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Structural Design and Absorption Properties of Double-Layer Microwave
Absorbers Based on Lij3Zn,;Fe,;:0, and Carbon Nanofibers
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Abstract: LijssZngsFe; 30, and carbon nanofibers with average diameters of 160 and 360 nm, respectively, were
fabricated by electrospinning technique combined with subsequent heat treatment. By dispersing the nanofibers
homogeneously into a silicone rubber matrix, the relative complex permittivity and permeability of the composites
containing either 60wt% LiyssZngsFe,350, nanofibers or Swit% carbon nanofibers as fillers were measured in the
frequency range of 2~18 GHz. Electromagnetic wave absorbing performance of both single-layer and double-layer
microwave absorbers was evaluated according to transmission line theory. It is found that the double-layer
absorbers have much better microwave absorption properties than the single-layer absorbers with the same
thickness due to the proper combination of the electromagnetic characteristics resulting from the magnetic
LigssZngsFe; 3504 nanofibers and dielectric carbon nanofibers. When the absorbing layer is the LigsZngsFesss0q
nanofibers/silicone rubber composite with a thickness of 1.8 mm and the matching layer is the carbon nanofibers/
silicone rubber composite with a thickness of 0.2 mm, the refection loss (RL) of the double-layer absorber reaches

a minimum value of —47.8 dB at around 13.9 GHz and the absorption bandwidth with the RL value below —10
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dB is about 8.8 GHz ranging from 9.2~18 GHz. Meanwhile, the RL value exceeding —20 dB is obtained over the
range of 11.5~18 GHz, which covers the whole Ku-band. The results indicate that the optimal double-layer

microwave absorbers can be a promising candidate for lightweight and highly effective microwave absorption

materials in Ku-band.

Key words: Li-Zn ferrite nanofiber; carbon nanofiber; double-layer absorber; microwave absorbing performance
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Fig.1 (a) XRD pattern and (b) FESEM image of as-prepared Lig3sZng;Fe;350, nanofibers
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Fig.2 (a) XRD pattern and (b) FESEM image of as-synthesized carbon nanofibers
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M B85 T LigssZngsFeassOq AN K 45 2k X2 W 1 (1)

G5BT S WP RERT ST

%4 851
®) ‘
6 1—— Real part of input impedance of S1
|~ — Imaginary part of input impedance of S1 /

1=} ° —e— Real part of input impedance of S2
E B 5 4 {— — Imaginary part of input impedance of S2 /
=2 B —¥— Real part of inpout impedance of double
g & /
g B -layer absorber
8 40 —*—2mmSlI 2 5 |~ Imaginary part of inpout impedance of 7
o —e— 2 mm S2 = double-layer absorber 2

1 —v— Double-layer absorber with 1.8 mm S1

(absorbing layer) and 0.2mm S2 (matching layer)
-60
T T T T T T T T
2 6 10 14 18 2 6 10 14 18
Frequency / GHz Frequency / GHz

B 7 L 5 S5 A ) ) B () A BEL B e

Fig.7 Comparisons of (a) microwave absorption properties and (b) input impedance between

single-layer and double-layer absorbers with the same thickness of 2 mm

o5, T LA 280 ATt Y S8 A ] i o e A 3
WA R h C BB R T Ku BB, B
ol A BEL7C DT C R A i R — IR A I i
AE AR > S B PR R AR ST B 119 U I8 10 1A TRl
P W WP RE RS 58 | FRATIN S — 7 TR U T IR WA
Li-Zn Bk AR 90 K 27 4 00 TG A0 FE 15 0k 9 K 27 4k (9 A
R FER A HLES &, AR T W A HL R O )
SEINAE ST WA TR S A A Rz
(8] BHAT C e Rk i s . i 181 7 AT UL XUZ I 1A
£ U — A B A BELTC A v s A3 PR PA B AR B B R T
Az ) i — A B BT SR 4E T 1, o
0), a W XUZ W PR TR MR BE A B4 BEL 7E DC JEE 1 RE

LT [R5 B 4 B R W e A, 3o A R Tl A AR R
T A S A 3R T ) S 3B, 0 B8 22 ) L T 18 FE A8
N ) R S A PR S WA R D, BT s PR 98 P FE T
TRRANKET Y i e A0 TELBE FT i i He Ay SR AL R
PETTA B T4 o i SR LA PR fE ;. X T Li-Zn £k
ERGOKRET A kel T B — AP A
TG A 5 B 55 T 538 I A i v W M) 2 i T il
MR 90 P2 A vl B RORT G S 0 ) RE VARG R, L G AR
S G DRI T LT AL 3 >4 i v A AR ) o 5 i
PR A B — P RERXUZ W A S g3, 480
M ROCR

