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The dependence of electric resistance of zirconiwm dioxide on time was
measured within the region of the tetragonal modification. The measure-
ment was carried out on two samples of non-stabilized ZrO, fired at
1700 °C and having different porosities. A mathematical relationship
describing satisfactorily the isothermic processes has been derived.

INTRODUCTION

The properties and application possibilities of zirconium dioxide both pure
and in mixtures with other substances, which either supply the required pro-
perties or prevent its modification transformations, are continuously the
subject of extensive studies. The research is frequently aimed at its electrio
properties.

Some of the papers concerned with electric conductivity of non-stabilized
zirconium dioxide revealed certain non-typical properties in the modification
transformation range [1, 2, 3] and in the field of existence of the tetragonal
modification [1]. It has been shown that in the range of the modification
transformation from the monoclinic modification to the tetragonal one there
takes place a considerable abrupt increase in electric conductivity, and vice
versa during the back transformation. It was also observed that when a suit-
ably long temperature lapse had not been provided within the region of
the transformation, [3] the electric conductivity of the tetragonal modification
depended on the thermal history of the specimen. The value determined at
a certain temperature depends on whether the temperature has been achieved
by heating the sample, or by cooling it down. It has further been shown that
during gradual heating up the electric conductivity of an isothermally heated
monoclinic sample of ZrO, increases with time. Since this phenomenon has
not yet been studied in detail the present work has been aimed at determining
the changes in electric conductivity of non-stabilized ZrO, samples in terms of
time during isothermic heating up in the region of the tetragonal modification.

EXPERIMENTAL

The present paper is linked up to the results of an earlier study [1]. The
experiments were carried out with two samples of non-stabilized zirconium
dioxide, having the respective porosities of 18.3 9, (sample No. 1) and 11.0 %,
(sample No. 2), both fired at 1700 °C. The resistance was measured using the
Tesla BM 394 RLC bridge by the two-point method. The way of fixing the
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sample and the other details have already been devised and reported on
earlier [4, 5]. The temperature was kept constant by a chopper-bar thermo-
regulator with an accuracy of 43 °C. The rate of heating was approximately
4 °C per minute.
The isothermic dependences of electric resistivity in terms of time within
the region of tetragonal modification are plotted in Fig. 1. The denser fine-
grained sample was measured at 1294 °C
p[acm) and at 1340 °C, the less dense and
coarse-grained one at 1300 °C and at
1356 °C. The values established show at
5\\“‘ 1 first a very rapid decrease and ap-
800 |- -—-_L_Jfg_!):p proach a constant value asymptotically.
A more significant change takes place
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The aim was to find a mathematical express which would describe the
relationships measured. _
Rectification was carried out with the followinz diit ] equation
do K
. _— 1
dt t+—a (1)
which gives after integration
ot = klog (t — ¢ (2)
where ¢t is time
o: is specific resistance at time ¢
k', k, &, b are constants.
Constant ¢ was evaluated from the Ssts wsimg the method
described in [6], and its value was found 1o be close to mmity
After substituting for « = 1, which is ree_soior fimdimg the initial
resistance value, one obtains
ot = klog (t — (3)
This expression further shows that at 1
l"l,_-, = ;
so that after substituting in (2) we obs
oo =Fklog(t + 1) = & (4)

where g, is thus the resistivity at time f = ©
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Relation [4] has the advantage that when it holds one can determine the
inital resistance go, the value of which is difficult to establish by direct measu-
rement due to unequalized temperature conditions when the chosen measuring
temperature has been attained.
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Iig. 3. Specific resistance vs. log (¢ + 1)

Iig. 2. Specific resistance
for sample No. 2.

vs. log (¢ + 1) for sample No. ].

For this reason, resistivity g, in terms of log (¢ + 1) was therefore plotted
in the diagram for the individual isotherms. Figures 2 and 3 show that equation
(4) describes well the isothermic relationships described above. The values of
constants & and g, calculated by the least square method are listed in Tab. I.

Table I
Sample |Temporature k Qo '
No. °C ohm. cm | ohm. cm | E
1 1300 —68.043 995.8 —0.068
1356 —53.407 7817.9 —0.069
2 1294 —129.049 666.1 —0.194
1340 —122.435 619.5 —0,197

The absolute slope values are higher with the denser sample.
Equation (4) can further be divided by go, thus obtaining
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When plotting into the diagram the relative change in specific resistance
ﬂin terms of log (1 + ¢) one obtains virtually identical straght lines for
b%;;h temperatures, see Fig. 4. However, the linear dependences are different
for the two different samples, which indicates that the values of ratios L)

Qo
(see Tab. 1) established by the least square method, are independent of tempe-
rature and differ with the individual samples only. For the coarser sample the
absolute value of the slope is roughly three times higher.
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IMg. 4. Relative change tn specific resistance Aofoo vs. log (r + 1).

