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In this work, a new type of three-dimensional spacer woven fabric (3DSWF) has been designed, whose upper and lower 

layers are of interlaminar orthogonal structure. These two layers are connected well with spacing yarns interweaved with 

weft yarns and arranged in an ‘X’ shape in the spacing layer. In order to expand the application field of 3DSWF, reduced 

graphene oxide (rGO) and carbon nanotubes (CNTs) coated 3DSWFs are prepared. The synergistic effect between rGO and 

CNTs gives 3DSWFs excellent electrical conductivity and electromagnetic interference (EMI) shielding performance. The 

results show that the layer-by-layer assemble method is conducive to play the synergistic effect between rGO and CNTs. 

The EMI shielding effectiveness of sample can reach to 15 dB from 2 dB in the frequency range of 0-3GHz. Besides the 

electrical conductivity, the preparation method is also one of the factors affecting the EMI shielding performance of coated 

3DSWFs. This study provides idea for the design and preparation of 3DSWF and further developing 3DSWF-based 

materials with multiple functions. 

Keywords: Carbon nanotubes, Electrical conductivity, EMI shielding performance, Nylon yarn, Reduced graphene oxide, 
Space fabric, Three-dimensional fabric 

1 Introduction 

With the begining of the era of 5th-Generation, 

there is a worldwide concern that the large amount of 

electromagnetic waves generated by electronic 

devices affects the normal operation of other 

equipments and even threaten the health and safety of 

life
1-3

. The demand for electromagnetic interference 

(EMI) shielding fabrics has increased dramatically in 

all industries, due to their flexible, light weight, 

permeability and tailorability, characteristics that can 

be uesd on the complex shapes and for promising 

potential applications in portable electronics and 

wearable smart textiles
4-6

. To date, many efforts have 

been made to develop fabrics with high EMI shielding 

performance by introducing matels , carbon based 

materials and conductive polymers
7-13

. 

Carbon nanotubes (CNTs), as a one-dimensional 

carbon nanomaterial, have high aspect ratios allowing 

them to combine with fabrics to form a complete 

uniform conductive network with less load
14,15

. 

However, due to the poor dispersion of CNTs in the 

matrix, it is difficult for pure CNTs to construct an 

effective conductive network. Chen et al.
16

 added Py-

β-CD to CNT to combine the two via π-π bond to 

form a stable suspension and then coated it on 

nonwoven fabric. Xu et al.
17 

deposited the Cu 

nanolayer on the CNT film, and obtained the flexible 

material with shielding effectiveness (SE) greater than 

50 dB. 

Graphene’s special multilayered structure gives the 

ability to absorb electromagnetic waves, but its 

hydrophobicity makes it difficult to combine with other 

materials
18

. The oxygen-containing groups of graphene 

oxide (GO) are favorable for its grafting on the fabric 

through the formation of hydrogen bonds and Van der 

Waals forces, but reduced-treated rGO is much less 

conductive than graphene due to changes in its crystal 

structure and the remaining oxygen-containing 

groups
19

. To overcome this problem, many researchers 

have introduced other materials into rGO
20,21

. In terms 

of structure, as compared with zero-dimensional 

spherical metal nanoparticals, the combination of one-

dimensional material and two-dimensional material is 

more conducive to the formation of complete three-

dimensional conductive network
22-24

. In order to 

improve the electrical conductivity and EMI shielding 

properties of fabric, CNTs and rGO are used together 

as conductive materials. 
The three-dimensional spacer woven fabric 

(3DSWF) has two independent upper and lower 
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layers, which are connected by spacing yarn with a 

certain height, thus forming a integrated hollow 

sandwich structure
25-30

. At present, the 3DSWF is 

most widely studied because of its outstanding 

mechnical properties
26,31,32

. To the best of our 

knowledge, there are few studies available on direct 

use of 3DSWF as EMI shielding matrix, which is 

more widely used to obtain excellent mechanical 

properties and sound absorption properties
33,34

. 

Therefore, it’s necessary to develop a multifunctional 

3DSWF including EMI shielding performance, which 

will have a wide range of application prospects and 

development potential. 

In this study, a new 3DSWF with special structure 

has been designed, using CNTs and rGO as 

conductive materials. CNTs and rGO are combined 

with 3DSWF by two methods to offer insulated 

3DSWF conductivity and EMI shielding properties. 

