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SUPERHYDROPHOBIC POLYPROPYLENE
POROUS FILM, PREPARATION METHOD
THEREFOR, AND METHOD FOR
IMPROVING HYDROPHOBICITY OF
POLYPROPYLENE POROUS FILM

TECHNICAL FIELD

[0001] The invention belongs to the field of polymer
material science and film separation technology, and relates
to a method for modifying a polymer separation film, and
more specifically to a superhydrophobic polypropylene
porous film, a preparation method thereof, and a method to
improve the hydrophobicity of polypropylene porous film.

BACKGROUND

[0002] Hydrophobic microporous membranes can be used
as the transfer medium of membrane contactors in a variety
of new membrane separation processes, including mem-
brane distillation, membrane extraction, membrane absorp-
tion, membrane stripping, and membrane adsorption. Mem-
brane Distillation (abbreviated as MD) is the evaporation
process of solvents or solutes in solution. Compared with
other membrane separation technologies, the technology has
the advantage of being able to operate at low temperature
and normal pressure and effectively using cheap energy
sources (such as solar energy, industrial waste heat, other
waste heat), which has great competitiveness in today’s
society with energy shortage everywhere. MD has a great
advantage in concentrating high-concentration saline solu-
tion. In the reverse osmosis process, it can only be concen-
trated to a certain concentration, while the MD process
concentrates it to a supersaturated solution. In addition, the
membrane distillation process concentrates fruit juice and
Chinese traditional medicine. They also have incomparable
advantages. However, the core and problem of the large-
scale industrial application of MD technology is the selec-
tion of membrane materials and the utilization of energy.
[0003] Polypropylene is a kind of thermoplastic polymer
made by polymerizing a propylene monomer. Polypropylene
is often used to prepare household plastic products. Due to
its good acid and alkali resistance, high hydrophobicity and
thermal stability, and low price, it is expected to become the
mainstream material for hydrophobic microporous mem-
branes.

[0004] Titanium dioxide (TiO,) has photocatalytic prop-
erties. When TiO, is irradiated by ultraviolet (UV) light with
a wavelength of less than 387.5 nm, the electrons transition
from the valence band to the conduction band to form
electron-hole pairs. At the same time, hydroxyl radicals have
very high activity, can react with silane coupling agents to
form nano-dendritic structures, greatly improve the surface
roughness of the film, and then improve the hydrophobicity
of the film surface. Some scholars have applied this method
to the preparation of superhydrophobic microporous mem-
branes for MD. Meng et al. coated the surface of PVDF with
TiO, nanoparticles, and then combined them with perfluo-
rooctyltrichlorosilane (1H, 1H, 2H) or 2H-perfluorodo-
decyltrichlorosilane under UV light (a FTCS reaction) to
produce a superhydrophobic PVDF membrane with a con-
tact angle greater than 160°. It was found in the process of
applying it to MD that the salt rejection rate was signifi-
cantly increased and the wetting of the membrane pores
could be effectively relieved (S. Meng, Y. Ye, J. Mansouri,
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et al. Fouling and crystallisation behaviour of superhydro-
phobic nano-composite PVDF membranes in direct contact
membrane distillation. Journal of Membrane Science, 2014,
463: 102-112). This method is used to improve the hydro-
phobicity of the polypropylene porous membrane. After the
treatment, the polypropylene porous membrane has the
following problems: 1. After the polypropylene porous
membrane runs for a long time, the TiO, nanoparticle film
coated on the surface of the polypropylene porous mem-
brane is easy to fall off, resulting in the polypropylene
porous membrane having a short service life; 2. After the
hydrophobicity of the polypropylene porous membrane is
improved, its pore size, porosity, tensile strength, and elon-
gation at break are significantly lower than those of the
polypropylene porous membrane before treatment, which
lead to reduction of the performance of the membrane when
the polypropylene porous membrane is used in the mem-
brane distillation process.

[0005] In order to solve the above problems, the present
invention is disclosed.

INVENTION SUMMARY

[0006] In view of the shortcomings of the prior art, the
purpose of the present invention is to provide a super-
hydrophobic modification method for polypropylene porous
film. The modified super-hydrophobic polypropylene porous
film prepared by the invention has a significant modification
effect under the condition of not changing the excellent
chemical resistance and higher strength of polypropylene:
the hydrophobic performance of the product film is greatly
improved with higher contact angle, smaller rolling angle
and basically unchanged original porosity, pore size and
pore size distribution; while the hydrophobicity of the
product film is increased, and after the membrane distillation
process, the film becomes more resistant to wetting and has
longer service life.

