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(57) In a process for restarting an air separation unit
for the separation of air by cryogenic distillation, the unit
comprising a first column (K1) operating in normal oper-
ation at a first pressure and a second column (K2) oper-
ating in normal operation ata second pressure lower than
the first pressure, the first and second columns being
thermally linked and provided with conduits (2,4) for
transferring liquid enriched in oxygen and liquid enriched
in nitrogen from the first column to the second column
under normal operation, conduits for removing oxygen
enriched fluid (7) and nitrogen enriched gas (8) from the
second column in normal operation and a conduit for
feeding gaseous air (1) to the first column under normal
operation, during restart of the air separation unit, liquid
(3) is removed from the bottom of the second column and
sent to the bottom of the first column and liquid oxygen
(5)from asecond external source (S)is sent to the bottom
of the second column.

PROCESS FOR START-UP OF A CRYOGENIC DISTILLATION AIR SEPARATION UNIT

Figure 1
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Description

[0001] The present invention relates to a process for
the start up of a cryogenic distillation air separation unit.
It also relates to a cryogenic distillation air separation unit
capable of being started up according to the process.
[0002] All air separation units for the cryogenic distil-
lation of air need to be closed down from time to time,
either for maintenance work or because their products
are not required. If the unit no longer operates, heat pen-
etrates into the cold box and the columns warm up. This
means that once the unit restarts, considerable time is
wasted while the cold box cools down in order for distil-
lation to resume and for the necessary purities to be es-
tablished.

[0003] For this reason, it is known to maintain the cold
box at cryogenic temperatures by processes known as
"cold standby" or "cold hold".

[0004] The EIGA document 65/30 "Safe Operation of
Reboilers/Condensers in Air Separation Unit" sets out a
definition of cold standby as being the condition where
equipment is held at cryogenic conditions for immediate
service on demand.

[0005] The section on "cold standby" reads as follows:
"Following a plant shutdown, the liquid contained in the
packing or trays drains to the low point of the column. At
this point, the level in the reboilers can be well greater
than 100% of the level indicators. This liquid is generally
preserved to permit a quick restart of the plant. This mode
is referred to as cold standby.

[0006] During a one day or two day cold standby peri-
od, flow is circulated through liquid oxygen adsorbers if
installed. The following shall be followed to maintain a
more extended cold standby in a safe manner:

e close inlet and outlet valves of the recirculation
pumps;

e drain pumps and suction filters; and

e drain and regenerate liquid oxygen adsorbers. The
regeneration should be done soon after complete
draining of the liquid and purging of the adsorber with
nitrogen to avoid the release of contaminants in gas-
eous oxygen atmosphere.

[0007] Due to the heat leak into the coldbox, vaporiza-
tion eventually reduces the amount of liquid in the reboiler
to well less than the normal operating level.

[0008] When the liquid has been reduced to half of its
normal level, either liquid shall be added using liquid ni-
trogen or oxygen injection or all liquid in the plant shall
be drained.

[0009] When injecting liquid into the plant, it is advis-
able to use liquid nitrogen rather than liquid oxygen in
particular for a long-term cold standby. When liquid ox-
ygen is used, extra hydrocarbons, carbon dioxide, nitrous
oxide, and contaminants in general are added to the sys-
tem and could accumulate to exceed the maximum con-
taminant levels."
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[0010] Itis thus known to maintain the temperature in
the columns within the coldbox by adding liquid nitrogen
to the air separation unit. Since no distillation takes place
and no air enters the columns during cold standby, the
liquid nitrogen sent to the top of the low pressure column
accumulates at the bottom of that column and is vapor-
ised to a certain extent, due to the heat ingress. This
vaporization helps to ensure that the columns remain un-
der a positive pressure and limits the possibility that fluids
should enter the columns through the conduits normally
used to introduce air or remove products.

[0011] The presentinvention proposes a procedure to
speed up the start up process by accelerating the tran-
sition from the cold standby where the bottom of the low
pressure column contains liquid nitrogen and normal op-
eration where the bottom of the low pressure column con-
tains oxygen enriched liquid.

[0012] According to the presentinvention, there is pro-
vided a process for restarting an air separation unit for
the separation of air by cryogenic distillation, the unit
comprising a first column operating in normal operation
at a first pressure and a second column operating in nor-
mal operation at a second pressure lower than the first
pressure, the first and second columns being thermally
linked and provided with conduits for transferring liquid
enriched in oxygen and liquid enriched in nitrogen from
the first column to the second column under normal op-
eration, conduits for removing oxygen enriched fluid and
nitrogen enriched gas from the second column in normal
operation and a conduit for feeding gaseous air to the
first column under normal operation wherein

- when the air separation unit is shut down, no air is
sent to the first column and liquid nitrogen from a
first external source is sent at least occasionally to
the second column and

- during restart of the air separation unit:

a) Liquid is removed from the bottom of the sec-
ond column and sent to the bottom of the first
column,

b) Liquid nitrogen is no longer sent to the second
column and liquid oxygen from a second exter-
nal source is sent to the bottom of the second
column and

c) Gaseous air is sent to the first column.

