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(54) Method and device for completely condensing a process gas by cryocondensation

(67)  The present invention relates to a method and
a device for completely condensing a process gas (P) by
cryocondensation, comprising the following steps: cool-
ing a gaseous cooling medium circulating in a cooling
loop (10) by a liquid cooling medium in a main heat ex-
changer (11), whereby vaporizing the liquid cooling me-
dium, feeding the vaporized cooling medium into the
cooling loop (10) upstream of the main heat exchanger
(11), cooling heat exchange surfaces (5) in a condenser
(3) by the gaseous cooling medium circulating in the cool-
ing loop (10), feeding the process gas (P) to be con-
densed into the condenser (3) to bring it into contact with
the heat exchange surfaces (5) in the condenser (3), col-
lecting the condensed process gas (P) as liquid product
(LP) in a product container (8), and extracting gaseous
cooling medium by an extractor (16) from the cooling loop

(10) and guiding it through a pre-cooler (2) for pre-cooling
the process gas (P) before feeding it into the condenser
(3). The invention allows to completely condensate a
process gas (P) by using the cold of a liquid cooling me-
dium in three steps. In a main heat exchanger (11) the
phase transfer from liquid to gas is used. In a second
step the still very cold gas is introduced into the cooling
loop (10), and in a final step the temperature difference
between the cooling loop (10) after the heat exchange
surfaces (5) in the condenser (3) compared to the envi-
ronment (25) is mostly used in a pre-cooler (2). This high-
ly efficient use of the cold allows using the process and
the device according to the invention on an industrial
scale for completely condensing a process gas (P).
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Description

[0001] The presentinvention relates to a process and
a device for completely condensing a process gas by
cryocondensation.

[0002] The principle of cryocondensation is well known
for processes to clean a process gas from undesired
components, which can be condensed to be separated
from the process gas to be cleaned. Details of such a
method and a corresponding device are for example dis-
closedin WO 2008/7055804 A1.In most cases the clean-
ing of process gas from undesired components is direct-
ed to very small amounts of gas to be condensed and
the focus for such devices is not mainly directed to eco-
nomic aspects how to make the condensation of very
small amounts highly efficient concerning energy con-
sumption.

[0003] For industrial purposes it is also known to con-
vert a process gas by cryocondensation completely into
a liquid product. As, in this case, cryocondensation ihas
to compete with other methods for liquefying gases, for
economic reasons, liquid nitrogen id mainly as cooling
medium for cryocondensation economic reasons. For
this reason, the invention is described in the following
mainly with reference to nitrogen as cooling medium.
However, in special cases, other gases can be used as
cooling medium if they are available in liquid phase at
the right temperature and can be used afterwards in gas-
eous phase under economic conditions.

[0004] Itis an object of the presentinvention to provide
an improved method for completely liquefying a process
gas by cryocondensation, and in particular to make the
method highly efficient. Another object of the present in-
vention is to provide a device for carrying out such a
method.

[0005] The solutions for the described objects are giv-
en by a method according to independent claim 1 and a
device according to independent claim 6. Advantageous
features, which can be combined with each other in dif-
ferent ways, are described in the respective dependent
claims.

[0006] The present invention relates to a method for
completely condensing a process gas by cryocondensa-
tion, comprising the following steps:

- Cooling gaseous nitrogen or another cooling medi-
um circulating in a cooling loop by liquid nitrogen or
the other cooling medium in liquid phase, respec-
tively, in a main heat exchanger, whereby vaporizing
the cooling medium, in particular the liquid nitrogen,

- feeding the vaporized cooling medium into the cool-
ing loop upstream of the main heat exchanger,

- cooling the heat exchange surfaces in a condenser
by the gaseous cooling medium or nitrogen circulat-
ing in the cooling loop,

- feeding the process gas to be condensed into the
condenser to bring it into contact with the heat ex-
change surfaces in the condenser,
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- collecting the condensed process gas as liquid prod-
uct in a product container,

- extracting gaseous cooling medium, in particular ni-
trogen, by an extractor from the cooling loop and
guiding it through a pre-cooler for pre-cooling the
process gas before feeding the process gas into the
condenser.

