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Fig. 1. Schematic of the preparation of MoS,-filled epoxy adhesive layer and the synthesis process of the magnetoelectric (ME) com-

posite.

157501-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 74, No. 15 (2025)

157501

£ 80 C FHEZHE 2 h, LARSAREL LI MoS,
¥y R 357 43wl Bl N B2 AR R (206), 4
10 min #i 5 AL F S B MoS, /3 AW IR IR &
T MFC 5 Metglas b, 76 &% &, wh,
4 Metglas/MFC Fr & FH#EHLH, 7£ 4 MPa J£ 7]
K 80 C £ F ML 15 min, F#3HEH &S H+KL

MORLRAE 5 P RE IR F PA R i R X

R AT HHMY (XRD, RIGAKU, HA) % MoS,/H

BRI S Y ARSE AT 435 A A L A4 2 S
e (FTIR, Nexus, H A%) 78 4000—400 cm !
H LT AN B N T AL A 25 R FAIE; Sl 4
T RiEE (SEM, JSM-5610LV, &) WEAT R
ST 5505 SR FH AT SE R ABHE /K A0 B bR 25 B 5 32
fith RB A% et 1h 2 45 1 2% 43 Hr{ (DMA, DMAS000,
America) £ 0—200 °C JREEIX ], 2 °C /min FHEHE
R A SHEE, XAPR Mt BRI A T RAE it
ZRFRE P (DSC, DSC8500, K [H), 7E 40—
300 °C iR XA . 5 °C/min THE R K 28 5
, WE AR B AR IR (T,); RISy
Br (TGA, STA449F3, 1 [H) £ 30—800 °C &
X [H], 5 °C/min Fhi 32 K 28 ST, A
By AR 4L SR TR AL (HLD HLT,
Instron 5967, H[E), L 10 mm/min $ {1 38 3K 2
S A AR PLARPERE.

i Fi PR RE DU T D, SR FH IR R 2% (LIA,
SR830, SE[H ) £ [ & 38 Wil (Hye) 550 Tl
T P 52 5 PR B S 58 E B LI I B (Hpe) 1Y
AR, Hor, Hpe HEHETIE (DC, KEPCO,
) KB Z WA 25 LRI 7 A Hyo B BIE UK AR
KB IR AR AL (T Ze B Ry e i s
e RAERRE S, B A MORE R D3RR AR
(PA, ATA-3090, HE) {55 &H4:4% (SG, DG1022,

FeH) e, HE ST (DSA, Agilent 35670A,
o E) X IR A R (amplitude shift keying, ASK)
PRI B4R S E S 2 T4 A AL HE.

3 #RE54H
3.1  MoS, MI4EE RS S ST

&l 2(a) S MoS, B HIT /5 2422 19 XRD
T, 20° BRI Y SEAT ST N PR R B T L To e T
FIZEFRFIE. #E MoS, BttEZEEZ 1) XRD EligH,
ALV MULEE ) MoS, HYFFEAT 5T I, X E W] MoS,
WA B AR T, K 2(b) 2 MoS, i
PERT G ZE 42209 FTIR Y63, 3402 cm ! b 57
T 3 ER T K E) O—H (R4 IR 3h LA K B2 b &
Vi) N—H 45 9% 35, 3033 cm ! 5 2917 cm ! Ab
FA) R I W2 MAT e 43 3 %of oy B S C—H i iR sl 5
3L (CHy) 19 C—H AXFRHfH. 2865 cm ! LAY
W xR T CH,y B C—H SFRHZRIESN. 1611 cm !
51510 cm ™ ARG RET 43 BN 5 R C=C 45
P85 C—C iR g R IEIE. 1248 cm ' 5
829 cm ! [ I ) 5 R R S50 i C—O0—C
MgEIREIMISE. 1036 cm ! FIIEHT X T C—0—C
PR AR B, T 754 con BRI A4 S 000 R T
C—H #E S A PRz, X s A E MR 5 MoS, ek
PERIAR Y FTIR G & B, W Refbefr & 5 m B
FARW) £, X MoS, SHAREZ B LAFEILH
HEAEH R E, H MoS, BB INA X PR E A 5 128
PR A R = A B s . il R M (TGA)
X AR [A) 7S B Y MoS, Bt B2 dE AT 3k i
5, GERANE 2(c) Bz, 1E 800 °C i}, FhE 25k
Y15 MoS, M & 2 IEAH G H. X —45

(a) (103) MoS, z | (b) MoS3/epoxy 100 Epoxy
@2 (002) (101 (105)  (110), 5 Epoxy o — 0.5%
= (102) (405) ' sol \ 1.0%
b ’% ‘ / 752 X 1.5%
g 2% MoSs/epoxy > | soga\ 2863 1614 | o > 6ol \ —2.0%
& 5 3405 5 o 101034 = \
= 1509 1247 &0 \
£ | 1% MoS,/epoxy s o |
@ B \ B 40 - \
g | Epoxy g 754 \
< g I\~ 1 !
= ] | \ 2865 1611 | 829 20
= g 3402 30332917 1228 1036
& 1510 (c)
1 1 1 1 1 1 1 1 1 1 0 1 1 1
10 20 30 40 50 60 4000 3500 3000 2500 2000 1500 1000 200 400 600 800
20/(°) Wavenumber /cm ™! Temperature/C

