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(57) Abstract: Systems and methods of recovering 2-ethyl hexanol from crude alcohol are disclosed. The crude alcohol originates
from a reactor that produces 2-ethyl hexanol and is first distilled in a first distillation column The distillate from the first distillation
column is then further distilled in a second distillation column. A side stream is drawn from the second distillation column and recycled
to the reactor that produces 2-ethyl hexanol. The bottom stream from the second distillation column is mixed with the bottom stream
from the first distillation column. The combined stream is further distilled in a third distillation column to produce a 2-cthyl hexanol

product stream.
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OPTIMIZATION OF 2-EH PRODUCT RECOVERY SYSTEM USING PROCESS
INTENSIFICATION

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority of U.S. Provisional Patent
Application No. 62/671,929, filed May 15, 2018, which is hereby incorporated by reference

in its entirety.

FIELD OF INVENTION

[0002] The present invention generally relates to 2-ethyl hexanol production
processes. More specifically, the present invention relates to a 2-ethyl hexanol production
recovery process that utilizes multiple distillation columns to recover 2-ethyl hexanol from a

crude alcohol.

BACKGROUND OF THE INVENTION

[0003] 2-ethyl hexanol (2-EH) is primarily used as feedstock in the production of
plasticizers and lubricants due to its viscosity reducing and freezing point lowering abilities.
2-ethyl hexanol can also be used as food flavor ingredient and/or fragrance ingredient.

Moreover, 2-ethyl hexanol can be reacted with nitric acid to form an octane booster.

[0004] Generally, 2-ethyl hexanol is produced from synthesis gas (carbon monoxide
and hydrogen) and propylene. In the process, n-butyraldehyde 1is formed via
hydroformylation of propylene. The n-butyraldehyde is subsequently converted to 2-ethyl, 3-
propyl acrolein (EPA) via simultaneous aldolisation and dehydration. Then, EPA is partially
hydrogenated to form 2-ethyl hexanal (EHA), which is further hydrogenated to form 2-ethyl

hexanol.

[0005] The produced 2-ethyl hexanol along with all the intermediate products, such as
EPA, EHA, or other hydrocarbons, also known as crude alcohol, are separated to recover
highly purified 2-ethyl hexanol. Conventionally, 2-ethyl hexanol is recovered from the crude
alcohol using a series of distillation columns. However, the conventional purification process
has relatively low energy efficiency and limited recovery efficiency of 2-ethyl hexanol,
resulting in low overall 2-ethyl hexanol productivity and high production cost for 2-ethyl

hexanol production plants.
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[0006] Overall, while methods of recovering 2-ethyl hexanol exist, the need for

improvements in this field persists in light of at least the aforementioned drawbacks.

BRIEF SUMMARY OF THE INVENTION

[0007] A solution to at least some of the above-mentioned problems associated with
the production, especially the purification and recovery of 2-ethyl hexanol has been
discovered. The solution resides in a 2-EH recovery process that recovers intermediate
product and additional 2-EH from a distillate of crude alcohol. Notably, the method
comprises distilling the crude alcohol to form a distillate stream and a bottom stream and
further distilling the distillate stream in a second distillation column and the bottom stream in
a third distillation column. The bottom stream from the second distillation column is further
distilled in the third distillation column. This can be beneficial because a considerable
amount of 2-EH from the bottom stream of the second distillation column is recovered with
minimal added energy consumption. This leads to increased productivity of the 2-EH
production method and reduced energy consumption per unit 2-EH produced in the method
as compared with conventional methods. Therefore, the methods of the present invention
provide a technical advantage over at least some of the problems associated with the currently

available methods for producing 2-ethyl hexanol mentioned above.

[0008] Embodiments of the invention include a method of recovering 2-EH from
crude alcohol. The method includes distilling, in a first distillation column, the crude alcohol
to produce a first distillate comprising (1) light components having a lower boiling point than
butanol, (2) butanol, (3) EHA, (4) EPA, (5) water, and (6) 2-EH. The method further
includes distilling, in a second distillation column, the first distillate to produce a second
distillate comprising butanol and water. The method further includes flowing a liquid side
stream from the second distillation column, wherein the liquid side stream comprises EHA
and 2-EH. The method further still includes recycling the liquid side stream to a reactor that
produces the crude alcohol. The method further includes distilling, in a third distillation
column, a bottom stream comprising 2-EH and heavy components that have a boiling point
higher than 2-EH from the first distillation column to produce a third distillate comprising 2-
EH.

[0009] Embodiments of the invention include a method of recovering 2-EH from

crude alcohol. The method comprises distilling, in a first distillation column, the crude
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alcohol to produce a first distillate comprising (1) light components having a lower boiling
point than butanol, (2) butanol, (3) EHA, (4) EPA, (5) water, and (6) 2-EH. The method
further comprises distilling, in a second distillation column, the first distillate to produce a
second distillate comprising butanol and water. The method further comprises flowing a
liquid side stream from the second distillation column, wherein the liquid side stream
comprises EHA and 2-EH. The method further includes recycling the liquid side stream to a
reactor that produces the crude alcohol. The method further includes distilling, in a third
distillation column, a bottom stream comprising 2-EH and heavy components that have a
boiling point higher than 2-EH from the first distillation column to produce a third distillate
comprising 2-EH. The method further still includes flowing a bottom stream comprising 2-
EH and heavy components that have a boiling point higher than 2-EH from the second

distillation column to the third distillation column.

