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Abstract 
 

Insulating polymer-based electromagnetic interference (EMI) shielding composites play a pivotal role in electronic packaging 
and flexible electronics. In this work, insulating poly(3,4-ethylene dioxythiophene):polystyrene sulfonic acid 
(PEDOT:PSS)/bacterial cellulose (BC) EMI shielding composite films with excellent mechanical properties and superior 
flexibility are prepared by layer-by-layer assembly. The PEDOT:PSS/BC composite films present excellent electrical insulation 
properties, mechanical properties and chemical stability. When the mass fractions of PEDOT:PSS are 50 wt%, the 
PEDOT:PSS/BC composite films exhibit volume resistivity as high as 2.0106 Ω·cm and EMI shielding effectiveness (SE) of 72 
dB in the X-band (8.2-12.4 GHz), and they can maintain efficient EMI shielding performance under various harsh conditions 
(high temperature, low temperature and ultrasonication). Furthermore, the PEDOT:PSS/BC composite films possess excellent 
flexibility, mechanical properties, and long-term durability (harsh chemical environments and severe mechanical wearing). 
This work proposes a facile strategy to design insulating polymer-based EMI shielding composite films with excellent 
mechanical properties and superior flexibility, which shows great potential for applications in electronic packaging, flexible 
electronic devices, aeronautics and astronautics. 
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1. Introduction 

With the rapid development of electronic devices and wireless 

communication technology, the ensuing electromagnetic 

pollution is becoming increasingly serious,[1,2] which poses a 

potential threat to the normal operation of electronic devices 

and human health.[3,4] In order to solve this problem, the 

development of lightweight and flexible of high-performance 

electromagnetic interference (EMI) shielding materials has 

become an important research direction in the field of 

electronic packaging.[5-7] 

Conventional metal-based EMI shielding composites 

demonstrate high conductivity (σ) and remarkable EMI 

shielding performance.[8-10] However, they face limitations 

including high density and poor flexibility.[11,12] Currently, 

polymer-based conductive composites have drawn much 

attention due to their lightweight,[13-15] stable chemical 

properties and adjustable properties.[16-18] Among them, as an 

typical conductive polymer, poly(3,4-ethylene 

dioxythiophene):polystyrene sulfonic acid (PEDOT:PSS) 

includes positively charged electrically conductive conjugated 

PEDOT and negatively charged insulating PSS.[19,20] The 

composition ensures the stability of the positively charged 

conjugated PEDOT in water and other polar solvents.[21-23] 

Moreover, PEDOT:PSS exhibits superior σ and 

biocompatibility, garnering significant interest from scholars 

in EMI shielding.[24,25] Pritom et al.[26] prepared PEDOT:PSS 

films by casting method followed by annealing treatment, and 
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the EMI shielding effectiveness (SE) was 20 dB at 40 μm thick. 

However, the intrinsic brittleness and low ductility of 

PEDOT:PSS films, attributed to their rigid conjugate structure, 

result in a lack of flexibility and poor mechanical properties, 

which significantly constrained the advancement of 

PEDOT:PSS films in EMI shielding. Scholars attempt to 

enhance the mechanical properties of PEDOT:PSS films by 

compositing polymers such as aramid nanofiber (ANF),[27,28] 

polyvinyl alcohol (PVA),[29] bacterial cellulose (BC),[30] 

phenylene-2,6-benzobisoxazole (PBO),[31-33] cellulose 

nanofibers (CNF),[34-36] and polyimide (PI).[37] Shen et al.[38] 

prepared Janus bilayer-structured ANF/MXene-PEDOT:PSS 

films by a two-step vacuum-assisted filtration technique. The 

EMI SE of ANF/MXene-PEDOT:PSS Janus films were 45 dB 

at 25 µm thick. Liu et al.[39] fabricated caffeic acid-modified 

multi-walled carbon nanotubes (C-MWCNT)/PEDOT:PSS/PI 

composite films (CPFs) using a simple layer-by-layer 

deposition method with a “reinforced concrete” structure, and 

the EMI SE of CPFs reached 32 dB at 47 μm thick. Luo et 

al.[40] prepared carbon nanotubes (CNT) /CNF/PEDOT:PSS 

films by vacuum-assisted filtration. The insulating CNF 

interlayer separates the two conductive layers and keeps them 

relatively independent of each other. With a thickness of 0.14 

mm, the EMI SE of CNT/CNF/PEDOT:PSS film was up to 60 

dB. 

