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ABSTRACT : A gem-quality yttria-stabilized zirconium oxide crystals were synthesized by the skull-
melting method, using the RF electrical apparatus. Principal raw materials used were ZrO, and 25 wt.%
Y:0; as stabilizer and 0.03~0.05 wt.% Nd>O; decolorizing agent were added to it. The single crystals
were approximately 20X63 mm in size with chemical composition Zro73Ye270187. The crystals are
isotropic with no appreciable anisotropism under a polarizing microscope. Their refractive indices are in
the range of 2.15~2.18, specific gravity 5.85, Mohs' hardness 8~8.5, and reflectivity 13.47%. The
zirconia crystals were confirmed to have cubic structure with Face-centered lattice(Z=4), space group
Fm3m (CaFo-type structure) and unit cell parameters are a=5.157 A. The optimal growing conditions for
yttria-stabilized zirconia are 50 kW, 2.94 MHz in power and to use a crucible with 105 mm X 135 mm in
size. When the lowering speed of the crucible was set 16mm/hr gave the best yield, 42%. Since the
refractive index(2.15~2.18) of cubic zirconia is smaller than that of diamond, the angle between crown
and pavilion should be fashioned to make it smaller than 40.5° to show the maximum brilliancy and fire.
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o] FoiFth 2 dEA, Ao FEHA
Az olE A=Y Duwez et al(1951) 5
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Table 1. Gemological properties of diamond imitations.

. Strontium Cubic . .
Diamond Quartz Titanate YAG GGG Zirconia Moissanite
Chemical C $i0; SITi0s  Y:AlOn  GdiGasOn 710, SiC
Hardness 10 7 5.5~6 8.5 7 8.5 9~9.5
Refractive 2417  1.54~1.55 241 1.83 1.97 217~2.18 2.65~2.69
index
Specific
gravity 3.52 2.65 5.13 4.55 7.02 5.95 3.22
Dispersion '
power 0.044 0.013 0.190 0.028 0.045 0.060 0.014
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Fig. 1. Phase diagram for the zirconia-yttria system
(Scott, 1975). Hatched region represents the appa-
rently continuous fluorite-type C transition.
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Fig. 2. A detailed phase diagram of the zirconia-
rich portion of the zirconia-yttria system(Scott, 1975).
Non-equilibrium homogeneous phases are indicated at
lower margin. Phases found at room temperature are
indicated thus : (O cubic, Il monoclinic+tetragonal,
@ monoclinictcubic. Hatched region indicates non-
equilibrium monoclinic-tetragonal transition.
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Table 2. Spectroscopic analyses(%) of ZrO, used
in this study.

Elements G60 G10
Zr0O, 99.4 wt% 99.8 wt%
SiO 0.20 wt% 0.05 wt%
TiO, 0.15 wt% 0.07 wt%
Fe;0s 0.006 wt% 0.001 wt%
SOs 0.25 wt% 0.07 wt%

Ni < 1 ppm <1 ppm
Mn <5 ppm <5 ppm
Cn < 2 ppm < 2 ppm
Co <1 ppm <1 ppm
Cr < 1 ppm < 1 ppm
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Table 3. Spectroscopic analyses(%) of Y.0; used
in this study.

Elements
La203
Cezo
PrsOn
Nd;03
Snx03
EUQO3
Gd,03
TbsO7
Dy20s
Ho,03
El‘zO}
Tm,Os
Yb0;3
LuOs
Ca
Fe
Si

5 ppm
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Fig. 3. A copper-tube skull within RF electrical coils.
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Table 4. Effect of Y>Os content to the appearance
of zirconia crystals.

Results
Y203
color transparancy
15 milky very translucent
20 pale yellow transparent
25 pale yellow transparent
30 yellow transparent
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Table 5. Effect of Nd>Os contents to the zirconia

crystals.
Purity(%) Nd;Os Results
of Zr0,  (wt.%) color transparency
0 very faint yellow transparent
99.4 0.05 colorless transparent
0.25  very faint purple transparent
0 very faint yellow transparent
99.8 0.03 colorless transparent
0.05  very faint purple transparent
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Table 6. Effects of power, container size, and

lowering rate to the yield and cubic zirconia crystals.

Container - L Crystal
Output size(mm) lov;/:tr;ng Yield size(mm)
Power (mm/hr) (%)
dia. height dia. length
40kW
2 98MHz 9% 110 6 30 13 23
" " " 8 25 14 18
" " " 10 32 15 24
45kW
2 94MHz 105 135 13 10 16 28
50kW
2 0AMHz 105 135 13 39 18 60
" " " 16 42 20 63

Fig. 5. The synthetic-yttria stabilized cubic zirconia
crystal grown by the skull-melting method (left) and
cut stones (right).
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248 24 F9 Rzdold H4 §4 2

H =748 ver. E2ATE oF 8§~8.50]1,
ZAEL 2.15~2.18911, dAZ-e 27.37%]t}.
o4 WRIZE 13.47%0°], o]&4 H|F3Fh
(Dc)2 5.84, 453 HIFZH(Dm)L 58524 A
9 FYsY. AYHE ¥ FH o g Wy
H3g Jeihdoh

