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Copper-1,3,5-benzoic acid (Cu-BTC) was synthesized by the hydrothermal meth-
od, which had regular octahedral morphology. The Cu-BTC particles were used as
additives in the polyacrylonitrile (PAN) solution fabricate Cu-BTC/PAN membrane
by the electrostatic spinning method, its good filtration performance was witnessed
experimentally.
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Introduction

With the continuous development of science and technology and modern industry,
environmental pollution has become one of the most serious problems facing mankind. When
the content of PM2.5 is too high, human health will face a huge threat and even cause death
[1]. People are paying more and more attention environmental air quality. The continuous de-
velopment and improvement of dust removal and purification technology and the expansion of
its application range have put forward new requirements on the quantity, variety and quality of
air filter materials [2, 3]. In order to improve people’s quality of life, air filter materials have
become a research hotspot. How to reduce the harm of air pollution human health and life has
become a major problem that needs to be solved urgently, and low dimensional materials are
now widely used for this purpose.

Low dimensional materials, such as graphene [4, 5], nanofibers [6-14], and nanoparti-
cles [15-20], have been widely used in many fields and have received much attention in recent
years. Metal-organic framework (MOF) is a kind of new hybrid materials, which can be a 1-D,
2-D or 3-D structure consisting of rigid organic ligands and metal ions. Hoskins and Robson [21]
first proposed the concept of MOF materials. He pointed out that the use of organic ligands and
metal ions through co-ordination bonds can form a MOF material with a network structure. Be-
cause of its diverse and beautiful surface morphology, regular pore structure, large specific surface
area, and coordination unsaturated metal vacancy, it has been widely used in traditional fields
such as gas storage, separation, catalysis [22, 23], biomedical, sensor material [24] and other new
fields. In recent years, people have compounded MOF with silica, titanium dioxide [25], graphene
[26] and other materials to expand their performance and application fields.
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The Cu-BTC was initially synthesized by Choi et al. [27] of Hong Kong University of
Science and Technology by a hot solvent method and named as HKUST-1. The specific surface
area is up to 1500 m?/g, the pore structure is regularly arranged, and the chemical properties are
stable. Among them, the metal clusters Cu,C,Oy are interconnected to form a 3-D pore structure
with a pore size of about 1 nm [28]. The central Cu?* in its skeleton structure adopts six co-ordi-
nation, 3 Cu*" are co-ordinated in space structure with 12 oxygen atoms on six carboxyl groups
from two organic ligands BTC, and axially connected with two H,O co-ordination. After high
temperature heating treatment, there appear metal vacancies with unsaturated co-ordination,
which is conducive to the adsorption of small gas molecules. These unique advantages make
Cu-BTC widely used in gas storage, separation, sensing, catalysis and other fields. The SiO,-
Cu-BTC can be used for the catalytic oxidation of active methylene compounds to obtain high
yield and selectivity. In recent years, nanofibers prepared by electrospinning have been widely
used. The modified nanofibers prepared by combining with organometallic framework materi-
als have excellent properties [29-34]. The Cu-BTC/PVA film was prepared by electrospinning
with the addition of Cu-BTC particles in PVA solution. The prepared Cu-BTC/PVA film has
good bactericidal effect [35-37] and extremely excellent air filtration performance.

Experimental design

The Cu-BTC particles were synthesized by the hydrothermal method. Dissolve 1.087 g
Cu(NO;)2-3H,0 in 15 ml deionized water, then dissolve 0.525g benzoic acid (H;-BTC) in
15 ml anhydrous ethanol (C,HsOH), stir them evenly, transfer them to polytetrafiuoroethylene
reactor, and react for 12 hours at 120 °C. After the reaction, take out the polytetrafluoroeth-
ylene reaction kettle and cool it to room temperature in the drying oven. The reaction mixture
was transferred to a centrifuge tube, using dimethylformamide (DMF) and absolute ethanol as
detergents, and centrifuge at 9000 rpm for 10 minutes. After repeating the aforemenentioned
operation three times, the resulting precipitate was placed in an 80 °C drying oven for 12 hours
to obtain dark blue Cu-BTC particles.