However, simply improving the mechanical properties and 

EMI SE of the PEDOT:PSS composite films have gradually 

failed to meet the multifunctionalization requirements in 

practical applications.[41,42] For example, in electronic 

packaging, the EMI shielding composites are required to 

possess high EMI SE, excellent mechanical properties,[43] 

electrical insulation properties and chemical stability for 

safety and performance stability of equipment.[44-46] 

Accordingly, Zhou et al.[47] proposed a theoretical model of 

insulating EMI shielding structure, which breaks the 

traditional concept that it was difficult for electrical insulating 

materials to have efficient EMI shielding performance and 

opens up a new way for the design of insulating EMI shielding 

polymer composites. Li et al.[48] fabricated CNF@boron 

nitride nanosheet (BNNS)/silver nanowires (AgNW)/BC 

composite films with excellent insulating properties by a 

simple vacuum-assisted filtration technique. When the mass 

fraction of AgNW was 4.76 wt%, the EMI SE reached 49 dB. 

The multilayer structural has proved to be an effective strategy 

for design of EMI shielding composites with excellent 

electrical insulation and mechanical properties.[49] 

BC, as a natural biopolymer, possesses high purity, 

satisfactory biocompatibility and superior mechanical 

properties,[50,51] demonstrating great potential for applications 

in EMI shielding and flexible electronics.[52-54] In this work, 

insulating PEDOT:PSS/BC EMI shielding composite films 

with excellent mechanical properties and superior flexibility 

are prepared by layer-by-layer assembly. This multilayer 

structure endows the PEDOT:PSS/BC composite films with 

superior EMI shielding performance, mechanical properties 

and chemical stability. This work provides a facile strategy for 

the design of flexible insulating multifunctional polymer-

based composite films, with broad applications in the fields 

such as electronic packaging, flexible electronic devices, 

aeronautics and astronautics. 

2. Materials and method 

2.1 Main raw materials 

Bacterial cellulose (BC) is supplied by Xi'an Qiyue 

Biotechnology Co., Ltd (China). PEDOT:PSS is purchased 

from Shanghai one organic photoelectric materials Co., Ltd 

(China). sodium hydroxide (NaOH, 97%) and concentrated 

HCl are both received from Shanghai Macklin Inc. N, N-

Dimethylformamide (DMF) is purchased from Tianjin Fuyu 

Fine Chemical Co., Ltd (China). 

 

2.2 Preparation of BC/PEDOT:PSS films 

The initial BC layer is obtained through the evaporation of BC 

solution (0.6 wt%) at 80 oC. Subsequently, the PEDOT:PSS 

solution (1 wt%) and BC solution are added dropwise 

alternately and evaporated to obtain multilayer 

PEDOT:PSS/BC composite films with isolated conductive 

networks. The dosage of PEDOT:PSS are 1 mL, 2 mL, 3 mL, 

4 mL, and 5 mL, and the dosage of BC solution are 7.5 mL, 

6.6 mL, 5.8 mL, 5 mL, and 4.1 mL, respectively. The total 

mass of PEDOT:PSS/BC composite film is 200 mg. Finally, 

the prepare BC/PEDOT:PSS composite films are subjected to 

a cold-pressing treatment (1 MPa, 12 hrs) at 45 oC to optimize 

the PEDOT:PSS/BC composite films properties. 

