the stream S2a is in the range of from 1 : 4 to 1 : 12, preferably in the range of from 1 :
6 to 1: 10, more preferred in the range of from1:8to 1: 9.

A further preferred embodiment (31) concretizing any one of embodiments (1) to (30) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column D comprised in the
distillation unit according to (d) has between 20 and 100 theoretical stages, preferably between
30 and 80 theoretical stages, more preferred between 40 and 60 theoretical stages, more pre-
ferred between 45 and 52 theoretical stages.

A further preferred embodiment (32) concretizing any one of embodiments (1) to (31) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column D comprised in the
distillation unit according to (d) is operated at a pressure in the range of from 0.5 to 10 bar, pref-
erably in the range of from 1 to 5 bar, more preferred in the range of from 2 to 4 bar.

A further preferred embodiment (33) concretizing any one of embodiments (1) to (32) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column D comprised in the
distillation unit according to (d) is operated at a bottoms temperature in the range of from 140 to
200 °C, preferably in the range of from 150 to 190 °C, more preferred in the range of from 160
to 180 °C.

A further preferred embodiment (34) concretizing any one of embodiments (1) to (33) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column D comprised in the
distillation unit according to (d) is operated at a temperature at the top of the column in the
range of from 120 to 200 °C, preferably in the range of from 130 to 180 °C, more preferred in
the range of from 140 to 165 °C.

A further preferred embodiment (35) concretizing any one of embodiments (1) to (34) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column D comprised in the
distillation unit according to (d) is operated with a reflux ratio in the range of from 5 to 30 g/g,
preferably in the range of from 8 to 20 g/g, more preferred in the range of from 10 to 15 g/g.

A further preferred embodiment (36) concretizing any one of embodiments (1) to (35) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the distillation column D comprised in the
distillation unit according to (d) has an energy demand in the range of from 1 to 5 MW; wherein
preferably the reboiler of distillation column D has an energy demand in the range of from 1 to
1.5 MW and the condenser of distillation column D has an energy demand the range of from 1
to 1.5 MW.
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A further preferred embodiment (37) concretizing any one of embodiments (1) to (36) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the stream S3 is removed as top stream
from distillation column D, which comprises = 95 weight-% 1-methoxypropan-2-ol and < 0.5
weight-% of 2-methoxypropan-1-ol, preferably = 98 weight-% 1-methoxypropan-2-ol and < 0.15
weight-% of 2-methoxypropan-1-ol, more preferred = 99 weight-% 1-methoxypropan-2-ol and <
0.1 weight-% of 2-methoxypropan-1-ol, each based on the total weight of stream S3.

A further preferred embodiment (38) concretizing any one of embodiments (1) to (37) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the stream S3 comprises less than

0.01 weight-%, preferably less than 0.008 weight-%, more preferred less than 0.007 weight-%,

more preferred less than 0.006 weight-%, of propylene glycol dimethyl ether based on the total

weight of stream S3.

A further preferred embodiment (39) concretizing any one of embodiments (1) to (38) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the stream S4 is removed as bottoms
stream from distillation column D, wherein S4 comprises = 95 weight-% 2-methoxypropan-1-ol
and < 0.5 weight-% 1-methoxypropan-2-ol, preferably = 96 weight-% 2-methoxypropan-1-ol and
< 0.1 weight-% 1-methoxypropan-2-ol, more preferred = 98 weight-% 2-methoxypropan-1-ol
and < 0.001 weight-% 1-methoxypropan-2-ol, more preferred = 99 weight-% 2-methoxypropan-
1-ol and < 0.0001 weight-% 1-methoxypropan-2-ol, each based on the total weight of stream
S4.

A further preferred embodiment (40) concretizing any one of embodiments (1) to (39) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the steam stripping column E according to
(e) has between 3 and 20 theoretical stages, preferably between 5 and 15 theoretical stages,
more preferred between 8 and 12 theoretical stages.

A further preferred embodiment (41) concretizing any one of embodiments (1) to (40) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the steam stripping column E according to
(e) is operated at a pressure in the range of from 0.1 to 5 bar, preferably in the range of from 0.5
to 2 bar, more preferred in the range of from 0.8 to 1.2 bar.

A further preferred embodiment (42) concretizing any one of embodiments (1) to (41) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the steam stripping column E according to
(e) is operated at a temperature at the top of the distillation column B in the range of from 60 to
100 °C, preferably in the range of from 70 to 90 °C, more preferred in the range of from 75 to
85 °C.
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A further preferred embodiment (43) concretizing any one of embodiments (1) to (42) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the steam stripping column E according to
(e) is operated at a temperature at the bottom in the range of from 80 to 120 °C, preferably in
the range of from 85 to 115 °C, more preferred in the range of from 90 to 110 °C, more pre-
ferred in the range of from 95 to 105 °C.

A further preferred embodiment (44) concretizing any one of embodiments (1) to (43) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the steam stripping column E according to
(e) is operated with steam (H2Ogaseous), Which is preferably introduced into steam stripping col-
umn E in the range of from 80 to 120 kg/h, preferably in the range of from 90 to 110 kg/h, more
preferred in the range of from 95 to 105 kg/h; wherein the gaseous water has preferably a pres-
sure in the range of from 2 to 6 bar, more preferred in the range of from 3 to 5 bar, more pre-
ferred in the range of from 3.5 to 4.5 bar.

A further preferred embodiment (45) concretizing any one of embodiments (1) to (44) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the stream S5 is preferably removed from
the steam stripping column E as top stream, wherein stream S5 preferably comprises = 25
weight-%, preferably = 30 weight-%, entrainer.

A further preferred embodiment (46) concretizing any one of embodiments (1) to (45) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the stream S6 is preferably removed from
the steam stripping column E as bottoms stream, wherein stream S6 comprises 2 95 weight-%
water and < 1 weight-% entrainer, preferably = 96 weight-% water and < 0.1 weight-% entrainer,
more preferred = 97 weight-% water and < 0.01 weight-% entrainer, more preferred = 99
weight-% water and < 0.0001 weight-% entrainer.

A further preferred embodiment (47) concretizing any one of embodiments (1) to (46) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein at least a part of stream S2a, after removal
from distillation column C and prior to entering steam stripping column E, is introduced into a
decanter, wherein at least a part pf the entrainer being contained in said part of stream S2a is
separated from stream S2a obtaining a stream S2a-1 comprising entrainer and a stream S2a-2
being depleted of entrainer compared to S2a, wherein stream S2a-1 is preferably recycled to
distillation column C and stream S2a-2 is introduced into steam stripping column E.

