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Figure 1 (Color online) Composite method of electromagnetic shielding filler and silicone rubber. (a) Liquid mixing method"”"; (b) three roll grinding
method[lg]; (c) solution mixing method”"?
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Figure 2 (Color online) Construction strategy of multicomponent heterogeneous composite fillers. (a) Ternary composite fillers by a two-step

solvothermal loading method (GNP/Fe3O4@BaTiO3)[32]; (b) core-shell composite fillers by surface modification/chemical plating method(SiO,/PG-Fe
Ag)m]; (c) magnetic phase change capsule with core-shell structure by hydrothermal/sol-gel method™

fabricated by chemical vapor deposition method (BFF@CNT)BS]
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MWHT &R S4E. &FS5mRIEELL 4R 5T0HL

3+/

]; (d) carbon nanotube modified basalt fiber

R R G e 45 2 A R i £ .
231 2B-THENETEN

Chenif i PO LG AR 25 O MR (.42 5~60 pm) Ky
S HLIER], %Uﬁﬁﬂiﬁﬂ%ﬁﬁﬁi?ﬁﬂﬁziﬁﬁﬁﬁﬂi
o, DLk AR A A AR 28 TR T A — P REAR I
BEMEL, BETHRS ADMi;RiE?fi(phr)XfIE%M

e AR SR RCPERE R SE R AT A T
ISP DG IR, 120 phelsEit P&

EMBHR AL, 72100 kHz~1.5 GHZHE N JLFICH
WG fE, IS EIEINE]180 phrif, (AFHHLFHARM
R F%%£0.33 Q cm, SEiAF]40 dBLA L, 240 phrifi st
TSEiA%80 dBLA . #£2.6~3.95 GHzJFilek [N, 180 phr
SEA R AAES0 dBLA L, HE—AHa i 7t it SE AN P48
7. LR 2 i A Bk A T 4 T
PR Zs IR HOR(Ag@HGM, F-HPRA250 pm)Fi 2k
DU S Ak = BRI £ BE B 9 OK B A A OK KL T (Fes0,@
MWCNTSs, E£10~30 nm, $E20~30 um), #1775 3%
RS HA T PR O, LA AYh
AL 4G A I B AR 2 E ARG T 22
SRR AR, IR EEAg@HGME T T&
EWIK FZ, Fe;0,@MWCNTsHI 5] M TR R,
0.51 vol% Agliss F0.7 mm/EE&E A #k
(PDMS/Ag@HGM)SERj530 dB, HL 5 %Kik
279.3 S/m, HZFE1000¥K Z 47 5 5 ELAL 5 A EMIGH ik
HEe. B2 5] ARTEAORBIR Fe;0,@MWCNTs
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(3.9 vol%), FIFEMRZR A 2 F B i s i MG 15,
{8152 & #EHPDMS/Ag@HGM/Fe;0,@MWCNTs) 1)
JIS AR AR 22% . Zhang g P fh 2 B ) 450
25 BB MOk (Co-HGMs EH k246 um), ¥
Co-HGMsH | A\ TR A REAR i 18 1 378 418 ol 20 o il A5 AR G
BAMEL 90 wt%H e F0.836 mm/EEE 12 A4k
TEXPEELIISER15.2 dB,  194.5% R (s &
7%0.89 MPa.

Wang iR 1 46 T —Fhgkss 7 oh gk — 4k
FE-AR IR TR G5 R 1 2 A MR (S10y/PG-Fe' /A g, Rif%
30 um, [E2(b)), AR R T IEURR A 1 ' H AR
RAFRL AUEAT R0 S o M A B s e,
R4 BLAF AR AR RE. Xulraizh O Do Ak i
T (EA#20~50 pm. 2 FE0.8~1.0 pm) kT HL IR
il — PR ik v /R E R/ R R A F KL, 40 vol%
HURHE BERFAE30~1500 MHZAYH5%R F SE% £70.9 dB.
Nie 2 A 3k 2 100 g 24 T 065 0 TP 2 0 f 45 1
TR R AL (T-ZnO@A), Wi HAF N 5l EDRL
RS S SRR, 50 wt% St T2 mm/E R E S
PARHEE 100~1500 MHZATUE P L1 5 il RB 1590 dB, HE
SRGKF1000 S/em. Wuli AW HEERRE 4 4 (0B 358
HLCRIAE150~200 pm) FIFR ORI (REA£100~120 pm) Ky 5
L IFORMRI A S R AL REAR IS A AR, PR IRURL Y 35
R H39.2 vol%HI38.6 vol%It & & KHSEFE
20 MHz~18 GHzi [#]i5%140~130 dB.

