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BACKGROUND OF THE INVENTION

“Imperial” grade natural jadeite gems are extremely rare and highly valued
with prices exceeding those of equivalently sized gem diamonds. The term “jade” as
used in the gem trade refers to two minerals: jadeite (NaAlSi;Og¢) and nephrite
(Cay(Mg,Fe)sSisO2(OH),). Before the 18" century, only nephrite had been found,
mined, and carved into art objects or jewelry. During the 1700's, a new mineral,
jadeite, was found in Burma. Jadeite is different in chemical composition from
nephrite and can exhibit highly saturated colors and a higher degree of translucency,
a higher hardness, and a glassy appearance. Because of its superior properties,
jadeite quickly replaced nephrite as the ‘jade” of choice among art and gem
collectors. Contemporary descriptions of “Imperial” jadeite cite the following
qualitative attributes: a very intense and uniform green color ranging from “apple
green” to “spinach green”; a high degree of uniform transiucency; and an extremely
smooth finish with a greasy feel and luster. The surfaces of natural gems often are
treated with green waxes to improve color and translucency by filling surface defects.

Jadeite is a high-pressure polycrystalline mineral with nominal chemical
composition of NaAlSi,Os and a density of 3.3 g/cc. It occurs naturally in a variety of
colors ranging from colorless or white to yellowish white, green, lavender, red, and
black. A specific green hue is associated with “Imperial” jade and has been highly
prized since its discovery. The color of jadeite is due to the presence of impurity
elements. For example, the presence of iron and/or chromium imparts a green color
to the mineral. Manganese provides a lavender color.

Since the 1950's, jadeite has been synthesized in laboratory quantities in
high-pressure (HP) phase equilibrium experiments to elucidate planetary evolution.
Temperatures over 600° C (for hydrothermal synthesis) and pressures over 20 Kbar
were required. These numerous works produced very small laboratory samples,
typically less than 2 mm in any dimension and which were of no gemological value.
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A much smaller number of reports describe attempts to produce jadeite in

gemologically valuable size and quality. These reports reveal that larger jadeite

samples can be produced with nominal mineralogical attributes of density, refractive

index, hardness, and crystallographic structure. None of these reports quantitatively

5 describes the product or ciaims to synthesize “Imperial’ grade jadeite. In fact, the

most detailed evaluations of synthetic jadeite categorically state that “Imperial’
quality was not achieved.

Shigley and Nassau, (Kurt Nassau and James E. Shigley, “A Study of the

General Electric Synthetic Jadeite”, Gems & Gemology, Spring 1987, pp. 27-35)

10  provided the most complete gemological evaluation of synthetic jadeite. They report
‘on several samples produced by high-pressure processes. The gemologists found
that the synthetic materials were predominately jadeite and reproduced the chemical
composition, refractive index, density, infrared spectra, x-ray patterns, fluorescence,
and hardness values expected of natural jadeite. Samples up to 2.6 carats in weight

15 were described. The authors also indicated that while this jadeite, “can be
considered gem material, it does not match the highly translucent, almost
transparent, quality of what is known in the trade as 'Imperial' jadeite’,” and
described the material as, “semi-translucent to opaque.” The authors attributed the
opacity to the presence of a minor concentration of glassy phase. They further

20 noted that the color was concentrated in distinct areas providing a “mottled” and
“granular’ appearance. Lamellar cracks, unexpected trace contaminants, non-
uniform polishing, and an unusual reflective property called “adventuresence” further
distinguished the synthetic product from “Imperial” gem quality jadeite. Fig. 1, shows
the lack of uniformity, cracking, and opacity of the materials evaluated by Shigley.

25 In two publications DeVries and Fleischer (DeVries and Fleischer, "Synthesis
of Jadeite for Jewelry”, GE Technical Information Series, 84 CRD 282, 1984, and
DeVries and Fleischer, Material Research Society Symp. Proc. Vol 22, pp. 203-207,
1984, Elsevier Science Pub. Inc.), who successfully synthesized jadeite minerals
more than 17 years ago, noted that, while of gemologically useful size, the “quality of

30 Imperial jade is not achieved.” The transparency of their products was limited by the
presence of a residual eutectic material. Microgaphs in their reports show this
second phase to be present between 5 and 10 volume percent and up to 30 microns
in size. These authors further describe non-uniform coloration as “mottled” and
‘mixed.” Radial inhomogeneity and lateral cracking limited the size of gems that
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prepared was “approximately 15 carats in weight. The gemological quality of the
samples is not described. These authors characterize the products as, “green,”
“emerald green,” and “translucent.” In the second reference, other colors were
15  produced, but not in stoichiometric jadeite. In this second article, the translucency
was described as “somewhat improved” but not measured. The jadeite
microstructure in both Zhou references contains fibrous, elongated crystals up to 10
by 40 microns with very distinct grain boundaries.
With respect to the processes used by the foregoing authors to make
20 synthetic Jadeite, DeVries and Fleischer used glass powders having the
composition, NaAlSi;Og, and containing small amounts (0.5 to 2.0 weight-%) coloring
agents, such as Cr,O; for green and manganese oxides for lavender. The glass
compositions were melted and crushed to achieve homogeneity. Crushed glass
powders (—60/+100 mesh size) were placed in a high-pressure cell in direct contact
25 with the heating element. The powders were sintered and annealed in the jadeite
stable region of the pressure—-temperature phase diagram. The mineralogical
properties of jadeite were routinely obtained in this work. The samples produced
were of poor quality and there was high incidence of cracking and delamination of
the samples. This is attributed to the large volume reduction during sintering of
30 glass powder into a dense jadeite sample. The packing density of glass powder is
only ~80% of theoretical density of solid glass. Further, the jadeite glass phase itself
has just 74% of the density of the crystalline jadeite phase of corresponding
composition. Hence, sintering of jadeite glass powder to a jadeite crystal resulted in
very large combined (60%) reduction in part volume during high-pressure
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Zhao et al.'s process also used a similar glass powder approach to make
jadeite and jadeite-like clinopyroxenes by sintering at jadeite stable high-pressure
and high temperature conditions. These investigators used a direct contact, indirect
heated cell almost identical to the DeVries design. The quantitative details on the

10 quality of the samples are not available other than that they were translucent and
green in color.

These contemporary descriptions of synthetic jadeite qualitatively describe
color, uniformity, translucency, and finish. None claim to have synthesized “Imperial”
grade material. The most detailed reports categorically state that the “Imperial”

15  quality level was not achieved.

