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Abstract: To improve the microwave absorption performance of multi-walled carbon nanotubes
(MWCNTs) , a defect engineering strategy was employed by introducing structural defects to
modulate defect density through nitric acid treatment with varying concentrations. The results
demonstrate that sample treated with 7. 32 mol/L nitric acid achieves a minimum reflection loss
of —-43.8 dB at 13.3 GHz and an effective absorption bandwidth of 3.3 GHz, significantly
outperforming both pristine and over-etched samples.
microwave absorption performance, while excessive etching degrades the graphitic structure and
deteriorates performance. This approach, based on defect modulation in a single material rather
than traditional composite material design, not only simplifies the fabrication process but also
provides new insights for optimizing the performance of microwave absorbing materials.
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Fig. 1 Characterization of phase composition and Raman spectrum analysis of the samples
(a)—MlpE Z BEGRIKR AT B R BI85 (b)—FEMAY XRD 355 (o) —HEh 19 XRD Rk A 5
(d)—FEMMPLEHE s (e)—1y/15 Ly/ly; () —FEM A HORES 4 FRE .

2.2 WHRREHMEHHH

TS T S AR A TR S AR AL
75 5 L S SO R 3 FRE T A IROUL S A iR AT R
fiE, 4N 2 Fr s . B 2~ 2¢ i NO [ TEM R K-,
B T B J5 i MW CNTSs FE 19 31 1 4 A 3 ]
gh ey [ 2d~F 2f 8] 2h~[E] 2i 43531 S N1 FITN2 7Y
TEM & F, D& A & 216 R Ak B S 1Y MWCNTS
I v 5 LT i 254 , R A Wi SIS AHR T
BE, 200 VR B S I Tk 220 I A N2 A it v 11
A 1) T SR 235 0 2R 0 B 2 A R B RRAE . AR
THOWLTE 57 158 FH MW CNTs 7 fild B2 1 045 i T 72 4k
T A5 A8 B, L b 220 75 B2 5 1 T ke 85 52 1 AT
K, v VA T R A SO S 3 ) A i ORI A RE DR
NN E AN En il A
2.3 BHSSH(SSE) SR

R 1R 5T B [ X MW CNTSs f i W U RE o i
SR, 7E 2~16 GHz 7 BEXTFE o i Rt 2R 17 U
i & 3a A 3b 43 0l i A B U R E(S =

B, B RS RES,, RS S R ELS,, ) Bl E R I A
() AR 2R .S, F2m D1 s 1 & 3 Hh ok 1Y
FEL 0 0 28 3k R I A & B OIS L AR TRT T o
() HEL B 0 R, DRI OGS, S A ) I G P T % 1Y)
A1, R RS R B.S,, e 13 1 & S B R
1 10 38 3 B DU AE o I 303K 05 — v 2 I 1Y) FL 74
BeRE T, UL S,, R ARHZE S Ha wE I Y g 0, B
yobiiz I Gl

R T AR S AR W e T AR (4)
FHE TR R A RS R 3 s

A=1-IS,, =[S, (4)

T 3c Al DL, NT ) Al i M W 3R 850 A e, N2
)l T 2 AT R A A1 . 3 2 PR A 28 o 328 A T ot
ZIMI N1 HL S 38 B, BHBTVC B R PR3 24k, 7]
ok 220 5 AT e S 3 AR T 1A S R A H
FAFERE 7 5 N2 DA v B i e ok b 22, A SR 54
B E IR A i BFERE ) 3 T R, R EUOL
UL EY E1i



136 AAKFFHRERAHAFZR)

% 46 %

100 nm !

B2 #HmHTEMEBH

y

Fig.2 TEM images of the samples
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