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Effect of Cr,0O3 on the microstructure and non-ohmic properties
of (Co, Sb)-doped Sn@ varistors
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The effect of CsO3 addition on the physical characteristics, microstructure, and current-voltage properties of (Co-Sb)-dopearStds

was investigated. Sn2Co0304-Sh,O5 ceramics with additions of 0.0, 0.03, 0.05 and 0.07 mol %QGrwere sintered at 1350C under

ambient atmosphere and characterized microstructurally and electrically. The characterization by XRD and SEM show that the microstructure
remains as a single phase material with multimodal size distribution of@a@s. The greatest effect of {fdsadditions is manifested in

the electric breakdown field. Additions of high levels (0.07 and 0.05 %) of this oxide promote an increase of approximately 55% in this
parameter compared to thesCr;-free sample. Another physical property is affected: the measured density values decreases-&83sthe Cr
content increases. A change in the nonlinearity coefficient value is produced only at the higl@st@mtent while at intermediate levels

there is not change at all. Consequently, when seeking high nonlinearity coefficients, intermediate levels aff€not recommended.

Keywords: Varistor; breakdown voltage; nonlinearity.

Se investi@ el efecto de adioin de CsOs5 sobre las caractisticas fsicas, la microestructura y las propiedades corriente-voltaje de varistores
de SnQ dopados con Coy Sb. Los émnicos Sn@-Co;04-Sh,O5 dopados con 0.0, 0.03, 0.05y 0.07 % molar deg@rfueron sinterizados

a 1350 C a medio ambiente y caracterizados microestructuralmentxyriehmente. Los resultados de la caractergmapor DRX y MEB
muestran que la microestructura del material permanece como una sola fase con una distriblichodal de tanféo de grano del SnO

El mayor efecto de la adigh de CyO3 se manifiesta en el campaetrico de ruptura. A altos niveles (0.07 y 0.05%) de ddlicleéstedxido

se promueve un incremento de aproximadamente 55% de eétagias comparado con el de la muestra libre dgOgr Otra propiedad
fisica que es afectada son los valores de la densidad medida ya que disminuye cuando se incrementa el contéhjdt/de@mnbio en el
valor del coeficiente de no-linealidad se produce solamente en el mayor contenid@der@ntras que en los niveles intermedios no existe
cambio alguno. Por lo tanto, cuando se busquen altos coeficientes de no-linealidad, los niveles intermediés e adicirecomendables.

Descriptores: Varistores; voltaje de ruptura; no linealidad.

PACS: 61.72.Ji; 61.72Mm; 84.32.Ff, 84.37.+q

1. Introduction Ever since its introduction by Matsuoka early in the 1970s,
_ _ _ _zinc oxide (ZnO) has been by far the most important ceramic
The continuous growth in the production of household applimaterial (as the base for ceramic systems) for the commer-
ances and electronic components has stimulated the develogial production of varistors [4,6]. Recently, from the mate-
ment of a large number of ceramic materials for the fabricarials science and engineering viewpoint, the development of
tion of electronic devices, including varistors. Varistors area wide variety of ceramic systems for varistor applications
variable resistors, in which the electrical resistivity is a func-has undergone a remarkable expansion. The new or alterna-
tion of the applied voltage [1]. These components are comtive ceramic systems include Ti@7], SrTiOs[8], WO3 [9],
monly used as over-voltage and surge absorbers in electron@e(, [10] and SnQ [11], amongst others. Owing to its at-
circuits and electrical systems [2-5]. The foremost parametractive properties, the latter, tin dioxide, has received spe-
ter used to describe the varistor’s non-ohmic behavior is th@|a| attention by many researchers. Tin dioxide (5)’]@ an
nonlinearity coefficient, defined by the following equation:  n-type semiconductor with a rutile-type structure and space
. group D} [P42/mnm] [12]. Because of its poor densifica-
J =kE®, (1) tion attributes during sintering, it has been generally used in
porous materials, specifically for gas sensors [13,14]. How-

where J is the current density is the applied electric field, ayer, densification of Sn@based ceramics can be enhanced
andk is a constant related to the material’'s microstructure.
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by using hot isostatic pressing [15] and by adding dopants
such as CgO, or MnO; [16], which allow achieving val- o= log (J2/J1) @)
ues close to that of the theoretical density. Moreover, cer- log (Ea/Er)’
tain oxides have been used not only for improving densifiwwhereFE; andE, are the applied electric fields corresponding
cation/sintering characteristics, but also for enhancing nonto the current densitieg; and.J,, respectively. The break-
ohmic properties [17]. Antimony pentoxide (8Ds) for in-  down voltageE; was measured at 1 mAcmh. J andE can
stance, has been tested previously in compositions intendesk calculated by means ofs andV'/t, wherei is the electric
for low-voltage SnQ-based varistors [11]. current,s is the area of silver electrode, ahib the thickness
Another important oxide lately regarded for the enhanceof the tested sample. The values of linear shrinkageere
ment of the non-ohmic properties of Sp®ased varistors obtained according to the expression:
is chromium oxide (GyO3). lIts presence has been corre-
lated with modifications in the density and nonlinear prop- v = M,
erties of Sn@-based ceramics. According to Filho and co- Do