Meanwhile, the effects of two different preparation 

methods on the electrical conductivity and EMI 

shielding property of the 3DSWF are studied. The 

results show that there is synergistic interaction 

between CNTs and rGO, and the layer-by-layer 

assemble method is more conducive to the synergy of 

them. After being coated, the spacing yarn of 3DSWF 

can work as a ‘bridge’ to connect the two surfaces to 

make the coated 3DSWFs as a whole conductive. The 

purpose of this work is to broden the application 

scope of 3DSWF. 

2 Materials and Methods 
 

2.1 Materials 

Nylon yarn of Gold Three Fishes Brand (210D/3 

strands of yarn) was obtained. Multiwalled carbon 

nanotubes (CNTs) dispersion at 10% concentration 

(10-30 μm length and 5-10 nm diameter) as well as 

graphene oxide (GO) dispersion at 5 mg/mL 

concentration were perchased from Tanfeng Tech.Inc. 

L-ascorbic acid (L-AA) was obtained from Fuchen 

(Tianjin) Chemical Reagent Co. Ltd. Ethanol absolute 

was obtained from Damao Chemical Reagent Factory.  
 

2.2  Design and Configeration of 3DSWF 

In this study, nylon yarns were used as warp, weft 

and spacing yarns to fabricate the three-dimensional 

spacer woven fabric (3DSWF) on a Semi-automatic 

sample loom. The organization diagram of 3DSWF is 

shown in Fig. 1(a). There are 10 columns, in which 1-

4 and 5-8 represent the ground warp of upper layer 

and lower layer respectively, 9 and 10 represent the 

spacing yarn, the warp points formed by the 

interlacing of ground warp and weft are marked as , 

and the warp points formed by the interlacing of 

jointed warp and weft are marked as . 

For this 3DSWF, the density of spacing yarns can 

be changed according to the need in the design of the 

weave structure, and the thickness of sample can be 

adjusted by changing the height of spacing yarns in 

the weaving process. In this work, the 3DSWF is 

 
 

Fig. 1 — (a) Organization diagram of 3DSWF; and schematic illustration of preparation of coated 3DSWFs (b) CNTs/rGO/3DSWFs and 

(c) CNTs@rGO/3DSWFs 
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designed, keeping spacing yarn density 30 roots/cm
2
 

and spacing yarn height 3mm. 
 

2.3  CNTs/rGO Coated 3DSWFs Preparation 
 

Layer-by-Layer Assembly Method 

Before the fabrication, all samples were first 

cleaned by a sonicator in 200 mg/L ethanol solution 

for 30 min to remove the residual impurities in 

3DSWF and then dried. The schematic diagram of the 

CNTs/rGO coated 3DSWFs preparation by layer-by-

layer assembly method is shown in Fig. 1 (b). 

The GO suspension was diluted by adding distilled 

water (dipping Solution A), and the CNTs 

suspensions of various concentrations were prepared 

by adding some volume of distilled water (dipping 

Solution B). The mass of L-AA was weighed, diluted 

with distilled water (the mass ratio of L-AA to GO 

15:1), and then used as the reduction treatment 

(Solution C), the bath ratio of all solutions was kept 

1:50. 

Firstly, the CNTs/GO coated 3DSWFs were 

prepared by layer-by-layer assembly method. 

Typically, the pretreated samples were first soaked in 

Solution A to absorb GO and then dried at 120℃. 

After that the 3DSWF was put into Solution B and 

then dried at 120ºC.In this context, one layer of GO 

and CNTs was obtained in one deposition cycle. By 

repeating these immersed and drying steps six times, 

multilayered CNTs/GO coating was constructed. 

Finally, the CNTs/rGO coated 3DSWFs were 

prepared by chemical reduction. The dried CNTs/GO 

coated 3DSWFs were immersed in Solution C for 2h 

at 100℃ in a water bath and then dried at 120℃ in an 

oven to obtain the CNTs/rGO coated 3DSWFs.  

 
In-one-bath Method 

The schematic diagram of the CNTs@rGO coated 

3DSWF, prepared using in-one-bath method, is 

shown in Fig. 1 (c). 

A required amount of GO suspension and CNTs 

dispersion was measured respectively and then poured 

into flask, then distilled water was added to dilute it to 

the target concentration, keeping the bath ratio 1:50. 

Then it was treated with ultrasonic for 1h to make it 

evenly dispersed as the dipping solution. Among 

them, the preparation method of GO solution and 

CNTs solution were the same as those in Layer-by-

Layer assembly method.  

