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Research Progress on Nano-absorber Modified Cement-Based Wave Absorbing Material
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Abstract: Cement-based wave absorbing materials can effectively alleviate the impact of electromagnetic radiation in daily life.
However, the conventional absorbent cannot be widely used in engineering due to its narrow effective band, low absorption efficiency
and heavy mass. Nano-absorbers have the unique characteristics of quantum size effect, macroscopic quantum tunneling effect and
interface effect. Therefore, the use of nano-absorbers cement-based modified wave absorbing materials can provide an effective
approach for electromagnetic radiation protection. This review summarized recent studies on carbon nanotube cement-based wave
absorbing materials, graphene cement-based wave absorbing materials and magnetic nano-metal cement based wave absorbing

materials. In addition, the future research direction in this field was also discussed.
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Table 1 Properties of multi walled carbon nanotubes'®

Types of MWCNTs OD/nm Length/um
SM1 <8 0.5-2.0
SM2 20-30 0.5-2.0
M1 <8 10-30
M5 20-30 10-30

OD is external diameter.
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Fig. 1 Effect of multi walled carbon nanotubes with different sizes on the microwave absorption properties of cement-based

materials?®!
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® is mass fraction.
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Fig. 2 Effect of silica fume content on electrical conductivity
of carbon nanotube cement matrix composites'>”?
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Table 2 Microwave absorption properties of some carbon nanotube cement-based microwave absorbing materials

Wave absorbing capacity

. Sample . Thickness/

Filler w(Filler)/%  Frequence range/GHz Frequence of ) Reference

structure mm Rinin/dB Bandwidth/GHz

Rumin/GHZ

Multi-walled carbon Single-layer 0.6 2-18 25 -28.0 29 8.7 (<-8 dB) [32]
nanotubes 0.9 25 -13.0 16.8 7.1 (<-10 dB)
Multi-walled carbon Single-layer 0.086 5.8-8.2;8-12.4; 12-18 20 —13.6 5.8 9.8 (<-10 dB) [31]
nanotubes
Multi-walled carbon Double-layer 0.8 5.8-8.2;8-12.4; 1218 20 -32.9 11.0 12.7 (<-10 dB)
nanotubes 30 -47.3 11.1 14.0 (<10 dB)
Multi-walled carbon Single-layer 0.8 2-18 20 —23.12 14.5 4.2 (<-10 dB) [26]
nanotubes
Multi-walled carbon Single-layer 1.0 1-18 20 —15.85 15.9 8.0 (<10 dB) [33]
nanotubes, Hollow
glass microsphere
Multi-walled carbon Single-layer 0.6 7-11.5 25 -28 9.4 3.2(<-10 dB) [29]

nanotubes, Silica fume

BIRANAKE 9K P MR A Rt 1
ZRATRENE, SR /KYE I BB TAEVE St ah

KA TR YESEAR (1 TR 25 90 L DI, P 4
B RBRER G AR T E AR RE Rt H



5155 5 W

BRF5 S GRS K Y A BT Tt .+ 1367 -

I oK & B I A R A 1 HAE TRE R
BT $ R B AN KB A KB AL R o 1) 23 BSPE AT AR B
SRS G DL BETH RN R 7K e IR A} F) 45 4
T A= AR TR —TT 6] o

3 EBRARERAMH

F BRI R DL spr A b B R T R A
TR B2 — i BER AR S5 I K AR, e
FR TR TR R L4 15 000 cm?/(V-s), HiFH
RIAH KL 10" Q/m, F2& B AT LR RN AR
[EI, A Sl S SRR RE, maliE A R
1) T PR BEL 27 v T R BE R NOK S N 2 BE BRI K
RO BT B AR m R AR, %
TH] B (1) 4k 2 — 7 T FE FE RS M AE F R 5 5 [
SR A 2 E T R A ot T T Ao RELRG I R,
J5 AR AT S A Sy AT MR TN, Rk, SR A
W AR s B AR e R R AT e A/ R B
LA SR ()T SR 25 A6 55 7K 8 A R TR 9 1 R 11
A
31 BRAER