workers [18], in addition to influencing density, {LJ; causes  \yhere D, andD stand for the sample diameter before and af-

a significant decrease in the average grain size while increags, sintering, respectively. Density measurements of the sin-

ing both, the nonlinear coefficient and the electric breakdowng eq samples were made using the Archimedes’ method and

field. Piannaro ascribed this effect to the inhibition of grain g|ated to the theoretical density of SnG6.95 g/cm. Mi-

growth during sintering [19,20]. On the other hand, by test-,sirycture characterization of the sintered specimens was

ing levels of C;O; up to 0.05 %, Bueno and co-workers c4qieq out by X-ray diffraction (Cu,, radiation in a Philips

suggested that formation of CofJ, at the grain boundaries 3040 x.ray diffractometer), scanning electron microscopy

make the ceramic lose its nonlinearity [21]. (SEM) (Philips XL30 ESEM). The mean grain size was de-
In view of the variety of outcomes reported so far as re-ermined from SEM micrographs, using an Image Analysis

gards to the use of @D;and of the need for understand- software (Image-Pro Plus), according to the ASTM-E112

ing the correlatiorprocessing— microstructure— proper-  standard procedures.

ties the authors have conducted a study on the influence of

Cr,O3 on the microstructure and electrical properties of the . .

ternary system SnOC0;0,-Sh,05. Assessment of other 3- Results and discussion

physical properties resulting from the processing conditions

like shrinkage and average grain size is also carried out.

®3)

Results from the analysis by X-ray diffraction in Fig. 1
show no apparent second phases but only tin dioxide §SnO
JCPDS No. 77-0447). ltis also to be noted that the concen-
trations of dopants added (Co, Sb and Cr) are too small to be
detected by X-rays. It also can be seen that X-ray patterns

; f samples doped with Cr show higher refraction intensities
Analytical grade Sn@ (Baker), CgO, (Bak ds 0 _ et
nalytical grade Sng (Baker), CqO. (Baker) and SkO; than samples without Cr due to a enhanced crystallization of

(Aldrich) were used as the raw chemicals in this work. The - . o
molar composition of the investigated systems was (98_95t_he Cr-containing samples. Microstructure characterization
X) % Sn0,-1 % Cq;04-0.05 % ShO5-X % CryO3, where

X = 0.0, 0.03, 0.05 and 0.07 %. The powders were pro-
cessed by a non conventional method of mixture, through

2. Experimental procedures

(110)
(211)

high-energy milling performed in a planetary ball-mill Pul- i 2 g s _.S =
verisette P7/2 (Fristsh GmbH, Germany) using vials and balls Tea 88 gg@/ g &

of agate for 20 minutes. The so-called non conventional mix- 1 ( -8 U\j_lﬂj«*wl —
ing method has important advantages on the material's mi- | S
crostructure and electrical behavior, as compared to the tra-5 - L |

ditional mortar and pestle route [22]. The resulting powders “;' | L ' olos%cr
were uniaxially pressed in the form of tablets (10.0 mm in ‘§ ]

diameter and about 1.2 mm thick) at 230 MPa and using no £ -

binder. The tablets were sintered in ambient atmosphere a™ | | JU‘ U& . | L JLo.os% cr

1350 C for 1 hour with heating and cooling rates 6{&min

in a tube furnace (Lindberg/Blue STF55433C-1). For elec- A A

trical characterization, silver electrodes were place on both }b | oy A
faces of the ceramic sintered samples followed by thermal 2 =~ % = © s e 7 80
treatment at 80TC for 6 minutes. Current-voltage measure- 20 (degrees)

ments were taken HSing a High.VoItage Measure L_'nit (Keith-Figure 1. XRD patterns of Sn@ ceramics with different
ley 237). The nonlinear coefficientwas evaluated in terms chromium oxide contents. It should be noted that tin dioxide is
of the relation: present as a single phase.
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These changes can be explained with the aid of replacement
equations representing phenomena occurring in the tin diox-
ide lattice. Possible substitution equations, by thédeér-

Vink standard notation are as follows:

Co304 — CoO+ Co,03, 4)
Co0 % Cof, + Vg + O, (5)
C0,03 ™% 2C0k, + V& + 305, Q)

