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Color-change for ligand field of cobalt doped yttria stabilized cubic zirco-
nia (YSZ) single crystal
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Abstract Cobalt (Co™") doped yttria stabilized cubic zirconia (YSZ, Y,0, : 25~50 wt%) single crystals grown by a skull
melting method were heat-treated in N, at 1000°C for 5 hrs. The reddish brown single crystals were changed into either
violet or blue color, respectively. Before and after heat treatment, the Co-doped YSZ crystals cut for wafers ($6.5 xt
2mm) and round brilliant (¢10 mm). The optical and structural properties were examined by UV-VIS spectrophotometer
and XRD. These results are analyzed absorption by Co™* (*A,(‘F) — *P) and Co™*, change of energy gap and lattice parameter.
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Table 1

Composition for the experimental

Composition Ratio (wt%)

Zr0O, 75 70 65 60 55 50
Y,0; 25 30 35 40 45 50
Co,0, 1.5 (identity)

Weighting
Zr0,(50~75wt%) + Y.03(50~25wt%)

+ Co030,4(1.5wt%, identity)
[

f ™\
Mixing
L ball mill for 24hrs )
e I h
Melting & Growing
__crucible : 60mm in diameter
I N
Cooling
L natural cooling for 3 hrs
e I ™
Faceting
L round brilliant & slice y
I N
Heat treatment
L in N, at 1000C for 5hrs
|
Analyzing
colorimeter, UV-VIS, XRD

Fig. 1. Flow chart for the experimental procedure.
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Fig. 2. Photograph of Cobalt doped (add. 1.5 wt%) YSZ wafers
before treatment; Y,0;: (a) 25, (b) 30, (c) 35, (d) 40, (e) 45
and (f) 50 wt%.
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Fig. 3. Photograph of Cobalt doped (add. 1.5 wt%) YSZ wafers
heat treated in nitrogen at 1000°C for 5 hrs; Y,O;: (a) 25, (b) 30,
(c) 35, (d) 40, (e) 45 and (f) 50 wt%.
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Fig. 4. Photograph of round brilliant cut of cobalt doped (add.
1.5 wt%) YSZ treatment at 1000°C for 5 hrs in N, gas; Y,0;:
(@) 25, (b) 30, (c) 35, (d) 40, (e) 45 and (f) 50 wt%.
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Fig. 5. Optical transmittance spectra of Co doped YSZ single
crystals before treatment.
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Fig. 6. Optical transmittance spectra of Co doped YSZ single
crystals heat treated in nitrogen at 1000°C for 5 hrs.
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Table 2
Peak positions of the absorption bands observed in the YSZ : Co™ single crystal
Heat treatment atmosphere Band Peak positions (nm) Energy gap (eV) Assignment
Reducing P, 514~534 2.32~241 ‘A,('F) °E *T,(‘P)
P, 654~661 1.88~1.90 LA ('F)] = T+ O[T, ('P)]
P, 472 2.63 LA ('F)] = T 'T,('P)]
Py UV area * Iﬁx;[ztAz(’F)] - ro[4T|(‘P)]
P, 702~717 1.73~1.77 LA ('F)] = T 'T,('P)]
P, 572~607 2.04~2.17 L'ACE] = TT,(P)]
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Fig. 8. Energy level splits and electron transitions of the Co’"
ion in the YSZ : Co™" single crystal.
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Fig. 9. Crystal structure of fluorite structure containing asso-
ciation complex.
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Fig. 10. XRD spectra of Co doped YSZ single crystals before
treatment.
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Fig. 11. XRD spectra of Co doped YSZ single crystals heat
treated in nitrogen at 1000°C for 5 hrs.
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Fig. 12. ExtraPolation of measured lattice parameters against
cos’0 of Co doped YSZs before treatment.

5.31
5.30 4
5.29 ]
52847~
s21d
526
525] -
524t
5231
5.22]
5.21]
5.20
519
5.18
5.17 4— —T T T T T T T

100 095 09 085 080 075 070 065 060 055

cos'o

AFTER TREATMENT

50w1%, —— Linear Fit of 50wt%
Linear Fit of 45wt%
Linear Fit of 40wt%
Linear Fit of 35w%
Linear Fit of 30wt%
Linear Fit of 25wi%

|
Ty
o
A
<
*

LATTICE PARAMETER (angstroms)
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c0s’0 of Co doped YSZs heat treated in nitrogen at 1000°C for
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Fig. 14. Variation of lattice parameter of YSZ after and before
treatment.
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