wo 2014/149408 A 1[I/ 0F 00O O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/149408 A1

25 September 2014 (25.09.2014) WIPO I PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
C07C 7/04 (2006.01) kind of national protection available): AE, AG, AL, AM,
. L AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/US2014/018144 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
25 February 2014 (25.02.2014) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
. MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: ZW.
13/836,119 15 March 2013 (15.03.2013) Us
(84) Designated States (uniess otherwise indicated, for every
(71) Applicant: UOP LLC [US/US]; 25 East Algonquin Road, kind of regional protection available). ARIPO (BW, GH,
P. O. Box 5017, Des Plaines, Illinois 60017-5017 (US). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(72) Tnventors: STEACY, Paul C.; UOP LLC, 25 East Algon- UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
quin Road, P. O. Box 5017, Des Plaines, Ilinois 60017- TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
5017 (US). MILLER, Lawrence W.; UOP LLC, 25 East EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Algonquin Road, P ’O Box 5017 i)es Plaines, Ilinois MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
60017-5017 (US). VU, Thuy T.; UOP LLC, 25 East Al TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
. S YT, Ayt ’ ast A KM, ML, MR, NE, SN, TD, TG).
gonquin Road, P. O. Box 5017, Des Plaines, Illinois ? ? P e
60017-5017 (US). Published:
(74) Agent: MAAS, Maryann; UOP LLC, 25 East Algonquin —  with international search report (Art. 21(3))

Road, P. O. Box 5017, Des Plaines, Illinois 60017-5017
(US).

[Continued on next page]

(54) Title: METHOD OF CONTROLLING SECONDARY CONDENSER DUTY

(57) Abstract: A process for condensing an over-

head vapor stream from a distillation column is
described. The overhead stream is divided into
two portions. The flow rate of the first portion
from the first heat exchanger is controlled. The
first portion of the overhead stream is introduced
! into a first heat exchanger to exchange heat with a
process stream. The first portion of the condensed

overhead stream is introduced into a receiver. The
second portion of the overhead stream is intro-
duced into a second heat exchanger to reduce the
temperature to condense the second portion. The
second portion is introduced into the receiver and
combined with the first portion of the condensed
overhead stream to form a condensed liquid.
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METHOD OF CONTROLLING SECONDARY CONDENSER DUTY

STATEMENT OF PRIORITY

This application claims priority to U.S. Application No. 13/836,119 which was filed

March 15, 2013, the contents of which are hereby incorporated by reference in its entirety.
BACKGROUND OF THE INVENTION

Dehydrogenation process units often include fractionators and other process
equipment. A feed rich in the desired alkane can be separated in a distillation column into an
overhead containing the desired alkane and a bottoms stream containing heavier
hydrocarbons. The overhead vapor is condensed and sent to the dehydrogenation unit for

conversion to the alkene.

For example, in a propylene plant, a feed 10 rich in propane is sent to a depropanizer
15, as shown in Fig. 1. The feed 10 is separated into a bottoms stream 20 containing butanes
and heavier hydrocarbons and an overhead stream 25 containing propane. The overhead
stream 25 is sent to a condenser 30 where the overhead stream 25 is condensed into a liquid

propane stream 35 which is sent to a receiver 40.

A small amount of the overheard vapor stream 25, hot vapor bypass stream 27, is sent
directly to the receiver 40 where it is condensed on the vessel wall and on the subcooled

liquid surface in the receiver 40.

The process typically utilizes a single condenser 30, which is positioned at or below
the level of the receiver 40 The condenser 30 typically uses water for cooling. The flow rate
to the receiver 40 is controlled by a pressure controller 45 which measures the pressure of the
overhead stream 25. The liquid propane stream 50 from the receiver 40 is sent to the

dehydrogenation reactor (not shown).

A portion 55 of the liquid propane stream 50 from the receiver 40 can be returned to

the depropanizer 15.

