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Synthesis of Nano-crystalline Ni,,Co,,Mn,;0, Powders for NTC Thermistor by
Non-crystalloid Precursor Method

WANG Wei-Min*  GAO Feng ZHAO Ming LIU Xiang-Chun TIAN Chang-Sheng
(School of Materials Science and Engineering, Northwestern Polytechnical University, Xi'an 710072)

Abstract: Nano-crystalline Ni,Cog,Mn 30, powders were synthesized via non-crystalloid precursor method. The
results on the precursor by XRD and IR techniques show that the stable non-crystalloid precursor could be
formed by adding oleic acide and adjusting the pH values. The dried precursor exhibited auto-catalytic combus-
tion behavior. After being calcined at 800 °C, the Ni,(Co,,Mn, 50, powders with spinel structure were obtained. Tt
has been demonstrated that the synthesized powder is well dispersed and with higher sintering activity. The Mod-

el of non-crystalloid precursor has been suggested. The reaction mechanism has also been proposed.
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Fig.3  Structure model of non-crystalloid Precursors
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Fig.5 XRD patterns of as-calcined powders at

different temperatures

ﬂ:% ) VA /b B 9 T DB SR 17T T ) R TR L iy K

i 23 SURBE I AE 500 CCHBBEIT , 2R fh A Fh AR Sh i
r“i-‘jt Ty 1A b % B I R R R B ) A PR B T
A L2 (R 7K S 220 600 CHRBE ), B A b i 2= A
AR, TWRUT —R A A R, &t
BRI R K NR 15 nm, f IS 8L 0=0.835
nm,

2.2.3  Ni,CogaMn, 50, B A B B

K 5 H as-calcined-700, as-calcined-800 1) XRD
FHIAE 700 CHBEIG B R 42 1 A NiMnOs,
[F) HsF J5 AT 22 s Ay 45 A0 1) A 558 ok 38 O A U . 7
800 CHBFE ST NiMnOs T4 2%, JE BL T #7114 B — 25 #5 11)
I fb A7 TIPSR, 32 1 V5 AR 1Y) A A% 5 4K @=0.837 nm,
£ 600~700 CHY ML fErfr, fR ¥ 7E as-calcined-
600 1A HE § A S AL ) % 46 28 NiMnOs, NiMnO, /Y
AT BB 5k R IRER Y i G, N FEAS TR B
B fif BT A5 20 09 S 4k B T e B A AS TR 1 Ak 25
P TE 700~800 CZ IR BEbe IR RN I T LI T /Y
SRR ¥

NiMnO; + MnO — NiMn,O,,

5 2 16 600~800 CHE B it T2 & 2 i A1 1 %
P h NiMn O, & S8 it B2 . NiMn,O, 19 &A% 5
$ a=0.845 , K T B b T R oA S5 K 10 S s
B, FrLL NiMn,O, [ 0 45 5 107 12 5 25018 %5 4K S ks
BB K SR A5 AN LA b A eI B — B 1
600 1 800 CABJE Jir 15 21| (1) B — 45 44 (1 22 i A1 [
P SRS BB a 43914 0.835 FlT 0.837 nm, Bl
BT BE T R AR SRR R 15 nm 35K E] T 39
nm, ME 4 A LIF 7 600~800 CHYZE 1L i 2
R AT WL EE B B 0 A BN . L NiO-MnO-0, 948
FEWR]Z . 78 700 CRFFHAE NiMnO5 F1 NiMn,O, JE B T



- 518 - Pl

5202 %

I S AE AW, Rk & U8, 7E 700 CRH I NiMnO,
A IAR 25 5 b %% 4k NiMn, 0,

Bl 6 %5 T 4 800 “CHE ke T 15 ¥y R 1) TEM A&
R, ATRAE . i 2 R 1R 6 mir R A A8 il 45 11
Ni; gC0goMn, 50,4 A B i 1) et o

B ’
a 13 '-
N

2 4

100 mm

. . i
El 6 £ 800 CHEE 2 Ni¢Cop,Mn, 0, F3 R IH
TEM H A

Fig.6  TEM photograph of Ni; Cop:Mn, 50, powder
obtained at 800 °C

IR SRR 2 120, 1% 800 CHREE S LM
Wy iR R HERS AR 1150 CREZh , il % L NTC
PR BEL, DRI LRI G &R, IR gs R R =
HiBH K p(25)=2 kQ-cm, # 8 R % B=3000 K, Ff&
G [ A T 206 B R Ak i 45 P R i, bR TR
BE—REAE 1250 C, W2 . 3F A AR R Eh 1 & i
9 Ni; CooaMn, O, A ELAT R AF B 25 T M

(1) LA 4 Ja i R 46 Oy SRR T R Ry B2 ¥, nl L
T TA] PR S50 25 A T T RS 1R A TSR

(2) T EE AT IR R R e 2 Rrh— 45
BR AT LASELIR AR BRI J5 B K 48 800 CHEERE S ]
DI E HAG B — e i S5 i B AL IR . A
Rt FE AT LAY R 3 255 1 A, (400 CLLT) Fif 4K 4
(73 i 50858 58 2 45, (500~600 C)HL— 243 i 41 45
P AR B W, 58 3 4, (600~800 °C) H A
Ni; (CopaMn, 5O, ZH 851 B — 2 i A1 43 AR T TE K

() & LA B AR AR SR R /N2 39 nm, B
BT (R 53 B R 2 T Pk

SETW:

[1] Duran P, Tartaj J, Rubio F, et al. Journal of the European
Ceramic Society, 2004,24:3035~3042

[2] Martin De Vidales J L, Garcia-Chain P, et al. J. Mater. Sci.,
1998.33:1491~1496

[3] YUE Zhen-Xing, GUO Wen-Yu, ZHOU Ji, et al. Journal of
Magnetism and Magnetic Materials, 2004,270:216~223

[4] ZHOU De-Chang(Jil 1% &). Electronic Materials (& 5 4 #1).
Harbin:Harbin Institute of Technology Press, 2000.290~291