 

2.3 Characterizations 

X-ray diffraction (XRD) of the samples was collected on a 

Shimadzu-7000 type X-ray diffraction (λ = 0.154 nm, 

Shimadzu, Japan). X-ray photoelectron spectroscopy (XPS) 

analyses of the samples were obtained on a PHI5400 device 

(PE Co., England). Scanning electron microscope (SEM) 

images of the samples were obtained on Hitachi SU8010 field 

emission scanning electron microscope at an accelerating 

voltage of 5 kV (Hitachi Corp., Japan). Electrical 

conductivities of the samples were analyzed by RTS-8 

(Guangzhou Four Probes Technology Co., China). Surface 

resistivity of the samples was measured by AS982 (Dongguan 

Wan Chuang Electronic Products Corp., China). EMI 

shielding performance of the samples was measured by a 

MS4644A Vector Network Analyzer instrument (Anritsu Co., 

Japan), which used the wave-guide method in the X-band 

frequency range according to ASTMD5568-08, and the 

corresponding specimen dimension was 22.86 mm × 10.16 

mm × 3.00 mm. Mechanical properties of the samples were 

tested by Instron Bluehill LE type microcomputer controlled 

electronic universal testing machine according to ISO 1184-

1983 (Instron Co., America) at a rate of 5 mm/min. 

 

3. Results and discussion 

3.1 Preparation of PEDOT:PSS/BC composite films 
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Figs. 1a and b are the structure formula of PEDOT:PSS and 

structure model of BC. Fig. 1c is a schematic diagram of the 

structure for PEDOT:PSS/BC composite film. Fig. 1d 

illustrates the schematic diagram for the fabrication of the 

PEDOT:PSS/BC composite films. The initial BC layer is 

obtained through the evaporation of BC solution at 80 oC. 

Subsequently, the PEDOT:PSS solution and BC solution are 

added dropwise alternately and evaporated to obtain 

multilayer PEDOT:PSS/BC composite films with isolated 

conductive networks. Fig. 1e illustrates that the contact angle 

of the PEDOT:PSS/BC composite film is 38.1o, indicating that 

the PEDOT:PSS/BC composite films are hydrophilic and can 

be tightly fitted to the protected object. Fig. 1f shows the 

digital photo of the PEDOT:PSS solution, which appears in 

light blue and exhibits favorable stability and homogeneity 

after placing for a long time. Fig. 1g demonstrates the 

excellent flexibility of the PEDOT:PSS/BC composite films, 

which can be manipulated freely, including being folded into 

complex shapes like paper airplanes without any cracks. 

 

3.2 Chemical structure of PEDOT:PSS/BC composite films 

Fig. 2a shows the X-ray diffraction (XRD) patterns of BC, 

PEDOT:PSS and the PEDOT:PSS/BC composite films. The 

BC exhibits three diffraction peaks at 2θ = 14.6o, 16.9o and 

22.6o, corresponding to the (101), (010) and (002) crystal 

planes of cellulose, indicating a typical cellulose crystal 

structure of type Iα. The PEDOT:PSS exhibits a broad diffuse 

reflectance peak at 2θ = 26o, indicating an amorphous 

character, which is related to the π-π stacking between the 

amorphous PSS and the chains of PEDOT. The presence of the 

amorphous PEDOT:PSS can be more effectively interspersed 

between the neighboring BC layers, which plays a significant 

role in the facilitation of the stress transfer and the enhancing 

fracture energy dissipation. Moreover, similar diffraction 

peaks are observed in PEDOT:PSS/BC composite films, 

indicating that layer-by-layer assembly has no significant 

effect in BC crystal structure. 

