RUSSIAN FLUX-GROWN
SYNTHETIC EMERALDS

By John 1. Koivula and Peter C. Keller

A relative newcomer to the international
gem market is an attractive flux-grown
synthetic emerald of Russian manufacture.
This article provides a general discussion of
the technique used to grow these stones and
describes their gemological properties and
chemistry. The Russian flux-grown
synthetic emeralds were found to be similar
to other flux-grown emeralds in refractive
index and specific gravity, and therefore to
be readily distinguished from natural
emeralds on the basis of these two
properties.
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Russian Flux-Grown Synthetic Emeralds

D uring the 1982 meeting of the International Min-
eralogical Association at Varna, Bulgaria, a Russian
scientist gave one of the authors a spectacular sample of
synthetic emerald that had reportedly been manufactured
in the Soviet Union. This sample consists of a cluster of
self-nucleated hexagonal prisms with pinacoidal termina-
tions radiating from a crust of polycrystalline material
{figure 1), not unlike the typical material currently pro-
duced by the Chatham Research Laboratory. The individ-
ual crystals in the cluster range up to 3 cm in length and
4.2 cmin diameter. The transparent to translucent crystals
exhibit excellent bluish green to green emerald color and
are only moderately included. The emerald specimen was
accompanied by a relatively recent article from a Soviet
publication that describes the flux-fusion and hydro-
thermal methods the Russians have been using to grow
emeralds (Bukin et al., 1980); thus far, this article has not
appeared in the Western gemological literature.

Recently, significant amounts {at least several
hundred carats) of faceted Russian-made flux-grown syn-
thetic emerald have appeared in the world gem markets,
particularly in Hong Kong and New York. In March of this
year, the GIA Research Department obtained 18 gem-
quality faceted stones for study purposes. This article re-
views the general history of the flux growth of emeralds
and presents what details are known of the Russian tech-
nique for growing commercial-size synthetic emeralds by
the flux-fusion method. In addition, this article describes
the gemological properties of the Russian flux-grown syn-
thetic emerald and identifies the key characteristics by
which it can be distinguished from natural emeralds using
routine gemological tests.

THE FLUX GROWTH OF SYNTHETIC EMERALDS

A Historical Review. The knowledge that synthetic em-
erald can be grown from a flux melt has been available
since Ebelman (1848) heated powdered natural emerald in
a molten boric acid flux and produced minute hexagonal
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Figure 1. A cluster of flux-grown synthetic
emerald crystals manufactured in the USSR. The
largest crystal is 3 cm long x 4.2 cm in diameter.
Photo by Susan Gipson.

emerald prisms as the mixture cooled. Haute-
feuille and Perrey {1888) did extensive work with
lithium oxide and molybdenum oxide fluxes and
purified reagent chemicals of beryl to grow emer-
ald crystals up to 1 mm across in 14 days. In 1911,
the IG-Farben Company began a study that inves-
tigated the use of a lithium molybdate flux with
additional molybdenum oxide and reagent-grade
chemicals to grow crystals up to 2 ¢cm in length in
just 12 months. The IG-Farben study lasted 31
years; the results of this research were not pub-
lished until 1960, when Espig’s report appeared.
Simultaneous and almost identical with the IG-
Farben work was that of Richard Nacken (Nassau,
1980). As far as we know, however, neither the
IG-Farben nor the Nacken work ever resulted in
the wide-scale commercial growth of synthetic
emeralds, and by the 1940s neither investigation
was active. However, the work of IG-Farben and
Nacken laid the foundation for the commercially
successful flux-grown synthetic emeralds that
eventually appeared in the marketplace. The most
successful commercial growth of flux-fusion em-
eralds, probably using a lithium molybdate—vana-
date flux technique, was accomplished in 1935 by
Carroll F. Chatham of San Francisco, California,
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and again almost 30 years later, in 1964, by Pierre
Gilson of France. It appears that the Russians have
now entered the market with a new commercially
viable product.

The Russian Method. The flux growth of emerald
in the USSR is being carried out by a group under
Gennadi Bukin at the Geological Institute of
Akademgorod, Novosibirsk. The technique being
used by the Russians (K. Nassau, pers. comm.,
1985) is accelerated crucible-rotation flux growth
(H.]. Scheel and E. O. Schulz-Du Bois, 1971), a
variation of the flux-fusion method described by
Linares {1967). Rather than using the lithium
molybdate—vanadate flux attributed to the
Chatham and Gilson products, the Russians have
been using a lead vanadate (PbO-V,05) flux similar
to that used by Linares, with a nutrient of natural
beryl or reagent-grade BeO, BeCOj;, Al,O3, and
Si0,, together with CryO3 or LiCrO4 plus Fe,O;
as coloring agents.