Firstly, the CNTs@GO coated 3DSWFs were 

prepared by in-one-bath method. Typically, the 

pretreated samples were soaked in dipping solution to 

absorb GO and CNTs then dried at 120℃, by 

repeating these immersed and drying steps nine times, 

multilayered CNTs@GO coating was constructed. 

Finally, the CNTs@rGO coated 3DSWFs were 

prepared using the same treatment as shown in Layer-

by-Layer assembly method for chemical reduction. 

Samples of 3DSWFs coated separately with rGO or 

CNTs were also prepared for comparison. The surface 

resistance (SR) of samples was selected as dependent 

variable, and the preparation process parameters were 

determined by single factor analysis method, 

including concentration of GO solution, immersion 

time and number of coating, reductant content, 

reduction time & temperature, and layer-by-layer 

assembly concentration of CNTs solution, immersion 

time and number of coating. 
 

2.4   Characterization 

Microstructure of 3DSWF and coated 3DSWFs 

with conducting layer was detected with field-

emission scanning electron microscope ( FE-SEM 

TM3030) at an accelerating voltage of 30 kV, each 

specimen was coated with gold prior to the 

observation. 

The double electrical four-probe meter (PTS-9 

type) was used to measure the electrical resistivity of 

coated 3DSWFs at the current range of 10 μA. After 

placing the sample on the panel and adjusting the 

knob to contact the probe with the sample surface, 

every sample was tested 10 times at different 

positions to reduce error and then the average value 

was recorded. 

The Rohde & Schwarz ZNB40 type vector network 

analyzer was used to measure EMI shielding 

effectiveness of coated 3DSWFs with conductive 

materials in the frequency range of 0-3 GHz.  
 

3 Results and Discussion 
 

3.1   Weaving and Forming 

The fabric structure diagram and the actual photo 

of 3DSWF are shown in Fig. 2. Figure 2 (a) shows the 

fabric structure of upper and lower layer, while Figs 

2(b) and (c) show the elevation and left view of 

3DSWF, Figure 2 (d) is the photo of 3DSWF. It can 

be noted that the face sheets of 3DSWF are woven by 

warp and weft yarns as interlaminar orthogonal 

structure, and the spacer layers of 3DSWF are 

consisted of spacing yarns arranged in an ‘X’ shape. 

The spacing yarns are interweaved with the weft of 

the upper and lower layers along the warp direction 
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according to certain rules, making the 3DSWF as a 

whole. 
 

3.2   Determination of Prparation Process Parameters 

Surface resistance (SR) of the sample was taken as 

the dependent variable and the single factor analysis 

method was used to select the best preparation 

parameters. The test results are shown in Fig. 3. 

Figures 3 (a)-(c) show the influence of preparation 

process parameters on SR of the 3DSWFs coated with 

GO solution only. As shown in Fig. 3 (a), with the 

increase in concentration of GO solution, the SR of 

sample drops quickly. When the concentration 

reaches to 3 mg/mL, the SR decreases to 0.47MΩ, 

and finally as the concentration continues to increase, 

the SR flattens out. Figure 3 (b) shows the influence 

of the immersion time of the sample in GO solution 

on the SR. The SR decreases with the increase in 

immersion time, and the SR reaches to minimum 

value (0.06MΩ) after 2h of immersion, After that 

when time continues to extend, the SR increases. This 

phenomenon indicates that when soaked for 2h, the 

laminate GO can no longer enter the 3DSWFs interior 

but accumulates on its surface, which has a bad  

effect on the electrical conductivity of the samples. 

Figure 3 (c) shows that SR drops rapidly when coated 

3 times. When coating is increased to 9 times the SR 

reduction rate becomes slow and the value reaches to 

0.43KΩ. On further increase in the number of coating 

the SR remains almost unchanged. Therefore, the 

optimum concentration, immersion time and number 

of coating of GO solution are 3 mg/mL, 2 h and  

9 layers respectively. 

