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Abstract 

The change in contact potential difference (CPD) between YSZ (2% Y:O~ stabilized ZrO,) and a Pt reference electrode 
was measured under a controlled oxygen partial pressure (Po2) with a high temperature Kelvin probe, The work function 
change of the Pt reference electrode (~,~t,) was calculated by comparing the results of the YSZ=Pt measurement and that of 
the Pt-Pt measurement, and thus the work function change of YSZ (6vsz) caused by the change of the flowing gas 
composition was determined. From the experimental results, the exponent of Po: dependence of &vsz was estimated to be 
1/4,1 in the Po: range of 2 × 10"%3 × 10 ~ Pa. This was in good agreement with the value of 1/4 predicted from the estimate 
based on defect equilibria. © 1997 Elsevier Science S.A. 
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I. lalroduelion 

~lowledge of the interactions between the surface 
and/or near surface layers of materials and the sur- 
rounding gas phase is important in various engineer- 
ing problems. The work function is very sensitive to 
the surface composition or structure resulting from 
the interactions or chemical processes at and near the 
surface. 

A high temperature Kelvin probe, which allows the 
measurement of the work functions of samples in 
flowing gas, has been developed [1,2,4,5]. Nowotny et 
al. [l] measured work functions for NiO and YSZ (9% 
Y:O stabilized ZrO~) [4] by using a high temperature 
Kelvin probe and discussed the surface defect struc- 
lure and segregation related effects. The authors 
studied the defect structure near the surface of some 
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doped Zr02 [2,3] and the surface nonostoidfiometry 
of Li4SiO,:l [5], which is one of the possible ca,didates 
tbr solid breeder materials of fusion reactors [0], by 
means of work function measurement, Thus, a high 
temperature Kelvin probe is a very useful method for 
the investigation of surface and near surface protests  
under a controlled atmosphere at high temperature, 

However, it is the difference of the work function 
between the investigated sample and the reference 
electrode that is measured by the Kelvin method. 
Therefore, the interpretation of the obtained data is 
not evident since the data may include the change of 
both the work function of the sample and that of the 
reference electrode. 

In this article, the work function of YSZ (2% Y:O:, 
stabilized ZrO:) wal, measured by using a high tern~ 
perature Kelvin probe with a platinum reference elec- 
trode. The work function change of the Pt reference 
electrode was partially distinguished by the blank test. 
From the experimental results, the relation between 
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the work function of YSZ and the oxygen potential 
~ ~ x ,  wa~ d!scu~ ed. 

2. ~ r i m n m l  

A high temperature Kelvin probe has been devel- 
oped for u s~ at high temperatures on the basis of the 
conventional Kelvin method [7-I 1], with which the 
contact potential difference (CPD) between a sample 
and a reference material can be measured. The CPD 
~tween two materials (A and B) is equal to the 
difference of the Fermi levels of tho~ materials (Eta, 
and Ev, L which can be related to the work functions 
of the two materials (~ba and ~b~r, ) aS follows, 

controllers. The oxygen partial pressure and moisture 
concentration were measured with a Y203 stabilized 
oxTgen sensor and a hygrometer, respectively. 

The powders of YSZ (ZrO., + 2% Y.,O 3) were pro- 
vided by Toso Manufacturing Co., Japan. The impuri- 
ties in the powders reported by the company are 
shown in Table 1. The powder compact of ZrO_, + 2% 
Y,O 3 was sintered at 1623 K for 5 h. The form of the 
sintered sample was a disk whose diameter and thick- 
ness was 8 mm and 1.5 mm, respectively. The CPD 
between YSZ and the Pt reference electrode was 
measured at 973 K. 

Since the CPD measured in this system was ex- 
pressed as follows, 

= - ' ' , ( I )  
e 

CPD = 'hvsz - 4',,,.(, (2) 

where e is the charge of an electron. 
The configuration of t!-," Kelvin Probe system used 

in this study is shown in Fig. I. The reference dec- 
t r ~ e  and the sample support were made of platinum. 
The integral feedback system was employed for the 
automatic compensation [12]. The signal from the 
probe, V(t), is introduced to the lock-in amplifier and 
the output value, which is proportional to the ampli- 
tude of t / ( /) ,  is integrated. The integrated voltage is 
applied to the sample as a feedback voltage. 

