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e (1) separatas @ feed stream (§) comprising ot feast twa

components into a ficst parmeate straam (8) and a first refentate stream (7). Tt

separation stage (2) separates the first retentale stream (7} into a second permeate stream () and
a second retentate stream (B). The second permeate strearn (9) is fed to the feet stteam {§).
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stream (8) may be removed as a first product or may be further provessed. 1t is also poss

product o further processad. Analoguusly the first permaate stream (8) may be removed as

second product or may be further processed. The first permeate stream {8), however, may alsc be

discarded, but only In cages where the second retentate strear (8} s the dasired product, which is
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the process and the apparatus are configured such that the membrane capacity, measured for
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The process and the apparatus of the present invention allow fo produce simultanenusly
 with relatively bigh purity. t, however, aiso

...........................................
........................................................................................................




CA 03025%49 2018-11-29

WO 2017/206908 PCT/CN2017/086623

40



CA 03025%49 2018-11-29

WO 2017/206908 PCT/CN2017/086623

1

10

30




CA 03025%49 2018-11-29

WO 2017/206908 PCT/CN2017/086623

{17) or & mixture of the crude gas stream (17) and of the.

B e A ngnﬁmtmﬁatﬁsgrﬁa‘m.{g“}taasw{g}iﬁ

ar part, 1o the desired pressure in the range from 1 to 100 bar, but preferably to a pressere of § to

...............................................................................................................................................................................
......................................................................................................................................................................

5 fead stream (5) or is combined down

............................................................ .:.:" s s s s g = « s g s s e w « s s s g e = = 3 A . T T T T T T L, SR H 0" s s s s e s s s s = R T R TR 0 e e e e . .

stream (17) andlor the foed sirsam (5) andfor 3 stream in an intermediate stage between raw gas
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red pratreatment step may be a purificatio
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btainad.

26 The process and the apparatus of the present invention is notable iy that & is preferably configured

volume). Preferably, the intrease in concentration of one of the parmeate gases is between 2 and

gas in the crude gas stream (17) s between 25 and 75% by volume respectively batween 8 and
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- stream (8} for many applications. For example, in the case of punification of blogas ot natural gas (=

...................................................................................................................................................................
..............................................................................................................................................................................
...............................................................................................................................

...........................

natural gaw grid. Nevertheless, sy mentioned above, additional purificalion or further prosessing
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ent invention, As mentioned before, the

from the scope of the present invention.

need for further treatment of the gas by a catalytic or thermat after burn or ufilization in a combined
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25 ar processes can be provided,

30 witrogen, hydrogen and carbon monoxide, permanent gas having a tolling point less than 110
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g standard conditions:

lowin

measurement to safoulats the selectivities: for the capacity calcutation, the
L permeance is determined at the average operating lemperature of the

and the surfacang corrslates to the external membrane surface as dafined in the definitians

30 The membrane capacity of the

§
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Capactityey = Permeansegy, * Sufacemy

Howl

............................................................
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Referencs gas: Nitrogen, Grade 4.8
28 Temperature: instead of room temperature as applied above for the permesbilty

HEE afoulats the selectivities; for the capacily calou

asurement to calculats the selactivities; for the capacily calou ation, the

. A

The permeance Is then calculated by dividing the permeability through the thickness of tha FM. The
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the retentate sfream {

retentate siream (7). The following Table 3 shows the process parameters and the resull.

-

e (2} had the sams membrane capacity. The following Tabls

Comparative Exampile 3 resulted in lower methane yield compared with Example 1, which shows a

provides significantly better results,

stage (1) was not heated, and the membrane capacity of the retentate separation stage (2) was

A 1000 m'/h biogas upgrading process with methane purity and yield similar as Example 1 was

y simutation until the retentate separation stage consistad of 34 membrane.
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- Aftar steady state was reached, the feed stream (8) comprising the crude gas {17) and the second

...............................................................................................................................................................................

...... uhsequently heated 1o 50°C by & 12} and then passed to the relentate separation

10 dioxide. 404 m¥h of ihis mixture left the fead separation stage (1) as off-gas. The retentate of the

retentnte saparation stage (2) had a content of 87.4% methanie and 2.6% carbon dioxide, 598 m'h
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separation stage (2) had 8 volume flow rate of 359 m¥h with a methane content of 31.3% and a

carbon dioxide content of 88.7%, and was recycled via the second permeate stream {9} into the
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Claims

1.

A process for separating gases, wherein
said process is carried out in an apparatus which consists of
a feed stream separation stage (1), and a retentate separation stage (2), and
optionally, a compressor (4) arranged up-stream of the feed stream separation stage and/or at
least one vacuum device arranged in at least one permeate stream of the feed stream
separation stage (1) and/or the retentate separation stage (2),
wherelin,

the feed stream separation stage (1) separates a feed stream (5) comprising at least two
components into a first permeate stream (6) and a first retentate stream (7), and

the retentate separation stage (2) separates the first retentate stream (7) into a second
permeate stream (9) and a second retentate stream (8), and

the first permeate stream (6) is removed as product or further processed or optionally can
be discarded if the second retentate stream (8) is removed or further treated, and

the second retentate stream (8) is removed as a first product or further processed or
optionally can be discarded if the first permeate stream (6) is removed or further processed;
and

the second permeate stream (9) is fed to the feed stream, and

the feed stream separation stage (1) and the retentate separation stage (2) are membrane
separation stages,

characterized in that,

the first retentate stream (7) is heated to a temperature higher than the temperature of the
feed stream (5), before it is introduced to the retentate separation stage, and

the total capacity of the membranes, measured for nitrogen Grade 4.8 under standard
conditions as defined in the description, used in the retentate separation stage (2) is higher
than the total capacity of the membranes, measured for nitrogen Grade 4.8 under standard

conditions as defined in the description, used in the feed stream separation stage (1).

