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Figure 2 Electromagnetic shielding mechanism
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Figure 3 Electromagnetic shielding mechanism diagram of nano-modified fibre-reinforced polymer composites
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Table 1 Influence of matrix modification on electromagnetic shielding properties and mechanical properties of FRP
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A b LR R B M B R T ROCR B (HL G OK Bk
[] 25 5 A0 B 51 TR K i A R AK, B A MR
b E A LSS =GR S
JE ) B 525 5 W IR 8 52 A bR S MR R R B
il T FRP 52 i b 19 1z FH o
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S A A 3 R — i e o A 2 S 7 RS A
oy HE R AL YRR, LA AE FLSR TP U 2 D BEJZ Y
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Table 2 Influences of in-situ growth method on electromagnetic shielding properties and mechanical properties of FRP
CER AT € ) 5%
V=N Az N Ny M2 2/ 2L M BB TR @
AR YK HE R A 4 / GHz 40 /dB JisE e AR ik Tk
JZ A 35 Y158 B 85. 38 MPa(+47.51%).
ZnMn,0,/CF/PEEK ZnMn,0O 8.2—12.4 32.96(+54.67% . . 42
A B D R 63372 MPa (421.00%) )
N B [ 0
25 i 9 ) 560 MPa(+87%).
MWCNT/CF/EP 3% MWCNT 8.2—12.4 51. 1(+73.8%) N 40
i ' B I E SO MPa (+1175%) 0]
MWCNT/GE/EP MWCNT  0.0017—0.0028  0.8(+300%) — [43]
MWCNT/GF/EP MWCNT 0.005 3—0.007 1 1(+233%) — [43]
5l 58 119 MPa(+37%).
MWCNT/CF/EP MWCNT 12.4—18.0 7(+28%) R l ’ [41]

B 15. 7 GPa(+153%)

T - O HL BB M BE A8 Ak T 355 B0 L 278 A GOK AR FRP 8K 0 A 93 K ARHE FRP 1 BE T 32 7+ 09 73 20 5k 18 fin i i .
@ J3 2 PEREAE AL 145 5 B, R A SR BERL Y FRP BRI QKB R FRP $6E T 9 T+ 0% 1 43 Bl i .

XTI YE R R R AW A AT R &
A B — R R AR KOk BB AR AT e R T AR K
CNT ZE 49k ki 7, LLES i FRP i 51 %, {24 R
AR, 2 AT 240 AR IR (R e M L L R —
TR 55 ) Bl 55 28 DURR X I, 5 7 Ak B 21 2 1 i 4 oK
AR T N, R4 K CNT . [ 6 k2 S A DL
TR R 07 88 7R 2 81, Singh £ % B 2 25 i S Ak
G AT IR R TR AL R A A D R R R
L& & 4y i A5 3 CNT, IR BAE CF £ . 1
8.2—12.4 GHz Ml 2 {E [ ¥ , CFRP i EMI SE ki it
FUMW CNT JE£ B %) 38 T imig 8 L £ =ik 51. 1 dB L %
PRFESEFE 73.8%0 0 Z T LI T CNT 7E4F 4k 3% i
B B M AR, B @A L FIR T T CNT &4
WEE R T 52 A b RE R L R D B R RE . BR AL 2%
SARTURLAN , IF B S5 i K Rk e CF 21 JR A7
H KA B ZnMn,O,, Kl 7 & ZnMn,O, 44 >k 3k /CF ¥

25 (A A s = R . B ZnMn,O, 2l 4 1 £ 48 Rk 40
KERIE S, B8 T 2 A A B ZnMn, O, 98 K Bk /CFRP
B RE T BEm  . 24 Zn(CHLCOO) ,+2H,0 ¥ &4
0.125% B , ZnMn,O, 44 >K ki 2 4 CFRP 9 EMI
SE iA % fx KM 32. 96 dB, B AREESR T 54. 67 % .

Furnace

Quarlz glass
Flow rate tube
regulator valve

QP

Heating element

!

