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Abstract As the application scenarios of aerogels expand, higher requirements are put forward for the materials used to prepare aerogels. Due
to the unique chemical structure, polytetrafluoroethylene (PTFE) has excellent properties such as high-temperature resistance, hydrophobicity,
and chemical stability. However, the PTFE aerogels are difficult to be molded due to the weak interaction between resin particles. In this work,
poly(ethylene oxide) (PEO) was selected as the carrier to assist the PTFE aerogels molding. The pure PTFE aerogels were prepared by homoge-
neously mixing PTFE aqueous dispersion and PEO, freeze-drying, and high-temperature sintering. When the mass fraction of PTFE and PEO were
appropriate, the porosity of PTFE aerogels exceeded 90% and had a hierarchical honeycomb structure. Results showed that the PTFE aerogels not
only had excellent hydrophobicity but also possessed superior acoustic insulation, mechanical strength, thermal insulation, and heat resistance
properties. Specifically, the water contact angle is about 140°. The noise reduction coefficient is 0.34 and the average sound absorption coeffi-
cient is greater than 88% in the frequency range of 2000-6400 Hz. Meanwhile, the thermal conductivity in the air is about 0.045 W/(m-K), and the
initial thermal decomposition temperature is 450 °C. More importantly, the PTFE aerogels had excellent temperature and corrosion resistance.
Even after extremely thermal and chemical treatment, they remained unchanged porous structure as well as acoustic and thermal insulation

properties, which exhibits great potential for application in many harsh environments.
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INTRODUCTION

Noise pollution manifests in transportation, industrial machin-
ery, construction, and public clamor. Prolonged noise exposure
not only interferes with daily life but also causes damage to the
nervous and cardiovascular systems."! Therefore, taking effec-
tive measures to reduce noise pollution is essential to ensure
people's health and environmental quality. A common method
of noise reduction is to use sound-absorbing materials, in which
sound waves can be lost through resonance and reflection.!>?
Compared with traditional sound-absorbing materials, porous
aerogel materials with high porosity and complex interface
structures have better sound-absorption performances and are
considered to be irreplaceable candidates for sound-absorbing
materials.[*~% Aerogel is a kind of solid material with a three-di-
mensional porous structure that is composed of interconnected
colloidal particles or polymer chains.”! The large amount of air

* Corresponding authors, E-mail: tyl1993@scu.edu.cn (Y.L.T.)

E-mail: shenjb@scu.edu.cn (J.B.S.)
Received November 22, 2024; Accepted February 6, 2025; Published
online April 8, 2025

© Chinese Chemical Society
Institute of Chemistry, Chinese Academy of Sciences

and the small pores inside the aerogels make them show
unique properties such as high porosity, low density, high spe-
cific surface area, and low thermal conductivity, which make
aerogels have great application prospects in many fields.2~'"
However, conventional aerogel materials are difficult to meet
the requirements of multiple application scenarios and stable
use in harsh environments, so there is an urgent need to devel-
op high-performance  and  multifunctional  aerogel
materials.l'>13!

Polytetrafluoroethylene (PTFE) is an inert fluoropolymer
with a main chain consisting of C—C bonds, and all side
bonds replaced by fluorine atoms. Due to the strong C—F
bonds, the tight packing of fluorine atoms around the main
chain, and the low surface energy, PTFE has excellent heat re-
sistance, chemical inertness, and hydrophobicity, making it
show great application potential in harsh environments.['415]
In addition, PTFE has a large density (2.16 g-cm=3) and a small
distance between its molecules.['®! This feature easily hinders
the transmission of sound waves and is not conducive to the
sound propagation process, which makes PTFE a candidate
for an outstanding sound insulation material.'”) In general,
for inherently large-density materials, the construction of a
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porous structure can not only achieve lightweight which
makes the materials apply in some special fields, but also im-
prove the sound absorption performance of materials by
diffracting and reflecting sound waves.['8l However, since
PTFE has very high chemical stability, which means that it is
not easily dissolved in a variety of solvents while having a
high melting temperature and melt strength, it is difficult to
obtain the three-dimensional porous structure using tradi-
tional processing methods such as conventional foaming.['?!
Accordingly, the fabrication of PTFE aerogels with porous
structure and low density remains a big challenge.

