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Preparation of Co/Carbon Nanofiber Composites and
Study on Their Microwave Absorption Properties
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Abstract.

LIANG Liangliang, ZHANG Ziqgiang, LIU Qinglei
Shanghai Jiao Tong University, Shanghai 200240, China)

With the development of electronics industry, microwave absorbing materials with comprehensive characters of

being “thin, wide, light and strong” are highly expected. It is theoretically and practically important to develop a new type

of carbon-based absorbing composite material with light weight, high efficiency, simple preparation process and low cost.

Here, as a naturally rich and renewable resource, bacterial cellulose (BC),

whose surface is rich in oxygen-containing

groups for capturing Co™ , is used as a carbon precursor to prepare Co/carbon nanofiber composite by freeze-drying and

one-step carbothermal reduction. Field emission scanning electron microscope ( FE-SEM) ,

transmission electron micro-

scope (TEM) , X-ray diffractometer (XRD), Raman spectroscopy ( Raman) , X-ray photoelectron spectrometer ( XPS) ,
vibration sample magnetometer (VSM) and vector network analyzer ( VNA) etc. are used to characterize the microstruc-

ture, phase composition, magnetic properties and electromagnetic parameters of the Co/carbon nanofiber composites, and

the reflection loss is calculated to study the microwave absorption performance.

700 C ,
loss of —43. 6 dB.

At the carbonization temperature of

the Co/C/parafin sample with a thickness of 4.5 mm and a low mass loading of ~3% has a minimum reflection
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Wl BT RO 22 . WO AN 58, 51 ARG 4]
(B A R E AR 5 W ADURE 1Y ) N it L REL VT T, R —Fb
SRR LU M R A A RO, Fang 257 il RE
SHRTSR A T R AT A 9 Z LB (RHPC) , FF6F Fe 1
Co RETELN KSR % A RHPC He 44 b LU 5 Ho i M fik
Meng 5% 38 18 = T 6 1k 7 il 45 0 M BB A 57 1 2 L R/
Fe,0, HAWUEARE, FEEREN 3.4 mm T, Hig/N bt
PRFE(E ] 1K -45 dB, Li %557 LU RGA B4 SR M AE 1 b3k
VR, 38 IR BURPGA AL A 4 T Co/C SR A
W RERE, SCIRT Ku DB REm L,

M LT 4k % (bacterial cellulose, BC) & Hi 40 7 & B2
PR RAR S AR, YRR S AT 95% (i
BB, TR LY, BRI =4 ORGSR, 8
Tk A P A 5T BT e BRG] A A Sy ELA R F T 5 11
BRAKELTHE (CNF) , Dai 25130, X 51 F 5 94 K & 7
WIEERLTSE, BC A7 10 CNF JE 52 4 bRk n] 8 i ol 3% &
BT L N 45 R AP0 S i s L FEMERE . OO — iR
i ) CNF H15] A CoFe, 0, il Fe, 0, R MUKl
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BT 25 Co/C 9K ER 2 52 A WA R
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SEAE(NaOH, 97%, Bl TRF (L) AR A
Al); LBR(CH,COOH, IRFIZ, iRk i A bR
W) s ANKETERES (Co(NOy),-6H,0, 7Hrdk, L
ZSIMRAACBHEABRA R 3 ML 4ER (BC, R{CHE
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2.2 IIUER

MR (FAL004, U5 TR AU A R A
Fl); THIREE S BERE S (DF-101S, I ST TAEAL B8 A7 BR
INEDY) APV PR (SB-5200 DTDN, 5° % #7 2 £ MRl
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Sl KB BC R 2 5 emx3 em B/, HIRAR
A — 22 W BE 1) NaOH ¥ 7 Fll CH,COOH I+, 4351
16 100 CRIATRSE N ARIR 24 h, LU B OB 6 20 i 2

B, RBALEESTJE Y BC K BRI KERE P, &
eoE R alifh, 2ot WALHR) BC IRAER .
2.3.2 A/ BUARGT G SMHH &

BT H2Z J5 9 BC $EAF] 0. 02 mol/L Y Co(NO,),
WP, FIR RN 48 h, i BC 7873 W M b Y
Co™, HUBAFEIM Co™/BC /KEENL . Z ¥ Co™ /BC 7K EE
JEAE TR U (- 196 °C) Ja B AR R T HEAL (- 50 °C,
1 Pa)rft, 72 h J5lh, AR b i sh AU T
SEIK Co™ /BC /KEEMRAL, 45200 i 2= IR THE 2 500 C,
FHRBHZEH 2 °C/min, FFTE 500 CAH#ME 2 h; 500 °C ¥
SERRALIREE M THE B Z K 5 °C/min, TEREBALIEE T
PRI 2 h S5 BE YA A, Bk A0 IR R B6 B % S 600, 700,
800 F11 900 °C, b iAAS [k fh il B2 T 45 3] ) il / Btk 4 K 21
4t (Co/CNF) B &M B3 7RIC A Co/CNF-600, Co/CNEF-
700, Co/CNF-800 1 Co/CNF-900,

