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The dependence oj electric resistance oj zirconimn dioxide on time was 
measured within the region oj the tetragonal modijication. The measure­
ment was carriecl out on two samples oj non-stabilized Zr02 flrecl at 
1700 °0 and having different porosities. A mathematical relationship 
clescribing satisjactorily the isothermic processes has been clerived. 

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 [l, 2, 3] and in the field of existence of the tetragonal 
modification [l]. 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 cónductivity of an isothermally heated 
monoclinic sample of Zr02 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 Zr0 2 samples in terms of 
time during isothermic heating up in the region ofthe tetragonal moclification. 

EXPERIMENTAL 

The present paper is linked up to the results of an earlier study [l]. The 
experiments were carried out with two samples of non-stabilized zirconium 
dioxide, having the respective porosities of 18.3 % (sample No. 1) and 11.0 % 
(sample No. 2), both firecl at 1700 °C. The resistance was measured using the 
Tesla BM 394 RLC bridge by the two-point method. The way of fixing the 

Silikáty č. 1, 1974 11 



J. Kutzendo1jer, J. Šrámek:

sample and the other details have already been devised and rnported on 
earlier [4, 5]. The temperature was kept constant by a chopper-bar thermo­
regulator with an accuracy of ± 3 °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 plottecl in Fig. 1. The denser fine­
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The aim w as to find a mathematical expres.s1on 
relationships measured. 

Rectification was carried out with the followin. w..· c:ere.c�ll 

k' 
t-a

which gives after integration 

where t is time 

et = 1c log (t - a) -

et is specific resistance at time 
k', lc, a, b are constants. 

Constant a was evaluated from the expe-:11"1me::::;z.11 
described in [6], ancl its value was found o 

After substituting for a = 1, which i::: ad .. -,._,._.,_._,.,,. __ .., __ .. _�_,,,,,., 
resistance value, one obtains 

et = k loo I - I 

This expression further shows that a une

so that after substituting in (2) we ob ain 

et = k l� ( - I) - _ 

where eo is thus the resistivity at time 
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Relation [4] has the advantage that when it holds one can determine the 
inital resistance eo, the value of which is difficult to establish by direct measu­
rement due to lmequalized temperature conditions when the chosen measuring 
temperature has been attained. 
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Fig. 3. Specific resistance vs. log (t + I) 
for sample No. 2. 

For this reason, resistivity (lt in terms of log (t + 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 k and eo calculated by the least square method are listed in Tab. I. 

Tcible I 

Sample I Temp
0�ature I k 

I
(!o 

I 

k 
No. ohm. cm ohm. cm -

(!o 

1 1300 -68.043 995.8 -0.068
1356 -53.407 787.9 -0.069

2 1294 -129.049 666.l -0.194
1340 -122.435 619.5 -0,197

The absolute slope values are higher with the den.ser sample. 
Equation ( 4) can further be divided by (lo, thus obtaining 
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When plotting into the diagram the relative change in specific resistance
l1et in terms of log (1 + t) one obtains virtually identical straght lines for
(20 

both temperatures, see Fig. 4. However, the linear dependences are different
for the two different samples, which indicates that the values of ratios }!____

(20 
(see Tab. 1) established by the least square method, are independent oftempe­
rature and differ with the individua! samples only. For the coarser sample the
absolute value of the slape is roughly tlu·ee times higher. 
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Fig. 4. Relative change in specific resistance 6Q/Qo vs. log (r + 1).

The follo,ving exponential relations can be assurnecl to hold for the tempe­
rature dependence of the process rate constant and the specific resistance 

1c = A 1 exp (- :�) , 

eo = A2 exp (-ti). 
(6)

(7)

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

1c dependence of ratio - :• (20 

7c 

(20 

A 1 oxp (- 1
;-) 

A2 exp (-:�)
(8) 

If this ratio is independent of temperature it must ncoessarily hold that

so that

(9) 
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DISCUSSION OF RESULTS 

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

Grain and Garvie (9] studied the kinetics and transformation mechanism 
of the monoclinic Zr02 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: = k1 ln (t + 1) + b1, 

where o: is the share of the transformed monoclinic modification, 
,t is time, 
k1 and b1 are constants. 