Normally, the preparation of aerogels requires two impor-
tant steps. The first step is the preparation of hydrogel, which
is to make the colloidal material form a network structure in a
liquid solution.[20] There are several methods for the prepara-
tion of hydrogel, including the sol-gel, hydrothermal, molecu-
lar, and colloidal methods, which can be used to synthesize
silica, carbon, biomass, and fiber aerogels respectively.21-24
The second step is to remove the liquid in the gel by a special
drying technique, where the liquid is replaced by gas while
the pores and network are preserved intact. The commonly
used drying method is freeze-drying, which can prevent the
capillary force generated at the liquid-gas interface from de-
stroying the spatial structure of the gel.[2526] |n the above two
steps, the more critical point is the formation of the gel net-
work structure, because PTFE molecules are difficult to entan-
gle with each other. To overcome this obstacle, the usual
strategy is to introduce carriers as the backbone of the net-
work.[27:28] Baskakov et al.l2%! constructed a three-dimensional
network structure by distributing PTFE among the graphene
oxide sheets, where GO acts as a carrier, making the PTFE
form a continuous structure. The prepared aerogels were su-
perhydrophobic and had high adsorption performance to-
wards organic solvents. Nevertheless, due to the presence of
GO, the toughness of PTFE-based aerogel deteriorated and
elasticity decreased. Inversely, the polymer as the carrier-as-
sisted molding can well help the matrix establish network
support. For example, MXene sheets can be connected into
continuous and ordered structures by distributing them in
polymeric carriers.39311 Since PTFE is difficult to dissolve and
melt, similar to inorganic particles, the above method may al-
so be applicable to the preparation of PTFE aerogel. Recently,
Guo et al.32 chose PVA as the carrier in the preparation of
PTFE aerogels. PVA assisted the aerogels in shape in the
freeze-drying stage, yet the carbonization process reduced
the porosity and performance of the PTFE/C aerogels, which
is ascribed to the fact that the long carbonization time of PVA
leads to shrinkage of the pore structure. In addition, pro-
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longed sintering time may cause the porous structure to de-
form or even disappear. Compared with PVA, PEO with simi-
lar effects has a lower decomposition temperature and short-
er decomposition time.133! In the previous research, Shen et
al.B4 prepared a PTFE fibrous membrane by dissolving PEO in
PTFE aqueous dispersion. After high-temperature sintering,
the membrane maintained the fibrous structure fabricated in
electrostatic spinning, which indicates that PEO is a suitable
carrier in the molding of PTFE products.

In this work, PTFE aqueous dispersion was used as the ma-
trix material, and PEO was selected as the carrier to assist the
aerogel molding. The PTFE aerogels with high porosity and
small pore size were prepared through homogeneous mixing,
freeze-drying and sintering stages. The aerogels with differ-
ent porous structures can be obtained by adjusting the mass
fraction of PTFE and PEO. The final products not only obtain
high sound absorption and thermal insulation properties but
also have excellent hydrophobicity, temperature resistance,
and corrosion resistance, which exhibits potential application
in harsh environments.

EXPERIMENTAL

Materials

Commercial PTFE aqueous dispersion (JF4DCD) was offered by
Zhejiang Juhua Group Co. LTD (China). For this dispersion, the
PTFE solid content is about 60%; the surfactant content is
4%~—7%; the viscosity is 2x1072-4x1072 Pa-s. PEO was provided
by Shanghai Mai Lin Biochemical Company (China) with a
molecular weight of 5x10° g/mol. Sodium hydroxide and sulfu-
ric acid were obtained from Chengdu Kelong Chemical Reagent
(China) without further purification. Deionized water was self-
made.