[0007] The method according to the invention uses lig-
uid nitrogen or another cooling medium at three different
stages to contribute to the cooling down and liquefying
a process gas. In a first step the gaseous nitrogen circu-
lating in the cooling loop is cooled in the main heat ex-
changer with liquid nitrogen, whereby the liquid nitrogen
is vaporized. This means that the main heat exchanger
should be designed to allow the liquid nitrogen to be com-
pletely vaporized during the heat exchange, resulting in
a sharp decrease of the temperature of the gaseous ni-
trogen in the cooling loop. In a next step the still very
cold, but completely vaporized nitrogen is introduced into
the cooling loop, thereby further lowering the temperature
in the cooling loop. Finally, part of the gaseous nitrogen
circulating in the cooling loop and still being cold is ex-
tracted from the cooling loop to be used a third time in
the pre-cooler to pre-cool the process gas before the lat-
ter enters the condenser. Thereafter, the gaseous cool-
ing medium can be released into the environment or can
be used in an industrial network distributing the cooling
medium, in particular nitrogen. The chain for using the
cold of liquid medium/nitrogen in the process allows using
almost the whole cold in liquid nitrogen up to the stage
where the medium/nitrogen is at ambient pressure and
temperature.

[0008] An important advantage of the present inven-
tion is that the pre-cooler takes over a part of the cooling
of the process gas. This allows to keep the temperature
in the condenser in a range, which avoids freezing of the
process gas at certain areas of the heat exchange sur-
faces. The temperature in all areas of the condenser can
be maintained above the freezing temperature of the
process gas so as to maintain a stable condensing proc-
ess, which does not require any deicing from time to time.
The use of nitrogen as cooling medium allows keeping
the condenser temperature between the dew point and
the freezing temperature of many gases, for which such
cryocondensation according to the invention can be
used, forexample Ethylene, Argon, Propene, LNG, Buta-
diene, Dichloride-Methane, Styrene, or Formaldehyde.
[0009] To make the process stable and to allow react-
ing on different amounts of process gas being supplied
to the condenser it is advantageous to control the tem-
perature in the cooling loop upstream of the condenser
and to regulate the flow of liquid nitrogen through the
main heat exchanger and the subsequent feeding of gas-
eous nitrogen into the cooling loop in dependency of this
temperature.

[0010] When feeding additional gaseous nitrogen into
the cooling loop it is also advantageous to control the
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pressure in the cooling loop, what is done according to
another feature of the invention by measuring the pres-
sure in the cooling loop and by controlling the volume per
time of gaseous nitrogen extracted from the cooling loop
in dependency of this pressure. This allows to keep the
pressure in the cooling loop constant or to vary it accord-
ing to the needs of the process, by controlling the amount
of cooling medium (for example expressed in terms of
normal volume) circulating in the cooling loop.

[0011] Under certain circumstances it can happen that
not all nitrogen extracted from the cooling loop should be
used in the pre-cooler, in particular to avoid that the tem-
perature in the pre-cooler drops below the condensation
temperature of the process gas. In this case it is possible
to feed the extracted nitrogen at least partly into a by-
pass line by-passing the pre-cooler before it is released
to the environment or to an industrial network.

[0012] If required in function of variable amounts of
process gas to be condensed, a distribution controller
can be used to distribute the extracted nitrogen to the
pre-cooler and the by-pass line, in particular depending
onthe coolingrequired in the pre-cooler. The value meas-
ured by a temperature sensor in the pre-cooler, in par-
ticular at the outlet of the pre-cooler, may be used to
control the distribution of the extracted nitrogen by said
distribution controller.