2.3.3 SRkl KAE 5 6 ] A

14 Co/CNF &AM BHA W, 2l &, %
HAMEEEL R 7.1 mg/em’, BUNE Co/CNF &4 41
RLRE S B I B3 A i A s v ol 2 R R A A B
H, FERESRENEERE JS, o IR SRR S R B RS
ik, 5 H IR B Co/CNF W 38 590 1 12 20 B0k
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Fig. 1 Image of Co/CNF composite
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Table 1 Mass and mass fraction of samples with different car-
bonization temperatures before and after adsorption of
paraffin

Samples Before/mg After/mg Mass fraction/ %
Co/CNF-600 11.77 378.03 3.20
Co/CNF-700 11. 11 359. 83 3.09
Co/CNF-800 9.62 315.30 3.05
Co/CNF-900 10. 33 345. 68 2.99
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K % B B 7 B 6UBE (FE-SEM,  $E 78 TES-
CAN A H], MIRA3) 5% 4 M1 F & f % ( TEM, JEOL,
JEM-2100F, g i[5 2h 200 kV) %L 5 B SO I 550 3k 4 7
WL, K X S AT B (XRD, Bruker AXS, D8-Dis-
cover, Cu K, #1, i/ 20=10°~90°, HiiH RN
5°/min) YR S ) R AR SR ERT 40T 5 R A S A =
Fe %4 ( %2 [ Renishaw 23 ), inVia Qontor, 7% #15
FiloA 1000 ~3000 em™ ) XHFE 5 (1 OGRS B3 EA TR 46
KRG AN E RS (£ E Quantum Design 23 7,
PPMS-9T(EC-11) ) I %3 IR s #F i G5 11 ( VSM) fE &
TR IREE S REPERE s SR X SO 7 REIE (XPS,
K-Alpha ) BIF5EAF: fih 2 T 9 1k 2% 00 28 41 DA K A2 25 45 IR
A R KB M0 ML (Agilent, N5224A) Xt #f 5 78
2.00~18. 00 GHz #0530 [ P9 (4 FL i S BG4 7 I, 003
Tk R R TSR IR P R R I LR ML
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3.1 WMFIRRA

&l 2a~2d MUK M i Ak T R 600 ~ 900 °C B Co/CNF
EAMEY SEM FE R &l 2e ~2h 4331 A S B Y 600 ~
900 CHRALIRE T Co/CNF B & #1 KA TEM MR F, 7845
MRILEE T, B4R ONF ¥R R E =4 LI
WRIRZERE , HEARYI N 20~50 nm, Ui B BRALIEE % CNF
TESRZ AT L, B IR A 600 “CHY, 7E Co/CNF &
AR SEM R CNF RIS EH] Co Kk, H
TEHN RN ) TEM [ B ] DAER 2 CNF 21 SEPR B A 7R
Y Co GHRITURLA: ) Bl B TR BE T = 5] 700 “C
1E Co/CNF E AR SEM B R o] LISIER 2] Co 40K
KIJFURTE CNF R E 2B Zacfbil g -7+ 2 800 Fl
900 CH, BELA Kt Co HKMERIIEI A TE CNF S04 I,
XF FEARTRIBRALIRE R Co/CNF &2 A b4 4B BE R 38 7] 4 31
TET B RRALIRE I MBI B Co 98K Wk R ~f Bk, il
fEJEIR N Co 4K BRI 7E CNF RITER . K KH i,
Fe 2 02 2E R AT ASURE il A, 2 T A URL AR B s — 2P
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3.2 WHEARS