The following exponential relations can be assumed to hold for the tempe-
rature dependence of the process rate constant and the specific resistance

Do.

B
k= 4d,exp (— R%)’ (6)

=4,e 3 (7)
Qo = L2 8XP\ =Ry )

By dividing relations (6) and (7) one obtains a picture of the temperature

.k
dependence of ratio —:

Qo
© 4, exp ~~El~)
P T Ry
= - (8)
Qo , 1
A.z exp (— YZT )
If this ratio is independent of temperature it must nccessarily hold that
El = EZ;
so that
k A,
o M T 9
o (9)
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DISCUSSION OF RESULTS

Equation (2) is not a quite usual one in kinetic relationships. It is listed in
a survey of equations describing the clinker forming reactions published by
Buttet al. [7, 8)].

Grain and Garvie [9] studied the kinetics and transformation mechanism
of the monoclinic ZrO; modification to the tetragonal one and vice versa. They
succeeded in explaining satisfactorily this very complex type of transformation
by means of the domain theory based on the Ubbelohde theory of gradual
transformation. Within the framework of their study these authors also investi-

-gated the isothermic modification transformation of zirconium dioxide and
found it to be controlled by the equation

o=k In(t+ 1)+ b, (10)

where « is the share of the transformed monoclinic modification,
t is time,
ki and b, are constants.

The relation (10) hasa form identical with the relationship established in the
present study. One can therefore assume that the time dependence of the
transformation of zirconium dioxide is controlled by the same relationship
as the time dependence of the resistance of the tetragonal modification after
concluded transformation.

However, when following the transformation of zirconium dioxide on
a macroscale, i. e. for example by dilatometry, DTA or diffractometry, one
finds that the transformation is usually concluded at 1200 °C [10]. Similarly,
the greatest change in electric resistance usually takes place at about 1180 °C
[1], [8] which obviously corresponds to the transformation of the modifications.

Grain and Garvie [9] further found that the value of the rate constant k, in
equation (10) increases with decreasing size of the zirconium dioxide particles.
The values of constant k, see (4), are higher with the denser sample prepared
from ground zirconium dioxide and thus containing finer particles. The
relation mentioned above is therefore also in agreement with the conclusions
of the authors [9].

The arguments discussed above therefore allow to assume that at the
temperatures employed in the present study, which are considerably higher
that the transformation temperature region, the transformation is probably con-
cluded and this results in the change in the electric resistance of the sample.

CONCLUSION

The time dependence of the electric resistivity of non-stabilized zirconium
dioxide was measured in the region of its tetragonal modification. The relation-
ship which describes satisfactorily the processes measured, has a form identical
with that of the relation established for the modification transformation of
zirconium dioxide. One can safely assume that the change in electric resistance
of tetragonal zirconium dioxide indicates to a concluding transformation
which, however, is no longer observable by macroscale methods such as
dilatometry, diffractometry, DTA and the like.
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IZOTERMNT ZAVISLOST ELEKTRICKEHO ODPORU
TETRAGONALNIHO KYSLICNIKU ZIRKONICITEHO

. > . v & ’
Jaroslav Kutzendorfer, Jifi Sramelk

Katedra technologie silikata VSCHT, Praha

Byla sledovédna dasovd zdvislost mérného elektrického odporu nestabilizovaného kyslié-
niku zirkoniéitého v oblasti existence tetragondlni modifikace. Méifeni bylo provddéno
pri konstantnich teplotdch dvoubodovou metodou na dvou rtizné hutnych vzorcich vypa-
lenych na 1700 °C vidy pii dvou teplotach. Vzorek byl zahfivdn rychlosti zhruba
4 °C/min pi'es oblast transformace az k zvolenyin teplotam, pii kterych bylo provedeno
izotermni sledovéni.

Naméienou izotermni zdvislost dobi'e popisuje matematicky vztah:

oc =klog(t + 1) + go,

kde g; je mérny odpor v 8ase ¢,
po — mérny odpor na poéatku (¢ = 0),
k — rychlostni konstanta déje.

Daéle bylo zjisténo, Ze pomér — je shodny pro obé proméiené teploty, avSak razny
Qo

pro odliSnou hutnost, a tedy i jemnost pouzitych vzorkt. Uvedeny vztah je zcela ana-
logicky izotermni kinetické rovnici nalezené Grainem a Garviem pro pieménu kysliéniku
zirkoniéitého z jednoklonné na tetragondlni modifikaci. V souhlase s jejich pracemi je
1 skuteénost, Ze rychlostni konstanta & je v absolutni hodnoté vyssi pro jemnéjsi vzorek.
Na zdakladé této shody byla vyslovena domnénka, Ze ve sledované oblasti pravdépodobné
dobihé modifikaéni preména. Zmeény s timto spojené jsou vSak pozorovatelné pouze
v mikropohledu, tj. napi. pravé méienim zmeény elektrického odporu.