H 2004 A8 i HLIR 2 D i) % B 2 A AR 0
DA, 0 JZ IR A SR I FC AR R SO AR N
AR 1 283~10 )2, JEJETE 5nm LLR LIS A
T 0 5345 g B 1O e 5 s A R PR i iR 1A R 1Y) - Tk
MEL TR A SR & A, BBEEARNTZE
AN, FTRLRH A 3 #2220 S IEE AN
KR Goracei PR IEA HL G IE ¥, AT
1 SBIFIK P IEARIZE 1072~10° Hz A5 76 A 1
MRS . BRI Z JZ A S5 )5, BT
40 Hz I, Z 3 A HLBE A 8.9 kQ F#MIKF 3.9 kQ,
R AR TS 220 . Sun M 2 24
S0 AN ER BE R EURME ARISR,  Bert T RUZ K e dik
WSoRr R, AR EE R oR, 78 2~18 GHz IVERIN,
RATFNL-14.1 dB, REFFE/NT-7 dB 1A R 5
Alik 16 GHz. [FB, W07 F 8806 1) B2 K JerE b
(177 d F1 28 d B 5 5E 3 ) A AR s I Al oK W 7R T
IKVERESTE 30.3%F1 32.7%, ] LAN % FH ki
MZESCEFERRA M. Cui HYsbE£y, @
BN 5%M2 Z 0880, KIEFEE AW R
W S 5t R T IR AL AR T 38%. Deng 25121 % ()
1 BT K YR FE R P AT RLE 10~18 GHz i Bl P S S i
FE39/NT—8 dB. Khushnood 2531y 5246 45 B4 1iF B
TIEI 2 2 A SR o BRI K Y R R R  FE R
TP RE A S5

R FEARE B T A SR TE 7K U8 SRR R I8 A A AT
B RTAT M, (EE T A SRE A AR SR,
GyTEM BLRTH Y B PR (5 i A, 5 810H 58075 7K
Ve S AT RL BT AR AR 22 0 BFXIX AR BB, 3
B AL SBIE S S, DR R AR
W P B o 2 FLESRITE KPR AT R 5] N AN 2
— 7 THI Be % 0 35 /K e B A4 5 1l 72 () 9 B 4t DT T
PE, S — 7 NS ORGSR T 2 U
SRR, DAL F A RE R R . Ly 251
il 2% T S0 R0 P S SR R K e B G IR A
BE, FERFFE TR S ) R R R . W 3 B
Hh S BB ORK 1) R R S S A SR KR R A TR
WA R R . 7E 2~18 GHz YUl N, B KK
WU y-36.8 dB, HHT#HN-5 dB LU 17 %
14.8 GHz. FEFERMI% T H S0 R IR K 208K
PRI EMEL ERERN 30 mm. 18552 3%
[PIEGL R, 78 12 GHz A% nT1A-13.8 dB. & T 1E
IKVEHA B S NZFLE R DAAE, T S TR
BRI 5, PR HE H TR R & L. H5KIEHR
PRV RRIURT,  BE SR I 7EVRLIR N BE T i 0
VI, 0T PR I LE AL P R S R R IR
B, B REIE b T KR SEMR A R R i
PEfg. B 2EER T R K e SR I R,
HARFC T RALZAIRE 5 )5 X Z K e 2 52 A AR
BPERERIRZM o WA, SR DA Xt P IR (TR A
B IAMEAFE SIS . FE S TE 2~18 GHz ARG
W, AT T-10 dB 1A &0 % 45K T 13 GHz,
28 d HiESRE A 15.7 MPa, EMOW b HER TR Inf
S IIEHK R Z AR A sz, H.x(4) 15
THEZFKVBIE ST A AR RGN T H i T #E 2%
BEIVER, A5 BhT B A P R 0 A0 T e A SR 7K
REAMEHIFE T .

K[x [
I, =loexp| —n p -y “)

e g NG RGP R s 1y PR B RGN
SPRIM y AL F LR SR AE K A F LR AE A 5
FERRHEL n R ERATARFR P (BRI B & s x il .
3.2 AEKEK

LA, A SBIEER 2 S E I RE, A
SRR I R FLBR R mT AR R 2 BT, o8
BHOBHPTVCHD . RIS, TR AA (1 B RE A
BT 2 (A S R B 77 A AR A A58 DA R R AL 2 [
(T ERIE, AT DAE— 204 MR AR 1 v S R B



« 1368 - CREFR Eh22 4D

J Chin Ceram Soc, 2023, 51(5): 1363-1372

2023 4F

B3 o B ORI S A bR
Fig. 3 Microwave absorption efficiency of graphene cement
composites with hollow glass microspheres*¥
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Yoo “WTT T NiuZny JFeOu- TR M i 5 4541 K
7E 1~18 GHz i P I RGBT R I
BEA Ni** & BRI, B 7E 0~4 GHz 1 8~14 GHz