Wik XRD AT ANFIRALIRE R Co/CNF &A1 KHEY
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(220) fhiE ', BEHA Co™ L Th HU B A oA B 2R . A
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Fig. 2 Micromorphologies of Co/CNF composites with different carboni-
zation temperatures: (a~d) SEM images of Co/CNF-600, Co/
CNF-700, Co/CNF-800 and Co/CNF-900, respectively; (e~
h) TEM images of Co/CNF-600, Co/CNF-700, Co/CNF-800
and Co/CNF-900, respectively
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Fig. 3 XRD patterns of Co/CNF composites with different carbonizationtem-
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BOZESRAAAE, T 210 BFT o B A SE AT S ok A T R B
e, BRI IR M4 R, TC A8 TE Ak T A 55 A8 1k B B
]t 48 Co 40 KobE T4 7 58 Ak I 07 A f Ak AR D,
WIZA PR, 1 26. 30 H BUAY IR R T 41 SRR 1
(002) fbTi ™,

$r 86 AT LUt — 2 R AE Co/CNF & &4 B CNF
TR T A SRR . i 4 FoR, AT 1345 Fl
1579 em™" Kb 2 AN 5% I B A4 R ) HL TR R R I D
WA G s 7T 2692 em™ AbAYATEFIEXT N T 2D 1, —
kg, D R A AP JC P IR S, S A A IR B B
T BN DB G W sp” BT 1T 4R 3h
SR, G0, WRFRN 2D g, 17 Fi%E 2 2700 cm™
Ab, JERGEFILR BRI, 2D W BRI A
BBEIRBR AR B, D W G RS L (1, /1) R F A
AR, (AR, BRAORHA A B RR M
AT, BRALIRE i 600 TFE E) 900 C I, E Ak
BHG 1,71, 1,42 TREF) 1. 21, GEW] Co 9K ik HAT i
A BALEITET, CNF (£ B840 AR B i 25 e Ak TR 14 7
T . B Ak I BE TR & 900 °C, % A MR
1/1 ARRT 1, RUTEX AL E T, CNF LI
ERHR R F (% 2)
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Fig. 4 Raman patterns of Co/CNF composites with different carboniza-

tion temperatures
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Table 2 The intensity ratio of D band and G band (/5//5) values
of Co/CNF composites with different carbonization tem-

peratures

Samples  Co/CNF-600 Co/CNF-700 Co/CNF-800 Co/CNF-900

Iy/1 1.42 1.35 1.29 1.21

& 5 M tAL IR EE A 900 °C 1Y Co/CNF & &R HR-
TEM B4, SEFEE N 0. 175 nm B f#g 5800 T Co
f(200) fh D, 0.349 nm Y A% 45 S0XE R T 4 S8 B Y
(002) FhTEr, JH A A1 T Co KPR, X
BT Co YNAHIURL T I B ) £1 SRR L A8 A A Ak A TS
Uesh, HE S ATLLE W, AR A,
T Co/CNF &G #0E 1Bl LA TG e A R 3

: C(002)

0.349 nm

| Co (200)

\\//" 0.475 nni’

5 BRALIRIEE T 900 C S/ BAKRET YRR S Y HR-TEM R
Fig. 5 HR-TEM image of Co/CNF composites at 900 °C carbonization

temperature

i XPS 5% Co/CNF & & 1k A0 R 4L Ak
2R K 6a iR, AiEE T IR C 1s, O 1s Fl Co
2p W, o O Sk A RS R TR D K 4R DL Co
MR, th Co 2p I 43 JEIELS 7T LLUE H (1l 6b) ,
{1 F 781.3 F1 797. 1 eV [ 2 A5k 1G53 5% B F Co 2p,,
1 Co 2p,,,, MIMHE—LHINT Co KB THIE K, 17
T 786.2 F1803.5 eV ALY LR WEITJE T M 219 Co™,
W Co IR FR AL TRMEAL™ . Ao, HE 6c
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Fig. 6 XPS spectra of cobalt/carbon nanofiber composites with different temperatures (a) , high resolution spectrum of Co 2p (b) and C 1s

(¢) of the Co/CNF-700
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%40 &

AL, C AT 3 FPRGHIERS, AT 284.7, 286.3 F1290. 1 eV
Y U 43 5 % B T C—C, C—O0 Fl C=0"", HrhiE
284.7 eV AbHIMETR SR, F W] Co/CNF & & 41K 1 1 2
ik 855 op” #E
3.3 whtERERT