Preparation of PTFE Aerogels
Different amounts of PEO were added to water and stirred to
dissolve completely. After that, PTFE emulsion of different mass-
es was added to the above solution and magnetically stirred for
1 h to ensure that the PTFE particles and PEO molecules could
be dispersed evenly. The detailed mass ratios of the
PTFE/H,O/PEO solutions used in the experiments are listed in
Table 1. According to different amounts of PTFE and PEO, sam-
ples are named Fx-Ey (x represents the numerical value of the
mass fraction of PTFE to PTFE/H,O/PEO solutions and y repre-
sents the numerical value of the mass fraction of PEO to PTFE).
After mixing well, the above mixture was poured into the
silicone molds and frozen in the refrigerator at =20 °C for 12 h.
When the water in the sol solidified into ice, the mixture was
freeze-dried in the freeze-dryer (LGJ-10FD, Yaxing Technolo-

Table1 Composition of PTFE/H,0O/PEO solutions.
Sample PTFE aqueous PEO H,0 Solution (PTFE/Solutions) (PEO/(PTFE+PEOQ))
code dispersion (g) content (g) content (g) content (g) x100% x100%
F5-E20 8.33 1.25 90.42 100 5 20
F8-E20 13.33 2.00 84.67 100 8 20
F10-E20 16.67 2.50 80.83 100 10 20
F15-E20 25.00 3.75 71.25 100 15 20
F10-E10 16.67 1.1 82.22 100 10 10
F10-E15 16.67 1.76 81.57 100 10 15
F10-E25 16.67 3.33 80.00 100 10 25
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Fig.1 Schematic diagram of preparation for PTFE aerogels.

gy Development Co., LTD., China) for 48 h to sublimate the ice
crystal. Finally, the aerogels were placed in the oven (HF881,
Huafei Electric Heating Equipment Co., Ltd., China) at 400 °C
for 2 h to remove PEO and the pure PTFE aerogels were pre-
pared. The schematic diagram of preparation for PTFE aero-
gels is shown in Fig. 1.

Characterization

The microstructure and surface morphology of the PTFE aero-
gels were characterized using a scanning electron microscope
(FE-SEM, Quanta250, FEI Company, America) with a 10 kV accel-
eration voltage. Before conducting the observation, a fine layer
of gold was incorporated onto the surface of each sample in a
vacuum.

Pore size distribution of the samples was measured by
piezometric mercury meter (PMI, Pore Master 33GT, Quan-
tachrome Instruments, America) according to I1SO 10534-
2:1998; before testing, the samples were dried in an oven at
60 °C.

The porosities of PTFE aerogels were calculated using the
following equation:[35]

P(%):(1—%)x100 (1)
where P is the porosity, pg is the apparent density, and p is the
skeletal density, which is estimated from the density of PTFE
(2.16 g-cm™). Pore areal density was determined and counted
using the ImagelJ software.

Water contact angles (WCA) of PTFE aerogels were mea-
sured using a contact angle instrument (CA20, Data Physics
Company, German). Each measurement utilized a single 4 pL
droplet of water. Five CA values were recorded at various po-
sitions for each sample and the averaged value was calculat-
ed.

The mechanical properties of the samples were tested by
an electronic universal testing machine (CMT6503, Shenzhen
Suns Instruments Corp., China) according to the EN ISO3386-1
standard. All measurements were carried out at room temper-
ature and 65% relative humidity with a compression rate of
1 mm/min. Three times were tested for each sample, and the
average stress values at 20% deformation were recorded.

Heat resistance of each sample was tested by a thermo-
gravimetric analyzer (TGA, STA.449F3, NETZSCH Co. Ger-
many) with a heating rate of 10 °C/min at air atmosphere; In-
frared thermal images were taken by infrared thermal instru-
ment (TiX620, Fluke Corp., America); The thermal conductivi-
ty coefficient (A) was measured by thermal constant analyzer

instrument (TPS2500S Hot Disk, AB Corp., Sweden). For each
sample, the A value was measured by placing the thermal
probe between two samples with a diameter of 29 mm and a
thickness of 10 mm. Each sample was tested three times and
the average value was calculated.