[0007] The first aspect of the present invention provides a
superhydrophobic polypropylene porous film, which in turn
includes a polypropylene porous film substrate, titanium
dioxide layers and a surface modifier layer, the titanium
dioxide layers being deposited on the surface of the poly-
propylene porous film substrate by atomic deposition tech-
nology. The surface modifier is coated on the titanium
dioxide layers; a hydrophobic bond is formed between the
titanium dioxide layers and the surface modifier layer, and
the superhydrophobic polypropylene porous film has a water
contact angle greater than 150°, a rolling angle less than 10°,
a pore size of 0.1 um~0.4 pum, a porosity of 50%~80%, a
tensile strength of 30 MPa—S50 MPa, and an elongation at
break of 10%~30%.

[0008] Herein, the word “superhydrophobic” in the super-
hydrophobic polypropylene porous film in the present
invention refers to its high hydrophobic performance, and
further refers to polypropylene porous film with a water
contact angle greater than 150° and less than 180°, and a
rolling angle less than 10° and greater than 0°.

[0009] In some embodiments, the titanium dioxide layers
are deposited on the surface of the polypropylene porous
film substrate by atomic deposition technology, and 10 to
500 cycles of titanium dioxide layers are deposited on the
surface of the polypropylene porous film substrate; the
surface modifier layer is nanometer silicone emulsion, and
the hydrophobic bond is a Si~O~Ti bond. Among them, the
main component of nano-silicone emulsion is trimethylsi-
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lanol. After illuminating, titanium dioxide will form free
hydroxyl groups, and then the hydroxyl groups on trimeth-
ylsilanol and free hydroxyl groups on titanium undergo
dehydration condensation reaction to form Si~O~Ti bond,
which thereby plays a role in improving the hydrophobicity
of the surface of the polypropylene porous film, and the
hydrophobic bond is a Si~O~Ti bond.

[0010] The second aspect of the present invention pro-
vides a method for preparing the superhydrophobic poly-
propylene porous film according to the first aspect of the
present invention, which includes the following steps:

[0011] (1) Taking a polypropylene porous film sub-
strate;
[0012] (2) Using the atomic deposition method, depos-

iting titanium dioxide layers onto the surface of the
polypropylene porous film substrate to obtain a poly-
propylene porous film with titanium dioxide layers on
the surface;

[0013] (3) Spraying a surface modifier onto the surface
of the polypropylene porous film with titanium dioxide
layers on the surface, then illuminating, rinsing, and
drying to obtain the superhydrophobic polypropylene
porous film;

[0014] In some embodiments, the preparation method
of the polypropylene porous membrane substrate in
step (1) includes the following steps:

[0015] (11) Weighing the raw materials polypropylene
and a thinner; based on the mass percentage, the mass
of the polypropylene is 17~35% of the mass of the
product polypropylene porous film substrate, and the
weight of a diluent (e.g., the thinner) is 65~83% of the
mass of the product polypropylene porous film sub-
strate.

[0016] (12) Adding the weighed raw materials in Step
(11) to a reactor and stirring under nitrogen (e.g., while
passing nitrogen through the reactor to protect the
reactor), and heating to 160° C.-300° C. while stirring
to obtain a casting liquid;

[0017] (13) Coating the casting liquid obtained in Step
(12) on the surface of a polyester non-woven fabric and
scraping it into a flat plate shape, and then immersing
the whole fabric in the flat plate shape in a water bath
or oil bath at 0° C. to 130° C. to obtain a formed film;
and

[0018] (14) Immersing the formed film obtained in Step
(13) in an extraction liquid for 4-12 hours ultrasoni-
cally, then drying to obtain the polypropylene porous
film substrate.

[0019] In further embodiments, the raw materials in Step
(11) further include one or more additives (e.g., selected
from adipic acid, suberic acid and dibenzylidene sorbitol);
based on the mass percentage, the mass of the additive(s) is
0-3% of the polypropylene porous film substrate, and one or
more diluents (e.g., selected from dimethyl phthalate, diphe-
nyl ether, diethyl phthalate, phosphoric acid tributyl ester,
dibutyl phthalate, dioctyl phthalate and soybean oil), and the
extractant in Step (14) may be one or more selected from
methanol, ethanol, propanol, n-hexane, cyclohexane and
acetone. The melt index of the polypropylene may be from
0 to 20.

[0020] In some embodiments, in Step (2), an atomic
deposition method is adopted, and the steps of depositing a
titanium dioxide layer on the surface of the polypropylene
porous film are:
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[0021] (21) placing the atomic layer deposition cham-
ber under vacuum, placing the polypropylene porous
film into the reaction chamber, and heating the depo-
sition chamber to 50-150° C.;

[0022] (22) passing a gaseous titanium-containing pre-
cursor into the deposition chamber for 100 to 1000
milliseconds, and then purging the deposition chamber
with an inert gas at a flow rate of 10 to 300 sccm for 10
to 60 seconds;

[0023] (23) passing a gaseous oxygen-containing pre-
cursor into the reaction chamber for 10 to 500 milli-
seconds, and purging the deposition chamber with an
inert gas at a flow rate of 10 to 300 sccm for 10 to 60
seconds to complete the deposition of the titanium
dioxide layer; and

[0024] (24) repeating steps (22)-(23) for 10-500 cycles
of titanium dioxide layer deposition on the surface of
the polypropylene porous film.