The Cu-BTC/PAN film was prepared by electrospinning. 1.2 g PAN was added to 8.8
g DMF, after magnetic stirring for four hours, the mixed solution became a clear solution. The
parameters of the electrospinning machine are set as: voltage 15 kV, flow rate 0.5 ml/h, reaction
distance 15 cm. After spinning for 12 hours, a PAN film was obtained. With the same param-
eters, a clear solution with 12% PAN was prepared, and 0.2 g Cu-BTC particles were added.
After stirring for 1 hour, the mixed solution of
Cu-BTC/PAN was obtained. The Cu-BTC/PAN
films were prepared by electrospinning with the
same experimental parameters.

Experimental analysis

Figure 1 is the XRD diagram of Cu-BTC
particles, in which 6.7°,9.6°, 11.7°,13.5°, 14.7°,
15.1°, 16.6°, 17.5°, 19.1°, and 20.3° are the
characteristic peaks of Cu-BTC, corresponding

I | . | to (111), (200), (220), (222), (400), (331), (422),

: . . . (333), (440), and (442) crystal faces of Cu-BTC,
10 20 30 40 50 : . . s .
200 respectively. In line with the peak position in

Figure 1. The XRD pattern of Cu-BTC [30], the peak shape of XRD is sharp, indicating
particles that the synthesized Cu-BTC crystal structure is
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good. The Cu-BTC prepared by the hydrother- 1.0
mal method did not show the impurity peak of ¥
260 = 11.0° reported in the XRD spectrum [38], g 087
indicating that the synthesis temperature was £
suitable and no CuO impurity was generated. & o061
The synthesized Cu-BTC particles are relative- £
ly pure and the structure is complete. 041
Figure 2 is the FT-IR spectrum of the
sample Cu-BTC. It can be seen from the figure 02+
that two absorption peaks appear at 3458.1 cm!
and 1648.1 cm’!, respectively, indicating that 00 - N , .
there is a certain amount of moisture in the 4000 3500 3000 2500 2000 1500 1000 500
synthesized sample. The absorption peaks at Wavenumbers [cm-]

1437 cm™ and 1369.4 cm™' are the asymmetric ~ Figure 2. The FT-IR pattern of Cu-BTC
stretching vibration and symmetric stretching ~ Particles

vibration absorption peaks of carbonyl in carboxyl group, respectively. The weak absorption
peak at 956.3 cm! is the stretching vibration absorption peak of C-O-Cu. The characteristic
absorption peaks of Cu-BTC are 752.6 cm™! and 725.3 cm™!, which are due to the substitution
of groups on benzene ring by Cu. Compared with the literature [39], it can be seen that the peak
position is consistent with the report.

Figure 3 is a TGA graph of Cu-BTC par-
ticles. The Cu-BTC has three weightlessness in-
tervals. During 50~180°C, the solvent molecules
(ethanol and water) were volatilized, and the
mass loss was about 29.2%; during 180~330 °C
a continuous weight reduction process, about
6.1%, was mainly due to the removal of water
molecules adsorbed on the Cu?* co-ordination 501
bond in the Cu-BTC sample. When the tempera- 40-
ture is over 330 °C, there is an obvious weight 301
loss range, and the mass loss drops sharply, in- : . , . .

o . o 100 200 300 400 500 600
dicating the decomposition of organic ligands. Temperature ['C]
The crystal structure of Cu-BTC particles col-  gigure 3. The TGA pattern of Cu-BTC
lapsed and decomposed completely at about particles
400 °C, with 33.2% of the mass remaining. The
decomposition product is CuO.

As shown in figs. 4(a) and 4(b) are SEM images of Cu-BTC particles. It can be clearly
seen from the picture that a large number of regular octahedral crystals have been synthesized,
which conforms to the crystal morphology of Cu-BTC particles described in the literature. At
the same time, the crystal shape is complete and the surface is regular, showing a regular trian-
gle surface. Figures 4(c) and 4 (d) are SEM of pure PAN film, and figs. 4(e) and 4(f) are SEM
images of Cu-BTC/PAN film. By comparison, it can be seen clearly that the surface of the Cu-
BTC/PAN film is smoother and the film is more uniform.