The sound absorption coefficient was tested by the BK4206
impedance tube absorption testing system (BSWA Technolo-
gy Co., Ltd., China). BSWA impedance tubes with diameters of
29 and 100 mm were used to measure the sound absorption
coefficients in the frequency range of 250-6400 Hz. For each
sample, three specimens were tested. Each specimen with a
thickness of 10 mm was tested three times for calculating the
average value.

To characterize the chemical stability, acidic (pH=1) and al-
kaline (pH=13) solutions were obtained using H,SO, and
NaOH aqueous solutions, respectively. F10-E20 aerogel cho-
sen as a typical sample was immersed in above solutions for
24 h before conducting performance testing. In order to char-
acterize the temperature resistance, the F10-E20 aerogel was
placed in a refrigerator at =50 °C and an oven at 300 °C for 6 h,
respectively.

RESULTS AND DISCUSSION

Morphology and Structure

Fig. 2 shows the SEM images of PTFE aerogels. The prepared
aerogels have a honeycomb porous structure with relatively
uniform pore size distribution. On the one hand, with the in-
crease of the content of PTFE, the tight stacking of the particles
inside the aerogel is enhanced, so that the pore wall of the aero-
gel tends to thicken and the holes between the pore walls be-
come smaller. When the solid content of PTFE is 5%, the stable
porous structure of PTFE aerogels cannot be prepared (Fig. 2a),
which is because a small number of PTFE particles are difficult to
connect with each other to form a continuous pore wall struc-
ture and easy to collapse in the sintering process. When the sol-
id content of PTFE particles is beyond 8%, the aerogel shows a
uniform porous structure (Figs. 2b and 2c). Inversely, when the
solid content of PTFE reaches 15%, the porous structure of the
aerogel is destroyed due to the excessive increase of the pore
wall (Fig. 2d). On the other hand, with the increase of PEO con-
tent, the pore structure of aerogels is more uniform and com-
pact, which is due to the enhanced supporting effect of PEO on
PTFE particles. However, when the PEO content reaches 25%,
the excessively aggregated PEO leads to the appearance of larg-
er defects in the aerogel (Fig. 2h). The preparation mechanism
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Fig.3 Pore size distribution of PTFE aerogels: (a) F5-E20; (b) F8-E20; (c) F10-E20; (d) F15-E20; (e) F10-E10; (f) F10-E15; (g) F10-E20 and (h) F10-E25.

of PTFE aerogel is shown in Fig. 1. In the stirring stage, PEO acts
as a carrier to connect the PTFE particles dispersed in the aque-
ous dispersion, which prevents the aerogel from cracking dur-
ing freeze-drying. In the sintering process, the temperature ex-
ceeds the melting point of PTFE particles. The interdiffusion
movement of PTFE molecular chains makes the adjacent PTFE
particles join together forming continuous pore walls (Fig. S2 in
the electronic supplementary information, ESI), meanwhile PEO
is decomposed quickly (Figs. S1 and S3 in ESI). As a result, the
aerogel consisting of PTFE walls and numerous porous struc-
tures is fabricated with a low density.

Furthermore, the pore size distribution of PTFE aerogels is
shown in Fig. 3. The pore size distribution of the aerogels is
relatively uniform, in which the pore size is concentrated in
30-100 ym, and a small number of pore sizes are in the range
of 0-30 pym or 100-300 um. With the increase of the solid
content of PTFE as well as PEO, the distribution of the pore
size is gradually narrowed and the porous structure of the
aerogel is more homogeneous. Interestingly, when the mass
fractions of PTFE and PEO are 15% and 25%, the pore size dis-

tribution becomes wider as that appears in SEM images. It is
considered that the water distributed in the wet gel is re-
moved in the freeze-drying process which forms larger pores
in the aerogel, whereas the small amount of PEO distributed
in the PTFE wall is degraded during the sintering process
which forms smaller pores in the aerogel. Thus, the hierarchi-
cal honeycomb-structured aerogels with a wide pore size dis-
tribution were generated.