A further preferred embodiment (48) concretizing any one of embodiments (1) to (47) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
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oxypropan-2-ol and 2-methoxypropan-1-ol, wherein the process, preferably if the methanol con-

tent in stream SO is > 0.1 weight-%, more preferred in the range of from 0.02 to 1.00 weight-%,

each based on the total weight of stream SO0, further comprises the step:

f) separating methanol from stream S1 by distillation, comprising subjecting the stream S1
obtained in (b) to distillation conditions in a distillation unit comprising a distillation column
F, obtaining a stream S1’ comprising 1-methoxypropan-2-ol, 2-methoxypropan-1-ol and <
0.1 weight-% methanol based on the total weight of S1°, wherein S1’ is introduced in step
(c) into extractive column C instead of stream S1;

or

g) separating methanol from stream S6 by distillation, comprising subjecting the stream S6
obtained in (d) to distillation conditions in a distillation unit comprising a distillation column
F, obtaining a stream S6’, which comprises = 95 weight-% water, < 1 weight-% entrainer
and < 0.1 weight-% methanol, preferably = 96 weight-% water, < 0.1 weight-% entrainer
and £ 0.1 weight-% methanol;

wherein preferably step (g) is used.

A further preferred embodiment (49) concretizing any one of embodiments (1) to (48) relates to
said process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-meth-
oxypropan-2-ol and 2-methoxypropan-1-ol, wherein distillation column F comprises in the range
of from 5 to 25 theoretical stages, preferably in the range of from 7 to 15 theoretical stages,
more preferred in the range of from 8 to 12 theoretical stages; and/or wherein distillation column
F is operated at a pressure in the range of from 0.5 to 1.5 bar, preferably in the range of from
0.8 to 1.2 bar; and/or wherein distillation column F has an energy demand in the range of from 1
to 3 MW; preferably an energy demand in the condenser in the range of from 0.5 to 1.5 MW
and/or an energy demand in the range of from 0.5 to 1.5 MW in the reboiler.

According to an embodiment (50), the present invention relates to 1-methoxypropan-2-ol ob-
tained or obtainable from the process of any one of embodiments (1) to (49).

According to an embodiment (51), the present invention relates to a mixture of 1-methoxypro-
pan-2-ol and 2-methoxypropan-1-ol, preferably obtained or obtainable from the process of any
one of embodiments (1) to (50), which preferably comprises in the range of from 95 to 100
weight-% 1-methoxypropan-2-ol and < 0.5 weight-% of 2-methoxypropan-1-ol, more preferred in
the range of from 98 to 100 weight-% 1-methoxypropan-2-ol and < 0.15 weight-% of 2-methoxy-
propan-1-ol, more preferred in the range of from 99 to 100 weight-% 1-methoxypropan-2-ol and
< 0.1 weight-% of 2-methoxypropan-1-ol, each based on the total weight of the mixture.

It is explicitly noted that the preceding set of embodiments is not the set of claims determining
the extent of protection, but represents a suitably structured part of the description directed to

general and preferred aspects of the present invention.

The present invention is further illustrated by the following reference examples, comparative ex-
amples, and examples.
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Examples

Simulations

All simulations were done with process simulation software Aspen Plus v.11. The components
used in the process simulation and their characteristics respectively, were taken from the Dort-
mund Database.

Example 1: separation of 1-methoxypropan-2-ol from an aqueous stream (S0) containing 85
weight-% of water and 14.2 weight-% of a mixture of 2-methoxypropan-1-ol and 1-
methoxypropan-2-ol

The feed stream SO0 to column B was a variable stream and represented a stream from a
propylene oxide production process, wherein a reaction mixture comprising propylene, water,
methanol, and hydrogen peroxide had been contacted in an epoxidation zone with an
epoxidation catalyst comprising a zeolitic material having a framework structure comprising Si,
O, and Ti and being of framework type MFI (titanium silicalite-1 (TS-1)), and subjecting the
reaction mixture to epoxidation reaction conditions in the epoxidation zone.

The obtained mixture comprising propylene oxide, water, and methanol had been removed as
an effluent stream from the epoxidation zone. The effluent stream comprising propylene oxide,
water, and methanol had been subjected to further separation and purification steps, wherein
propylene oxide and water as well as parts of the organic solvent had been removed, resulting
in a stream SO comprising 1-methoxypropan-2-ol, 2-methoxypropan-1-ol and water and having
a molar ratio of 1-methoxypropan-2-ol : 2-methoxypropan-1-ol in the range of from1:5t0 5: 1.
The composition of stream S1 varied as a function of the operating conditions of the propylene
oxide production process (see influence of feed stream on the separation in Examples 2 and 3).
An exemplary composition of stream SO and exemplary compositions of the further streams S1
to S6 are indicated in Table 1; stream SO as indicated in Table 1 of Example 1 contained 85
weight-% of water, 14.2 weight-% 2-methoxypropan-1-ol and 1-methoxypropan-2-ol and 0.02
weight-% methanol (MeOH).
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The expression “E-xx” in Table 1 represents 10, wherein “xx” is here a placeholder for the re-
spective number indicated in Table 1.

Column B was a pre-distillation column, used to enrich the mixture of 1-methoxy-2-propanol and
2-methoxy-1-propanol contained in stream S0. In column B, the mixture of 1-methoxy-2-propa-
nol and 2-methoxy-1-propanol was separated from side components. in order to ensure that the
final product 1-methoxy-2-propanol has a purity of > 95 weight-%, preferably = 98 weight-%,
more preferred = 99 weight-%, more preferred =2 99.7 weight-%. Column B had 20 theoretical
stages and was operated at 10 bar. Feed stream SO entered the column B at theoretical stage
17 (between stage 17 and 18). The temperature at the top was 177 °C and at the bottom 180
°C. Column B was operated with a reflux ratio of 4.93 g/g and 9.17 MW were needed in the re-
boiler and 9.186 MW in the condenser. An azeotropic mixture of water, 1-methoxy-2-propanol
and 2-methoxy-1-propanol was removed from column B over the top (stream S1: 60 weight-%
water, 40 weight-% mixture of 1-methoxy-2-propanol and 2-methoxy-1-propanol). Negligible
amounts of side components were removed from column B as bottoms stream S1a, which was
afterwards send to a subsequent water treatment.

Stream S1 was optionally flashed before entering column C to reduce the heat demand in col-
umn C, wherein the stream S1 was transferred to a further flash column, where the pressure
was reduced from 10 bar to 2 bar. This decreased the temperature of stream S1, which in turn
reduced the heat demand in column C.