[0010] Embodiments of the invention include a method of recovering 2-EH from
crude alcohol. The method comprises distilling, in a first distillation column, the crude
alcohol to produce a first distillate comprising (1) light components having a lower boiling
point than butanol, (2) butanol, (3) EHA, (4) EPA, (5) water, and (6) 2-EH. The method
further includes distilling, in a second distillation column, the first distillate to produce a
second distillate comprising butanol and water. The method further includes flowing a liquid
side stream from the second distillation column, wherein the liquid side stream comprises
EHA and 2-EH. The method further includes recycling the liquid side stream a reactor that
produces the crude alcohol. The method further still includes distilling, in a third distillation
column, a bottom stream comprising 2-EH and heavy components that have a boiling point
higher than 2-EH from the first distillation column to produce a third distillate comprising 2-
EH. The method further includes flowing a bottom stream comprising 2-EH and heavy
components that have a boiling point higher than 2-EH from the second distillation column to
the third distillation column. The method further still includes distilling, in the third
distillation column, the bottom stream comprising 2-EH and heavy components that have a
boiling point higher than 2-EH from the second distillation column to produce additional 2-

EH in the third distillate.

[0011] The following includes definitions of wvarious terms and phrases used

throughout this specification.
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[0012] The terms “about” or “approximately” are defined as being close to as
understood by one of ordinary skill in the art. In one non-limiting embodiment the terms are
defined to be within 10%, preferably, within 5%, more preferably, within 1%, and most
preferably, within 0.5%.

[0013] The terms “wt.%”, “vol.%” or “mol.%” refers to a weight, volume, or molar

percentage of a component, respectively, based on the total weight, the total volume, or the
total moles of material that includes the component. In a non-limiting example, 10 moles of

component in 100 moles of the material is 10 mol.% of component.

[0014] The term “substantially” and its variations are defined to include ranges within

10%, within 5%, within 1%, or within 0.5%.

[0015] The terms “inhibiting” or “reducing” or “preventing” or “avoiding” or any
variation of these terms, when used in the claims and/or the specification, includes any

measurable decrease or complete inhibition to achieve a desired result.

[0016] The term “effective,” as that term is used in the specification and/or claims,

means adequate to accomplish a desired, expected, or intended result.

[0017] The use of the words “a” or “an” when used in conjunction with the term

R AN

“comprising,” “including,

2%

containing,” or “having” in the claims or the specification may

29 <C

mean “one,” but it is also consistent with the meaning of “one or more,” “at least one,” and

“one or more than one.”

[0018] The words “comprising” (and any form of comprising, such as “comprise” and
“comprises”), “having” (and any form of having, such as “have” and “has”), “including” (and
any form of including, such as “includes” and “include”) or “containing” (and any form of
containing, such as “contains” and “contain”) are inclusive or open-ended and do not exclude

additional, unrecited elements or method steps.

29 <C

[0019] The process of the present invention can “comprise,” “consist essentially of,”
or “consist of” particular ingredients, components, compositions, etc., disclosed throughout

the specification.

[0020] The term “primarily,” as that term is used in the specification and/or claims,

means greater than any of 50 wt. %, 50 mol. %, and 50 vol. %. For example, “primarily”
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may include 50.1 wt. % to 100 wt. % and all values and ranges there between, 50.1 mol. % to
100 mol. % and all values and ranges there between, or 50.1 vol. % to 100 vol. % and all

values and ranges there between.

[0021] Other objects, features and advantages of the present invention will become
apparent from the following figures, detailed description, and examples. It should be
understood, however, that the figures, detailed description, and examples, while indicating
specific embodiments of the invention, are given by way of illustration only and are not
meant to be limiting. Additionally, it is contemplated that changes and modifications within
the spirit and scope of the invention will become apparent to those skilled in the art from this
detailed description. In further embodiments, features from specific embodiments may be
combined with features from other embodiments. For example, features from one
embodiment may be combined with features from any of the other embodiments. In further
embodiments, additional features may be added to the specific embodiments described

herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] For a more complete understanding, reference is now made to the following

descriptions taken in conjunction with the accompanying drawings, in which:

[0023] FIG. 1 shows a schematic diagram of a system of recovering 2-ethyl hexanol,

according to embodiments of the invention; and

[0024] FIG. 2 shows a schematic flowchart of a method of recovering 2-ethyl

hexanol, according to embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Currently, crude alcohol that comprises 2-ethyl hexanol is produced from
synthesis gas (carbon monoxide and hydrogen) and propylene. Conventional recovery
processes have relatively low energy efficiency and limited recovery efficiency of 2-ethyl
hexanol, resulting in high production costs and relatively low 2-ethyl hexanol productivity.
The present invention provides a solution to these problems. The solution is premised on a
method that includes using multiple distillation columns, where the influent and effluent

streams of the distillation columns are combined and flowed amongst the distillation columns
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in an manner that maximizes the recovery of 2-ethyl hexanol. These and other non-limiting

aspects of the present invention are discussed in further detail in the following sections.
A. System for recovering 2-ethyl hexanol

[0026] In embodiments of the invention, the system for recovering 2-ethyl hexanol
can include a plurality of integrated distillation columns. With reference to FIG. 1, a
schematic diagram is shown of 2-EH recovering system 100 that is capable of recovering 2-
EH from crude alcohol with higher 2-EH productivity and lower energy consumption per unit

2-EH compared to conventional 2-EH recovering systems.