Thus, despite the reported ability to synthesize jadeite under high-pressure
processing conditions, no reports of iImperial jadeite have been published, regardless
of size of the resulting jadeite synthesized. Thus, there exists a need in the art to
manufacture jadeite of improved quality and size. There also is a need in the art to

20  manufacture imperial jadeite. The present invention is addressed to these needs.

BRIEF SUMMARY OF THE INVENTION
The invention is a man-made jadeite mineral that simultaneously and
quantitatively achieves the color, translucency, uniformity, and finish of rare
25 ‘“Imperial” jadeite. Unlike prior art synthetic jadeite, which exhibits readily detectable
lamellar cracking, significant opacity, mottled, and non-uniform coloration, the
inventive jadeite material requires microscopic differentiation from “Imperial’ grade
jadeite. The invention features a microstructure that permits ready identification of
the man-made product, preventing misrepresentation of the material. Additionally,
30 the invention incorporates a repeatable, quantitative gemological specification
distinguishing it from prior art.
The jadeite material has a thickness in excess of about 1.0 mm and CIELAB
indices of L* > 42, a* < -6, and b* > +6. The grain size of the jadeite material is less
than about 30 microns, and often less than about 10 microns, and is an equiaxed
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material precursor glass), convertible by HP/HT into jadeite and having a nominal
composition of NaAlSi,Og, with a graphite or refractive metal sheet. The wrapped
jadeite material precursor glass is placed in an HP/HT apparatus, rapidly heated, and
subjected therein to a pressure in excess of about 3 GPa and a temperature in
excess of about 1000° C for a time adequate to convert the glass block into jadeite.
The jadeite material then is cooled and the pressure subsequently released.

This process also can be used to produce gem materials from solid blocks of
silicates, germanates, borates, and phosphates (glass-forming); as well as for
colored or non-colored (transparent) ceramic materials useful in manufacturing
dental appliances, optical components, and electro-optical materials, e.g., for
telecommunications or lasers.

BRIEF DESCRIPTION OF THE DRAWINGS

The file of this patent contains at least one drawing executed in color. Copies
of this patent with color drawing(s) will be provided by the Patent and Trademark
Office upon request and payment of the necessary fee.

For a fuller understanding of the nature and advantages of the present
invention, reference should be had to the following detailed description taken in
connection with the accompanying drawings, in which:

Fig. 1 shows the lack of uniformity, cracking, and opacity of the prior art
materials evaluated by Shigley in the Gems & Gemology article, cited above;

Fig. 2 is a schematic cross-section of the high-pressure reaction cell that was
used in the Examples to manufacture the novel jadeite;

Fig. 3 is schematic of the set-up used to characterize jadeite samples using
a spectrophotometer;

Fig. 4 shows the a*, b* chromaticity diagram,;

Fig. 5 is the CIELAB color gamuts for pure blue;

Fig. 6 is the CIELAB typical L-C color gamut saturation curves for yellow,
orange, green, red, purple, and blue;

Fig. 7 is a photograph of natural “Imperial” grade jadeite (Sample 1);

%adei te cat egorically
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inventive jadeite as reported in Example 1,
10 Fig. 12 is a photograph of the inventive jadeite as manufactured in Example
1,
Fig. 13 is a continuous transmission spectrum for the inventive jadeite sample
of Example 1;
Fig. 14 is a continuous transmission spectrum for the inventive jadeite sample
15 of Example 3;
Figs. 15A, 15B, and 15C are phase diagrams for NaAlSiO,-NaAlSi;Os at
various temperatures and preésures;
Fig. 16 is partial chemical configuration of natural jadeite with Fe*? and Ti"
replacement for producing a blue jadeite material; and
20 Fig. 17 is an energy diagram of the jadeite material of Fig. 16 showing that
light absorption causes a broadband absorbance centered at 588 nanometers,

thereby coloring the crystal blue.
The Figures will be described in more detail below.

25 DETAILED DESCRIPTION OF THE INVENTION
Manufacture of Imperial Jadeite

“Imperial’ jadeite is highly valued not only for its inherent beauty, but aiso
because nature only rarely provides the chemical and physical environment for its
formation. Gemological references provide quantitative mineralogical attributes that
30 allow the gem trade to distinguish simulants (i.e., simulated jadeite), nephrite, and
other minerals, as well as treated (enhanced) natural materials, from true jadeite.
These references do not provide quantitative specifications or a rigorous grading
method for “Imperial” jadeite. Quantitative color, uniformity, and finish; and
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10 This invention uses a different approach to synthesize jadeite with color and
translucency similar to those of “Imperial” grade natural jadeite. Instead of glass
powder, this present invention uses solid blocks of glass. These glass blocks can be
shaped as spheres, ellipsoids, cubes, parallelepipeds, pyramids, cones, regular and
irregular polyhedrons, and other solid geometric forms. The glass has no porosity

15 and, hence, the only volume change during jadeite formation is due to the glass-to-
crystal phase change (-33%). This relatively low volume change contrasts to the
very large volume change (—60%) associated with the glass powder-to-crystal phase
change of the prior art. The advantages of this solid-glass method include the
production of larger jadeite polycrystalline masses with fewer inclusions and cracks,

20  no porosity, and better jadeite colors. The solid-glass method also minimizes the cell
distortion and improves the consistency and yield of the process. The solid-glass
method also insures a controlled uniform composition in the finished jadeite. The
powder process, in contrast, has a large powder surface area from which volatile
constituents can evaporate easily during processing, thereby inadvertently changing

25  the composition or introducing undesirable concentration gradients in the jadeite.

The consistency of the starting glass provides the desired uniform coloration.
The starting glass advantageously, then, should be of high quality with no
undissolved material, bubbles, devitrification, or coloration heterogeneity. Optical
quality seems desirable, but may not be necessary. The glass block can be formed

30 by melting a pre-mixed powder consisting of the components, viz., Na;,COs, Al;O3,
Si0,, Cr,0;, etc., in the desired proportions and casting the melt in the form of an
ingot. The pre-mixed powder could be made by physical blending of powder
ingredients, pre-reacting some of ingredients before mixing, or by sol-gel technique.
Solid blocks of glass are fabricated from the cast ingot.
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Raw materials for forming the glass blocks can contain the following
ingredients: 0.8-1.2 moles of a Na component, 0.8-1.2 moles of an Al component,
1.8-2.2 moles of an Si component, 5-7 moles of an oxygen component, 0-0.2 moles
of an alkaline or alkaline earth element(s) (e.g., K, Li, Ca, Mg, Be), 0-0.5 moles of a
transition element(s) (e.g., Fe, Cr, Mn, Ti, V, Ni, or other transition element), and O-
0.5 moles of a rare earth element (Nd, La, Ce, Pr, Sm, Eu, or other rare earth
element). Preferred raw materials for forming the glass blocks include: 0.8-1.2
moles of a Na component, 0.8-1.2 moles of an Al component, 1.6-2.4 moles of an Si
component, 4.8-7.2 moles of an oxygen component, 0-0.2 moles of an alkaline earth
element(s) (e.g., Ca, Mg), and 0-0.5 moles of a transition element(s) (e.g., Fe, Cr,
Mn).

