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MODIFIED POROUS MEMBRANE
MATERIAL AND PREPARATION METHOD
THEREOEF, AND LIQUID MEMBRANE
SEPARATION METHOD OF CARBON
DIOXIDE

TECHNICAL FIELD

[0001] The present invention relates to modification of
membrane materials, and specifically to amination modifi-
cation of a membrane material of a supported liquid mem-
brane and use thereof in improving carbon dioxide (CO,)
separation.

BACKGROUND

[0002] In recent years, the greenhouse effect is one of the
major environmental issues that attracts global attention, and
is mainly caused by CO, emissions from power plants, steel
plants and chemical plants. From the perspective of prevent-
ing global warming, it has become a top priority to develop
an efficient CO, capture and recovery technology. In addi-
tion, CO, is also found in natural gas with CH, as a main
component, and needs to be recovered and removed during
natural gas extraction to prevent from corroding gas pipe-
lines in gas transportation. In addition, there are many
to-be-treated systems containing CO, that needs to be
removed.

[0003] At present, CO, separation and capture is mainly
implemented through cryogenic liquefaction separation,
adsorbent separation, adsorption and membrane separation.
An amine chemical adsorption method of the CO, is rela-
tively mature and has been industrially applied
(CN103638780A). However, after adsorbing the CO,, alco-
hol amines need to be heated for desorption and may be
degraded due to excessively high temperature, thereby
reducing regeneration and circulation rate of adsorbents. In
addition, gas desorption towers have an energy consumption
accounting for 75% of the cost of the entire CO, capture
system, and amine solvents have a strong corrosive effect on
the equipment, such that the economic efficiency of CO,
capture is severely reduced. In addition, the amine adsorp-
tion method can hardly have any further breakthroughs due
to its own characteristics. The cryogenic liquefaction sepa-
ration has a relatively simple principle, but requires large
energy consumption, relatively high cost and relatively
many large-sized equipments. The adsorption method
requires variable pressures, variable temperatures or both,
and has relatively complicated steps. The membrane sepa-
ration is relatively novel. However, a purity of CO, obtained
through the membrane separation is not desirable, and can
hardly exceed a “Robeson upper bound”, that is, the mem-
brane materials cannot obtain a high permeation rate or high
selectivity at the same time.

[0004] At present, the supported liquid membrane has a
desirable breakthrough in achieving high selectivity and
high gas permeance. Therefore, it has been gradually appre-
ciated by researchers for gas separation. lonic liquids are
well used in supported liquid membranes due to high CO,
dissolution selectivity and low volatility. However, due to a
relatively small surface tension, the ionic liquids have high
requirements on the pore size distribution and size of the
membranes and cannot withstand a high transmembrane
pressure difference, resulting in easy loss of ionic liquids.
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This further leads to secondary pollution to the environment.
In addition, ionic liquids are cost-ineffective, and thus cause
large economic burden.

[0005] In addition, a liquid membrane separation method
featuring self-support by a porous membrane using ionic
liquid in the prior art has complicated steps during the actual
operation. In the method, the liquid membrane needs to be
re-constituted after replacing the use site of the separation
equipment, leading to additional operation steps and acqui-
sition of raw materials.

SUMMARY

[0006] To prevent loss of membrane liquid of the sup-
ported liquid membrane and to retain the high CO, effect of
the ionic liquid, the present invention provides an amination
modification method of a membrane material for improving
separation of CO, by a water-supported liquid membrane.
[0007] In a first aspect, the present invention provides the
following technical solution.

[0008] A modified porous membrane material is provided,
where the membrane material is an inorganic porous mate-
rial modified with an amine-containing group in pore chan-
nels.

[0009] In an embodiment, the amine-containing group is
one selected from the group consisting of a primary amine-
containing group, a secondary amine-containing group and
a tertiary amine-containing group.

[0010] Inanembodiment, the inorganic porous material is
selected from the group consisting of porous alumina,
porous titania, porous zirconia and porous silica.

[0011] In an embodiment, the membrane material has an
average pore size of 1-200 nm.