[0027] According to embodiments of the invention, 2-EH recovering system 100
may include first distillation column 101 configured to receive and distill crude alcohol
stream 11 to form first distillate stream 12 and first bottom stream 13. In embodiments of the
invention, crude alcohol stream 11 may be from a 2-EH production reactor configured to

react synthesis gas and propylene to produce the crude alcohol, which includes 2-EH.

[0028] In embodiments of the invention, an overhead outlet of first distillation
column 101 may be in fluid communication with an inlet of second distillation column 102
such that first distillate stream 12 flows from first distillation column 101 to second
distillation column 102. According to embodiments of the invention, second distillation
column 102 may include an overhead outlet disposed on the top half of second distillation
column 102. Second distillation column 102 may further include a middle outlet disposed at
substantially middle section thereof. In embodiments of the invention, distillation column
102 may include 22 to 32 number of stages. The middle outlet of second distillation column

102 may be located at stage 10 in a 22 stage column to 15 stage in the 32 stage column.

[0029] In embodiments of the invention, distillation column 102 may further include
a bottom outlet disposed at the bottom half thereof. In embodiments of the invention, second
distillation column 102 may be configured to receive and distill first distillate stream 12 to
form second distillate stream 14 flowing from the overhead outlet, liquid side stream 15
flowing from the middle outlet and second bottom stream 16 flowing from the bottom outlet

of second distillation column 102.

[0030] In embodiments of the invention, a bottom outlet of first distillation column

101 may be in fluid communication with an inlet of third distillation column 103 such that
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first bottom stream 13 flows from first distillation column 101 to third distillation column
103. In embodiments of the invention, third distillation column 103 may include an overhead
outlet and a bottom outlet. In embodiments of the invention, the inlet of third distillation
column 103 may be in fluid communication with the bottom outlet of second distillation
column 102 such that second bottom stream 16 flows from second distillation column 102 to
third distillation column 103. In embodiments of the invention, third distillation column 103
may be configured to receive and distill first bottom stream 13 and second bottom stream 16
to form third distillate stream 17 flowing from the overhead outlet thereof and third bottom

stream 18 flowing from the bottom outlet thereof.

[0031] In embodiments of the invention, the bottom outlet of third distillation column
103 may be in fluid communication with an inlet of fourth distillation column 104 such that
third bottom stream 18 flows from third distillation column 103 to fourth distillation column
104. In embodiments of the invention, fourth distillation column 104 may be configured to
receive and distill third bottom stream 18 to form fourth distillate stream 19 and fourth

bottom stream 20.

[0032] In embodiments of the invention, 2-EH recovering system 100 may further
include a vaporizer (not shown). According to embodiments of the invention, the vaporizer
may be in fluid communication with the middle outlet of second distillation column 102 such
that liquid side stream 15 flows from second distillation column 102 to the vaporizer. In
embodiments of the invention, the vaporizer may be further in fluid communication with an
overhead outlet of fourth distillation column 104 such that fourth distillate stream 19 flows
from fourth distillation column 104 to the vaporizer. According to embodiments of the
invention, the vaporizer is configured to vaporize side stream 15 and/or fourth distillate
stream 19. In embodiments of the invention, the vaporizer may be in fluid communication
with a reactor that produces the crude alcohol comprising 2-ethyl hexanol. In embodiments
of the invention, the vaporizer may be further in fluid communication with the inlet of fourth
distillation column 104 such that purge stream 21 from the vaporizer is distilled in fourth

distillation column 104.
B. Method for recovering 2-ethyl hexanol

[0033] A method of recovering 2-ethyl hexanol from a crude alcohol is discovered to

lower the production cost and increase the productivity of 2-ethyl hexanol as compared to
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conventional methods. As shown in FIG. 2, embodiments of the invention include method
200 for recovering 2-ethyl hexanol from a crude alcohol. Method 200 may be implemented
by 2-EH recovering system 100, as shown in FIG. 1. According to embodiments of the
invention, the crude alcohol may include 94 to 97 wt.% 2-ethyl hexanol and all ranges and
values there between including 94 to 94.2 wt.%, 94.2 to 94.4 wt.%, 94.4 to 94.6 wt.%, 94.6 to
94.8 wt.%, 94.8 to 95.0 wt.%, 95.0 to 95.2 wt.%, 95.2 to 95.4 wt.%, 95.4 to 95.6 wt.%, 95.6
to 95.8 wt.%, 95.8 to 96.0 wt.%, 96.0 to 96.2 wt.%, 96.2 to 96.4 wt.%, 96.4 to 96.6 wt.%,
96.6 10 96.8 wt.%, and 96.8 to 97.0 wt.%. In embodiments of the invention, the crude alcohol
may further include 0.4 to 1.0 wt.% 2-ethyl hexanal (EHA), 0.001 to 0.002 wt.% 2-ethyl, 3-
propyl acrolein (EPA), 1 to 2 wt.% butanol, 0.5 to 1.0 wt.% heavy hydrocarbons, and 0.6 to
1.0 wt.% water. In embodiments of the invention, the crude alcohol is produced from

synthesis gas and propylene.