Fig. 4 shows the porosity and pore areal density of PTFE
aerogels. The aerogels have high porosity, which is main-
tained above 90%. By calculating, it is found that the pore are-
al density increases with the mass fraction of PTFE from 5% to
10% and PEO from 10% to 20%. This can be attributed to the
strengthening of PTFE particle stacking, which led to the
growing number of pore walls and the uniform distribution of
pore size. In addition, the excessive accumulation of PTFE par-
ticles in F15-E20 and F10-E25 aerogels would reduce the
porosity and the pore areal density.

Hydrophobicity and Self-cleaning Performances
As shown in Fig. 5(a), the WCA values of the aerogels fluctuate

https://doi.org/10.1007/s10118-025-3317-7
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water droplet and (d) self-cleaning performances.

from 129.5° to 140.1° with the change of PTFE and PEO con-
tents, indicating that all of them have hydrophobic characteris-
tics. When the aerogel was immersed in water through tweez-
ers, there was an air cushion between the water and the aero-
gel, which resulted in a large number of microbubbles coming
out of the surface of the aerogel (Fig. 5b-I). This phenomenon
indicates that the interaction between water and PTFE aerogel
was very weak.2® The hydrophobicity of PTFE aerogels can be
attributed to the following aspects: (1) the presence of C and F
atoms in the molecular chains of PTFE endows the material with
very low interfacial energy, which is not easy to interact with
other substances; (2) the hierarchical microstructure of PTFE
aerogel leads to a relatively rough surface, making the aerogel
surface resistant to water. To demonstrate its hydrophobic relia-
bility and stability, the F10-E25 aerogel was cut horizontally
twice at 5 mm intervals along the vertical direction using a
freezing blade, and the contact angles of the three surfaces
along the horizontal direction were tested, as shown in Fig. 5(b-
I1). The WCA values of these surfaces remained above 140° and
the free-falling water droplets rebounded quickly on the 45°

slope surface (Fig. 5¢), indicating that the aerogels have strong
hydrophobicity as a whole. In the artificial rainfall experiment,
water droplets roll on the hydrophobic surface of the F10-E20
aerogels while adsorbed pigments and dust can be removed
(Fig. 5d), implying that PTFE aerogels exhibit obvious self-clean-
ing properties.

Mechanical Performances

Fig. 6 shows the mechanical properties of PTFE aerogels. As dis-
played in Fig. 6(a), it can be seen that the stress corresponding
to 20% strain (€) of the PTFE aerogel rises from 2 kPa to 108 kPa
with the increase of PTFE content. This is mainly because the in-
crease of PTFE particles improves the resistance to compression
deformation. As given in Fig. 6(b), the stress-strain curves
recorded in the cyclic compression process exhibit a two-stage
deformation. The first stage is the linear elastic zone (<3%),
where the stress increases linearly; the second stage is the struc-
tural densification zone (3%<g<20%), where the stress increases
rapidly. After 10 cycles, the stress of F10-E20 aerogel at 20%
strain is unchanged and the deformation is 9.1%. It is obvious

https://doi.org/10.1007/s10118-025-3317-7
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cyclic compression process (the maximum strain is 20%).

that the stress-strain curve of aerogel changes little after the ini-
tial compression. This indicates that the PTFE aerogel has a cer-
tain flexibility, resilience, and resistance to compression cycles.

