
HISTORICAL NOTE 

Replicating Nature's 
Treasures—Artificial 
Gemstones 

Because gemstones are so beautiful, 
and so rare in nature, people hâve been 
trying to synthesize them since ancient 
rimes. The Romans learned how to culture 
pearls from oysters. The Egyptians created 
substitute gems out of soft, colored glass, 
which also became popular much later in 
Europe as imitations called "paste." 

In the first recorded attempts at repro-
ducing gems, wishful entrepreneurs 
planted natural gemstones in the ground 
in hopes they would either reproduce or 
grow larger. Alchemists spent long hours 
trying to create gemstones, but ail such at
tempts were unsuccessful. 

By 1800, chemists had recognized the 
basic composition of ruby and sapphire as 
aluminum oxide, though at first they be-
lieved the gems to include silicon oxide as 
well. Not until 1840 did chemist H. Rose 
discover that the silicon oxide portion actu-
ally came from the agate mortars used to 
grind the gemstones for analysis. 

Marc Antoine Augustin Gaudin worked 
for 33 years on the problem of synthesizing 
red ruby, from 1837 to his last paper in 1870. 
He worked with ground alum in a crucible 
under an intense torch, adding chromium 
sulfate to provide the ruby red color. In 
1857 he did succeed in producing small 
particles of ruby, but he didn't recognize 
them because they were milky and cracked 
easily—he thought he had merely created 
some kind of colored glass! Even so, 
Gaudin's rubies were still too small for any 
practical purposes. 

Twenty-three years later, in 1878, Ed
mond Frémy and Charles Feil used a différ
ent process—fusing aluminum oxide and 
lead oxide—to produce ruby crystals from 
which gemstones (albeit small) could be 
eut. 

French chemist August Victor Lewis Ver-
neuil worked with Frémy and Feil, and 
took the position as Frémy's assistant 
when Charles Feil died in 1876. Verneuil 
and Frémy wrote three research papers on 
their work with the synthesis of ruby, and 
Frémy wrote a book on the subject in 1891. 
He retired the following year, and Verneuil 
moved on to become a professor of applied 
chemistry at the Muséum of Natural His-
tory in Paris. However, he quietly contin-

ued his research. 
In 1902, Verneuil surprised the world by 

announcing that he had reproduced ruby, 
not only in chemical composition and 
color, but also in crystals large enough to be 
eut as gems. He had apparently worked 
out ail the détails much earlier, between 
1886 and 1892, because in 1891 he depos-
ited a sealed note explaining his process in 
the Paris Academy of Sciences. In 1892 Ver
neuil added a second sealed note, describ-
ing how he had learned to make the 
crystals that would fracture less easily. 

For some reason he waited a décade to 
make his announcement, and he did not 
write a detailèd paper describing his 
method until 1904. The sealed documents, 
not opened until 1910, were published sub-
sequently. 

In his process, Verneuil first produced a 
boule, or a lump of alumina (aluminum ox
ide), with the same physical and chemical 
characteristics as corundum, the alpha 
form of aluminum oxide. To create the 
boule, Verneuil dropped finely ground alu
mina powder into the intense heat of an 
inverted oxy-hydrogen torch, which fused 
the material in a roughly cylindrical shape, 
sometimes reaching several inches in 
length. 

The boule material has the characteristic 
atomic structure and physical properties of 
ruby, but it usually lacks crystal faces be
cause of its rapid growth. With no coloring 
additive, the boule would be transparent, 
or known as a colorless sapphire. With 
only about 2 1/2% chromium oxide in the 
feed material, though, the crystal takes on 
a ruby color, growing deeper in hue as the 
percentage of chromium oxide is in-
creased. Unfortunately, other impurities, 
such as iron, can make the color brown in-
stead of red, or may even lead to fracturing 
of the boule. 