Fig. 2b demonstrates the Fourier transform infrared (FTIR) 

spectra of BC, PEDOT:PSS, and the PEDOT:PSS/BC 

composite films. The BC shows a broad absorption band at 

3424 cm-1 due to the -OH stretching vibration. A relatively 

weak absorption peak is observed at 2951 cm-1 corresponding 

to the C-H stretching vibration of methyl (-CH3) and 

methylene (-CH2). At 1619 cm-1, a moderately high absorption 

peak appears, caused by the corresponding C=O stretching 

vibration within the cellulose molecule. The absorption peaks 

 
Fig. 1: (a) The structure formula of PEDOT:PSS and (b) structure model of BC. (c) The structure of PEDOT:PSS/BC composite 

films (d) Schematic diagram for the fabrication and (e) contact angle of the PEDOT:PSS/BC composite films. (f) Digital photos of 

PEDOT:PSS dispersion and (g) PEDOT:PSS/BC composite films which can withstand a weight of 1kg and possess ultra-flexibility. 
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at 1337 cm-1 and 1121 cm-1 correspond to the C-O stretching 

vibration as well as C-H bending vibration caused by the 

pyranose ring skeleton oscillation, respectively.[55] In 

PEDOT:PSS, the absorption peaks correspond to C=C bonds 

in the thiophene skeleton at 1624 cm-1, while the quasi-

substituted peaks of -SO3 and benzene rings in PSS are found 

at 1341 cm-1, 1117 cm-1 and 780 cm-1.[56]The characteristic 

peaks of BC and PEDOT:PSS are combined in the 

PEDOT:PSS composite films. These results indicate that no 

chemical reactions occurred during evaporation and storage. 

To further analyze the chemical compositions in 

PEDOT:PSS/BC composite films, X-ray photoelectron 

spectroscopy (XPS) is conducted in Fig. 2c. The peaks at 

530.6 eV and 284.7 eV correspond to O 1s and C 1s in BC. In 

PEDOT:PSS, the peaks at 532.4 eV, 282.8 eV, and 167.1 eV 

correspond to the characteristic peaks of O 1s, C 1s, and 

S2p.[57,58] In PEDOT:PSS/BC composite films, the 

characteristic peak of S 2p appears at 165.2 eV, indicating that 

the PEDOT:PSS/BC composite films are successfully 

prepared, which is consistent with the XRD results. In S 2p 

spectra (Fig. 2d), the peaks at 167.4 eV and 168.7 eV are 

attributed to the SOx (x=2,3) group in the PSS, while the peaks 

at 162.7 eV and 164.1 eV represent the C-S bond in the 

oxidized thiophene ring. 

 

3.3 Morphologies of PEDOT:PSS/BC composite films 

Fig. 3b shows the cross-sectional SEM image of the 

PEDOT:PSS/BC composite film. The PEDOT:PSS/BC 

composite film exhibits a distinct layered structure, with layers 

stacked closely to each other without obvious stratification or 

penetration. This lays the foundation for PEDOT:PSS/BC 

composite films with superior electrical insulation. Fig. 3(a, c) 

shows SEM images of the BC layer and PEDOT:PSS layer, 

respectively. The BC layer exhibits a connected layer structure, 

whereas layer PEDOT:PSS has a smooth surface. This is due 

to the excellent solubility of PEDOT:PSS in water as well as 

the regular arrangement and aggregation of the PEDOT 

molecular chains during the drying process. 

Figs. 3(d-f) show the energy dispersive X-ray spectroscopy 

(EDS) distribution of PEDOT:PSS/BC composites film. It 

illustrates a uniform distribution of C and O elements. The S 

element, the characteristic of PEDOT:PSS shows a high-

density layered distribution, indicating that the PEDOT:PSS 

polymers are well stacked between the BC layers. The BC 

layers, at both top and bottom of the multilayered structure, 

reduce the likelihood electrocution, thereby enhancing  

 
Fig. 2: (a) XRD patterns, (b) FT-IR spectra and (c) XPS spectra for BC, PEDOT:PSS and PEDOT:PSS/BC composite films, and (d) 

XPS spectra for S 2p of PEDOT:PSS/BC composite films. 

https://www.espublisher.com/


Engineered Science                                                                                                                                                                                Research article        

 

Engineered Science Publisher                                                                                                                                    Eng. Sci., 2025, 34, 1477 | 5  

 
Fig. 3: Cross-sectional SEM images of (b) the PEDOT:PSS/BC film, BC layer (a), PEDOT:PSS layer (c), and corresponding EDS 

images of (d) C, (e) S, and (f) O elements. 

