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Microwave Absorption Properties of Carbon-Coated Metallic

Nanocapsules with Core/Shell Structures

WU Niandu, LIU Xianguo
(School of Materials Science and Engineering, Anhui University of Technology, Maanshan 243032, China)

Abstract: Carbon-coated metallic nanocapsules have attracted much attention due to their tunable core/shell structure
and complementary magnetic— and dielectric—loss properties which can lead to optimal microwave absorption properties.
The carbon shells can not only improve physical and chemical properties of nanomaterials, but also result in some new
mechanisms that are contributing to electromagnetic impedance matching. In this paper, we described core/shell-type car-
bon-coated metallic nanocapsules formation by using a DC arc discharge approach and analyzed their formation mecha-
nism. The architectural design of nanocapsules applied for microwave absorbing materials was introduced and reviewed,
including research on nanocapsules with different core or shell dimensions and doped by some kinds of heteroatoms, which
are significant to adjust the dielectric and magnetic losses properties and the microwave absorption properties.
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1—2: Diffusion inside
2—3: Inside to surface
3—4: Diffusion on surface
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Fig. 1 Sketch of a possible diffusion path of carbon atoms (a) ;
Interface between metal core and graphite layers (b) ;
Diffusion path of carbon atoms in the metal core (c¢) ;

Enlarged image of the two regions (A and B) in (c¢) (d) 9]
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Fig.2 TEM image of Ni/C nanocapsules (a) and HRTEM images
of prepared Ni/C nanocapsules using ethanol of 5, 10

and 35 ml, respectively, as the carbon source (b ~d) [
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Fig. 3 Frequency dependences of the real and imaginary parts of & (a~b), frequency dependence of the real and imaginary

parts of u (¢) (S, ~S; are the samples prepared using ethanol of 5, 10 and 35 ml, respectively) (2]
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Fig. 4 The dielectric loss tangent (a) and the magnetic loss tangent (b) of Ni/C nanocapsules-paraffin composites prepared using

the currents of 40, 60, 80 and 100 A, respectively''!
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4 FRURF XK B T2 R R 1 BE BY RSN

TERCBEAE FTT A0 B £ 78 52 i 290 A I 8 P 0 2 A 7
FA ALAABAL] ,  BIAZ, 7 S B T AR 9 5 T A3 AL 500 A
BRTE AR TEIRAONE 49K T 48 v i B 7 oh 125 i AR O
A LG FRRAE, AL S A 0 SR XL
B A L G A R AT LUSOR P RE B A B b
TR P AP ™ A 35 B A R IBURB R P . 7 3 Rl it
S A RIS 38 114 1 FEL 4506 AP0 A4 R AL 1) AR 2L DT JE 2R 45 %5

UF LR FE A LR I, F— 2B R B 3 A Rk AR R R
@ﬁ%%ﬁf&&d%ﬁﬁiﬁ%&$ﬁﬁﬁﬁ%,ﬂ
I AL 4 E M FF T LA i e 44 5 A R A kil
WerkRg!

SEREIA , FE YN K T R 5 O TE 24 A 5 5 R
AT DA R A R A AR I 1 i L W A R R kR
AR 5% 4L 7E F B O H Ik FH © BE (G H, ) R B
(C, HyOH ) AP il 45 7 200K A 40 KL 1 (1 52 3007 v
SR 2B 45 A5 B A BR AN KA 1T A 3 T 22 A B
UL} N = I VA = N (1) B V=W TR Sk o i
B A RR AN A F 5 2Z A0 L EL A R A R A S, X
HEAN R EGHET AT BRI, B 2 6 BaE 1 ik 9 K
BT R = A MRS S R, 7R REITERTR
BB AL 237 R L R AR R AR AR AR B L, X
S ERRANA A AR A ROR, SR R FERE ST . FE
— AR I TR JRERE T, R A B 3 4 A W B 3R T 7 A S
B PE AR AR, DL O o G b S T R IR 1
WL,

PEVEE IR f5 3 I v, 8 5 7 s H I o
7 Ni/C 9K B i B rpol A/ AE AR T, )
FERRSEN B AR EUR 72 X H Rt e o M e &
B, I ARR TR, ORI A H B0 i B i
BSR4 T, 3 3 B AR I A9 4 H 45t
FERH AR, BAh, AR Si0, B A Ni/C 9k
Peshser, RIS b 5 TR T 1 A7 AE T DL AL R
AR B R ol MR e P AR B e 2

5 % I

I IR T AT — S e 7 T A A B SR e
7 TS, ik 45 A A i o) R ) S 98 A 0
TROLEsHE , BT SR BUR 72675 1%, Al DUA R il 4 ok
JEEHER R RENERE , I UGS RGeSl AT BE T

BEHE References

[1] Han Z, Li D, Wang H, et al. Applied Physics Letters[J], 2009,
95. 023114.