Production of boules required exceed-
ingly pure starting chemicals and gases. 
Verneuil purified his initial material by 
starting with ammonium alum dissolved 
in distUled hot water, which he then fil-
tered to remove ail insoluble matter. After 
he cooled the solution, crystals of alum 
formed, retaining only the soluble contam
inants. Verneuil repeated the recrystalliza-

tion process several times until he had 
achieved the desired purity. He purified 
chromium alum (containing the chromium 
oxide necessary for the ruby color) the 
same way, then mixed the two alums in-
side a furnace operating at about 1100°C. 
There, the two alums combined in appro-
priate proportions of aluminum and chro
mium oxides. Other impurities (water, 
sulfur trioxide, and ammonium sulfate) va-
porized in the furnace. After cooling, the 
oxide mixture was ground and sieved to 
create Verneuil's feed powder for synthetic 
rubies. 

Verneuil's oxy-hydrogen furnace design 
remains essentially unchanged over nearly 
a century. The entire process is still used 
today with little modification for the manu
facture of most synthetic gems, including 
ruby, sapphire, spinel, rutile, and stron
tium titanate (a gem not found in nature). 
Within three years of when Verneuil pub
lished a paper detailing his work, several 
manufacturers were already producing 
five million carats of synthetic ruby per 
year. 

Oddly enough, another development 
occurred while Verneuil was still working 
on his process. In 1885 a Geneva gem 
dealer began selling quantifies of high-
quality rubies (worth $1,000-2,500 per 
carat) as "genuine natural" stones. Studies 
conducted in 1886 found thèse "Geneva 
rubies" to hâve the same density, hard-
ness, and optical properties as natural ru
bies, but microscopic round gas bubbles 
showed them to be of artificial origin. In 
fact, Verneuil himself was asked to perform 
some of the analytical experiments. (What 
he found led him to conclude that 
Gaudin's experiments reported décades 
previously had actually produced ruby 
and not merely red glass.) 

The French Syndicate of Diamonds and 
Precious Stones ruled that such manmade 
stones could be sold not as "precious" 
gems, but only as "artificial" (worth only 
$25-40 per carat); otherwise the sales 
would be considered fraudulent and pun-
ishable as a misdemeanor under the 
French pénal code. Ail prior sales were or-
dered to be canceled and returned. 

No inventer of the Geneva ruby process 
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ever came forward to claim famé, possibily 
because of the financial success from early 
marketing of the gems as "genuine natu-
ral" rubies. For a rime, the story passed 
around that thèse were "reconstructed" or 
"reconstituted" rubies, made by fusing 
crushed fragments of natural ruby as the 
feed material (by a method similar to Ver-
neuil's), although this has recently been 
brought into question. 

George F. Kunz, working for Tîffany in 
New York, also analyzed the Geneva ru
bies and concluded for the New York Acad-
emy of Sciences: "There is little reason to 
fear that the true ruby will ever lose the 
place it has occupied for so many centu
ries. Thèse stones show the triumph of 
modem science in chemistry, it is true; and 
although some may be willing to hâve the 
easily attainable, there are others who will 
[want] the unattainable. One will be nat-
ure's gem, and the other the gem made by 
man." 

Creating synthetic emeralds involved a 
différent process entirely. The 18th Cen-
tury minerologist RJ. Haiiy noted similari-
ties in the crystal structure of emerald and 
béryl, and asked the chemist L.N. 
Vauquelin to analyze them both. Vauquelin 
found the two to be identical, and he also 
discovered a new élément in béryl, which 
became known as béryllium. The green 
color in emerald cornes from chromium 
and vanadium oxides. 

In 1935, German chemists Jaeger and Es-
pig of the I.G. Farben Co. announced the 
synthesis of emeralds by fusion and cre-
ated crystals large enough to be eut into 
small gems. San Francisco chemist Carroll 
F. Chatham was the first to place synthetic 
emeralds on the market in 1940, but 
claimed to hâve produced them by his own 
technique even before the Germans in 
1935. His secret process has never been di-
vulged, and the Chatham company still 
produces a large amount of synthetic em
eralds annually. Chatham's method appar-
ently uses crushed béryl as a seed material 
in a tungsten or molybdate melt, and usa-
ble crystals may take up to a year to grow. 