[0012] In an embodiment, the membrane material geo-
metrically has a flat-plate structure or a tubular structure.
[0013] In a second aspect, the present invention provides
the following technical solution.

[0014] A preparation method of the modified porous mem-
brane material includes the following steps: dissolving a
silane coupling agent containing an amine group in an
organic solvent to serve as a modifier, immersing a porous
membrane material in the modifier for a grafting reaction;
and after the grafting reaction is completed, performing
washing and drying to obtain the modified porous membrane
material.

[0015] In an embodiment, the silane coupling agent con-
taining the amine group is selected from the group consist-
ing of N,N-dimethyl-3-aminopropyltrimethoxysilane and
(3-aminopropyl)trimethoxysilane.

[0016] In an embodiment, the organic solvent is at least
one selected from the group consisting of ethanol, acetone,
dimethylacetamide (DMAC) and tetrahydrofuran (THF).
[0017] In an embodiment, the grafting reaction is per-
formed at 20-40° C. for 1-24 h.

[0018] In athird aspect, the present invention provides the
following technical solution.

[0019] A liquid membrane separation method of CO,
includes the following steps:

[0020] loading water as a solvent into pore channels of the
modified porous membrane material to form a liquid mem-
brane; and allowing the liquid membrane to contact with a
gas mixture containing CO, to make the CO, permeate a
membrane layer.
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[0021] Inan embodiment, the gas mixture containing CO,
further includes at least one selected from the group con-
sisting of N,, CH,, H,, O,, He and CO.

[0022] In a fourth aspect, the present invention provides
the following technical solution.

[0023] Use of the modified porous membrane material in
improving a separation factor or a permeation flux during
liquid membrane separation of CO, is provided.

Beneficial Effects

[0024] In the present invention, it is found that after a
surface of porous ceramic materials is modified with amine
groups, the amine groups can be fixed on the surface of the
materials, and liquid membrane separation of CO, can also
be achieved by using this structure.

[0025] In the present invention, polymer functional mate-
rials containing amine groups are grafted on the membrane
materials, which not only meets the needs of selective
separation and permeation enhancement for liquid mem-
branes, but also avoids membrane liquid loss caused by
using ionic liquids.

[0026] In the present invention, the porous membrane
material is subjected to amination modification to graft a
carrier that enhances transfer on the membrane surface by
immobilization, thereby avoiding the loss of effective alka-
line substances, and a membrane solvent used in this experi-
ment is environmentally friendly water. In addition, in the
case of the loss of membrane liquid, the liquid membrane
can be easily repaired using the hydrophilicity and the pore
size of the membrane material by capillary condensation
under a CO, gas mixture containing water vapor. This
method can improve the stability of the supported liquid
membrane and has easy operation.

[0027] In the method of the present invention, the amine
groups are directly immobilized inside the porous materials,
the separation equipment can be moved directly when use
site replacement is needed, and easily-available water can be
directly used as a medium without re-preparing complex
liquid membranes, thereby greatly improving the ease of
device and equipment during use.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is an infrared spectrum of an amination-
modified porous membrane material;

[0029] FIG. 2 shows an effect of a water-supported liquid
membrane made of porous membrane materials before and
after amination modification on gas permeance in a CO,
separation system; and

[0030] FIG. 3 shows an effect of temperature on gas
permeance of CO, of a porous membrane without amination
modification.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0031] In the technical scheme of the present invention, a
silane coupling agent containing amine groups is added
dropwise to an organic solvent to dissolve to prepare a
modifying solution, a porous membrane material is
immersed in the modifying solution for reaction, and
washed and dried after the reaction to obtain a membrane
material rich in amine groups. Under surface tension, water
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is loaded in membrane pore channels, and a prepared
supported liquid membrane is used to separate a CO, gas
mixture.

[0032] In the present invention, the modification method
of supported materials is simple and easy to implement. The
method can help avoid membrane fluid loss caused by using
ionic liquids (with relatively high requirements for the pore
size), and the amine groups are introduced to improve the
selective separation of CO, by water-supported liquid mem-
branes.

