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In-situ Growth and Microwave Absorption Properties of
Carbonyl Iron on Carbon Fiber Surface
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Abstract: Fe(CO)s was used as precursor to construct nano-sized carbonyl iron (CI) shell on carbon fiber (CF)
surface by metal organic chemical vapor deposition (MOCVD). The morphology and microwave absorption properties
of core-shell powders were controlled by changing deposition temperature. The structure and electromagnetic
properties of the powders were characterized by X-ray diffractometer, scanning electron microscopy and vector
network analyzer. The results show that the carbonyl iron particles deposited on the surface of CF “merge and fuse”
with the increase of deposition temperature (210~240 °C). At this time, CF-CI forms a complete core-shell structure
with thin film coating. When the deposition temperature is too high (270 °C), the morphology of carbonyl iron shell on
the surface of CF will deteriorate. The thickness of CI shell on CF surface can be effectively controlled by adjusting
deposition temperature at nanoscale, thus the electromagnetic properties of CF-CI core-shell particles can be
adjusted. The core-shell morphology and microwave absorption properties were taken as indexes to determine the
optimum deposition temperature of 240 “C. With the electromagnetic parameters of the samples obtained at 240 °C,
the maximum absorbing bandwidth is 4.6 GHz (13.4~18 GHz) when the thickness of the coating is 0.9 mm, the
minimum reflectivity is —=21.5 dB when the thickness of the coating is 2.0 mm, and the absorption intensity is less
than —10 dB among the whole 2~18 GHz when the thickness of the coating is 0.9~3.9 mm.
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Fig.1 SEM and XRD diagrams of CF and CF-CI core-shell powders at different deposition temperatures



%2 W byl

PRS2 2 A T A e Ak 14 Do o A 4 R W 8 1 o 213

B TUAR 14 B ik Bk 7 J2= oL (9 A% 0 W BROE ) I
NI AR AR 4G ) — BRI B4 [ AR AZ O IR R

ﬁm%@ww§mmm%ﬁ¢Aa%$&Wﬂm

I AR (E SR 4Y AR P A E [ RE Rz 22, T i 2 K1)
PR EE N

MG 1n(145) 0
E¢&E§i%%wmﬂmﬁﬁoHMEMﬁﬁ%
A dmry RS W H BB .

AG—%’ITFSAGV+41V2’)/ (2)

Sy B T T T 04 R R
7RS35,

re=2 3)

4 r<r, W B BB AAZ O AL T AT E RS W]
REFRUIH R | 2 ror, I BT AR AZ Cofg Ak 1 AT LR 2273

EAERKBPRE, A RKEBHEAMBEETE, 4=

B LAG™ H

. 167
A= 1o “@

Bl it B I R AHZE Bl AR AG, FIUHT A 3K T RE
y ARG r KRB FEN R, T RZEZO
M B — 2 e B, BRE — 2 TR 2
B 5 HL A R 5 O T, 4 AT=T—T
WIZ DU ¥ B R EE S S AT &R,
AH AH, xAT
Tl R;ng ®)

InS= T T,

AT, AR, D8 SAHY- 1 1 1 28 AR e 1
T, Bz, T=T,, W(5) X n] 2 .

' AH, xAT
S=exp| —ppa (6)
X6y A1), AT

LT | AH, xAT ) }
AG=-"FA"In|l-exp| —555— (7)

0 ( RT}?
i 5% by % ) T it A 3 ik 5k,

AG”
]=zexp(ﬁ) 8)

Aorbz IEE R@)RT) T BE A DU E T
AG, WIEREBEAR A5 r, 3500, 1 (8)nT %0, Bl %
DUBURE T 1 2B R m . Wik, 7%
MOCVD il & e 564 A0 7 =A% 7 By ik i ok 7 vp | 3L

FROR B 0 ve |, B SR A R A R | 2 SR AR
HETIE UM R S R0 80, AR OB A B S ko )2
FEE I A2 AR TR R T8 B8R 4E /N
ML I TE)E X B A A AR %
FER v FUAGT R U A o bR | 8 B i %
OECE R, BT LATUBL A i L 2k 52 J2 S5 AR
R RJE DOBUREEASRE AR, & WS 4y + K
FOUR N HR KN | G FAZ O PR RN B R K
4 R FEARAR | e A [ A R i AOR 22 1] T 7 9 P
e, KK BUBER AR K TCTR Y B Sk 1k Sk ik
Te)E,
22 RAH-REGH UMD

