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(67)  The present invention provides a method of re-
moving nitrogen from a nitrogen-containing stream (10),
the method comprising at least the steps of:

(a) providing a nitrogen-containing stream (10) having a
pressure of atleast 5.0 bara and a temperature of at most
20°C;

(b) cooling the nitrogen-containing stream (10) in a first
(2) and a second heat exchanger (3) thereby obtaining
a cooled nitrogen-containing stream (30);

(c) expanding the cooled nitrogen-containing stream (30)

Method of removing nitrogen from a nitrogen containing stream

thereby obtaining an expanded nitrogen-containing
stream (40);

(d) separating the expanded nitrogen-containing stream
(40) in a gas/liquid separator (4) thereby obtaining a gas-
eous nitrogen-enriched stream (50) and a liquid nitro-
gen-depleted stream (60); and

(e) heating the gaseous nitrogen-enriched stream (50)
in the first or second heat exchanger (2,3) thereby ob-
taining a heated nitrogen-enriched stream (70).
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Description

[0001] The present invention relates to a method of removing nitrogen from a nitrogen-containing stream.

[0002] Methods of removing nitrogen from a nitrogen-containing stream are known in the art. As an example, it is
known to remove nitrogen using an NRU (Nitrogen Rejection Unit). A problem of using an NRU for removing nitrogen
is the high expenditure associated with it.

[0003] Itis an object of the present invention to solve or at least minimize the above problem.

[0004] Itis a further object of the present invention to provide a simpler and more cost-effective method of removing
nitrogen from a nitrogen-containing stream, in particular a methane-rich stream such as obtained during the liquefaction
of natural gas.

[0005] One or more of the above or other objects are achieved according to the present invention by providing a
method of removing nitrogen from a nitrogen-containing stream, the method comprising at least the steps of:

(a) providing a nitrogen-containing stream having a pressure of at least 5.0 bara and a temperature of at most 20°C;
(b) cooling the nitrogen-containing stream in a first and a second heat exchanger thereby obtaining a cooled nitrogen-
containing stream;

(c) expanding the cooled nitrogen-containing stream thereby obtaining an expanded nitrogen-containing stream;
(d) separating the expanded nitrogen-containing stream in a gas/liquid separator thereby obtaining a gaseous
nitrogen-enriched stream and a liquid nitrogen-depleted stream; and

(e) heating the gaseous nitrogen-enriched stream in the first or second heat exchanger thereby obtaining a heated
nitrogen-enriched stream.

[0006] An advantage of the method according to the present invention is that it has a surprisingly simple design and
can be standardized to treat and liquefy a wide range of feed gas compositions. Further, there is relatively limited utility
and chemicals requirement resulting in a significant OPEX and CAPEX reduction.

[0007] Instep (a), a nitrogen-containing stream is provided. Although the nitrogen-containing stream is not particularly
limited (other than having a pressure of at least 5.0 bara and a temperature of at most 20°C), it preferably is a methane-
rich gas stream. Preferably, the nitrogen-containing stream comprises at least 5 mol% nitrogen, preferably at least 10
mol%, more preferably at least 12 mol%. Typically, the nitrogen-containing stream contains less than 80 mol% nitrogen.
According to a preferred embodiment, the nitrogen-containing stream comprises at least 20 mol%, preferably at least
40 mol% methane, and typically below 85 mol%. Although the method according to the present invention is less critical
(than usual) to C,, (the nitrogen-containing stream provide in step (a) may contain more than 0.2 mol% C,,), itis preferred
that the nitrogen-containing stream comprises at most 2.0 mol% C,,, preferably at most 1.0 mol%, more preferably at
most 0.5 mol%. In the context of the present invention, "C,." refers to C,,-hydrocarbons, i.e. hydrocarbons containing
2 or more carbon atoms per molecule. Further it is preferred that the nitrogen-containing stream comprises at most 200
ppm CO,, preferably at most 100 ppm CO,, more preferably at most 50 ppm CO,.

[0008] As indicated above, the nitrogen-containing stream provided in step (a) has a pressure of above 5.0 bara (and
preferably above 6.0 bara, more preferably above 10.0 bara). Preferably, the nitrogen-containing stream has a pressure
of at most 30.0 bara, preferably at most 25 bara. Further, it is preferred that the nitrogen-containing stream has a
temperature of at most (i.e. below) -50°C. Typically, the nitrogen-containing stream has a temperature of at least (i.e.
above) -150°C, preferably at least -140°C, more preferably at least - 125°C.

[0009] In step (b), the nitrogen-containing stream is cooled in a first and a second heat exchanger thereby obtaining
a cooled nitrogen-containing stream. Preferably, in step (b) the nitrogen-containing stream is cooled first in the first heat
exchanger and thenin the second heat exchanger to obtain the cooled nitrogen-containing stream. Preferably, the cooled
nitrogen-containing stream has a temperature of from -145°C to - 155°C. Preferably, the nitrogen-containing stream is
cooled in the first heat exchanger against a stream having a temperature of from -165°C to -110°C, preferably at least
-160°C and preferably at most -150°C. The stream against which nitrogen-containing stream is cooled in the first heat
exchanger typically has a temperature after heat exchanging of from -145°C to -45°C.

