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A new variety of synthetic cubic zirconia: Characterization of the novel
“Heavy-zircon” material
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Abstract: In 2024, a previously undocumented synthetic cubic zirconia product, traded as “heavy-zircon”,
emerged in the Wuzhou gem market (Guangxi, China). To address the lack of peer-reviewed data on its composi-
tion and identity, we performed a comprehensive mineralogical and gemological study using electron-probe microa-
nalysis (EPMA), X-ray diffraction (XRD), fourier-transform infrared (FTIR), and micro-Raman spectroscopy.
The material has a high relative density of approximately 7. 40 and is primarily composed of Yb,0,(51. 08% ~
53.06%) and ZrO,, with minor Y,0,. Its elevated density results from the incorporation of ytterbium (Yb), a
heavy rare earth element. Single-crystal XRD confirms an isometric fluorite-type structure (space group Fm3m)
with a lattice parameter a=5. 134 8(18) A and a unit-cell volume V=135.39(8) A®. The calculated chemical formulas are
Zry 55Ybg 10 Y0301 1o 2 0r Zirg 5 Ybg 4,0, 5,5, ([ denotes oxygen vacancy). These results identify heavy-zircon as a
high-density, ytterbium-rich variant of yttria-stabilized cubic zirconia. In accordance with gemological nomencla-

ture, we propose “synthetic ytterbium-rich cubic zirconia” as its formal species name.
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Fig. 1 Synthetic heavy-zircon material on the market
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Fig. 2 Research samples of heavy-zircon (Z-1 to Z-6) and
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2.1 ERFHIE

W30 TG 85 W T AR AR C-1 T EE B
WA WG, [ 20 18, K% o, il B, %
~5.98 o/cm’  JEHEXITR, PrifF>1. 78 K EHh
DS RN E N AR NS W A2 N V0, Y N 0 &
AR HEES AR T EE W A NG KR
55, JCAREL, CPER BT I R > 1. 78, SRS E
P BORKG A R T e, B DTSRI B (181 3) o A
Xof 22 R T A B R Ay 8 ~ 95 K FR B 145 6
ANKE SR T B RSy B Ry 7. 42,7, 44 7. 397, 38,
7.42.7.37,F¥1 7. 40,
2.2 HEBSSH

HLFERER BT 2 SR (R 1) R, Z-1 1 2k
B3R Yb, Oy fl 210, , HoHt Yb, 04 F ik 51. 74% ~
53.06% ,Zr0, %5t} 45. 42% ~46. 65% ; IR EAL i,
Y0, TN 1.92%~2.42%, 7-2~7-6 [ FEAk
SERAY A Yb,0, Fl Zr0,, Yb,0, & & 4 51. 08% ~
52.59% ,7:0, Fi A 45.61% ~47.03% , A% Y,0,,
U ER (B 4) Bon P  3E AR B — (A~
MIGTAEBRAR ) FE S — PR . ARYEAE i i HL R

0.5 mm
| —

CEHEETRE Z-1 B DS O

Fig. 3 Conchoidal fracture of heavy zircon
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Table 1 The EPMA results of samples
s 70, Yb, 0,4 Y,0,4 o8 s IHE F408 1B MO, A5 0)
7-1-1 46.30 52.31 2.35 100. 96 Zry 57Ybg 49 Y0.0301 75 2
Z-1-2 46. 65 51.83 1.92 100. 40 Zrg 57Ybo 49 Y0.0301.70 o 21
Z-1-3 45.42 53.06 2.39 100. 87 Zry, 56 Ybo 41 Y0.0301.75 o, 22
7-1-4 45.87 51.74 2.42 100. 03 Zrg,57Ybo,40Yo.0301.78 o, 22
7-1-5 46.10 51.85 2.20 100. 15 Zrg.57Ybg 400030178 o 2
A 46.07 52.16 2.26 100. 48 Zrg 57Ybg 49 .0301.75 o 2
7-2-1 47.03 51.08 98.11 Zry, 60 YD 400170 Lo 21
7-2-2 46.32 52.59 98.91 Zry 53 Ybg 450, 70 o1
7-3-1 45.85 52.26 98. 10 Zry s3Yby 4504 790 o
7-32 45.68 51.94 97.62 Zrg 55 Ybg 501 20 o
7-4-1 46. 44 52.13 98.57 Zry, 50 Ybg 410179, 21
7-4-2 45.80 52.31 98. 11 Zry 55 Ybo 401 700 21
7-5-1 45.79 51.68 97.47 Zxy 59 Ybg 4101 79[ g o
7-5-2 46.13 51.78 97.91 Zry, 50 Yb 410y 2910 o
7-6-1 45.61 51.69 97.30 Zry 50Ybg 4104 50 g o)
7-6-2 45.87 51.41 97.28 Zrg 59 Ybo 4101 7900 2
7-6-3 46.28 51.68 97.96 Zry, 50 Ybg 4104 790,24
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Fig. 4 Backscattered electron (BSE) image of the sample Z-1
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Fig. 5 X-ray diffraction pattern of the sample Z-1
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Fig. 6 The crystal structure diagram of heavy zircon sample

Z-1(red: O, green; Zr'", cyan-green: Yb™")
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Fig. 7 Infrared transmissions spectrum (a) and reflections spectra (b) of samples
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Fig. 8 Raman spectra of samples Z-1~ 7-6 and C-1
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