232 ARE-2EHTEM

Guo 2 AU ) F B B ) A AR B R O 42
20~40 pm)fil AR IS AP RE, - BEIE A fil 8 79 (5 e
IR I RAR LA BT 2T, IR I HLAR A,
73.6 wt%IA T E T EZ A AR A AR R
0.0039 Q cm, Bk fiEm k100 dB, A HF Rl 25
FIRLE S LA TR 4%. Nielf i L gk
FLER R 2~8 pm) N T HL SRR AR AR B B A5 41 Y
AT AR R M TR, 7R e AR B 2
A - P B T AKCHR T A AR ) LR R AR
A, 350 wtoolHFTE T HL R iRCR T LAY, 1
100 MHz~1.5 GHZST P4 #5110 dB. Yangiifbiizh **s%
FAAE AR & T AR I R (CTPs,  KifE~5 pum),
ERPE AT B 1R RS AR SR A, T AR AR
S PR - T, TR RS A S AR
(R FF IR RE140 wi%dBFE i N &2 A AR SE X
B33 dB.
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233 &E-HmEMHZTEN

Zhao 2 Y LU 17 BEORL(NCG, 60 wt% Ni,
HiAE60~140 pm)PE R S HUIECRE,  RAXLALS sl i kg
I R FEIRE 48 T ARt A BB AR I AR, APRHEAR
IF) B B0 AE T i REASE AR fb 5 L 5 R AR ) 2R o
Z, A g AR A AR R AN B R R sk e 7E
140 wt%~200 wt%IH It N 7E0~1400 MHZAHI 1 SE
T 3%60~70 dB.  Wang25 N Ui o o B v i A5 L 4T
#4E(Ni-CF, HA27 pm, B8)2EME1.2 pm), PA2~3 mmKJE
[INI-CFAE IR T SRR A bR I 2 A 4 KL, 80 phr
Wt 2 mm/EEE A M EHE30~1200 MHZATIH 1 SE
{29 59~80 dB, HFBLHLEH R 40.042 Q cm. Xiaiftig "
PIBEERIRET 4E(Ni-CF, 66wt% Ni, 428 b4:1~10:1, “F1y
BEART um) FIBEEAT BB (NI-G, 75 wt% Ni, FafE 2R
=5:1~15:1, FYYJEEES pm) Ay FHUIECRE, LIS A%,
RIRARRER I S, 3 AU T 2 IR AL ORI T
Y ECHIAS EERRIS E AR, 558 T S DRI R |
ReFL AR AR AR RS AR Y5 IR
FEXT H G LRI T TH. 14 P S B Rl 22 ]

R, Hfi bk, AR A AR 2, AR R
WIBZL A YERNI-CFE ZINF A, W e dE S 45 1)
B

Zhangif A2 038 i £ S MW CNT (1 4%
5~20 nm. K E10~30 pm)Z i eiohE b2 AR 1l 4%
TR 1 B A AR AR R Y R A S L DR (MW CNTT-
PDA-Ag), DIUBHHE = Bk o i T i AR AR
JE, eI S & 0 S i aE 2o I A AR R
TSR IR SR, 15 wtoodE7e i F 5 mm/E
12 A A RHEX I B SEiX30 dBLL |, Zhangift il
APIRLEER (BR SBE R (Co@CA) N S HL DR, TR
FISIR VR L T WA o3 = IR AL AR RS (SR)HY,
K BOB L4 T IR 2 G4 BHCo@CA/SR),
W5 AR 30% A B BRI LA 33 % A L 78 R R A5 A ik
JiE 5 LA 3.5 MPaf) SRR 1 F1198.5% A I 4 KR,
TEX P B ) e R 5 e 5B S 2.09 dB, ¥/ Z K2 &
JEISERTiA11.6 B, FrffisBEEik1.23 MPa, Wik
KiK128.7%.
234 Hibh KA 7 EAE