The He + O~ mixture was used as the flowi.g gas. 
Th~ conee~aration of O~ was controlled by regulating 
the reh~iv~' flow titles of He and O~ with mass flow 

where 6vsz and 6,,~,. are the work functions of YSZ 
and the Pt reference electrode, respectively. The in- 
crease of measured CPD may include the increase of 
0vsz and the decrease of 4,,,:(. Therefore it is vitally 
important to know the change of 6,,t  for the strict 
measurement of Ovsz. In most cases, the reference 
level has been assumed to be constant. However, 
reliable evidence that ~br~t was kept constant during 
study has not been provided. In order to estimate the 
change of 4,,~. the measurement of CFD between the 
Pt sample support and the Pt rel~rence electrode was 
made under the same conditions as those in the ca::e 
of YSZ. 
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Fig, I, The configuration of the hi#~ tcm~ralurc Kdvm prob¢ ~yslcm 
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Table 1 
The impurities in YSZ powders reported by Toso Manufilcturing 
Company 

Impurity Amount 

SiO, 0,009 wt% 
Fe203 0.004 wtG- 
Na,O 0.018 wtG- 

3 .  R e s u l t s  

Fig. 2 shows the change of the CPD between YSZ 
and the Pt reference electrode as caused by the 
change of the composition of the flowing gas. The 
flowing gas was changed from 100% He (R) to 95% 
He + 5% 02 (O) as shown in Fig. 2. The total flow 
rate of the sweep gas was 10 -4 m3/min. The oxygen 
partial pressure (Po2) in the flowing gas is shown by 
the dashed line in Fig. 2. Po :  in (R) and (O) were 
approximately 2 x 10-" Pa and approximately 3 × 10 "~ 
Pa, respectively. When the flowing gas was changed 
from (R) to COL CPD decreased sharply by approxi- 
mately 30 mV as shown by change (A) in Fig. 2 and 
then an increase of approximately 60 mV, shown by 
(B) in Fig. 2, was observed subsequently. 

In Fig. 3, the result of the CPD measurement 
between the Pt sample support and the Pt reference 
electrode (blank run) is shown. CPD in this figure 
means the difference between the work function el' 

the sample support C 6~up,) and the reference electrode 
t4~.:|- ). The dashed line shows Po:  in the flowing gas. 
As shown in Fig. 3, CPD decreased sharp~ ~ when the 
flowing gas was changed from (R) to (O). From an 
earlier pubication [13], it is considered that adsorp- 
tion of 02 on the Pt surface, the formation of PrO: 
layer and o:ddation of the contamination adhering to 
the Pt surface lead to the increment of 'bPt- The 
change (A'), as shown in Fig. 3, might include the 
increase of both 6sup. and 6,¢f. and the decrease of A' 
might show that the increase of ¢bref caused by the 
factors described above was larger than that of Cb~p 
during change CA'). 

From the comparison between Fig. 2 and Fig. 3, it 
is considered that the change (A) and (B) in Fig. 2 
correspond to the change of ~¢,  and ~vsz, respec- 
tively. The value of the change (B) in run 1 was 60 
mV as shown in Fig. 2 and it means the change of 
~vsz CA,bvsz) was +60 mV when Po:  changed from 
approximately 2 x 102 Pa to approximately 3 x 10 "~ 
Pa. The value of ~vsz obtained in runs 2=9, per- 
formed in the same condition as that in run 1, are 
tabulated in Table 2 as well as A~bvsz in run 1. 

