F23EE 2
Vol.23 No.2

TERERERFIR

The Chinese Journal of Nonferrous Metals

201342 H
Feb. 2013

TEHES: 1004-0609(2013)02-0410-07

Nb,Os 122 NiFe,0, [ E 1 #1 B B 4519505 rE 1 RE

E R, AR, FEK
(PR MARREREFERLRE, Kb 410083)

8 E: LANiO-Fe,03 FI NbyOs A JiUk}, K FH [ AR 4572 £ B ok ¢, ik S5 P~ 40 455 1 46 N Nb,Fe, 0,4
(x=0, 0.02, 0.05, 0.07, 0.10, 0.20)F &IXFE, I AT R PERENNK. ik XRD. SEM. EDX. FTIR 1 XPS %
AT T BN EHOIARZ G ARG FIFIRIX A AT AL, ST Nb,Os 5 0] i B dh bl e St AL R 5 r PR RE 11
R, ZEREN: NbyOs 52430 NiFe,04 A NiO AHHEL, i EI 4Ek FeNbO, AH; 1&E 2544 (x=0.05)FE Fl
TIHER IR, REM IR TE; HARBIGRAMLL, $5B5% Nb,Os [ NiF,0, M @At k1) T it 35758 2R
Kelsts, A5 x=0.05 1] NigosNbosFe 0,4 M ERFELE 1233 K [F1H T4l NiFe, 04 9327 60%.
FKHEiF: NiFe,Oy FHVERE: WAL NbyOs#5 %

PEHES: TF21 NEkbRERS: A

Microstructure and electrical properties of
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Abstract: The ceramic powders were synthesized by solid-state reaction method using nickel oxide, ferric oxide and
niobium oxide as raw materials, and the Ni;_,Nb,Fe,O4 (x=0, 0.02, 0.05, 0.07, 0.10 and 0.20) ceramic were prepared by
isostatic pressing-atmosphere sintering method. The electronic conductivity of ceramics was tested. The phase
composition, microstructure and microarea composition of ceramics were analyzed by XRD, SEM, EDX, FTIR and XPS.
The effects of Nb,Os-doping on the microstructure and electrical properties of ceramics were investigated. The results
show that the appearance of NiO phase in NiFe,O4 matrix is restrained during Nb,Os-doping. And an impurity phase of
FeNbO, appears while excessive Nb,Os is added. The right amount of doping (x=0.05) helps to eliminate the pores in
grain boundaries and improves the sintering density of ceramics. Compared with the undoped samples, the conductivity
performances of doped sample have been greatly improved. The conductivity of NiggsNby ¢sFe,0, sample increases by
60% compared with that of the undoped samples at 1 233 K.
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F 1 Ni_Nb,Fe,0, B ZFf b (AR A HE 254
> — o— NiFe,0, Table 1 Physical parameters of Ni;_,Nb,Fe,O, ceramics
i: Il;tl(\)lbo Lattice constant  NiO volume  Relative  Average
(d) ° A . x of NiFe,0,, fraction/ density/  grain
Q ’.0 4 o / - Oh oh * ’\0 a311/A % % size/pm
oo 0 8.346 12.19 96.62  24.17
(©
L A 0 = | h 0.02 8.371 11.89 97.46 22.73
400)
w0 R 0.05 8.370 9.68 99.35 19.53
(b)
i A n l 0.07 8.378 7.29 97.25 30.25
o 2 A
(@) = Ay 010 838 439 96.92 3535
wla %
° , "Jb\ J\L IR h 4\ 0.20 8.397 0 96.80 50.48
30

40
20/(° )

E1 1300 CES FELEr) Niy_ Nb Fe,O, i & FE M XRD

i

Fig. 1 XRD patterns of Ni;_Nb,Fe,O4 ceramics sintered at

1300 °C in Ny: (a) x=0; (b) x=0.05; (c) x=0.10; (d) x=0.20
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B 2 Nip Nb,Fe,0,Fd &t IEFR AN SEM £
Fig.2 SEM images of polished Ni;_ Nb,Fe,O, ceramics (S: spinel, B: bunsenite, M: metal, N: FeNbO,, black area: pore): (a) x=0;

