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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
ZrO4(50~75wt%) + Ys04(50~25wt%)

+ Co0304(1.5wt%, identity)
]
Mixing
ball mill for 24hrs
]

Melting & Growing

7
|

crucible : 60mm in diameter

]
Cooling

natural cooling for 3 hrs
]

Faceting

round brilliant & slice )

i
Heat treatment

L in Ng at 1000C for 5Shrs ).
I

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,O;: (a) 25, (b) 30, (c) 35, (d) 40, (e) 45
and (f) 50 wt%.

Fig. 3. Photograph of Cobalt doped (add. 1.5 wt%) YSZ wafers
heat treated in nitrogen at 1000°C for 5 hrs; Y,0;: (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 5hrs in N, gas; Y,0;:
(@) 25, (b) 30, (c) 35, (d) 40, (e) 45 and (f) 50 wi%.
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Fig. 5. Optical transmittance spectra of Co doped YSZ single
crystals before treatment.

2

() 2607 - Toude, Y200 25wt%, Co30% - 1 Sut%iadd) l 2007 70m%, Y203 : 30w, Co%0% ; 1 Sutthiadd) I

80

60, - 702 472 s 702
" 514 52

20

o

00

Transmittance({%)

57,

(c)ZrOZ'GSwt%. Y40® : 5%, 0 C0" 1 1 5wit(add) l (@) 202 - 80w%, Y20% - 40wi%h, Co%0% : 1.Smtshacc) I

50 472 514 654 702

575,
04 2 53 654 710
5%

§ mz0f 50w, Y207 . sowtts, 000" : 1 5withiadd) I

604 472

472
404 534 8561 717
2.

509852 715,

{e} 502 55w1%, Y201 : d6with, Co°0 © 1 5with{add) [

300 w00 500 500 700 530 400 500 600 700 E
Wavelength(nm)

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 2.32~2.41 4A2(4F) °E‘T,('P)
P, 654~661 1.88~1.90 Fg[ A" F)] - 1“8+ F7[ T.(P)]
P, 472 2.63 L ACF)] = T[T ( P)]
P UV area * I 'ACF)] — rs[AT (P}
P, 702~717 1.73~1.77 L' ACE)] = T[T, (P)]
P, 572~607 2.04~2.17 LACF)] = T'T,(P)]
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Fig. 7. Variation of electron volt of heat treated sample with

Y,0; content.

T I's
4 4 I,F A Iy
4o T.%P) % i
A nen A
in A
Pio TPH Pio P13 TPm Paz
Iy
[
TR | L [
, “ oI Iy )
‘e / \ L [} Is
i i
“‘ Sio S [S12 |S1s [S21 [Ser
‘t_ Iy Iy
“Al*F)
Co®ion  Ta Te+ (1% S=-0) Tu+(2" S-0)

Fig. 8. Energy level splits and electron transitions of the Co®"
ion in the YSZ : Co™ single crystal.
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O : 0% ion

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.

BEFORE TREATMENT

B 50wt%, Linear Fit of 50wt%
L 45w%, Linear Fit of 46wm%
0O 40wt%, - Linear Fit of 40wi%
A

&

* inear Fit of 25wt%

LATTICE PARAMETER(angstroms)

. S ——
100 095 080 085 080 075 070 065 060 055
cos’e

Fig. 12. Extrayolation of measured lattice parameters against
cos'® of Co doped YSZs before treatment.

AFTER TREATMENT

m 50wt%, Linear Fit of 50w%
A 45WM%, - Linear Fit of 45wi%
0 40wi%, - Linear Fit of 40w% |
A 35W%,---- Linear Fit of 35wt%
O 30wt%, -~ Linear Fit of 30wi%
@ 25wt%, - Linear Fit of 25wi%

LATTICE PARAMETER(angstroms)

T e
075 070 065 060 055
00329

Flg 13. Extrapolation of measured lattice parameters agamst
cos’® of Co doped YSZs heat treated in nitrogen at 1000°C for

S hrs.

530

5 29; —o— after treatment
- --0-- before treatment %284
E - 5.280 ;
- D//‘5.283
0 /v
o 1 5.26
& 5271 D
m -
E ooz -
- N v a e (e < Ss1
: j /% 57 9299
& 5.25
<
o
UJ = |
o 5.24
= ]
'2 5.23 -
- -

. : ' y T v T ] 4 il

25 30 T - - i
Y203(Wt%)

Fig. 14. Variation of lattice parameter of YSZ after and before
treatment.
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