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Preparation and Performance Study of Aramid/Epoxy-based Broadband Prepreg
with Dual-layer Wave-absorbing Structure Design
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(1. School of Materials Science and Engineering, Shenyang Aerospace University, Shenyang 110036, China;
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Abstract: The study integrated the compounding of microwave-absorbing agents with the prepreg molding process to
fabricate a double-layer microwave-absorbing laminate based on aramid/epoxy. By combining flake carbonyl iron with
spherical iron powder, the electromagnetic parameters and low-frequency absorption performance of the microwave-
absorbing agents were improved. A double-layer impedance matching optimization model was established based on the
CST electromagnetic simulation platform. Under the condition of a total thickness of only 3.0 mm, a double-layer
microwave-absorbing composite with both broadband (effective absorption bandwidth of 7.88 GHz) and strong absorption
(reflection loss < -17.87 dB) characteristics was successfully developed. Through a systematic research approach of
"theoretical analysis-simulation-experimental verification", the coupling mechanism of "microstructure-electromagnetic
properties-macroscopic performance" in structural microwave-absorbing composites was revealed. The study provided
important material design methods and technological pathways for the design and engineering application of the next
generation of stealth composites.
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Fig.4 Electromagnetic properties of single and compound wave-absorbers schemes

% J2 WL AR W PERE 5 45 2 00 R AL A
WEEEESHAA R, R RN AT,
PRISERI RO IR 5 MR T HR Y SRR . o 8K
v AR L R it TG 5% 1) S el AR SR v T TS R 46
0 o g A S 0 P I S B R SR T LR T Y 2 TR R
SN FUE RO RIS G LA ) S R T
SRIAARRE" , S EPPEL R B S RO . MPRHERS
T B N R RE A 0 BRI SR T A HLABHE , DRI IR 25
£ 2~6 GHz S B (1) B RE i SR ERE BRI ORI SR AL -
BRIE NPE 2t B 2 JE S AT J LD Bt , 45 R TR i
& 1) S by, R 2 S e AL R PR T H AR LR
TR BRI 5 N ] A RO R AR R A
HIAR AL SR T SR g 28 (HERIEIS kB
M2 S EAPRIBHBTICFLRFAR , s it o

N 4d~[E 4 nT LUy N1E AR R A v R
SR N3 /N, Bl NPE R X & =380, & bk
SIS AL e N 19.49~22 31(NTFE S 12.19~15.46
(N3), ' P\ 0.94~2.52 F5 % 0.81~2.16, XFhEIG FEIHK T
PR TR : (1)WH W 7 BRI BRI A I TR A E
LRI, A DI N SR Bins (18 ST , s o] LA SR B £ ) STk
HLAup AR AY , DT HE i BRI RS ™ . (2)3d & NPE
W3R 391175 | 2 ) R SRS, S e R 8 5 L I 4%, 238 e PR
NI 2 DA A B A v ) WHL T i 40 450, oA B s A B e
(6"=12.19~15.46) FIHEIFE (1" =0.41~1.04) , X FRAIEE P[]
ML el L A T2 3 RIS R A v D 1 e 2
P AR L R D KA, T BRI AT PRSP S B
SRE, T N1 AR A e 2 P B A R B RE i

2.3 TERIIKESEAHSEERCS)EMLER

3 CST {15 HF 65 1 J SUZ WL % 45 ) 28 AL ik
7o S A B RIS X RS AR A5 o 1] Sa Skl 2
TS5 NPEGS JE B 5 2.0 mm i, AS[EEAT A 57 A0 W2
WO SR . I Sa i LR, N A (8
1.0 mm) i, T & F )2 G S22 5 W3 T SE BB
A HLE L TR H WH70 N2 N3 I, 4R 05 ) B 3 2
AR OGRS R BE SR T, (H A 0T B8 T 12516 S B8 T
BOTESR [ sb o[ E b2 A 5T NPE6S | T 2K
BTN I, R, T 3 LA ) L B2 A5 B R S
P, MIE 5b T LLE Y, 24 NPE6S JE ¥ 4 2.0 mm N1 52
471.0 mm B, 2~18 GHz 45BN S 30 HE HH il i) LT IR
fiE. NPE W FIVE A g SRFE T RE , i it AL 50 2 il
AR T e R i, A2 A0 06 P R B 1/4 D K IR R
AT LIS 5 A5 E R D 8 D 40 U R S R A Ak
FE. 1024 NPE6S JE YT (1.0, 1.5 mm), H iRk
] 18 GHz VL 45 Be k% , IR e 145 B th BB LRI , 5
AR TAE W TSR A 1E 5 BE (2.0 mm) v] DL L
P0G 2 Te) DX I 7= A B NN, v AIABi ) a0 o1 i S
TEMMPCHC . 2R LaRIFFE4E 5 , i € NPE65(2.0 mm)/N1
(1.0 mm) A&7 %