[2] Wang H, Guo HH, Dai Y'Y, et al. Applied Physics Letters[J ], 2012,
101 ; 083116.

[3] Lukanov P, Anuganti V K, Krupskaya Y, et al. Advanced Functional
Materials[J], 2011, 21 3583.

[4] Huang H, Zhang X F, Lv Bo, et al. Journal of Applied Physics[J],
2013, 113 084312.

[5] ZhuY F, Shi]J L, Shen W H, et al. Angewandte Chemie[ J], 2005,
117, 5213-5217.

[6] Wang H, Chen C L, Zhang Y X, et al. Nature Communications[]J],
2015, 6. 7181.



904 Hh [ A e i

535 &

[7] TLu B, Dong X L, Huang H, et al. Journal of Magnetism and Magnetic
Materials[J ], 2008, 320 1106-1111.
[8] Yan L G, Wang J B, Han X H, et al. Nanotechnology[J], 2010, 21

[15] Zhang X F, Dong X L, Huang H, et al. Acta Materialia[J], 2007,
55. 3727-3733.
[16] Sun Y P, Xiao F, Liu X G, et al. RSC Advances[]J], 2013, 3.

095708. 22554-22559.
[9] Wang H, Dai Y'Y, Geng DY, et al. Nanoscale[J],2015,7; 17312 [17] Jiao J, Seraphin S. Journal of Applied Physics [J], 1998, 83:
17319. 2442-2448.
[10] Zhang X F, Dong X L, Huang H, et al. Applied Physics Letter(J],  [18] Nolan P E, Lynch D C, Cutler A H. Carbon[J], 1996, 34 817-819.
2006 89: 053115. [19] Wang B C, Wei ] J, Yang Y, et al. Journal of Magnetism and Mag-
[11] Zhang X F, Guan P F, Dong X L. Applied Physics Letters[ 17, 2010, netic Materials[ 17, 2011, 323; 1101-1103.
9% 23111 [20] Jiang I. W, Wang Z H, Geng D Y, et al. Carbon[J], 2015, 95
[12] WuND, Liu X G, Zhao C'Y, et al. Journal of Alloys and Compounds 910-918.
[J], 2016, 656. 628-634. [21] Wu N D, Liu X G, Or S W. AIP Advance[]], 2016, 6. 056206.

[13] Liu X G, Geng DY, Shang P J, et al. Journal of Physics D; Applied [22] Jiang J J, Wang H, Guo H H, et al. Nanoscale Research ILetters[J],
Physics[J], 2008, 41; 175006. 2012, 7: 238.
[14] Liu X G, Sun Y P, Feng C, et al. Applied Surface Science[]], 2013,
280 132-137.

(h#H B 7))

I I o S e S S i L o S S S S S S O T B S 2 2 L

E R R B AR F R OEPRFRER

2016 4F 12 A 16 H, BEBFRHE T B ARG T O KREBHE S SRBRSE - RekSWETEE
TRERMEFFEBE I, bralids DUR TRE e 0 5 ZARFC A 7 0 E KB O ST, K FE A el ik s e Tk
FEHK, MR RGBT R R RS . AR EREERIS A ST . 12O R AR AT A B
BNTALAL, G 13 FR T RGN, 6 i 4K, 2 KRG RGN A 3 KA,

JaBERE . EIiERL . BREER L FIRHBEE . 2Bt MR BrrlaEpe . EOr R kT
o - 25 [ A M RHSUSU RN 44 B R332, B RTRN TR R 5 i vl B sk ml Al A SR R RO TR
Ui ] A 5 4 L

TSR TEEEE T FR, ADH O R AR H AR ST P AU M () A R, RSB AT R METE S B AR, L
P IAT 18 AR B AR . EBREAT AT QR S, P SR A RoR, BHEE B 5% SR R 2 AT 5 A Sl i BT e
B, mRAA, Bl AE E R T RS R, s, hm e, Mk,

Al LSS | BRENSE R SRS VORI TR OB KL A, T REBE B 748K A1 e T AE
PEA . JTAN . BPRAEBE R K TR B MR K, EEHIER A L R ER S TR, WEE . e, I
Wik & RZE BRI AT . AUFN O BT SRR AT P AERGE T, B TPAG G 48 5 1E T IRiE 1T,

AR | AR AU RHERS | dERIBE R | PRRIE TR | PR/RIE TR WAL h (d: Jm it
FEBE . PRIBETACH B BT . R A SR TS BT . AR ST BB . L RUA (TR ET ST B . R E R RERL RIS
Bi . T3 TRAFSERE . A Tk Ab st s iroe e . Pz db BT IR A /] L b R S B 3 i e Be . D)1 2 4g
SO ABRAT R RERE Tk TRA RTTHEA R @R oA R AR A% Tl U R P BT T e . % Tl
Jentfe T e be . PEEREGER SRR, PENOMNARRA A, o EZ s IS 24 K p
PARERSINT 2L,

(#FHAFEAETLERNS W3E)



