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ABSTRACT

Yttria-stabilized =zirconia with erbia/lanthana were investigated with respect to the amount of
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Lny O3 (Ln; Er, La) addition in the tange of 0.5~5 mol% to the base composition of 8 moks vttria-
zirconia,

Following analysis and measurement were adopted for the characterization of synthesized solid
electrolyte; phase transformation, lattice parameter, crystallite size, relative density, chemical composi-
tion and SEM/EDS. Electrical conductivity by two-probe method versus temperature from 350°C to
800°C and frequency in the range of SHz~13MHz by complex impedance method was also conducted
together with the determination of oxygen ion transference number by EMF method for the evaluation
of their electrical properties.

The results were as following; Electrical conductivity were decreased with increase in Ln,03 con-
tent, but their activation energies increased, In the case of La,O, addition, espicially, its electrical con-
ductivity was decreased owing to the segregation of second phases at the grain-boundary.

Grain-boundary conductivity of the specimen contained 0.5 mol% Er,O; exhibited a maximun
conductivity among the compositions experimented. However, their bulk conductivities decreased in
both cases. Oxygen ion transference number was also reduced with decrease in oxygen partial pressure.
For example, in the case of Er;Q; addition it retained value in the range of 0.97~0.94 above
474%107% in oxygen partial pressure,

With the increase in the guantities of the evaporation of additive components, the crystallite size of
stabilized zirconia decreased, and their relative density also reduced owing to the formation of porosity
in their matrices. In the case of La,O; the sinterbility was improved in the limited amount of addition
up to 0.5 mol¥%, in the same range of addition the strength of sintered bodies were improved perhaps
owing to the precipitation of metastable tetragonal phase in the fully stabilized zirconia,

T2 Zr(,-M, 0;(6~24m01% La, Sm, Y, Yb,
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Table 2. Physical Properties of the Zr0;-Y:0;-Ln.0, Specimens.

Composition (lfe]atlive . Appar.ent ’ Lattice {Crystallite OEI'ZE Pelected
ensity { %) | porosity (%)| parameter (mn)} Diagey (A) —phase ¥

ZY g 97, 4 0. 20 0. 5135 a7z ¢
ZYEr 0 981 003 0. 5137 794 c,t
ZYEr 1 97. 3 0. 06 0. 5137 T44 c,t
ZYEr 3 93. 0 0. 07 05138 317 et
ZYET 3 9L 7 0. 07 0. 5140 207 c,m,
ZYLaQ 981 003 0. 5140 G452 c,t,x
Z¥la | 97. 3 0. 03 0. 5145 951 C,t,X
ZYLa 3 92. 9 & 09 0. 5152 789 c, b,y
ZYLas 89,7 0 94 0. 5153 878 c,l,y

*p: cubic (major), t

Al 249 A 25 (1987}

: telragonal , m ; monoclinic, | ;La,0;, x, v;unidentilied phases.
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SEM photographs of fractured surface of the Zr0,~Y.0,-LnJ, specimens ;
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Fig. 2. (Z10:) 052 (¥20:) oo sample containing 1 mol % La;0, ; A) SEM photograph of polished,
thermally etched surface and EDS spectra of, B} intra grain, C) second particle.

Table 3. Weight - loss and LngOs Content of the Specimens Fired at 1,400°C for 4hrs.

Item Total Ln,0; conlemt remained Ln,0,
Samples weighl ioss (%) Calculated {w /o) | Observed (w/0) | Difference gain (%)
Y8 17 - - - -
ZYEr 0 22 L 44 L 04 0. 40 72
ZYEr 1 2.6 2, 86 208 0 80 72
ZYEr 3 24 8 26 6. 18 208 75
ZYEr 5 2.4 13 28 813 5 15 61
ZY¥La g 22 123 1L 03 0 20 84
ZYLa 1 23 2 44 201 0 43 3z
ZYLla 3 31 712 6 824 0o3g 96
ZYla s 4.4 11 54 11 20 0. 44 96

Al 24 A 2 (1987) 1270



R LR L ERE T

4O c

Bimever g
-1
T
[ |
K
o
oﬂ
9]
1

-2
CdOUJ! 10ga)r '_.E
| | E
I @ °
ZYEre a — 60Q°C
b
&
] 2L
LTI ‘\ = ZYe
= ZYEp
4 Z¥La
I ) 1 !
Mﬂ""“\gtﬁl\.ﬁﬂ\ 'f ot MR i, e 1 3 4
I¥Lal maol % M203
e f‘
r/v‘)mw" dot W?M_ 'Y'V‘HAJ‘ ""M"\. Fig. 4. Electrical conductivity of the spec?imens fired
at 1400 °C for 4 hours as a function of MO,

Cu Ko 28 Cdogree) cantent, .

