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Characterization of dark core and blue patch in Mong Hsu ruby
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Abstract Mong Hsu rubies from Myanmar include typically the dark core and blue patch but most of the previous
research has merely focused on the dark core. This work is aimed to understanding clearly the characteristic of the dark
core and blue patch of Mong Hsu rubies. It was found from the FTIR analysis that the dark core and blue patch region
showed the absorption peaks of boehmite (1986 cm™), diaspore (2115 cem") and water (3400~3900 cm™) but the absorption
peaks of O-H stretching (3309 cm™' and 3078 cm™') were found only in blue patch region. The UV-VIS-NIR analysis of the
dark core region revealed the stronger absorption of Cr'* at 405 and 554 nm compared to the blue patch region. In range
of 600~800 nm, the UV absorption characteristic at 659, 675 and 693 nm assigned to Cr'* of core group samples is distinct
from that of blue patch. The SEM-EDS examinations disclosed the existence of lots of micro-cracks and pores in the core

regions compared to blue patch region.
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1. Introduction

Myanmar has been very plentiful and well-known source
of the high grade gemstones, particularly Mong Hsu and
Mogok district where mine of rubies and sapphires have
been numerously found [1]. Initially rubies and sapphires
form Myanmar had been widely researched on their
trace element concentrations and inclusions [2, 3]. Later
many researchers have been interested in rubies from
Mong Hsu because of their typical characteristics such
as separated color zoning with dark cores, blue patch
and transparent red rims. The dark core and blue patch
can be easily eliminated by the heat treatment under
reducing or oxidizing atmosphere [4,5]. Peretti et al.
reported the characteristics of the violet core and red rim
in untreated ruby by the UV-VIS-NIR spectroscopic anal-
ysis, showing the difference in the intensities of absorp-
tion band in range of 550~800 nm, without mentioning
on the blue patch characteristic [6]. Most of previous
works have been focused on various heat treatment
methods to remove them for increasing their value in
gem-trade and dealt with only the decoloration mechanism
of core region without any explanation on the character-
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istics of blue patch. However, more inclusive and detailed
understanding of the characteristic of core and blue patch
are required. This work is aimed to examining the char-
acteristics of core and blue patch in Mong Hsu ruby,
Myanmar.

2. Experimental

9 raw ruby samples were collected and chosen for this
work. 5 samples of them were cut and polished using
diamond paste followed by cleaning in an ultra-sonic
bath with the sequence of acetone and DI-water in order
to remove adventitious hydrocarbon components on the
surface. All samples were classified into 4 groups; 1)
core, 2) blue patch, 3) red rim, and 4) core and red rim.
Their surface feature and internal inclusions were exam-
ined by a transmission optical microscope (OM, Olym-
pus, Japan) equipped with CCD camera. Fourier transform
infrared spectrophotometer (FTIR, Nexus 470, USA)
and ultra violet-visible-near infrared spectrophotometer
(UV-VIS-NIR, UV-3101PC, Japan) were employed for
the optical characteristics. The surface morphology and
chemical composition of specimens were analyzed using
a scanning electron microscope equipped with an energy
dispersive X-ray spectrometer (SEM-EDS, JSM-6330F,
Japan).
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Fig. 1. Optical micrographs of the surface of (a) core region and (b) blue patch region.

3. Results and Discussions

Figure 1 shows surface morphology of core region
and blue patch region. The surface of the core speci-
mens exhibits many micro cracks and pores but the
surface of blue patch area shows only a few micro
cracks and pores. The core region usually exists in the
middle area of analyzed samples with dark color and
typical hexagonal or rectangular features. The blue patch
region exists in the surrounding area between core and
red rim.

Figure 2 shows comparison of FTIR absorption spec-
tra of each group samples by graph merging. All groups
showed the presence of absorption peaks of boehmite
(1986 cm™"), diaspore (2115 cm™'), C-H stretching (2924
and 2850 cm™'), carbon dioxide (2340~2360 cmﬁl) and
water (3400~3900 cm™') but the presence of absorption
peaks at 3309 and 3078 cm ', assigned for O-H stretch-
ing, was found only in blue patch group and core and red
rim group. Considering only blue patch and core group,
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Fig. 2. Comparison of FTIR absorption spectra of all specimen
groups in the range of 4000~450 cm™.

it was clearly seen that core group shows distinctively
low absorption peak at 1986 (boehmite) and 2115 cm™
(diaspore) and not show absorption peak at 3309 and
3078 cm™ (O-H stretching) compared with blue patch
group as shown in Fig. 2. Thus it was noted that the
absence of absorption peak at 3309 and 3078 cm™ of
core group would be able to distinguish core from blue
patch group.