The feed coming to the depropanizer is typically at a temperature of -35°C. However,

the temperature needs to be raised to at least 0°C so that the temperature is appropriate for the

1
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feed guard beds for the depropanizer. This is typically done using an available process

stream, such as the overhead vapor from a deethanizer column.
SUMMARY OF THE INVENTION

One aspect of the invention is a process for condensing an overhead vapor stream
from a distillation column. In one embodiment, the process includes dividing the overhead
stream into two portions. The first portion of the overhead stream is introduced into a first
heat exchanger to exchange heat with a process stream thereby increasing a temperature of
the process stream and reducing the temperature of the first portion of the overhead stream to
condense the first portion of the overhead stream. The flow rate of the first portion of the
condensed overhead stream from the first heat exchanger is controlled. The first portion of
the condensed overhead stream is introduced into a receiver. The second portion of the
overhead stream is introduced into a second heat exchanger to reduce a temperature of the
second portion of the overhead stream to condense the second portion of the overhead stream.
The second portion of the condensed overhead stream is introduced into the receiver and

combined with the first portion of the condensed overhead stream to form a condensed liquid.

Another aspect of the invention is a separation process. In one embodiment, the
process includes separating a product stream in a distillation column into a liquid bottoms
stream and an overhead vapor stream. The overhead stream is divided into two portions. The
first portion of the overhead stream is introduced into a first heat exchanger to exchange heat
with a process stream thereby increasing a temperature of the process stream and reducing the
temperature of the first portion of the overhead stream to condense the first portion of the
overhead stream. The flow rate of the first portion of the condensed overhead stream from the
first heat exchanger is controlled. The first portion of the condensed overhead stream is
introduced into a receiver. The second portion of the overhead stream is introduced into a
second heat exchanger to reduce a temperature of the second portion of the overhead stream
to condense the second portion of the overhead stream. The second portion of the condensed
overhead stream into the receiver is introduced and combined with the first portion of the

condensed overhead stream to form a condensed liquid.
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BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an illustration of one embodiment of a prior art depropanizer.
Fig. 2 is an illustration of one embodiment of the process of the present invention.

Fig. 3 is an illustration of another embodiment of the process of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

A portion of the overhead vapor from a distillation column can be used to heat a
process stream while condensing the portion of the overhead vapor stream to a liquid. The
overhead vapor stream from the distillation column is split into two portions. The first portion
flows to a first heat exchanger positioned above the receiver for the condensed vapor, while
the second portion flows to the heat exchanger of the prior art system, which is positioned at

the level of or lower than the receiver.

The first portion flowing to the first heat exchanger should be no more that 80% of the
total overhead vapor. The remaining portion of the overhead vapor, which is at least 20% of
the total overhead vapor, goes to the second heat exchanger. Putting the two heat exchangers
in parallel allows for a lower pressure differential between the pressure at the top of the

column and the pressure of the receiver.

The additional heat exchanger provides the energy needed to heat the process stream.
In addition, the presence of the additional heat exchanger reduces the amount of cooling

water used in the other heat exchanger.

The elevation of the first heat exchanger positioned above the receiver ensures that
there is sufficient pressure drop for the control valve in the rundown line between the first

heat exchanger and the receiver. The pressure drop is typically at least 10 kPa (0.1 bar).

There is a temperature controller in the rundown line which controls a valve in the
line. Desirably, the set point of the temperature controller is set to ensure total condensation
of the portion of the overhead vapor stream used to heat the process stream. It can be set for a

small amount of subcooling, if desired. The temperature is typically at least 1°C less than the
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bubble point of the overhead vapor stream. It is desirable to minimize subcooling in order to

maximize duty.

The temperature of the liquid at the outlet of the elevated heat exchanger is measured,
and the flow rate of the liquid from the heat exchanger is controlled by the valve so that all of
the overhead vapor stream into the heat exchanger is condensed. The system is designed to
obtain the maximum duty while still ensuring that total condensation of the overhead vapor
occurs. The normal column pressure control system can function in its usual manner without

hydraulic or other control problems.

The second portion of the overhead vapor stream is cooled in a second heat exchanger
with cooling water, as in the prior art. The cooled liquid from the second heat exchanger is
also sent to the receiver. The duty of the second heat exchanger is adjusted to pressure control

the distillation column. If the required duty is too small control of the column pressure will
be difficult.

