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Abstract

Spherical carbonyl iron was adopted as the magnetic absorber and silicone rubber as the matrix in
this work. Particle size and filling content were set as variable factors. Electromagnetic parameters
within the frequency range of 2 GHz~18 GHz were measured, and the electromagnetic wave attenua-
tion coefficient and reflection loss under a thickness of 1.5 mm were calculated to systematically in-
vestigate the regulation mechanism of particle size and filling content on wave absorption perfor-
mance. The results reveal that reducing the particle size of carbonyl iron increases its specific surface
area, imposes a prominent effect on complex permittivity, optimizes impedance matching, and
strengthens the absorption intensity of reflection loss. For carbonyl iron with D50 < 3 pm, the mini-
mum reflection loss of the wave-absorbing material reaches -18.5 dB at 4.24 GHz. For carbonyl iron
of identical particle size, higher filling content directly raises the complex permittivity and complex
permeability, which drastically increases the electromagnetic wave attenuation coefficient; the atten-
uation coefficient reaches 135.7 dB/cm at 18 GHz at a filling content of 89%. Nevertheless, the sharp
rise in permittivity causes impedance mismatch on the surface of wave-absorbing materials. The elec-
tromagnetic wave absorption peak shifts toward low frequencies, the minimum reflection loss rises
from -35.3 dB (80% filling content) to —16.8 dB, and the effective absorption bandwidth narrows ac-
cordingly. This study explores the correlation of “particle size/filling content-electromagnetic param-
eters-wave absorption performance”, providing theoretical and experimental foundations for the reg-
ulation and design of wave-absorbing materials.
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Figure 1. Typical morphology of spherical carbonyl iron particles
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Table 1. Particle size and model types of carbonyl iron absorbers
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Figure 2. Curves of eletromagnetic parameters varying with particle size: (a) Real part of permeability; (b) Imaginary part of
permeability; (c) Real part of permittivity; (d) Imaginary part of permittivity
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Figure 3. Curves of electromagnetic wave attenuation coefficient versus particle size
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Figure 4. Curves of reflection loss versus particle size

B 4. RETRBERIZELELZ

0.8}
— | BUSREER
— B A
w 08f —— NEES
5 — VRl E S
<
4=
$ 04
N
o2 T " e
00 i 1 i 1 i 1 i 1 i 1 i 1 " 1

2 4 6 8 10 12 14 16 18
SERIGHz

Figure 5. Curves of normalized input impedance versus particle size
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Figure 6. Curves of eletromagnetic parameters varying with filling content: (a) Real part of permeability; (b) Imaginary part
of permeability; (c) Real part of permittivity; (d) Imaginary part of permittivity
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Figure 7. Curves of electromagnetic wave attenuation coefficient versus filling content
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Table 2. Characteristic values of reflection loss curves with different carbonyl iron filling contents

2. RETRELABEHRES S BRIEETHR

MRS B/ % W iU s /GHz MRS e /d B <—10 dB A BB H/GHz
80 9.56 -35.3 7.48~12.32
83 7.55 -25.1 5.76~10.10
86 4.32 -15.3 3.21~5.85
89 4.17 -16.8 3.28~5.34

DOI: 10.12677/amc.2026.144038 421 MRME 2= AT


https://doi.org/10.12677/amc.2026.144038

Ffffh &%

10 BT
o — 80%
—— 83%
— 86%
=R =
EOB i 4
<
& 06
X
I
T o4
0.2
OO L L 1 1 1 L 1

2 4 6 8 10 12 14 16 18
YNEIGHz

Figure 9. Curves of normalized input impedance versus filling content

E 9. IA— AP S XL (hihLk

5. &g

ASCRIFRIE SR NN, DOREAR TS & SO A2 Sl s A B, 4E 2 GHz~18 GHz filti
BTN HEAT T S HR, 07 B AT B R R HORT 1.5 mm JEREIN WRGRARL SN 3, R GEHR
TC T HIEGRLARAIATE S BB PR BEZ IR (ORI A L 4 DEIE P RAAE S R BB EE . SREEBRAE v
S A RESRE TR R, R SEBR AR AR AR RS MR S 35 2 P D8 W R S ) S e TR
AR, W MR RE A% G PR WA o2 R S B B R %, R UG RLAR AN 8 5 SR PR RE R
U TR R O BCTT Yt A S B D PR IR 25 . 850 T

1) FRIEFRREAR A WP} B S5 R B UST AL, B PR TR W AL B, ST - B REAR (2R A
PRILERI LER TR R, Bk ik N i (O REWE 25 M e A B RGRARFEAS DASE 5 o BRI BIBIURE O 240 16 3 3
FRTUBCA Y R B B K, RIS AR PR, AR Bl T L R B T B, S5 BRI BURE, A
FENL i 1 1] B AR ILIR SR BE A AL #5248, IR AHAS S AR MR e 1) vy A Bl — e B T KR A% ik
SRR Hm AR BOR LB LT S B b ARG, A SHRCR T S sR A, IRSGR AN A2

2) FRIERIFTE 5 B 10 3 1 DT PR D5 T el 2R ORI S S 3 B 7 AR ORI, SR8 5 B A T v SRR PR
PR A IR AL AR AR 75 B SRR AL I BT, A U BOM R T R R R, ARG S IR
B S5 T o B2 P SR 70 (o B i B UG () BRI VAL IR B, A PR BT, SR PHT R BC RS i R VT T A B
KA B, AN RS TE B T SRIE DR A 5 T2 B 2 W T, SR o, (ELRE S A R AR AN T e, Pl
AR TSI, RIS B0 e B ™ 5 e