[0034] According to embodiments of the invention, as shown in block 201, method
200 may include distilling, in first distillation column 101, the crude alcohol of crude alcohol
stream 11 to produce a first distillate comprising light components having a lower boiling
point than butanol, EHA, EPA, water, and 2-EH. In embodiments of the invention, the
distilling in block 201 further produces first bottom stream 13 comprising primarily 2-ethyl
hexanol flowing from the bottom outlet of first distillation column 101. In embodiments of
the invention, the first distillate (of first distillate stream 12) may flow from the overhead
outlet of first distillation column 101 to second distillation column 102. In embodiments of
the invention, an operating temperature of first distillation column 101 at block 201 may be in
a range of 148 to 155 °C and all ranges and values there between including 148.0 to 148.5 °C,
148.5 to 149.0 °C, 149.0 to 149.5 °C, 149.5 to 150.0 °C, 150.0 to 150.5 °C, 150.5 to 151.0 °C,
151.0to 151.5°C, 151.5 t0 152.0 °C, 152.0 to 152.5 °C, 152.5t0 153.0 °C, 153.0 to 153.5 °C,
153.5 to 154.0 °C, 154.0 to 154.5 °C, and 154.5 to 155.0 °C. An operating pressure of first
distillation column 101 at block 201 may be in a range of 0.2 to 0.4 bar and all ranges and
values there between including 0.2 to 0.22 bar, 0.22 to 0.24 bar, 0.24 to 0.26 bar, 0.26 to 0.28
bar, 0.28 to 0.30 bar, 0.30 to 0.32 bar, 0.32 to 0.34 bar, 0.34 to 0.36 bar, 0.36 to 0.38 bar, and
0.38 to 0.40 bar.

[0035] In embodiments of the invention, as shown in block 202, method 200 may
include distilling, in second distillation column 102, the first distillate (first distillate stream

12) to produce a second distillate (second distillate stream 14). In embodiments of the
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invention, the second distillate may include butanol and water. The second distillate may be
used as waste liquid fuel (WLF). According to embodiments of the invention, as shown in
block 203, method 200 may further include flowing liquid side stream 15 from second
distillation column 102 to the vaporizer. In embodiments of the invention, second distillation
column 102 may include 22 to 32 actual number of stages. Liquid side stream may be drawn
from stage 10 to stage 15 of second distillation column 102. In embodiments of the
invention, an operating temperature of second distillation column 102 at block 202 may be in
a range of 140 to 148 °C and all ranges and values there between including 140 to 140.5 °C,
140.5t0 141.0 °C, 141.0 to 141.5 °C, 141.5 to 142.0 °C, 142.0 to 142.5 °C, 142.5 to 143.0 °C,
143.0 to 143.5 °C, 143.5 to 144.0 °C, 144.0 to 144.5 °C, 144.5 to 145.0 °C, 145.0 to 145.5 °C,
1455 to 146.0 °C, 146.0 to 146.5 °C, 146.5 to 147.0 °C, 147.0 to 147.5 °C, and 147.5 to
148.0 °C. An operating pressure of second distillation column 102 at block 202 may be in a
range of 0.4 to 0.6 bar and all ranges and values there between including 0.40 to 0.42 bar,
0.42 t0 0.44 bar, 0.44 to 0.46 bar, 0.46 to 0.48 bar, 0.48 to 0.50 bar, 0.50 to 0.52 bar, 0.52 to
0.54 bar, 0.54 to 0.56 bar, 0.56 to 0.58 bar, and 0.58 to 0.60 bar.

[0036] In embodiments of the invention, liquid side stream 15 may include primarily
EHA and 2-EH. In embodiments of the invention, liquid side stream 15 may include 2.5 to
5.0 wt.% EHA and all ranges and values there between including ranges of 2.5 to 2.6 wt.%,
261027 wt%, 2.7 t0 2.8 wt.%, 2.8 t0 2.9 wt.%, 2.9 t0 3.0 wt.%, 3.0 to 3.1 wt.%, 3.1 to 3.2
wt.%, 3.2 to 3.3 wt.%, 3.3 to 3.4 wt.%, 3.4 to 3.5 wt.%, 3.5 t0 3.6 wt.%, 3.6 to 3.7 wt.%, 3.7
to 3.8 wt.%, 3.8 to 3.9 wt.%, 3.9 to 4.0 wt.%, 4.0 to 4.1 wt.%, 4.1 to 4.2 wt.%, 4.2 to 4.3
wt.%, 4.3 to 4.4 wt.%, 4.4 t0 4.5 wt.%, 4.5t0 4.6 wt.%, 4.6 t0 4.7 wt.%, 4.7 to 4.8 wt.%, 4.8
t0 4.9 wt.%, and 4.9 to 5.0 wt.%.