[0025] Among them, completing Steps (22) and (23) once
is one cycle of titanium dioxide layer deposition.

[0026] Among them, in Step (22) and Step (23), the
gaseous titanium-containing precursor and the gaseous oxy-
gen-containing precursor are passed into the reaction cham-
ber using an atomic layer depositor (D100-4882, Chongqing
Nuotu Technology Co., Ltd.). The instrument is completely
sealed from the external environment, and the amount of
gaseous titanium-containing precursor and gaseous oxygen-
containing precursor can be controlled by controlling the
running time of the program in the instrument.

[0027] Preferably, the vacuum in Step (21) is 0-15 mbar;
the titanium-containing precursor in Step (22) is a titanium
alkoxide, a titanium halide or a titanium alkylphthalamide,
preferably titanium tetraisopropoxide; the oxygen-contain-
ing precursor in Step (23) is O5. H,O or H,0,; the inert gas
in Step (22) and Step (23) is Ar or N,.

[0028] Preferably, in Step (3), the surface modifier or
nano-silicon emulsion is present in an amount of 0.1-10 wt
%, wherein 0.1-10 wt % of the nano-silicon emulsion refers
to the mass fraction of silicon in the nano-silicon emulsion;
the illuminating conditions are: irradiating with a 100-1000
joule xenon lamp for 1 to 200 minutes.

[0029] Among them, the main component of the nano-
silicone emulsion is trimethylsilanol. After illumination,
titanium dioxide will form free hydroxyl groups, and then
the hydroxyl groups on trimethylsilanol and free hydroxyl
groups on titanium undergo a dehydration condensation
reaction to form a Si~O~Ti bond to improve the hydropho-
bicity of the polypropylene porous film surface.

[0030] The third aspect of the present invention provides
a method for improving the hydrophobicity of the polypro-
pylene porous film without changing its pore size, porosity,
tensile strength, and elongation at break: firstly, depositing
titanium dioxide layers on the surface of the polypropylene
porous film by atomic layer deposition, spraying a surface
modifier on the surface of the titanium dioxide layers, and
then illuminating the polypropylene porous film with the
titanium dioxide layers and the surface modifier thereon.

[0031] Preferably, 10 to 500 cycles of atomic layer depo-
sition are used to deposit the titanium dioxide layers on the
surface of the polypropylene porous film, the surface modi-
fier is a nano silicon emulsion, and the illuminating condi-
tions are: irradiating with a 100 to 1000 joules xenon lamp
for 1~200 minutes.
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[0032] Herein, the polypropylene porous film is only a
representative polymer separation film, which improves the
hydrophobicity of the polypropylene porous film without
changing its pore size, porosity, tensile strength, and/or
elongation at break. The method is also suitable for improv-
ing the wetting resistance and life span of the film. The
modification method of the present invention can be applied
to many high molecular weight polymers whose hydrophi-
licity and hydrophobicity cannot be modified by the usual
solution method due to poor solubility at room temperature.
Since the polypropylene porous film does not react with any
reagents at room temperature, the present invention adopts
a method combining atomic layer deposition (ALD) and
photocatalysis to prepare the modified superhydrophobic
polypropylene porous film.

[0033] Compared with the prior art, the present invention
has the following beneficial effects:

[0034] 1. In the present invention, a superhydrophobic
polypropylene porous film is prepared by a method
combining atomic layer deposition (ALD) and photo-
catalysis. The superhydrophobic polypropylene porous
film has a water contact angle greater than 150° and a
rolling angle less than 10°, a pore size of 0.1 pm~0.4
um, a porosity of 50% to 80%, a tensile strength of 30
MPa to 50 MPa and an elongation at break of 10% to
30%. Compared with polypropylene porous films that
have not been improved in hydrophobicity, the super-
hydrophobic polypropylene porous film prepared by
the present invention not only maintains the excellent
chemical resistance, rigidity (tensile strength and elon-
gation at break), and porous characteristics of polypro-
pylene porous film (pore size and porosity), and also
has super-hydrophobic properties. Among them, the
contact angle of the original polypropylene porous film
is 100°~130° without rolling angle, while the super-
hydrophobic polypropylene porous film has a water
contact angle greater than 150° and a rolling angle less
than 10°, which indicate the hydrophobicity of the
polypropylene porous film is significantly improved.