The product jadeite, then, comprises the nominal NaAlSi,Os composition with
added impurities. In mineralogy terminology, the jadeite product can be represented

as follows:

(Na, Alkali or Alkaline Earth){(Al, Transition Element, Rare Earth
Element)Si205

where there is 0-0.2 mole of an alkali or alkaline earth metal element, 0-0.5
mole of a transition element, and 0-0.5 moles of a rare earth element.

The reaction cell used to produce the inventive jadeite is schematically shown
in Fig. 2. A glass cylinder, 51, is surrounded first by tantalum foil, 52, and then by
Grafoil®, 53, (or vice versa) and placed in preformed pills, 54a and 54b. The pills are
placed inside MgO cups, 5§5a and 55b, which then are inserted in heater assembly
consisting of a graphite tube, 66, and graphite end discs, 67a and §7b. The heater
assembly is surrounded by a MgO tube, 58, and by MgO discs, 59a and 59b, which
are surrounded by pills, 60a and 60b, and by a cylinder, 61, made of black salt.
Graphite pins, 62a and 62b, are inserted in salt pills and graphite discs, 63a and
63b, seal the ends of the salt cylinder, 1. Ceramic rings, 64a and 64b, are added to
the cell to improve consistency of high-pressure runs.

This cell design overcomes many problems in prior art designs. The Ta and
Grafoil® wraps prevent reaction of the glass material with surrounding cell
components, viz., graphite. This improves the chemical homogeneity of the final
product and avoids the radial non-uniformity of prior art. The wraps prevent
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heating rates through the nucleation zone allow many jadeite crystals to nucleate
and, thus, minimize the final crystal sizes in the jadeite. Anneal times range from
about 5 minutes to 72 hours and correspond with the above anneal temperatures
20 and pressures. Slow cooling and gradual pressure release from peak values also
have been determined to aid in suppressing cracking and delamination of the jadeite
being produced. Cooling preferably is done at sufficiently high pressures (>2 GPa)
to avoid any precipitation of albite or nepheline, which are the stable phases at low
pressure. Precipitation of other phases in the pure jadeite causes both light
25 absorption and Rayleigh scattering and, thereby, reduces the translucency of the
jadeite. The appearance of other phases also may degrade the color of the jadeite.
The combination of slow cooling rates and low pressures favor the appearance of
these undesirable secondary phases. Such phases are most likely to nucleate at
grain boundaries in the crystalline jadeite where the atomic kinetics are always the
30  highest.
Jadeite Color and Translucency

Introduction :
In the past, there has been a general bias in the gem industry against
objective color measurements of gemstones. This bias stems from the view that
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hi gh- pr e &ort industry. The color of a semitransparent gemstone, such as jadeite, can
be specified through the use of color measuring instruments and color order
systems. The most precise and intuitive system is the CIELAB color notation where
the color and clarity of jadeite is specified with a series of numbers, e.g., L* = 51, a*
10 =-40 and b* = +33.
The color and translucency of a gemstone has four major variables, namely:
(1) the light source; (2) the colored gemstone itself; (3) the observer; and (4) the
geometry of illumination and viewing. All of these variables must be standardized so
that one can arrive at an objective specification of the color appearance of the

15 gemstone.

The luminant |
The Commission Internationale de d’Eclairage (CIE) designated illuminant
D65 as the illuminant that most closely approximates northern daylight and is the
20  illuminant of choice for gemstones. Other illuminants can be used if adjustments are
later made during color measurement for their non-standard spectra.

lllumination and Viewing Geometry
Color measurement and specification are technologically well developed and
25 rest on a firm scientific basis. The best system, the CIE measurement system, is
based on the spectral response of the human eye. The human eye has three color
receptors, each of which has a different spectral response. A spectrophotometer
can measure either the light reflectance or transmittance of a gemstone as a function
of its wavelength in the visible spectrum from 400 to 700 nm. The resulting
30  spectrum can be adjusted for the illuminant of choice by a software program that
adjusts the spectrum to one that would have been seen in standard northern

daylight.
The standardized spectrum then is analyzed accqrding to the response
spectral function of the three-color receptors of the human eye to determine what

10
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green to the human eye like Imperial jadeite.

For a semitransparent object, such as a gemstone, the illuminating and
viewing geometry will affect the observed color. For example, if the illumination is

10 done from the back and viewing is from the front of the gemstone, the transmission
color of the gemstone will dominate. In contrast, if the illumination and viewing are
both done from the front of the gemstone, the reflection color of the gemstone will
dominate. In some gemstones, these colors can be very different. So, in specifying
an objective color for the gemstone, the geometry of the illumination and viewing

15  system also must be given.

The color of jadeite, most of which is semitransparent, is derived both from
reflection and transmission. However, the color of a few types of jadeite, such as
black jadeite, may be principally from reflection because of the opaqueness of these
specimens. Nevertheless, the reflection mode was discarded because it would be

20  sensitive to surface finish, surface discolorations, and specula reflections from glossy
surfaces like those of a jadeite cabochon. Moreover, the most highly valued types of
jadeite have a high degree of transparency that would not be characterized by the
reflection method. Consequently, the mode of choice to characterize Imperial jadeite
and similar high grades of jadeite is the transmission mode.