Column C was an azeotropic distillation column working with benzene as entraining agent with
16 theoretical stages operated at 2 bar. The temperature at the top was 89.5 °C and at the bot-
tom 148 °C. Column C was operated with a reflux ratio of 18.12 g/g and 7.38 MW were needed
in the reboiler and 7.7 MW in the condenser. As entrainer in Column B, benzene was used. A
bottom streams S2 was removed from Column C, wherein = 85 weight-% of S2 consisted of 1-
methoxy-2-propanol and 2-methoxy-1-propanol. A stream S2a consisting to more than 90
weight-% of water and benzene was removed from column C over the top and further pro-
ceeded in column E.

Stream S2 was transferred to column D, which was a distillation column with 48 theoretical
stages operated at 3 bar. The temperature at the top of column D 156 °C and at the bottom 172
°C. Column D was operated with a reflux ratio of 12.2 g/g and 1.245 MW were needed in the re-
boiler and 1.23 MW in the condenser. From column D, a stream S3 was removed over the top
comprising = 95 weight-% 1-methoxypropan-2-ol and < 0.5 weight-% of 2-methoxypropan-1-ol
(as in Table 1 indicated, 0.05% 2-methoxypropanol in S3), based on the total weight of stream
S3. As bottoms streams, a stream S4 was removed, wherein S4 comprised = 95 weight-% 2-
methoxypropan-1-ol based on the total weight of stream S4 (as in Table 1 indicated, 300 ppm of
1-methoxypropanol in S4).
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Column E was used to recover the benzene- via steam stripping. Column E was a steam strip-
ping column with 10 theoretical stages operated at 1 bar. A stream of 98 kg/h 4 bar steam
(H2O4ase0us) Was used as the stripping agent to separate completely the water from the entrainer,
avoiding any agent losses and assuring the water specifications before water treatment. The
temperature at the top of column E was 81.7 °C and at the bottom 99.4 °C. Stream S6 which left
column E as bottoms stream was cooled down to about 25 ° before subsequent water treatment
and did not contain any entrainer.

Heat integration

An important aspect of the separation process in including columns B to E and optionally F was
the heat integration, because it reduces significantly the investment costs in terms of steam. For
the heat integration there were several possibilities, 5 thereof were simulated:

1.  The thermal energy (heat) of the condenser of column B, i.e. of stream S1, was used to
heat the reboiler of column C in that thermal energy of stream S1 was partly transferred to
a heat transfer medium stream HTMS1 after step (b) and before step (c) in a heat ex-
changer H, wherein a heat transfer medium stream HTMS1a was obtained which had an
increased thermal energy content compared to HTMS1. The heat transfer medium stream
HTMS1a was used to provide thermal energy to a heat exchanger unit, which supplied the
reboiler of column C (see Fig. 1). For example, water from the condenser of column B was
used to heat up the heat exchanger unit supplying the reboiler of column C. The heat of
the condenser of column B, i.e. the partial amount of thermal energy taken from stream
S1, was 9.18 MW, wherefrom 7.38 MW were used to heat up the reboiler of column C -
no further energy input was needed for the reboiler of column C.

2.  The thermal energy (heat) of the condenser of column B, i.e. of stream S1, was used to
heat the reboiler of column D in that thermal energy of stream S1 was partly transferred to
a heat transfer medium stream HTMS1 after step (b) and before step (c) in a heat ex-
changer H, wherein a heat transfer medium stream HTMS1a was obtained which had an
increased thermal energy content compared to HTMS1. The heat transfer medium stream
HTMS1a was used to provide thermal energy to a heat exchanger unit, which supplied the
reboiler of column D (see Fig. 2). The heat of the condenser of column B, i.e. the partial
amount of thermal energy taken from stream S1, was 9.18 MW, wherefrom 1.24 MW were
used to heat up the reboiler of column D - no further energy input was needed for the re-
boiler of column D.

3.  The thermal energy (heat) of the condenser of column B, i.e. of stream S1, was used to
heat the reboiler of columns C and D in that thermal energy of stream S1 was partly trans-
ferred to a heat transfer medium stream HTMS1 after step (b) and before step (¢) in a
heat exchanger H, wherein a heat transfer medium stream HTMS1a was obtained which
had an increased thermal energy content compared to HTMS1. The heat transfer medium
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stream HTMS1a was used to provide thermal energy to a heat exchanger unit, which sup-
plied the reboiler of column C and to heat exchanger unit, which supplied the reboiler of
column D (see Fig. 3). The heat of the condenser of column B, i.e. the partial amount of
thermal energy taken from stream S1, was 9.18 MW, wherefrom 7.38 MW were used to
heat up the reboiler of column C and 1.24 MW were used to heat up the reboiler of col-
umn D - no further energy input was needed for the reboilers of columns C and D.

The thermal energy of stream S1a, due to its high temperature, was used to produce 4
bar steam (gaseous H,0) with a rate of 521 kg/h, being only 98 k/h needed in column E
for the steam stripping in that thermal energy of stream S1a was partly transferred to a
heat transfer medium stream HTMS2 after step (b) in a heat exchanger H1, wherein a
heat transfer medium stream HTMS2a was obtained which had an increased thermal en-
ergy content compared to HTMS2. HTMS2a was then used as the steam required for col-
umn E (see Fig. 4). No further energy input was required for generating the steam for col-
umn E. The thermal energy (heat) of the condenser of column B, i.e. of stream S1, was
used to heat the reboiler of column C in that thermal energy of stream S1 was partly trans-
ferred to a heat transfer medium stream HTMS1 after step (b) and before step (¢) in a
heat exchanger H, wherein a heat transfer medium stream HTMS1a was obtained which
had an increased thermal energy content compared to HTMS1. The heat transfer medium
stream HTMS1a was used to provide thermal energy to a heat exchanger unit, which sup-
plied the reboiler of column C.

The power required for the separation was just 9.6 MW or 7.68 MW-h/t of pure methoxy-
propanols (1250 kg/h of pure methoxypropanols).

as shown in Fig. 5, a complete heat integration was made. The thermal energy (heat) of
the condenser of column B, i.e. of stream S1, was used to heat the reboiler of columns C
and D in that thermal energy of stream S1 was partly transferred to a heat transfer me-
dium stream HTMS1 after step (b) and before step (c) in a heat exchanger H, wherein a
heat transfer medium stream HTMS1a was obtained which had an increased thermal en-
ergy content compared to HTMS1. The heat transfer medium stream HTMS1a was used
to provide thermal energy to a heat exchanger unit, which supplied the reboiler of column
C and to heat exchanger unit, which supplied the reboiler of column D. The heat of the
condenser of column B, i.e. the partial amount of thermal energy taken from stream S1,
was 9.18 MW, wherefrom 7.38 MW were used to heat up the reboiler of column C and
1.24 MW were used to heat up the reboiler of column D. Further, the thermal energy of
stream S1a was used to produce the steam needed in column E in that thermal energy of
stream S1a was partly transferred to a heat transfer medium stream HTMS2 after step (b)
in a heat exchanger H1, wherein a heat transfer medium stream HTMS2a was obtained
which had an increased thermal energy content compared to HTMS2. HTMS2a was then
used to produce the steam required for column E. The remaining energy demand for the
complete process of columns B to E was only 8.9 MW or 7.12 MW-h/t of pure methoxypro-
panols.
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The heat transfer medium of HTMS1/HTMS1a and of HTMS2/HTMS2a was steam (H2Ogaseous)-

This example demonstrated that 1-methoxypropanol-2 with a purity of 99.92 weight-% could be
obtained with an isolation yield of 99.84%. Additionally, 2-methoxypropanol-1 with a purity of
99.87 weight-% could be obtained with an isolation yield of 99.99%. The power required for the
separation was in the best constellation just 8.9 MW or 7.12 MW-h/t of pure methoxypropanols
(1250 kg/h of pure methoxypropanols).