LA 2 3 2o 7 Sk i 15 G 141 2 () BT s Ak
ANRYIKRL T (Si0,-NiFe,0,), JHK HAEIEZ L5
AW/ SRR T ANETE LA A% B R e A



P A

AERTEHEPCM), KEEPCM5 | A REAR IS A il 45— P
PERIRERR I IR S B P EHMSREF), %52 AR R
oI5 R 457 B R A AR T TR KR B 4R T, HL
MELRE N . P HEVE . FREBRCTE AT AN B TR,
7.5 Wt%HFE R N2 mm/E AR RE X B A SEL E]
30 dB. SHERBHIIRAH H, MSRFAY 5 i 1 52 U85 T
P29 T 102.5°C, PUPis B MPr L 5w E i e T
166.7%#1941.8%.

A el L, AN R RS RN T A B S 2 0 5
P PO ARAGIRIEL 75 180 (R0 1o FEL R s 8 B AT 80
P, AR HO A — 2 A ZESEOR) T AR R AR R I T
BRI =2 TR S, T2 A b R AR 12 5
EUFIEE 2 i) S, DA T2 s FL R e M R O S
T SRR T UEA T H G S A 7T A R ek 35 BEL B DG i 1
FEREAR S FHBRE R (R 3 v T HL R A2 B 400RE, AT
5E8 XoT EEL 0 0 W ACREE 711 R -4 S IR ALY

2.4 HEZHERGF I =4 a 2Ue &

HEM#E LB (W%, B2 R =24
FHL K I AR R K SR R AT ALRE FL R B
GRS, AR B Rl i 2 Ay 2
Setiml — M. B —a A B EE, 5o S
1) =4 H 2 B4R, PRI TR A REAR I D ] SE R
B 5 SHERE SRR E SR BT, A
B A T by HL 2o i B i — 4 5 H o 26% /- 48
Felg, HE: (1) FETIETHRA TR G S0 i =4k
SHMZE R E; (2) ZFLRA YIRS R =45 H
BIRIEE; (3) AL A TF =4 S a4
P (4) 2L =4S BRI R 2.

241 HETIEFEANFERR G AR =458 W
25ty A

T FLRE AR IS S A A R S TSR = 2R A0 iR,
WA R R FRICER, A S SEOR AR SS —
A T AR 5 (SR8 B IR T SR A AR TE B
TN B = Y H S, TS R TH A M R
i E W PERERY H Y. 2458 =280 ORI RT, BI s fLBR
AR R A IR, Zhai i i i v
FGHE DN A Z BRI K (0o-MWCNT. 4ME
20~40 nm. KEES5~15 um. 4l >95%) 70 BT WL 5
RERRICILIR, 7E IR T G Al R A5 — PP REAR T TR
BAMEL 30 wtoodHFEE R 0.5~6.4 mm/EE Y RER
JE 58 A M IR AE K u il BE (12.4~18 GHz) i 5 i 3 RE >

26~73 dB, JHHEA RiFHymitiset:, EaEmE
ST, LA TMWCNT (2
10~20 nm. K JE10~30 um) MG KFe;0,, 11 R I A
AR R AR IS R MR IR R A
K, 1.78 vol%IEFE T2 mmEENE G5B
8.2~12.4 GHZHTIR I FHRICR #27.5 dB,  Ho i i
iK64%, H5RIEH14.6 S/m. [FINF, ZEAZ I E SR
T LA R IR 1 AR o R AR P, R A R A TR 1
iK467°C. HEARBEE A itd vk v = A LAk Fa mT sk 55 2 1 ot
HLRE B O S5, (B 2 ) R i E AR R, TR LA p
1) 25 5 B0 22 (8] AT JW B 2 B RO A e, 8804l P
FE TRl T AR P I ADURE, AT 8 ) 84 5 rL R B e P
RERYTEH.