The second heat exchanger is typically at the level of the receiver or lower. The
higher the second heat exchanger is, the lower the pressure drop will be across the hot vapor
bypass valve. Positioning the second heat exchanger lower than the receiver ensure a

pressure drop across the hot bypass valve.

The hot vapor by-pass flow is adjusted to regulate the liquid accumulation in the
second heat exchanger. Liquid retention reduces the heat transfer coefficient and the

temperature difference.

The process can be used to heat any process stream which needs to its temperature
raised, such as for example, preheating boiler feed water, and the like. In one embodiment,

the distillation column overhead is used to heat the feed to the distillation column.

The process can be used with any distillation column[s] in which condensation of the
overhead vapor stream is to occur (desirably total condensation), such as for example,
depropanizers, naptha splitters, xylene splitters, and the like. Desirably, the overhead vapor
stream is completely condensed. The presence of only liquid in the run down line from the

first heat exchanger makes the pressure values easier to determine, simplifying selection of
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appropriate control valves. However, in some situations, partial condensation may be

acceptable.

The overhead vapor stream of two or more distillation columns can be combined, if

desired.

Fig. 2 illustrates one embodiment of the present invention. The feed 110 to the
distillation column 115 is separated into bottoms stream 120 and overhead vapor stream 125.
The overhead vapor stream 125 is divided into two portions 155 and 160. The second portion
of the overhead vapor stream 160 is sent to heat exchanger 130 where it is cooled with
cooling water. The condensed liquid 135 is sent to receiver 140. Hot vapor bypass 127 goes
directly to the receiver 140 where it is condensed on the vessel wall and the subcooled liquid

surface.

The first portion of the overhead vapor stream 155 flows to a heat exchanger 165.
The first portion of the overhead vapor stream 155 is cooled and condensed through heat
exchange with process stream 180. The preheated process stream 190 is then sent to another

process unit (not shown).

The cooled liquid 170 is sent to the receiver 140. There is a temperature controller
175 between the heat exchanger 165 and the receiver 140. The temperature of the condensed
vapor is measured, and the flow rate to the receiver is controlled to ensure that all of the
vapor has been condensed in the heat exchanger 165. The condensed liquid 150 from the
receiver 140 is sent for processing in a dehydrogenation unit (not shown), and a portion 155

can be returned to the distillation column 115.

Another embodiment is illustrated in Fig. 3. In this embodiment, the process stream to
be heated is the feed stream to the distillation column. The feed 210 to the distillation column
215 is separated into bottoms stream 220 and overhead vapor stream 225. The overhead
vapor stream 225 is divided into two portions 255 and 260. The second portion of the
overhead vapor stream 260 is sent to heat exchanger 230 where it is cooled with cooling
water. The condensed liquid 235 is sent to receiver 240. Hot bypass vapor 227 goes directly
to the receiver 240 where it is condensed on the vessel walls and on the surface of the

subcooled liquid.
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The first portion of the overhead vapor stream 255 flows to a heat exchanger 265.
The first portion of the overhead vapor stream 255 is cooled and condensed through heat
exchange with the feed 205. The preheated feed 210 is then sent to the distillation column
215. The preheated feed 210 can be sent to various other pretreatment units, such as guard

beds to remove impurities (not shown), before being introduced into distillation column 215.

The cooled liquid 270 is sent to the receiver 240. There is a temperature controller
275 between the heat exchanger 265 and the receiver 240. The temperature of the condensed
vapor is measured, and the flow rate to the receiver is controlled to ensure that all of the
vapor has been condensed in the heat exchanger 265. The condensed liquid 250 from the
receiver 240 is sent for processing in a process unit, such as a dehydrogenator (not shown). A
portion 255 of the condensed liquid 250 from the receiver 240 is returned to the distillation

column 215.

In some embodiments, the present invention could be used to provide all of the
heating for the process stream. In other embodiments, it might be used to provide only a

portion of the heating, with the remainder of the heating being provided in another manner.