6 BB SR e B R IR S E . MR 6
BILUE 1 S BZ A S5 R i 2R A TR b, P i 2k
REGE ) HUEN AL, 24 I E S, LI & 5105 5
SERARWENT A & WRSCHT J T8 %5 U7 1 IR B — Bk
WA TT RS %S B ITE 3 mm SR BE T SE
W2 WA U A - AIC B0 (6.76 GHz, -17.53 dB) il j 431 U
(15.50 GHz,-15.56 dB). 7F4.30~18.00 GHz B3 [ M )2



& T 250 170

BRIFHY Plastics Science and Technology NO.01 2026

STRIET -6 dB, AR TE(EAB, JUF % < -10 dB)iX
7.88 GHz(5.29~8.00 GHz, 12.83~18.00 GHz).,

or
=10
/m
<)
b
2 =20
=g
=
. —N1
=30 — N2
N3
—40 . . . . . . . )
2 4 6 3 10 12 14 16 18
i /GHz
(@) A
or
5
/m
<)
¥ o0t
=
1=y
30k * N1=1.0 mm
+ N2=1.5 mm
N3=2.0 mm
—40 . . . . . . . )
2 4 6 3 10 12 14 16 18
HiZ/GHz
(b) ASIlJELEE

A5 wiSde BT R AR h
Fig.5 Effect of dielectric and thickness on reflectivity

@ X - Ku
- B
= SEli

-10f-

JL4$EE/dB

-15F

_202 4;- 6‘ %Ii lIO lI'Z 1‘4 1‘6 18
MiZ/GHz
(a) BUBAIEI S F0 1

= 6.44 GHz
-10F 14.41 GHz

=20+

=30F T 7

1 N\

=50+

RCS/dBsm

—60 . . . . . .
-180 -120  -60 0 60 120 180
0/(°)

(b) PIlE{HALRCS

(c) fIEHFlE(6.44 GHz) 244t 3D &

(d) BEFA(14.41 GHz) Rt 3D &l
A6 M EMALRL T M AL R E & RS B

Fig.6 Simulation and actual measurement comparison

of double-layer board simulation and radar reflection

F 1R HERE R RNE BUR B IR . IS 1 aT
VIR, AWEI0 BB BUZ S E W B 2544 £ DR B
JERRTEE TR BLE BRI SRR USSR R
1124 3 mm I, AR 7 ZE AT RORMCHT T8 1% 51 7.88 GHz, 53¢
MR[251AY 4.32 GHZ 32T 82.4%., BB AIE AR , SCHR[27]
T TR M 62.5%(HH 3.00 mm B4 % 4.88 mm){{ 5
BL2.12 GHz W BEH A , AW SEAEZESRS 3 mm R 5%
P ESEBUE LR S TERE o X A SEBR AT )
SR BLHRIE ORUE RS o

A1 SR IRA RS TR AT AT S IR
Tab.1 Research status of wave-absorbing

in fiber-reinforced resin prepreg

W RARRATR R

Ak GHy B . SRR
Vel lea A nii 1.45 -11.8 1700 SCikIpESE"
TSR I e 4 3.40 -48.4 1.900  BrEskERy
YRR 45 2%
5.28 21.0 2.000 ZENGZP?