MAHE =2 ok AR R B R A 2
W R E . Wang S iiizh i iod 70 2 BERie gl K A5
(BE#%~9.5 nm. K FF~1.5 pm) I RERR I 94 K 461k
L5 ARREFYE(CTE. BEA~5 um)A 5 R (K3 (a)),
H15 =JChE 2 A F I PDMS/MWCNT/CTE, HR4F
Yenl IR R NI 2 F A, — T R AR S sk
O] fofF 22 B flic 40 KA AR 2R DN DI 1l % 118 S v ) 245,
[vi] s T A 45 1) 2 A R AN SR AR B A 22 i EL AT
BB BIEE T, AT TR BIAEIAE T0.5 vol%Z RERRAN K
EIEAAMEIIALS vol% ieF4E, FI{HHSh 2
1.65x 10742 & 50.23 S/m, HFMWCNT/YE (i 0.44
vol%[A 0.2 vol%. 4MWCNTHIEE TR N3 vol%
0, TEEAMERTIALS vol% Ll 4k n] {fi HAr Xk B
(ISEH~20 dBH Jin%~40 dB. %52 A HHRHES 16000
WA B U S RE BRI MERE. [RIRE, Huangiftl
A ERTE A L BERRAKAS 1 (PR E429.5 nm, K JE
1.5 um) EERR A K 2 A A B 5] A 20 (SGM,
35~215 um)FTHGM(35 um), %% T BEEERER A4S A
T ZRERRAKAE B9 A B LA M RHE X A Rl
PERMERERREI, RG] ABEIMER rT AR R R N ERIE
B2 T U B, A A R R R R e R T A 3
B VER. fEPDMS/MWCNT(3 vol%){& Z rhsiin30
v 1% 1) 3¢ 15 TR AT {8 I 7E XUk B 1 v 1 o AL i
~46 dBHET1H~52 dB. Wang i fiZh e i i iR 4
B U K Z RERR KR (CNT . HA29.5 nm. KJE
1.5 wm) FAS [5)8E42 10 — 84k ik B 7 (OF 249 k0 42
5 nm~85 pum)Z T IR AR I 2455 R R 1 A5 kA
R E AR PDMS/CNT/Si0,, %28 T A ik A
HEBHALM XTPDMS/CNT(3.0  vol%) & &k ke 4 5 i
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(d) Multiple reflection P! (e) B e 5 mg/mL (g) Ni foam CYD proc/efs Sraphene Ni foam
Rl - ® { 2 o ,ﬁ(> \‘,‘ growth
Incident vave - ===\
Fe3;04NPs intercalated TisC2Tx
Reflected wave 77 Te0: e N\ lFez?::’%'ilj‘angT,

ﬁ

Reflected wave

PDMs 0 TCil

'DMS caoting|

PDMS/Fe304@TizC2Tx PDMS/Fe304@TisC2Tx

Owe e N/
ab® o ® |

Ni etching

Fe3;0:@TisC2Tx/
graphene foam graphene foam on Ni foam graphene on Ni foam
®) (h)
¥ A N
N
S -
=

BT-microwire/silicone rubber composites

B3 (MZRRA) =4 3 R4 B AR TT 1k (a) AT AR HERL A 2 2 RERRAN KA LY, (b) LS5 S % BT (o) —4i 4 7
WA A S (d) KBBR8 DU S LB (o) BURRA AR/ T E EULAT SR TR () VKBSHR R T ik
FKORGEATHOE AN AT BRI BRALRER AT LY, (o) A UMUUR - PR 220 ph - S B0 i 4 = 002 A AL S S 4,
(h) EkPRIN- 42 ik 22 42 & B