Example 2: Influence of the MeOH concentration in the feed stream S0 on the separation
of 1-methoxy-2-propanol

Herein, the same set-up with the same columns B to E as in Example 1 was used, the only dif-
ference to Example 1 was that in stream S0 the amount of MeOH contained in the stream was
assumed to be 0.1 weight-%.

Herein, the same set-up with the same columns B to E as in Example 1 was used, the only dif-
ference to Example 1 was that in stream S0 the amount of MeOH contained in the stream was
assumed to be 0.1 weight-%.

The simulations were made according to a value of 0.1 weight-% MeOH, resulting in no pres-
ence of MeOH in the water streams that have to be send to a subsequent water treatment
(streams S1a, S6).

In case of presence of more MeOH in the stream SO (assumed here is an extreme value of 1
weight-% MeOH),-simulations were performed, indicating that the MeOH would go completely to
the feed stream of column C (S1) and it would be an increase from 0.048 weight-% in Example
1 (0.1 weight-% MeOH in S0) to 2.76 weight-% in Example 4 (1 weight-% MeOH in S0). The
MeOH would go completely to the water stream (S6), 114.15 kg/h MeOH in SO that go to S6
with 113.984 and 0.116 to S5 back into column C.

There were two possibilities to operate in case of 1 weight-% MeOH in SO: first, to separate the
MeOH before entering the column C, or second, to separate it from stream S6 before going to a
subsequent water treatment. For both possibilities, the MeOH can be to 100 weight-% sepa-
rated from the water with a further distillation column F, needing 1.07 MW in the condenser and
1.09 MW in the reboiler, 10 theoretical stages and 1 bar.

The heat transfer medium of HTMS1/HTMS1a and of HTMS2/HTMS2a was steam (H2Ogaseous)-

This example demonstrated that in S3, 1-methoxypropanol-2 with a purity of 99.92 weight-%
could be obtained with an isolation yield of 99.22%. Additionally, 2-methoxypropanol-1 with a
purity of 99.87 weight-% could be obtained in S4 with an isolation yield of 99.94%. The power
required for the separation was just 10.97 MW or 8.77MW:-h/t of pure methoxypropanols (1250
kg/h methoxypropanols).

31



WO 2022/003032

PCT/EP2021/068018

Table 2 lists streams S0, S1, S1a, S2, S2a and S5 for the composition with 1 weight-% MeOH

in SO.
Table 2
streams for a composition of SO with 1 weight-% MeOH
Benzene
(stream
directed
to col-
Streams S0 S1a S1 umn (¢) |S2 S2a S5
Temperature [°C] 181 179.93 177.47 20 147.88 83.7 25
Pressure [bar] 10 10 10 2 2 2 1
Mass flow [kg/h] 11415 7290 4125 3.7 1623 25100 22595
Components, indicated in weight-% (unless otherwise noted)
2-Methoxypropan-1-ol 7.26 6E-04 20.16 51.11 2.8E-05 |[281 ppb
Water 84.19 99.11 58.22 1E-02 10.31 0.44
Benzene 1 0 84.92 94.89
1.03E-
1-Methoxypropan-2-ol 6.95 9.4E-03 |19.13 48.83 1E-02 03
1,1-Dimethoxyethane
1,1-Dimethoxypropane 1E-03 1.0E-03 1.58 1.76
1,2-Propanediol (MPG) 1E-02 1.55E-2 |1 ppb 2.0E-06
1-Butanol 1E-03 2.22E-03 1.8E-03 |1.14E-02 |2.88E-2
2,4-Dimethyl-1,3-dioxolane 1.E-03 1.6E-03 0.63 0.69
2,6-Dimethyl-4-heptanol 1E-03 1.5E-03 7.0E-03
3.73E-
2-Butenal 1E-03 2.1E-03 5.0E-4 3.24E-02 |03
2-Ethyl-4-methyl-1,3-dioxolane 1E-03 1.5E-03 |[5.2E-06 1.22E-05
2-Hexanone 1E-01 1.3E-03 7.0E-03 |2.0E-03 |2.0E-04
2-Methylcyclohexanol 1E-03 1.5E-03 |[5.2E-06 1.22E-05
2-Methylpentanal 4E-03 3.6E-03 2.81E-02 | 7.9E-03 |2.6E-03
1.13E-
2-Propen-1-ol 1E-03 2.51E-03 3.2E-06 |2.7E-03 [02
4-Methyl-1,3-dioxolane 1E-03 2.7E-03 7.0E-03 |1.6E-06 [7ppb
Acetaldehyde 1E-0 1.2E-03 2E-01 0.2
Acetone 1E-03 1.9E-03 7.5E-03 |5.57E-2
Dimethoxymethane 1E-03 1.8E-03 5.5E-01 0.62
Dipropyleneglycol (DPG) 2E-02 3.1E-02 | 1.0E-04 2.0E-04
Ethanol 1E-03 2.3E-03 1ppb 1.5E-03 | 1.3E-03
Hydroxyacetone 1E-03 1.5E-03 [1E-04 2.0E-04
2.67E-
2-Propanol 1E-03 1.9E-03 1ppb 3.1E-03 |03
5.34E-
Methanol 1 2.76 75 ppb 4.71E-01 |04
Methylacetate 1E-03 1.5E-03 3.6E-01 2.92
Methylformate 1E-03 1.5E-03 | 164 ppb 1.0E-04 [2.6E-03
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Propyleneoxide 1E-03 1.7E-03 5.4E-01 0.58

Tripropyleneglycol (TPG) 2E-02 3.1E-02 |0

Dipropyleneglycol monomethyl ether

(DPGME) 51E-01 [7.9E-01 |41 ppb 1.08E-05

Propylene glycol dimethyl ether (1,2-

Dimethoxypropane) 6.5E-03 |9.2E-03 |1.4E-03 2.7E-03 |2.0E-04 |2.0E-04
Example 3: Influence of the water concentration in the feed stream SO on the separation of