Thermal Insulation Performances

Fig. 7(a) shows the thermal stability of PTFE aerogel. The ther-
mal decomposition temperature of the F10-E20 is 450 °C, which
is consistent with pure PTFE and satisfies the many application
environments at high temperatures. As shown in Fig. 7(b), the
thermal conductivity (A) values of PTFE aerogels increase slight-
ly with the amount of PTFE from 5% to 15% and PEO from 10%
to 25%, while all the A values are still at a low level (0.041-0.049
W/(m-K)). The low A values can be attributed to the low intrinsic
thermal conductivity of PTFE and the presence of a large
amount of air in the aerogel. Furthermore, the thermal insula-
tion properties of the aerogels were confirmed by using in-
frared thermal imaging, as can be seen from Fig. 7(c), the upper
surface temperature of F10-E20 aerogel with a thickness of
8 mm increased from 30.1 °C to 52.7 °C and from 30.7 °C to 92.2
°C, after being placed at 100 and 200 °C high-temperature
stages for 5 min, respectively. This shows that PTFE aerogels
have a good insulation effect against high temperatures. Intu-
itively, the thermal insulation performance of the PTFE aerogel
can be further characterized by using paraffin. The same mass
paraffins were placed on PTFE aerogel, PTFE block without
porous structure, and Al,O5 ceramic with the same height, re-
spectively. The temperature of the thermal plateau was main-
tained at 100 °C. To observe clearly, white paraffin is dyed or-
ange by Sudan lIl. It is shown that the paraffin placed on the ce-
ramic melted very quickly. After 40 min, the paraffin on the PTFE
block without porous structure began to melt. In comparison,
the paraffin placed on the PTFE aerogel did not melt even after
100 min (Fig. 7d), which vividly proved that the aerogel has a
low A value. The thermal insulation mechanism of aerogels is
shown in Fig. 7(e). It is considered that the A value of aerogel in
air is mainly composed of A, and Ay;4. For PTFE aerogel, the
high porosity makes it full of air inside and the porous structure
also limits the movement of the air molecule, which leads to low
Asir in the aerogel. Moreover, the presence of PTFE as an excel-
lent phonon barrier can substantially reduce the Ay 4. As a re-
sult, PTFE aerogels exhibit a low A value while also being used in
harsh environments, which still exhibits a low thermal conduc-
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(a) Stress-strain curves of PTFE aerogels with different PTFE content; (b) Stress-strain curves of F10-E20 aerogel recoded in the

tivity after temperature, acid, and alkali treatments (Fig. S4 in
ESI).

Sound Absorption Performances

Figs. 8(a) and 8(b) show the sound absorption coefficients of
PTFE aerogels with different formulations. As the solid content
of PTFE changes from 5% to 10%, the sound absorption coeffi-
cient of the aerogel gradually increases at low frequency and
decreases at high frequency. This is attributed to the presence
of small pores in PTFE aerogels that can absorb low-frequency
sound waves, while the aerogels lack large pores to absorb
high-frequency sound waves.?” The average sound absorption
coefficient in 2000-6400 Hz remains above 86% as PTFE con-
tent changes from 5% to 10% and the value of F10-E20 aero-
gels reaches 88% (Fig. 8c). The noise reduction coefficient (NRC)
is another important index to characterize sound absorption
performance. Its calculating method is as follows:

1 n=4
NRC = ZZ SAC; o))

where SAC; represents the sound absorption coefficient at four
frequencies: 250, 500, 1000, and 2000 Hz.*® As shown in Fig.
8(c), the NRC of PTFE aerogels gradually increases from 0.27 for
F5-E20 aerogels to 0.38 for F15-E20 aerogels. The NRC of F10-
E20 aerogels with a density of 0.13 g/cm? can reach 0.34. This is
attributed to the high porosity which allows most of the acous-
tic wave energy to be dissipated well through multiple reflec-
tions. Besides, the aerogels with a wide pore size distribution
enhance the sound absorption performance over a wide fre-
quency range, resulting in a high NRC. When the mass fraction
of PTFE is 15%, the porosity of aerogel is reduced, and the aver-
age sound absorption coefficient in 2000-6400 Hz decreases.
Due to its high sound absorption coefficient at low frequency, it
still has a higher NRC value. With the change of PEO content
from 10% to 20%, the average sound absorption coefficient of
the aerogels gradually increases from 0.80 to 0.88 and the NRC
of the aerogels increases from 0.32 to 0.34 (Fig. 8d). This can be
attributed to the strengthening of the adhesive effect of PEO,
which leads to the bigger pore areal density of the aerogels (Fig.
4). Therefore, the interfaces in the material can scatter, diffract,
and refract the acoustic wave energy to a greater extent. When
the PEO mass fraction is 25%, the porous structure of the aero-
gel is destroyed and has a low average sound absorption coeffi-
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Fig. 7 (a) The TGA curve of F10-E20 aerogels; (b) A values of PTFE aerogels; (c) Infrared thermal imaging images of F10-E20 aerogel on

different constant temperature heating stages (100 and 200 °C) and the corresponding curves of the upper surface temperature vs time;
(d) Melting process of Sudan lll-dyed paraffin placed on different insulating materials (PTFE aerogel, PTFE block, and Al,O5 ceramic) at a
constant temperature of 100 °C; and (e) schematic of thermal insulation mechanism of PTFE aerogels.