[0013] The invention also relates to a device for com-
pletely condensing a process gas, the device comprising:

- aninlet for the process gas,

- apre-cooler for pre-cooling the process gas,

- acondenser with a condensing chamber,

- heatexchange surfaces in the condensing chamber,

- a condenser inlet to introduce pre-cooled process
gas,

- acondenser outlet to extract liquefied process gas,

- acooling loop for circulating gaseous cooling medi-
um, in particular gaseous nitrogen, and for supplying
said gaseous cooling medium to the condensing
chamber for cooling the heat exchange surfaces,

- amain heat exchanger in the cooling loop for cooling
the gaseous cooling medium with liquid cooling me-
dium, in particular liquid nitrogen, thereby vaporizing
the liquid cooling medium,

- afeeder for feeding the vaporized cooling medium
from the main heat exchanger into the cooling loop,

- an extractor for extracting gaseous cooling medium
from the cooling loop,

- apre-coolingline to feed the extracted gaseous cool-
ing medium into the pre-cooler,

- acooling medium outlet for releasing cooling medi-
um, in particular nitrogen, into the environment
and/or to an industrial network, said cooling medium
outlet being connected to the pre-cooler so as to re-
ceive gaseous cooling medium therefrom.

[0014] The device according to the invention allows
with simple equipment and tubing to use liquid nitrogen

10

15

20

25

30

35

40

45

50

55

in a highly efficientway to completely condense a process
gas by cryocondensation.

[0015] Inafurtherembodimentofthe presentinvention
there is a by-pass line for guiding nitrogen from the ex-
tractor by-passing the pre-cooler to the nitrogen outlet.
This by-pass line allows making the nitrogen flow through
the pre-cooler independent of the amount of nitrogen ex-
tracted from the cooling loop to keep the temperature in
the pre-cooler in a desired range.

[0016] Another embodiment of the invention compris-
es a temperature sensor in the cooling loop upstream of
the condenser, which is connected to a temperature con-
troller for controlling the amount of liquid nitrogen flowing
through the main heat exchanger, which feature allows
to keep the temperature in the cooling loop constant or
to adapt it to the varying requirements of the process, in
particular when different amounts of process gas or proc-
ess gas with a different initial temperature are introduced
into the system.

[0017] Yet another embodiment of the invention com-
prises a pressure sensor in the cooling loop connected
to a pressure controller for controlling the pressure in the
cooling loop, in particular by controlling the volume per
time of nitrogen extracted by the extractor. This feature
allows to keep the pressure in the cooling loop constant
or to adapt it to certain requirements of the process, by
controlling the amount of nitrogen circulating in the cool-
ing loop. Moreover, it is a safety feature to avoid any
overpressure in the cooling loop and its components.
[0018] To allow extracting nitrogen from the cooling
loop independent of the cool required in the pre-cooler
there is in another embodiment of the invention a distri-
bution controlling means to distribute the extracted nitro-
gen on the pre-cooler and the by-pass line depending on
the required cooling in the pre-cooler.

[0019] Additional details of the invention are explained
with regard to the drawing, which shows an embodiment
of the invention. However, the invention is not restricted
to this embodiment and the shown components can be
used in different combinations with each other or with
other known components. It should also be noted that
the shown example is described with nitrogen as cooling
medium. However, another gas may be used as cooling
medium according to the invention.

[0020] Fig. 1 shows a schematic embodiment of a de-
vice for condensing a process gas according to the in-
vention.