Fig. 4 shows the change in CPD between YSZ and 
the reference electrode when the flowing gas was 
changed from tO) to (R). Since the change of Po:  in 
the flowing gas, which is shown by the dashed line in 
Fig. 4, was slow compared with those in runs 1 =9, the 
change of ¢kvsz and that of d~r,f= were considered to 
be slow and could not be distinguished from each 
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Fig. 2. The change of CPD between YSZ and Pl caused by the change of the ¢ompo~ition of the flowing gas. hem (R) to (O), 
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Fig, 3, The change of CPD lvtwccn the Pt sample suprmrt and the fit reference electrode caused by the change of the comrAisition of the
flowing gas, from (R) to (0) (Monk tea) .

other. The change (C) in Fig . 4 might include the
change of both Oy.z and (fifOr,

4, ISCUSAO"

In this article we discuss the value of change (B),
, on the basis of defect equilibria near file

surface, If quiasi-equilibrium between the near surface
layer of VSZ and 0, in the gas phase is assumed . the
reaction between ZrO, and 02 can he expressed
jilows 141 :

Wher
the

Kwj

Tyk "
To cow 0

0 .

is a doubly charged oxv. gen vacancy . From
Ins 'Whon law, we At"n..
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In the case of Y,01 doped ZrO2 , anion vacancies are
formed as .

Y'0 1 0 2y'7	(5)+ Vo + 30"

When the concentration of Y,O.j ([Y' rj) is high
enough. i t can be ;ssumed that [Vo l is determined by
JY'j , Jaccotding to the electroneutrality condition, i .e .

(vo I ~-

	

~' I Y'Z' 1

	

(6)

From Eqs. (4) and (6), the concentration of the
electronic defect, [e -- 1, can be expressed as

114const . P~) ~

	

.

	

(7)

Using the Fermi-Dirac distribution function, the
relation N-tween le - I and the Fermi energy is
given as follows.
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Fig. 4. The change of CPD between YSZ and Pt caused by the change of the compt~sition of the flowing gas, from (O) to (R). 

where ¢ is tile energy of the electron produced by 
reaction (3) and N is tile state density. When e - Ev 

kT (where k is the Boltzmann constant), the fol- 
lowing equation is obtained according to Maxwell- 
Boitzmann statistics, 

[e '~] ( = ( ~ = E v ) )  
~ ~ exp ~ F ~  ' ((}) 

From Eqs. (7) and (t}), Er can be related to P(), as 
follows, 

E F  ~ E 
~ ' ~  ~ = / ill IX): + In N + C ,  (10) 

of the denominator, n, are shown in Table 2. The 
average value of n was 4.1 :i: 0.4. This was in good 
agreement with the value of 4, which was predicted 
from the discussion described above. 

The slow change observed after the change (B) was 
considered to include the slow change of 6,,,sz and 
,bp,. "rile formation of a thin layer of SiO~ which 
forms as a result of Si segregation to the surface of P| 
was reported as a factor of {hl,~ change [4]. On the 
other hand, a possibility of Si segregation on the 
surfitc¢ of YSZ can be considered. These fi.ictors 
might be included in the slow change. 

$. Conclusion 

where C is a constant value. Assuming that ~ and N 
are independent of Po~, we obtain Po 2 dependence 
of El: as follows: 

Since ~vs~ is tile dit'l~rence between vacuum level 
and E v, Po2 dependence of ~/Jvsz is givt2n as follows: 

I[  ] , 

From the experimental data ill Table 2, we could 
estimate the value of Eq. (12) and the estimated value 

The change of CPD between YSZ (2% Y~O~ 
stabilized ZrO:) and the Pt reference electrode was 
measured with a high temperature Kelvin probe, The 
change in oxygen partial pressure strongly affected 
the work function of YSZ and Pt. The work function 
change of Pt was calculated based on a comparison of 
the data of the YSZ-Pt measurement and those of 
tile Pt-Pt measurement. From the results, the work 
function change of YSZ caused by the change of 
oxygen potential was determined and the relation 
between ~bvsz and Po~ was discussed on the basis of 
defect quasi-equilibria. The Po 2 dependence of ~bysz 
obtained in this study was in good agreement with 
that predicted from the consideration based on defect 
equilibria. 
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