The basic process for synthesizing flux-fusion
emeralds has not changed significantly since the
IG-Farben work (Espig’s 1960 report is well sum-
marized in Sinkankas, 1981). Espig’s report, aug-
mented by published papers of the Linares process
and the brief information supplied by the Soviets
(Bukin et al., 1980), results in the following gener-
alized description of the Russian process:

The appropriate mixture of PbO-V,0; flux, nu-
trients, and coloring agents is heated to 1250°C in
a platinum crucible. The nutrients sink to the bot-
tom of the crucible since they have a higher den-
sity than the PbO-V,0; flux. The necessary silica
is supplied in the form of quartz (SiO,), which
floats to the surface of the molten mixture because
it has a lower density than the flux. As the quartz
slowly dissolves at the top of the flux, the nutri-
ents dissolve from the bottom of the crucible and
react with the molten flux to form complex oxides.
Convective currents in the crucible carry these
complex beryllium oxides to the top of the crucible
to react with the dissolved silica and eventually
crystallize out as emerald. When the emeralds
have reached appropriate size, the mixture is
cooled at a rate of 3°C to 10°C per hour to a tem-
perature of 700°C. The crucible is then removed
from the furnace and the remaining solution is
poured off. As the final step, the crucible is allowed
to cool to room temperature and any remaining
flux adhering to the emerald crystals is cleaned off
using hot nitric acid.
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Linares (1967) never reported the growth of
flux crystals larger than 5mms3, much too small for
commercial purposes. The Russian crystal
growers, however, have reported success in using
a technique similar to that of Linares to grow
crystals up to 10 cm long and 6 cm in diameter.
The 10-cm-long crystals reportedly require three
to four months to grow [K. Nassau, pers.
comm., 1985).

MATERIALS AND METHODS

The collection of Russian flux-grown synthetic
emeralds available for testing consisted of the large
crystal cluster shown in figure 1 and 18 faceted
stones: 10 emerald cuts, six pear-shaped brilliants,
and two round brilliant cuts, some of which are

Russian Flux-Grown Synthetic Emeralds

Figure 2. Some of the faceted

Russian flux-grown

synthetic emeralds used in

this study. The largest stone

weighs 3.82 ct. Photo ©Tino
- Hammid.

shown in figure 2. The largest of the faceted stones
isa3.82-ctemerald cut and the smallestis a 0.48-ct
emerald cut. The faceted stones are all transparent
and range from bluish green to green. All are mod-
erately included; some of the inclusions are visible
to the unaided eye and others are easily observed at
10x% magnification.

The large crystal cluster and the 18 faceted
stones were all subjected to standard gemological
testing procedures. Although we found that the
Russian flux-grown synthetic emeralds, like other
flux-grown emeralds, can easily be distinguished
from natural emeralds on the basis of refractive
index and specific gravity (see table 1), the test
stones were also examined {1} for their reaction
to ultraviolet radiation, (2) with a spectroscope,

GEMS & GEMOLOGY  Summer 1985 81



TABLE 1. Comparison of the key gemological properties of the Russian flux-
grown synthetic emeralds with those of natural and other flux-grown synthetic

emeralds.
Refractive index

Material Birefringence Specific

o € gravily
Russian flux-grown 1.563 1.559 0.004 2.65+0.01
synthetic emerald
Other flux-grown 1.563 1.560 0.003 2.65-2.69
synthetic emeraldsa
Natural emeralda 1.571-1.593 1.566-1.586  0.005-0.008 2.68-2.77

aAs reported in Webster (1983).

and (3) internally to identify the nature of the
inclusions. The results of this examination are
reported below.

GEMOLOGICAL PROPERTIES

Refractive Index. The faceted stones and two of the
flat faces on the large crystal cluster were tested for
refractive index using a Duplex Il refractometer, a
polaroid filter for birefringence, and a sodium
vapor monochromatic light source. In all cases, the
reading obtained was € = 1.559, o = 1.563. The
optic character was determined to be uniaxial neg-
ative (—), and the birefringence was 0.004.