Based on the determination of rGO process, the 

influence of the concentration of CNTs solution, 
immersion time and number of coating on SR of 
samples has also been analyzed using layer-by-layer 
assembly method, and the results are shown in Figs. 3 
(d)-(f). As shown in Fig. 3 (d), the SR of sample 
decreases with the increase in CNTs solution 

concentration. At the concentration of 2 mg/mL, the 
SR decreases to 9.65KΩ. When concentration is 
further increased, SR drops slowly. This is because, 
with the increase of CNTs concentration, the 
conductive network on the samples becomes more 
complete, the number of free electron increases, and 

the conduction current also strengthen. Hence, the 
resistivity of the sample decreases. Considering that 
the preparation process parameters used in two 
methods should be consistent, and the increase of 
CNTs solution concentration in one-bath method will 
further increase the viscosity of the dipping solution; 

hence 2 mg/mL is used as the optimum concentration 
of CNTs solution. Figure 3 (e) shows that the SR 
decreases with the increase in immersion time and the 
SR is reached to minimum value (9.85KΩ) after  
30 min of immersion, when immersion time continues 
to extend, the SR increases. This suggests that the 

individual CNTs will creat agglomerations in some 
parts of the GO surface and remaining 3DSWFs 
surface after 30 min of coating. Figure 3 (f) shows 
that the SR decreases with the increase in coating 
layer. For 6 layers coated sample, SR falls to 0.57KΩ. 
To sum up, the optimum concentration, immersion 

time and coating number of CNTs solution are set as 
2 mg/mL, 30 min and 6 layers respectively. 

 
 

Fig. 2 — Fabric structure diagram (a) upper and lower layer construction, (b) left view of 3DSWF structure, (c) elevation view of 

3DSWF structure, and (d) actual photo of 3DSWF 
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3.3   Characteristics of Coated 3DSWFs 

The morphology of uncoated 3DSWF, 

rGO/3DSWFs, CNTs/3DSWFs, rGO@CNTs/3DSWFs 

and rGO/CNTs/3DSWFs has been characterized by 

SEM (Fig. 4). Before coating, 3DSWF is found white 

and the surface of yarns is smooth without conductive 

particles, with only sporadic impurities adhered to it 

[Figs 4 (a) & (b)]. While the surface of yarn becomes 

rougher after coating [Figs 4 (c)-(f)]. 

Figure 4 (c) shows that rGO covers the yarn and 

connects adjacent yarns, it’s specific surface area is 

large and relatively plat, and presents the two-

dimensional tulle structure. Meanwhile, it can be 

observed that there are large multi-layer rGO 

aggregation structure in some areas. Figure 4 (d) 

presents the SEM images of CNTs/3DSWFs. After 

coating, the CNTs wraps the yarns and its aggregates 

are filled in the yarn gaps. 

For rGO@CNTs/3DSWFs, because of the in-one-

bath preparation, the overall concentration of the 

immersion solution is high. Hence, the viscosity also 

increases, leading to a question of whether the 

conductive materials are uniformly mixed in the 

immersion solution, or there are agglomerated 

conductive materials in the immersion solution, 

which seriously affects the coating and samples 

performance. As shown in Fig. 4 (e), there is large 

area of layered structure on and between yarns, which 

hides the furrows caused by interweaving between 

weft and warp yarns. This large layered structure is 

composed of multiple layer, and there are irregular 

ripples and curls on the surface. 

For rGO/CNTs/3DSWFs, due to the layer-by-layer 

assemble preparation, rGO and CNTs can be applied 

seperately and alternately on the 3DSWFs, in the 

structure of the coating. One-dimensional CNTs 

serves as an interlayer spacer, effectively separate the 

two-dimensional rGO sheet to limit their high-dense 

restacking, which produces a micro-3DSWF like 

framework with ‘surface layer’ and ‘spacer’. As 

presented in Fig. 4 (f), the yarns are coated by a 

mixture of lamellar rGO and linear CNTs, similar to 

the rGO@CNTs/3DSWFs, but its covering area is not 

so big and the surface is rougher. Besides irregular 

folds and crimping, there are also randomly arranged 

bumps on the surface, which is formed by random 

aggregation of alternating coated rGO and CNTs. 

3.4  Conductive Performance of Coated 3DSWFs 

As an insulator, the conductivity of 3DSWFs is 

tested after impregnating it with conductive coating. 

Then according to test results, whether the conductive 

Fig. 3 — Test results obtained by single factor analysis method for layer-by-layer assembly (a&d) concentration, (b&e) immersion time 

and (c&f) number of coatings of GO solution and CNTs solution 
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materials has formed a complete conductive network 

on the 3DSWFs, can be determined. Taking resistivity 

as an example, the higher the resistivity, the more 

incomplete is the network. So, the ability of 3DSWFs 

to transport charge is worse, and vice versa. The PTS-

9 type four-probe meter has been used to measure the 

electrical conductivity and resistivity of coated 

3DSWFs, the average resistivity obtained are shown 

in Fig. 5. 