25 To characterize jadeite in a scientific manner, a transmission method was
selected where the jadeite was placed between the illuminant and the viewer as
shown in Fig. 3. The specimen, 10, was placed on a centered platform, 12, inside an
integrating sphere, 14, with a white matte surface, 16. Integrating sphere 14 was
iluminated by a light source, 18, which was not in direct view of specimen 10. Light

30  from light source 18 was repeatedly reflected between different areas of white matte
interior surface 16 of integrating sphere 14 so that the light was incident on
specimen 10 from all hemispherical aﬁgles. Just beneath specimen 10 was an
optical fiber, 20, which collected light that had been transmitted through specimen
10. The collected light was passed via optical fiber 20 to a spectrophotometer (not

11
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"I nper i af- OB IEAR oI EHARHE =10 LT synthetic jadeite, which exhibits
‘readi | y det eclThbIGHELAB three-dimensional diagram was designed to be both precise and

to appear logical to the human eye and brain. Fig. 4 shows the L*a*b* chromaticity
diagram. One axis, L*, indicates how light-dark a specimen is. It describes the

10  lightness of a color and varies from black = 0 to white = 100 in visually uniform steps
of colorless gray in between. The other two axes contain, respectively, the opponent
colors of red-green and yellow-blue. The idea of opponent colors derives from way
the human eye and the neural networks of the brain perceive color. A human being
cannot see a single hue as both red and green at the same time. Hence, red and

15 green are opponent colors. Similarly, a human cannot see both blue and yellow as a
single hue simultaneously, so blue and yellow also are opponent colors. In contrast
to these opponent colors, both red and yellow can be seen as a single hue at the
same time as in oranges, red and blue as in purples, etc. The CIELAB diagram
takes advantage of the existence of opponent colors to make a unique diagram to

20  specify any color. The opponent colors of red (+ direction) and green (- direction)
are plotted along and on opposing ends of a second orthogonal axis labeled a*. In a
similar manner, the opponent colors of yellow (+ direction) and blue (~ direction) are
plotted on opposing ends of a third orthogonal axis labeled b*. At the center of both
the a* and b* axes, there is no color, just differing shades of gray as one moves up

25 and down the L* axis. Movement towards either ends of the a* or b* axes
corresponds with an increase in the intensity and saturation of the color. Because all
colors can be made up of mixtures of light-dark (L*), red-green (a*), and blue-yellow
(b"), any color of any hue, saturation, and brightness can be plotted on the CIELAB
diagram.

30 The CIELAB diagram also was carefully designed so that equal distances on
the diagram correspond to equal hue, saturation, and lightness changes as observed
by a human eye. The lack of correspondence between distance and perceived color
changes was a major flaw of previous color diagrams. The difference, AE, between

12
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5
If the colors are at the same lightness level, i.e. AL* = 0, Equation 1 reduces to
AC = (Aa*® + Ab*?)'"*? (2)
10 where,
C - (a*2 + b*2)1/2 (3)

The single dimension, C index, facilitates the balance of translucency and

color saturation of a gemstone like jadeite. It is sometimes more convenient and

15  useful to plot L* versus C in a two-dimensional diagram rather than L* versus a* and

b* in a three-dimensional diagram if the color mixture or hue angle, i.e., the ratio of
a*/b*, has been already fixed as it is with Imperial Green jadeite.

Accessibility in Color/Translucency Space
20 Because L* can vary from 0 to 100 and a* and b* can individually range from
0 to 100, one might think that the entire L*a*b* three-dimensional space of 100 X
100 X 100 would be accessible to real colors. However, L* and a* and b* are not
independent variables as they might first appear. Consider a gemstone that is
colorless and completely transparent with L* = 100 and C = 0. As color is added to
25 the gemstone, C will increase. However, at the same time the added color will
reduce the transparency of the specimen so that L* will decrease. Consequently, not
all of the L*a*b* three-dimensional color space is accessible because of this
dependency of L* on a* and b*. Hence, in real gemstones, or indeed in any color
medium, both the maximum color saturation and the maximum transparency are
30 limited by each other. Fig. 5 (Figure 7.7 from Collecting and Classifying Diamond, by
Stephen C. Hofer, Ashland Press (New York, 1998), ISBN 0-9659410-1-0) shows
with three curves (Theoretical Limit Curve 22, Transparent Gamut Curve 24, and
Opaque Gamut Curve 26) that illustrate, respectively, the dependency of L* and C
on each other for a pure blue color (-b*) for an ideal, an opaque, and a transparent
35  color medium. Only color saturations and transparencies depicted by areas to the
left of the curves are achievable. For opaque gemstoneé such as black jadeite, the
opaque curve is valid. For transparent gemstones such as blue sapphire, the

13
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P W:\e Best Gemstone Colors

5 Because the invention is concerned primarily with jadeites, the limitations on
L* and C for transparent gemstones of different colors are of the most interest,
recognizing that jadeite gemstones are translucent and come in a variety of vivid
colors including green, white, yellow to reddish orange, brown, gray, lavender, and
reddish-purple which is sometimes referred to as blue. Fig. 6 (Figure 7.13 from

10  Collecting and Classifying Diamond, by Stephen C. Hofer, Ashland Press (New York,
1998), ISBN 0-9659410-1-0) shows typical L*-C saturation curves for yellow 28,
orange 30, green 32, red 34, purple 36, and blue 38.

The most spectacular gemstones with the combined maximum vivid color and
transparency occupy regions around the right-hand nose of each curve. For

15 example, good green jadeite is in the region with C's between 60-75 and L*'s
between 45-75, in the right-hand nose of the green curve. Jadeite with either greater
or smaller L*'s or smaller C's will be less appealing to the human eye. Yellow jadeite
will have good colors at C’s between 65-73 and L*'s between 65-90. Orange jadeite
will have good colors at C’s between 60-84 and L*'s between 50-90. Purple jadeite

20  will have good colors at C's between 60-75 and L*'s between 30-55. Blue jadeite will
have good colors at a C’s between 60-82 and L*'s between 15-50. With all the
above colors, the maximum possible C compatible with the maximum possible L* in
the ranges given above will give the most vivid translucent and best appearing color.
For example, theoretically green jadeite will have its best color at C of 73 and L* of

25 80 just at the nose of the curve shown in Fig. 6. Some jadeite colors are mixtures of
the basic colors given above. For example, Imperial Green jadeite is actually a
mixture of 63.3% green and 36.7% yellow with a hue angle of 150 degrees. The
Imperial Green color will have good colors at C’s between 60 to 73 and L*'s between
45-75. The best Imperial Green color will occur at C of 73 and L* of 62.

30 Table 1 below displays the range of compatible L*’s and C’s for the good
color range for the various basic colors discussed above for jadeite. In addition,
Table 1 gives the compatible L* and C of the best color for each color, ie., that
combination of L* and C that occurs at the right-hand nose of the respective color

gamut curves of Figures 5 and 6.