The relation (10) has a fonn 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 °0 (10]. Similarly, 
the greatest change in electric resistance usually takes place at about 1180 °0 
(l], (3] which obviously corresponds to the transformation of the modifications. 

Grain a.nd Garvie [9] further found that the value of the rate constant k1 in 
equation (10) increases with decreasing size of the zirconium dioxide particles. 
The values of constant lc, see ( 4), are higher with the denser sample preparecl 
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 tra,1sformation t�mperature 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 measurecl in the region of its tetragonal moclification. The relation­
ship which clescribes satisfactorily the processes measured, has a fonn 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 methocls such as 
dilatometry, cliffractometry, DTA and the like. 
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IZOTERMNÍ Z.t\.VISLOST ELEKTR ICKÉHO ODPORU 
TETRAGON ÁLNÍHO KYSLJČNÍKU ZIRKONIČITÉHO 

Jaroslav Kutzendorfer, Jii'.-í Šrámek 

Katedra technologie sililcátii VŠCHT, Pralw 

Byla sledována časová závislost měrného elektrického odporu nestabilizovaného kyslič­
níku zirkoničitého v oblasti existence tetragonální modifikace. Měření bylo prováděno 
při konstantních teplotách dvoubodovou metodou na dvou rúzně hutných vzorcích vypá­
lených na 1700 °C vždy ph dvou teplotách. Vzorek byl zahi'.-íván rychlostí zhruba 
4 °C/min pí-es oblast transformace až k zvolenýrn teplotám, ph kterých bylo provedeno 
izotermní sledování. 

Naměfonou izotermní závislost dobfo popisuje matematický vztah: 

/2t = klog(t + 1) + (!o, 

kde /!t je měrný odpor v čase t, 
(20 - měrný odpor na počátku (t = O), 
k - rychlostní konstanta děje. 

D ále bylo zjištěno, že poměr }!____ je shodný pro obě proměfoné teploty, avšak rúzný
(!o 

pro odlišnou hutnost, a tedy i jemnost použitých vzorkú. Uvedený vztah je zcela ana­
logický izotermní kinetické rovnici nalezené Grainem a Garviem pro pfoměnu kysličníku 
zirkoničitého z jednoklonné na tetragonální modifikaci. V souhlase s jejich pracemi je 
i skutečnost, že rychlostní konstanta k je v absolutní hodnotě vyšší pro jemnější vzorek. 
Na základě této shody byla vyslovena domněnka, že ve sledované oblasti pravděpodobně 
dobíhá modifikační pfoměna. Změny s tímto spojené jsou však pozorovatelné pouze 
v mikropohledu, tj. např. právě měfoním změny elektrického odporu. 

Obr. 1. Závislost měťného oclporu na čase. 
Obr. 2. Závislost měrného odpo1·u na log (t + 1) pro vzorek č. 1.
Obr. 3. Závislost měrného odporu na log (t + 1) pro vzorek č. 2. 
O'>r. 4. Závislost relativní změny měrného oclpom !':..e/eo na log (t + 1). 
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H30TEPM1'P.IECHAH 3ABHCHl'vlOCTb 8JIEHTPHqEcHoro 
COI1POTHBJIEHHH ABYOHHCH IJ;HPKOHHH 

HpocJiaB Ryu:enAepcpep H Hpllrn IIIpaMei, 

I-farpe8pa meXH0J!0ZUU CUJl,UKamoa Xu.\tUJ;:0-11WXHOJ1,0ZU•teCh'.020 HUcmumyma, JJpaza 

