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Preparation and Electromagnetic Loss Properties of Nickel-Zinc
Ferrite/Expanded Graphite/Polyaniline Composites
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Abstract: Nickel-Zinc Ferrite (Ni,Zn,_Fe,0,), Niy;ZnysFe,0/expanded graphite binary composites (NZF/EG) and
its ternary composites coated by Polyaniline (NZF/EG/PANI) were prepared by co-precipitation methods and in
situ polymerization, respectively. The composition, structure, morphology and electromagnetic properties of the as-
prepared samples were characterized by the modern testing technologies. The results showed that the NZF
particles had been embed into the interlamination of EG, and NZF/EG particles had been well coated by PANI.
The magnetic properties of ternary composites weaken with the decrease of magnetic component, while its
electrical conductivities related to the natural characteristic and relative content of EG and PANI. In addition, it
presented the excellent electrical and magnetic loss property, and its loss properties were better than those of
binary composites. The minimum reflection loss values (corresponding vailable bandwidth) of the ternary
composites with wpyy of 70wt% at thicknesses of 1.5, 2.0 and 2.5 mm reached —19.99 dB (5.82 GHz), -20.33 dB
(4.08 GHz) and -25.28 dB (3.67 GHz), respectively, presenting the excellent absorbing effect on electromagnetic wave.

Key words: nickel-zinc ferrite; expanded graphite; polyaniline; composites; electromagnetic property

UTAER, R TR RER G D RE R AR Bl T O AR AT, T 2 A 5G4 A 5 R
WaE B M REE , BILP RS, B 20 2R E A,
TN AW I G T B s A L b 5 5] T L R D ARRR AL B | W S5 mT 23k L BHL R v A

e H #1.2014-07-10, W&ok H #1.2014-10-15,
&K A RBF 5L 4 (No.2107 1125) RN VLA K2 28 A BHEE BB TR (No.2014R404056) % 813 B |
“SEIREER AN, E-mail . sky52@zjnu.cn; 23 IR 5 . SO6N6780M 1401



244 oAl Ak

%31 4%

#o% 4R

JoT AU FIRE A A8 =28 F, BH AR IR A A 95 e A Rk (A
B RANKAS BT 4R RN A1 BRI 5 T LR B Y AN Bk
PERESE | BT I E R B R A A B BT A
A7 B LB FE RN P FE R R B RGN, A T
FE AT TR A B I I AR A 2 A R
RUGBR IR 2k i B 8 5 B AT E 2 LA H 0 AR S
HL %, ELAT R W ety 9, (EL T A 8 %
R, R FHHT SIS WA AL | g SR 4
JB O A5 B AT R A REFE A YD, W] 3l A
TFE W RE LR A 1 SR 4R ok 2 ol ol G I, R IR
ARk X FL A 10 A A F W A T R A R 1 W A
S, (AP 8 B R AR 2 DA R AT AR B I
ARG A8 i 1 PV FELAT PR WA R BT Y O B 2 7 Ik
ANCR AR N LN Y SN R S N R 7 (19573
SESARHYBLBTCRAR A, i T — Rk ry 2R i BH
P52 RMBABUAHZE R K, BEBUA DL 2351 F R
10 LT S ST L DRI | 3 = 2R i) B gl £ A AR K
F18 Jry B R e ] o P BEL A DG i, i i PR WAL 19 5K
PRI T 5 R AR AT 2T 2 A s g i, kiR
HA S5 20T BEAE W E BT A RT3 T,
TR FH AN [R]85 J5 68 AN Ti) 930 23, 3 P9 TR, DT 32K )
SRR SE B G — 255 75 1 = 2RI GR B9 A
B VF 2 NE Z A B AR HRE S O
i K BELATL VG FiC 45 5 TR ABC T — S PR M TR0 5k
15T — FR A BRI TS0 A WA R,

