CERAMICS

INTERNATIONAL

ELS ER Ceramics International 30 (2004) 1661-1663

www.elsevier.com/locate/ceramint

The effects of pH value on the characterization of CoMnNiO
NTC thermistor nanopowders

Jian-wen Zhuan@*, Ai-min Chang?, Zheng Ji&,
Shun-chang Zhuarfy Dian-zeng Jii

@ Xinjiang Technical Intitute of Physics and Chemistry, CAS, Urumgi 830011, China
b Department of Chemistry, Xinjiang University, 830046, China

Received 26 November 2003; received in revised form 3 December 2003; accepted 22 December 2003

Available online 31 July 2004

Abstract

The effects of pH value on the properties of CoMnNiO NTC thermistor nanopowders during coprecipitation process are studied. It showed
that the particle size and the agglomeration increased with the increase of pH value. At pH 7 and 9, the wave-like grain structure has been
observed in the microstructure of sintered samples by SEM, the reason for this phenomenon is that the tetragonal phase separated out of the
cubic phase. At pH 8, the powders showed excellent sinterability with homogeneous and dense microstructure in the sintered samples. So the
optimal pH value for the preparation of NTC thermistor nanopowders is 8.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction 2. Experimental procedures

NTC thermistor materials are high performance ceramic  The solution of 1.0 M concentration are prepared accord-
materials applied to the manufacture of temperature sensorsijng to stoichiometric ratio using cobalt nitrate, manganese
its microstructure, and performance are greatly dependent omitrate, and nickel nitrate (1:1:1, molar ratio) as precursors.
the preparation process, especially the preparation proces®y adding NH-H>O and nitric acid to adjust the pH value.
of powders. The properties of powders has great affection Under the conditions of pH 7, 7.5, 8, 8.5, and 9, reaction
to the materials’ microstructure and also the densification temperature was 45-5C, the mixing ion solutions were
of sintered samples, and then the characteristics of sensoadded slowly to the precipitation solvent with stirring. The
elements, such as mechanics and electrical propétti2k sintered NTC ceramics are chipped into the small chips by

The preparation process has essential relation with thethe size of B8 mmx 0.5 mmx 0.5 mm for the measurement
microstructure and properties of materif8s5]. Especially of electrical properties.
the pH value has a significant influence on the characteriza- The chemical reagents were weighed by Sartorius bal-
tion of nanopowders, there have been some report on otherance, the pH value were measured by PHS-2C acidity
materials[6—8], but no research has been reported on the meter (precisior< 0.01), the microstructure of the sintered
influence of pH value on NTC thermistor nanopowders. So sample are analyzed by AMRAY-1000B scanning elec-
in this paper, the effects of pH value on the properties of tronic microscope, and the crystal structure are analyzed
CoMnNiO NTC thermistor nanopowders have been studied. by Philips PH-1700 X-ray diffraction meter, by HW-1

(25 4+ 0.005°C), R3-II (50+ 0.01°C) thermoregulated oil
mspondmg author, Tek886-512-57218238; bath and ORION-3530A data collecting system to mea-
fax: 1+886-512-57218204. sure the resistance versus temperature characteristics of the

E-mail address: zhuangjianwen@sohu.com (J.-w. Zhuang). samples.
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Fig. 1. The TEM photos of powders at pH 7, 8, and 9.

3. Results and discussions can be explained by the diversity of sol and swelling ef-
fect. With the decrease of pH value, surface of colloid will
3.1. Effect of pH value to the particle size of powders bring positive charge, the effect of potential barrier will be

enhanced. So the stability of the colloid will be improved
By TEM observation shown ifrig. 1, the average grain  with better diversity. After the colloid particle is charged,
size of powders versus pH 7, 8, and 9 is 27, 32, and 41 nm,the osmotic pressure will increase, so will do the Donnan
respectively. The result shows that the grains grew coarsereffect, and the extent of swelling increase and the particle
with the increase of pH value, and the agglomeration in- size decrease.

creased too.
According to the theory of colloid chemistry, when the 3.2. Effect of pH value to the microstructure and crystal

colloid particle is charged, its electrical properties will structure of the samples

change with the change of pH value. The effect of pH value )
The sample prepared from the powders at different pH

values were sintered at 1200 for 2 h. The SEM observa-
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Fig. 2. SEM photos of sintered samples vs. pH 7, 8, and 9. Fig. 3. XRD patterns of sintered samples vs. pH 7, 8, and 9.
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Fig. 4. TheB constant and resistance of sintered sample vs. pH value.