FIRAKE
BRILERy B EELT A 2.10 -56.3 2200 GREHFRE
—4 s
—iﬂf%@iﬁﬁ 3.40 515 2.600  WUZERY
é,j] A1 /s ,_E_,

; é R Vo¥iring / V=i
ﬁf;ﬁ B/ 432 511 3.000 RENZ
h RN LT 4 3.30 -35.9 4500 BRtLERs
TRAFHEZ AR 10.00 43.6 4875 LLIFITER)
IR e 7.88 -17.53 3.000 NS

FEJTE S (0) > O B, SHARFAD F71(6) 1 EE+180° ) U2
T RCS A7 4 M FL AT o 45 53800 « A RHE AR
(6.44 GHz, I¥] 6¢) 5 = #51(14.41 GHz, [& 6d) i B R 5
PLRE XS B 6c H RCS =453 S 30 i BE X FRAVERTE
FEAIE , WA E AT SR v 30 11 S5 45 1o ) P A i
1E X SlNE 577 1] (6=0° 5 180°) K Z §ili & 1 X 35 (6=+90° Ff
) ML) ) P AL T DXk, H RCS B F-40 dBsm., JE 5T
B AT S I S OR D A i 2 i 22 2 (B ob) 7B R B0, AR
1E+60°J7 7 AL RCS X B AIKIEAE (-45.25 dBsm) , 5 =



AN EY) Ao BEI G T SR TR KA Wi A
b5 FE A 2h A 1R VR HR AR 5 UK RE T ) AT TP HE i
(] 6d)RCS =453 ATi B BRI 4648 Ry AR X B o 737
S5, Xl 5 e (v/Z Sl 7 1) R MR , B A
T BELPTPC LA P3G . %I 1) i 28 (1] 6b) s , FRLE I
TE65°J7 1) $ A 20N , SIS B %8-50.12 dBsm, X —
RO 15 o A 1R U0 0 ) % 22 )2 W0 445 4 ) Bt BEL BT
PERCHEAb AR

3 it

AR FTIEL I 700 B 5 R T4 st By
B[ Ak 25130 °C/1 h—>140 °C/20 min) ) 5 75 /3 &
SR BUZ I )2 A o I R Bk S ERE B
B , A0 D0 R ) WL S SRR S PR R, S R 38 741
1E 2~8 GHz B N I W D PERE . BE T CST Wi i |
P&, @B TAUZEPTIC R AR . B4 e
mE:

NPE Wi FRITESURHE 55 Rk 5B AL ) 77 7E S G HR
B FRRERIEER I KAR HL R G 26 T AR 7 A £ dE U
R, 45 B 48 A0 4% ) S5 35 5 1) iR 0 R AR R, L A
2~6 GHZARATE: S Wk I PR RE

FIH S SRS T 2 2 T T A2 T AR )
HL T I8 St SR RE SIS JE SEARR I T oK . U ARSZ (N &
JEE 54 1.0 mm | @5 452 (NPE6S)JE 54 2.0 mm i, BUZ AR 45
R S TEATS A PEATU AT AR DTS , B A4S A 0 Ay
B 417.88 GHz, e AR SR -17.53 dB. W9 M e REWZ
EREHR T A AR A T i R

S 30k

[1] SONG S J, XIONG C, YIN J H, et al. Design of multifunctional
polymethacrylimide foam sandwich with excellent radar absorption
capability and compressive performance[J]. Journal of Sandwich
Structures & Materials, 2024, 26(6): 812-830.

[2] ®BeiR, 4 F R, M, ¥ . F R BT R B L[N, F B A
J, 2023, 42(9): 685-698.

[3] TREAAR, Wik, AR, & . B RONUIE BOA S/ 2 M R ROk B A
AAFF R [T]. ARFAR, 2021, 3538 F) 1): 62-70.

[4] FRBAR. 4T Y3 5% SR R R HOR A M0 B M AR AT L [D]. i W
B FAMEMR KR F, 2019.

[5] LIUS, QIN S H, JIANGYY, et al. Lightweight high-performance carbon-
polymer nanocomposites for electromagnetic interference shielding[J].
Composites Part A: Applied Science and Manufacturing, 2021, 145:
106376.

[6] $h#tra, % EA, AW, 5 AR E B BORAM A AT R E[T]. B A
FIR, 2022, 39(4): 1363-77.

[7] B, REE, §—5K. 3 EE4MHER MM T AL F
FAtH T, 2017, 47(4): 8-13.