Figure 3 (Color online) Strategies for construction of three-dimensional conductive network/skeleton. (a) Construction of MWCNT-based conductive
network by the volume occupation effect of cotton fibers (CTF)[54]; (b) fabric conductive structure””; (c) three dimensional liquid metal conductive
network”™); (d) double continuous conductive skeleton via hydrogel method/freeze-drying method™”; (e) construction of graphene oxide aerogel by
bidirectional freezing technology/freeze-drying method™®”; (f) construction of Waffle-structured conductive skeleton with reduced graphene oxide and
silicon carbide by ice templating method/freeze-drying method whisker™®"; (g) construction of 3D porous graphene network decorated by the
Fe,0,@Ti;C,Ty hybrids via chemical vapor deposition-nickel foam template/etching loading method®; (h) barium titanate metal microfilament
composite structure!®!

PERERYREI. AATT & BRIaAAR R i A — Sk abkr - n] 20 nm) T2 Tk = R FHIEEK(CMF) I 5PDMSE &

AR R R A AR R BE R e, EURLAR B/ NRICR
B, AR TINIAL0.6 vol%H FH4i42 45 nm
f) A A R T BT A3 592 mm S R 19 52 A A RHE X
By s mE SR ERE 371 dBIETHEI T 52.4 dB. HiHRE
BRI RS AR T A BT 2 BE R KA )
M BT RERR R, IRBUHERH AL N, S 22 3 A i 1l
AKX
242 RAMEAIEN =458 WEHHE
FETAVREWIIR, F-5 8 5 RGP GRSk
YIS FE TRAWHRIRFLIE TR S H 38 - nT
P =4 B 2R, Liaolf-i s ah ok 4 ks Ok 42
20~50 nm). 1245 (G) MK PUE AL =8k (10, e
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il —Fh Z TSR A A 2 F LI IR REAR I A2 bRk
(cMF-Au-G-10/PDMS)E &M KL, %2 &M R EA % E
(116 mg/cm’). SHIPER(81.3 S/m). HLF

(708 m*/g) MEMRLIE(22.6 emu/g) L K T A5 1 FE 4 i
FE(110 kPa)AYHE S, 2 mm/E B 76 XU B B s g
$30.5 dB, JREJEEHANE] 10 mm N5 #k % BE 1T 42 =5 3
52.5 dB. Jeddyiftig i FHIR 5 14 o SR AN K A7 5
F o R TR A E R S5 A B RERR I I
HRE, 20 wtel 3R I FE X B SEiA £132 dB.
243 HFHELYTHNZHETEERENEE

AT Z A7 2R OB ZOK AT . MXene.
WABEIE . S G A5 T LT 4R U R T Al



P A

SHAFFEEENERZ—. Mailf g
B2 (d) T s A 2 S DR B 1 X A 2 (AR
~10 um)ZUY) T B KR KA 15— Fh S 41
Y)(BFF-CNT), M AR AT 23,41 kQ/em”, K
IR IS T A SN 25 R[4k mT il 75 L 2 2 4854 1) e
BIEEZ AR, R FR ) 22 25 RE A RO ik 1)
LU, 5.2 wt%IH FE T2 mm/EE & A 41
RIBEF-CNT-77/PDMSTEXH Bt B4 BE 40.1 dB. Yu
PR 2R I 1 PPy e UM X ene U RS B % 2 — I
ik 2, " BERR(PET)Z W) b R B A DR R 2 59 7 125
FRE—FhELA B D05 R B MR R A RO 1Y)
ZIREL, HZEYTEXPEBL(8.0~12.4 GHz) Bk
BENA2 dB, —JZZIWII BRI (~1.33 mm/RJE) AT
E1k90 dB, HLS%iK1000 S/m, 7E ] ZEEE AR |
FL B0 B RN A NI 7 T AT ) R RS, Jiang
P2 SRR S M X ene(TiC, T,
25400 EDUTR BN e R AOK Z A 40 IR IR E R 2
HlfE—Fp R R A AR, 1.07 vol%IHFE T
0.2 mm/JE B 1Y 8 G0 RHE X FTK uil B Y H 1% iR
AliAE143 dBUL b, A MR B OGLBEAEE A S T
2000054 TC I S R I, Ll S p A ML - e
Pl —Fh A e 4G (QFC, HAR~S pm)HY iR 1) 2 BE
BAPKAE (MWCNT, EA£10~20 nm. K 5~20 pm,
4l 95%)-i EE S (QMCA), B AR EERR e PDMS
L2 MY 7 A QMCA S5 15 31| —F 37 8 2 PE kAR
52 A A EIQMCA-PDMS, HAi i i . i flr g
J3 1 BB HLRE 22 BERR AR A AT T B 5 F A 5
£F4E AT (QC-PDMS) FT il A5 ARG e & A A RHEE K
I, 1.6 wt% MWCNTIH % & F 75 X kB
(8.2~12.4 GHz) I BE AL REIR B 16 ABZAE AT, HifiamE
5i5129.6 MPa, i 5:%3K1.67 S/cm.