 

electrical safety. Moreover, the multilayered structure endows 

PEDOT:PSS/BC composite films with superior mechanical 

properties, which also promotes the enhancement of the 

internal multiple reflection and absorption loss of 

electromagnetic waves (EMW). 

 

3.4 The EMI shielding performance of PEDOT:PSS/BC 

composite films 

Fig. 4a demonstrates the electrical insulation properties of the 

PEDOT:PSS/BC composite films. The volume resistivity of 

the pure BC film is 2.31012 Ω·cm, indicating it is an effective 

insulator. With increasing mass fractions of PEDOT:PSS, the 

volume resistivity of PEDOT:PSS/BC composite films 

exhibits a descending trend, and it decreases from 4.6107 

Ω·cm for the 10 wt% PEDOT:PSS/BC composite film to 

2.0106 Ω·cm for the 50 wt% PEDOT:PSS/BC composite 

film. This attributed to the inherent electrical conductivity of 

PEDOT:PSS, which possesses π-π conjugated structure to 

enhance electron transport. With increasing mass fractions of 

PEDOT:PSS, more charge carriers will inevitably reduce the 

volume resistivity. This provides an important basis for 

evaluating the electrical properties of PEDOT:PSS/BC 

composite films for use in electronic devices. The BC layer 

maintains electrical insulation while allowing PEDOT:PSS to 

retain an independent conductive layer, forming a multilayer 

structure with external insulation and internal conductivity, 

thereby providing superior EMI shielding performance. Fig. 

4b demonstrates the EMI shielding performance of 

PEDOT:PSS/BC composite films in the X-band (8.2-12.4 

GHz). With increasing mass fractions of PEDOT:PSS, the 

EMI SE of PEDOT:PSS/BC composite films steadily 

increases, and it increases from 44 dB for the 10 wt% 

PEDOT:PSS/BC composite film to 72 dB for the 50 wt% 

PEDOT:PSS/BC composite film. 

Fig. 4c compares the contribution of absorption efficiency 

(SEA) and reflection efficiency (SER) to the total shielding 

effectiveness (SET) of PEDOT:PSS/BC composite films. With 

increasing mass fractions of PEDOT:PSS, SEA has the same 

trend with SET and much larger than SER. The SEA increases 

from 35 dB for the 10 wt% PEDOT:PSS/BC composite film 

to 56 dB for the 50 wt% PEDOT:PSS/BC composite film, 

whereas the SER only increases from 9 dB for the 10 wt% 

PEDOT:PSS/BC composite film to 16 dB for the 50 wt% 

PEDOT:PSS/BC composite film. When EMW reach the 

surface of PEDOT:PSS/BC composite films, some of the 

incident EMW are reflected when they encounter the 

conductive PEDOT:PSS layer due to impedance mismatch. 

For the EMW entering the PEDOT:PSS layer, their interaction 

with a high density of electron carriers (such as electrons, 

holes, and dipoles) results in a large amount of conductive loss 

and attenuation of the EMW energy through induced currents. 

At the same time, multiple internal reflections between 

neighboring PEDOT:PSS layers promote the dissipation and 

attenuation of EMW, endowing PEDOT:PSS/BC composite 

films excellent EMI shielding performance. 