[0033] In the present invention, the membrane liquid used
in the prepared water-supported liquid membrane is a green
solvent with no pollution to the environment, low cost and
easily-available source.

[0034] In the present invention, the porous membrane
material has hydrophilicity, which makes it convenient to
add water vapor to the CO, gas mixture to repair liquid
membrane by capillary condensation.

[0035] A modified porous membrane material is modified
with an amine-containing group in pore channels.

[0036] In an embodiment, the amine-containing group is
one selected from the group consisting of a primary amine-
containing group, a secondary amine-containing group and
a tertiary amine-containing group.

[0037] In an embodiment, the membrane material is an
inorganic porous membrane material or a polymer porous
membrane material.

[0038] Inan embodiment, the inorganic porous material is
selected from the group consisting of porous alumina,
porous titania, porous zirconia and porous silica.

[0039] In an embodiment, the membrane material has an
average pore size of 1-200 nm.

[0040] In an embodiment, the membrane material has a
flat-plate structure or tubular structure.

[0041] A preparation method of the modified porous mem-
brane material includes the following steps.

[0042] A silane coupling agent containing an amine group
is dissolved in an organic solvent to serve as a modifier. A
porous membrane material is immersed in the modifier for
grafting reaction. After the grafting reaction is completed,
washing and drying are performed to obtain the modified
porous membrane material.

[0043] In an embodiment, the silane coupling agent con-
taining the amine group is selected from the group consist-
ing of N,N-dimethyl-3-aminopropyltrimethoxysilane and
(3-aminopropyl)trimethoxysilane.

[0044] In an embodiment, the organic solvent is at least
one selected from the group consisting of ethanol, acetone,
DMAC and THF.

[0045] In an embodiment, the grafting reaction is per-
formed at 20-40° C. for 1-24 h.

Example 1

[0046] An inner membrane of a tubular ceramic mem-
brane with an average pore size of 100 nm (geometric
dimensions of the membrane were as follows: an effective
length was 8 cm, an outer diameter was 12 cm, an inner
diameter was 8 cm and a porosity was about 40%) was
washed and dried in a drying box for 1-2 h. A silane coupling
agent N,N-dimethyl-3-aminopropyltrimethoxysilane
(DMAPS) containing amine groups was added dropwise to
absolute ethanol to dissolve to prepare a 15 mmol/L. modi-
fying solution. A porous membrane material was immersed
in the modifying solution, to allow for full reaction for 12 h
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at a constant-temperature water bath of 35° C., and washing
and drying were performed to obtain a membrane material
with tertiary amine groups on a surface. A surface infrared
spectrum of the modified membrane material is shown in
FIG. 1. A structure of the DMAPS is as follows:

TH3 OCH;
N Si—oc
e |
OCH;

[0047] Comparing the infrared spectra of the membrane
before and after the modification, it can be seen that the
modified ceramic membrane has new characteristic peaks,
which are the characteristic peaks of —CH,—, N—C,
—CH; and Si—O—Al marked in the figure, respectively.
Especially, N—C at 1610 cm™ is a unique peak of the
DMAPS, and there is a characteristic peak at 810 cm' that
demonstrates the Si—O—Al formed by the reaction of
Si—OH and Al—OH.

[0048] The membrane material was soaked in water, and
water was loaded in the membrane pores through surface
tension, optionally this process could be accelerated by
vacuuming. When no bubbles came out, the membrane
material was taken out to gently wipe off the remaining
water on the membrane surface, to obtain a supported liquid
membrane that can separate the CO, gas mixture.

[0049] The prepared water-supported liquid membrane
was installed in a membrane module to determine gas
permeance of pure gas and the ideal separation factor. A gas
permeance test was performed under 0.6 Mpa and 25° C.
The results are as follows. An ideal separation factor of
CO/N, is infinite. The unmodified membrane has a gas
permeance of about 2.5£0.15 GPU for CO,, and the modi-
fied membrane has a gas permeance of about 3.83+0.19
GPU for CO,, which is about 53% higher than that of the
unmodified membrane. The results are shown in FIG. 2.