[0013] According to other optional features:

- no gaseous air is sent to the first column during re-
start until a given quantity of liquid has been sent
from the bottom of the second column to the bottom
of the first column.

- no gaseous air is sent to the first column during re-
start until liquid oxygen has been sent to the bottom
of the second column.

- no liquid oxygen is sent to the bottom of the second
column until a given quantity of liquid has been sent
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from the bottom of the second column to the bottom
of the first column.

- liquid nitrogen is sent to the second column during
normal operation.

- theliquid nitrogen sent to the second column during
normal operation provides at least 90% of the refrig-
eration needed for the process.

- steps a) and b) do not take place during a common
time period.

[0014] According to another object of the invention,
there is provided an air separation unit for the separation
of air by cryogenic distillation, the unit comprising a first
column operating in normal operation at a first pressure
and a second column operating in normal operation at a
second pressure lower than the first pressure, the first
and second columns being thermally linked and provided
with a conduit for transferring liquid enriched in oxygen
from the first column to the second column under normal
operation and a conduit for transferring liquid enriched
in nitrogen from the first column to the second column
under normal operation, conduits for removing oxygen
enriched fluid and nitrogen enriched gas from the second
column in normal operation and a conduit for feeding
gaseous air to the first column under normal operation
characterized in that it comprises means for sending lig-
uid oxygen from an external source connected to the bot-
tom of the second column and a conduit for sending liquid
from the bottom of the second column to the bottom of
the first column.

[0015] Accordingtooptionalfeatures, the unitcompris-
es:

- means for detecting the amount of liquid sent from
the bottom of the second column to the bottom of
the first column and means for sending liquid oxygen
to the bottom of the second column once a given
amount of liquid has been sent from the bottom of
the second column to the bottom of the first column.

- means for detecting the liquid level at the bottom of
the first column and means for sending air to start
up the distillation in response to a signal from the
means for detecting the liquid level.

- meansfordetecting the pressure difference between
the first and second columns and and means for
sending liquid oxygen to the bottom of the second
column once the pressure difference is sufficient.

[0016] The invention will be described in greater detail
with reference to the figure.

[0017] Figure 1 shows a cryogenic air separation unit
comprising a first column K1 operating in normal opera-
tion at a first pressure and a second column K2 operating
in normal operation at a second pressure lower than the
first pressure.

[0018] The first and second columns are thermally
linked and provided with a conduit 2 for transferring liquid
enriched in oxygen from the first column to the second
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column under normal operation and a conduit 4 for trans-
ferring liquid enriched in nitrogen from the first column to
the second column under normal operation.

[0019] Conduit 7 serves to remove oxygen enriched
fluid from the bottom of the second column K2 and con-
duit 8 removes nitrogen enriched gas from the second
column K2 in normal operation.

[0020] Conduit 3 does not serve during normal opera-
tion.

[0021] A conduit 1 feeds gaseous air to the first column
K1 under normal operation. The air in conduit 1 has pre-
viously been purified and cooled. It is possible to cool the
air using a refrigeration unit upstream of the purification
step.

[0022] When the air separation unit is shut down, no
airis sentto the first column K1 and liquid nitrogen 9 from
a first external source is sent at least occasionally to the
second column K2. This allows the columns K1, K2 to
remain at a low temperature even though distillation is
not taking place. Whilst the air separation unit is shut
down, liquid from within the column drains to the bottom
of the column and accumulates. This liquid is much richer
in nitrogen than the liquid which accumulates at the bot-
tom of the column during normal operation.

[0023] During restart of the air separation unit, valve
V3 is opened, liquid is removed from the bottom of the
second column K2 via conduit 3 and sent to the bottom
of the first column K1.

[0024] Once sufficient liquid has been sent to the bot-
tom of the first column K1, valve V3 is closed and no
more liquid is removed via conduit 3. Instead liquid oxy-
gen from a second external source S is sent via conduit
5to the bottom of the second column K2 by opening valve
V5.