B 2 (a) ANE MoS, I FL s 26122 19 XRD Eli; (b) HITHT G #6422 FT-IR Y65l (c) AR MoS, 3t s 2422 19 TGA #h4k
Fig. 2. (a) XRD patterns of the adhesive layers with different filling contents of MoS,; (b) FT-IR spectrograms of the adhesive lay-

er before and after filling; (c¢) thermogravimetric curves of the adhesive layers with different filling contents of MoS,.
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Fig. 3. SEM of fracture surface of MoS,/epoxy composite with different weight percent of MoS,: (a) Pure epoxy; (b) 0.5%; (c) 1%;
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Fig. 4. Adhesive layers with different filling contents of MoS,: (a) Stress-strain curves; (b) Young’s modulus.
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Fig. 6. Sweep frequency curves of the magnetic emission intensity of ME composite with different MoS, filling contents (weight per-
cent) under different bias conditions: (a) Pure epoxy; (b) 0.5%; (c) 1%; (d) 1.5%; (e) 2%.
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Fig. 7. (a) Sweep frequency curves of ME composites with different MoS, filling contents under optimal bias conditions; (b) vari-
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| AZZs AZyZ
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FBASL. £ 1ILE T A MoS, T & AT HA 4
R, IR ECN 1% W EA s i e iE it
FE(T = 0.132), KIUNZFKA T R GG R T
M RE R FETUR /. B R B BT, AREt
TR AR S FEUAH B RE S 45 2 ) e R i A
TR S A S RE A B AR, e IR PR 3K
BT
# 1 A MoS, HmmFiHZ % 7 [ 7
Pi. P AEIE S R

Table 1.  Density, Young’s modulus, acoustic impedance,

(1)

and acoustic transmission coefficient of adhesive layers

with different filling contents.

Samples Density ;Zgﬁlgui A
(epoxy/MoS,)  /(g-cm?) /GPa /MRayls
epoxy 1.26 3.01 1.95 0.077
0.5% 1.29 4.36 2.38 0.107
1% 1.32 5.56 2.70 0.132
1.5% 1.34 4.12 2.34 0.101
2% 1.35 2.70 1.90 0.074
PZT-5H 7.61 56 20.63
Metglas 7.82 100 27.93
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S IERR ) HA AR 0 180°7 ] b RE & S5 B 1k
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M AL B R AL T K.

& 9(b) BT HFHT IS RG2S AR HR ST
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PR B WL B A AR 1 m AL, & 5 ARG 358 5 1T 3k
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Fig. 9. Magnetoelectric composites before and after MoS,
filling under the optimal bias: (a) Near-field radiation char-
acteristics; (b) variation of the magnetic field intensity with

the measured distance.
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Fig. 10. (a) Schematic diagram of the measurement setup
for digital data transmission; (b) 1 Hz bit stream modu-
lated by ASK method.
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Table 2. Comparison of the radiation performance of this work with the reported ME antennas.

Ay MoEHA R KA fem® TAENA /kHz FRSTRES] BN RR ST BE )
2020123 PZT 50.3 33.23 40 fT at 6 m 0.8 fT/cm® @6 m
202204 PZT /Metglas 0.45 6.3 1nT at 0.4 m 2.2 nT/cm® @0.4 m
2023029 PZT /Metglas 69 22.23 6 pT at 5.5 m 0.09 pT/cm?® @5.5 m
202004 PZT /Metglas 0.33 23.95 10 fT at 120 m 30 {T/cm® @120 m
2023120 PZT/Metglas 0.56 17.9 1nT at 1.4 m 1.79 nT/cm® @1.4 m
20247 PZT /Ni/Metglas 0.16 24.47 24 pTat3m 15 pT/cm’@3 m
ATHE PZT-5H/Metglas 0.07 12.51 2.7 0T at 1 m 38.6 nT/cm® @1 m
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Abstract

The magnetoelectric (ME) antenna based on the piezoelectric resonance principle can solve the problems of
large size and high power consumption of traditional low-frequency electrical antennas. However, the acoustic
impedance mismatch between the adhesive layer in the magnetoelectric composite and the piezoelectric and
ferromagnetic phases significantly hinders the stress transfer in the magneto-mechanical-electric coupling
process, ultimately limiting the magnetic radiation intensity of the magnetoelectric composite. To improve the
magnetic emission performance of the PZT MFC/Metglas magnetoelectric composite, in this work, the two-
dimensional filler MoS, is adopted to fill and modify the adhesive layer of the PZT MFC/Metglas
magnetoelectric composite, aiming to improve the acoustic impedance match between the adhesive layer and
the ferroelectric and ferromagnetic phases. The influence of the MoS, content on the magnetic emission
intensity of the PZT MFC/Metglas magnetoelectric composite is systematically studied. The results show that
when the filling weight percent of MoS, is 1%, the magnetic emission intensity of the PZT MFC/Metglas
magnetoelectric composite can reach 331 wT under the optimal bias, which is 1.5 times higher than that of the
magnetoelectric composite without MoS, filling. At a distance of 1 m, the magnetic emission intensity can reach
2.7 nT. The stress wave transfer mechanism in the electro-mechanical-magnetic coupling is discussed in
conjunction with acoustic impedance matching theory. In addition, the amplitude shift keying modulation
method demonstrates the lossless signal transmission capability of the magnetoelectric antenna composed of
MoS,-modified PZT MFC/Metglas magnetoelectric composite. This method of optimizing the interfacial
adhesive layer is simple and effective to expand the magnetoelectric response by increasing the stress wave
transfer efficiency. Meanwhile, it provides a feasible solution for communication systems such as low-frequency

underwater communication, underground sensing, and distributed wireless networks.

Keywords: PZT MFC/Metglas magnetoelectric composite, magnetic emission intensity, stress transfer,

acoustic impedance
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