[0037] In embodiments of the invention, liquid side stream 15 may include 95 to 97.5
wt.% 2-ethyl hexanol and all ranges and values there between, including ranges of 95.0 to
95.1 wt.%, 95.1 to 95.2 wt.%, 95.2 to 95.3 wt.%, 95.3 to 95.4 wt.%, 95.4 to 95.5 wt.%, 95.5
to 95.6 wt.%, 95.6 to 95.7 wt.%, 95.7 to 95.8 wt.%, 95.8 to 95.9 wt.%, 95.9 to 96.0 wt.%,
96.0 to 96.1 wt.%, 96.1 to 96.2 wt.%, 96.2 to 96.3 wt.%, 96.3 to 96.4 wt.%, 96.4 to 96.5
wt.%, 96.5 to 96.6 wt.%, 96.6 to 96.7 wt.%, 96.7 to 96.8 wt.%, 96.8 to 96.9 wt.%, 96.9 to
97.0 wt.%, 97.0 to 97.1 wt.%, 97.1 to 97.2 wt.%, 97.2 to 97.3 wt.%, 97.3 to 97.4 wt.%, and
97.4t097.5 wt.%.
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[0038] In embodiments of the invention, liquid side stream may be vaporized. As
shown in block 204, method 200 may include recycling liquid side stream 15 to a reactor that
produces the crude alcohol. In embodiments of the invention, recycling at block 204 further
includes producing 2-ethyl hexanol using EHA from liquid side stream 15. In embodiments
of the invention, as shown in block 205, method 200 may include distilling, in third
distillation column 103, first bottom stream 13 comprising 2-ethyl hexanol and heavy
components that have a boiling point higher than 2-ethyl hexanol from first distillation
column 101 to produce third distillate stream 17 comprising 2-ethyl hexanol. In
embodiments of the invention, first bottom stream 13 may include 98 to 99 wt.% 2-ethyl
hexanol and all ranges and values there between including 98.1 wt.%, 98.2 wt.%, 98.3 wt.%,
98.4 wt.%, 98.5 wt.%, 98.6 wt.%, 98.7 wt.%, 98.8 wt.%, and 98.9 wt.%. In embodiments of
the invention, the heavy components in first bottom stream 13 may include 4-Methyl
pentanol (EMPOH), 2-Ethylhexanoic acid (Ci6H3202), 2-Ethylhexyl butyrate(Ci12H2402), or
combinations thereof. In embodiments of the invention, an operating temperature of third
distillation column 103 may be in a range of 120 to 130 °C and all ranges and values there
between including 120 to 120.5 °C, 120.5 to 121 °C, 121 to 121.5°C, 121.5to 122 °C, 122 to
1225 °C, 122.5 to 123 °C, 123 to 123.5 °C, 123.5 to 124 °C, 124 to 124.5 °C, 124.5 to 125
°C, 125 to 125.5 °C, 125.5 to 126 °C, 126 to 126.5 °C, 126.5 to 127 °C, 127 to 127.5 °C,
127.5 to 128 °C, 128 to 128.5 °C, 128.5 to 129 °C, 129 to 129.5 °C, and 129.5 to 130 °C. An
operating pressure of third distillation column 103 may be in a range of 0.1 to 0.2 bar and all
ranges and values there between including 0.11 bar, 0.12 bar, 0.13 bar, 0.14 bar, 0.15 bar,
0.16 bar, 0.17 bar, 0.18 bar, and 0.19 bar.

[0039] According to embodiments of the invention, as shown in block 206, method
200 may further include flowing second bottom stream 16 comprising 2-ethyl hexanol and
heavy components that have a boiling point higher than 2-ethyl hexanol from second
distillation column 102 to third distillation column 103. In embodiments of the invention,
second bottom stream 16 may include 98.0 to 99.8 wt.% 2-ethyl hexanol and all ranges and
values there between including ranges of 98.0 to 98.1 wt.%, 98.1 to 98.2 wt.%, 98.2 to 98.3
wt.%, 98.3 to 98.4 wt.%, 98.4 to 98.5 wt.%, 98.5 to 98.6 wt.%, 98.6 to 98.7 wt.%, 98.7 to
98.8 wt.%, 98.8 t0 98.9 wt.%, 98.9 to 99.0 wt.%, 99.0 to 99.1 wt.%, 99.1 to 99.2 wt.%, 99.2
t0 99.3 wt.%, 99.3 to 99.4 wt.%, 99.4 to 99.5 wt.%, 99.5 t0 99.6 wt.%, 99.6 to 99.7 wt.%, and
99.7 t0 99.8 wt.%. In embodiments of the invention, the heavy components in second bottom

stream 16 may include EMPOH, Trimethyl heptadiene-2-one, Ethyl trimethyl pentonate, or
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combinations thereof. In embodiments of the invention, second bottom stream 16 may be

combined with first bottom stream 13.

