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Preparation of PANI/ZnFe,0, Nanocomposite Materials with Electromagnetic Property
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Abstract: PANI/ZnFe,0, nanocomposite materials with electromagnetic property were prepared with an improved
sol-gel and in-situ polymerization process and characterized by transmission electron microscopy (TEM), X-ray
diffraction (XRD), Fourier transform-infrared (FTIR) spectra, four-probe electrometer and vibrating sample
magnetometer (VSM). The results indicated that PANI/ZnFe,O, materials were nanosized and there was some
strong interaction between ZnFe,0, and PANI in the composite material. The material possessed both conductivity
and magnetism. The conductivity decreased and the saturated magnetization (Ms) increased with the increasing
ZnFe,0, content. The coercive force (He) was higher than that of pure ZnFe,0, nanoparticles and increased firstly
and then decreased with the increasing ZnFe,O, content. Moreover, the electromagnetic property of the materials

could be effectively improved by pre-treating ZnFe,O, nanoparticles with nitric acid solution.
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1.1 XFIENEE

T2 FF (Zn(CH,CO0), - 2H,0) ; il i 2k (Fe(NO5); -
9H,0) ; #7152 (CeH,05 - H,0) 3 Z7K (NH) ; A e (An) ; 2ot
T TR B4 (NH,),S,05) ; £h 2 (HCI) ; £ FR (HNO,) , T A Ik
FIEA ARIF KA KK,
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1.2 HRNHE&
1.2.1  ZnFe,0, 98 KH0 1 %

% n, g =12 BAE AT PRI — 52 Y

Zn(CH;C00),-2H,0 . Fe(NO3);-9H,0 ¥ T IR ZE H K
i, UEREE TSRy RN 1:1 A
FEEERR | G 1B FE T A ZK AT pH AN 5 7247, 7E
75 C TR MBI R I, 7F 120 C FIE R THERE, K
TR E T S 78 400 C T BBE 1 h, 153240
PR R TS | W15 ZnFe,0, 21K R+

ZnFe,0, SRR TR AL . ¥ — ik b
I IEHAR 0 ZnFe,0, AR F 20 BT — i W BE 1Y
HNO, BB ALMEHEFE 12 b, B 0085, T —
YOK 43 30 min 5]
1.2.2  PANI/ZnFe,0, 0K A M RHE 1 %

FE—E 1Y) ZnFe,0, Fa & BIF W T INA 1 mL
An, M5 20 5L 30 min, JE BCEVE W AR fEfLEE Y
(NH,),S,05 % T 1 mol - L' BRI W, P A WL B,
FH RO - B 218 E A o ZEHURSE £ I
N 12 h SV 45 R S g | T 5 AR Sk R v i
IK EEFN R OK B 7 W) 2 IR R et 80 CCHLZS
T 24 h, BI AT 15 2] PANI/ZnFe,0, 40K 2 & #1K}

K LRI B ZnFe,0, B 207 W n
A il 2 1 — R IR ZnFe,0, % 5 (0~43.54%) 1)
AR GRS 51E R S-0.S-1.8-2.8-3.S-4.S-5,
S-6, A MBI ZnFe,0, ¥ il 1 5 5L | /P
¥ PANI/ZnFe,0, 7£ 800 C F /L 2 h, 15 PANI
SEAIRBET bR 25 | MR HE AR e iy 5 H e ) AR Ak B
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2.1 HMmAK XRD & #7