Carbon source  Temperature controller

Carrier gas L
E6 HESHEAMREES
Figure 6 Chemical vapor deposition reaction device
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B 7 ZnMn,O, 40K EK/CF M £ 1 %l % 7 = E 2
Figure 7 Preparation diagram of ZnMn,0O, nanospheres /CF network

JEAVE A K T R RE S AN K T R A RL AR 4T 4 SR 1HT
W3 57 w5 AR 48 2 52 B0 A0 I A Ak 2R 4 ) kR
Zioh IR EREE W, SSHASRERET
M . Boroujeni™ 4§ 78 GF 2 i #F 17 J& 7 4 &K
MWCNT #i , F] F = B 25 I 5 R 48 f8 GF R i Se )5
WS T 75 nm R S0, M1 4 nm JEH) Ni )2, DL 25
iR AL X GF R IR R R . A5 SRR M, IR AR
AL RS B GFRP B BR 7 A 5 B A R 1 g 3 4
BT URES AB G . X A R GF 218 I 5 0 AR b
JEARH K GF 28 T il 55T a5 4y 25 1l
FIBEIR . RIE, BT A KA CNT K H 80, & i
BT REYX AR T 20, B8 745
FEARME R 45 G o (B2, I GFRP 7R B 1 46 2 1% |
T & A AR K M GERP R HAL 1 5% i ohe 38 R
55, EMI SEAUIE N 1 0. 8—1dB.
2.3 WERE

X SELT AENG 5 R A, TR ik R A

R WA S | 20 A ke N A oK T RE A R i =
21 Ak Fe T, PR T B I T 2 IR R R, A
15 BN 9K ORL/ 21 4 22 ROEE S s A4, 38 3 W TR VA X
T 2 2T A 1 5 T W F R R T R R ) 2R R R R R
(14 5 2 R . Yan &0 GNP LCNT 43 #7E ™ B
o AR R GE IR T CF f8 R & (LI 8) .
EW R IR A CNT/GNP & )2 i CERP 55 1 Hi, FH
A T R M D, AT 3 200 WK S i 2]
1500 Wm™ K™ '. BEURIE A CNT/GNP 44K ik #4
HA RS0 SR i S ae, A KA H=E N &8
WA A T2 & S5 R G R o B
T RUVOR FH HL VR L B OB TE CFs R WE IR GO, SR
GO W IN A fEA R4 5% CFRP /9 EMI SE, B J5 78
CFs 5 — R MBIE Fe,O,(WLIE 9) , 45 L & 8 CFRP
(1) EMI SE Bl U Fe,O, 5T 1 535 09 15 fin i 4 5 , 3
JEH A Fe,O, A FERG N T CERP & & 4 4 1 1 5
FE L DNTTRE T 08 22 (1% L 4 08 -

R3 BUREX FRPEMFRMEAER NZEHEENHIT

Table 3 Influence of spraying method on electromagnetic shielding properties and mechanical properties of FRP
HUREW T A N e € 2%
HEEME AR FEREAE LY
R AHR GHz A4 /dB JrrEteet SCik
MWCNT/CF/EP 0.5gm *MWCNT 8.2—12.4 51.8(+9.5%) — [59]
MWCNT/CF/EP 1gm *MWCNT  8.2—12.4 54.1(+6.8%) J2 1] B 47058 1A 6 96 [59]
GO@Fe,0,/CF/EP 1% GO .8% Fe,O, 8.2—12.4 32.9(+61%) — [39]

Fe,0,@AF/CNT@UF/CF/EP 3% Fe,0,.3% CNT

Bop B 15.7 1 (+7.5%).

8.2—12.4 78.6(+11.5%) 5 hE 141. 2 MPa(+30.5%). [60]

$ir feE B 283. 1 MPa(+22.5%)

T« (O HL 5 ek R A8 Ak 355 B0 L 2 A AR A RE G FRP 2 A 44 K b1 R4 FRP 2 BE BT H2 TH A0 6 40 B st i i £
@ J3 25 PEREAE A 45 5 B, 3R A K B RL Y FRP BRI Y KB BHE FRP $E B8 BT 52 71 89 1 7 Bl g m i

-~ —

Spray directly on fabrics

Encapsulate with resin film

B8 CFsREBIKMAKBRES
Figure8 CFs surface sprayed with nanocarbon coating
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Fe,0, nanoparticles Fe,0, dispersion