[0040] According to embodiments of the invention, as shown in block 207, method
200 may further include distilling, in third distillation column 103, second bottom stream 16
from second distillation column 102 comprising 2-ethyl hexanol and heavy components that
have a boiling point higher than 2-ethyl hexanol to produce additional 2-ethyl hexanol in
third distillate stream 17. In embodiments of the invention, third distillate stream 17 may
include 99.5 to 99.7 wt.% 2-ethyl hexanol and all ranges and values there between, including
ranges of 99.50 to 99.52 wt.%, 99.52 to 99.54 wt.%, 99.54 to 99.56 wt.%, 99.56 to 99.58
wt.%, 99.58 to 99.60 wt.%, 99.60 to 99.62 wt.%,. 99.62 to 99.64 wt.%, 99.64 to 99.66 wt.%,
99.66 to 99.68 wt.%, and 99.68 to 99.70 wt.%. In embodiments of the invention, third

distillate stream 17 is the product stream for 2-ethyl hexanol recovery system 100.

[0041] In embodiments of the invention, as shown in block 208, method 200 may
further include distilling, in fourth distillation column 104, third bottom stream 18 from third
distillation column 103 comprising EPA and 2-ethyl hexanol to produce the fourth distillate
of fourth distillate stream 19 comprising 2-ethyl hexanol and EPA and fourth bottom stream
20 comprising trimers and heavy components. In embodiments of the invention, third bottom
stream 18 may include 5 to 10 wt.% 2-ethyl hexanol and all ranges and values there between
including 5.0 to 5.5 wt.%, 5.5 to 6.0 wt.%, 6.0 to 6.5 wt.%, 6.5 to 7.0 wt.%, 7.0 to 7.5 wt.%,
7.5 to 8.0 wt.%, 8.0 to 8.5 wt.%, 8.5 to 9.0 wt.%, 9.0 to 9.5 wt.%, and 9.5 to 10.0 wt.%.
According to embodiments of the invention, third bottom stream 18 may be merged with
purge stream 21 from the vaporizer. Purge stream 21 may include EPA, 2-EH, 2-Ethylhexyl

butyrate, or combinations thereof.

[0042] In embodiments of the invention, fourth distillate stream 19 may include 7 to
15 wt.% EPA and 85 to 93 wt.% 2-ethyl hexanol. In embodiments of the invention, fourth
distillate stream 19 may be flowed to the vaporizer and recycled to the reactor that produces
the crude alcohol. Fourth bottom stream 20 may be purged as waste liquid fuel (WLF).
According to embodiments of the invention, an operating temperature of fourth distillation
column 104 at block 208 may be in a range of 130 to 140 °C and all ranges and values there
between, including 131 °C, 132 °C, 133 °C, 134 °C, 135 °C, 136 °C, 137 °C, 138 °C, and 139
°C. An operating pressure of fourth distillation column 104 at block 208 may be in a range of

0.15 to 0.3 bar and all ranges and values there between including ranges of 0.15 to 0.16 bar,
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0.16 t0 0.17 bar, 0.17 to 0.18 bar, 0.18 to 0.19 bar, 0.19 to 0.20 bar, 0.20 to 0.21 bar, 0.21 to
0.22 bar, 0.22 to 0.23 bar, 0.23 to 0.24 bar, 0.24 to 0.25 bar, 0.25 to 0.26 bar, 0.26 to 0.27 bar,
0.27 to0 0.28 bar, 0.28 to 0.29 bar, and 0.29 to 0.30 bar.

[0043] Although embodiments of the present invention have been described with
reference to blocks of FIG. 2, it should be appreciated that operation of the present invention
is not limited to the particular blocks and/or the particular order of the blocks illustrated in
FIG. 2. Accordingly, embodiments of the invention may provide functionality as described

herein using various blocks in a sequence different than that of FIG. 2.

[0044] As part of the disclosure of the present invention, a specific example is
included below. The example is for illustrative purposes only and is not intended to limit the
invention. Those of ordinary skill in the art will readily recognize parameters that can be

changed or modified to yield essentially the same results.
EXAMPLE

(Simulation of a 2-EH production process)
[0045] Simulations were run in Aspen® Plus platform for a 2-EH production process
according to embodiments of the invention. The simulation model was validated. In the
simulation runs, the operating condition for the second distillation column (column 102)

included an operation temperature at 142 °C and an operating pressure of 0.48 bar.

[0046] Mass flows and compositions for streams flowing in and out of column 102
(as shown in FIG. 1) were calculated. The results are shown in Table 1. In Table 1, stream
408E-REF i1s the liquid reflux stream (stream flowing from the condenser back to the
distillation column) of column 102 (FIG. 1). Stream 4080PIN is the feed stream of column
102 (first distillate stream 12). Stream 408E-BOT is the bottom stream of column 102
(second bottom stream 16). Stream 454-IN is the overhead stream from column 102 to the

condenser. Side stream is liquid side stream 15 as shown in FIG. 1.

[0047] As shown in Table 1, stream 408E-BOT (second bottom stream 16), which
was routed to third distillation column 103, has a mass flow rate of 500 kg per hour. 2-EH
composition in stream 408E-BOT was about 99.7 wt.%. Therefore, considerably more 2-EH

was recovered in the process with minimum increase of energy compared to the conventional
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process, which recycles stream 408E-BOT (second bottom stream 16) back to the reactor for

producing 2-EH.

