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The influence of the substituent quantity and the effect of CuO addition to the SnO, based
solid solutions belonging to the SnO, — CuSh,Os pseudobinary system and their dectrica
behaviour have been approached. The dectrical properties were studied by eectrica
resistitvity measurements in the 77 — 1100 K temperature range and by Seebeck coefficient
measurements at the room temperature. All the studied samples present ahigh electrica n type
conductivity over the whole investigated temperature range with activation energy within
0.08 — 0.78 eV interval. A decrease of the dectrical conductivity with the incresse of
substituents quantity up to 500 K was observed. According to the morphology of the obtained
samples, a distinctive linear dependence of In k against 1000/T was obtained: 1) the dense
SnO, ss ceramics show a linear variation suggesting a direct dependence of electron mobility
on temperature; 2) for the porous SnO, ss ceramics, a visible modification of the slope takes
place in the temperature range: 300 — 700 K. Thiswas assigned to a change of the mechanism
of the charge carrier motion due to the presence of the pores at the surface of the samples. The
measured values for the Seebeck coefficient indicate that the main charge carriers are, for al
studied samples, the el ectrons.
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1. Introduction

The study of the SnO, - CuSh,0s pseudobinary system, the most important subsystem of the
Sn-Sh-Cu-O gquaternary system, pointed out to the formation of the two types of solid solutions with
rutile (SnO, (sg) and trirutile (CuSh,Os (sg) Structure. The highest solid solubility of CuSh,Os
compound in the SnO, lattice is 25 % (mol) and that of SnO, into CuSh,Os lattice is 20% (moal).
Between these two concentration limits, a mixture of SnO, (ss) and CuSh,Os (& Solid solutions was
obtained [1].

One assumes that the formed solid sol utions should essentially maintain the properties of the
paragenesis terms, i. e. the semiconductive behavior of the SnO, [2], and the paramagnetic properties
of the CuSh,O¢ binary compound [3], respectivdy.

Our previous papers concerning the study of the dense ceramics from the SnO,-CuO-Sh,0;
ternary system (CuO:Sh,0; molar ratio = 1:1), pointed out, in the 77-1100 K temperature range, to an
dectroconductive behavior of the latter [4]. For these samples, the charge carriers were mainly
identified as dectrons [5]. It worth mention here, a better sintering capability of the samples obtained
from the initial oxides (SnO,, CuO and Sh,0Os), which proved a higher densification degree than the
sampl es obtained from SnO, and CuSh,Os binary compound (1373 K, 3 hours) [6]. This behavior may
be assumed to be a result of an enhanced sintering process due to either the simultaneously phase
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formation and sintering, or to the formation of a liquid phase between unreacted CuO (very small
amount) and SnO,. Thislatter was previoudy evidenced for the SnO, based compositions [7].

This paper ams to a comparative study of the dectrical properties of the rutile type solid
solutions from the SnO, — CuSh,Og pseudobinary system, and of the same compositions for which a
small amount of copper oxide (1) was sd ectively added.

2. Experimental

SnO, (Merck, Co) and CuSh,Og (prepared in our laboratory [8]) were used as starting
materials for the preparation, by classical ceramic method [5,8], of the (1-xX) SnO, - x CuSh,Og
(x = 0.025 -0.25) studied compositions (series a). For the same compositions supplementary CuO was
added in therange of 0.5-1.0% mal, to the SnO, content in the sampl es (series b).

Uniaxialy pressed pdlets (30 MPa, @ = 10 mm) were thermaly treated at 1373 K — 10 h
(4 deg/min) [6]. For phase determination, a Scintag Automated Diffractometer (CuK, radiation -
Aa=1.54059 A), was used over the range of 10 to 80° 2. X-ray step scans (0.01° step size, 2.5 s
counting time) were performed to measure the unit cdl parameters.

For the obtained pell ets, the densifi cation degree was eval uated by: linear shrinkage (Al/l - %)
by the measuring the variation of the sample diameter before and after the therma treatment, apparent
porosity (P, %) by weighing the thermally treated samples before and after 24 hrs of toluene
immersion. The experimental density (Okxp) Was measured in methanol by the Archimede method.

To investigate the internal morphology of the samples, the surfaces and fracture of the
sintered cerami cs was observed by Scanning Electron Microscopy (SEM JEOL 32 type).

A direct current bridge was used for dectrical resistivity measurements (four points scheme)
on the gold - coated pdlet [9], in the 77 to 1123 K temperature range. The Seebeck coefficient was
measured at room temperature (warm point method, platinum reference).