GO dispersion
GO nanoparticles
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Power

Layer-by-layer

stacking

Heat
pressing

EM wavesx et

El9 CFs&®HEHEM®% GO Fe,0,# CFRP #l & REE"
Figure 9 Schematic diagram of CFRP preparation by electro-spraying GO and Fe304 onto CFs surface.
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A 458 g5 Shen %5858 T 7 CF 2 I W5 IR
DU [] i f % BE #Y9 CNT X CFRP H R ¢ i Pk fig
T )2 140 B9 5 F5E 19 5% I, 25 SR R B < 7R 47 4 2 W) K i
WiYE 2.5 gem “1Y CNT B, & A 4R EMI SE 34 in
T#520% ;24 CNT £ Fili BHal i A7 15 F 3.0 gem™°
BF, CERP Y470 57 58 & 153 2 19 98 ; 24 ONT 1 3k it
F 3.0 g'm *H},CNT/CFRP & & # K} 2 8] 1 87
SRR TR CNT 2 G M E 3X =B s i
HFHECCONT 78 H AR A R EMRY VI 2k N CNT
[E] B0 = AL RS 51 R AR GRS, BEAR T I 91K B B
i EeL//E SUNIUEIIINATIE L

5 R RWOPE B 2L, R vk M FRP, — 5
fiE 1% 14 9 52 5 MORL Y FURE R CPERE L O — T IR 2
DK 9 K T e M RHAE 52 6 MR B B e A2 PR L (R

105 B e ANy 2 e ) B R R R T — B . fESE
b R A, Rl FRP A B itk BE 45 21 4R =, (W] A
ANV H S PR RE R EE B G AR A Y e sk A
YN K T RE B Ak () 28 Ar A 07 R o LX) 7 R L o

2.4 {EX

VFZ TSN B B 40 T 2, 20 BB 40 K BORLY
I RAFPEIT AN REA O A% AL B 5 45 bR i
Je 1 TR A Ok D REAEORL 2 BO7E FRP &5 41 R
W IR TE R 2 Y S R I 4% 5 SR T I o A
RERRAR o ORTIT , BFORL & 2w T4 5 1 T I B (ELINY , 2%
DR Ay 73 Bl 22 sl SFORE P SR 52 W) 245 B A 2 1k
fg e e e osen LA p B R CPE R . TR, TR —
FEARTT & (28 K DI REAS B RE A5 1R 75 &) b 4R 0 2
EAarh LISt B2 PR RE NG o i e 98 K D) RE S
T W L 2 T AR 2 T ERP A
T BRI BEM B S FRPINE G . K4 N
A7 J2 05 X T S 2T A 1 5 R W P G 5 T RE X ) 2
PERE ™ A 9 1 3 5O

F4 HEEIFRPEMFHRIEERRNFEENZIE

Table 4 Influences of intercalation method on electromagnetic shielding and mechanical properties of FRP
P i WA A/ R e s g 2 a8 7051 @ Z%
A MR YK kL GHy 50 /dB J17EPERE AR 1L i

75 i 58 BT 1902 MPa(+2.7%).
MWCNT/CF/EP 3% MWCNT 3—18 45—50 JZIA] 5450 BF 98. 8 MPa(+17%).  [46]
$ir A58 ) 2453 MPa(+1.4%)
GNP/GF/EP 1)2 120 um J§& GNP 8.2—12.4 20 JZIA - 4E5] 17 29.6 N(—305%)  [45]
MWCNT/GE/EP 42 2% MWCNT 4K 10 7.94 (+106%) 2R B 56. 54 MPa(+7.8%) [44]
MWCNT/GF/EP 42815 4 MWCNT 4% 10 6.38(+66%)  JZmEBTYISHE 63. 27 MPa(+21%) [44]
4ZFEIE 2 MWCNT 45+
MWCNT/GE/EP 10 10.59 (4175 =[] BT Y1) 5 & 46. 83 MPa(—1. 19 44
/GF/ LB MWCNT 46 ( %) 2R BY )5 a( %) [44]
42K TE A MWCNT 48+ N
MWCNT/GFE/EP R tb & & 10 7.53(+96%)  JZM BT 64. 64 MPa(+23%)  [44]