3 & it

FH R 97 1) LiosZnosFe,ss0, B S M 94 K £F 4 A i
AR YA S ORI BT T R EAR IR HE B2 FTBUZ 25
F WP A BIFFEIF LR T EATTRY R M SR 5 il
FH B — WSO Y B2 W e AR LG, SUZ iR il T
LigssZngsFesss0, QVJ K £ 4 00 f% LS 5 /3 ?l’ﬂ K2 4

A FUREME R A BLES & LA K BE B VG B 1 1 ok 17 2=
IR HE S T 0 Bl in W M BB X TR A 2 mm
B RC)E W PR, MW E A 1.8 mm JE W
LigssZngsFe, 0, K EF e /RER IR E G 1K | ILELE A
0.2 mm J5 W) B 40 K £F i i AR 0 2 6 PR Wi 3K
A AF | /NG FAE 13.9 GHz i5-47.8 dB, /N F
—10 dB AT 583k 8.8 GHz, /N T°=20 dB Ik
WEIKN 6.5 GHz, B 3 T84 Ku BB DL SR 4T X
W B 25 Rl P AR R R XU I I AT v s A
TU LA T R R A ) I A
R Ku 35 B AR W AT 1) ¢ 358 41

SE k.

[1] Guan P F, Zhang X F, Guo J J. Appl. Phys. Let., 2012,101:
153108

[2] Zhu W M, Wang L, Zhao R, et al. Nanoscale, 2011,3:2862-
2864

[3] YU Mei( 7 3€), LIU Peng-Rui (X M i), LIU Jian-Hua(X) &
#8), et al. Chinese J. Inorg. Chem.(RALAL % F 1K), 2011,27
(9):1743-1747

[4] Wen F S, Zhang F, Liu Z Y. J. Phys. Chem. C, 2011,115:
14025-14030

[5] Liu Y, Zhang Z Q, Xiao S T, et al. Appl. Surf. Sci., 2011,
257:7678-7683

[6] Park K Y, Han J H, Lee S B, et al. Compos. Sci. Technol.,
2009,69:1271-1278

[7] CHEN Xue-Gang(B 27 W), YE Ying(" 3t), CHENG Ji-Peng
(FEUEMS). J. Inorg. Mater.(R AL 41 5 4R), 2011,26(5):449-
457

[8] Wei C Y, Shen X Q, Song F Z, et al. Mater. Des., 2012,35:



852 /TR I R A= SR S 1 %30 &
363-368 J. Inorg. Mater.(RALH# 5 3R), 2010,25(1):73-76

[9] Shen G Z, Xu M, Xu Z. Mater. Chem. Phys., 2007,105:268-
272

[10]Guo S L, Wang L. D, Wang Y M, et al. Chin. Phys. B, 2013,
22:044101

[11]Wang M, Duan Y P, Liu S H, et al. J. Magn. Magn. Mater.,
2009,321:3442-3446

[12]Duan Y B, Wang L, Liu Z, et al. Plast. Rubber Compos.,
2013,42:82-87

[13]Wang T, Qiao L, Han R, et al. J. Magn. Magn. Mater., 2012,
324:3209-3212

[14]Wu H J, Wang L D, Guo S L, et al. Appl. Phys. A, 2012,
108:439-446

[15]Liu J R, Itoh M, Machida K 1. Appl. Phys. Lett., 2006,88:
062503

[16)JIANG Hong(YL.4L), GUO Jia(¥h ), ZHAO Lu(B H#), et al.

[17])Zhen L, Gong X Y, Jiang J T, et al. J. Appl. Phys., 2009,
104:034312

[18]XIANG Jun(lf] 4%), CHU Yan-Qiu(# i £k), ZHOU Guang-
Zhen(JH] %), et al. Acta Chim. Sinica(ft ¥ ¥ k), 2011,69
(20):2457-2464

[19]Zhao D L, Lii Q, Shen Z M. J. Alloys Compd., 2009,480:
634-638

[20]ZHANG Cai-Hong(5K # £L), SHENG Yi(%#% %), TIAN Hong
(H£L), et al. Acta Phys. Sinica(% 3 % k), 2011,60 (3):
036101

[21]SHEN Guo-Zhu (L F #£), XU Zheng(#% ), ZHANG Xian-
Ru(3KSE ). J. Tongji Univ.: Nat. Sci.(F# X 5 Fik: 8 &
#F 1), 2008,36(3):379-382

[22]Lu B, Huang H, Dong X L, et al. J. Appl. Phys., 2008,104:
114313