[0021] A process gas P is supplied to an inlet 1 and
then guided through a pre-cooler 2 to a condenser 3. The
still gaseous process gas GP enters the condenser 3
through a condenser inlet 6. In a condensing chamber 4
the gaseous process gas GP comes into contact with
heat exchange surfaces 5 such that it is completely con-
densed. The resulting liquid product LP leaves the con-
densing chamber 4 through a condenser outlet 7 and is
collected in a product container 8. From the product con-
tainer 8 it can be pumped by a transport pump 9 to any
point of further use or component.
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[0022] The heat exchange surfaces 5 in the condens-
ing chamber 4 are cooled by a cooling loop 10, in which
gaseous nitrogen GAS is circulated as cooling medium.
[0023] A main heat exchanger 11 in the cooling loop
10 is used to cool down the circulating nitrogen GAS by
feeding liquid nitrogen LIN through an inlet 12 for liquid
nitrogen, into the main heat exchanger 11. The liquid
nitrogen LIN is vaporized in the main heat exchanger 11.
The resulting gaseous nitrogen is fed by a feeder 14 into
the cooling loop 10 upstream of the main heat exchanger
10, whereby cooling down the nitrogen in the cooling loop
10. A circulation pump 15 transports the gaseous nitro-
gen GAN in the cooling loop 10 following the direction as
symbolized by arrows through the main heat exchanger
11 to the condenser 3, where it flows through the heat
exchange surfaces 5, and then to an extractor 16, which
extracts some of the gaseous nitrogen GAN from the
cooling loop 10. The extracted gaseous nitrogen GAN
flows through a loop outlet 13 and a pre-cooling line 21
to the pre-cooler 2. Finally, the gaseous nitrogen GAS is
guided to a cooling medium/nitrogen outlet 24 where it
is released to the environment 25 or to an industrial net-
work 26, in which it can be used for other purposes.
[0024] For controlling the temperature in the cooling
loop 10 and especially at the inlet to the heat exchange
surfaces 5 there is a temperature sensor 17 in the cooling
loop 10. This temperature sensor 17 is connected to a
temperature controller 19, which controls the feeder
14and more specifically the amount of liquid nitrogen LIN
fed into the cooling loop through inlet 12 for liquid nitro-
gen. The cooling loop 10 also comprises a pressure sen-
sor 18 connected to a pressure controller 20, which con-
trols the extractor 16 so as to keep the pressure in the
cooling loop 10 constant, in a desired range or at a de-
sired level in function of the cooling requirements in the
condenser 3. If not all of the extracted gaseous nitrogen
GAN at the loop outlet 13 for gaseous nitrogen can be
used in the pre-cooler 2, part of it can be guided through
a by-pass line 22 by-passing the pre-cooler 2 to the cool-
ing medium/nitrogen outlet 24. A distribution controller
23 controlling appropriate valves in the pre-cooling line
21 and the by-pass line 22 allows distributing the nitrogen
flow on both lines depending on the cooling required in
the pre-cooler 2.

[0025] The presentinvention allows to completely con-
densate a process gas by using the cold of liquid nitrogen
in three steps. In a main heat exchanger the phase
change from liquid to gas is used. In a second step the
still very cold gas is introduced into the cooling loop, and
in a final step the temperature difference between the
cooling loop 10 after the heat exchange surfaces 5 in the
condenser 3 compared to the environmentis mostly used
in a pre-cooler. This highly efficient use of the cold allows
using the process and the device according to the inven-
tion on an industrial scale for completely condensing a
process gas.

[0026] The present invention is particularly useful for
the complete condensation of so-called "clean" process
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gases. A clean process gas in the sense of the present
invention refers to a process gas which either contains
only one chemical component or which is a mixture of
chemical components substantially without undesired
impurities and having similar condensation points, for ex-
ample between -180 and 0° C, in particular the conden-
sation points all being in an interval of 20 to 50° C in the
above temperature range, so that the mixture can be fully
condensed in a single step by condensing it on a cold
surface having a temperature below the condensation
point or a range of condensation points of the process
gas at a given pressure, especially at atmospheric pres-
sure.

Reference List

[0027]

1 inlet for process gas

2 pre-cooler

3 condenser

4 condensing chamber

5 heat exchange surfaces
6 condenser inlet

7 condenser outlet

8 product container

9 transport pump

10 cooling loop

11 main heat exchanger
12 inlet for liquid cooling medium/nitrogen
13 loop outlet

14 feeder

15 circulation pump

16 extractor

17 temperature sensor

18 pressure sensor

19 temperature controller
20 pressure controller

21 pre-cooling line

22 by-pass line

23 distribution controller
24 cooling medium/nitrogen outlet
25 environment

26 industrial network

LIN liquid nitrogen

GAN  gaseous nitrogen

P process gas

GP gaseous process gas
LP liquid product
Claims

1. Method for completely condensing a process gas (P)
by cryocondensation with a gaseous cooling medi-
um, in particular gaseous nitrogen (GAN), the meth-
od comprising the following steps:
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- circulating the gaseous cooling medium in a
cooling loop (10),

- cooling the gaseous cooling medium with a lig-
uid cooling medium, in particular liquid nitrogen
(LIN), in a main heat exchanger (11), thereby
vaporizing the liquid cooling medium,

- feeding the vaporized cooling medium into the
cooling loop (10) upstream of the main heat ex-
changer (11),