Where the overhead vapor stream being used to heat the process stream is the
overhead vapor stream from a depropanizer, the overhead vapor stream is propane typically
at a temperature in the range of 40°C to 60°C. This overhead propane vapor stream is
typically condensed at a temperature of 50°C, with the temperature setpoint for the

temperature controller being 49°C when the receiver pressure is 1.7 MPa (g) (17 bar (g)).

Where the stream being heated is the feed to a depropanizer column, and the feed is
coming from storage, it is typically at a temperature of -35°C. The feed can be preheated
using the present invention to a temperature in the range of 0°C to 54°C, or 20°C to 54°C.

The feed stream should not be heated too high because of treater requirements.

When using other overhead vapor streams and process streams to be heated, one of
ordinary skill in the art will be able to determine the appropriate amount of cooling and

heating for the overhead stream and process stream.
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SPECIFIC EMBODIMENTS

While the following is described in conjunction with specific embodiments, it will be
understood that this description is intended to illustrate and not limit the scope of the

preceding description and the appended claims.

A first embodiment of the invention is a process for condensing an overhead vapor
stream from a distillation column comprising dividing the overhead stream into two portions;
introducing the first portion of the overhead stream into a first heat exchanger to exchange
heat with a process stream thereby increasing a temperature of the process stream and
reducing the temperature of the first portion of the overhead stream to condense the first
portion of the overhead stream; controlling a flow rate of the first portion of the condensed
overhead stream from the first heat exchanger; introducing the first portion of the condensed
overhead stream into a receiver; introducing the second portion of the overhead stream into a
second heat exchanger to reduce a temperature of the second portion of the overhead stream
to condense the second portion of the overhead stream; and introducing the second portion of
the condensed overhead stream into the receiver and combining it with the first portion of the
condensed overhead stream to form a condensed liquid. An embodiment of the invention is
one, any or all of prior embodiments in this paragraph up through the first embodiment in this
paragraph wherein controlling the flow rate of the first portion of the condensed stream
comprises measuring a temperature of the first portion of the condensed overhead stream;
reducing the flow rate if the temperature of the first portion of the condensed overhead stream
is above a predetermined temperature, wherein the predetermined temperature is below a dew
point for the overhead vapor stream; and increasing the flow rate if the temperature of the
first portion of the condensed overhead stream is below the predetermined temperature. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph wherein the predetermined temperature is at
least 1°C less than a bubble point of the first portion of the overhead stream. An embodiment
of the invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph further comprising introducing the condensed liquid from the
receiver into a dehydrogenation reactor. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the first embodiment in this paragraph

wherein the first heat exchanger is positioned above the receiver. An embodiment of the
7
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invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph wherein the second heat exchanger is positioned below the
receiver. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph wherein the overhead stream
comprises at least one C2 to C6 alkane. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the first embodiment in this paragraph
wherein the process stream is a feed to the distillation column. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph wherein the overhead stream comprises propane and wherein
the temperature of the feed to the distillation column is increased to at least 0 °C.

A second embodiment of the invention is a separation process comprising separating a
product stream in a distillation column into a liquid bottoms stream and an overhead vapor
stream; dividing the overhead stream into two portions; introducing the first portion of the
overhead stream into a first heat exchanger to exchange heat with a process stream thereby
increasing a temperature of the process stream and reducing the temperature of the first
portion of the overhead stream to condense the first portion of the overhead stream;
controlling a flow rate of the first portion of the condensed overhead stream from the first
heat exchanger; introducing the first portion of the condensed overhead stream into a
receiver; introducing the second portion of the overhead stream into a second heat exchanger
to reduce a temperature of the second portion of the overhead stream to condense the second
portion of the overhead stream; and introducing the second portion of the condensed
overhead stream into the receiver and combining it with the first portion of the condensed
overhead stream to form a condensed liquid. An embodiment of the invention is one, any or
all of prior embodiments in this paragraph up through the second embodiment in this
paragraph wherein controlling the flow rate of the first portion of the condensed stream
comprises measuring a temperature of the first portion of the condensed overhead stream;
reducing the flow rate if the temperature of the first portion of the condensed overhead stream
is above a predetermined temperature, wherein the predetermined temperature is below a dew
point for the overhead vapor stream; increasing the flow rate if the temperature of the first
portion of the condensed overhead stream is below the predetermined temperature. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up