3. Results and discussion
3. 1. X-ray diffraction results

All the investigated samples consist after the thermal treatment at 1373 K from a SnO, —
based solid solution, i. e rutile type structure (Table 1). For these solid solutions, the unit cdl
volumes (Vrx) and theoretical density (dy) data - calculated from X-ray diffraction - as well as the
measured ceramic properties: linear shrinkage (Al/l %), apparent porosity (P, %) and archimedic
density (dexp) are aso presented (Table 1). The samples obtained from the SnO, and CuSh,Os initia
mi xtures were nominated by (1-4)a and those with CuO supplementary added by (1 - 4)b.

From the data presented in Table 1, one finds out a linear decrease of the SnO, unit cell
volume, with the increase of CuSh,Os content incorporated in the base matrix. In the same direction
points the results obtained for the variation of the theoretica density of the studied samples (column 7
of Tablel).

3. 2. Ceramic Properties

Concerning the experimentally determined ceramic properties, one may hotice a good
agreement of the results obtained for the linear shrinkage (Table 1 - column 8), apparent porosity
(Table 1 - column 9) and the experimental density (Table 1 - column 10) amost for dl the studied
samples; for the Sng 75Cuo,0gSbo.16702 (28) and, S 745CUo 087016701906 (20) solid solutions, even if
they present an amost null apparent porosity, the measured values of the densities are lower than the
calculated ones.

For the Sny75Cug 083Sh0.16702 (2a) solid solution the SEM micrographs show the presence of
uniform grains (Fig. 1a) and of the pores with a size dimension less than 0.50 um. By prolonged
thermal treatment the sintering process is enhanced, but some pores are still enclosed in the obtained
dense ceramics (Fig. 1b).
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The supplementary addition of CuO - (1 - 4)b series of the samples - improves the sintering
abilities especidly in the case of the samples with higher SnO, content (Table 1). Apparently, only in
the case of Sny.g47CUg 024500.02001.990 - (1) sampl e, the quantity of the formed liquid phaseis enough to
adequatdy densify the studied sampl e, for which a 94 % rel ative density was cd cul ated.

3. 3. Electrical properties

For the both category of the samples, i. e a and b series, the conductivity values were
calculated from resistivity data measured in the 77 - 1100 K temperature range and plotted in the form
of Ink against 1000/T in Fig. 2 — (2 - 4)a and Fig. 3 (1a). As seenin Fig. 2 the Sny75CUp.083Sb0.16702
(2a) sample - which presented the smallest va ue for the apparent porosity (see datain Table 1) - also
exhibit a distinct behavior comparativdy with other samples. For this latter sample, the variation of
Ink against 1000/T suggests a direct dependence of d ectron mobility on temperature T (Fig. 2).

The rest of the samples (3 - 4), bdonging to the same a series, exhibit a similar dectrica
behavior with a visible modification of the slope in the 300 - 700 K temperature range, probably due
to the presence of the open pores. This behavior is common for n-type semiconductors and it is caused
by the partial blockage of the d ectrons from the conduction band by chemiosorption accompanied in
air by dissod ation and ionization of oxygen [9].

Table 1. Initial composition, unit cell volumes and ceramic properties of the samples
thermally treated at 1373 K, 10 hours.

Sample Initial (ﬁ?or;l%’g tion SnOys) cOMposition VRrx dn AU | Ps Joxp
SnO, [CuSb,0s |CuO A (gem®) | % | % |(g/em’)

la | 975 25 - SNo.g28CUp.024S0.04s0, | 71.06 | 699 [+1.0 | 80 | 4.63
b 975 15 1.0 | SNo.947CU0.024S00,02001. 990 - - -16 | O 6.58
2a | 900 10.0 - SNo750CU0. 08301670, | 70.78 | 688 |-95 | 0.2 | 560
b 89.5 100 | 0.5 | SNo746CUo0s70.16701. 906 - - -9.0 | 0.0 | 583
3a | 80.0 20.0 - SNos71CU0.145S02660, | 69.80 | 684 |-09 | 65 | 474
b 79.6 20.0 | 0.4 | SnoseeCuo146S0028601.997 - - -34 | 52 | 518
4a | 750 25.0 - Snos Clo 167033302 6942 | 682 | 0 | 68| 454

b 74.6 250 | 0.4 | Sno49sCuo160SP0:33301.998 - - -51 | 45 | 5.40

B.58p 19.80KU 21 .60k

1-24-19688 11:91

a) 1373K - 3h b) 1373-10h

Fig. 1.SEM microphotographs of the Sng sCug 08350 16702 Sample



916 S. Mihaiu, O. Scarlat, G. Aldica, M. Zaharescu

Moreover, when the measurements for the Sng.g28CuUo 02430004802 (1a) sample, are performed
inargon (see Fig. 3) theplot for theIn k vs. 1000/T is almost identical with those obtained for samples
(3-da