14



excess of about 1000 C for a time adequate to convert the glass block into
jadeite. The jadeite material then is cooled and the pressure subsequently
rel easedwWa@/#h3%s process al so can be used to produce genrapwsol/®bss from
solid blocks of silicates, germanates, borates, and phosphates
(glass-forming); as well as for col BRBEEAdr non-col ored (transparent)
ceramc materials useful in nmanufacturing dental appliances, optical

conponent s, fand el ectr o o@d&ﬁl_* m terdo%'c:lsc e.|g9., for tglecomuni ¢ations or
lasers. 15 | cojor Range Range Best L* Best C*

Green 45-75 60-75 60 73

Imperial Green 45-75 60-73 65 73

Yellow 65-90 65-75 85 75

Qrange 50-90 60-84 80 82

Purple 30-55 60-75 40 75

Blue 16-50 60-82 26 81

* Best L* and Best C combinations are not independent, but rather are
dependent on each other.

Variation of the Color and Translucency with Gemstone Size

Both L* and C are dependent on the thickness of a gemstone, which has a
uniform body color. C will increase with thickness. That is, the color will become
more vivid and saturated as the thickness of the gemstone increases. This makes

10  sense since a thicker gemstone has more total color centers than a thin gemstone of
the same body color. L* decreases with thickness because the clearness or
transparency of the gemstone will decrease with the increasing absorption by color
centers or scattering centers in a thicker gemstone. Because light absorption
increases exponentially with thickness, one might at first think that L* and C would

15  also vary exponentially with the thickness. However, the human eye also responds
in a logarithmic manner to light intensity. This logarithmic response, for example, is
one reason that we can see such a wide range of stars in the night sky whose
intensities vary by over a factor of one million. The CIELAB diagram was
constructed so that equal distances on the diagram correspond to equal changes in

20  visual intensity and color. In other words, the CIELAB diagram is a logarithmic
diagram-—equal distances correspond to equal ratios in intensities. Hence, both L*
and C are logarithmic measures, respectively, of the transparency and color intensity
of a gemstone. Although transparency and color intensity do vary exponentially with

15



BRI EF DESCRI PTI ON OF THE DRAW NGS The file of this patent contains at
Copies of this patent with col or draw ngs)

one drawi ng executed in color.
will be @088 by the Patent and Trademark O fice upon pegwset/+cand

paynment

| east

of the necessary fee. ?0 For a fuller understanding of the nature
and advapfia@gess,ofhet gapihaRebt the @REpSHency ehar eiereintdieity,dibeLhamdt 0 t he

followi ng detailed descriptiop taken in connection wth the acconpanying
dr awi ngs VAIES\RIYCRY i%fr'yfv'@ﬁg\ﬁé”?% 'Iaéch'? S-uniformity, cracking, and
opacity of the prior art materials evaluated by Shigley in the Gens &
Genol ogy article, ©t=e0, @HOVE; (4)

5

L*; = L*y (X4/Xo) (5)
where,
C4 and C; are the colors, and
10 L*; and L*, are the translucencies, respectively, of gemstones of thickness X,

15

20

25

30

35

40

and X, having a uniform body color and translucency.

Variation of Color and Translucency with Impurity Concentration.
in a perfect gemstone crystal, the body color, Co, and translucency, L*,, are
linear functions of the concentration, |, of impurity color centers in the gemstone or

jadeite:

Co =al (6)
Lo=f 1 (7)

where,
o and B are constants related to the specific impurity and gemstone.

For example, the color of Imperial Green jadeite comes from a small amount of Cr
impurity added to the jadeite, NaAISi;Os.

Impurity Concentration Versus Thickness for the Optimum Color Gemstones

If one produces a gemstone, or specifically a piece of jadeite, with an
optimum translucency and color of L* and C for a given thickness X, how does one
vary the impurity concentration, I(X) (where (X) signifies the functional dependency
of impurity concentration | on the specimen thickness X), to obtain this same
optimum color and translucency for a different thickness? Substitution of Equations
6and7into4and5 while holding C and L* constant, respectively, both give:

IX1)N(X2) = X1/X2 (8)
XDA(X2) = X1X2 | (9)

where,
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25 Fig. 2 is a schematic cross-section of the high-pressure reaction cell
that was used in the Exanples to manufacture the novel jadeite; Fig. 3 1is
schemat | V@92/48088 set - up used to characterize jadeite sanpP€%/USSI/46G17
spectrophotoneter; Fig. 4 shows the a*, b* chromaticity diagram 30 Fig. 5

i s the C ELAB|xal) ainddRXRY, Sebsuctipaly,carel e; impurity concentrations necessary to
maintain color and translucency constant at gemstone thicknesses X1 and
X2.

5  Fortunately, both equations give the same answer. One can see from Equations 8
and 9 that it is possible to obtain the exact same apparent color and apparent
translucency in gemstones of varying sizes if one changes the intrinsic body color
and transparency with size. For example, if one doubles the thickness of a jadeite
gemstone, one must halve the impurity concentration to maintain the same color C

10  and same translucency L*. Consequently, the composition of a jadeite glass used as
the precursor to grow jadeite is only optimized for one gemstone size (i.e.,
thickness). As the desired gemstone size is changed, the impurity concentration of
the precursor glass also must be changed to maintain the same color C and
translucency L*. For example, to make Imperial Green jadeite for a cabochon that

15 will be 3 mm thick requires the concentration of Cr to be 0.25 weight-%. To make
the same Imperial Green jadeite color and translucency in a cabochon that is 6 mm
thick, a precursor glass with only half the concentration of Cr concentration, i.e., 0.12
weight-%, is required (Equations 8 and 9).