Figure 3 shows the UV-VIS-NIR absorption character-
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Fig. 3. The UV-VIS-NIR absorption spectra of as-received speci-
mens, representing those of core group, blue patch group, red
rim group and core and red rim group in range of 200~800 nm.
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Fig. 4. Comparison between the UV-VIS-NIR absorption spectra
of blue patch and those of core group in range of 200~800 nm.

istic of as-received specimens, representing those in all
4 groups as previously mentioned in the range of 200~
800 nm. The UV absorption at 405 and 554 nm that are
attributed to the presence of Cr'" were found in all
groups of specimen. Considering only specimens in blue
patch and core group, the curves for core group sample
noticeably show stronger UV absorption than blue patch
sample as shown in Fig. 4. This indicates that the amount
of Cr'" in core group samples is higher than that in blue
patch group samples, which is later confirmed by EDS
method. In range of 600~800 nm, the UV absorption char-
acteristic at 659, 675 and 693 nm of core group samples
is distinct from that of blue patch samples as shown in
Fig. 5. These well-known peaks at 659, 675 and 693 nm
are attributed to Cr’* [6]. It was noticed that the curve for
core group shows dominant peak at 693 nm while the
curve for blue patch group shows dominant peak at 675
nm (Fig. 5). Therefore the difference of UV absorption
features in range of 600~800 nm between core group
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Fig. 5. Comparison between the UV-VIS-NIR absorption spectra
of blue patch and those of core group in range of 600~800 nm.

and blue patch group samples would be the mean to dis-
tinguish core from blue patch group.

The SEM-EDS investigation reveals the surface mor-
phology of the as-analyzed ruby specimens in core and
blue patch group (Fig. 6). It can be noted that many
micro-cracks and pores distinctively exist in core region
more than in blue patch region. Elemental mapping of
the EDS analysis exhibits the distribution of trace ele-
ments on the surface of specimens in core and blue
patch groups as shown in Fig. 7a (left) and 7b (left). Al,
O, Cr and Ti elements were found in both core region
and blue patch region. Although the results of elemen-
tal analysis of specimens in core region and blue patch
analyzed by the X-ray mapping mode showed no differ-
ence, by means of EDS quantitative analysis as shown
in Fig. 7a (right) and 7b (right), the amount of chro-
mium in core group samples is higher than that in blue
patch group samples. Meanwhile the amount of tita-
nium in core samples is slightly different from that in
blue patch samples.
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Fig. 6. SEM micrographs of the surface of the as-analyzed ruby specimens in (a) core and (b) blue patch group.
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Fig. 7. The elemental distribution of the surface of specimen in (a) core group (left) and (b) blue patch group (left) and the amount
of detected trace elements in (a) core group (right) and (b) blue patch group (right) analyzed by EDS method.

4. Conclusions

It was found that the characteristics of core and blue
patch, nevertheless of their similarity, can be clearly dis-
tinguished by spectroscopic techniques; FTIR, UV-VIS-
NIR analysis, and SEM-ESD. In particular, the pres-
ence of strong UV-VIS-NIR absorption of Cr'" at 405
and 554 nm and UV-VIS-NIR absorption feature in range
of 600~800 nm was obviously seen in core specimens
compared to blue patch specimens. The absence of FTIR
absorption peak at 3309 and 3078 cm ™' of core speci-

men, which was caused by the lack of O-H stretching
bond, would be the indicator to distinguish core charac-
teristic from blue patch characteristic. Moreover core
specimens have characteristic of the existence of many
micro-cracks and pores in core region compared to blue
patch specimens. However the trace elements and their
quantities in core and blue patch specimens would be
able detected by EDS method and showed slightly the
different quantity of trace element, further experiment on
chemical composition by using other methods would be
needed for more accurate and quantitative measurement.



Characterization of dark core and blue patch in Mong Hsu ruby 59

Acknowledgements

We wish to acknowledge the financial support of BK
21, National Research Foundation of Korea and Hanmi
Gemological Institute (HGI), Seoul, Korea.

References

[1] R.W. Hughes, “Ruby & Sapphire”, RWH Publishing,
(Boulder, Colorado, 1997) p. 60.

[2] T. Osipowicz, et al., “Nuclear microscopy of rubies,
analysis of trace elements and inclusions”, Nucl. Instr.

Meth. B104 (1995) 590.

[3] J.L. Sanchez, et al., “Micro-PIXE analysis of trace ele-
ment concentrations of natural rubies from different
locations in Myanmar”, Nucl Instr and Meth. B130
(1997) 682.

[4] S. Achiwawanich, et al., “XPS and ToF-SIMS analysis
of natural rubies and sapphires heated in an inert (N,)
atmosphere”, Appl. Surf. Sci. 252 (2006) 8646.

[5] S. Achiwawanich, et al., “XPS and ToF-SIMS analysis
of natural rubies and sapphires heat-treated in a reduc-
ing (5 mol% H,/Ar) atmosphere”, Appl. Surf. Sci. 253
(2007) 6883.

[6] A. Peretti, et al., “Rubies from Mong Hsu”, Gems &
Gemology 31(1) (1995) 2.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