Fig. 3. X-ray diffraction patterns for pure{( ZY 8)

" 2] & o B A AbAo] o 582 o
and 0.5 mal % Ln,Os doped zirconia speci » Zrvtsh AmE 2 4499 gpol g Aster o

men. ( as—fired surface, subscript C ; cu- vl gtol 1mol %7AlE Ardv w7} gkl mow 4
bic, T; tetragomal ). Zrlvl, 28y Lo0g 8] ghek] 25} g 77| =
SE57 ghidl olde o] aglow Eag 4 g
Awle] Fabe s g g < ol Leet Bl F, Abdeo|-&FHxtEe] Zotm 44w
0-2 AA=5% B2 gt} HL"{"‘E‘]{' °|-&7ke] interaction % ciu-
4 Al ArEEE 4% T4 Anehe- stering =4 fof] 1 Aol £8] o] G} ok o
nius 4] ¢ = ¢q EXP (—@Q/RT)5 =2:u| 53] 600 710154711% e A A akEm g odbe] Lodr o]
SCE 800°C ol 4 LmQ, 2493k o2 Arsis ZEe] Al gl = yAE dEo s
% AdE Fig 43 Pk 24 bk apg) ge] ¥ AR5, 44 1m0l % 0,0, 53 Az Esielst
LnOs 8] §5e] 2715oll e} o3 ess 448 mol % Yi0, <tAal Al 23 u]oldl) wlsle] 27| A
1 glo sl A Solelg £l (Table 5) LA Wik ‘54 Aol v}gale] Complex Impedance
LnoOs T S7bel] w2 Sgslou= gL ZYErs) CREUE A
Asdol ZYLa# Almlwc} 2ok m a2 Asa] o7l e anOa gtk Skl whe Z445d A S2b
S35 e Azt gl@elwgd LogG, 1mol % 71
= walo ¥l A AT EA} Fob olwlEl PR Table 5 Activation Energies for the

. - - - - Specs .
Kroger E7]ol] o3kl vbg (1) Aol ¢ipd  Lpss} Z10;~¥,05-Ln; Qs Specimens

c on Activation Energy *
Ln,0s — 2Lit,, + Vi +30, o) Smposit { KI fmol )
ZYEr 53. 7
. . E 3.
Table 4 FPhysical Properties of the ZYEr(Q and Y irl o2
Z¥La0 Specinens. ZYEr3a 101 1
- ZYEr g 104, 9
Specimen Dﬁ‘;‘i“:ﬂ of ;F;’e';z}ihfé‘;’;"sl‘c'ﬂr;oc(:) - Z¥Llag 44,2
! Z¥Lla| 95. 3
ZYErD 260MPa 10. 5 x 107¢ /°C Z¥La3 95 8
ZY¥Lag 250 MPa 10.7% 1078 /°C ZYlag 98, 4
L
*at JkHz

(128> 28] %) %] %)



ZrO(Y,0) 4 Ajete] Ly

ZYER@A {3958 °C )

prgs] T T T
= 268~ a
s |
= !
L 1 ZHAK
oo 1 =
| &
= 13- = P, —
e ? %y 84
L‘-_:f EN ST
P @
i *
~1h 1 1 1
o iR 29 20 £35) S
Z' CK-ZHH?
EVERY 2589 °C
ar T T — H =
}
1
I
b
= 20~ 4
X
=
1
= 1k
- -y
= 13— » = ..
e Lt %, T
Lﬁ':‘ :‘Q
By = ==Y
. ) e
3 £~ .
ok I 1 1 ol
Kl i3 48 54

egs) 15
toCkE-OHM )

¥-0KM )

L
§

1HHM »

A

Fuo¢

4447 AAA S ol Wg M,0.9 43

EYERZ <3902 %027

155‘[ T T 7 —T
!
188~
|
f
|
1
S SEE
{
| WTE
IR -Y-T-!
I,D -
i? L
.31 1 . S L
%) =151 1 a3 15a 2849 255G
Z' CE-0OHM
IVERS ¢ ZE0 920
lE-D]- T T T T =
|
|
ll
1858 ~ -
|
l 26K
' oo -
| "
bl ;— ');\O - IO —
J L, oo
(-]
'z e 08
s
Ejg L L L {
A b1 180 156 289 =25a

Z' LK gEHM

Fig. 5. Complex impedance diagrams of the Zr0,~Y;0,~Er.0; specimens in air at 350 °C.
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Fig. 9. Transport mumber vs, temperature for the
Zr0,~Y,0,-Er1,0; specimens fired at 1,400°C
where, open points

I I .
Po: /P0:=2.1 X 107" f4.74 % 10=?
closed pointﬁ ;
I

Pa,/PorF~2.1 % 107 /1. 43 = 1072

T T T L) T T
_ 1o} _
[
B
L esr n
c
Eoal- _
o a IY¥lao
u A ZYiat
E 0.7 v Z¥Las n
* 0 Z¥Las
g
c
o
= o5 -

] L] 1 1 1 1

500 600 700 000 ago 1000
Temperalure ( *G |}

Fig. 10. Transport mumber vs, temperature for the
Z1r0,-Y,0:~L.a,0s specimens fired at 1400°C,
where, open points ;
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