Table 2 tabulates the approximate wholesale value (US Dollars per carat, as

20 estimated by a recognized gemological laboratory) and L*a*b* and C indices, as well
as an overall Pythagorean-weighted translucency-color L*C vector for the
gemological samples. Because L* follows Lambert’s relationship for thickness and
transparency, these natural “Imperial” jadeite samples all had maximum thickness
between 2 and 3 mm. Other color space measurement systems are recognized and

25  can be correlated (technically equivalent) with the CIELAB measurements.
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Fig. 6 is the CIELAB typical L-C color gamut saturation curves for yellow,

orange, green, red, purple, and blue; ' Fig. 7 is a photograph of natural
"i nmperi aWwo ¢p48d38 | adeite (Sanple 1); S PCT/US01/46615
TABLE 2
Natural Jadeite Gems
Sample | $/carat L* a* b* C %‘CS +\éezt)3(t19z§

1 7000 63.4 [-55.8| 33.7 65.19 90.94

2 2800 66.5 [—49.6] 31.9 58.97 88.88

3 1000 69.8 |-51.1 35.6 62.28 93.55

4 800 74.6 |-28.4 19.7 34.56 82.22

5 250 59.1 |-37.1 27.4 46.12 74.97

The overall progression in the Table 2 places the highest values on large L*,
5 ie., high translucency, and large negative a* ie., intense green, and moderately
high b*, i.e., added yellow. It appears that a* is the most important variable followed
by b* in valuing a jadeite gem. Sample 3 is generally out of order and appears to
have been incorrectly valued based on color and translucency alone. Other factors,
such as inclusions or cracks, may have decreased Sampie 3's value from what one
10  might have exbected based only on its color and translucency.

Even the least valuable of these gems exhibits a high degree of translucency
and highly saturated green color. Inspection of these and other gems reasonably
provides a CIELAB specification for “Imperial” jadeite. Jadeite minerals meeting the
CIELAB specification discussed above generally will provide the visual impression of

15  ‘“Imperial” jadeite. More translucent and more saturated exampies will carry higher
values. Surface finishes on the inventive gems are less than & micro inch arithmetic
average roughness to minimize scattering. Fig. 7 is a photograph of sample
number 1 of natural jadeite. Comparison of Fig. 7 to Fig. 1 shows why previous
synthetic jadeites were not considered “Imperial’ quality. Note that the natural

20 jadeite in Fig. 7 exhibits small dark inclusions, non-uniform color, and is nearly
transparent.

The SAS2000 colorimeter also produces continuous transmission spectra of
these gem materials. Spectra for the most valuable gems (Samples 1 and 2 in Table
1) are Figs. 8 and 9. Both gems have a transmission peak centered at a wavelength

25  of about 530 nm. Sample 1 has a narrower transmission peak, a half height width
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WO U2/.18038 PCT/USA /~GGLS Figs. 8 and 9 are continuous transm ssion
spectra of two different natural jadeite gens describe in Table 1, bel ow,
Fig. 10 ™0 82/808 X phot om crograph of a polished section B€THUSel/4a4v%ent i ve
jadeite as reported in Exanple 1; '

between about 510 and 565 nm correlating with an intense green color. Less

valuable pieces exhibit less transmission and broader transmission bands.

A sample of prior art jadeite was obtained from Dr. DeVries (see DeVries, et

al., GE Technical Information Series, supra) and characterized for color indices. The

5 sample was in the form of semi-polished cabochon with thickness of 2.0 mm and
color measurements of L* = 41.0, a* = -5.1, b* = 4.8. The sample did not visually
exhibit the translucency or color saturation required of “Imperial” grade material. The
sample also had lower density of 3.26 g/cc.

The prior art jadeite of Zhou, et al. was reproduced using a chromium doped

10  glass, crushed to ~60/+100 mesh size powder. The powder was loaded into a high-
pressure cell and sintered at 5.2 GPa and 1575° C for 1 hour. A sintered compact
was obtained having a density of 3.28 g/cc, indicating successful conversion to
jadeite. = The compact was polished to 4-mm thickness. The colorimeter
measurements were: L* = 32.3, a* = -2.8, and b* = 3.2. This sample did not achieve

15 any of the CIELAB index specification requirements.

A jadeite sample of the present invention was produced from a glass with
stoichiometric jadeite composition of NaAlSi,Og containing 0.17 wt-% of Cr,O; (see
Example 1 below). A final density of 3.30 g/cc indicated successful conversion to the
jadeite phase. Unlike prior art “synthetic” jadeite, a polished section of this material

20 was completely featureless at 500 X. The complete absence of gross or
intergranular cracks, or non-uniform color distributions, or second phases is shown in
Fig. 10. The colorimeter measurements of this sample were: L* = 61.2, a* = -55.1,
and b* = 31.8.

The similar transparency and color saturation of valuable natural jadeite

25 gems and the examples cited in this application may be quantitatively presented in L*
and C space, as described above. Fitting the theoretical L*,C space to contain the
natural “Imperial” samples cited above permits a quantitative assessment perfection
achieved by the invention with respect to natural gems and prior art. As shown in
Figure 10a, the right hand nose (or theoretical L*,C limit) is nearly achieved by both

30 valuable gems and the examples of the inventions. The substantially lower
translucency and color saturation of the prior art is obvious from in Fig. 10a.

Acid etching highlights the grain structure of this jadeite material as can be
seen by viewing Fig. 11 at 1000 X magnification. This sample has an average grain
size of 2 microns. The maximum grain size is approximately 5 microns. The grains
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cracked grain boundaries, or puliouts are evident. Triple points, if present at all, are

smaller than the 2-micron grain size. The SAS colorimeter measurement yielded the

following values: L* = 60.2, a* = -55.5, and b* = 31.7. This material has significantly

higher translucency and color saturation than prior art. It falls well within the gem

grade attributes in Table 1. This gem is shown in Fig. 12, Note should be taken that

this synthetic jadeite exhibits no inclusions, displays a uniform color, and is

translucent. The inventive synthetic jadeite in Fig. 12 should be compared to the

natural jadeite sample in Fig. 11 and the prior art jadeite samples in Fig. 1.

Finally, the transmission spectrum of this sample closely mimics the natural
materials. The peak transmission was 530 nm with a half height width between 500
and 565 nm, as can be seen by reference to Fig. 13. Additionally, the coloration is
uniform with no mottling observed up to 200 X. None of the lamellar cracking,
surface reflections (adventuresence) or polishing defects so evident in prior art
jadeite were present in this sample in particular (again, see Fig. 12) and not in most
samples in general.

The uniform grain size and hardness of the inventive jadeite product make it
easier to polish than prior art or natural jadeite material. It is known that natural
jadeite must be carefully polished to prevent “undercutting,” or micro scale
topography resulting from preferential polishing of oriented jadeite crystals or second
phases. Recall that waxes hide these problems in natural gems. Prior art jadeite
material also exhibits undercutting. The surface finish achieved on the inventive
jadeite was less than 3 micro inches Ra. With such a smooth finish, waxes are not
needed, and a more stable, durable product is produced.