Specific Gravity. The faceted stones and a small
fragment from the synthetic emerald crystal clus-
ter were tested for specific gravity in a standard
2.67 heavy liquid. All subjects floated in this
liquid, with the bulk {approximately 98%) of their
volume below the liquid’s surface. Next, a heavy
liquid of 2.65 specific gravity was used. All of the
stones and the crystal fragment sank very slowly
in the liquid at about the same rate as a rock crystal
quartzindicator. Thus, the specific gravity of these
Russian flux-grown synthetic emeralds was de-
termined to be very near 2.65.

Ultraviolet Fluorescence. All of the samples were
exposed to long-wave and short-wave ultraviolet
radiation. Contrast control glasses were worn dur-
ing testing. The faceted stones were all inert to
short-wave radiation; to long-wave radiation they
showed an expected orangy red glow of moderate
to weak intensity.

The large crystal cluster also gave an orangy
red glow of moderate to weak intensity when the
long-wave lamp was used. With short-wave radia-
tion, we observed small patches of bright chalky
yellow fluorescence on the faces of some of the
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emerald crystals, while the crystals themselves
were inert. The patches were superficial only and
would be cut away during faceting. The exact na-
ture of the fluorescent patches and their cause was
not determined. They were not visible with the
microscope.

Spectroscopic Examination. The crystal cluster
and each of the faceted stones were next examined
using a GIA GEM Instruments spectroscope unit.
When the emeralds were placed on the opening of
the iris diaphragm, we observed that they trans-
mitted red. When looking down the optic axis
direction, we saw in all stones a vague general
absorption from 440.0 nm down, a sharp line at
477.0 nm, a broad band of absorption between
560.0 and 620.0 nm, and lines in the red situated
at 637.0, 646.0, 662.0, 680.5, and 683.5 nm.
The bands and lines were visibly weaker in the
smallest faceted synthetic stones.

Microscopy. The synthetic emeralds were next
studied under magnification and photographed
using a gemological stereo microscope. The crystal
cluster was studied for both internal and external
features, while the faceted stones were examined
primarily for their inclusions.

Close scrutiny of the surface of the crystal
cluster revealed the presence of three separate and
distinct crystalline-appearing solid phases in ad-
dition to the synthetic emerald. The most obvious
of these phases was anear-colorless transparent, to
white translucent, brittle material adhering to the
back of the crystal cluster. A small flat-faced frag-
ment of this material was removed, and testing
determined that its specific gravity and refractive
index matched that of phenakite. The synthetic
phenakite contained flux inclusions, and because
of its near-colorless and transparent nature the
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Figure 3. Primary flux inclusions in synthetic
phenakite which was found on the back of the
flux-grown synthetic emerald crystal cluster.
Transmitted and oblique illumination,
magnified 50 %,

true color of the dark brown to orange flux used
to grow the crystal cluster was easily observed
{figure 3).

Also present on the surface of the synthetic
emerald crystal cluster were several small singles
and groupings of cuhedral orthorhombic four-
sided prisms, with blunt-ended pyramidal termi-
nations, that showed a distinct color change from
brownish red in incandescent light to grayish
green in fluorescent light. A small, 2-mm-long
crystal was removed from the specimen and tested
for refractive index, approximate specific gravity
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Figure 4. Two tiny platelets of metal (probably
platinum) found on one of the prism faces of a
Russian flux-grown synthetic emerald crystal.

Oblique illumination, magnified 50 x.

(using 3.32 heavy liquid), and hardness. Because
the properties obtained from this small euhedron
matched those of chrysoberyl, and a color change
had been noted, this associate was identified as
synthetic alexandrite. The presence of both
phenakite and chrysoberyl are not surprising con-
sidering their close chemical relationship to beryl.

The third solid associate, shown in figure 4,
was opaque, grayish silver, metallic, malleable and
had a hardness of approximately 4—-4% on the
Mohs scale. Since it is common practice to use
platinum-group metal crucibles or crucible liners
for the flux growth of synthetic emeralds, these

Figure 5. Secondary healed
fracture (“fingerprint”’) in the
Russian flux-grown
synthetic emerald crystal
cluster. Oblique
illumination, magnified 35 x.
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Figure 6. Secondary *‘fingerprints’’ of various
textures in the Russian flux-grown synthetic
emerald crystal. Oblique illumination,
magnified 20 x.

metallic platelets are probably a member of the
platinum group, most likely platinum.