Example 2

[0050] An inner membrane of a tubular ceramic mem-
brane with an average pore size of 200 nm (geometric
dimensions of the membrane were as follows: an effective
length was 8 cm, an outer diameter was 12 cm, an inner
diameter was 8 cm and a porosity was about 40%) was
washed and dried in a drying box for 1-2 h. A silane coupling
agent (3-aminopropyl)trimethoxysilane containing amine
groups was added dropwise to acetone to dissolve to prepare
a 50 mmol/l. modifying solution. A porous membrane
material was immersed in the modifying solution, to allows
for full reaction for 24 h at a constant-temperature water bath
ot'30° C., and washing and drying were performed to obtain
a membrane material with tertiary amine groups on a
surface. The membrane material was used in gas adsorption
of a gas-liquid membrane contactor, and water was used as
an adsorbent. It is found that the CO, has a mass transfer flux
increased from an initial 0.15 mol/(m*h) to 0.209 mol/
(m?h), with an increase of about 40% relative to an initial
flux.

Example 3

[0051] An influence of different operating temperatures on
the permeation rate of CO, was investigated, as shown in
FIG. 3.
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[0052] For unmodified membranes (a tubular ceramic
membrane with an average pore size of 20 nm was used, and
geometric dimensions of the membrane were as follows: an
effective length was 8 cm, an outer diameter was 12.5 cm,
and an inner diameter was 7.5 cm; and a porosity was about
30%), and water was used as membrane liquid.

[0053] A permeation behavior of gas in the supported
liquid membrane conformed to a dissolution-diffusion
model: D (diffusion coefficient), S (solubility coefficient), J
(gas permeance) and 1 (liquid membrane thickness).

P=SxD=Jx*

[0054] The diffusion coefficient increases with the
increase of temperature, and the solubility coeflicient
decreases with the increase of temperature, such that the gas
permeance J could have an optimal value point.

What is claimed is:

1. A use of a modified porous membrane material in
improving a separation factor during a liquid membrane
separation of carbon dioxide (CO,), wherein the modified
porous membrane material is prepared by a preparation
method comprising the following steps: dissolving a silane
coupling agent containing an amine group in an organic
solvent to serve as a modifier; immersing an inorganic
porous membrane material in the modifier for a grating
reaction; and after the grafting reaction is completed, per-
forming washing and drying to obtain the modified porous
membrane material, wherein the inorganic porous mem-
brane material has an average pore size of 20-200 nm; and

the liquid membrane separation of the CO, comprises the

following steps: loading water as a solvent into pore
channels of the modified porous membrane material to
form a liquid membrane; and allowing the liquid mem-
brane to contact with a gas mixture containing the CO,
to make the CO, permeate a membrane layer.

2. The use according to claim 1, wherein the amine group
is one selected from the group consisting of a primary
amine-containing group, a secondary amine-containing
group, and a tertiary amine-containing group.

3. The use according to claim 1, wherein the inorganic
porous membrane material is selected from the group con-
sisting of porous alumina, porous titania, porous zirconia,
and porous silica.

4. The use according to claim 1, wherein the inorganic
porous membrane material geometrically has a flat-plate
structure or a tubular structure.

5. (canceled)

6. The use according to claim 1, wherein the silane
coupling agent containing the amine group is selected from
the group consisting of N,N-dimethyl-3-aminopropylt-
rimethoxysilane and (3-aminopropyl)trimethoxysilane; and
the organic solvent is at least one selected from the group
consisting of ethanol, acetone, dimethylacetamide (DMAC),
and tetrahydrofuran (THF).

7. The use according to claim 1, wherein the grafting
reaction is performed at a temperature of 20-40° C. for 1-24
h.

8. (canceled)

9. The use of according to claim 1, wherein the gas
mixture containing the CO, further comprises at least one
selected from the group consisting of N,, CH,, H,, O,, He,
and CO.

10. (canceled)