To assess product reliability, the process of Example 1 was repeated. The
color indices on several samples met the “"Imperial” specification range. The
observed colorimetric values were as follows: L* was between 55 and 65, a* was
between -53 and 56, and b* was between +30 and +33. Grain size, finish, and
microstructure features were identical to the sample reported in Example 1. A
continuous spectrum of this duplicate sample also closely mimics natural material,
peaking at 525 nm with a half height width of 500 to 565 nm.

20
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the jadeite naffaeilab*ofvahies. ofl theShaiutah getrhgiadk ijgliditeajpsar it izdd icvEmties a

br oadband_absor banc ent.ered at 588 na ters, thereby coloring the
crystal bF%’EP%%ﬁ%P%{%S e R G FurB@aaé%dglpﬁO@gnge ?’rpeilr%v?"e detail bel ow. 25
DETAI LED DESCRI PTI ON OF THE | NVENTI ON

TABLE 3
5 L*a*b*C Summary

Jadeite L* a* b* C (L2+CHM2

Example 11 | 65.9 |-61.5| 37.56 | 72.0 97.61

Example9 | 68.9 [-57.1] 31.9 | 654 95.00

Example 7 68.0 [-56.3] 32.6 | 65.1 94.14

Example 2 59.9 |-56.1| 31.8 | 64.49 88.01

Example 8 68.3 [-55.8| 31.9 | 64.3 93.81

Sample 1* 63.4 |-55.8| 33.7 | 65.19 90.93

Example 1 61.2 |(-55.1| 31.8 | 63.62 88.28

Example 3 604 |-551| 31.5 | 63.47 87.62

Example 10 | 66.9 |-548| 328 | 63.9 92.51

Sample 3* 69.8 |-51.1| 35.6 | 62.28 93.54

Sample 2* 66.56 |—-49.6| 31.9 | 58.97 88.88

Sample 5* 59.1 |-37.1| 274 | 46.12 74.97

Sample 4* 746 |-28.4| 19.7 | 34.56 82.22

DeVries™ | 410 | -51| 48 | 7.00 | 41.59

Zhou™* 323 | -28| 3.2 4.25 32.58

Comparative
Example 4** | 323 | -28 | 3.2 4.25 32.58

* Natural Imperial Jadeite
** Prior Art
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Manuf acture of Inperial Jadeite "Inperial" jadeite is highly val ued not
only for

references provide quantitative m neral ogi cal
gemtrade to distinguish simulants (i.e., sinmulated jadeite), nephrite,

ot her

m

j adei te.

5

10

15

20

25

Its inherent beauty, but al so because nature only rarely provides
t he chemwi@b2/48038 physi cal environnment for its formation. BeTwiSeRi6sed

attributes that 30 all ow t he

and

ik e e PRl sBe ot T o TPl S Bk d LR dp (e et or o
ri gor ousdeteerdined foetshjadeft@saiipfepr bel ternedieirgeriaugnatiet A, \ed Llindex
uni for m éycee%ﬂ% ji’rgnsgu vaehrz]cgI oP less than -6, and a b* value that exceeds 6, with the

preferred L*a*b* region being around > 60, < -50, > 30, respectively. It will be
observed that the only jadeite samples that meet these criteria are the natural jadeite
samples and the inventive jadeite samples reported in the Examples. In fact, none
of the prior art samples have any L*a*b* value within the range suggested for
‘Imperial” jadeite. Such uniqueness of values, coupled with its other properties,
underscores the novelty of the inventive jadeite.

The index of refraction of the novel jadeite material ranges from about 1.655
to 1.659 + 0.002. Such values were taken on polished (4000 grit paper) facets (4 x 4
m) using monochromatic light. '

Other Jadeite Colors

In addition to Imperial Green jadeite induced by Cr impurities, and lavender or
magenta jadeite induced by Mn impurities, other desirable colors include, inter alia,
clear stoichiometric jadeite without any impurities and black jadeite with high impurity
concentrations of Cr or Fe.

Rare earth elements can be added to stoichiometric jadeite to produce a wide
range of colors. The color imparted by rare earth elements is largely independent of
their site or neighbors in jadeite. The colors of these elements are derived from
electronic transitions within the inner f shell, which is shielded from the surrounding
ions and ligand fields by the outer 5s25p6 completely filled shell in all the rare earths,
which is the reason for the almost identical chemical nature of all of the rare earth
elements. The following table gives the rare earth element, their f shell configuration
and the color imparted to the jadeite by the rare earth element. Concentrations of
the rare earth element should be in the range of just above 0 to about 1 mol-%.
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WO U2/ 8038 PCT/ C1S01/.1G51S transl ucency specifications for "Inperial™
grade jadeite differentiate the present invention fromprior art. Col or
mani pul aW®@e/48P3%xi de materials is well described. Use of PGEWU&NT46615 ons t o
achi eve various hues of green is disclosed in the prior art. It is also
known that 5 translucent polycrystalline ceram cs nmust have polished
surfaces to avoid scattering | oss, .llc%g_isgherent absorption, grain
boundaries w thout major refraction ﬁ s or ~ scattering, and other

scattering fedtur mnjmzed.1n f gr intensity. The ] nvention
conpri ses proj;r—m oA VW?@LE’%%E:EB%’L! ! MMW reduced
scattering to [achievex "I npefrial" grggle j adeifjt e. Colorless

Ce 4f1 Yellow to Colorless

Pr 42 Green

Nd 413 Lilac, pink

Pm 414 Pink, Yellow

Sm 4f5 Pale Yellow

Gd 4f7 Colorless

Tb 4f8 Pink

Dy 419 Pale Yellow

Ho 4110 Pink, Yellow

Er 4§11 Lilac, Pink

Tm 4§12 Green

Yb 4§13 Yellow, Colorless

Lu 4114 Colorless

Opague White Jadeite
S In addition to these colors there is sometimes a demand for opaque white
jadeite. This can be produced by one of the following methods:

Method |
Add an extra 0.5 to 1 mol-% Al,O; to the stoichiometric jadeite and anneal for
10 several hours during crystallization to cause precipitation of very fine Al,O3
precipitates.

