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Ten filled samples
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Table 1 Routine instrument test parameters for different samples
T B, R, Tﬁgli(m) DR B EAGR Kk i 1
R-2 S AN 1. 774 1.768 0. 006 I L CAWA S EAN EERS DU B B
R-3 e 1.77 1.763 0. 007 G Wl s Brar/feaL EFRS ZNIRTA
R-4 KB 1. 769 1. 762 0. 007 T 55 . BOLL/IRBLA [ K AR NETA
R-5 W 1. 772 1. 765 0. 007 ¥ CERTANECAWE AN [7) K 4K 7o B
R-6 TRBLATL 1.773 1.765 0.008 b iR SAWAE Y 4N EPNN DY B B
R-7 e 1. 772 1. 765 0. 007 x LE W SAWEC X kAN [ K AR DY B
R-8 Ha 1. 772 1. 765 0. 007 T W BUAL/IRAB LT EPNS Y B I
R-9 B 1. 775 1. 763 0. 008 ¥ LiRT = CAWAE Y 2N [) K 4% 7Y B I i
R-10 et 1. 772 1. 765 0.007 J& . B/ e [R) R 8% N
R-11 Brer 1. 776 1. 769 0. 007 T R BLL/ IR AT [/ R AR Dy B D i
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Table 2 The density characteristics

of different samples

i o5 i T EE o
o1 02 03
R-2 4.128 3.98 4.063 4. 057
R-3 4.233 4.136 4.136 4.168
R-4 4.107 3.784 4.13 4. 007
R-5 4.12 4. 04 3. 904 4.021
R-6 4 4.157 4.096 4. 084
R-7 4.102 4.033 3.984 4. 04
R-8 4.023 4. 095 4 4. 04
R-9 4 4 4. 089 4.03
R-10 3.979 4 4 3.993
R-11 4.113 4.113 4. 056 4. 094
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Fig. 2 X-ray fluorescence spectroscopy of sample R-3
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Fig. 3 From (a) to (¢) the shape of filling cracks

form point to line to mesh
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Fig. 4 Filling pits

5 ZEKE
Fig. 5 Filling bubbles
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Fig. 6 Foggy filling materia
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Fig. 7 Blue flash effect
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Fig. 8 Filling cavity
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Fig. 9 From (a) to (¢) the form of filled fracture is

from the point to the line and even dense mesh
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Fig. 10  Filling pits
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Fig. 11 From (a) to (b) single small bubble

transits to a swarm of bubbles
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Fig. 12 From (a) to (c) yellow fillings transit from

silkiness and banding to a certain thickness
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Fig. 13 From (a) to (¢) blue flash effect transits

from line to banding or even flaky shape
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Fig. 14 (a) The filled fracture of crown; (b) Inner

fillings; (c¢) Blue flash effect
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(a) The filled fracture of crown; (b) Inner
fillings; (¢) Blue flash effect
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B 16 (a)BABFIEAER; (b) NEBFEY; (o) E B NP
Fig. 16 (a) The filled fracture of crown; (b) Inner

fillings; (c¢) Blue flash effect
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Fig. 17 10 samples’ infrared spectrum comparison chart
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The Characterization Study on Quantity of Filled Glass Material in Ruby

XIANG Zi-han', YIN Zuo-wei'** , ZHENG Xiao-hua®
1. Gemmological Institute, China University of Geosciences, Wuhan 430074, China

2. Gemmological Institute of Dianxi University of Applied Technology, Tengchong 679100, China

Abstract In this paper, the lead glass filled ruby is the main study object and the characteristics of filling amount were studied.
Its conventional gemological parameters were tested, including refractive index, polarization, ultraviolet fluorescence, visible
spectrum, etc. At the same time, the characteristics of the filling quantity were studied using the microphotography, X-ray
fluorescence spectrometer, and infrared spectrometer. The average results were obtained through multiple tests. Based on
analysis, the filled samples’ gemstones parameters were consistent with the natural rubies’. Excepting a few showing all light in
polarization tests that associated with fillings focused on mesa distribution. The X-ray fluorescence spectrometer showed that the
lead peak was high and shape was stinging, indicating the fillings was large and obvious. At the same time, the internal and
external characteristics of the quantity of fillings of all samples were studied by using microscopic magnification, and the compar-
ison research could be made to distinguish the quantity of fillings of some samples. It was found that the internal and external
characteristics of the filling were the dotted, linear and reticulate structure and pits; a single or group of bubbles; the filling of a
fog-shaped structure formed along the fissure surface; the blue flash effect and filling hole, and the more filling volume is, the
more obvious the filling characteristics are. By comparing the size, shape and quantity of surface filling cracks; Bubbles” size and
shape; the obvious degree of the distribution area of the yellow fillings under the diffuse reflection illumination can distinguish
the different filling amount of different samples. Infrared spectrum testing shows that the main peaks are 2 920, 3 424, 2 600
and 2 851 ecm™'. The 2 920 cm ™' is for diaspora, andthe 2 851 cm ' is for the other inclusion, and 2 600 and 3424 cm ' are for

! is the vibration absorption peak of the water mole-

typical indicated peaks of the lead glass fillings. Among them, 3 424 cm ™
cule, and the 2 600 cm ™' is the absorption peak of Si—OH. If the 2 600 cm ™' is taken as an example, the quantities of the fill-
ings are different, and the intensity of peak shape and height is also different. Meanwhile taking the peak at 2 600 cm ™' as crite-
rion, it is concluded the different values of peak height” histogram with the value of peak height is proportional to the quantity of
fillings. so the histogram can indicate the variable quantity of glass fillings. By comparing the samples, the peak of R-6 is lower
than R-3, and R-3 is lower than R-5, and the peak of R-5 is the highest, and illustrating quantities of fillings of R-6 is least, and
R-5 is the most. This is in line with most of the results of the microphotography. Through the above research and analysis, lead
glass fillings mainly do not affect the ruby gemological parameters, but the distribution of internal and external filling character-
istics can basically distinguish the differences of filling quantities, but for samples with very serious fillings, it has limitation.
The infrared spectrum makes up for this defect to some extent, and can distinguish the small difference between the filling quan-
tities by the peak height calculation of the filling point peak. This also lays a foundation for the quantitative classification of lead

glass filled rubies.
Keywords Ruby; Lead glass; Filling treatment; Characteristics of fillings
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