Fig. 4d demonstrates the comparison for EMI shielding 

performance of PEDOT:PSS/BC composite films with 

recently reported EMI shielding materials, a n d  t h e 

corresponding detailed data are provided in Table S1. The 

EMI SE of the PEDOT:PSS/BC composite film is higher than 

that of graphene/PEDOT:PSS film (54 dB for 0.02 mm) and 

MXene/WPU composites (53 dB for 0.035 mm),[59,60] showing 

superior EMI shielding performance. And the EMI shielding 

performance and mechanical properties of the PEDOT:PSS  

https://www.espublisher.com/


Research article                                                                                                                                                                                Engineered Science 

 

6 | Eng. Sci., 2025, 34, 1477                                                                                                                                                                  Engineered Science Publisher 

 
Fig. 4: (a) The volume resistivity of the PEDOT:PSS/BC film. (b) The EMI SE and (c) corresponding SET, SEA, SER. (d) EMI SE 

vs. thickness of PEDOT:PSS/BC composite films compared with other works. 

 

composite films are compared with other reported works (Fig. 

S1 and Table S2), presenting great potential for industrial 

applications. 

In practical applications, complicated and harsh working 

environments are great challenges for EMI shielding 

composites. A series of rigorous environmental experiments 

are carried out to explore the endurance of PEDOT:PSS/BC 

composite films for EMI shielding performance. As shown in 

Fig. 5a, the stable EMI SE of PEDOT:PSS/BC composite 

films varies after 1000 bending cycles. After cycling, the EMI 

SE only decreases by about 2 dB, indicating that the EMI 

shielding performance is extremely stable when resisting 

mechanical bending. Meanwhile, after immersion in liquid 

nitrogen for 200 s (Fig. 5b) or baking at 90 oC for 2 h (Fig. 5c) 

or exposure to air for one month (Fig. 5d), the 

PEDOT:PSS/BC composite films still maintain high EMI SE, 

indicating their excellent EMI shielding durability. Fig. 5e 

demonstrates that the EMI SE of the PEDOT:PSS/BC 

composite film remains above 69 dB after ultrasonication for 

1 h. Therefore, the PEDOT:PSS/BC composite films have 

superior resistance to extreme environments under mechanical 

wearing and maintain stable EMI shielding performance under 

various extreme conditions, which is mainly due to the 

multilayer structure of PEDOT:PSS/BC composite films. 

Subsequently, the EMI shielding performance of 

PEDOT:PSS/BC composite films are tested under strong 

acidic/alkaline, salt solution, organic solvent, etc., and the 

EMI SE are almost the same as the initial state. In summary, 

the superior EMI shielding stability of the PEDOT:PSS/BC 

composite films imply their great potential for applications in 

electronic devices operating under harsh conditions. (Fig. 5f). 

 

3.5 Mechanical properties of PEDOT:PSS/BC composite 

films 

Superior mechanical properties are important for the practical 

applications of EMI shielding materials. Figs. 6a and b show 

the tensile stress-strain curves and tensile strength and strain 

of the PEDOT:PSS/BC composite films. The tensile strength 

of the BC film is 131.9 MPa. With increasing mass fractions 

of PEDOT:PSS, the tensile strength gradually decreases from 

119.0 MPa for the 10 wt% PEDOT:PSS/BC composite film to 

62.5 MPa for the 50 wt% PEDOT:PSS/BC composite film, 

and the strain at break increases from 13.3% to 21.5%. Fig. 6c 

shows the modulus and toughness of PEDOT:PSS/BC 

composite films. With increasing mass fractions of 

PEDOT:PSS, the toughness and modulus gradually decrease 

from 10.3 MJ/m3 to 6.6 MJ/m3 and from 11.1 GPa for the 10 

wt% PEDOT:PSS/BC composite film to 3.38 GPa for the 50 

wt% PEDOT:PSS/BC composite film. With increasing mass 

fractions of PEDOT: PSS, too much PEDOT:PSS may form a 

weaker interfacial layer between the layers. This will reduce 

the bonding force and the layers are prone to relative sliding 

or peeling off when subjected to external forces, resulting in a 

decrease in the mechanical properties of the PEDOT: PSS/BC  
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Fig. 5: (a) EMI SE of the PEDOT:PSS/BC film before and after bending. (b) EMI SE of the PEDOT:PSS/BC film before and after 

treatment at -196 ℃. (c) EMI SE of the PEDOT:PSS/BC film before and after 90 ℃ treatment. (d) EMI SE of the PEDOT:PSS/BC 

film before and after one month in air. (e) EMI SE of the PEDOT:PSS/BC film before and after ultrasonic cleaning 1 h. (f) Comparison 

of average total EMI SE of PEDOT:PSS/BC composite films after soaking in various liquids with the pristine ones. 