L% AP 3 40 3 (0) R B R S A 4 (LM, 85
BG4 )WHE TR L -RERLY) L (textile) IR B RERR
EIZBY i, HlAs—Fp ] fr i ) S B2 PDMS-LM/
Textile, 0.35 mm/E R F7EX B E A 72.6 dBFFHAKFE.
%S ZYIFE30% M 50% N AE T TR S T 5000K
Je, FHI A FLRE B RS BT 91.7 % F180.3 % M PR-F5 3.
Liuif 41 M0 4 42 (EGaln)iB A 3DT N A il
18 = AR AN 22 (t-PDMS) P, #il45—Fh 3l M
RN REAR B A7 8 R P 0 = i e A F B EGaln/
t-PDMS, ZEIEAE AN B i i T RE RO S 1 F i o
WU BE(82 dB), WNIEI3(c)i7R. WangifHfiizl il 4 7=

4k (3D) I A4 JB LM(EGaln) [’ 45 (£ L3l 18 (1) -1 B AR
200 pm)IERL Y REAR I L H /G B W R A M RE,  FE
8.2~12.4 GHz{EHl, MO%NZAEHT)34.5 dBHANE400%
N AR 86.2 dB.
244 HTHEABR/BAANLBHANZ4E
e ko=

BRIE B . ZALBRIITR . BRITRAS B Bk 2 4L
YR, - F AL UK TR
PR ILIFOR) [ 2 U B, SOk S
PE o L R R T AL IR SRR, AT
AL =2 R4, R REAR A B S [l T b
B=H 2 TR BRI E SR Zhang i
VST A A BB (rGO, JEEEL.1 nm)FISWCNT(S
2~ nm. K30 um), SR A A e -HEI
2 A — PP = 2 5 B R RS B r GO/
SWCNT, HIZ A Iml Ik il 155 8 e 4 [m] 55k 1 S Ak
A S HRERR AN K AE (RS B A M Bt GO/SWCNT/
PDMS, 0.28 wt% i 7t N2 mm/EEE AU & S M TEX
By B REIR31 dB, HLF3 N 1.2 S/em. Guolf
AU K P 5 B = 4k 2 LS5 B 1 SR BRI
(GA), 8L - B A A5 — P H 22 5 U ) A 380
B TERR IR A A RIGA/PDMS, ELAT Wl T4
B, #r2~18 GHz[W HL il Bk BB fc K AT 3437 dB. Chen
L2 PR FVA TR 2255 R T GOHIMWCNTSs
(UhE<8 nm. K E10~30 pm) T Hl i = 4 17 584/
MWCNTsLIK(GO/C), P2 Sl fk(1200~1600°C)
oA 5510(2800°C) A HE LBk & AU B BEM, LT 5
M. BE R LS =40 24 /MW CNTs L IR
(GC), VAGCHTFHi B 2E i H 25 12 5t 1 PDMSS [l 3
FR BRI E A M ELGC/PDMS. %% T GO/C
IR AR AL B A7 SR AL TR ST REAR I B A AR L o
LR B W R BE BRI, R PR Ak A Bl AR b IR
AR TFREE SRR SR, (H A #os e L
1400° CHik Ak 165 52 4b B A ol £5 (4 R AR S B2 45 4 RIS ATE,
1£0.98 wt%IHFE g XU B ISERiA54 dB. KT
RIBFERIREAR IS, S A AR R R T 193%, R4
WREE M 1L A0MEES ] T 1.94 MPa.  Yanifeiigh *3t Tk i
PEAIGOs(RE 1.5 nm) FIAR 4 K26 (AgNWs, EAE%T
gk, KEBReK, KA T1000), 83 stk
G - 5 52 3k R Wil A 3 R R A7 B804 (rGOs) Al
AgNWsHA I A RS 1 i L4 22 5L B 2R (GACSs), TR
AW PIE RS — A AR IR E S4B, GACSs®:
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HLURP R FLAR « FLRE S RN 5 T AR 6 5 22001 1A
P, WE3A)FTR. UrGOs 5 AgNWsFifa ol 3:20,
0.76 wt%IH A NIl 152 &M HE SR N
10.6 S/cm, 2 mm /5 BT 7 Xk B 0 H W B A0 Gk
34.1 dB, HUAMMCH 3.