1-methoxy-2-propanol

Herein, the same set-up with the same columns B to E as in Example 1 was used, the only dif-
ference to Example 1 was that in stream SO a different water concentration was simulated to in-
vestigate its influence on the separation of 2-methoxypropan-1-ol and 1-methoxypropan-2-ol.
From a composition with 85 weight-% water and 14.2 weight-% of 2-methoxypropan-1-ol and 1-
methoxypropan-2-ol up to a composition with 55 weight-% H>O and 43 weight-% 2-methoxypro-
pan-1-ol and 1-methoxypropan-2-ol, the separation could be done successfully as described in
Example 1. The amount of methoxypropanols in the feed was higher in Example 3, therefore
the amount over the top in column B was higher because there was more amount of the azeo-
trope water/methoxypropanols. Therefore, a bit more amount of fresh benzene was needed to
break the azeotrope in column C, 6 kg/h instead of 4.2 kg/h in Example 1 (see Table 3).

In Column E, 200 kg/h of steam were required instead of only 95 kg/h as in Example 1.

The stream containing the 2 MOP isomers, S2, contained according to the specifications, 100
ppm water. A stream SO with less water than 55 weight-% and/ or more than 43 weight-% 2-
methoxypropan-1-ol and 1-methoxypropan-2-ol would not be possible because it would be un-
der the azeotrope point. Table 3 lists streams S0, S1, S1a, S2, S2a and S5 for the composition
with 55 weight-% H-O and 43 weight-% 2-methoxypropan-1-ol and 1-methoxypropan-2-ol.

Table 3
streams for a composition of SO with 55 weight-% H>O and 43 weight-% 2-methoxypropan-1-ol
and 1-methoxypropan-2-ol.

Benzene

(stream

directed

to col-
Streams S0 S1a S1 umn (c) |S2 S2a S5
Temperature [°C] 181 192.32 177.47 |20 147.88 87.82 25
Pressure [bar] 10 10 10 2 2 2 1
Mass flow [kg/h] 11415 86.79 11328216 5048 62372 56086

Components, indicated in weight-% (unless otherwise noted)

2-Methoxypropan-1-ol 22.26 4.87E-03 [ 22.43 50.360 356 ppb | 3.62E-05
Water 55.17 25.25 55.41 100 ppm |10.75 0.41
Benzen 1 1E-06 89.12 99.46
1-Methoxypropan-2-ol 21.95 5.13E-03 | 22.11 49.61 1E-02 1.04E-03

1,1-Dimethoxyethane
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Benzene

(stream

directed

to col-
Streams S0 S1a S1 umn (c) |S2 S2a S5
1,1-Dimethoxypropane 1E-03 1E-03 0.055 6.94E-02
1,2-Propanediol (MPG) 1E-02 1.32 2.09E-08 1 ppb
1-Butanol 1E-03 1E-03 6E-04 4E-03 4.32E-03
2,4-Dimethyl-1,3-dioxo- 1.26E=-
lane 1.E-03 1.E-03 1.15E-02 | 02
2,6-Dimethyl-4-heptanol | 1E-03 1E-03 2.3E-03
2-Butenal 1E-03 1E-03 2E-04 1.15E-02 | 1.27E-03
2-Ethyl-4-methyl-1,3-dio-
xolane 1E-03 1.31E-01 | 1.21E-06 54 ppb
2-Hexanone 1E-03 1E-03 2.3E-03 |1E-04 5.75E-05
2-Methylcyclohexanol 1E-03 1.31E-01 | 1.21E-06 54 ppb
2-Methylpentanal 4E-03 4E-03 9E-03 1.5E-03 |[1.71E-03
2-Propen-1-ol 1E-03 2.51E-05 15 ppb 1E-03 8.6E-04
4-Methyl-1,3-dioxolane 1E-03 3.36E-09 | 1.01E-03 2.3E-03 |5E-06 6E-07
Acetaldehyde 1E-0 1.01E-03 5.8E-03 |2.67E-03
Acetone 1E-03 1.01E-03 2.6E-03 |2.67E-03
Dimethoxymethane 1E-03 1.01E-03 1E-06 5.8E-03 |6.3E-03
Dipropyleneglycol 2E-02 2.68 2.42E-05 1E-05
Ethanol 1E-03 1.01E-03 6E-04 4E-04
Hydroxyacetone 1E-03 1.3E-01 |9.03E-06 374 ppb
2-Propanol 1E-03 1.01E-03 1 ppb 1.1E-03 |1E-03
Methanol 1.99E-02 2.0E-02 1 ppb 5.8E-03 |2.3E-03
Methylacetate 1E-03 1E-03 7E-03 7.6E-03
Methylformate 1E-03 1.31E-01 | 2.6E-06 1.24E-05 | 128 ppb
Propyleneoxide 1E-03 1E-03 5.6E-03 |6E-03
Tripropyleneglycol (TPG) |2E-02 2.63 4.07E-11
Dipropyleneglycol mono-
methylether (DPGME) 51E-01 |67 1.03E-06 48 ppb
Propylene glycol dimethyl
ether (1,2-Dimethoxypro-
pane) 6.5E-03 |5.7E-01 |2.18E-03 3.93E-03 | 5E-04 4E-04

From Examples 1 to 3, as well as from Tables 1 to 3, it could be seen that operating column B
at a pressure 2 2 bar (here 10 bar), resulted in a separation of propylene glycol dimethyl ether:
stream S1, after column B had only a content of propylene glycol dimethyl ether of less than
0.06 weight-%, preferably less than 0.05 weight-%, more preferred less than 0.005 weight-%,
more preferred less than 0.004 weight-%, more preferred less than 0.002 weight-%, of propyl-
ene glycol dimethyl ether, based on the total weight of S1.

34



10

15

20

25

30

WO 2022/003032 PCT/EP2021/068018

The example demonstrated that 1-methoxypropanol-2 with a purity of 99.92 weight-% could be
obtained as S3 with an isolation yield of 99.86%. Additionally, 2-methoxypropanol-1 with a purity
of 99.94 weight-% could be obtained as S4 with an isolation yield of 99.91%. Especially stream
S3, which contained 1-methoxypropanol-2, had less than 0.06 weight-%, preferably less than
0.01 weight-%, more preferred less than 0.008 weight-%, more preferred less than

0.007 weight-%, more preferred less than 0.008 weight-%, of propylene glycol dimethyl ether
based on the total weight of stream S3.