Kl 2 R CF-CI B 5T B A (g i [ml 2 el 1 AT 0L
5 Cl B A ,CF-CL Wonih CI IrBA ki, bl
B UURR B T 2 A AR T R AR B M, B
Z SR E N, DURLE Bk 240 °CHY, CF-CI #5¢
WA BRAT BRI M, 5% 44.34 emu-g™',

50
40f ~
270 °C 240 C
30 210 °C
20
W 10
)
g 0
= -10
20
30
-40
50 1 1 1 1 1
8000 2000 0 4000 8000

H/Oe
2 CF-CI Be7e M oA it [ 2
Fig.2  M-H loops of CF-CI

23 BAR-REGHERBEUSHEIW

AR VIRR R CF-C1 BB RN & F1 &"1E
2~18 GHz M B (28 AL W] 3(a) ML 3(b)FT7R , AN
3(a) MK 3(b)FT LAE | CF R AE K CI 35 X I
I HE B AR BB R CF-CL e ik &
FEDRAT B BB KT CF 19 &', JF BB DI
FERFmmiE K, 5 CF MY "Mt CF-CI B ik
£ 10 GHz Zb IR I 2% | e s I o B 52 BT
Feiash, XOEm T, 7 CF RIETTBGUK CI 22,
Bl T RE G FUE AR AL R TR S S AT
fili CF-CI B & BN &' Fl & & A T B,

AR VTRR B R CF-C1 2 A B R0 w' F1 w5
2~18 GHz M B (A8 AL W 5] 3(c) FIE 3(d), w' Fl w2



214 kol oo %36 &
10
27+ —=—CF v 240 C b —a—CF
ol @ 180T 270 C o ®) S
) —4-210TC o < 8 \
ol N2 42100
Z veel 4 v & 0\ ’./" K ";; ,'l\ v 240 C
Z 18 ‘-‘xv’t':ﬁLA 20T v Tese s 6 T —+—270C
< PYORS A v *v E oo |
E 15Fe Sooe, e As, Yy ) RIS ~ ‘:“’\ 3
A T R B v
o o g Nygre 7y v¥vy AYA Y L anEEEg,
Qué 9 e TR E o K ED 2k =y e Yo ..'... u %
w e, o®%ete, ¢ g iaogepnagtlisey o o o \, 3‘ ’m
6 . "':..-nnnlnllnnr — o % o '¥': oy  ©
3 L L L P L 0 L ) L L ‘x. ‘. it
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
Frequency / GHz Frequency / GHz
2.6 2.0
24 (© . | 1.8 @
—=180°C < 180 C
S 22 e *—210C > L6g, e 210C
o 20 ¢, —4-240°C 2 14 -‘}5 4240 °C
=2 3 *Heevesnty —+-270°C E 12[ 4 —+—270C ,a
"g : rlf....o M \:AA S A‘.I 1 aa
E 1.6 fumg, ®e®0ceqes s .‘:‘w‘:::A g Lor A‘A.-. 4 N
§ 14 = MR -~ S 08F, s o™ . ‘,::“:“»\
. o, S22824%
5 12f ™ R, S N I L e o O W
® ool ey -~ :‘*‘.&” N I B2z Ly
B 'n : -
08l - .\'-nn/. ®0e®%%0e” .'.t“ £ 02f h'-:.. ..l"l\../-.i. \-\ . ...-’
L L L L L L M ) 0.0 L L L " L L m~L}
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
Frequency / GHz Frequency / GHz

B3 CF RURRFVUBUREE T CF-CI RSB U 1A 36 5, by RIS % e, d)
Fig.3 Permittivity (a, b) and permeability (c, d) of CF and CF-CI core-shell powders at different deposition temperatures

ZE ARG | I Bl DR TR 3 it S B o
SNSRI (R B ! B A R T A T R
Fa% TE 11 F1 16~GHz BT A7 76 B 5 4 DA A 1 g
A AT TE 9 A1 14 GHz BRI 3 B0 S8 05 (6 Wi
FITE WU A0 B ARG FE 2R TR TR I B AE . A 2R
LR FNRE W RE L PRUS10 FERIAR RET | e W BE 3t
7= A= I ARFE AR/ R CF-CT B 72 B2 6w ik
Xt L U ) R T AR IR R TR AR T R
T8 T A0 RE RO T A4 R I R B () TN HL 5 R (o), 3
iﬁj’gIISI:
W) = mud’s

Horp g HEAREFR, IR CF-CI W RETFE 222
RTBFET R (') BB I %A 8, & 4

0.30

0241+

S )"

0.00
2)