12 MWCNT 4L

T+ O HL 5 ek R A8 Ak H 355 B0 L R AR A RE I FRP B2 A 90 K b1 R4 FRP 25 BE T H2 T+ 10 6 40 B st n i £
@ Jy A RE AL AL P 46 5 BUE , H R A SRR FRP B IMA G KA R FRP 4 BE 7 $2 71 49 1 20 B in i fe
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) T 2 1 s e . R T S RR B 7E CONT 2 &

Glass reinforcement
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Figure10 GNP intercalation GFRP

I . Ultrasonic mixing

II. Shear dispersion

I .Solvent removal at 100°C

IV. Mixing of curing agent

V. Prepregging
ggng

B 11 MWCNT-CFRP %l T &M

Figure 11

A7 J2 R 5 R AR B T AR T R A K
HSH T R B9 BOR S FRPIE G 254
LR R B PR RE AT B W2 4 T, JO W T 4E AT T
AbFRERAE DR EF T LT AR AE S G ORI B B .
SR, 202 il 8 10 52 5 B )2 TB) 45 5 00 52 47 )2 1 R
ISE R B, R S5 MR I AL R ) 2 M g, R
JIT 47 J2 200 Kb RE 55 0 1 Y 32 4 1 R, DA A )
SiIRE— AL MR BT AV Z TAE

Preparation process of MWCNT-CFRP
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Research Progress on Nano Modification Process of Fiber-Reinforced
Polymers in Electromagnetic Shielding Effect and Mechanical Properties

WU Miaomiao"?,0U Yunfu",ZHANG Yunxiao'*,MA Tiantian"*, MAO Dongsheng"
(1. Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China;
2. School of Materials Science and Photovoltaic Technology, University of Chinese Academy of Sciences, Beijing
100049, China; 3. School of Chemical Sciences, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: With the rapid development of wireless connectivity and electronic devices, electromagnetic wave pollution has
increasingly become one of the focuses of public attention. Therefore, the demand for electromagnetic interference shielding
materials has soared. This demand spans various aspects, from daily communication devices (such as antennas and base
stations) to military fields (such as radar systems and electronic warfare equipment) , aiming to reduce the impact of
electromagnetic radiation on the surrounding environment and human health, as well as to prevent electromagnetic detection
and interference from the enemy. Hence, the development of materials with excellent mechanical properties and
electromagnetic shielding capabilities is particularly important and urgent. Fiber-reinforced polymer electromagnetic shielding
composites not only exhibit efficient electromagnetic shielding capabilities but also demonstrate outstanding mechanical
properties, meeting the application requirements in harsh environments. However, most current research focuses on
discontinuous fiber-reinforced polymer-based composites, while relatively speaking, continuous reinforcement structural
materials with superior mechanical properties have received less attention due to the imperfect and small-scale electromagnetic
shielding modification process. This article reviews four main nano-modification processes aimed at enhancing the
electromagnetic shielding performance of continuous fiber-reinforced polymers. Among them, spraying and intercalation
methods are widely used due to their simple operation; while in-situ growth method, although having more complex steps, can
fill nano-functional materials on the fiber surface and in the fiber gaps; matrix modification method is the most widely used
technology, achieving a deeper integration of nano-functional materials with fiber-reinforced polymers. When nano-modifying
fiber-reinforced polymer composites, using a composite of multiple nano-fillers can significantly balance and enhance the
electromagnetic shielding and mechanical properties of the composites compared to a single filler. Therefore, for the
optimization of nano-modification processes, the future trend is towards the modification of nano-functional fillers and the
composite of multiple fillers, by intercalating existing mature nano-functional thin layers with FRP composites, enhancing and
improving research on thicker continuous fiber-reinforced polymer composites in the field of electromagnetic shielding, to obtain
structural and functional integrated composites.

Keywords: electromagnetic shielding; fiber-reinforced polymers; nano-modification; matrix modification method; in-situ growth;

spraying ; interleaving ; mechanical properties
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