The power required for the separation was 16.64 MW, or 3.3 MW-h/t of pure methoxypropanols
(5046 kg/h pure methoxypropanols). Further, it could be seen that also other impurities in the
final products were significantly reduced when column B was operated at a pressure 2 2 bar.

Example 4

Example 1 was recalculated but the pressure in column B was reduced to 3.5 bar while keeping
all the other parameters constant.

At lower pressure it was still possible to energetically couple the towers, but not as efficiently,
causing the energy consumption to increase to 10 MW which is almost 5% higher than in exam-
ple 1. Surprisingly the separation of by-products at lower pressure is also less efficient. Table 4
shows that the concentration of several by-products in stream S1 is considerably higher than in
example 1.

Table 4
Concentration of specific impurities in S1 at different pressures

Concentration in S1 (weight-ppm)
Components
Example 4 (3.5 bar) Example 1 (10 bar)

2-Ethyl-4-methyl-1,3-dioxolane 0.087 0.052
2-Methylcyclohexanol 0.087 0.052
Dipropyleneglycol 1.66 1.04
Hydroxyacetone 1.31 0.75
Methylformate 20.8 0.18
Propylene glycol dimethyl ether (1,2-Di-

Py 9 y ( 29.7 15.6
methoxypropane)

The higher concentration of side components in stream S1 led to a lower purity of the obtained
products. The losses of entrainer also increased to 5 kg/h, which was almost 20% higher than in
example 1. Due to the higher concentration of by-products in stream S1 and therefore in stream
S2, the isolation yield and purity of the obtained products also decreased, the purity of 1-meth-
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oxypropan-2-ol in S3 decreased from 99.92 weight-% in Example 1 to 99.91 weight-% in Exam-
ple 4 (0.10% less) and the isolation yield of 1-methoxypropan-2-ol also decreases from 99.85%
t0 99.31% (0.54% less).

The power required for the separation increased to 10 MW or 8 MW-h/t of pure methoxypro-
panols (1250 kg/h of methoxypropanols) as compared to only 8.9 MW or 7.12 MW-h/t of pure
methoxypropanols using the inventive process.

The example demonstrated that by using the inventive method 1-methoxypropanol-2 with a pu-
rity of 99.91 weight-% could be obtained in S3 with an isolation yield of 99.31%. Additionally, 2-
methoxypropanol-1 with a purity of 99.86 weight-% could be obtained as S4 with an isolation
yield of 99.87%.

Comparative Example 1

Herein, the same set-up with the same columns B to E as in Example 1 was used, the differ-
ence to Example 1 was that in column B a pressure of 1 bar was used and, consequently, in
column C a pressure of also 1 bar had to be used.

Having 1 bar in column B influenced the pressure of the rest of the columns in the process. In
Example 1, column B was designed for 10 bar and column C for 2 bar, creating a pressure drop
helping to reduce drastically the heat demand in the second reboiler of column C. Column D was
designed for 3 bars for the separation of the isomers 1-methoxylpronan-2-ol and 2-methoxypro-
pan-1-ol, after optimizing the heat in the reboiler of column D. Using only 1 bar in column B re-
sulted in a loss for the heat integration with column C, and also for the heat demand in column B
(reboiler). This resulted in the fact that if column B was operated at 1 bar, column C also had to
be operated at 1 bar. Table 5 shows the amounts of water and of specific impurities in stream S1
when column B was operated at 1 bar, compared to the amounts of water and the same specific
impurities in S1 when column B was operated at 3.5 bar and at 10 bar (as in Example 1), Table
6 shows a reduced overview of all streams when column B, and consequently, all further columns
C, D and E, were operated at 1 bar.

Table 5
Water and specific impurities in S1 when column B was operated at different pressures

Concentration in S1 (weight-ppm, unless otherwise indicated)

Components 1 bar 3.5 bar 10 bar (Example 1)
Water 72.87 weight-% 62.48 weight-% 59.98 weight-%
Dipropyleneglycol 2.52 1.66 1.04
Hydroxyacetone 3.16 1.31 0.75
Methylformate 13.5 20.8 0.18
:trrc]):rylene glycol dimethyl 918 29.7 156
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Operation of column B at 1 bar resulted in more water going over the top of column B with stream
S1, which included the isomers 1-methoxylpronan-2-ol and 2-methoxypropan-1-ol to the column
C. Further, more impurities were transferred together with the water/1-methoxylpronan-2-ol, 2-
methoxypropan-1-ol azeotrope to column C; S1 contained 9.18 x 10 weight-% propylene glycol
dimethyl ether (more than the fivefold amount than at 10 bar as in Example 1).

Based on column B operated at only 1 bar, column C and all further columns D and E had to be
also operated at 1 bar. For column C operated at 1 bar, the heat demand in the reboiler of column
C increased. As outlined in Example 1, Column 2 was designed to break the azeotrope of water
and 1-methoxylpronan-2-ol, 2-methoxypropan-1-ol with benzene as entrainer.

In order to have a sufficient water removal in column C, i.e. to have a water content in S2 of at
the outmost 100 ppm, based on the total weight of S2, the reboiler of column C required thermal
energy in an amount of 50.125 MW. Furthermore, an additional heat exchanger was required to
heat up stream S1 before entering column C in order to achieve a temperature of S1 of 175 °C in
accordance with S1 of Example 1 since S1, if column B was operated at only 1 bar, had only a
temperature of 93.5 °C. Further, in view of the higher amount of water, which left column C via
stream S2, it was necessary to add a benzene separation unit, for example, a decanter, between
columns C and E. Benzene separated in said decanter from stream S2a had to be recycled to
column C, otherwise, the demand on fresh benzene would have been very extensive. Further-
more, in order to separate water and benzene efficiently in column E, it was necessary to add 400
kg/h steam at 143°C and 4 bar in column E.

In view of the much higher energy demand when column B is operated at 1 bar, no heat integra-
tion was possible: operating column B at only 1 bar required an energy intake in the reboilers of
columns B, C and D of 70.8 MW. Additionally, 400 kg/h of 4 bar stream (143°C) were required in
column E to separate the benzene from the water.

Also the impurity content in the final stream S3 was higher when column B was operated at 1 bar:
The propylene glycol dimethyl ether content in S3, based on the total weight of S3, was 0.0482
weight-% compared to only 0.00552 weight-% as in Example 1. That is, operating column B, and,
consequently, also the further column C at 1 bar did not allow to have less than 0.006 weight-%
of propylene glycol dimethyl ether in S3 based on the total weight of S3.

Further, even if much more energy is applied to the process, also the purity of S3 regarding 1-
methoxypropan-2-ol was still a bit worse compared to Example 1: If column B was operated at 1
bar, 1-methoxypropanol-2 with a purity of only 99.86 weight-% could be obtained as S3.