Alt tIS ili 10 1I2
Frequency / GHz
Kl 4 CR-CIEZA BN 1wy E5W5% i e R K

2.1

Fig.4 Relationship between f~(u')u

14

16

18

value and frequency

J of CF-CI composite powders

H CF-CI B A BRI £ ()l 5 00% F1C &R
Kl AU, 7E 2~18 GHz W, B & W3 09 Tt , HAUE
I shAR b, PR IS 1 CF-CI i R4 5 #E LA
FARILHR IR TR AE 5
24 WS- RESERBIFE LRSS

CF BOARRUTRBURBE T CF-CIAE W RE 5
AR ()5 & WE S iR, Faliiy CF VLR
JETE 4.0 mm VAL (B 5(a), CF ZRIEAER CLHEES,
W e 18R] T B ade A, AN EUTRREE T A
HIRE S B 2N DERC L, BlE DOBUREE 3 |, B
4 W I8 T i S A W S AL, DOBRIRLBE Ry 240 CHY
Fin B A R AER WP ERE , FRE I E AER Y
AL v A R I i 0 A i B R A X
ol ISR Sy FEa JER A4 0N, 308 5 T R T B (8) e R AR,

5:4L
V mhegue, f

W& L T DU B CF SR T A CT 5 L
Z R NTE 1 TR ), A B AR A R L B A N
e PRGN B TN, G R TR 38t 22 72 i s/
TS S50 394 P8 i 52 ) e JOR 280z 14 52 o i A, 53
—J7 1, A B R R R LR CF R R CT A3
T34 R (UNTEL 3(a)), [AIRE 22 R AR i 55 25 (8] 2 4]
AIBHTIL I

AR P A i 2 BRI RO f 14 2



2 XU IR B 2T A 3 T Bk Y DA A I R D P g 215

10 10 0
9 9
8 8
g’ g7
g -
Z6 J 6 g
2 2 ~
L 5 o e
g 4 % 5 -
£ =
3 3
2 2
1 1
0 0
2 4 6 8§ 10 12 14 16 18 2 4 6 8 10 12 14 16 18
Frequency / GHz Frequency / GHz
(a) CF (b) 180 'C
10 2 )
9 -3 -4
3 -4 --6
7 = B
g 6 -6 g --10
TR 78 3 2 g
£ 4 8 g 143
3 £ 16
E 3 ] £ 3
-1 --18
2 0 2 20
1 11 1 [
-12 --22
02 4 6 8 10 12 14 16 18 02 4 6 8 10 12 14 16 18
Frequency / GHz Frequency / GHz
(©)210 C (d)240 C
10 -1
9 -2
8 -3
7 -4
g
E 6 -5
éﬁ 5 63
&
.é 4 -7
3 -8
2 -9
1 -10
0
2 4 6 8 10 12 14 16 18
Frequency / GHz
(e)270C

K5 CFAARFRPLBURE T CF-CLAZ TR A 9 10 I 1 BE -5 951 4 RS JEE 1Y 56 37

Fig.5 Relationship between frequency and thickness of CF and CF-CI core-shell powders at different deposition temperatures

V16T L B T U AR R B AR SR IR IR s, A L TE B PR G B d o M

VS R R T B R e, e
R=20lg| 7 " o) L5 4 VUBURLE o 240 CIFE T 31 BE B 0 L 7 5

) L o N 0, Q)M 10)ITH A T IEEE S 0.9~3.9 mm Z 8] /Y
= ,Zo:(/.L0/80)1/2:1207T o R A R AL B fi%g’ﬁn@ 6 FTFZT_\‘O Wi 2 JEL JE (4 14 ,ﬁﬁj%ﬂéﬁ
AW S I TR IEBRS 2 TS 4 0.9 mm B
Z=Zranh(yd)=Zy\/ e, -tanh(j2mf\/my e, - d)A0) g gy e 5 10 dB) Ik K N 4.6 GHa, 7EEE N 2.0
A o i AR RETE eme e R | S SR ME 215 dB, R RIE
HUH B Zo=Zo e, IMEREIRRAEBLAT sy 520/ 0.9~3.9 mm BF, 78 2~18 GHz 35552 300 i 4 )3 1%



%36 &

216 oMLtk
0
-3
6
-9
%3 -12
= -15
B~
-18
21 —o— 0.9 mm —— 2.0 mm
- ——11mm ——2.5mm
-24 ——12mm ——32mm
=27 ——1.5mm 3.9 mm
-30

4 6 8 10 12 14 16 18
Frequency / GHz

6 AFEET CF-CI 524 (240 C)Y % H: ik

Fig.6 Microwave absorption properties of CF-CI Core-

Shell powders (240 °C) with different thicknesses

F-10 dB,
3 &

TEROKR G CF R A ERK T CL5e 2, 4
B T CF-CI #5455 A MR, #H XRD SEM
K VNA G850 F B, B SMFSE T UURBUR BEEXT CF-CI
BRAZ TR RSO S AR S5 4 P 0 2 850 0 W g
RER 2, EEAF RN LU T 4518 .