K1 (a) WAREAIEN ZnFe,0, 1Y X PFLAT
B, 25 JCPDS K% R 22-1012 bR HEE 58 42 W)
G, BEWIRI T L3 07 1 4 B ZnFe 0, THORL Ry 5.
— R A B AT S0 R AR I B Y Ak IR AT
U ) B Ak 5 g K R ST RNt by () B Se Bl pi A7 G . R
i Scherrer 28 2 D=k/(Beost)(k HL 0.89,1 4 0.154
nm), H 20=35.16°Kb R AEAT G 06 1 > 0 5 ] LA 5
th ZnFe,0, R [P YR 42 4 15.23 nm, Bl 1(b) A
TSR AL BE 5L 1Y ZnFe,0, JE 8.1 PANI/ZnFe,0, #1 K}
X AT, ZE T BRA SR 5 A B ZnFe,0, 14T
TEAT FHUEAN IR TEAR 20 3 B B0 T & A R e i A1
B [RIFEHR PG Scherrer 28 20 1] LI H PANT/
ZnFe,0, B 4 M B ZnFe,0, Fi T (1 F ¥R 42 H
12.09 nm, 5340, lW# ZnFe,0, Il PANI/ZnFe,0, 1T 5
U Y) 20 %5 & B . PANI/ZnFe,0, ' 11 ZnFe,0, 117 41
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Fig.1 XRD patterns of untreated ZnFe,0, (a) and
PANI/ZnFe,0, nanocomposite material (b)
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e o

1 & 2(a) . (b) T i, R 3 190 5 e — B8 fie 12k il 45
1) ZnFe,0, KR T 5 FH— o e B (A i 15 Xof P
ZnFe,0, #17 T Ab B 0] DL ok 38 H A0t | H ZnFe,0,
T MR 1 RS s/ 3k 2 T Y vk B Y
HNO, % WAL LABR 25 ZnFe,0, 2 1 14 XE 7 1 42
JoT, T AT DA R A A, R A ) R Ak
N7V f R Zn2 R Fe 238 ZnFe,0, 49K b T
PAER B, 1M 7E ZnFe,0, i T 2 18 ¥ i FH 2 7 5¢ |
XRE R T[] R AT 0 HE R AR A RO L TR
ZnFe,0, 9K BURL I AT 5 | il FLAE A ot b 45 DU 5
S BERD R IE B35 20 53 5 PANT/ZnFe,0, KR
AR RTEE X 2R TE BB T R it nT DA
Ab PTG ZnFe,0, 40 K ORI £ oA 19 428 £k R TIE
52, ARSI ZnFe,0, 9K ORI R 1T ¢ FAAE N
22.0 eV, MALFEFTALH 11.87 eV,

HIE 2 (c) AT, A EiRJ7 %6145 19 PANI/
ZnFe,0, A AUK RSF ML, TCHLRLF 78 PANI H135%5]
SR BRI RIS R KA B IS
A R ) 5 T 45 A AR 3¢ W AH TR A7 78 25 8 1 A
HAEH , BV Fe’~—PANI M ££ 7€ ffi 153 ZnFe,0, 1
PANT AH [8] () 25 175 1) T Hg 5 iso

K
N

50 nm

K2 ZnFe,0, AR T RAL LT (a) )5 (b) 5% PANI/ZnFe,0, & G # ¥ c) ) TEM
Fig.2 TEM images of (a) untreated and (b) treated ZnkFe,0, and (c) PANI/ZnFe,0,
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Fig.3 FTIR spectra of PANI (a) and PANI/ZnFe,0, (b)
DL B S5 RAE ] TR B R 0 S5 S5 T R I A
K An 1E ZnFe,0, 94K ¥ 3% 1 B 2y 1 S 3 1 5o
RE 132 LU 2= 25 G 1 PANT/ZnFe,0, 99K
AR,
2.4 PANI/ZnFe,0, E & # #I0 B 4E&E
1AM T —RIIAFE ZnFe,0, & 2 H PANI/
ZnFe,0, KA BT S 2R (o)., % T 28 1y
B ME G SR LGN T ZnFe,0, & 1)
BEINTRTN  BUFRR 48 44 0T LARE PANT 43§ &
53 [] B A8 G TR T LA Y A DA T el
AL, KA PANI 48 G0k ) SR 5 {H 4
%% ZnFe,0, WIARLF 51 A 231 55 3% FhA 245 242,
Al 52 5 A1 K ZnFe,0, 15 PANT Z 18] 19 88 5 4 H
WREAR T PANI 23 7 HE R AR AR A, (0 £ 1) A
&1 PANVZnFe,O, WAKEGHBHWBESE
Table 1 Conductivity of PANI/ZnFe,O, nanocomposite