In the comparision between samples, the resistivity 

of the coated 3DSWFs with nine depositions of 

rGO@CNTs is found the lowest (112.9 Ω·cm), 

followed by the coated 3DSWFs with six depositions 

of rGO/MWCNTs (404.2 Ω·cm), CNTs/3DSWFs 

(2601.3 Ω·cm) and finally rGO/3DSWFs (1961.8 

Ω·cm). The resistivity of coated 3DSWFs exhibites a 

decline by an order of magnitude, when the two 

conductive materials (rGO and CNTs) act together to 

achieve the effect of ‘1+1>2’ , which means that 

using the two conductive materials together is 

conducive to the improvement in the conductivity 

of coated 3DSWFs
35,36

.  Because  the  two  conductive  

Fig. 5 — Electrical conductivity test results of coated 3DSWFs 

materials with different structures will have a 

synergistic effect when used together, to achieve their 

complementary effect; one-dimensional CNTs 

preventes the two-dimensional rGO layers from 

restacking and forms a bridge between rGO adjacent 

layers to transport free electrons. They overlaps and 

Fig. 4 — Physical photographs (a); and SEM images of 3DSWF before and after coating (b) uncoated 3DSWF, (c) rGO/3DSWFs, 

(d) CNTs/3DSWFs, (e) rGO@CNTs/3DSWFs, and (f) rGO/CNTs/3DSWFs
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interwine with each other to form a more effective 

three-dimensional network structures and complete 

conductive path on 3DSWFs, preventing from 

restacking and providing electronic transport in both 

horizontal and vertical directions to reduce the 

resistivity. This is similar to the conclusion obtained 

in the previous literature
37,38

. 

Additionally, it was confirmed that conductive 

network has been formed by impregnating 3DSWFs 

with rGO, CNTs, rGO@CNTs and rGO/CNTs. The 

samples are respectively used as wires to access the 

simple circuit, and the results show that no matter 

which sample is used, the small light bulb in this 

series circuit is illuminated when the switch was 

turned on, which proved that these four conductive 

materials can form the electrical conductive layer on 

the 3DSWFs by simple dipping-drying method. The 

above results indicate that the 3DSWFs designed by 

our research group has the potential to be applied in 

flexible wearable electronic devices after coated by 

conductive materials. 
 
3.5  EMI Shielding Performances of Coated 3DSWFs 

The EMI shielding mechanism of the coated 

3DSWFs is shown in Figs 6 (a) & (b). Part of the 

incident waves will be reflected back when they touch 

the surface of sample, and the other part will enter 

into the sample. Due to the hierarchical structure of 

coating and sample, a large number of interfaces will 

be generated inside the sample, which will trap the 

waves and form multiple reflections to increase the 

absorption loss. The remaining part of waves will be 

transmitted out. The shielding effect of a material 

against the electromagnetic wave can be expressed by 

shielding effectiveness (SE), whose unit is decibel 

(dB). The greater the value, the better is the shielding 

effect. It can be calculated by following formula: 
 

1

0log10
p

p
SE   

 

where  and  are the power of incident waves 

and transmitted waves respectively. The EMI 

shielding performance of coated 3DSWFs with two 

conductive material are evaluated in the frequency 

range 0-3 GHz, as displayed in Fig. 6 (c). 

For the conductive type EMI shielding materials, 

electrical conductivity is one of the key factors 

affecting the shielding performance, i.e. the 

conductivity of materials is positively correlated with 

0p
1p

 
 

Fig. 6 — EMI shielding mechanism of coated 3DSWFs (a) & (b); and (c) EMI SE of coated 3DSWFs prepared in two methods 
 



MAN-NING et al.: EMI SHIELDING PERFORMANCE OF 3D SPACER FABRIC 

 

 

197 

it’s EMI SE. Therefore, according to the test results of 

the sample’s electrical cononductivity, we prespect 

the EMI SE ranking of the sample to be consistent 

with it, as shown below:  
rGO@CNTs/3DSWFs > rGO/CNTs/3DSWFs > 

CNTs/3DSWFs > rGO/3DSWFs. 