(1) DU 180 CHY, 7£ CF i R A7 4= K
R B BRBOR /D AR R SR AU ST 4
4 5 B & DU FE T 5 (210~240 °C), TR B CF R 1M
) e R OB B A “A¥ IF Rl G | I CF-CT B R 1
SE LI T A B A SR R OB K = B (270
C)&= 1 M CF R HE 5T 2T A0 1AL

(2) TE CF R 5 A7 A K 9 2K B 5L 4 W0RL 5 | i
TR GEEE G TR T RE S B AL, FIEFSIALL A
SRILHR A M REAFE | B s T CF (1 FLRE R AR

(3) VLB EE Ry 240 °C,CF-C1 e85 & G 8
A AT S S W R RE 254 D r 5 1
HLRE S B BTl 0, URZIEEE R 0.9 mm B /)
T -10 dB 09 W ¥ 9 KM 4.6 GHz(13.4~18
GHz); WRZIEREH 2.0 mm I, SR A 3 i /ME
H1-21.5 dB; B R 0.9~3.9 mm B 7F 2~18 GHz ¥
il S I U 5 IR T 10 dB.,

SE k.

[1] LIU Yuan(X ), WANG Wei( L #5), TU Qun-Zhang (7 ff

), et al. J. Ordnance Equip. Eng (3 % % & T4 F W),
2018,39(12):147-152

[2] LIU Min(X %), XIANG Jun(1] %), WU Zhi-Peng (5 &5 119),
et al. Chinese J. Inorg. Chem.(Z A4 F % 31), 2017,33(1):
57-65

[3] XIANG Jun(I1] %), ZHANG Xiong-Hui (5K HEHE), YE Qin(M
I, et al. Chinese J. Inorg. Chem.(RALAL % % 4Rk), 2014,30

(4):845-852

[4] Ye W, Li W, Sun Q L, et al. RSC Adv., 2018,8(44):24780-
24786

[5] Min D D, Zhou W C, Qing Y C, et al. J. Alloys Compd.,
2018,744:50925838818305176

[6] Xiang J, Li J L, Zhang X H, et al. J. Mater. Chem. A, 2014,
2(40):16905-16914

[7] Lv H L, Yang Z H, Samuel J H O, et al. Adv. Funct. Mater.,
2019.,1900163:1-8

[8] Quan B, Shi W H, Samuel ] H O. Adv. Funct. Mater., 2019,
1901236:1-10

[9] Zhao H Q, Cheng Y, Liu W, et al. Nano-Micro Lett., 2019,
11:24

[10]Cheng Y, Cao J M, Li Y, et al. ACS Sustainable Chem. Eng.,
2018,6:1427-1435

[11]LIAN Zhen(i%34). The Basis of Crystal Growth(#h # £ K &
#4). China University of Science and Technology Press,
1995.

[12]ZHANG Chang-Rui(7K ¥ 5if), LIU Rong-Jun(Xl %€ %), CAO
Ying-Bin(E3R). [ Inorg. Mater.(RALA# 5 3R), 2007,22
(1):153-158

[13]Kim D J, Choi D J, Kim Y W. Thin Solid Films, 1995,266
(2):192-197

[14]Wang C, Han X J, Xu P, et al. Appl. Phys. Lett., 2011,98
(7):072906

[15]Zhang J, Cheng B. J. Mater. Sci.-Mater. Electron., 2017,28
(104):1-7

[16]Igbal N, Wang X, Babar A A, et al. Sci. Rep., 2017,7(1):
15153

[17]HAN Zhi-Quan (% &
(Bk B AR Bk M 22). Aviation Industry Press, 2010.

[18]Pan G H, Zhu J, Ma S L, et al. ACS Appl. Mater. Interfaces,
2013,5(23):12716-12724

[19]Bregar V B. IEEE Trans. Magn., 2004,40(3):1679-1684

[20]Naito Y, Suetake K. IEEE Trans. Microwave Theory Tech.,
1971,19:65-72

[21]Meshram M R, Agrawal N K, Sinha B, et al. J Magn. Magn.
Mater., 2004,271:207-214

). Ferrite and its Magnetic Physics