A0 0 ] P B A1 S S WA ) R A B, 2 x=0.6
i, 7 12.6 GHz &b i %11 1k-37.47 dB.
TEKYESEAF BRI N 710, oK AR dff B A A
Al 45 R TH R 2 I SO T K e R o M R
Li 2588, NipeZng 4sFe,04/TisCoTx 9K E A 4R
HI5INTT DA s K e A R R BT IL B PE, 9F
TE R KRR E W R O M RE . RS
T 3% NigeZng4Fe,Ou/TizCoTy GKE SR
W2, RN ERA-344 dB, BB 98Ik
#| 9 GHz. Shi ZE W5t T Mn—Zn kAR K Y 3
R EMRH RGOS e RE, SLI0 45 SRR B AR
JERER 11.5 mm B, & Mn-Zn 8RS KK Ve A4 B
() 5 3 28 A0 1 3 S5 3R 4y 0 B AR T 101.3% A4
13.2%, HAKT-10 dB A2 %8 A 1.8 GHz 341
3| 2.6 GHz. ItAb, J12ARTMIESSZ IR B E A4
BHOFLIE RIS R 05(F5 T 33 MPa), T 2k H o2
BUSFH IR
422 AR A B R AR FHEE T2 f1 45
M, 7N b R AT ST A ¢ IR T a,
HAFRYEAR, BIER+20z 0, 408 Sk £
MR, FTEA4 A M. W, X. Y. ZF1U 6 Fl7Y,
SN RIESEE 3. Hrp z B Y BEist A
BB SRR AR, —M/NT 2 GHz, [FIRS
M BRI A R S A B A L vy R VLR R A 5 P R T A
S N A S | B A T v S 1 A A
Mohammadian 25724 7 BaFe 1,019~ NiO/H & M
NE/ A SBIEPIKE G EL, AEATE 8~12 GHz By
T NA /N T-20 dB (S5, Shepherd £
KR SLyTEiEd 4 7 M BT SR, Matss BB R
FES AN G S 20N 1.3, R E RSEAR B &
AREHREYE o B T IR BN KRG B0 A 2k S A 1 )
K LEE R WA A DT A A I =5, 38
15 B SLIR I S By, Toikis FAE TR S H .

£3 TREMEHBAEKEARNS TR

Table 3 Molecular formulas of magnetite type ferrites

Types Formula Shorthand
M BaFe ;019 M
W BaMe;Fe 40,7 MW
X Ba;Me;Fe 3016 MX
Y Ba,Me;Fe,0,; MY
Z Bas;Me;,Fey 04y MyZ
18} BasMe,Fes6040 M,U

Me is divalent cation.
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1) {EILM BRIt Fe s, DLRBASIRE 9 3 B s R
TRAFEHL I (17 90 K 7K e S W 4 R RUA S8 07 7K U8
FEWR I A B TE v A0 B 3R B R S5 1 O R R
1o FARTFPERRANKE (1A XS FR 2548 B A H) T HL ik
PRI, B R AT i R R AR (1 S 3 RE SE N
RN T R LR AL

2) DARGARRE A 32 B W G e PR AR AL o) P i 2 0
KIFURE 7K 8 F I I8 ARkt 2 T L A0 S5 1 rEU RGO TR A
RE I ERPERE, YK FeyO4 1E/KVEHEA AL
BowEA, TFEMATRIACEE . BEVER AR N
RogmrEmAN, BHREE R, ZXART
HAE KV B3 5) 40 AT, AT sZ ARk 1) ) 2
T FL R TR AC I 6 o TR, S 7 I8 304 RO 1) RME
WG 388 711) () 5 2 43 0T B ik K YR L& 1K 10%~30%,
XA T B G KR AR A 2 1, i A
T 2 4 E KPR S A MR 125 e . ARk
SR ST A 10 i R 546 Sy 7K T B W I8 R (R 1R T B
TOBRE, H AR K e S I AR R T R
T AL ) 4% T A B R A

3) YR RST IR e 7 B T 2 PR A, 7E /K e 2
FARE RS R AR SE PR 75 SR 4 2% R B E o)
WO E,  DASRAE RGO e R 5 5 2 ] Y
3P4

58 FH 4999 2K TR 5% 350 Wk T 7K 3 2 A Ak W 9 A i
—ANEEHFT T, ERYKMRE N R
Z REIK YR SRR 1 e . T AE M R DL AT
Ao Nk — B HERE KR FE A B BRI 5K,
2 TAETIRAFEZIRNITE, LR 4 AN J7 2%
SR R T 1]

1) K3 2 3 #h 2 B 7R K Je A R B
W SRR T 7K VB AR s g PR R, T VRV
IKVEBARARFR & AN N 30% 4547, AT HL G W i
DhRe M 7 RAFTE /KR AR, @ AR 510
B DRI R TR VR R R R A PR, e
BHOARR & BB BT 60%, 7] 2% & ThaEE R
Bl gk, ARV AR G OGE 2 R Rk
A 0 6T B R I A5LRE , A0 & TiO, et A

PR R

2) H BRI B 7K Y8 2 R R R R AT 7T
FEBEXT R AL L, X PERE TR R RHR
b BRIOR TR B T S R AT 0 2k (IR TR
A IRER Z A BRI T -

3) 3D ITENER IR R AR S H T 1
R, EKJeFEM S 3D T ENEORAHSE & XA R
AEHME WaitE. RAE. RE MR 2 T miE
R R, R GUORIEGRIN K e
WA AR R < HUBRE BE AT IR PR BE A, LA
T A2 RAF AT ENE R A — Pk 3D ATENERCR 5
BRI S &, TR MM RHR R Z IR
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