[8] S AR, X W, &AM, F. REY Sk ) T o3t b a4 AR
MM AR RS Hem[I]. @A, 2020, 49(2): 95-99.

[9] HASSAN M H. A mini review on manufacturing defects and

performance assessments of complex shape prepreg-based composites

)
-

[J]. The International Journal of Advanced Manufacturing Technology,
2021, 115(11/12): 1-16.

[10]ZHOU Q, YIN X W, YE F, et al. A novel two-layer periodic stepped
structure for effective broadband radar electromagnetic absorption[J].
Materials & Design, 2017, 123: 46-53.

[11]DU L F, SHI T T, ZHOU Q, et al. A multi-layer square frustum
metamaterial for ultra-broadband electromagnetic absorption based on
carbonyl iron powder/carbon fiber composites[J]. Journal of Alloys and
Compounds, 2023, 950: 169917.

[12] Bp &AL &, AR &, 5 BOR TR A I A B oM A e 42 4
PEREHT R [J]. M-SR, 2024, 38(10): 231-240.

[13] 3Lk, X8t RE, F . — AL T % buhl 4 B 94K 37 A8 58
FORAR[]. P B AT BATE, 2024, 54(12): 2868-2880.

[14]CHEN L Y, DUAN Y P, LIU L D, et al. Influence of SiO, fillers on
microwave absorption properties of carbonyl iron/carbon black double-
layer coatings[J]. Materials & Design, 2011, 32(2): 570-574.

[15] RAR, R, AR B, 5 B2 L/ B A MR ) & 5 v s B AR ],
W F T EHEAK, 2024, 45(3): 50-53.

[16]ZHANG J L, QU X H, YIN J H, et al. Controllable synthesis of core-
shell SiO,@CeO, composite abrasives for chemical mechanical
polishing of EMC-Si-Cu multi-heterointerfaces[J]. Materials Chemistry
and Physics, 2025, 334: 130509.

[17]ZHENG J J, HE W W, HANG T 'Y, et al. Flower-like bimetal-organic
framework derived composites with tunable structures for high-
efficiency electromagnetic wave absorption[J]. Journal of Colloid and
Interface Science, 2022, 628: 261-270.

[18] % 3%, %) — 3k, Tk A&, . LB AAD 095 &2 L b BBk AR [T]. 8 4
IAEK FFIR, 2023, 37(3): 36-43.

[191 YANG Z N, WANG J, YANG Z H, et al. Enhancing the microwave
absorption performance of graphite/Al,O, composites through
manipulating sheet resistance[J]. Journal of the American Ceramic
Society, 2024, 107(8): 5473-5481.

[20] SCiaFe, BB U, TR, 5 . SRANTRG/350 38 4F 4/ B B9 B oA e &
FEROR P RR[T]. TAR AL L, 2024, 52(3): 126-131.

[21] B B 4R . 35 46 4F e/ AT HH & RS IR 09 3 3R B R M AR AT . [D). &
28 LK, 2024,

[22]ZENG B, ZHANG P, LI H J, et al. Flammulina velutipes-like
Co@NCNTs enhancing the electromagnetic wave absorption
performance[J]. Results in Physics, 2021, 29: 104751.

[23]1 KT E, Abw, W iEF, % . CIP/GF/CF/EP ik &M a4 4 & &
715 MERR[D]. AEF A2, 2019, 47(10): 141-147.

[24]WU Y, SHU R W, ZHANG J B, et al. Oxygen vacancy defects
enhanced electromagnetic wave absorption properties of 3D net-like
multi-walled carbon nanotubes/cerium oxide nanocomposites[J].
Journal of Alloys and Compounds, 2019, 785: 616-626.

[25]REN M M, LI F X, WANG B H, et al. Preparation and electromagnetic
wave absorption properties of carbon nanotubes loaded Fe,O,
composites[J]. Journal of Magnetism and Magnetic Materials, 2020,
513: 167259.

[26] 32 KAR, 550, IRT 5%, 5. B6/8 40 R A 2 TG o ) & Bk
HAAT R[], F B AR, 2021, 40(6): 432-440.

[27] &R Bix, A2k, A, F . L T a4 46 B 25 M AR AL ¥, LR
W B E W AR ). A F AR A 5, 2024, 45(8): 1096-1105.