B pa6oTe HCCJ I0A)'0TCH BpeMeHHUH saBHCHMOCTh YA0JibHOro :JJI0l{Tpl1'10CKOl'O conpOTHBJJe­
HHH H0CTafomH3HpOBUHHOÍI AB)'OIUICH U:HpKOHHfl B o6JiaCTH cyll(eCTBOBaHHfl TeTparonaJibHOll 
MOAHcf>HHUU:HH. HsMepemie rrpOBOJ(HJIOC"I, C IlOMOll(h!O AB)'l{OHTaI{THOro MeTOAa npH ITOCTOHH­
Hb!X TeMnepaTypax ua ABYX npo6ax c pa3HOH IlJIOTHOCThIO, o6om�eH!fblX AO 1700 °C, BCerJ(a 
npu ABYX TeMnepaTypax. l1po6a uarpeBaJiaCh c1wpoCTh!O OHOJIO 4 °C/MHH. B o6JmCTU TpaHC­
cpopMau:1111 AO IlOA06paHHbIX TeMnepaTyp, npH HOTOpbIX npOBOJ(llJJll ll30T0J)MH'IeCKOe JICCJie­
JIOBaHue. 

6hIJIO ycTaHOBJI0HO, '!TO ll3MepeHHOll T0J)Mil'l0CJ{Ol! 3aBHCHMOCTU xopowo COOTB0TCTB)'0T 
MaTCMaTll'IeC!We COOTHOllleHHe: 

(!t = k log (t + 1) + (!o, 

HJ(e Qt - YA0JibHOe conponrnJie1me BQ BpeMfl t, (!o - Y/WJl'hHOe COIIJ)OTHBJieHHe B Ha'laJie 
(t = O), k - KoucTauTa c1wpocT11 npo11ecca. 

AaJiee 61,mo ycTaHOBJI0HO, '!TO COOTHOlll0HHe k/ao coimaJ(aeT AJIH o6eHX TeirnepaTyp, HO 
OTJIIl'!aeTCfl Apyr OT APYf"U B cJiy<rne pa3JIH'IH0H IlJIOTHOCTH, a CJI0J(OBUT0JibHO li pa3Mepa 
sepHa np11MenenHux 11po6. 

11 pnBeJ(euuoe OTHOU10HH0 BilOJIHe UHUJIOJ'll'IHO H30TepMH'!eCHOMY I{HHeTII'JeCI{OMY ypanue­
Hl!IO, HáHJ(eHHOMy fpeHOM H rapBH AJifl rrpenpall(emm AB)'OIUICH u:11p1wmrn H3 MOHOHJIHHHOll 
MOJ.1ucp1mm�1m B TeTparonanr,ny10. B xopo111eM cooTneTCTBHH c pa6oTaMH 11pHBeJ(eHHLJX 
UDTOJ)OD llM00TCfl li TOT cf>aHT. '!TO HOHCTUHTa CHOJ)OCTH 1c ITO a6coJIIOTHOÍI neml'JHHe Bhlll!e 
,Vlfl MeJmosepHHCTb!X rrpo6. Ha OCHOBamm :'JTOro COBilUJWHHfl BblJIBHraeTCfl npeJ(ITOJIO>H0HHe, 
'!TO B HCCJJCJ(yeMOll o6JiaCTll co BCeH rrpaDJ(OIIOJ(06HOCTb!O HOH'UITCfl rrpou:ecc MOJ\miimrnu:1101-1-

• noro rrpeaparu:emrn, OJIHUHO CBfl3UHHbl0 C :JTHM H3M0H0HHfl MO)J(HQ na6moJ(aTr, TOJIJ,l{O B OT­
J(eJJbHOCTH, T. e. nanpHMep Ha OCHOBUHHH H3Mepe1-11rn i'JJJeHTpll'IeCl{Oro _conpOT!rn.HeHirn. 

Puc. 1. Baaucu,,wcmo y8eJ!bHozo conpomuaJ!eHuR o,n ape.,,teHu. 
Puc. 2. Baaucu.,iocmb y8eJ!oHozo conpomuMeHll.'t om log (t + 1) 8JtR npo6bt .N'2 1.

Puc. 3. Baaucu.,iwcmb y8eJ!b11.oao conpomuaJteHuR om log (t + 1) 8JtR npo6bt M 2.

Puc. 4. BaeltCll.AWCmb 01/tH0CUlliťJl,bH0Z0 UiUtťHťHlt.'t y8eJ!bHOZO conpo11UtaJleHlW b.e/eo om 
log (t + 1). 
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