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Abstract  

The crystal structure of Ba(Ce 0.7Zr0.1Y0.1Yb0.1)O3ˤ̥ was studied depending 
on temperature in dry and wet atmosphere using in situ high temperature  

X-ray powder diffraction. Phase transition from tetragonal I4/mcm  to cu-
bic Pm�u
$m structure was shown to occur in Ba(Ce 0.7Zr0.1Y0.1Yb0.1)O3ˤ̥ upon 

heating from 25 up to 1000  ӛ# øāāôĂÿôòăøąô þõ ðøā humidity. The cubic 
Pm�u
$m and tetragonal I4/mcm  phases possess comparable coefficients of 
ûøýôðā ă÷ôāüðû ôćÿðýĂøþý ˭#4%Ăˮʿ юэ˅ѓ˫юэ6ʕ K 1ʕ. Even in very dry atmos-

phere (10 4ʕ atm H 2O), chemical expansion caused by hydration contributes 
significantly to the observed structural transformations and the variation 
of the unit cell parameters of Ba(Ce 0.7Zr0.1Y0.1Yb0.1)O3ˤ̥. 
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Key findings  

�” Phase transition from tetragonal I4/mcm  to cubic Pm�u
$m structure occurs in Ba(Ce0.7Zr0.1Y0.1Yb0.1)O3ˤ̥ upon heating . 

�” Hydration influences the unit cell size and symmetry of Ba(Ce0.7Zr0.1Y0.1Yb0.1)O3ˤ̥ even in  dry atmosphere . 

�” Coefficient s of thermal and chemical expansion w ere determined  for Ba(Ce0.7Zr0.1Y0.1Yb0.1)O3ˤ̥. 
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1. Introduction  

Various substituted barium zirconates and cerates with a 

perovskite -type structure are the-state -of-the-art proton -

conducting electrolyte materials for protonic ceramic fuel 

cells (PCFCs). Compared to cerates, zirconates possess 

lower protonic conductivity but higher stability in H 2O and 

CO2 containing atmospheres. Hence, it is not surprisin g that 

BaCe1ʕ xZr xO3ˤ̥ (BCZ) solid solutions were found to be a good 

compromise between stability and functional properties for 

PCFC applications [ 1]. Further substitution of rare earth 

metals, such as Y and Yb, for Ce in BCZ, as was shown by 

Yang et al. [ 2], promotes higher protonic conductivity and 

better material stability in hydrocarbons and hydrogen sul-

fide containing atmosphere. In particular, the composition 

Ba(Ce0.7Zr0.1Y0.1Yb0.1)O3ˤ̥ (BCZYYb7111), which is the focus 

of this work, demonstrated excell ent performance as an 

electrolyte in PCFCs [2].  

It is generally recognized that comprehensive under-

standing of the crystal structure of an electrolyte material 

is of key importance for its successful application. How-

ever, the crystal structure of BCZYYb7111 still remains a 

controversial topic, since eve n at room temperature (RT) it 

was described using Imma  [ 3 8ʕ] , Pbnm [ 9]  or I4/mcm  [ 10] 

space group ( s. g.). In  all  these cases the distortion of the 

ideal perovskite -type cubic lattice with s.g. Pm�u
$m results 

from the cooperative tilting of the (Zr,Ce,Y,Yb)O 6 octahedra 

[ 10] . The Zr,Ce,Y,Yb  ʕcations are believed to be randomly 

distributed within the octahedra with an average 

(Zr,Ce,Y,Yb) /ʕ óøĂăðýòô þõ я˅яюі J˅ 

The phase transitions in BCZYYb7111 were investigated 

[ 1] using high -temperature X -ray diffraction  (HT XRD)  in 

controlled atmospheres on cooling from 900 to 25  ӛ#˅ 4÷ô 
crystal structure of BCZYYb7111 was found to depend on the 

atmosphere: while the samples prepared in air exhibited 

two consecutive phase transitions (cubic Pm�u
$m �W trigonal 
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