tion of the sintered samples are showrFig. 2 it showed  of Co?* and NP+, thus the conductivity of the samples will

that when pH 7 and 9, there exist wave-like shape crystalspe affected, and also the materials constBritpnstant.
in the sintered samples. The XRD patterns of the sintered

samples are shown iRig. 3, the results show that the main
phase from different pH values are mainly cubic phase, with 4. Conclusions
a small part of tetragonal phase. When the tetragonal phase

are segregated from cubic phase solid solution (showigin 1. At the range of pH 7-9, the particle size and the ag-

3), the wave-like crystal shape will appear in the SEM ob-  glomeration of the CoMnNiO NTC thermistor powders

servation. When ph-= 8, the microstructure is very homo- prepared by coprecipitation method increased with the

geneous and dense with very small pores (showfidgn 2), increase of pH value.

and no wave-like crystal shape appeared. The powders de-2. At pH 7 and 9, the wave-like grain structure observed in

rived from pH 8 also showed excellent sinterability. the sintered samples are induced by the tetragonal phase
separated out of the cubic phase.

3.3. Effect of pH value to the electrical properties of NTC 3. At pH 8, the CoMnNiO thermistor nanopowders showed

thermistors excellent sinterability with homogeneous and dense mi-

crostructure in the sintered samples.

The resistance of a thermistor material is expressed by
R = Roexp(B/T) whereRy is the resistance at infinite tem-
perature]T the sample temperature in Kelvin, aBd= Q/k
is the energetic constant of the material in Kelvin, wh@re 1] GD.C. Csete de G v LM R 5 i .
. . . . .D.C. sete e yorgytalva, 1.M. eaney, ecomposition o
is the site activation ener_gk,the Boltzmann constant. NiMn204 spinel: and NTC thermistor material, J. Eur. Ceram. Soc.

TheB constant and resistance of the samples atroomtem- 51 (2001) 2145-2148.
perature with pH value are shownfing. 4 With the increase  [2] J.S. Jung, J.W. Kim, M.S. Kim, J.S. Jang, D.S. Ryu, Reliability
of spinel phase (shown iRig. 3), the conductivity of the evaluation and failure analysis for NTC thermistor, Int. J. Mod. Phys.
sintered samples increased, while the materials cond®ant, __ B 17 (8-9) (2003) 1254-1260. ,
constant decreased. At pH 8, the sample contained the hi h 131 S:M. Haile, D-W. Johnson Jr., G.H. Wiseman, H.K. Bowen, Aqueous

e p ! p 9 precipitation of spherical zinc oxide powders for varistor applications,
est content of spinel phas_e, and thus deserved the snllest  ; am. ceram. Soc. 72 (10) (1989) 2004-2008.
constant and smallest resistance of samples at room temperg] H. Shunichi, Y. Yao, S. Shin-ichi, Zinc oxide varistors made from
ature B = 3515, Ry5 = 1.95k2, shown inFig. 4). At pH powders prepared by amine processing, J. Am. Ceram. Soc. 72 (20)
7 and 9, the conductivity of the sintered samples decrease[S] I(\Alg?:?f)tc?’ggl‘e":\g- Aing, L. Burkhart, Measurement of agglomerate

. . . Ciftcioglu, M. inc, L. Bu s u
with th_e Increase _Of tetragonal phase. At pH 7, the XR[_) strength distributions in agglomerated powders, Am. Ceram. Soc. Bull.
analysis showed highest amount of tetragonal phase_, andin- g5 (12) (1986) 1591-1596.
duced the larged® constant and also the largest resistance [6] W.L. Luan, L. Gao, J.K. Guo, Influence of pH value on preparation
of sample at room temperature? & 3930, Ry5 = 15k, of nanocrystalline BaTi@ powder by sol-gel method, Ceram. Int.
shown |nF|g 4) 27 (6) (2001) 645-649.

. [7] W.L. Luan, L. Gao, J.K. Guo, Effect of pH value on the property of
The result shows that when pH value is larger or smaller, BaTiOs nanopowder, J. Inorg. Mater. 14 (2) (1999) 264—270.

the ratio of Mr#* to Mn** will be indirectly affected by [8] Y.P. Xu, J.K. Guo, Effects of concentration and pH value on properties
stoichiometric ratio deviation induced by the complexation on nanometer powders, J. Chin. Ceram. 21 (3) (1993) 280-284.
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