(b) x=0.05; (c) x=0.10; (d) x=0.20
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Fig. 3 Cross-section morphologies of Ni;_ Nb,Fe,O,4 ceramics: (a) x=0; (b) x=0.05; (¢) x=0.10; (d) x=0.20
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Fig. 4 FTIR spectra of Ni;_,Nb,Fe,O4 ceramics: (a) x=0; (b)
x=0.02; (¢) x=0.05; (d) x=0.07; (e) x=0.10; (f) x=0.20
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Table 2 Data on FTIR and activation energy (£) of

Ni_Nb,Fe,O, ceramics

X FTIR data Activation
vi/em™! vylem”! energy, E/eV

0 603.6 412.7 0.1789
0.02 601.7 410.8 0.157 2
0.05 601.7 408.9 0.144 0
0.07 603.6 408.9 0.163 5
0.10 601.7 406.9 0.170 0
0.20 597.9 405.0 0.160 6

Me—O M4 deaht ), W47 RS Bl ) S AR
AR, BTSRRI 2. NbOs 5241
Wi 25 B it P DY T A4 R\ T A4 SR i 3% 5 38 R AR T A
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Sy EAC A Fe ol Nit'™, A8 T (Fe''—0%)
FION O™ ) FIHAR IR, Sy T SR K AR
FH B LA AR, ISR v, RS R )
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Fig. 5 Plots of Ino vs 7' for Ni;_,Nb,Fe,04 ceramics
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Table 3 Relative data of Fe 2p peaks for Ni;_,Nb,Fe,O, ceramics

Peak position/eV Peak area/(eV's)
x n(Fe’s )/n(Feg)
Fe’s Fe's Fe’, Fe’s Fe's Fe’,
0 708.9 710.6 7134 46 770 59 302 59 525 0.441
0.05 709.1 710.6 7134 54 941 59 637 106 210 0.480
723 eV Jidy, JEFERRT R LRI PSS AL S, Fk 4 JURIE Nb ) Nb3d iefi 244

Fe 2p;, iU Fe J03 T 2ELL Fe’y | Fe'y fl Fe's 3 FioiR
BAAED, Bk BRR A & i, ARSI
Fe B FSHULE 3. WK 3 WTLLEH, 4 NbOs 5%
o 4 0.05 i, b N B HUR T\ TH 44 B {1 Fe™*
RN, N PHTeafs, B A7 Fe''l Fe* R/EFHAE, &
B FSWREEFL RN 44.1%F2 1 5] 48%). 534h, Nb3d
) XPS % DL K ¥ Nb ) 5 45 4 Bk g B0 EoR
Nig 9sNbyg osFe,04 £5 PrNbO4 H1 Nb (R4 22 R4,
Nb I A A+5(IZE 4), W3 EAT AR S5 R R A
XBAUESE T FeNbO, A AFELE o

a
(@) Fe 2p;),

Fe 2p,,

A sl

710 720 730 740

Binding energy/eV
(b) Fe 2p;
Fe 2p,)

3+

710 720 730 740

Binding energy/eV

700

6 Ni;_Nb,Fe,0, Fij'& Fe2p i XPS i
Fig. 6 XPS spectra of Fe2p peaks for Ni,_,Nb,Fe,O,4 ceramics:
(a) x=0; (b) x=0.05

Table 4 Nb3d peaks parameters of several substances

containing Nb

Sample E(Nb 3ds,,)/eV AE(O—NDb)/eV  Valence
Nig9sNbg gsFe,04 206.48 323.38 +5
KNbO; 208.1 3229 +5
Nb,0s 207.8 323.1 +5
PrNbO, 206.9 3234 +5
NbO, 206.0 325.0 +4
3 &g

1) Nb,Os #2440 T NiFe,0, M # 34k NiO A
(L, T BB AR A AT IR FeNbO, AH .

2) 8 Nb,Os fieidt NiFe,0, FEFEHIILELEE
WAk Bt x N 0.05 I, BRFEAT R R, WY
THARRLA /N5 B2 it 2 ) 2 5 L Aok RO
FHXT 4% FE IR AR

3) Nb,Os 52441 T NiFe,04 FiZ AR S HiiE
ffig, T J\HA B {7 Fe Wk, S ditERets
P . SARBILVAFEHILL, NigosNboosFe,04 I FEAE
1233 K I ) HL 5 55410 NiFe,0, 42 7 60.6%
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