through the second embodiment in this paragraph wherein the predetermined temperature is
8
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at least 1°C less than the bubble point. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the second embodiment in this paragraph
further comprising introducing the condensed liquid from the receiver into the
dehydrogenation reaction zone. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the second embodiment in this paragraph wherein
the first heat exchanger is positioned above the receiver. An embodiment of the invention is
one, any or all of prior embodiments in this paragraph up through the second embodiment in
this paragraph wherein the second heat exchanger is positioned below the receiver. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the second embodiment in this paragraph wherein the overhead stream comprises at
least one C2 to C6 alkane. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the second embodiment in this paragraph- wherein
the process stream is the product stream. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the second embodiment in this paragraph
wherein the overhead stream comprises propane and wherein the temperature of the product

stream is increased to at least 0 °C.

While at least one exemplary embodiment has been presented in the foregoing
detailed description of the invention, it should be appreciated that a vast number of variations
exist. It should also be appreciated that the exemplary embodiment or exemplary
embodiments are only examples, and are not intended to limit the scope, applicability, or
configuration of the invention in any way. Rather, the foregoing detailed description will
provide those skilled in the art with a convenient road map for implementing an exemplary
embodiment of the invention. It being understood that various changes may be made in the
function and arrangement of elements described in an exemplary embodiment without

departing from the scope of the invention as set forth in the appended claims.
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What is claimed is:

1. A process for condensing an overhead vapor stream (125) from a distillation

column (115) comprising:
dividing the overhead stream (125) into two portions (155, 160);

introducing the first portion (155) of the overhead stream (125) into a first heat
exchanger (165) to exchange heat with a process stream (180) thereby increasing a
temperature of the process stream (180) and reducing the temperature of the first portion
(155) of the overhead stream (125) to condense the first portion (155) of the overhead stream
(125);

controlling (175) a flow rate of the first portion of the condensed overhead stream

(1770) from the first heat exchanger (165);

introducing the first portion of the condensed overhead stream (170) into a receiver

(140);

introducing the second portion (160) of the overhead stream (125) into a second heat
exchanger (130) to reduce a temperature of the second portion (160) of the overhead stream

(125) to condense the second portion of the overhead stream (135); and

introducing the second portion of the condensed overhead stream (135) into the
receiver (140) and combining it with the first portion of the condensed overhead stream (170)

to form a condensed liquid.

2. The process of claim 1 wherein controlling (175) the flow rate of the first

portion of the condensed stream comprises:
measuring a temperature of the first portion of the condensed overhead stream (170);

reducing the flow rate if the temperature of the first portion of the condensed
overhead stream (170) is above a predetermined temperature, wherein the predetermined

temperature is below a dew point for the overhead vapor stream (125) ; and

10
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increasing the flow rate if the temperature of the first portion of the condensed

overhead stream (170) is below the predetermined temperature.

3. The process of claim 2 wherein the predetermined temperature is at least 1°C

less than a bubble point of the first portion (155) of the overhead stream (125).

4. The process of any of claims 1-3 further comprising introducing the

condensed liquid from the receiver (140) into a dehydrogenation reactor.

5. The process of any of claims 1-3 wherein the first heat exchanger (165) is

positioned above the receiver (140).

6. The process of any of claims 1-3 wherein the second heat exchanger (130) is

positioned below the receiver (140).

7. The process of any of claims 1-3 wherein the overhead stream (125) comprises

at least one C, to Cg alkane.

8. The process of any of claims 1-3 wherein the process stream (205) is a feed

(210) to the distillation column (215).

9. The process of claim 8 wherein the overhead stream (225) comprises propane
and wherein the temperature of the feed (210) to the distillation column (215) is increased to

at least 0 °C.

11
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