[0035] 2. The present invention uses atomic layer depo-
sition technology to deposit titanium dioxide layers on
the surface of the polypropylene porous film for 10 to
500 cycles. ALD can deposit titanium dioxide layers on
the surface of the polypropylene porous film with a
higher specific surface area and uniformly. Compared
to directly coating titanium dioxide nanoparticles on
the polypropylene porous film, the titanium dioxide
layers deposited on the surface of the polypropylene
porous film of the present invention are stronger, and
not easy to fall off during the membrane distillation
process. After the superhydrophobic polypropylene
porous film prepared by the present invention runs for
80 hours, and its performance is still very good. There-
fore, the superhydrophobic polypropylene porous film
has a longer service life, which reduces the operating
cost and running cost of the MD process.

[0036] 3. The invention specifically selects a nano sili-
con emulsion with low surface energy and low cost as
the surface modifier, and adopts a coating operation on
the surface of the photocatalytic PP/TiO, porous film.
The main component of the nano silicon emulsion is
trimethylsilanol. After light treatment, titanium dioxide
will form free hydroxyl groups, and then the hydroxyl
groups on trimethylsilanol and free hydroxyl groups on
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titanium undergo a dehydration condensation reaction
to form Si~O~Ti bonds, thereby improving the surface
hydrophobicity of the polypropylene porous film. The
microporous film prepared by this method improves the
hydrophobicity of the microporous film on the basis of
maintaining the original film’s pore size and porosity,
reducing the rolling angle of the polypropylene porous
film, and relieving the pore wetting of the polypropyl-
ene porous film, which effectively reduces film pollu-
tion.

[0037] 4. The modification method of the superhydro-
phobic polypropylene porous film of the present inven-
tion is simple, easy to operate, and the raw materials
(e.g., polypropylene and nano silicon emulsion) are
cheap and easy to be obtained.

DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 is an SEM image of a film section of a
polypropylene porous film Sample 1 prepared in Example 1.
[0039] FIG. 2 is an SEM image of the film cross-section
of the superhydrophobic polypropylene porous film Sample
3 prepared in Example 4.

EXAMPLES

Example 1

[0040] This example is to prepare a polypropylene porous
film Sample 1.

[0041] (11) The mass fraction of polypropylene is
16.5%, the diluent is 41.5% of soybean oil and 41.5%
of tributyl phosphate, and the additive is 0.5% of adipic
acid;

[0042] (12) Adding the mixed raw materials weighed in
step (11) into the reactor, adding nitrogen to protect the
reaction, heating to 180° C., mechanically stirring for 4
hours and then stirring at low speed for 3 hours to
defoam to obtain a homogeneous film casting solution;

[0043] (13) scraping the film casting solution obtained
in (12) on the surface of a polyester non-woven fabric
into a flat plate at 180° C., and then putting it in a 30°
C. water tank to cool and solidify.

[0044] (14) Extracting the film prepared in step (13)
ultrasonically with n-hexane and ethanol for 4 hours
with the extractant refreshed every 2 hours, then plac-
ing it in a vacuum oven at 70° C. to dry so as to obtain
a polypropylene porous film Sample 1.

[0045] The sample has a honeycomb pore structure with
good film cross-section connectivity. The final product has a
porosity of 65.37%, an average pore diameter of 0.2576 um,
an air permeability of 1.551 L-cm™2-cm™', a water contact
angle of 126.74°, a tensile strength of 41.07 MPa and an
elongation at break of 15.72%. The sample is applied to a
vacuum membrane distillation process on a 3.5% NaCl
aqueous solution at a feed flow rate of 18 Lh™", and a feed
temperature of 70° C. The film flux was 17.81 kg=>h™* and
the rejection rate was 99.99%.

Example 2

[0046] In this example, using a low-temperature hydro-
thermal method, the surface of the polypropylene porous
film prepared in Example 1 was directly coated with tita-
nium dioxide nanoparticles, and the surface of the polypro-
pylene porous film coated with titanium dioxide nanopar-
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ticles was sprayed with the surface modifier vinyl triethyl
oxysilane, then irradiated with a 500-joule xenon lamp for
30 minutes, then rinsed with absolute ethanol, and then dried
in a vacuum oven at 80° C. to obtain a superhydrophobic
polypropylene porous film Sample 1.

[0047] Herein, after irritation, titanium dioxide will form
free hydroxyl groups. The vinyl group of vinyl triethoxy
silane undergoes an addition reaction with the free hydroxyl
groups of titanium dioxide under weak alkali and photo-
catalytic conditions to form C—O—Ti bonds, thereby
improving the surface hydrophobicity of polypropylene
porous film.