3) WRIBARL R R PR AR AT SRS 25 B ) W3 [R) RN A O 5 A AL 7 AR £ o ROREAR IR BR A ARG
SRR, ANRLAR A AT BR . (HAE e SR, SORIE SR T AR AE S A I IS 0L, TSR AR TE
e RS rL i B, S1EAN ARG R P9 BF I s AR AR R R R, SR WRIMERE R T RIR . ()
SRR AR e & Bl BHATIUL RS . S i i A ARG Ie S 3R R R T R Te & - WBRA S A - Wtk
BE” HIRIRK R, AT B E AT TR, 45 & J DR Bt P 0 B0 S 2 AR s Y, s
BUR BRI BC A 7 e it 5 TR

E&MHE
IR A B U RN S

DOI: 10.12677/amc.2026.144038 422 MRME 2= AT


https://doi.org/10.12677/amc.2026.144038

Ffh &5

WH 2 FR: W~ — AR ahid(E N i s B FERE B R & PR 7T
TWHYS: 2023YFB3811304.

SE K

—_— —
N =
i S e S

—_ —
N

(9]
[10]

(1]

[12]

[13]

[14]
[15]

[16]
[17]

[18]

[19]
[20]

T, B, 5SG #5540 G B 52 S i RRRS A AU Bk R[], PR35 S 44 &, 2021, 38(9): 832-837.
Ss, EN, TR, EERSTERRZET BRI, FiRE TP, 2020, 36(1): 28-32.
RIRVE, WEA, T8I, 2. iAW BMRUE AT 7L BUIR R [T]. 4 L BT R, 2019, 47(4): 25-28.

Suo, Q.T., Xu, B.C., Wang, J.J., et al. (2019) Research Status and Progress of Low Frequency Radar Absorbing Materials.
New Chemical Materials, 47, 25-28.

FEF, A&, MEK, AW, PR, FHEE. SSRGS T, MR, 2014, 28(23): 17-21+27.
XIGEEH, M5 R, [, VAP, RIBE, MIEiE, T HIAWE MR 7t BT - E MR R, 2023,
42(9): 685-698.

fkirsh, o N, FARE, IR, FIARSEAYRMAREIVR SBAI]. SR FHEEA, 2019(1): 56-63.
X, £, o, %. CB-CIP@SiO2-GF/PA6 H AWM 4 S 58 w5 e IR F1 22 ERE (D). B A MRl
%, 2025, 42(11): 5120-5132.

JATE, B HT RS A R R S RN LI FU[T]. M RLREEEERE, 2023, 37(6): 447-456.

Liu, X., Wang, H. and Zhang, Y. (2019) Effects of Particle Size on Electromagnetic Properties of Spherial Carbonyl Iron.
AIP Advances, 9, Article 035311.

FFF, PN, HHREE. BRIE RS POR AR G U R EEE SHO R IR (D], MOBLREE, 2025, 15(3): 327-335.
Sista, K.S., Dwarapudi, S., Kumar, D., Sinha, G.R. and Moon, A.P. (2021) Carbonyl Iron Powders as Absorption Mate-
rial for Microwave Interference Shielding: A Review. Journal of Alloys and Compounds, 853, Article 157251.
https://doi.org/10.1016/j.jallcom.2020.157251

WAL, YL, L. REMRERERREHA S E SR SR FERED]. MEFREE, 2024, 14(8): 1103-
1111.

IS, 2N, K5, & TR/ 10 S A R I, DhREREL, 2022, 53(11): 4123-4129.

Jiang, W. and Zhang, Y. (2024) Electromagnetic Matching Regulation of Sol-Gel Carbonyl Iron Composite Coatings
with Different Filler Content. Journal of Materials Science Research, 13, 112-121.

RAOCAS, BT, BOR/GR IR B T RIS B A B B R [D]. MRERR, 2026, 16(2): 201-209.

Luo, X.X., Xie, H., Ma, Y., et al. (2026) Advances in Fe-Based Electromagnetic Wave Absorbers: Multiscale Engineer-
ing from Atomic Defects to Macroscopic Architectures for Performance Optimization. International Journal of Minerals,
Metallurgy and Materials, 33, 768-797. https://doi.org/10.1007/s12613-025-3252-1

Oliveira, A.P.S., Rodrigues, A.C., Quirino, S.F., Vergara, D.E.F., Pinto, S.S., Rezende, M.C., et al. (2018) Study of the
Influence of Carbonyl Iron Particulate Size as an Electromagnetic Radiation Absorbing Material in 12.4 to 18 GHz (Ku)
Band. Journal of Microwaves, Optoelectronics and Electromagnetic Applications, 17, 619-627.
https://doi.org/10.1590/2179-10742018v17i41547

BRI, A, S, DB SRS A MBI R AL [T]. MRIELEE, 2024, 14(5): 713-718.

P, XIE, B, BER, WK A ETE SRR 1 A X R M R T RE R[], R IR,
2020, 49(2): 95-99.

DOI: 10.12677/amc.2026.144038 423 MRME 2= AT


https://doi.org/10.12677/amc.2026.144038
https://doi.org/10.1016/j.jallcom.2020.157251
https://doi.org/10.1007/s12613-025-3252-1
https://doi.org/10.1590/2179-10742018v17i41547

	羰基铁粒径和填充含量对电磁波吸收性能的影响及其研究
	摘  要
	关键词
	Study on the Influence of Carbonyl Iron Particle Size and Filling Content on Electromagnetic Wave Absorption Performance
	Abstract
	Keywords
	1. 引言
	2. 研究内容
	2.1. 实验过程
	2.2. 数据计算

	3. 粒径变化对吸波性能的影响
	4. 含量变化对吸波性能的影响
	5. 结论
	基金项目
	参考文献