An apparatus for separating gases consisting of
a feed stream separation stage (1), and a retentate separation stage (2), and
optionally, a compressor (4) arranged up-stream of the feed stream separation stage and/or at
least one vacuum device arranged in at least one permeate stream of the feed stream
separation stage (1) and/or the retentate separation stage (2),
wherelin,

the feed stream separation stage (1) separates a feed stream comprising at least two
components into a first permeate stream (6) and a first retentate stream (7), and

the retentate separation stage (2) separates the first retentate stream (7) into a second
permeate stream (9) and a second retentate stream (8), and

the first permeate stream (6) is removed as product or further processed or optionally can

be discarded if the second retentate stream (8) is removed or further treated, and
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the second retentate stream (8) is removed as a first product or further processed or
optionally can be discarded if the first permeate stream (6) is removed or further processed;
and

the second permeate stream (9) is fed to the feed stream, and

the feed stream separation stage (1) and the retentate separation stage (2) are membrane
separation stages,

characterized in that,

a heater (12) is arranged between the feed stream separation stage (1) and the retentate
separation stage (2), and

the total capacity of the membranes, measured for nitrogen Grade 4.8 under standard
conditions as defined in the description, used in the retentate separation stage (2) is higher
than the total capacity of the membranes, measured for nitrogen Grade 4.8 under standard

conditions as defined in the description, used in the feed stream separation stage (1).

Process according to Claim 1 or apparatus according to claim 2, characterized in that, the ratio
of the total capacity of the membranes, measured for nitrogen Grade 4.8 under standard
conditions as defined in the description, used in the retentate separation stage (2) to the total
capacity of the membranes, measured for nitrogen Grade 4.8 under standard conditions as
defined in the description, used in the feed stream separation stage (1) is in a range of from
1.05 to 10, preferably of from 1.1 to 8, particular preferred of from 1.2 and 7 and especially

preferred of from 1.5 to 6.

Process or apparatus according to any one of the preceding claims, characterized in that, at
least in the feed stream separation stage (1), preferably in both the feed stream separation
stage (1) and the retentate separation stage (2), gas separation membranes having a pure
gas selectivity of at least 30, preferably at least 35, more preferred at least 40, particular

preferred at least 45, and especially preferably of at least 45 to 80, are used.

Process or apparatus according to any one of the preceding claims, characterized in that, the
material used for the separation-active layer of the membranes is at least one selected from
the list consisting of a polyamide, a polyetherimide, a polyaramide, a polybenzoxazole, a
polybenzothiazole, a polybenzimidazole, a polysulfone, a cellulose acetate, a cellulose acetate
derivative,a polyphenylene oxide, a polysiloxane, a polymer with intrinsic microporosity, a
mixed matrix membrane, a facilitated transport membrane, a polyethylene oxide, a
polypropylenexide, a polyimide and especially a polyimide consisting of the monomer unites A

and B, wherein
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wherewith 0 = x<0.5and 1 2y 2 0.5 and wherein R corresponds to one or more, identical or

different radicals R selected from the group consisting of the radicals L1, L2, L3 and L4,
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particularly preferred a polyimide of CAS number 9046-51-9 and/or a polyimide of CAS
number 134119-41-8.

6. Process or apparatus according to any one of the preceding claims, characterized in that,
a multistage compressor is used,

and/or
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the second permeate stream (9) is introduced into the compressor between two compression

stages.

Process or apparatus according to any one of the preceding claims, characterized in that, the

gas separation membrane module(s) consist(s) of hollow fiber membranes.

Process or apparatus according to any one of the preceding claims, characterized in that, the
the retentate pressure of the retentate separation stage (2) is adjusted preferably by means of
a back pressure regulating valve in the second retentate stream (8) to 1 to 100 bar, preferably

to 5 to 80 bar and particularly preferably to 10 to 70 bar.

Process or apparatus according to any one of the preceding claims, characterized in that, the
driving force used for the separation task is a partial pressure difference of the permeate gas
between the retentate side and the permeate side in the respective membrane separation
stages, the partial pressure difference being generated by a compressor in the feed stream
and/or by a vacuum device in the second permeate stream and/or by a permeate-side

flushing-gas stream.

Process or apparatus according to any one of the preceding claims, characterized in that, the
first retentate stream (7) is heated to a temperature 5 to 50°C, preferably 10 to 30°C higher
than the temperature of the feed stream (5), before it is introduced to the retentate separation

stage (2).

Process or apparatus according to any one of the preceding claims, characterized in that, the
temperature of the feed stream (5) is in the range from 15 to 45°C, preferably in the range

from 20 to 35°C, before it is introduced to the feed stream separation stage (1).

Process or apparatus according to any one of the preceding claims, characterized in that, the
gas volume recycled in the second permeate stream totals less than 40%, preferably less than

30% by volume of the crude gas stream.

Process according to any one of the preceding claims or use of an apparatus according to any
of the preceding claims to purify a crude gas, characterized in that the crude gas stream is
biogas or natural gas or air or another gas mixture comprising: carbon dioxide and methane,
hydrogen and methane, carbon monoxide and methane, helium and methane, helium and
nitrogen, hydrogen and carbon monoxide, permanent gas having a boiling point of less than
110 Kelvin at 1 atm and non permanent gas having a boiling point above or equal to 110

Kelvin at 1 atm, carbon dioxide and hydrocarbon or nitrogen and hydrocarbon.
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