[0025] The amount of liquid drained via conduit 3 de-
pends on the purity of the liquid drained and the purity of
the liquid oxygen to be added by conduit 5. The aim is
to establish a liquid bath at the bottom of the second
column K2 having an oxygen purity greater than that ex-
isting during shutdown so as to approach to some degree
the oxygen purity existing during distillation. For example,
the liquid purity at the bottom of the column could reach
between 40 and 50% mol oxygen due to the addition of
liquid oxygen. This value will depend on the type of air
separation unit.

[0026] The temperature of the liquid in the bath will
increase with the oxygen content. For a given Delta T
(design value) of the bottom condenser of the second
column K1, the temperature on the nitrogen side (column
K1) will also increase. During start up, the product that
will be condensed is air. The temperature on the nitrogen
side must be high enough so that the corresponding pres-
sure (point on the boiling curve of air) is high enough to
transfer the condensed liquids from K1 to K2 by pressure
differential.

[0027] Consequently the sending of liquid oxygen to
the bottom of second column K2 continues until the pres-
sure in the first column K1 is sufficient to ensure that the
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liquid reflux flows can overcome the hydrostatic pressure
and arrive in the second column K2.

[0028] This is checked by measuring the liquid level at
the bottom of the first column K1 using level detector LIC.
If, on opening the valve V3, the liquid level at the bottom
ofthe first column K1 decreases, then itcan be concluded
that the pressure is sufficient to cause the bottom liquid
to rise through conduit 2 to the second column K2.
[0029] Finally once a certain level of liquid oxygen is
established at the bottom of the second column K2, valve
V1 opens and gaseous air is sent to column K1 to enable
distillation to begin.

[0030] Thus the unit includes means for detecting the
liquid level at the bottom of the first column and means
for sending air to start up the distillation in response to a
signal from the means for detecting the liquid level.
[0031] Optionally, the unitmay comprise means for de-
tecting the pressure difference between the firstand sec-
ond columns and means for sending liquid oxygen to the
bottom of the second column once the pressure differ-
ence is sufficient.

[0032] Itis useful before starting the distillation to send
an air stream to the refrigeration unit in series with the
purification unit. Since the minimum flow for the refriger-
ation unit to operate is higher than the minimum flow for
the purification unit to operate, the excess air from the
refrigeration unit can be sent to the atmosphere.

Claims

1. Process for restarting an air separation unit for the
separation of air by cryogenic distillation, the unit
comprising a first column (K1) operating in normal
operation at a first pressure and a second column
(K2) operating in normal operation at a second pres-
sure lower than the first pressure, the first and sec-
ond columns being thermally linked and provided
with conduits (2,4) for transferring liquid enriched in
oxygen and liquid enriched in nitrogen from the first
column to the second column under normal opera-
tion, conduits for removing oxygen enriched fluid (7)
and nitrogen enriched gas (8) from the second col-
umn in normal operation and a conduit for feeding
gaseous air (1) to the first column under normal op-
eration wherein

- when the air separation unit is shut down, no
air is sent to the first column and liquid nitrogen
(9) from a first external source is sent at least
occasionally to the second column

- and during restart of the air separation unit:

a) Liquid (3) is removed from the bottom of
the second column and sent to the bottom
of the first column,

b) Liquid nitrogen is no longer sent to the
second column and liquid oxygen (5) from
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a second external source (S) is sent to the
bottom of the second column and
c) Gaseous air is sent to the first column.

Process according to Claim 1 wherein no gaseous
air is sent to the first column (K1) during restart until
a given quantity of liquid (3) has been sent from the
bottom of the second column to the bottom of the
first column.

Process according to Claim 1 or 2 wherein no gas-
eous air (1) is sent to the first column (K1) during
restart until liquid oxygen (5) has been sent to the
bottom of the second column (K2).

Process according to any preceding claim wherein
no liquid oxygen (5) is sent to the bottom of the sec-
ond column (K2a until a given quantity of liquid has
been sent from the bottom of the second column (3)
to the bottom of the first column (K1).

Process according to any preceding claim wherein
liquid nitrogen (9) is sentto the second column during
normal operation.

Process according to any preceding claim wherein
the liquid nitrogen (9)sent to the second column dur-
ing normal operation provides at least 90% of the
refrigeration needed for the process.

Process according to any preceding claim wherein
steps a) and b) do not take place during a common
time period.

Air separation unit for the separation of air by cryo-
genic distillation, the unit comprising a first column
(K1) operating in normal operation at a first pressure
and a second column (K2) operating in normal op-
eration at asecond pressure lower than the first pres-
sure, the first and second columns being thermally
linked and provided with a conduit for transferring
liquid enriched in oxygen (2) from the first column to
the second column under normal operation and a
conduit (4) for transferring liquid enriched in nitrogen
from the first column to the second column under
normal operation, conduits for removing oxygen en-
riched fluid (7) and nitrogen enriched gas (8) from
the second columnin normal operation and a conduit
for feeding gaseous air (1) to the first column under
normal operation characterized in that it comprises
means for sending liquid oxygen (5) from an external
source (S) connected to the bottom of the second
column and a conduit (3) for sending liquid from the
bottom of the second column to the bottom of the
first column.