Table 1. Streams and compositions for the second distillation column

Uns  laserer  ~|[ason ~|[[4eBoT  ~||[4MciN <|[Side Stm -||

(1] - Mass Flows kag/hr 69497 171718 500 16215 750
’ H kg/hr 0 0 0 0 0
» N2 kg/hr DOE27TE D211975 |  1.9869%-45 0274754 | 339648e-11
’ WATER kg/hr 261284 547148 | 130741e-21 803423 | 0.0610de-05
» N-BAL kg/hr 0 0 0 0 0
» BUTANOL kg/hr 18447 29734 | 11893509 547433 074806
’ EPA kg/hr 0 0 0 0 0
3 EHA kg/hr 18442 175 | 00112066 207385 187832
3 EMPOH kg/hr 11,0092 182684 152743 183470 940234
» 2EH kg/hr 168409 13318 498461 280677 721066
» CIGRESID ke/hr 0 0 0 0 0
’ FBAL kg/hr 0 0 0 0 0
b | - Mass Fractions

’ H2 0 0 0 0 0
’ N2 0032005 | 000015 | 3073948 | 0000236418 |  45286de-14
» WATER DOO375965 | ODO31572 | 26148224 | DOOGOTIZA |  1.2081de-7
’ N-BAL 0 0 0 0 0
3 BUTANOL DAT2605 0127962 |  2.378Tle-12 DA7IOS! | 0.000897414
» EPA 0 0 0 0 0
» EHA D265378 | 00825470 | 22413305 D26M97 | 00250444
3 EMPOH 00158413 | 0010638 | 000305485 | 00157878 | 00125365
’ 2EH 0242325 075571 0996923 0241515 0961422
» CIERESID 0 0 0 0 0
’ FBAL 0 0 0 0 0
[0048] In the context of the present invention, embodiments 1-15 are described.

Embodiment 1 is a method of recovering 2-EH from crude alcohol. The method includes

distilling, in a first distillation column, the crude alcohol to produce a first distillate including

(1) light components having a lower boiling point than butanol, (2) butanol, (3) EHA, (4)

EPA, (5) water, and (6) 2-EH, then distilling, in a second distillation column, the first

distillate to produce a second distillate comprising butanol and water, flowing a liquid side

stream from the second distillation column, wherein the liquid side stream includes EHA and

2-EH, recycling the liquid side stream to a reactor that produces the crude alcohol, and
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distilling, in a third distillation column, a bottom stream comprising 2-EH and heavy
components that have a boiling point higher than 2-EH from the first distillation column to
produce a third distillate comprising 2-EH. Embodiment 2 is the method of embodiment 1,
further including flowing a bottom stream comprising 2-EH and heavy components that have
a boiling point higher than 2-EH from the second distillation column to the third distillation
column. Embodiment 3 is the method of embodiment 2, further including distilling, in the
third distillation column, the bottom stream from the second distillation column including 2-
EH and heavy components that have a boiling point higher than 2-EH to produce additional
2-EH in the third distillate. Embodiment 4 is the method of embodiment 3, further including
distilling, in a fourth distillation column, a bottom stream from the third distillation column
including EPA and 2-EH to produce a fourth distillate including 2-EH and EPA and a bottom
stream from the fourth distillation column including trimers, and heavy components.
Embodiment 5 is the method of embodiment 4, wherein the fourth distillate is recycled back
to the reactor that produces the crude alcohol. Embodiment 6 is the method of either of
embodiments 3 or 4, wherein the bottom stream from the fourth distillation column is purged
as waste liquid fuel. Embodiment 7 is the method of any of embodiments 3 to 6, wherein the
liquid side stream and the fourth distillate are vaporized before being flowed to the reactor
that produced the crude alcohol. Embodiment 8 is the method of any of embodiments 1 to 7,
wherein the crude alcohol is produced from propylene, carbon monoxide and hydrogen.
Embodiment 9 is the method of any of embodiments 1 to 8, wherein the crude alcohol
includes (1) primarily 2-EH, (2) 2-ethyl, 3-propyl acrolein (EPA), and (3) 2-ethyl hexanal
(EHA). Embodiment 10 is the method of any of embodiments 1 to 9, wherein the liquid side
stream includes 2.5% to 5.0% EHA and 95% to 97.5% 2-EH. Embodiment 11 is the method
of any of embodiments 1 to 10, wherein the bottom stream from the second distillation
column includes 99% to 99.6% 2-EH. Embodiment 12 is the method of any of claims 1 to
11, wherein the third distillate from the third distillation column includes 99.6% to 99.9% 2-
EH. Embodiment 13 is the method of any of embodiments 1 to 12, wherein the second
distillation column has an operating pressure of 0.4 to 0.6 bar. Embodiment 14 is the method
of any of embodiments 1 to 13, wherein the second distillation column has an operating

temperature of 140 to 148 °C.