Tables 1-3 are the element distribution of Cu-BTC particles, PAN film, and
Cu-BTC/PAN film, respectively. It can be found from tab. 1 that Cu-BTC particles are com-
posed of carbon, oxygen, and copper. Among them, the content of carbon is the most, and
the content of copper is the lowest. In tab. 2, there are only two elements in the PAN film,
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Figure 4. (a) and (b) are SEM images of Cu-BTC particles, (¢) and (d) are SEM images of PAN film,
(e) and (f) are SEM images of Cu-BTC/PAN film

namely carbon and nitrogen. At the same time, the content of carbon is about three times that
of nitrogen. Observing the data in tab. 3, combined with tabs. 1 and 2, it can be found that
the surface elements of the Cu-BTC/PAN film include all elements of the Cu-BTC particles
and the PAN film. At the same time, the surface element content of Cu-BTC/PAN film con-
forms to the mass of Cu-BTC particles accounting for 2% of the Cu-BTC/PAN mixed solu-
tion. It shows that in the Cu-BTC/PAN film, the Cu-BTC particles are evenly distributed.

Generally speaking, the dispersed oil particulate (DOP) method is usually used to test
the filtration performance of fiber membranes. The DOP method is also a common method for
evaluating the gas permeability and resistance of the filter. Considering the practical application
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Table 1. The EDS test results of Cu-BTC particles

Table 2. The EDS test results of PAN membrane

Element Weight [%] Atomic [%] Element Weight [%] Atomic [%]
Carbon 51.328 67.285

Carbon 73.294 76.194
Oxygen 28.050 27.605
Copper 20.621 5.110 Nitrogen 26.706 23.806

Table 3. The EDS test results of
Cu-BTC/PAN membrane

of nanofiber membranes, a parameter needs to
be introduced to make a relatively balanced

assessment between the filtration efficiency of Element Weight [%] Atomic [%]
the filter media and the pressure loss. Based on

the filtration efficiency and pressure loss of the Carbon 67.902 71.752
PAN membrane and Cu-BTC/PAN membrane, Nitrogen 26.396 23918

a quality factor is introduced as an evaluation

parameter, which represents the relative ratio Oxygen 5.376 4.265
between the filtration efficiency and pressure Copper 0.327 0.065

loss of the same test sample, which is defined:

—In(1-F
F = # (1)

Ap

where Oy [Pa™'] is the quality factor of the filtration performance evaluation of the fiber mem-
brane, £ — [%] the filtration efficiency of fiber membrane, AP [Pa] — the pressure loss of fiber
membrane.

It can be seen from eq. (1) that a higher Qr value means that the fiber filter mem-
brane has better filtration performance. The air filtration performance of PAN membrane and
Cu-BTC/PAN membrane is shown in tabs. 4 and 5. The average quality factor of PAN mem-
brane filtration performance evaluation is only 0.0016 Pa'. The quality factor of Cu-BTC/PAN
membrane filtration performance evaluation is 0.0135 Pa™' on average, about 8.5 times of PAN
membrane. It can be explained that the air filtration performance of Cu-BTC/PAN membranes
prepared by modifying PAN with Cu-BTC particles has been greatly improved compared to
PAN membranes.

Table 4. Results of DOP method test
for PAN membrane

Table 5. The DOP test results of
Cu-BTC/PAN membrane

PAN | E[%] AP[Pa] | Or[Pa'] Cu-BTC/PAN | E [%] AP[Pa] | Op[Pa’]

87.421 1488.3 0.0014 99.994 762.4 0.0128

89.159 1368.4 0.0016 99.999 602.1 0.0191

89.527 1393.7 0.0016 99.996 767.6 0.0132

91.482 1402.9 0.0018 99.992 803.1 0.0118

AVG 89.397 1413.3 0.0016 AVG 99.995 733.8 0.0135
Conclusion

By the hydrothermal synthesis method, after reaction under the condition of 120 °C

for 12 hours, the synthesized Cu-BTC particles have a regular octahedral structure, and the
surface of the particles is approximately regular triangle shape. At the same time, the pore
structure is regularly arranged and the chemical properties are stable. By electrospinning meth-
od, Cu-BTC particles are used to prepare Cu-BTC/PAN film. Compared with PAN fibers,
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Cu-BTC/PAN fibers have smooth surface and uniform thickness, and the Cu-BTC/PAN mem-
brane has extremely excellent air filtration performance, 8.5 times better than the PAN mem-
brane.
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