Short description of the Figures
Fig. 1 shows the process for separating 1-methoxy-2-propanol and the involved columns B
to E schematically, together with a first option of heat integration, wherein the ther-

mal energy (heat) of the condenser of column B, i.e. of stream S1, is used to heat
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Fig. 2

Fig. 3

Fig. 4

Fig. 5

the reboiler of column C in that thermal energy of stream S1 is partly transferred to a
heat transfer medium stream HTMS1 in a heat exchanger H. The resulting heat
transfer medium stream HTMS1a, which has an increased thermal energy content
compared to HTMSH1, is used to provide thermal energy to a heat exchanger unit,
which supplies the reboiler of column C.

shows the process for separating 1-methoxy-2-propanol and the involved columns B
to E schematically, together with a second option of heat integration, wherein the
thermal energy (heat) of the condenser of column B, i.e. of stream S$1, is used to
heat the reboiler of column D in that thermal energy of stream S1 is partly trans-
ferred to a heat transfer medium stream HTMS1 in a heat exchanger H. The result-
ing heat transfer medium stream HTMS1a, which has an increased thermal energy
content compared to HTMS1, is used to provide thermal energy to a heat exchanger
unit, which supplies the reboiler of column D.

shows the process for separating 1-methoxy-2-propanol and the involved columns B
to E schematically, together with a third option of heat integration, wherein the ther-
mal energy (heat) of the condenser of column B, i.e. of stream S1, is used to heat
the reboiler of columns C and D in that thermal energy of stream S1 is partly trans-
ferred to a heat transfer medium stream HTMS1 in a heat exchanger H. The result-
ing heat transfer medium stream HTMS1a, which has an increased thermal energy
content compared to HTMS1, is used to provide thermal energy to a heat exchanger
unit, which supplies the reboiler of column C and to a heat exchanger unit, which
supplies the reboiler of column D.

shows the process for separating 1-methoxy-2-propanol and the involved columns B
to E schematically, together with a fourth option of heat integration, wherein the ther-
mal energy of stream S1a is used to produce steam (gaseous H20), which is used
in column E for the steam stripping. Thermal energy of stream S1a is partly trans-
ferred to a heat transfer medium stream HTMS2, wherein a heat transfer medium
stream HTMS2a is obtained which has an increased thermal energy content com-
pared to HTMS2. HTMS2a is then used to produce the steam required for column E.
In addition, the thermal energy (heat) of the condenser of column B, i.e. of stream
S1, is used to heat the reboiler of column C in that thermal energy of stream S1 is
partly transferred to a heat transfer medium stream HTMS1 in a heat exchanger H.
The resulting heat transfer medium stream HTMS1a, which has an increased ther-
mal energy content compared to HTMS1, is used to provide thermal energy to a
heat exchanger unit, which supplies the reboiler of column C.

shows the process for separating 1-methoxy-2-propanol and the involved columns B
to E schematically, together with a fifth, complete, heat integration. The thermal en-
ergy (heat) of the condenser of column B, i.e. of stream S1, is used to heat the re-
boiler of columns C and D in that thermal energy of stream S1 is partly transferred to
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a heat transfer medium stream HTMS1 in a heat exchanger H, wherein a heat trans-
fer medium stream HTMS1a is obtained which has an increased thermal energy
content compared to HTMS1. The heat transfer medium stream HTMS1a is used to
provide thermal energy to a heat exchanger unit, which supplies the reboiler of col-
umn C and to heat exchanger unit, which supplies the reboiler of column D. In addi-
tion, the thermal energy of stream S1a is used to produce the steam needed in col-
umn E in that thermal energy of stream S1a is partly transferred to a heat transfer
medium stream HTMSZ2 in a heat exchanger H1, wherein a heat transfer medium
stream HTMS2a is obtained which has an increased thermal energy content com-
pared to HTMS2. HTMS2a is then used to produce the steam required for column E.
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Claims

A process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-

methoxypropan-2-ol and 2-methoxypropan-1-ol, wherein the process comprises:

(@) Providing a stream SO comprising 1-methoxypropan-2-ol, 2-methoxypropan-1-ol and
water, and having a molar ratio of 1-methoxypropan-2-ol : 2-methoxypropan-1-ol in
the range of from1:5t0 5: 1;

(b) separating 1-methoxypropan-2-ol and 2-methoxypropan-1-ol from the stream SO
provided in (a) by distillation comprising subjecting the stream S0 provided in (a) to
distillation conditions in a distillation unit comprising a distillation column B, obtaining
a (top) stream S1 comprising 1-methoxypropan-2-ol, 2-methoxypropan-1-ol and wa-
ter, which is enriched in 1-methoxypropan-2-ol and 2-methoxypropan-1-ol compared
to the stream S0 and a bottoms stream S1a comprising water and being depleted of
1-methoxypropan-2-ol and 2-methoxypropan-1-ol compared to SO; wherein the dis-
tillation column B is operated at a pressure of 2 2 bar;

(c) azeotropic distillation of the stream S1 obtained in (b) with an entrainer, comprising
subjecting the stream S1 to azeotropic distillation conditions in an azeotropic distilla-
tion unit comprising a distillation column C, obtaining a bottoms stream S2 which is
depleted of water and further enriched in 1-methoxypropan-2-ol and 2-methoxypro-
pan-1-ol compared to the stream S1 and a top stream S2a comprising water and the
entrainer;

(d) separating 1-methoxypropan-2-ol from the stream S2 obtained in (c) by distillation,
comprising subjecting the stream S2 obtained in (c) to distillation conditions in a dis-
tillation unit comprising a distillation column D, obtaining a stream S3 comprising =
95 weight-% 1-methoxypropan-2-ol and < 0.5 weight-% of 2-methoxypropan-1-ol,
based on the total weight of stream S3, and a stream S4 comprising = 95 weight-%
2-methoxypropan-1-ol based on the total weight of stream S4;

(e) optionally distillative separation of the stream S2a comprising water and the en-
trainer obtained in (c) in a steam stripping column E using steam as stripping agent,
obtaining a stream S5 comprising the entrainer, which is depleted of water com-
pared to the stream S2a, and an aqueous stream S6 being depleted of the entrainer
compared to S2a; and optionally recirculating at least a part of the stream S5 to (c).

The process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-

methoxypropan-2-ol and 2-methoxypropan-1-ol according to claim 1, wherein the thermal

energy of stream S1 is partly transferred to a heat transfer medium stream HTMS1 after

(b) and before step (c), preferably in a heat exchanger H, obtaining a heat transfer me-

dium stream HTMS1a having an increased thermal energy content compared to HTMS1;

wherein HTMS1a is used to provide thermal energy to:

- the azeotropic distillation unit of step (c), preferably to a heat exchanger unit connected
to the distillation column of the azeotropic distillation unit of (c),

and/or
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- the distillation unit of (d), preferably to a heat exchanger unit connected to the distilla-
tion column of the distillation unit of (d).