FRAXS T — R SER} | W I A SRR AR T 58
A1 8 R T AU AR | B0 R 0 B AT 19X AL 45 A
A FEE AR R A BOPE RS Mg, iR
B PR BB 1 B PR RE BRI B G
2 S | T AE XU B S0 WO 5 A 8
SHREAEYIIABE ST, SMUeh R E G4k
FE R AT BE A LA, 1T ELA R i bR Y 3 D
PN Gl LSO B | B A | R FE MR RE AL R
AR AR 5 5B W) 52 A 38 T LBl L i 1 40 Kok ]
RO R e AR R MR X E G
7 238017 T 5 R s 8 b i v 52 5 W) WA R gl 1 i, Y
FHHT S 43 Rgise,

BT BB A SO RE TR R I B R A
& (Ni,Zn,Fe,0,)5 | A FHLA 5 EG W2 TH] il 4
BRI AR Ik A1 58 (NZF/EG) e B AW ;i
A FL 5 FE 2 3 O (PANT) X H A 7 | 8 4R A5 r i
PAAETERE I R A B S/ R K 1 55/ 2R R e (NZF/
EG/PANI) = It & WA &L, [R5 B AT 2H AL |

S P Y RE AN PE R T HL BT AT B
1 KEES

11 ik #

7N K G 8 TR B (Zn(NOs), - 6H,0) | JLZK A fil§ iR Bk
(Fe(NOs); - 9H,0) , 7~ 7K 4 iFf B2 #5 (Ni (NO3), - 6H,0) | A4
Jiie (An) | 3z B TR 2 (APS) | T — bt HE 2R Bl iR (DBSA) , &
AL AN (NaOH) 2 2 43 17 26305, W 1 F 1 [ 25 4 1A
2R AT BRA R o] B IR A B8 o fe2f gl i T 5
A A R E] L BRZR B e (8 R s R 78 1 4l Ak
Ab H AR Y R AR — 2 b 3
1.2 HFmpHl&

1.2.1 EG Wil &

HGE & ] ik A 257 700 C R ARFE 15 s, Eifl
% EG,
1.2.2  NiZn,_Fe,0, fl NZF/EG —JCE &YWl %

kAL A 3 U0 3E B & NiZng _Fe,0, (v=
0.1,0.3,0.5,0.7 F1 0.9), #% NiZn,_Fe,0, b2 115
LE R IC— %€ #iE 1 Zn(NOs), - 6H,0 . Fe(NO3); - OH,0 Fl
Ni(NOs), - 6H,0 , ¥ fif T3 1 Z2 TRk, 2 120 1
mol - L™ i) NaOH ¥ 2R 5 ¥ W pH HZ 4 10,
80 CHEFELL N 2 hy flivg  FH LB F ok Uk 208 2
b AR 60 CCHZE T EfH 300 CHESS 2 h
% NiZn,_Fe,0,(x=0.1,0.3,0.5,0.7 F1 0.9)¥ &K ,

B HURE PE BB e 4F 1Y NigsZngsFe,0,( WL 7A) 4 5
BE, AR S DTTE 2 485 NigZngsFe,0/EG —.J0 %
G Y (NZF/EG), VA& EG Jit & 73 8 (ww) 7 0.1 1Y
NZF/EG J 1, ¥ 0.010 0 g EG JiTA F38 & 1) JE /K
CEET AR 6 h 15 EG 4M B ; # J5 it HE AR
0.339 7 g Zn(NOs),-6H,0.1.539 2 g Fe(NO,);+9H,0
#10.742 8 g Ni(NOs),-6H,0 , ¥ fift T 1 i 25 1K |
INA EG 43 BORSHE 2RS35, 2N 1 mol -
L 9 NaOH ¥ W, Frae il 2 IR S W) pH H 2
910,80 CINE 2 hy fli g, F 25 85 /K e i R UE WK
Sk EARY) 60 CCHAS THE: 2 IHE 300 CHELS 2
h, B17% wg=0.1 1) NZF/EG 525,

