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Abstract: Natural rubies often show central grayish blue cores in their untreated state, which are usually consid-
ered to be of a low quality. Therefore, most rubies are artificially heat-treated at high temperatures to improve
the color. During the heating process, the flux accompanied by the process is cooled down and becomes amor-
phous residues that remain in the fractures or surface cavities of ruby unintentionally, and thus the clarity and
transparency of the ruby, to some extent, are enhanced. Subsequently rubies that have experienced the heat
treatment are often identified as those with traditional filling treatment, by which the original thoughts of mere-
ly conducting artificial enhancement are misunderstood and the values of the rubies are influenced. This paper in-
tends to remove the amorphous residues in the ruby on the experimental basis so as to reassign it to the accept-
able range of pure heat enhancement, and in this way the appropriate value of the ruby could be shown on the
gem market. The amorphous residues existent in natural rubies due to heat enhancement and treatment are

cleared by immersing the rubies in the hydrofluoric acid (HF) with the concentration of 23% in which the glass
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residues that remain in the fractures and pits of ruby are readily dissolved so as to attain the goal of clearing.
ICP-AES analysis of the hydrofluoric acid solution with the amorphous residue solute mentioned above was used
to indicate the concentration of Si and Al, namely 28.60 pg/mL and 2.795 pg/mL respectively, by which the
weight of the removed residues was roughly calculated so that the filling degree of the amorphous residues that
unintentionally added to the ruby could be determined. Fourier transform infrared spectra of ruby specimens
were determined before and after the clearing process for comparison. The infrared spectra of ruby prior to the
clearing process showed that, in the range of 1 100~1 000 cm !, the ruby exhibited broad band positioned at
1 050 cm ™! due to the unsymmetrical stretching vibration of v, (Si—O—Si), which indicated that the residues
were amorphous. A sharp band centered at 744 em ™ ! in the 750 ~600 cm ™ ! region corresponded to symmetrical
stretching vibration of v,(Si—O—Si), whereas none of the characteristic Si—O vibrations caused by amorphous
residues was detected by the infrared spectroscopy after the acid treatment of the ruby, and only a broad band in
the range of 950~600 cm ™! featured at 736 cm ™' and 622 cm ™! was shown, which was caused by the AI—O
fundamental frequencies of corundum and thus displayed the characteristics of crystallized metal oxide, suggest-
ing that the amorphous substances in ruby were removed thoroughly and ruby specimens eventually fell into the
pure heat-treatment (enhancement) category rather than the glass filling treatment category. After the perfor-
mance of clearing experiments on the ruby specimens, the fractures and pits on the surface of the rubies which
had previously been covered by amorphous residues were clearly visible under the gemological microscope.
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Pictures caught from Thermo Nicolet pview 2.6 system present collecting the microscope IR spectrum



FRE S U ABA E A PRI SR AE B S 107

0003a e \

———0002a y

S %

1 L 1 L 1 L L 1 L L L L L 1
1300 1200 1100 1000 900 800 700 600

H¥/em™
B2 IR AR AR B0 A

Fig. 2 IR spectra of the filling portion in the specimens

before and after the clearing experiments
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Fig. 3 Photographs of sample 0002 before and after experiment
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a» b—a half-moon-shaped pit as well as glass residues induced in the surface pits of a copper-nickel alloy ring with a ruby: ¢» d—after immersion in
the hydrofluoric acid> sample 0002 was loosed from the setting and the glass residue with lower surface luster was removed or turned into chalky
white substances; e—chalky white substances were removed through exposure to the ultrasonic bath
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Fig. 4 Photographs of sample 0001 before and after experiment
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a» b—spots with lower surface luster could be observed prior to the tests» a fracture with glass residues crossed the table of the faceted ruby on
which the boundary was distinct due to lower refractive index of glass than that of the ruby host; ¢» d—chalky white substances remained in the
fracture after the exposure to the hydrofluoric acid> etchings of the fracture crossing the table was clearly visible after the immersion in which some
chalky residues were retzined> a brown thin layer overlay the ruby after drying: e, f—the former filling spots changed into hollows or pits due to the
immersion in the acid, the parallel lines on the surface of ruby caused by polishing were preserved perfectly. and on the right the sharp edges where

neighboring facets met could clearly be seens indicating that the ruby itself didn’ t dissolve during the acid tests
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Fig. 5 Photographs of sample 0003 before and after experiment
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a—the table of faceted ruby showed spotted glass residues white in color: b—the spots on the table were apparently becoming chalky after the expo-
sure to the hydrofluoric acid: c¢—the filler was removed by immersing in the hydrofluoric acid and placed in the ultrasonic bath by which the natural

crystal face that showed strong reflected light was observed from hollowed pits
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Fig. 6 Photographs of sample 0004 before and after experiment
a— SRR, REEB A FTIR; b—AEARRRIEE, REAKNBIERE YRR A OB —HEARRRIEITEHESEERG, JO8REY
W 58 2R R
a—the fracture was partially filled before the clearing tests were performed: b—the glass residues appeared chalky after being exposed to hydrofluo-

ric acid; ¢—the glass residues induced in the fracture was removed after being immersed in hydrofluoric acid and the following step of ultrasonic

bath
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Fig. 7 Photographs of sample 0005 before and after experiment
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a—glassfilled fractures crossing the table and glass-filled spots on the top right of the table could also be observed before testings b—after the im-
mersion in the hydrofluoric acids filling position in the table turned into chalky white in appearance: c—etching of the filler made the deep fracture

located in the table readily visible
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Fig. 8 Photographs of sample 0006 before and after experiment
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a—narrow and long fractures which crossed the table were mostly filled prior to clearing experiments; b—near-surface fractures were clearly visible

and some chalky residues remained in it after the exposure to the hydrofluoric acids light brown thin layer overlay the surface after the specimen was

dried; c—glass residues were removed
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