In the Table 2 the dectrical characteristics of the samples thermally treated d 1373 K,
10 hours, are presented. The activation energy was calculated for severa temperaure ranges,
while the Seebeck coefficient was determined at room temperature.
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Fig. 2. Arrhenius behavior in the 77 — 1100 K Fig. 3. Arrhenius behavior (air and argon)
temperature range of selected samples; of SN .g28CU0 024004502 (1a) sample;
—a— (33),—e— (23), —A— (4d). -@ - measured on as - sintered sample,

O —messured after one year.

Table 2. Electrica characteristics of the samples thermally treated at 1373 K, 10 hours.

Activation energy (Ey)
Sample Seebeck coefficient (UV/K)
Temperature (K) Vaues (eV)

1a 450 - 480 0.25 -25.8
) 960 - 1180 0.36

b 500 - 830 0.25 -3.3

2a 490 - 660 0.25 -3.4

b 540 -590 0.37 -2.3
480-570 0.35

3a 690 - 725 0.32 -30.0
805 - 925 0.63
524 — 555 0.28

b 655 - 735 0.19 -3.86
860 - 950 0.66
234 — 245 0.08

4.a 490 - 580 0.48 -54.0
840 - 940 0.71
520-575 0.16

b 615 - 720 0.26 -4.2
800 - 910 0.78
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4. Discussion

From the data presented above on may conclude that in the studied compositional range rutile
type solid solutions are obtained with the general formula of Sn;CupsShosxO; and
Sy (x+y)ClUo 33x+y S0 67xO2-y, respectively, depending on the presence or absence of the supplementary
added CuO. Their eectrical properties are strongly influenced by the morphol ogy of the samples.

The different val ues of the electrical conductivity obtained up to 700 K for the three discussed
samples (1a, 3 - 4a), are rather due to the different quantity of CuSh,Ogincorporated in SnO, lattice,
since a decrease of conductivity with the increase of its content may be noticed. However, the
conductivity values are ailmost identical at high temperatures, for all the studied samples. The studied
sampl es a so presented high porosity values (see Table 1), pointing out to a great amount of open and
closed pores. Still, considering their similar dectrical behavior this might indicate the uniform
distribution of these pores and a good connectivity of the € ectroconductive phases [10].

Data obtained for b series, with CuO supplementary added, are nearly similar to the dectrical
resistivity values previously presented for a series, except the SngggClo 0240004502 (1b) sample. For
this latter sample the dectrica behavior seem to be very similar to that of (2a) sample and in good
agreement with ceramic properties previousy discussed.

Considering an Arrhenius type behavior, the activation energies were calculated for the
studied samples and are listed in Table 2. Two or three separate activation energies may be noticed in
Table 2 - for the sampl es that presented a significant apparent porosity, the higher activation energies
being predominated at high temperatures, while the lower ones at lower temperatures.

It is our basic conclusion that in the 300 - 700 K temperature range, the obtained values for
the activation energies, may be assigned to a different conduction mechanism, due the migration of
charge carriersin the presence of pores.

As seen form the data presented in Table 2, negative values for the Seebeck coefficient were
obtained for all the studied samples, pointing out to dectronic type conduction - with dectrons as
major charge carriers. The Seebeck coefficient values obtained for the dense samples as well as those
for the samples with CuO supplementary added, are close to the values reported for metals [11,12],
confirming the uniform distribution of the pores and a better connectivity of the e ectroconductive
phases in the ceramic body.

5. Conclusions

Solid solution with formula Sny.«Cuo 35xSho.67xO7 aNd Sy xey) Clo 2354y S0,67xO2-y, When CuO
was supplementary added, were characterized from structural, morphological and dectrical points of
view.
All the studied sampl es present a n-type semi conducting behaviour.
The éectrical properties are strongly influenced by the morphology of the samples:
1) the dense SnO, ss ceramics show a linear variation suggesting a direct dependence of
e ectron mobility on temperature;

2) for the porous SnO, ss ceramics, a visible modification of the slope takes place in 300 —
700 K temperature range. This was assigned to a change of the mechanism of the charge
carrier motion due to the presence of the pores at the surface of the samples.
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