The addition of SPO5 into the SnQ@ ceramics may cause
the reaction:

: Sk0; 2% 25k, + 2¢/ + 408 + %oz(g), @)
FIGURE 2. SEM micrographs of samples sintered at 135Gor
1 hour: (a) 0.00, (b) 0.03, (c) 0.05, and (d) 0.07 % @y. wheree is an electron activated from donor Sb in the $nO
lattice. As the current carrier, the electrons cause an increase

by SEM suggests a good densification process with an afn the electrical conductivity of the grain. Thus resistivity of
parent multimodal grain size. This multimodal feature how-gnQ, grains is decreased.
ever, cannot be attributed to {05 additions because the ref- Figure 3 shows plots of current density as a function of
erence specimen also does have the same appearance. Fiisctric potential for all specimens with different,Cr; ad-
ure 2 shows representative SEM photomicrographs of all fougitions and for the reference specimen. The magnitudes of
specimens taken at the same magpnification for comparison and £ parameters for all test specimens are also summa-
purposes. An important effect associated to the sinteringized in Table I. As regards to previous reports, in the case of
process is the shrinkage undergone by the specimens. Thge nonlinearity coefficient such increment is not as signifi-
magnitudes of density, relative density, grain size and shrinkgant as that observed by others; addition of 0.07 YOG iin-
age are all summarized in Table I. Notably, the highest leveljyces an increment of 32 %. The enhancemefitiris even
of Cr,O3 in the SnQ ceramic prevents the specimen from petter because the corresponding increment is nearly 45 %. It
shrinking substantially in contrast with the effect of the in-js clear that intermediate levels of £ do not significantly
termediate and low levels. Most likely this outcome is assoinfluence the magnitude af. This is because the varistor
ciated to mass transfer phenomena and mass buildup at th@havior depends strongly on the number of oxygen defects
grain boundaries, and is by no means trivial because dimeno’ and 0”) at the grain boundaries. According to previ-
sional stability is an important parameter for design purposesyys studies using several SpPased systems with various

It is also clear that small additions of {03 induce a  dopants (ZnO, CoO and T@;, Nb,Os, MnO,) [18,23-27],
significant augment in density and relative density and thagince Cy0O; is more susceptible to oxygen, increasing the
both propertieS tend to decrease with increment in Chromiuramount of oxygen in the grain boundary region may improve

oxide. Densification is on the other hand, aided by the Ef'[he System’s nonohmic properties [27] Thus, Whe@@r
fect of other constituents in the ceramic mix. Introducing

Co;0, into the SnQ lattice leads to the formation of vacan-

cies by substituting tin atoms, thus providing an increase in 001y —g— 200
the diffusion coefficient of ions. This ion diffusion promotes —%—0.05
the SnQ sintering, and therefore, an increase in its density. 1597 —=—007

1E-4 4

TABLE |. Shrinkage 4), measured densityp), relative theoreti-
cal density pr), mean grain sizel{), nonlinearity coefficientd) o 1E-5 4

£
and electric field at fixed current densiti{) of the samples doped 2
with different contents of GIOs. S 1E64
CI’203 Y 14 ap[r lg « EB 1E-7
(mol%) (%) (glent) (%) (zem) (Vicm) . /
000 130 6.76 97.26 13.99 7.89 542 Lt I
0.03 13.1 6.94 99.85 12.82 9.65 759 10 100 1000
0.05 135 6.85 98.56 13.72 9.65 829 E(Vem?)
0.07 126 6.43 9251 13.27 1042 972 FIGURE 3. Current-voltage logarithmic plots for all samples: (a)
aTheoretical density of Sngis 6.95 g/cr. 0.00, (b) 0.03, (c) 0.05, and (d) 0.07 %Cx;.
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concentration is increased to 0.07 mol%, dopant segregatiosame appearance. Results suggestdhiatnot as sensitive
and/or solid solution formation at the grain boundaries pro-as E is to C,LO3 concentration changes. In pursuing high
mote the formation of electrical barriers which improve thenonlinearity coefficients, intermediate levels of,Of are
not recommended becauads not significantly influenced.
excess of GyO3 leads to porous ceramics, destroying the ma-Rather, high levels of GO; are required in order to increase
terial’s electrical characteristics probably due to precipitationoxygen defects at the grain boundaries, and thus, enhance the
system’s nonohmic properties.

varistor behavior. However, according to Piannatal, an

of second phase of Cogd, [25]. This porosity and alter-

ation of the microstructure quite often makes it difficult cor-

relating a change in the grain size with increasing thglgr
content, as has been suggested by some authors [23,26].

4. Summary and conclusions
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