[0048] The resulting product has a porosity of 58.26%, an
average pore diameter of 0.1772 pm, an air permeability of
0.7019 L-cm™-cm™', a water contact angle of 140°, a tensile
strength of 35.23 MPa, and an elongation at break 10.65%.
The film is applied to a vacuum membrane distillation
process in a 3.5% NaCl aqueous solution, at a feed flow of
30 L'h™ and a feed temperature of 70° C. The initial
membrane flux was 14.52 kgm™>h~' and the initial rejection
rate was 99.99%. After 10 hours of operation, the membrane
flux was 23.69 kg'-m~>-h~' and the rejection rate was 70%.

Example 3

[0049] In this example, with atomic deposition technol-
ogy, the surface of the polypropylene porous film prepared
in Example 1 was deposited with titanium dioxide layers,
sprayed with the surface modifier vinyl triethoxysilane on
the titanium dioxide layers, irradiated for 30 minutes using
a 500-joule xenon lamp, rinsed with absolute ethanol, and
then dried in a vacuum oven at 80° C. to obtain a superhy-
drophobic polypropylene porous film Sample 2.

[0050] In this example, the steps of depositing titanium
dioxide layers on the surface of the polypropylene porous
film are:

[0051] (21) After the reaction chamber of the atomic
layer deposition equipment is evacuated, placing the
polypropylene porous film into the reaction chamber,
and heating the temperature of the reaction chamber to
100° C.;

[0052] (22) Passing the gaseous titanium-containing
precursor into the reaction chamber for 400 millisec-
onds, and then purging with an inert gas at a flow rate
of 50 sccm for 30 seconds;

[0053] (23) Then passing the gaseous oxygen-contain-
ing precursor into the reaction chamber for 100 milli-
seconds, and purging with an inert gas at a flow rate of
50 scem for 30 seconds to complete the deposition of
a titanium dioxide layer; and

[0054] (24) Repeating Steps (22) -(23) to deposit 200
cycles of titanium dioxide layers on the surface of the
polypropylene porous film.

[0055] Completing Steps (22) and (23) once is one cycle
of titanium dioxide layer deposition.

[0056] The vacuum in Step (21) is 0.5 mbar; the titanium-
containing precursor in Step (22) is titanium tetraisoprop-
oxide; the oxygen-containing precursor in Step (23) is H,O;
and in Steps (22) and (23) the inert gas is N,.

[0057] The superhydrophobic polypropylene porous film
Sample 2 has a porosity of 62.86%, an average pore size of
0.2572 um, a gas permeability of 1.551 L-cm™>cm™, a
water contact angle of 125.6°, a tensile strength of 38.54
MPa, and an elongation at break of 13.37%. The film was
applied to a vacuum membrane distillation process in a 3.5%

Mar. 10, 2022

NaCl aqueous solution, at a feed flow of 30 L-h™" and a feed
temperature of 70° C. The membrane flux was 15.47 kg
m>h~" and the rejection rate was 99.99%. After 15 hours of
operation, the membrane flux was 27.36 kg'm*h-and the
rejection rate was 63.76%.

Example 4

[0058] In this example, with atomic deposition technol-
ogy, the surface of the polypropylene porous film prepared
in Example 1 was deposited with titanium dioxide layers,
sprayed with a surface modifier 0.3% nano silicon emulsion,
irradiated for 30 minutes with a 500 joule xenon lamp,
rinsed with absolute ethanol, and then dried in a vacuum
oven at 80° C. to obtain a superhydrophobic polypropylene
porous film Sample 3.

[0059] Wherein, the method of depositing titanium diox-
ide layers on the surface of the polypropylene porous film is
the same as in Example 3.

[0060] The SEM image of the cross-section of the super-
hydrophobic polypropylene porous film Sample 3 is shown
in FIG. 2. Compared with the SEM image of the cross-
section of the polypropylene porous membrane before modi-
fication (FIG. 1), it can be seen that the structure of the
modified polypropylene porous film has almost no change
while the modified superhydrophobic polypropylene porous
film has a double continuous pore structure in the membrane
section.