The most difficult gem to synthesize 
was also the most valuable—diamond. In 
1891 E.G. Atchison produced carborun-
dum, the second hardest crystal, while at-
temptihg to synthesize diamond. Several 
other experimenters claimed to hâve been 

The Von Hippel Award ofthe Materials Research Society is a single-crystal synthetic ruby. 
Pictured above is the Von Hippel Award as it was presented to Clarence Zener in 1982. The crystal 
is now mounted in lucite. 

successful, notably J.B. Hannay in En-
gland (1880), who heated organic matter 
with wàter in sealed glass tubes; Henri 
Moissan in France (1893), who dissolved 
carbon in molten iron in an electric furnace 
and then plunged the molten iron into a 
cold brine solution, where the sudden 
epoling and shrinking of the outside cre-
ated terrifie pressures in the still-molten in-
side, supposedly producing diamond 
crystals; and Sir William Crookes in En-
gland (1906), who exploded cordite con-
taining excess carbon in a cylindrical 
chamber, which he claimed produced 
pressures of 100,000 pounds per square 
inch and a température of 5100°C. 

Attempts to reproduce thèse processes 
hâve not been successful, although re-
searchers hâve found rriieroscopic crystals 
of metallic carbides that strongly resemble 
diamond, which could hâve been mis-
taken by the early experimenters. Not until 
February 1955 did the General Electric 

Company in Schenectady, New York, an-
nounce the création of the first synthetic 
diamohds. Thèse crystals were not of gem 
quality or size, but two years later General 
Electric began producing and selling syn
thetic diamond grit as an industrial abra-
sive, to compete with natural diamond grit 
made by crushing low-grade diamond 
crystals. In 1970 Herbert M. Strong and Ro
bert H. Wentdorf )r., also of General Elec
tric, succeeded in creating gem-quality 
stones weighing more than a carat. 

Around 1920, industrial uses of synthetic 
gems began to supersede their value as 
purely décorative items. By 1935 synthetic 
gemstones had replaced natural jewels in 
US. and European industrial uses. Today, 
millions of carats of synthetic gems are pro
duced annually for bearings in watches 
and meters...as well as for jewelry. 

KEVIN J.ANDERSON 

1989 MRS Fall Meeting 
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FIRST ANNOUNCEMENT - CALL FOR PAPERS 

Ma fIfecfi #90 
June 10-16, 1990 

Helsinki- Espoo, Finland 

The First European East-West Symposium on Materials and Processes 
with High Industrial Potential: 

- Symposium and Poster Sessions: High Température Processes and 
Synthesis - Surface Engineering - Powder Metallurgy and Ceramics -
Polymeric Materials - Mathematical Modelling - Surface Analysis. 

- Satellite Seminars: Joining and Bonding - New Materials in 
Structural and Civil Engineering - Material Data Banks and Expert 
Systems. 

- Short Courses with Démonstrations: Materials Processing in Thermal 
Plasma - Self Propagating High-Température Synthesis (SHS) -
Mathematical Modelling of Fluid Flow Systems - Data Applications 
of Thermodynamics. 

- Post Symposium Programme: Professional Excursions to Moscow etc . 

The Symposium will présent in a unique way R & D in the area of 
Materials Science and Technology in the western countries, in the 
Soviet Union and other European Socialist countries, thereby offering 
an idéal working contact forum for the materials R & D workers from 
east and west. The officiai languages of the Symposium are English 
and Russian with simultaneous translation. In addition to plenary 
lectures, the program will include carefully selected oral présenta
tions (15 min.) and a poster session. 

Those wishing to présent a paper should submit a one page abstract 
( 8 | " x l l " with 1 | " borders) in 10 pitch type , with headings that 
include the authors1 names, affiliations, and addresses to Professor 
Kaj R. Lilius, Helsinki University of Technology, SF-02150 Espoo, 
Finland. The deadline for abstracts is January 15, 1990. 

Technology Market and Exhibition 

An idéal programmed meeting forum for innovative companies looking 
for contacts with innovation minded producers and use r s . 

The Symposium is co-sponsored by the European Association for the 
Transfer of Technology, Innovation and Industrial Information (TU) , 
the Fédération of European Materials Societies ( f . e . m . s . ) and the 
ASM Europe. 

For additional information contact: 

Mr. Pentti Attila, Teknolink Oy, Hietalahdenkatu 2 B, SF-00180 
Helsinki (Finland) 
Phone +358-0-6801500 ; Télex 123456 intag sf ; Telefax +358-0-6801599 
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