The process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-
methoxypropan-2-ol and 2-methoxypropan-1-ol according to claim 2, wherein the thermal
energy of the bottoms stream S1a of (b) is partly transferred to a heat transfer medium
stream HTMS2, preferably in a heat exchanger H1, obtaining a heat transfer medium
stream HTMS2a, which has an increased thermal energy content compared to HTMS2,
wherein HTMS2a is used to provide thermal energy to the steam used as stripping agent
in the steam stripping column of (e).

The process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-
methoxypropan-2-ol and 2-methoxypropan-1-ol according to claim 2 or 3, wherein the
thermal energy provided by HTMS1a provides at least 90 % of the energy demand of the
azeotropic distillation unit of (¢), and/or of the distillation unit of (d), preferably the thermal
energy provided by HTMS1a provides at least 95 % of the energy demand of the azeo-
tropic distillation unit of (¢), and/or of the distillation unit of (d); more preferred the thermal
energy provided by HTMS1a provides at least 98 % of the energy demand of the azeo-
tropic distillation unit of (c), and/or of the distillation unit of (d).

The process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-
methoxypropan-2-ol and 2-methoxypropan-1-ol according to any one of claims 1 to 4,
wherein stream SO provided in (a) comprises water in an amount in the range of from 50
to 90 weight-%, preferably in the range of from 55 to 85 weight-% and a mixture of 1-
methoxypropan-2-ol and 2-methoxypropan-1-ol in an amount in the range of from 8 to

50 weight-%, preferably in the range of from 13 to 45 weight-%, each based on the total
weight of stream S0, the remaining amount up to 100 weight-% being other components
(impurities and solvent (MeOH)).

The process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-
methoxypropan-2-ol and 2-methoxypropan-1-ol according to any one of claims 1 to 5,
wherein stream SO provided in (a) comprises 1-methoxypropan-2-ol and 2-methoxypro-
pan-1-ol in a molar ratio in the range of from 1 : 4 to 4 : 1; preferably in the range of from 1
: 3to 3 : 1, more preferred in the range of from 1 : 2to 2 : 1, more preferred in the range
of from 0.75:1to 1:0.75.

The process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-
methoxypropan-2-ol and 2-methoxypropan-1-ol according to any one of claims 1 to 6,
wherein stream SO provided in (a) comprises propylene glycol dimethyl ether in an
amount of =2 0.001 weight-%, more preferred = 0.006 weight-%, more preferred in the
range of from 0.001 to 0.1 weight-%, preferably in the range of from 0.003 to 0.01 weight-
%, more preferred in the range of from 0.004 to 0.01 weight-%, more preferred in the
range of from 0.005 to 0.008 weight-%, based on the total weight of SO.
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The process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-
methoxypropan-2-ol and 2-methoxypropan-1-ol according to any one of claims 1 to 7,
wherein the distillation column B comprised in the distillation unit according to (b) is oper-
ated at a pressure in the range of from 2 to 30 bar, preferably in the range of from 3.5 to
20 bar, more preferred in the range of from 4 to 20 bar, more preferred in the range of
from >5 to 15 bar, more preferred in the range of from 5.5 to 15 bar, more preferred in the
range of from 6 to 14 bar, more preferred in the range of from 7 to 12 bar.

The process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-
methoxypropan-2-ol and 2-methoxypropan-1-ol according to any one of claims 1 to 8,
wherein = 95 weight-% of stream S1, which leaves distillation column B over the top, con-
sist of water, 1-methoxypropan-2-ol and 2-methoxypropan-1-ol; wherein preferably stream
S1 comprises water in a amount in the range of from 40 to 80 weight-%, preferably in the
range of from 50 to 70 weight-%, more preferred in the range of from 55 to 65 weight-%;
and a mixture of 1-methoxypropan-2-ol and 2-methoxypropan-1-ol in an amount in the
range of from 20 to 60 weight-%, preferably in the range of from 30 to 50 weight-%, more
preferred in the range of from 35 to 45 weight-%, each based on the total weight of stream
S1, wherein preferably stream S1 comprises 1-methoxypropan-2-ol and 2-methoxypro-
pan-1-ol in a molar ratio in the range of from 1 : 4 to 4 : 1; preferably in the range of from 1
: 3to 3 : 1, more preferred in the range of from 1 : 2to 2 : 1, more preferred in the range
of from 0.75:1to 1:0.75.

The process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-
methoxypropan-2-ol and 2-methoxypropan-1-ol according to any one of claims 1 to 9,
wherein stream S1, which leaves distillation column B over the top, contains less than
0.05 weight-%, preferably less than 0.005 weight-%, more preferred less than

0.004 weight-%, more preferred less than 0.002 weight-%, of propylene glycol dimethyl
ether, based on the total weight of S1.

The process for separating 1-methoxypropan-2-ol from an aqueous stream comprising 1-
methoxypropan-2-ol and 2-methoxypropan-1-ol according to any one of claims 1 to 10,
wherein the stream S3 is removed as top stream from distillation column D, which com-
prises = 95 weight-% 1-methoxypropan-2-ol and < 0.5 weight-% of 2-methoxypropan-1-ol,
preferably 2 98 weight-% 1-methoxypropan-2-ol and < 0.15 weight-% of 2-methoxypro-
pan-1-ol, more preferred = 99 weight-% 1-methoxypropan-2-ol and < 0.1 weight-% of 2-
methoxypropan-1-ol, each based on the total weight of stream S3; and/or wherein the
stream S3 comprises less than 0.01 weight-%, preferably less than 0.008 weight-%, more
preferred less than 0.007 weight-%, more preferred less than 0.006 weight-%, of propyl-
ene glycol dimethyl ether based on the total weight of stream S3.

1-methoxypropan-2-ol obtained or obtainable from the process of any one of claims 1 to
11.
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A mixture of 1-methoxypropan-2-ol and 2-methoxypropan-1-ol, preferably obtained or ob-
tainable from the process of any one of claims 1 to 11, which preferably comprises in the
range of from 95 to 100 weight-% 1-methoxypropan-2-ol and < 0.5 weight-% of 2-methox-
ypropan-1-ol, more preferred in the range of from 98 to 100 weight-% 1-methoxypropan-2-
ol and < 0.15 weight-% of 2-methoxypropan-1-ol, more preferred in the range of from 99
to 100 weight-% 1-methoxypropan-2-ol and < 0.1 weight-% of 2-methoxypropan-1-ol,
each based on the total weight of the mixture.
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