cient and NRC. Moreover, the application of aerogels in com-
plex environments can be affected by stress and strain. The
sound absorption performance of PTFE aerogels after 10 com-
pression cycles was tested (Fig. 8e). Compared with the uncom-
pressed aerogels, the sound absorption coefficient is reduced
but still maintained at a high level. In the range of 250-2000 Hz,
the sound absorption coefficient did not change. In the range of
2000-6400 Hz, the average sound absorption coefficient was
0.79, which still retained 89.8%, indicating that PTFE aerogels
show great sound absorption performance in complex environ-
ments. Fig. 8(f) shows the sound absorption mechanism. When

the sound wave is shot into the aerogels, part of the sound
wave will be reflected out by the aerogel surface. The rest of the
sound wave entering the material will be multiple reflected and
scattered in the pores, which creates friction with the air and
converts the acoustic energy into internal energy to be dissipat-
ed, leaving a small part of the sound wave to penetrate the ma-
terial. Specifically, high-frequency sound waves with shorter
wavelengths will be reflected into larger pore structures while
low-frequency sound waves with shorter wavelengths will be
reflected into smaller pore structures to dissipate the sound en-
ergy.
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Due to the harsh application environment, another param-
eter that affects the sound absorption performance is the sta-
bility and durability of PTFE aerogels. Fig. 9 shows the sound
absorption coefficients of F10-E20 aerogels after treatment at
low temperature at -50 °C for 6 h and high temperature at
300 °C for 6 h, and acid treatment at pH=1 and alkali treat-
ment at pH=13 for 24 h, respectively. It can be seen that the
sound absorption properties (Figs. 9a and 9b) of the treated
aerogels remain essentially unchanged compared with that of
the untreated samples. This indicated that the PTFE aerogels
possess excellent high and low temperature resistance and

corrosion resistance, which is mainly attributed to the special
molecular structure and stable chemical properties of PTFE
(Fig. 9¢).

To sum up, due to the high porosity and hierarchical pore
structure, the PTFE aerogels have excellent sound absorption
and thermal insulation properties. Because of the existence of
the PTFE skeleton, aerogels have good hydrophobicity, tem-
perature resistance, and corrosion resistance. Fig. 9(d) col-
lects the performances of the F10-E20 aerogel and other ma-
terials, The relevant data are listed in Table S1 (in
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Fig. 9 (a) Sound absorption coefficients and (b) their average values of untreated F10-E20 aerogels and the one treated at different
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comprehensive performances between F10-E20 aerogels and some of other previously reported materials.

ESI).[2932.39-48] Compared with other PTFE porous materials,
the F10-E20 aerogel has a higher porosity and better mechan-
ical performance. Moreover, the hydrophobicity, sound ab-
sorption, and thermal insulation of the F10-E20 aerogel are
superior among most reported porous materials, exhibiting
potential application in harsh environments.

CONCLUSIONS

PTFE aerogels with high porosity were successfully prepared by
the freeze-drying method using PEO as the carrier. This kind of
aerogels have a honeycomb three-dimensional interconnected
pore structure and a certain degree of hierarchical pore size dis-
tribution, which is conducive to the improvement of the broad-
band sound absorption performance. Therefore, the PTFE aero-
gels can be well used as sound-absorbing materials in the fre-
quency range of 2000-6400 Hz. Additionally, the PTFE aerogels
also show superior thermal insulation (A is as low as 0.045
W/(m-K)) and heat resistance performances (thermal decompo-
sition temperature of 450 °C). More importantly, due to the hy-
drophobicity, temperature resistance, and corrosion resistance
of PTFE, the PTFE aerogels are expected to be applied in some
harsh environments such as high-temperature, underwater, and
corrosion environments for noise reduction and thermal insula-
tion.
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