As shown in Fig. 6 (c), if we compare coated 

3DSWFs with one conductive material only, the EMI 

SE values of rGO/3DSWFs and CNTs/3DSWFs are 2 

dB and 4 dB respectively. CNTs/3DSWFs have 

higher SE, which is exactly what we predicted. At the 

same time, it is found that no matter which 

preparation method is adopted, the SE values of 

coated 3DSWFs with rGO and CNTs are found higher 

than the sum of SE of rGO/3DSWFs and 

CNTs/3DSWFs, which indicates that there is a 

synergistic effect between rGO and CNTs. By 

comparing the four kinds of samples, it is found that 

the SE of two-component conductive materials 

coating 3DSWFs (15 dB and 12 dB respectively) is 

much higher than that of single-component 

conductive materials coating 3DSWFs (2 dB and 4 dB 

respectively), because the combination of two 

conductive materials with different structures is 

conducive to the formation of a complete conductive 

path and a large number of interface. When the 

incident electromagnetic waves contact the sample, 

the complete conductive network will generate 

current and lead to ohm loss. Besides, a large number 

of interfaces will cause multiple reflections to 

attenuate the incident electromagetic waves and 

increase the absorption loss. 
The SE of coated 3DSWFs with two conductive 

materials prepared by different methods has been 

compared. The SE of rGO/CNTs/3DSWFs and 

rGO@CNTs/3DSWFs are 15 dB and 12 dB 

respectively. In layer-by-layer assembly method, the 

two materials can form more hierarchical interfaces 

on 3DSWFs, which is not only conducive for the 

purpose of uniform diposition, but also for achieving 

their complementary effect. When incident 

electromagnetic waves touch 3DSWFs, it will be 

more interfered in its propagation path. When the in-

one-bath method is used, the impregnation solution is 

more viscous than others, as both rGO and CNTs are 

easy to accumulate and agglomerate. The rGO and 

CNTs in the solution may not be completely 

uniformly dispersed, leading to the phenomenon of 

uneven coating. It is found that the result is different 

from that of the predicted result. This indicates that 

the electrical conductivity of sample is positively 

correlated but not fully proportional to its  

EMI shielding performance. The EMI shielding 

performance is also related to the type of conductive 

material, preparation method and other factors. 
 

4 Conclusion 

In this research, we designed a novel 3DSWF 

fabric. The upper and lower layers of 3DSWF are of 

interlaminar orthogonal structure, and the spacing 

yarns connect the two layers with the shape of ‘X’.  

In order to make it adapt to more diverse needs, it’s 

given electrical conductivity to broaden its 

application.  

4.1 The single factor analysis method has been used 

to determine the preparation parameters of conductive 

treated 3DSWFs. The preparation parameters are set 

as follow: GO concentration 3 mg/mL, immersion 

time 2 h and number of coating layers 9. When the 

layer-by-layer assembly method is used, CNTs 

concentration is 2 mg/mL, the immersion time is 30 

min and the number of coating layers is 6. 

4.2 The resistivity test results of the coated 3DSWFs 

show that the synergistic effect between rGO and 

CNTs gives the excellent electrical performance. 

Compared to the 3DSWFs coated with rGO or  

CNTs, the resistivity of the 3DSWFs coated with both 

rGO and CNTs can be reduced by an order of 

magnitude. 

4.3 The influence of two different preparation 

methods on electrical conductivity and EMI SE of the 

samples has also been analyzed. The result shows that 

the EMI SE of rGO/CNTs/3DSWFs obtained by 

layer-by-layer assembly coating with 6 layers (15 dB) 

is higher than that of rGO@CNTs/3DSWFs obtained 

by in-one-bath coating with 9 layers (12 dB). This 

indicates that the synergistic effect between rGO and 

CNTs can be better reflected by layer-by-layer 

assemble method. 

4.4 The resistivity of rGO@CNTs/3DSWFs is lower 

than that of rGO/CNTs/3DSWFs, which is 112.9 Ω·cm 

and 404.2 Ω·cm respectively. But the latter has better 

EMI shielding property, which is different from the 

expected. The results suggest that the electrical 

conductivity of sample is positively correlated but not 

fully proportional to its EMI shielding performance, 

and the preparation method is also one of the 

influencing factors. 

4.5 This study provides idea for the design and 

preparation of 3DSWF, expand the application field 
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of the 3DSWF and provides reference value for the 

further development of multi-functional materials 

based on the 3DSWF. 
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