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Observations on treated
ruby and sapphire

Prof. Dr. 0. A. Hinni, SSEF Swiss Gemmological Institute, Basel, Switzerland

The occurrence of natural ruby and sapphire does not consist only of high qualily stoncs
alone. Top quality is rare and a necessity exists to enhance the medium and lower quality
volume of stones,which is much more important volume wise. When we discuss the improvement
of quality we could first define what qualily means, Size, weight, colour, transparency and
mechanical stability are important quality factors. Many stones are found to be small, with
an unpleasant colour, not transparent or brittle due to many fractures.The small size can
only be improved by adding synthetic corundum and using the small natural bit as a seed (as
done earlier e.g. by Chatham).Recent treatments concentrate more on enhancing the colour,
{ransparency and mechanical stability. In the following 1 try to give you an overview on
techniques of treatment and also on characteristics of identification.

Increasing transparency

Fractured stones are often lreated with colourless oil,wax or sometimes recsin. The
organic lissure filling media will be absorbed by the fractures and replace the air that was
in the gaps before. By this treatment the fissurcs become barely visible.Fissure filling may
also be performed with inorganic fillers,mainly glass.To bring glass into the fractures,a
heat treatment is necessary. [t depends of the kind of treatment temperature and additive
what temperature is necessary.We have encountered fillings from lead glass that flows at
lower temperatures(ca. T00 °C).The appecarance of lead glass filled fissures is easy to
recognise and quite characteristic.The fissure planes contain gas bubbles and the glassy
fillings produces bluish to orange flashes under magnification (Fig.1).We think that there
is no difference in the value of a stone, whether it is fracture filled with epoxy, borate
glass or lead glass. 1t should there not be pressure on the laboratories to identify what
the composition of the filler would be.Such stones are any way in the category of treated
(fracture [illed) stones.

A high heating often leads to a clarification of a stone that is cloudy by fine rutile
inclusions Fig.2)The thermal treatment,when performed at temperatures over about 1200°C,
will usually leave clear lraces on fissures and on included minerals.For the frade it is
important to know whether a ruby or sapphire is heated or not.The laboratory must thus
identify heating and put on the test report.Not always a healing is clearly identifiable,
especially when low temperature was used.Often IR spectra and laser tomography furnish
valuable information for a decision.

Adding colour

Some material is found colourless or light in tone. When such stones contain a regular

pattern of fissures, these can be stained in attractive colours. Impregnation of fissured

corundum is often done with red or blue dye. A similar procedure is also used to provide a
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stronger colour to emeralds (sce Indian joban oil).Such dying is performed with the dye
dissolved in oily substances (Fig.3).This means that the colour is not permanent and may run
out ol the fissures. Identification is casily done with an acetone wetted cotton swab that
will immediately show the dyeing.

More permanent addition of colour is possible by diffusion treatment. At high
temperature, usually 1800°C, colour—giving elements that are brought on the surface of pre—cut
stones will travel through the surface into the stones.So far elements such as Ti,Cr and Be
were successfully diffused into corundum Ti enables the blue colour provided that bivalent
iron is sufficiently in the stone.This process was frequently applied in the mid 1980° s.
The diffusion of Cr produces pink to red corundum. Because of the large size of the Cr ion,
the penetration is not deep alihough considerable time may be offered. The identification
is possible in diffused light or in immersion:the layer of blue or red colour only affects
a thin layer of a few tenths of a millimetre.Facetted edges appear saturated and the
girdle area is also deeper in colour.The small size of Be on the other hand allows a deep
penetration, 3mm stones were found to be completely coloured without showing a rim Be is
providing a vellow colour component. The diffused new colour can overlay an already existing
colour, pink sapphires may end up as orange ones after a Be diffusion (Fig.4).0ne should,
however, not forget that there are older heated yellow sapphires, characteristically produced
around 1985, whose colour is due to the oxidising heat freatmenl alone, no diffusion from
outside is involved.

Today the identification of Be is no longer a problem as it was at when the application
of Be-diffusion was new. Analytical instruments (LA-ICPMS, SIMS,GEM-LIBS) are sensitive
enough to identify low level Be concentrations in an almost destruction free process (Fig.
5).