 

composite films with theincreasing fractions of PEDOT:PSS. 

Fig. 6d shows the tensile strength and toughness of 

PEDOT:PSS/BC composite films after folding for different 

times. The tensile strength and toughness of PEDOT:PSS/BC 

composite films are almost unchanged after hundreds or 

thousands of folds, it still remains 95.7% and 91.2% of the 

original tensile strength and toughness. This is because the 

self-supporting nature of the BC layer and PEDOT:PSS layer 

 
Fig. 6: (a) The tensile stress-strain curves, (b) tensile strength and strain, (c) modulus and toughness of PEDOT:PSS/BC films. (d) 

Tensile strength and toughness retention of PEDOT:PSS/BC films after repetitive folding. (e) Digital photos of PEDOT:PSS/BC 

composite films showing excellent folding endurance. 
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Fig. 7: (a) Digital photos of the PEDOT:PSS/BC film after sonication. (b) Digital photos of the PEDOT:PSS/BC film after soaked 

in HCl, (b) NaOH, and (c) DMF. 

 

the hydrogen bonding force, and the adhesive force enables 

the PEDOT:PSS/BC composite films with excellent flexibility 

and fatigue resistance. In addition, Fig. 6e demonstrates that 

the PEDOT:PSS/BC composite films can be restored to its 

original shape intact without any cracks after being kneaded 

into a ball. This can be attributed to the fact that the 

PEDOT:PSS/BC composite film forms multilayer structure. 

This arrangement is crucial for ensuring structural stability 

and contributing to the overall high tensile stress. Moreover, 

the multilayer structure plays a pivotal role in enhancing 

structural robustness and maintaining high tensile stress 

performance. 

 

3.7 Chemical stability of PEDOT:PSS/BC composite films 

To evaluate the structural stability of the composites, 

ultrasonic testing (300 W, 40 kHz) is conducted on the 

PEDOT:PSS/BC composite films (Fig. 7a). The results 

demonstrate that the PEDOT:PSS/BC composite films exhibit 

superior resistance to ultrasonic waves, with no surface 

breakage observed after being subjected to ultrasonication for 

1 hour. In order to verify the stability of the multilayer 

structural composites, the harsh environment is simulated by 

acidic (3 M HCl) (Fig. 7b), alkaline (3 M NaOH) (Fig. 7c), 

and N, N-Dimethylformamide (DMF) (Fig. 7d) environments. 

The surface morphology of the PEDOT:PSS/BC composite 

films are stabilized without corrosion or damage after 1 h. 

These results indicate that the PEDOT:PSS/BC composite 

films have superior chemical tolerance in harsh environments. 

 

4. Conclusion 

In this work, insulating PEDOT:PSS/BC EMI shielding 

composite films with excellent mechanical properties and 

superior flexibility are successfully prepared by layer-by-layer 

assembly. When the mass fractions of PEDOT:PSS are 50 wt%, 

the PEDOT:PSS/BC composite films exhibit volume 

resistivity as high as 2.0106 Ω·cm and EMI SE of 72 dB in 

the X-band and they can maintain efficient EMI shielding 

performance under various harsh conditions (high temperature, 

low temperature and ultrasonication). In addition, the 

PEDOT:PSS/BC composite films possess excellent flexibility, 

mechanical properties, and long-term durability (harsh 

chemical environments and severe mechanical wearing). This 

work proposes a facile strategy to design insulating polymer-

based EMI shielding composite films with excellent 

mechanical properties and superior flexibility, which shows 

great potential for applications in electronic packaging, 

flexible electronic devices, aeronautics and astronautics. 
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