AAEu 72 G JAEL 738~
74.2 wt.% ZrO,, 24.6~25.9 wt.% Y,0;0]H, o]
3 Add dursshAe ZrpsYo270187°]
. OEFE A3} AFZYUL YAHHE
BHA(Y - Zr't) 220)9) FESF U H
2 2438 Ao o]y ol f 2 Qs Fo)
ol Z<= 118 7 (omissional solid solution)
2 EAZthe AR o] whE AT

o AZole FHAEYS ARJFTZE 5
3 FHsty] A XA FAEHS A
o] W Ni BE|E £33 CuKa(1=1.5418 A)
AE AT XA - R 2= (Table 7)

249 FUT Fmd m FE2 AA4A%
sl7F 7hsdtger, GHE AgE 5157 A9
GAANEEY A5 27 2100 HAAL
2RE A A (a=3.64393)A, b=
3.6443 (8)A, c=3.6451(A)A, @=90.01(2)°, A=
119.97(1)°, 7=119.98(1))°] ¢=xgon, o
A 3977 2] 3|A XS Blind program(Lawson and
Jacobson, 1965)2 o]&3te A stH 5=
HA(a=5.1568(6) A, b=5.1540(1)A , ¢=5.154(4)
A, a=B=7= 90°7} QoAt} hhl (h+k=2n,
h+l=2n, k+1=2n), Okl (k=2n, [=2n, h+I=2n), hhi

2 jo X0

i W}

tlo

£

Table 7. X-ray powder diffraction data of cubic
zirconia.

h  k 1 I do de

1 1 1 100 2.982 2.977
2 0 0 24 2.581 2.578
2 2 0 50 1.824 1.823
3 1 1 30 1.556 1.555
2 2 2 1.489 1.489
4 0 0 4 1.289 1.289
3 3 1 12 1.184 1.183
4 2 0 9 1.151 1.153
4 2 2 9 1.053 1.053

a=5.157 A, Ni-filtered Cuk @ ( A1=1.5418 A) radiation used.

(h+1=2n)91 #AZHE Fz7bFo] F23, Fm3,
F432, F43m, Fm3mo| 7}s38] X9, intensity7}
hkl=klh=lhk=khl=hlk=lkho] 2 & Htf tHAE<!
) AsAYote] AAYTRE FHE] Fm3 m
o] "t} olHF RE AATA AFZRE o
W 4" HIZYol AR SEAHAYC) A
Huon, dARZ YA wlEFZE Fig 6
o 2o ol2REH 440)gAE WYF(CN)
7} 40lx1, AZUYUL(Zr) YA+ 8olth A4 E
T8 MZYol A b dAe X4 &
A AE 4 342 JFAEA dg d+AH
= AYAE 2(1997), °)AE £(2000), YA
$1(2001a, byl &3} ofv) wE P vy} YU} g
H ArdAe FHFRY $)AANZEY 47
3 M= Qe AR gE AT F, A
of g A (4, 4, KEHEH <111>%
oz o]FH e vehdt). oY AF
A7E Carter and Roth(1968)e] A7t Aol
HF dXtAR, A AR T 9B3%E <il>
oz, Uma 7%= <100> Wako s Waw
o] 9t} Steele and Fender(1974)9} Morinaga
et al. (1979), Horiuchi(1984) 59] A7 2o}
= 2 9AEA gevh

Scott(1975)= 4] A AU ote] A Y,0:9
ko) FUhse mel 9 E F4vt Fvke
v AMdE BRI e, ojd AddA de
GAZ Fe(@F Scott(1975)9] A4 AT} )

0
®

(112)

)
Fig. 6. The positions of the atoms within the unit

cell of ZrO; structure, projected on a cube face.
Large circles represent zirconium atoms.
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Fig. 7. Lattice parameters for homogeneous zirconia-
yttria phases. 12 to 100 mol% of YO.;s (Scott, 1975)
Circle represents the data obtained in this study
Zr'=2.16 A, YP=227A.

a} Scott(1975)7 £23 ZAo] & HL&H
S U 4 JtHFig. 7). =, ZrogrYo130187 S
a=5.0858(2)A°]Eﬂ(Hoqard et al., 1988) Zry7s
Y02201 802 a=5.1487£0.0002 A(Stecle and Fender,
19749} A< AGE)Y vz #AE vehlix
A&o) WA olely e T oled w
Azpol(Zr=2.16 A, Y =227A)e] 7]2= & A}
Aoe 4 4 glEd), o]yd AHAe 78 A=
o4F HERAHA GriPE BALAFWE
53 oleoly Hae, ® ojEelole] FaAw
U THE A @Y Adte] e AA H

L

W B9 olgrhEd B4 FE
ol A WA HAE doA
Al HE Yo A B
AAHE Wo] & gl wel dojut
AE@olohdl 9-du. oA T F
FHEA7] AME A BAS
Av} Wel zvle Avpd FEzHY
£ o4¥ =l ZHIA Tk
ojHE g4E I BAo dAZ o
th. &, 2 §0) 2.42¢] GololE =9 A

rg 2~ o
lo ok
e

m&"m[oigi
éHi&

ol

o N fo g 4 2
o LU 1 ofd 2

i

Ho
of
R
5
ool
A

Cubic Zirconia

Diamond

Fig. 8. Comparison of the pavilion proportions for
diamond and cubic zirconia. Critical angle of cubic
zirconia is greater than that of diamond.
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