[0061] The superhydrophobic polypropylene porous film
Sample 3 has a porosity of 65.23%, an average pore size of
0.2526 um, a gas permeability of 1.553 L cm™2-cm™!, a water
contact angle of 165°, an inclination angle of 1°, a tensile
strength of 41.07 MPa, and an elongation at break of
15.72%. The film is applied to a vacuum membrane distil-
lation process in a 3.5% NaCl aqueous solution, at a feed
flow rate of 18 L h™" and a feed temperature of 70° C. The
membrane flux was 17.81 kg'm~>h~! and the rejection rate
was 99.99%. After running for 80 h, the membrane flux was
17.14 kg'm~>h~! and the rejection rate was 99.99%.
[0062] Comparing the polypropylene porous film Sample
1, the superhydrophobic polypropylene porous film Sample
1, the superhydrophobic polypropylene porous film Sample
2, and the superhydrophobic polypropylene porous film
Sample 3 in Examples 1-4, it can be seen that: the water
contact angle of the superhydrophobic propylene porous
film Sample 1 is slightly greater than that of the unmodified
polypropylene porous film Sample 1, but its porosity, aver-
age pore size, air permeability, tensile strength, and elonga-
tion at break are all inferior to those of the unmodified
polypropylene membrane. The porosity, average pore size,
air permeability, tensile strength, and elongation at break of
superhydrophobic polypropylene porous film Sample 2 is
not much different from that of unmodified polypropylene
porous film Sample 1, but its hydrophobicity improvement
effect is poor, and the water contact angle of the film hardly
changes. At the same time, the superhydrophobic polypro-
pylene porous film Sample 1 and the superhydrophobic
polypropylene porous film Sample 2 have a common prob-
lem: the superhydrophobic polypropylene porous films have
a poor life span. Although the superhydrophobic polypro-
pylene porous film Sample 2 included titanium dioxide
layers deposited on the surface of the polypropylene porous
film by atomic deposition technology, the titanium dioxide
layers are not easy to fall off during operation, so compared
with the superhydrophobic polypropylene porous film
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Sample 1, it can improve the service life of the superhydro-
phobic polypropylene porous film to a certain extent. How-
ever, after 15 hours of operation, the flux of the superhy-
drophobic polypropylene porous film Sample 2 was
significantly increased, and the rejection performance of the
superhydrophobic polypropylene porous film Sample 2
decreased.

[0063] In comparison, the superhydrophobic polypropyl-
ene porous film Sample 3 in Example 4 has better hydro-
phobicity, which is reflected in the increase in the water
contact angle; and the rigidity and strength of the membrane
material does not decrease significantly, which is reflected in
the little change of tensile strength; after modification, the
pore size and porosity of the film are basically unchanged,
and the water contact angle of the polypropylene film is
increased, and the separation performance of the membrane
is improved. In terms of the hydrophobicity of the film, the
prepared modified superhydrophobic polypropylene porous
film has a water contact angle greater than 150° and a rolling
angle less than 10°, which can alleviate the wetting of the
film pores, effectively reduce film pollution, and provide
MD Separation material with excellent hydrophobic prop-
erties. At the same time, after 80 hours of operation, the
membrane flux was 17.14 kg:m™>-h™", the rejection rate was
99.99%, and the superhydrophobic polypropylene porous
film Sample 3 had a longer service life.

Example 5

[0064] This example is the preparation of Sample 4 of the
superhydrophobic polypropylene porous film.

[0065] First, use the following Steps (11)-(14) to prepare
polypropylene porous film:

[0066] (11) The mass fraction of polypropylene is 17%,
the diluent soybean oil is 41.25%, and the diluent
tributyl phosphate is 41.25%. The additive is 0.5%
adipic acid;

[0067] (12) Adding the mixed raw materials weighed in
Step (11) into the reactor, passing nitrogen through the
reactor to protect the reaction, heating to 180° C.,
mechanically stirring for 4 hours and then stirring at
low speed for 3 hours to defoam to obtain a homoge-
neous film casting solution;

[0068] (13) Scraping the film casting solution obtained
in Step (12) on a surface of a polyester non-woven
fabric to a flat plate at temperature of 180° C., and then
cooling and solidifying in a 30° C. water tank.

[0069] (14) Ultrasonically extracting the film prepared
in Step (13) with n-hexane and ethanol for 4 hours,
refreshing the extractant every 2 hours, and drying in a
vacuum oven at 70° C. to obtain a polypropylene
porous membrane.

[0070] Then using atomic deposition technology to
deposit titanium dioxide layers on the surface of the poly-
propylene porous film, spraying the surface modifier nano
silicon emulsion on the surface of the polypropylene porous
film with titanium dioxide nanoparticles deposited on the
surface, irradiating it with a 500-joule xenon lamp for 30
minutes, rinsing with absolute ethanol, and drying in a
vacuum oven at 80° C. to obtain Sample 4 of superhydro-
phobic polypropylene porous film.

[0071] Wherein, the steps of depositing titanium dioxide
layers on the surface of the polypropylene porous film are:

[0072] (21) After the reaction chamber of the atomic
layer deposition equipment is evacuated, placing the
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polypropylene porous film into the reaction chamber,
and heating the temperature of the reaction chamber to
100° C.;

[0073] (22) Passing the gaseous titanium-containing
precursor into the reaction chamber for 400 millisec-
onds, and then purging with an inert gas at a flow rate
of 55 scem for 30 seconds;

[0074] (23) Then passing the gaseous oxygen-contain-
ing precursor into the reaction chamber for 100 milli-
seconds, and purging with an inert gas at a flow rate of
50 scem for 30 seconds to complete the deposition of
a titanium dioxide layer; and

[0075] (24) Repeating Steps (22)-(23) to deposit 200
cycles of titanium dioxide layers on the surface of the
polypropylene porous film.