Aside from minor growth features and color
zoning, the only inclusions observed in the crystal
cluster and the 18 faceted stones were flux inclu-
sions. Easily visible at 10 x magnification, the flux
inclusions were present in two forms: as secondary
healed fractures and as primary void fillings. The
large crystal cluster contained numerous healed
fractures (“fingerprints”’). Most of these, as in fig-
ures 5 and 6, were extremely delicate, and only in
thicker areas was the true, dark, yellow-brown to
orangy brown color of the flux visible. Primary flux
inclusions were also plentiful. The faceted stones
yielded the best view of primary flux inclusions
(figure 7). Note in figure 7 the two-phase nature of
some of the inclusions, consisting of a contraction
{vacuum) gas bubble and glassy flux, and also the
color of the glassy flux. Like the crystal cluster, the

Figure 8. Typical secondary “fingerprint” in one of
the faceted Russian flux-grown synthetic
emeralds. Partial polarized light, magnified 45 x.
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Figure 7. Primary two-phase inclusions in a
faceted Russian flux-grown synthetic emerald.
Dark-field and oblique illumination, magni-
fied 35,

faceted stones also displayed numerous secondary
flux inclusions (“fingerprints”); one of these is
shown in figure 8.

Takubo et al. {1979) reported on the internal
characteristics and surface texture of flux-grown
emeralds from the Soviet Union. They also found
flux-filled wispy veils [“fingerprints’’), as well as
silk-like inclusions of unknown composition ori-
ented nearly perpendicular to the c-axis of the
crystals. No such silk-like inclusions were ob-
served in the stones examined for the present
study.

CHEMISTRY

Microprobe analysis of two of the cut stones from
the study collection shows consistency with pre-
vious data on other flux-grown synthetic emer-
alds, except with respect to MgO content (see table
2). The chemical data from Bukin et al. (1980} are
also provided in this table. Unfortunately, we have
no information regarding the size of the Bukin et
al. sample or the method of analysis. This is par-
ticularly unfortunate because their data show
some significant departures from the analyses ob-
tained for the present study as well as from the
limits set forth by Stockton {1984} for the distinc-
tion between natural and synthetic emeralds. This
may be due either to the techniques of chemical
analysis employed by the Russians or to changesin
the “recipe’” that have been made since Bukin’s
report was issued in 1980. Itis not unusual for such
changes to be made by manufacturers of synthetics
during the early (and often experimental) years of
production. In any case, the recent material ana-
lyzed for this study shows no significant differ-
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TABLE 2. Chemical data (in wt.%) for synthetic emeralds grown by flux fusion.

Oxide Present study@ Bukin et al. (1980) Other fluxb Natural®
Na,O nde 0.22— 0.29 = 0.04 0.04— 2.3
MgO 0.1 nd nd tr— 3.1
FeO 0.2d nd < 0.52d 0.06— 2.0d
Al,O4 19.2 17.86-18.27 18.1-20.1 11.7 -18.2
Vo035 <0.1 nr = 0.19 tr— 2.0
Cr,04 0.3 0.31- 0.48 0.2- 219 tr— 2.06
SiO, 66.4 64.4 ~-65.3 65.7-67.4 63.3 —66.5
BeO na 132 -139 na na
Feo04 nrd 0.14- 0.16 nrd nrd

aThese data represent an average of the results obtained from four microprobe analyses of two specimens

from the study collection.

bFrom Stockton (1984) and Schrader (1983) as reported in the former article.

Cnd = not detecled; nr = not reported; na = not analyzed.

dTotal iron reported as FeO.

ences in chemical composition—other than MgO
content—from flux-grown synthetic emeralds
from other sources.

DISCUSSION
AND CONCLUSION
After closély examining the sample crystal cluster
and stones from a gemological viewpoint, we de-
termined that these Russian flux-grown synthetic
emeralds have properties similar to those of other
known flux-grown synthetic emeralds and there-
fore can be separated from natural stones on the
basis of their low refractive index and low specific
gravity (see table 1). The presence of flux inclu-
sions only makes identification that much easier.
It is interesting to note that all but one of the

faceted stones used in this study were purchased as
Russian hydrothermal synthetic emeralds. Rus-
sian hydrothermal synthetic emeralds were avail-
able at the most recent Tucson Show (February,
1985} and have been seen at the GIA Gem Trade
Laboratory (Koivula, 1984). It now appears that
Russian flux-grown synthetic emeralds are being
soldin the trade as well. T. Chatham {pers. comm.}
reported seeing 400 carats of this material at one
source in Hong Kong in May 1985.

Even though our test sample consisted of 18
faceted stones and a crystal cluster providing this
study with a good data base, it must be remem-
bered that the growth process may be altered in the
future; if this were to happen, the overt gemologi-
cal properties would probably change as well.
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