materials with different content

Samples Wype,0, | %o o/ (S-em™) o/ (S-em™
S-0 0 6.25 6.25
S-1 5.23 5.83 4.21
S-2 10.61 5.26 3.81
S-3 16.52 4.31 3.33
S-4 25.32 2.78 2.63
S-5 32.58 2.56 2.17
S-6 43.54 1.51 1.35

* PANI/ZnFe,0, nanocomposite materials synthesized by
treated ZnFe,0, nanoparticles; * PANI/ZnFe,0, nanocomposite

materials synthesized by untreated ZnFe,0, nanoparticles.

AR, X AEELREAS T PANI 43 F 5% Lo+
HE (8] 2% 0 T AL > R I B o 48 2% 6 T ZinFe,0,
FRNEIME &R B SRSl 2 AT,
2.5 PANI/ZnFe,0, HK & &+ #H R 1 8

2 NE M HFR AL H ZnFe,0, 41K KL T TE AL
1 — RN [F] ZnFeO, & i & A A B W4 P e %
W, WNERPATLLAI, 76t ny & &8 BN
(5.23%~43.54%), B MBI RE LR E (M)RE
ZnFe,0, & it WG N3, (HIAE T 46 ZnFe,0,;
T AARE 8 8 0 7 () 5 38 K T 26 ZnFe,0, 1, H B
ZnFe,0, T HE MG I 2 BLIEHG N, 3 10.619% 447 I
IR, 2 )5 WA B 110 20 252 185 T i /)N 1) e
— kU, B A MORH G R 2 2 BIHEPE ZnFe,0,
W F LA AR R PANT o He 6 28 B DU 52 )

%2  PANVZnFe,0, 41k £ & H0 Rk  t

Table 2 Magnetic properties of PANI/ZnFe,0,

nanocomposite materials

Samples Wpe,0, | % M,/ (emu-g™) H,./ Oe
S-1 5.23 0.07 73.40
S-2 10.61 0.17 97.18
S-3 16.52 0.36 77.62
S-4 25.32 1.62 62.53
S-5 32.58 2.37 53.21
S-6 43.54 3.55 48.93

ZnFe0, 100 11.35 32.08

2B B RL G B P BE SR U T 4 PE ZnFe 0, 90K FL
T, PR 52 A A R 0 AR ARG AL i AR S R T
TR G MR B 5T 2 40 500 OGP BDRGPE ZnFe,0,
YRR R B A R TR R A
RABBIE T 4L ZnFe,0,), LEASLE 5 4R BY BT
WK F 46 ZnFey0,, XEHTEGMET RS
5tk AR IURL AL B A B o 2 IR b S B A AR
FH BACAE Tk AR AR IR 1) 2% T M ST R A X 45 ey 12027281
J38h T PANT 094 2 /E HIAT LA ZBH 1E ZnFe,0,
YRR F I R B A R A R A — e R b R
A PANI X HEYE ZnFe,0, B AL 7 A 3L, R
T7E PANIL H A 3 HOB X4 7 ) RH ] A9 A B A A
s, HR W) (H )W 23 BOR TR ARSI | H ok Ak 3
) ZnFe,0, il % (%) & & K 43.54% 1 PANI/ZnFe,0,
A MRHR W AUA 19.71 Oe, iZAB G /N T 11 ik
JE [ ZnFe,0, il % 19 [8] & & 5 4 MHRL 0 B il )
(48.93 Oe), X IFJEM T Lk JF & m,; M4
ZnFe,0, 7 2 KK PANT B3 A4 22 7E F S 2508
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