Unit according to Claim 8 comprising means for de-
tecting the amount of liquid (3) sent from the bottom
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of the second column (K2) to the bottom of the first
column (K1) and means for sending liquid oxygen
(5) to the bottom of the second column once a given
amount of liquid has been sent from the bottom of
the second column to the bottom of the first column.

Unit according to Claim 8 or 9 including means (LIC)
for detecting the liquid level at the bottom of the first
column and means for sending air (1) to start up the
distillation in response to a signal from the means
for detecting the liquid level.

10

15

20

25

30

35

40

45

50

55



A

EP 3 916 330 A1

~

K1

/

LIC

A

5 V5
—|o /)
/-3

Figure 1



10

15

20

25

30

35

40

45

50

55

Européisches
Patentamt
European
Patent Office
Office européen

des brevets

EP 3 916 330 A1

Application Number

EP 20 21 2567

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
Y "Safe Operation of Reboilers/Condensers in|1-10 INV.
Air Separation Units = SECURITE F25J3/04
D'EXPLOITATION DES
REBOUILLEURS/CONDENSEURS DANS LES UNITES
DE SEPARATION DES GAZ DE L'AIR = Sicherer
Betrieb von Kondensatoren in
Muftzerlegungsanlagen",
EUROPEAN INDUSTRIAL GASES ASSOCIATION, IGC
DOCUMENT DOC 65/99/EFD, IGC,
vol. 65/99/EFD,
1 January 1999 (1999-01-01), page 78pp,
XP009183353,
ISBN: 978-2-85701-330-3
* page 1, paragraph 2; figure 1 *
* page 2, paragraph 3 *
* page 10, paragraphs 5,6,13 *
* page 11, paragraph 3 *
Y DE 37 09 588 Al (VOEST ALPINE AG [AT]) 1-10
8 October 1987 (1987-10-08)
* column 6, Tines 18-33; figure * TECHNICAL FIELDS
_____ SEARCHED (IPC)
Y JP 2002 168561 A (KOBE STEEL LTD) 3 F254
14 June 2002 (2002-06-14)
* paragraph [0041] *
Y JP 2009 299930 A (AIR WATER INC; SHINKO 5,6,8-10
AIR WATER CRYOPLANT LTD)
24 December 2009 (2009-12-24)
* abstract; figures 1,2 *
- / -
2 The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
§ Munich 28 April 2021 Goritz, Dirk
% CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
2 E : earlier patent document, but published on, or
hd X : particularly relevant if taken alone after the filing date
3 Y : particularly relevant if combined with another D : document cited in the application
; document of the same category L : document cited for other reasons
T Atechnological backgroUnd e e ettt
Q O : non-written disclosure & : member of the same patent family, corresponding
I P : intermediate document document

page 1 of




10

15

20

25

30

35

40

45

50

55

EP 3 916 330 A1

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

no

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 20 21 2567

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A "Fast Startup of Cryogenic Gas Separation [1-10
Plants ED - Darl Kuhn",

IP.COM, IP.COM INC., WEST HENRIETTA, NY,
us,

14 September 2006 (2006-09-14),
XP013115821,

ISSN: 1533-0001

* page 1, paragraph 2 *

* page 3, paragraph 3 *

The present search report has been drawn up for all claims

TECHNICAL FIELDS
SEARCHED (IPC)

Place of search

Munich

Date of completion of the search

28 April 2021

Examiner

Goritz, Dirk

CATEGORY OF CITED DOCUMENTS

: theory or principle underlying the invention

: earlier patent document, but published on, or

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T
E
after the filing date
D : document cited in the application
L : document cited for other reasons
& : member of the same patent family, corresponding
document

page 2 of




EP 3 916 330 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 20 21 2567

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

28-04-2021
Patent document Publication Patent family Publication
cited in search report date member(s) date
DE 3709588 Al 08-10-1987 AT 386279 B 25-07-1988
DE 3709588 Al 08-10-1987
FR 2596667 Al 09-10-1987
GB 2189587 A 28-10-1987
JP 2002168561 A 14-06-2002  JP 3676668 B2 27-07-2005
JP 2002168561 A 14-06-2002
JP 2009299930 A 24-12-2009 JP 5642923 B2 17-12-2014
JP 2009299930 A 24-12-2009

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82




	bibliography
	abstract
	description
	claims
	drawings
	search report