Obr. 1. Zavislost mérného odporu na éase.

Obr. 2. Zavislost mérného odporu na log (¢ + 1) pro vzorek &. 1.

Obr. 3. Zavislost mérného odporu na log (¢ + 1) pro vzorek &. 2.

0br. 4. Zavislost relativni 2mény mérného odporu Agfgo na log (¢ + 1).
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H3OTEPMUWULECKASI SABHCIIMOCTDL 3JEKTPIIUECKOI'®
CONIPOTHBJIEHBIA ABYORICI IIINPKOHIIS

fipociiaB Kynengepdep n Ip:xu Illpamexn

HagieOpa mexnonoeun cuauramos Xumuro-mexnoasoeuneckoeo Hucmumyma, Ilpaza

B pa6ote 1ccsiefyerca BpeMeHHas 3aBHCIMOCTD Y/€JILHOTO 3JIEKTPHUECKOI'0 CONMPOTIBIIEe-
HIIAl HecTaOuyIBHPOBAHHOI JABYOKNCH I PKOHIS B 00JJACTH CYU[ECTBOBAHIISI TCTPalOHAJLHOIT
Mojugirkami. HaMepenie IPOBOIIOCS € IOMOMILIO JIBYKOHTAKTHOIO METOJlA NI IIOCTOSH-
HBLIX TCMIIEpaTypax Ha IBYX npobax ¢ pasHoii INI0THOCThIO, oboxuxeHHbIX 10 1700 °C, Bcerna
npu JBYX Temneparypax. Ilpo6a HarpeBasiach CKOPOCTBIO 01k0J10 4 °C/MHH. B 00J1aCTH TpaHC~
(dopMamun 10 110J00PaHHLIX TeMIEPaTyp, NPH KOTOPHX NPOBOJIIUIM H30TEPMIUECKOe Heelle-
JOBaHHe.

BBL:10 yCTaHOBJIGHO, UTO M3MEPEHHOIl TePMIINEecKoii 3aBICHMOCTII XOPOIIO COOTBETCTBYCT
MaTeMaTiyeckoe COOTHOIICHIe:

= klog (t + 1) + o,

KJie 0¢ - Y/leJLHOe CONPOTHBIIeHHe BO BPEMsI ¢, 0y - Y/€IbHOe COIIPOTHBIICHIIE B Haualle
(t = 0), & — KoHcTaHTa CKOPOCTH Hpoilecca.

ITasiee GLLTO ycTaHOBIICHO, YTO COOTHOIICHIE Afde COBNAaAaeT Jyuisg obenx Temmepartyp, HO
OTJIHYAETCSI JIPY' OT JpPYla B cjyuae Pas3JiIMUHOI INIOTHOCTH, a CJICJ[OBATENLIO 1 pa3Mepa
3epHa NpHMEHEHHLIX ITPoo.

IIpiBeeHHOE OTHOUIEHIHE BIIOJIHE AHAJIOIHYHO H30TePMIUCCKOMY KIHETHUYCCKOMY ypaBHe-
HiTI0, HAalfteHHOMY I'peHoM n T'apBu ju1s mpeBpatenyst IBYOKHCH IIPKOHIS I3 MOHOKIITHHOI
MOgM(MKAIUU B TeTparoHanbHylo. I3 Xopomiem cooTBeTcTBHII ¢ paboTaMil HPHBCJIGHHBIX
aBTOPOB MMECTCSI I TOT (JAKT. YTO KOHCTAHTA CKOPOCTH k 110 aOGCOJIIOTHOII BeJIHUIIHE BHIILIE
Jutsl Mesrko3epHICTHLIX mpo6. Ha ocHoBaHiH 3TOro coBIIA;I@HIIsI BRIJ{BHIACTCS MPE/IIONIONKEHIIC,
YTO B IccJilejlyeMoiil o6i1acTi co Beeif mpaBaoHofoOHOCTELIO KOMUITC S MPOoLece MOJiM(HKAI[IOH-
"HOrO TIpeBpAILEe s, OJ(HAKO CBSIBAHHLIC C DTHM H3MCHEHHsI MOKHO HabGII0JaTh TOJILKO B OT-
JIQIILHOCTH, T. €. HANPHMCP Ha OCHOBAHII H3MEPEHHsl 3JIGKTPHUECKOTO CONPOTHBICHII.

Puc. 1. 3asucumocmv ydeaviozo conpomueAeHUR 0M GPEMEHU.

Puc. 2. Bagucustocmv ydeavrozo conpomucaerie om log (¢ + 1) daa npoduL Ne 1.

Puc. 3. Basucusocms ydeavriozo conpomusaerus om log (¢ + 1) dan npodur Ne 2.

Puc. 4. 3aeucuuacmb OMHOCUIMEAVHOZ0 U3MCHERWS YOeavhoeo conpomusaenus Aploo om

log (¢ +1).
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