7] 325 1 45t 046=0.3,0.5,0.7 1 0.9 ) NZF/EG
ZEY, MR EZW, 17E o AR ZCE AW
1 w=0.1 19 NZF/EG 5 & W) i W 25 G P re i A
DALt D H R R B = e B A, (AT & KRRk E
W] NZF/EG P48 wu=0.1 M —JCEG),

1.2.3 NZF/EG/PANI & #9011 #%
KR A 4 NZF/EG/PANL B &9,



2

B8 B 45 L B PR R SR I i A B R AR

%E/J[EE’ZHJ iﬁb

245

DLl 2 PANI F2 it 73 8 (wpan) M 0.1 19 =0 G N
B, ¥ 1 mL An (2 1 g) IMAZF] 9 g NZF/EG Fl 60
mL 0.01 mol-L™ ) DBSA MR G W, HitkfliZ sy
BT, K 2.45 g APS (napsna=1:1)Z 180 2] ik
LW (IR 3 B R B B 10 ), 0 CCREFE 12 b dil
UE BB TF KT K 2 A U BOK B A 60
CHZATHZMEE, IS wpw=0.1 1 NZF/EG/PANI

B, RS 0py=0.3,0.5,0.7,0.9 1 NZF/
EG/PANI Z &,
1.3 HRRIE

FH Philps-PW3040/60 %! X-5t 26 fi7 55 4 43 B %
TERE G AR S5 48 FH EDTA 25 507500 8 NZF FE
o N5 IR R B2 Sl 48 s ) Zn (W B A R R R
) Fe*(fifi K A% R My 46 7= 7)), Hitachi S-4800 %I HL
T4 2B (SEM) AT JEOL-2010 %Y #i ¥ 355 5 8 L
B (TEM) XL AR & (4 7 42 43 A7 RO IE 31, TGA/
SDTA851 4 73 1 A3 i S5 A i T B — ot A% 4k G
2 ;SDY-4 B PU 5 E SO R A 5 L E4991A

AR BT/ 23 B G0 22 525 W 0 R S R A L
1 ; Lakeshore7404 4R 2 4 it 1 5 A5 I 54 19 10
WEACSREE | Brmi ) S S8 S i M 3 A )
(Agilen N5230) il & I FETE 2~18 GHz i [H N Y %
TS W O S G 5 5% (Bl B N s
mgn=2:1), I AR P AL iy £ S BRARE L0 BORE i A0 Rl
WS RE

2 #R5iTie

2.1 HESREVARIN X-5H& 6T 5

AT A2 T R RS NiZng Fe 0, FF i i 20 B 4
TR NERTTLUEL AR SRS &R
A0 (RS AE A W G, R WA i 1 2 AR
SRR -2,

B 1 Rl &R Y XRD B, B 1A 4 ¢ 7l
i ,20=26.69°,43.90° ,54.83°4b Ky EG 11 FE1E 15 ; il
2 a~f 1 ,20=18.22°,29.90°,35.07°,42.88°,53.12°,
56.59°F1 62.31° AT ST U6, 55 2 fib A7 R AR 1) A 1A

#£ 1 NiZn,_Fe, O, &L ZFHK

Table 1 Chemical components of as-prepared Ni,Zn, Fe,O,samples

Content / %

Ni,Zn,_Fe,0, _— P o Composition
x=0.1 2.48(2.44) 24.18(24.48) 46.93(46.46) Nigi0Znogsole200104001
x=0.3 7.51 (7.36) 18. 92(1 9.1 5) 47.1 9(46 72) Nips6Znog01F'€20190004
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x=0.9 22.59(22.47) 2.59(2.78) 47.94(47.52) NigoosZnosFe20150405
“Data in the brackets are theoretical values
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Fig.1

XRD patterns: (A) NZF (a), NZF/EG with wy of 0.1~0.9 (b~f, in step of 0.2) and EG (g); (B) NZF/EG/PANI

composites with wpyy of 0.1~0.9 (a~e, in step of 0.2) and PANI (f)
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Fig.3 TEM images of NZF(a), NZF/EG (b), NZF/EG/PANI composites with wpw=0.3 (c, d)
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