[0010] Instep (c), the cooled second nitrogen-containing stream is expanded thereby obtaining an expanded nitrogen-
containing stream. Although the expander as used in step (c) according to the present invention is not particularly limited
(and may include a JT valve an orifice, a common expander, etc.), itis preferred that in the expander enthalpy is withdrawn
from the cooled nitrogen-containing stream. A suitable expander for withdrawing enthalpy whilst expanding is a turboex-
pander.

[0011] Typically, the expanded nitrogen-containing stream has a pressure of from 1.5 to 6.0 bara, preferably about
2.0 bara. Preferably, the expanded nitrogen-containing stream obtained in step (c) has a temperature of at most -150°C,
preferably at most -155°C, more preferably at most -160°C.

[0012] In step (d), the expanded nitrogen-containing stream is separated in a gas/liquid separator thereby obtaining
a gaseous nitrogen-enriched stream and a liquid nitrogen-depleted stream. Preferably, the gaseous nitrogen-enriched
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stream obtained in step (d) comprises from 30 to 75 mol% nitrogen, preferably above 40 mol%, more preferably above
50 mol% and preferably less than 70 mol%. Further it is preferred that the liquid nitrogen-depleted stream obtained in
step (d) comprises at least 90 mol% methane, preferably at least 92 mol% and typically less than 98 mol%, preferably
less than 95 mol%. Typically, the liquid nitrogen-depleted stream obtained in step (d) comprises less than 10 mol%
nitrogen.

[0013] In step (e) the gaseous nitrogen-enriched stream is heated in the first or second heat exchanger thereby
obtaining a heated nitrogen-enriched stream. Preferably, in step (e) the gaseous nitrogen-enriched stream is heated in
the second heat exchanger.

[0014] Typically the heated nitrogen-enriched stream has a temperature of from -155°C to 30°C, preferably about
15°C. Further, the gaseous nitrogen-enriched stream typically has a pressure of from 1.5 to 6.0 bara.

[0015] Hereinafter the invention will be further illustrated by the following non-limiting drawing. Herein shows:

Fig. 1 schematically a process scheme for performing the method according to the present invention.

[0016] For the purpose of this description, same reference numbers refer to same or similar components.

[0017] Fig. 1 schematically shows a process scheme for performing a method of removing nitrogen from a nitrogen-
containing stream. The process scheme is generally referred to with reference number 1.

[0018] The process scheme 1 comprises a heat exchanger 2 ("the first heat exchanger") and a heat exchanger 3 ("the
second heat exchanger"), a gas/liquid separator 4 and JT-valve 5. The process scheme may comprise further heat
exchangers in addition to the first heat exchanger 2 and second heat exchanger 3. Preferably, the first heat exchanger
2 and second heat exchanger 3 are separate heat exchangers.

[0019] During use of the process scheme 1 according to the present invention, a nitrogen-containing stream 10 is
provided. Typically the nitrogen-containing stream 10 is a cold stream and originates from e.g. a gas/liquid separator
running at relatively cold conditions. The nitrogen-containing stream 10 is cooled in the first and second heat exchangers
2,3 thereby obtaining a cooled nitrogen-containing stream 30. The first and second heat exchangers 2 and 3 are indirect
heat exchangers; hence no direct contact between the streams takes place, but only heat exchanging contact. In the
embodiment of Figure 1, the nitrogen-containing stream 10 is cooled first in the first heat exchanger 2 (against stream
80, resulting in heated stream 90) and then (as stream 20) in the second heat exchanger 3 to obtain the cooled nitrogen-
containing stream 30.

[0020] Then, the cooled nitrogen-containing stream 30 is expanded in JT-valve 5 thereby obtaining an expanded
nitrogen-containing stream 40, which stream 40 is separated in the gas/liquid separator 4 to obtain a gaseous nitrogen-
enriched stream 50 and a liquid nitrogen-depleted stream 60. The gaseous nitrogen-enriched stream 50 is heated (in
the embodiment of Figure 1) in the second heat exchanger 3 thereby obtaining a heated nitrogen-enriched stream 70.
The heated nitrogen-enriched stream 70 may be sent to e.g. a duct (or auxiliary) burner of a gas turbine to be used as
a fuel gas.

[0021] Stream 80 may originate from e.g. an LNG end flash system and heated stream 90 (obtained after heat ex-
changing stream 80 against stream 10 in the first heat exchanger 2) may be sent to e.g. a loop and recycled.

Examples

[0022] Tables 1 and 2 below show two actual non-limiting examples of the method according to the present invention,
providing information on conditions and composition of the various streams, whilst using the scheme of Figure 1 for
removing nitrogen from a nitrogen-containing stream. In the example of Table 1, the nitrogen-containing stream was
provided at a lower temperature (-115.0°C) than that of Table 2 (-60.2°C).