Gaoe N O] FH 4 3 () T 2% 0 3l V5 45 5 A A1
BT GORI R K ARA T £ R ER 245
P SBERE, 2R AL i Ay BRI BRI, PR A
RERR B 1 A% A BRI SRR e il A5 —FP etk mf
il A A I/ PDMSE S M L. AU HES Z AR G5 A
S E RS M A AR R S K A, T RO
I HIZ ARSI REME, DT 2 i S e R B e M R,
TENRAR Y A7 B89 2 2 (0.42 wit%) T 76X B 1 Gk sk fie
k65 dB, F HHA 4 w1 S PEr S e M AL S 0 H LA
fiE. SongifHRIZR " H FH AN 1A 3 (6B R BV BEAR FIHLIR
SR S A AT BRI AR LR 20 Tl B A S D455 4 1)
FALTURL M2, T E AR LA LA IR sV A
SRR S SR, 3.88 vol%IH i PG %
ik5.24 W/(m K), 7EXUE B 1 SRR REIR3S dB.

Choiif i M Fe; O, A0 Kk T-(Ri4%215~20 nm)ift
FE] — 4 MeXene(Ti,C,T,, FAJZIEF1.02 nm)E i E
AR Fe;0,@Ti;C,T,), AR HLIR AR il 5 Fe;0,@
Ti,C, T/ Z AL BRI E AR, 11.53 wi%lH
o F XU B G R O e 1580 dB, TEKalf B
(26.5~40 GHz)i5377 dB(E13(g)). %E A HRHE47% 1
LB, B GRE15630 S/em, JH T Al 2 Tk &
PLESAFE AR, Linifmigl " 3 T80 ok (L % 1w R
500 g/m’. 1.6 mm/E )% T 41 BIIE(GF), K&
FT M IS (I F e, O 40 K E 72 24 31 47 8803 1 R B
R A S DR (Fe;0,/GF), PRl IRk 5 i Ak
REAR I 524 15— Fh % B KA 0.13 g/em’ i 2 FLEER
2 4 # KH(Fe;0,/GF/PDMS), 325 TFe O, 48 KK T
SGFZ I RIVEH], TEAR R 5] AFe;O 0 & 58}
FISEA HEZAEH, 1.0 mmJE T 7E8.2~12.4 GHzAfilsk
N &+ kL Fe;0,/GF/PDMSHISE 432.4 dB, #!GF/
PDMS(~26.6 dB)i it 5.8 dB. % Ak 4225 il
100003 J5 FY HL 1 Bt REAT 11829 .4 dB, AT TS
AR AN T4, TeolfiizH ™) FSTAR S 1 PR
JOERRACR NI, 155 B 1T $5(27.2~69.2 mg/em’)
(8 2 A7 S0 TR (GF), SPDMSE & iliS—Rh 22 £ 4L
IEE IS S RIGF@PDMS. | T-GFrh B3 Z 1L W
2R L5 X [ H 5 PDMS 2 [B) B EIsoN, & &A1 kA
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JEAFRBELS . HL SR A R IR BN R Br il RE
LR, 15.9% R T, EAMEHFEIS%EN 2T
YR — IR AR AT LASE 2, 80% 28 T 10009 45
TG TES8% IR, T mik34.3 S/m, FIMFREL
40.062~0.076 W/(m K), 7E8.2~18 GHz a4 51 [l
VA1) FEL T B AL FiE 1R 1836.1 dB.