[0049] Embodiment 15 is a method of recovering 2-EH from crude alcohol. The
method includes distilling, in a first distillation column, the crude alcohol to produce a first

distillate including (1) light components having a lower boiling point than butanol, (2)
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butanol, (3) EHA, (4) EPA, (5) water, and (6) 2-EH, then distilling, in a second distillation
column, the first distillate to produce a second distillate including butanol and water, flowing
a liquid side stream from the second distillation column, wherein the liquid side stream
includes EHA and 2-EH, recycling the liquid side stream a reactor that produces the crude
alcohol, and distilling, in a third distillation column, a bottom stream including 2-EH and
heavy components that have a boiling point higher than 2-EH from the first distillation
column to produce a third distillate comprising 2-EH. The method further includes flowing a
bottom stream including 2-EH and heavy components that have a boiling point higher than 2-
EH from the second distillation column to the third distillation column, and distilling, in the
third distillation column, the bottom stream including 2-EH and heavy components that have
a boiling point higher than 2-EH from the second distillation column to produce additional 2-

EH in the third distillate.

[0050] Although embodiments of the present application and their advantages have
been described in detail, it should be understood that various changes, substitutions and
alterations can be made herein without departing from the spirit and scope of the
embodiments as defined by the appended claims. Moreover, the scope of the present
application is not intended to be limited to the particular embodiments of the process,
machine, manufacture, composition of matter, means, methods and steps described in the
specification. As one of ordinary skill in the art will readily appreciate from the above
disclosure, processes, machines, manufacture, compositions of matter, means, methods, or
steps, presently existing or later to be developed that perform substantially the same function
or achieve substantially the same result as the corresponding embodiments described herein
may be utilized. Accordingly, the appended claims are intended to include within their scope

such processes, machines, manufacture, compositions of matter, means, methods, or steps.
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CLAIMS

A method of recovering 2-EH from crude alcohol, the method comprising:
distilling, in a first distillation column, the crude alcohol to produce a first
distillate comprising (1) light components having a lower boiling point than butanol,
(2) butanol, (3) EHA, () EPA, (5) water, and (6) 2-EH;
distilling, in a second distillation column, the first distillate to produce a
second distillate comprising butanol and water;
flowing a liquid side stream from the second distillation column, wherein the
liquid side stream comprises EHA and 2-EH;
recycling the liquid side stream to a reactor that produces the crude alcohol,;
and
distilling, in a third distillation column, a bottom stream comprising 2-EH and
heavy components that have a boiling point higher than 2-EH from the first

distillation column to produce a third distillate comprising 2-EH.

The method of claim 1, further comprising flowing a bottom stream comprising 2-EH
and heavy components that have a boiling point higher than 2-EH from the second

distillation column to the third distillation column.

The method of claim 2, further comprising distilling, in the third distillation column,
the bottom stream from the second distillation column comprising 2-EH and heavy
components that have a boiling point higher than 2-EH to produce additional 2-EH in
the third distillate.

The method of claim 3, further comprising distilling, in a fourth distillation column, a
bottom stream from the third distillation column including EPA and 2-EH to produce
a fourth distillate comprising 2-EH and EPA and a bottom stream from the fourth

distillation column comprising trimers, and heavy components.

The method of claim 4, wherein the fourth distillate is recycled back to the reactor

that produces the crude alcohol.

The method of any of claims 3 and 4, wherein the bottom stream from the fourth

distillation column is purged as waste liquid fuel.
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The method of any of claims 3 to 4, wherein the liquid side stream and the fourth
distillate are vaporized before being flowed to the reactor that produced the crude

alcohol.

The method of any of claims 1 to 5, wherein the crude alcohol is produced from

propylene, carbon monoxide and hydrogen.

The method of any of claims 1 to 5, wherein the crude alcohol comprises (1) primarily

2-EH, (2) 2-ethyl, 3-propyl acrolein (EPA), and (3) 2-ethyl hexanal (EHA).

The method of any of claims 1 to 5, wherein the liquid side stream comprises 2.5% to

5.0% EHA and 95% to 97.5% 2-EH.

The method of any of claims 1 to 5, wherein the bottom stream from the second

distillation column comprises 99% to 99.6% 2-EH.

The method of any of claims 1 to 5, wherein the third distillate from the third
distillation column comprises 99.6% to 99.9% 2-EH.

The method of any of claims 1 to 5, wherein the second distillation column has an

operating pressure of 0.4 to 0.6 bar.

The method of any of claims 1 to 5, wherein the second distillation column has an

operating temperature of 140 to 148 °C.

A method of recovering 2-EH from crude alcohol, the method comprising:
distilling, in a first distillation column, the crude alcohol to produce a first
distillate comprising (1) light components having a lower boiling point than butanol,
(2) butanol, (3) EHA, (@) EPA, (5) water, and (6) 2-EH;
distilling, in a second distillation column, the first distillate to produce a
second distillate comprising butanol and water;
flowing a liquid side stream from the second distillation column, wherein the
liquid side stream comprises EHA and 2-EH;
recycling the liquid side stream a reactor that produces the crude alcohol; and
distilling, in a third distillation column, a bottom stream comprising 2-EH and
heavy components that have a boiling point higher than 2-EH from the first

distillation column to produce a third distillate comprising 2-EH;
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flowing a bottom stream comprising 2-EH and heavy components that have a
boiling point higher than 2-EH from the second distillation column to the third
distillation column; and

distilling, in the third distillation column, the bottom stream comprising 2-EH
and heavy components that have a boiling point higher than 2-EH from the second

distillation column to produce additional 2-EH in the third distillate.
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