Rumours are around that also blue sapphires would be treated with beryllium. The small
number of slones tested for Be did not give a clear image.Probably Switzerland is not the
place where many treated stones turn around. The Sri Lankan sapphires with colourless rims
(Fig. 6) were free of Be, and we concluded that a malfunction of the furnace was the reason
for the effect. Of course small amounts of Be might also come from Be polluted furnaces that
were used before for yellow and orange sapphires by Be diffusion. Some typical inclusions
consisting in small whitish rings of do not yet prove that they occur always together with
a Be diffusion treatment (Fig. 7).

Modifying colour

When a blue sapphire is too light or even milky and white,a heating in reducing
atmosphere may create a blue colour. Al high temperature, usually 18000C, possible inclusions
of rutile Ti02 are dissolved and the Ti may now act as a colour—giving element together
with Fe (Fig. 8).This process is well described by Nassau (1981) and Hughes (1997). It may be
called an internal diffusion since the chromophore elements are contained in the stone and
move during the treatment to form effective chromophore pairs. Another process of dillusion

may also create asterism when Ti is allowed to form rutile needles. The precipitation may
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occur between 1300 and usually 1400°C and the resulting dense paltern of needles in three
dimensions creates a 6-rayed star on a cabochon-cut stone.

Colour modifications are a regular treatment with pink sapphires and rubies.Here we may
have a problem of identification because some changes of colour are possible at quite low
temperature (from 800°C on).Usually the pink or red colour of the natural stone has a bluish
share, which represents a sapphire component. This blue colour component can be destroyed
wilh an oxidising heat treatment.The same ftreatment is also used to lighten up some blue
sapphires that are too dark.During heal Llreatments the stones are commonly coated with
borax, to prevent chipping, as some ireaters say.Heating with additives brings us to the next
calegory of ireatments.

Fissures filled with glassy substances

Today the large majority of rubies is heated and contains artificial residues from the
treatment (Fig.9).When borax is used to heat ruby or sapphire, at elevated temperature the
sodium borate will transform into a melt whosc character is very aggressive. The melt does
dissolve silicate minerals, oxides and also the surface of corundum. The originally pure borax
melt enriches its chemistry by the digested minerals that may accidentally be encountered
on the surface or in cracks and fissures.When it gets a high amount of alumina due to
corrosion of corundum surface, this amouni of alumina will to a great extend be ex-solved
upon cooling. It is this amount of exsolved alumina that makes an artificial healing of
fissures possible.Many heat—treated rubies have fissurcs which are partly re—crystallised
and healed by the described process. Some of the former borax melt is locked in the partly
healed fissures as a so-called glassy residue (Fig. 9).With a scanning electron microscope
such changes in the structure can be studied and the material can be analysed (Fig. 10).
This foreign material in the gemstone is not much appreciated,and on test reports it must
be mentioned. A number of gemmological laboratories of high standard have got an agreement
of how to express the treatment situation.llarmonisation is achieved about the different
degrees of foreign material in a stone.On a report, the ireatment situation might be
described in the following way:Indications of heating with minor residues in fissures. There
may be an alphanumeric or text description for the amount of residues:TEL - TE5, or minor -
moderate - significant (Fig. 11).The details are written down in the Laboratory manual of
the harmonisation committce that includes the major gemmological laboratories AGTA, CISGEM,
GAAJ, GIA-GTL, GIT, Giibel in Gem Lab, and SSEF.

It becomes clear that many stones are not simply heated because with the same heating
process a number of changes can happen, The application of borax allows the healing of the
fissure, increasing the mechanical stability (by re-crystallisation of the fissures). The
heat may shift the colour to a better end and also dissolve turbid areas in a stone. That
means that in the gemmological laboratory, when we observe signs of heating, we check also
for diffusion treatment and glassy residues.A few times we have encountered heat-trealed
synthetic stones that contained healing fissures with glassy residue. The Verneuil synthetic
stones were quench-crackled and the [issures rc—crystallised with borax flux to imitate

natural heated stoncs!

19





