25 M IREHI AR TSR

BT R K RO 3 S R 28 R 7152
Ab, MR EE b H I TR B ALl 9 2 )2 4544
FERR ISR A PRI T B R TR AR B i P fiE.  CheniR
L 4 T AR 4(a) B m 59— = BIE JER G54 Y
R G AR, LR 2 AT Fe; 0,00 (1~10 pm)
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With the rapid advances in electronic device and communication technologies, the electromagnetic radiation and
electromagnetic interference (EMI), which causes adverse effect to human health and the stable functioning of electronic
equipment, becomes increasingly serious. Effective EMI shielding materials that meet a series of requirements, such as
chemical corrosion resistance, lightweight, flexibility, tunable morphology and processing easiness et al., to satisfy
increasingly complex application environment in fields related to aerospace, wearable electronic devices and artificial
intelligence are thus highly desired.

Polysiloxane, as an elegant representative of semi-inorganic polymer with repeated silicon oxygen bonds (—Si—O-) in
the main chain, has a series of unique properties, such as high elasticity, insulation, flame retardancy, hydrophobicity, UV
radiation resistance et al., that other polymers do not possess. However, as highly insulating materials, the silicon rubber
matrix generally requires high filling of electrical/magnetically conductive fillers to form conductive pathways inside
system to achieve the desired EMI shielding performance. Thus, the selection of electromagnetic shielding fillers, the
design of conductive networks, and the preparation process of composite materials were important factors affecting the
electromagnetic shielding performance of silicone rubber composite materials.

Over the last decade, a variety of silicon rubber based high-performance EMI composites have been developed and
applied in various electronics due to versatility, stable performance, and processability. This mini-review will provide a
brief overview of the latest progress on silicone rubber based EMI composite. The content is organized based on the
electromagnetic shielding filler type and conductive network construction strategies, catalogzied as single component
systems, multi-component composite systems, and three-dimensional conductive skeleton systems. The progress is mainly
reflected in the following aspects: (1) Improve the interface compatibility between the filler and silicone rubber in various
form (liquid silicone rubber, high-temperature vulcanized silicone rubber, silicon gel, silicone resin, etc.) through a variety
of traditional mixting processes, such as three roll grinding method, double planet mixing method, double roll mill method,
mechanical mixing method combined with ultrasonic method and other dispersion processes; (2) the construction of
efficient conductive networks by the combination of fillers with different characteristics, shapes and size, to make the
silicone rubber EMI composites multifunctional, including high voltage retraction elasticity, aging resistance, bending
resistance, lightweight, insulation and thermal conductivity; (3) developing new structural hybrid fillers, such as multi-
layer heterogeneous core-shell structured fillers, and three-dimensional continuous conductive skeletons, and it is
application in high-performance silicon rubber composites, and the construction of multi-layer structured composite.

From our view point, how to fully utilize the unique characteristics of silicone rubber, such as flexibility, chemical
corrosion resistance, high insulation, and strong designability, and combine them with specific application scenarios to
prepare multifunctional EMI silicone rubber composite will be the future development trend. At present, many research
works are based on the construction of efficient conductive networks, and the obtained silicone rubber composite generally
have certain conductivity. With the rapid development of electronic and communication technology, many new application
scenarios require electromagnetic shielding materials with insulation properties to avoid short-circuiting. Thus, the
preparation of silicone-based EMI composites with multiple functions such as electrical insulation, thermal conductivity,
and super-hydrophobicity, will be highly desired.

electromagnetic interference shielding, composite material, organosilicon material, silicon rubber, conductive
network, filler network
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