[0076] Completing Steps (22) and (23) once is one cycle
of titanium dioxide layer deposition.

[0077] The vacuum in Step (21) is 0.5 mbar; the titanium-
containing precursor in Step (22) is titanium tetraisoprop-
oxide; the oxygen-containing precursor in Step (23) is H,O;
the inert gas in Steps (22) and (23) is Ar or N,.

[0078] The superhydrophobic polypropylene porous
Sample 4 has a porosity of 78.36%, an average pore diam-
eter of 0.3895 um, an air permeability of 2.73 Lem™2cm ™,
a water contact angle of 151°, an inclination angle of 8°, a
tensile strength of 30.76 MPa, and an elongation at break of
17.48%. The film is applied to a vacuum membrane distil-
lation process in a 3.5% NaCl aqueous solution, at a feed
flow rate of 18 L+h™" and a feed temperature of 70° C. The
membrane flux was 21.05 kgm=>h~! and the rejection rate
was 99.99%. After running for 40 h, the membrane flux was
20.39 kgm~>h~'and the rejection rate was 99.99%.

Example 6

[0079] This example is the preparation of Sample 5 of
superhydrophobic polypropylene porous film.

[0080] First, the following Steps (11)-(14) are used to
prepare a polypropylene porous film:

[0081] (11) The mass fraction of polypropylene is
32.5%, the diluent soybean oil is 33.5%, and the diluent
tributyl phosphate is 33.5%. The additive is 0.5%
adipic acid;

[0082] (12) Adding the mixed raw materials weighed in
Step (11) into the reactor, passing nitrogen through the
reactor to protect the reaction, heating to 180° C.,
mechanically stirring for 4 hours and then stirring at
low speed for 3 hours to defoam to obtain a homoge-
neous film casting solution;

[0083] (13) Scraping the film casting solution obtained
in Step (12) on the surface of a polyester non-woven
fabric into a flat plate at the temperature of 180° C.,
then cooling and solidifying in a 30° C. water tank;

[0084] (14) Extracting the film prepared in Step (13)
ultrasonically with n-hexane and ethanol for 4 hours,
refreshing the extractant every 2 hours, then drying in
a vacuum oven at 70° C. to obtain a polypropylene
porous membrane.

[0085] Then with atomic deposition technology, deposit-
ing titanium dioxide layers on the surface of the polypro-
pylene porous film, spraying the surface modifier nano
silicon emulsion on the surface of the polypropylene porous
film with titanium dioxide nanoparticles deposited on the
surface, irradiating it with a 500-joule xenon lamp for 30
minutes, rinsing it with absolute ethanol, and then drying in
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a vacuum oven at 80° C. to obtain Sample 5 of superhy-
drophobic polypropylene porous film.

[0086] Herein, the steps of depositing titanium dioxide
layers on the surface of the polypropylene porous film are:

[0087] (21) After the reaction chamber of the atomic
layer deposition equipment is evacuated, placing the
polypropylene porous film into the reaction chamber,
and heating the temperature of the reaction chamber to
100° C.;

[0088] (22) Passing the gaseous titanium-containing
precursor into the reaction chamber for 400 millisec-
onds, and then purging with an inert gas at a flow rate
of 55 sccm for 30 seconds;

[0089] (23) Then passing the gaseous oxygen-contain-
ing precursor into the reaction chamber for 100 milli-
seconds, and purging with an inert gas at a flow rate of
50 scem for 30 seconds to complete the deposition of
a titanium dioxide layer; and

[0090] (24) Repeating Steps (22)-(23) to deposit 200
cycles of titanium dioxide layers on the surface of the
polypropylene porous film.

[0091] Completing Steps (22) and (23) once is one cycle
of titanium dioxide layer deposition.

[0092] The vacuum in Step (21) is 4 mbar; the titanium-
containing precursor in Step (22) is titanium tetraisoprop-
oxide; the oxygen-containing precursor in Step (23) is H,O;
the inert gas in Steps (22) and (23) is Ar or N,,.

[0093] The superhydrophobic polypropylene porous film
Sample 5 has a porosity of 54.53%, an average pore diam-
eter of 0.1124 a gas permeability of 0.45 L-cm™>-cm™, a
water contact angle of 162° an inclination angle of 5°, a
tensile strength of 47.57 MPa, and an elongation at break of
26.73%. The film was applied to a vacuum membrane
distillation process in a 3.5% NaCl aqueous solution, at a
feed flow rate of 18 L-h™! and a feed temperature of 70° C.
The membrane flux was 9.78 kg'm™>-h~* and the rejection
rate was 99.99%. After 80 h operation, the membrane flux
was 8.74 kg'm™>-h~' and the rejection rate was 99.99%.