- cooling heat exchange surfaces (5) in a con-
denser (3) with the gaseous cooling medium, in
particular gaseous nitrogen (GAN), circulating
in the cooling loop (10),

- feeding the process gas (P) to be condensed
into the condenser (3) to bring it into contact with
the cooled heat exchange surfaces (5) in the
condenser (3),

- collecting the condensed process gas (P) as
liquid product (LP) in a product container (8),

- extracting gaseous cooling medium by an ex-
tractor (16) from the cooling loop (10) and guid-
ing atleast part of the extracted gaseous cooling
medium through a pre-cooler (2) for pre-cooling
the process gas (P) before feeding the pre-
cooled process gas into the condenser (3).

Method according to claim 1, wherein the amount of
liquid cooling medium flowing through the main heat
exchanger (11) and fed after vaporization into the
cooling loop (10) is controlled in dependency of a
temperature in the cooling loop upstream of the con-
denser (3).

Method accordingto claim 1 or 2, wherein the volume
of gaseous cooling medium extracted from the cool-
ing loop (10) is controlled in dependency of the pres-
sure in the cooling loop (10), especially to keep the
pressure in the cooling loop (10) constant.

Method according to one of the preceding claims,
wherein the extracted cooling medium can be fed
into the pre-cooler (2) and/or into a by-pass line (21)
by-passing the pre-cooler (2) in dependency of the
cooling required in the pre-cooler (2) and wherein
the nitrogen is finally released into the environment
(25) and/or into an industrial network (26).

Method according to one of the preceding claims,
wherein the distribution of the extracted cooling me-
dium between the pre-cooler (2) and the by-pass line
(22) is controlled by a distribution controller (23), in
particular depending on the temperature in the pre-
cooler (2).

Device for completely condensing a process gas (P),
the device comprising:

- an inlet (1) for the process gas (P),
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10.

- a pre-cooler (2) for pre-cooling the process gas
P),

- a condenser (3) with a condensing chamber
4),

- heat exchange surfaces (5) in the condensing
chamber (4),

- a condenser inlet (6) to introduce pre-cooled
process gas (P) in the condenser (3),

- a condenser outlet (7) to extract liquefied proc-
ess gas (P) from the condenser (3),

-acooling loop (10) for circulating gaseous cool-
ing medium, in particular gaseous nitrogen
(GAN), and for supplying the gaseous cooling
medium to the condensing chamber (4) for cool-
ing the heat exchange surfaces (5),

- a main heat exchanger (11) in the cooling loop
(10) for cooling the gaseous cooling medium
with liquid cooling medium, in particular nitrogen
(LIN), thereby vaporizing the cooling medium,
- a feeder (14) for feeding the vaporized cooling
medium from the main heat exchanger (11) into
the cooling loop (10),

- an extractor (16) for extracting gaseous cooling
medium from the cooling loop (10),

- a pre-cooling line (21) to feed the extracted
gaseous cooling medium into the pre-cooler (2),
- a cooling medium outlet (24) connected to the
pre-cooler (2) to release gaseous cooling medi-
um, in particular nitrogen, into the environment
(25) and/or an industrial network (26).

Device according to claim 6, further comprising a by-
pass line (22) for guiding gaseous cooling medium
from the extractor (16) by-passing the pre-cooler (3)
to the cooling medium outlet (24).

Device according to claim 6 or 7, further comprising
a temperature sensor (17) in the cooling loop (10)
upstream of the condenser (3), the temperature sen-
sor (17) being connected to a temperature controller
(19) for controlling the amount of liquid cooling me-
dium, in particular nitrogen (LIN), flowing through the
main heat exchanger (11).

Device according to one of the claims 6 to 8, further
comprising a pressure sensor (18) in the cooling loop
(10), the pressure sensor (18) being connected to a
pressure controller (20) for controlling the pressure
in the cooling loop (10), in particular by controlling
the volume of gaseous cooling medium extracted
from the cooling loop (10) by the extractor (16).

Device according to one of the claims 7 to 9, com-
prising a distribution controller (23) for controlling the
distribution of the extracted gaseous cooling medium
between the pre-cooler (2) and the by-pass line (22),
preferably depending on the required cooling in the
pre-cooler (2).
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