J T G RAL TR X Co/ CNF 524 4B ME BE 19 5%
Wi, S —2B 5 TN [ R A TR T A L Co/CNF E A
MRMEZIR T RG24k, i 7 s, 7E45 i i
JE Rl #5109 Co/CNF 5 A RHARL B SR (1 K i 1
HBEE WAL IR EE 600 F & 3] 900 °C, 1 Flwg fh s B
(M) 62.9 3EHM%E] 87.2 emu -g”' (% 3), XATAERHT
TERRIRE T, EAME A Z RN Co ARG A
AL, IFHIGIT Co 9K BURE B9 AR B fl A (ol RS 36k
[ 25 it B4 s, AT 52 5 M RHY M i, KRGS
SRJE T Co/CNF Z A MRS (H, ) BIRE ETHES,
{0900 CHRILIREE T RYFE S RO J1 H (318. 4 Oe) BEAIG
F 800 CHRRALIEE THY H.(398.7 Oe) , RETEREAIHE T —
J7 T AT LABRERN CNF Sl b (g REIRFERE J1, — 7 T AT DA ek
e HFHATICEL, MM Co/ CNF & ARHRHKII I fiE
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Fig. 7 Hysteresis loops of Co/CNF composites with different carboniza-
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tion temperatures
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Table 3 The magnetic parameters of Co/CNF composites with

different carbonization temperatures

Samples Mg/ (emu-g™") Ho/(A-m™)
Co/CNF-600 62.9 161.2
Co/CNF-700 70.1 241.3
Co/CNF-800 84.0 398.7
Co/CNF-900 87.2 318.4

3.4 WRiEMERERR T

— PR, ARk A R e P B R B AR T L A
BME R R, R EmMA IS AHRE A B BOH
O T T SR R SIS 43 AT 3 L v 3 RN 3 i i RO A7t
1, HEER A AR 2 H xR 37 R G 7 B 1Y B FE Rk
Kl 8 WA FEBRALIRE T Co/CNF 4 R 58 A i %0,
H & 8a FTLIE Y, KEE Mk AL i M 600 F 55 %] 900 C,
ZE AR A B S AR R BT,
Co/CNF-800 £ 7E 2~ 8 GHz JL Bl N B Al B 9 i &
# T Co/CNF-700 £ 5, 1HAE 8~ 18 GHz i N &2 A L
BT B R4 I T Co/CNF-700 A4, &l 8b %
HHIZ 52 A5 MRS A F 5 B0 o 3 R o TR T s
Ther, 5K 8c AL R AL L, A 800 1
900 CHALIRE N A MBI HBFEAHZE A K,

HRAIE RIS, WU AR 14 A F BRE B ) B 45 L
PAFE . WALIRAE A st B . P ek g R, ik
TR = A CNF B A B bR B4R v, ki 5 350b Rt
SHPEMRRE, E i B2 A K, AL FE T 4
KBS TFARA . AR AL (R B A Ak R BT AR AL, B
TR AT E B Ak B & A AR AR R A X, PR
FHIE; BRAGIREEAE 700 °C LA b (ke 5 B A iR Y 4
Fitk, ORRELG S A I A Ak S R A H R e B AR A
FH ) Co/CNF-600 FY A A L3 KUY R LA i1 a2
Vb AR B ) W A A 72 435 A T A A A A e A O 2
Tl B Co/CNF 2 G A BHRE S P A AE , X2 i
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B8 AFBRAIEE T8/ BRACR T 4E R S MBI B RS AL (a) BRI, (b) BN EURR, (o) /e

Fig. 8 The electromagnetic parameters of Co/CNF composites with different carbonization temperatures; (a) real part of permittivity,

(b) imaginary part of permittivity, (c¢) dielectric loss tangent
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HERZEPAEAEZ AT, Bl Co AR F/ A B2 R
[T |l = Y R Y TR

XFTFA AR, R B A AR E R
RAGTEFERE ™, &/ &g L F R,
(¢ —e, ) +&” (1)
Kb, &' HEAHFEEBITR, & AENBEBUET, e N
RSN HEE, o, AL E R B9 MR R AL
BEWY Co/CNF B AMEH A B AL S B Ar BT 45 5L, S
Tg—A-2RBIFR N 14> Cole-Cole 2, fRFR 1 DMEFF
oA, mE R, ARG IR T B Co/CNF & & 4k
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B MR R REAREE, T LAE B A MR E R
2R G 8RR 1 AE Ak Y B B D T L A R R
600~ 800 °C fise Th I B T 9 i 19 2 1 3 38 RN TR 1 (A
ZEARK, 900 CHRALTRIE T B & 14 52 1 5 5 R R 53 FE AR
Ak i 2k v mT LB 5] — s LR I

REBFE EZORIR TR BIFE . BERESLAR | R 40 FE
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Fig @ The Cole-Cole semicircle of Co/CNF composites with different carbonization temperatures; (a) 600 °C, (b) 700 °C, (c¢) 800 °C, (d) 900 C
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