What is claimed:

1. A method of preparing a super-hydrophobic polypro-
pylene porous film, comprising, in sequence, depositing
titanium dioxide layers on a surface of a polypropylene
porous film substrate by atomic deposition technology,
spraying a surface modifier comprising a nano silicon emul-
sion on the titanium dioxide layers to obtain a polypropylene
porous film with the titanium dioxide layers and the surface
modifier layer thereon, and illuminating, rinsing and drying
the polypropylene porous film with the titanium dioxide
layers and the surface modifier layer thereon to form a
hydrophobic bond between the titanium dioxide layers and
the surface modifier layer to obtain the superhydrophobic
polypropylene porous film, wherein the superhydrophobic
polypropylene porous film has a water contact angle greater
than 150°, a rolling angle less than 10°, a pore size of 0.1 um
to 0.4 um, a porosity of 50% to 80%, a tensile strength of 30
MPa to 50 MPa, and an elongation at break of 10% to 30%.

2. The method according to claim 1, wherein the atomic
layer deposition comprises 10 to 500 cycles of titanium
dioxide layer deposition on the surface of the polypropylene
porous film substrate.

Mar. 10, 2022

3. The method according to claim 1, further comprising

(11) weighing polypropylene and a thinner;

(12) adding the polypropylene and the thinner to a reactor
and heating to 160° C.~300° C. with stirring under
nitrogen to obtain a casting liquid;

(13) coating the casting liquid on a polyester non-woven
fabric and scraping it into a flat plate shape, and then
immersing the flat plate shape in a water bath or oil bath
at 0° C. to 130° C. to obtain a formed film; and

(14) extracting the formed film in an extraction liquid for
4-12 hours ultrasonically, then drying to obtain the
polypropylene porous film substrate.

4. The method according to claim 3, wherein the extrac-
tion liquid includes an additive selected from adipic acid,
suberic acid, and dibenzylidene sorbitol, a diluent selected
from dimethyl phthalate, dipheny! ether, diethyl phthalate,
phosphoric acid tributyl ester, dibutyl phthalate, dioctyl
phthalate, and soybean oil, and an extractant selected from
methanol, ethanol, propanol, n-hexane, cyclohexane, and
acetone.

5. The method according to claim 1, wherein depositing
the titanium dioxide layers on the surface of the polypro-
pylene porous film comprises:

(21) placing an atomic layer deposition chamber under
vacuum, placing the polypropylene porous film into the
reaction chamber, and heating the reaction chamber to
50-150° C.;

(22) passing a gaseous titanium-containing precursor into
the reaction chamber for 100 to 1000 milliseconds, and
then purging the reaction chamber with a first inert gas
at a flow rate of 10 to 300 sccm for 10 to 60 seconds;

(23) passing a gaseous oxygen-containing precursor into
the reaction chamber for 10 to 500 milliseconds, and
purging the reaction chamber with a second inert gas at
a flow rate of 10 to 300 sccm for 10 to 60 seconds; and

(24) repeating steps (22)-(23) for 10-500 cycles.

6. The method according to claim 5, wherein the vacuum
is 0-15 mbar; the titanium-containing precursor is a titanium
alkoxide, titanium halide or titanium alkyl phthalamine; the
oxygen-containing precursor is O;, H,O or H,0,; and the
first and second inert gases are Ar or N,. The method
according to claim 1, wherein the nano silicon emulsion is
present in an amount of 0.1-10 wt %, and illuminating the
polypropylene porous film with the titanium dioxide layers
and the surface modifier layer thereon comprises irradiating
the polypropylene porous film with the titanium dioxide
layers and the surface modifier layer thereon with a 100-
1000 joule xenon lamp for 1 to 200 minutes.

8. A method for improving the hydrophobicity of a
polypropylene porous film without changing its pore size,
porosity, tensile strength, and elongation at break, compris-
ing: depositing titanium dioxide layers on a surface of the
polypropylene porous film, spraying a surface modifier on
the titanium dioxide layers, and then illuminating the poly-
propylene porous film with the titanium dioxide layers and
the surface modifier thereon.

9. The method according to claim 8, wherein the titanium
dioxide layers are deposited on the polypropylene porous
film for 10 to 500 atomic layer deposition cycles, the surface
modifier comprises a nano silicon emulsion, and illuminat-
ing the polypropylene porous film with the titanium dioxide
layers and the surface modifier thereon comprises irradiating
the polypropylene porous film with the titanium dioxide
layers and the surface modifier thereon with a 100-1000
joule xenon lamp for 1 to 200 minutes.
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