Example 1
[0023]
Table 1. Composition and properties of various streams
Stream Pressure [bara] | Temp. [°C] | State CHy4 [mol%] N, [mol%] | C,, [mol%]
10 14.7 -115.0 Gas 84.7 15.0 0.3
20 14.5 -150.5 Gas 84.7 15.0 0.3
30 14.3 -151.4 Gas 84.7 15.0 0.3
40 2.3 -163.8 Gasl/liquid | 84.7 15.0 0.3
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(continued)
Stream Pressure [bara] | Temp. [°C] | State CH,4 [mol%] N, [mol%] | C,, [mol%]
50 2.3 -163.8 Gas 36.0 64.0 -
60 2.3 -163.8 Liquid 92,5 7.2 0.3
70 2.1 -152.5 Gas 36.0 64.0 -
80 1.05 -162.6 Gas 83.7 16.3 -
90 0.85 -117.4 Gas 83.7 16.3 -
Example 2
[0024]
Table 2. Composition and properties of various streams
Stream Pressure [bara] | Temp. [°C] | State CHy4 [mol%] N, [mol%] | C,, [mol%]
10 14.4 -60.2 Gas 84.8 14.9 0.3
20 14.2 -150.5 Gas 84.8 14.9 0.3
30 14.0 -151.4 Gas 84.8 14.9 0.3
40 23 -163.9 Gasl/liquid | 84.8 14.9 0.3
50 2.3 -163.9 Gas 35.9 64.1 -
60 2.3 -163.9 Liquid 92,5 7.2 0.3
70 2.1 -152.5 Gas 35.9 64.1 -
80 1.05 -162.7 Gas 83.3 16.7 -
90 0.85 -104.8 Gas 83.3 16.7 -
Discussion

[0025] As can be seen from Tables 1 and 2, the present invention allows for an effective removal of nitrogen (via
stream 50/70) from stream 10. Stream 60 contained only 7.2 mol% Ns.

[0026] The person skilled in the art will readily understand that many modifications may be made without departing
from the scope of the invention.

Claims
1. A method of removing nitrogen from a nitrogen-containing stream (10), the method comprising at least the steps of:

(a) providing a nitrogen-containing stream (10) having a pressure of at least 5.0 bara and a temperature of at
most 20°C;

(b) cooling the nitrogen-containing stream (10) in a first (2) and a second heat exchanger (3) thereby obtaining
a cooled nitrogen-containing stream (30);

(c) expanding the cooled nitrogen-containing stream (30) thereby obtaining an expanded nitrogen-containing
stream (40);

(d) separating the expanded nitrogen-containing stream (40) in a gas/liquid separator (4) thereby obtaining a
gaseous nitrogen-enriched stream (50) and a liquid nitrogen-depleted stream (60); and

(e) heating the gaseous nitrogen-enriched stream (50) in the first or second heat exchanger (2,3) thereby
obtaining a heated nitrogen-enriched stream (70).

2. The method according to claim 1, wherein the nitrogen-containing stream (10) in step (a) comprises at least 5 mol%
nitrogen, preferably at least 10 mol%, more preferably at least 12 mol%.
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The method according to claim 1 or 2, wherein the nitrogen-containing stream (10) comprises at most 2.0 mol%
C,,, preferably at most 1.0 mol%, more preferably at most 0.5 mol%.

The method according to any one of claims 1-3, wherein the nitrogen-containing stream (10) comprises at most 100
ppm CO,, preferably at most 100 ppm CO,, more preferably at most 50 ppm CO,.

The method according to any one of claims 1-4, wherein the nitrogen-containing stream (10) has a pressure of at
most 30 bara, preferably at most 25 bara.

The method according to any one of claims 1-5, wherein the nitrogen-containing stream (10) has a temperature of
at most -50°C.

The method according to any one of claims 1-6, wherein in step (b) the nitrogen-containing stream (10) is cooled
firstin the first heat exchanger (2) and then in the second heat exchanger (3) to obtain the cooled nitrogen-containing
stream (30).

The method according to claim 7, wherein the nitrogen-containing stream (10) is cooled in the first heat exchanger
(2) against a stream (80) having a temperature of from -165°C to -110°C, preferably at least -160°C and preferably
at most -150°C.

The method according to any one of claims 1-8, wherein the expanded nitrogen-containing stream (40) obtained in
step (c) has a temperature of at most -150°C, preferably at most -160°C, more preferably at most - 165°C.

The method according to any one of claims 1-9, wherein the gaseous nitrogen-enriched stream (50) obtained in
step (d) comprises from 30 to 75 mol% nitrogen, preferably above 40 mol%, more preferably above 50 mol% and
preferably less than 70 mol%.

The method according to any one of claims 1-10, wherein the liquid nitrogen-depleted stream (60) obtained in step
(d) comprises at least 90 mol% methane, preferably at least 92 mol%.

The method according to any one of claims 1-11, wherein in step (e) the gaseous nitrogen-enriched stream (50) is
heated in the second heat exchanger (3).
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