Method i
A stoichiometric jadeite crystal with no added impurity is annealed at a
15 temperature below the liquidus region (see Figs. 15A, 156B, and 15C) for a short
period of time to cause a precipitation of a small amount of microscopic nepheline
(Na;O+Al;04°28i0;) and/or albite (Na,O+Al.0;+6Si0,). Rayleigh scattering from
these microscopic precipitates causes the jadeite to be milky white in color. The
optimum anneal time will increase with decreasing temperature because the kinetics
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10 This invention uses a different approach to synthesize jadeite with
color and translucency simlar to those of "Inperial" grade natural

j adei t e. Wney/43888 of gl ass powder, this present invention BEBISS66TE bl ocks
of glass. These glass bl ocks can be shaped as spheres, ellipsoids, cubes,
par al | el eph pétisionpgecrrass, exponestjally eyiti adempadituner eghibter thatl tHeediquidss  and
ot her sol tr f [@‘ as 03| t he
only vol u{r?gqp%ﬁ%{r%e %sl% K:‘?'terg#)?e%ﬁﬁ% qugsrﬁ)‘g{E &X? %it & gg%&?(ﬁ? yst al
phase chaJagelte(at%W@sph'Elmcs)resﬂLm wheteythe diguidad israd aphwxgeatebntﬁﬁa’sCs to the
very | arge vol une change (-60% associated with the glass powder-to-crystal
phase change of the prior art. The advantages of this solid-glass nethod
‘include the production of |arger jBdeiladeifol ycrystalline nmasses with fewer

i nclusions an Male! , ter e cal gr e

sol i d-gl ass d.[hoggllg s‘égo%n%l hé)Sges lyky begﬁqﬁogﬁast"gr dlt%% g‘%ei %prgo'?/aetg;gyhe
‘consi st ereydishgusrlelhowsien teatmftends sferfétbtosas ‘bilef). 46 prosiube dlueljsdeiensur es a
control | el di9 [ T owde rocess,
T cont r g0 o2 71 GRIBE5 rhorch Pt d AU hAttbineiric et ind

const i tueTitwl“cf@n'aéea‘fdomaﬂ@ distoried dghaha@'Oprdc@wyggn athmselbythlenadei&tent |y
changinng {

ar adiont s TRERE e sl Rniadinia E*ﬁdé%#@t S OL AP ALAY, o
the desi rtedivhpn dm@seajl Gresni eplor. Tie" smd gnlbbagemamdag@wenawon hen,
shoul d bgegfedH &@nﬂ@addsgauekuhen %wm'&ﬁ% y@é#n g{a%ufén ’srtQ'TuQPérﬁ? faces

devitrificati on, or col oration heter ogenel't tica eens

desi r abl dn ﬂm@-dmmﬁdﬁe%glgq décadapted framel f@| o] mce@m:sw qf &10MsdoB0 by

mel ting EK N&sﬁﬂl 3)eq4@o‘y@ﬁr Q*‘lglﬁdsnquﬁgéjg? conponents, viz., Na2C03,
Al 20s, Si O O desi r ed oportions and castlng the nelt
in thé for m of When fheg‘cﬂ ancrmaawr@ W'Q@waé\ﬁﬂ% therigl ig spicipatievasiapgiha cal

bl endi ng b drrew@lbf m&ee@hg%ﬁ witd 8- lfgﬁ?‘%é&Etl&rPE@antf annElEQFEBAS ph&d or e
m Xi ng, or %?étoT t echni que. Solid s of glass are fabricated from

t he cast roﬁ'g as follows:
Fe'? + Ti" - (light absorption) > Fe™ + Ti*® (10)
20
The accompanying light absorption causes a broadband absorbance centered at 588
nanometers, thereby coloring the crystal blue (Fig. 17 adapted from The Physics and
Chemistry of Color, K. Nassau, p 142, John Wiley & Sons, NY (1983)).
25 Orange Color

To produce an orange jadeite, 0.1 mol-% Cr + 0.1 mol-% Mg should be

added to the jadeite. Each Mg*? and Cr*® ion will replace an Al*® ion in the jadeite. If

Cr and Mg occupy adjacent octahedrons, Cr will enter the rare Cr(IV) state with one

Mg*? ion and one Cr* ion taking the place of two Al"® ions and, thereby, producing a

30 charge-neutral crystal. The Cr* ion will produce an orange color in the ALOs;
octahedral site in jadeite.
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7 WO 02/.48038 PCT/US(1 1/ ~G615 Raw materials for form ng the gl ass bl ocks
can contain the followng ingredients: 0.8-1.2 noles of a Na conponent,
0.8-1.2 wOexy48988 an Al conponent, 1.8-2.2 noles of an Si eompSOBRGIS 5-7
nol es of an oxygen conponent, 0-0.2 noles of an alkaline or alkaline earth

el ement s)Ot lemagtal|Substitatiorlsy, Be), 0-0.5 noles of a

The M2 Na+[8] Site
To improve the quality, translucency, grain size or color of the jadeite or to
5 enHance the manufacturability of the precursor glass, it may be useful to partially
substitute other elements or combinations of other elements in the jadeite structure
for the Na and Al atoms. For example, the partial substitution of certain elements for
Na or Al may lower the melting point of the precursor glass and allow a more
homogeneous glass to be formed. Successful substitution of elements or
10 combinations of elements in the jadeite structure is dependent on these elements
satisfying Pauling's charge neutrality and size rules (C. Klein & C.S. Hurlbt, Manual
of Mineralogy, 21* Edition, p. 197, John Wiley & Sons, NY, NY 1993). Na occupies
an irregular polyhedron with eight-fold coordination in the jadeite crystal as a singly
charged ion with eight oxygen nearest neighbors called the M2 site. In geology
15 nomenclature, this is signified by Na+[8]. Other alkali metals can be substituted for
Na. For example, a mixture of 42 mol-% K'' and 58 mol-% Li"* can partially replace
an equal molar amount of Na™' in jadeite without causing lattice strain or violating
charge neutrality. If 10% of the Na were replaced with this mixture, the jadeite would

have the composition:

20
(0.9 Na, 0.042 K, 0.058 Li)AISi,O¢ (11)

Another possible substitution for Na+[8] is a mixture of 16 mol-% K'' and 84

mol-% Ca*? for Na*'. This partial substitution would not cause lattice strain, but

25 would resuit in an unbalanced charge in the lattice because Ca is a doubly charged
ion. This unbalanced charge on Na sites would have to be compensated for by
substituting a singly or doubly charged ion for the triply charged Al on the Al sites.

For example, Mg*? can be substituted for AI*>. If 10% of the Na atoms were replaced

with a mixture of 16 mol-% K'' and 84 mol-% Ca* and a charge compensating

30 amount of Mg*? was partially substituted for the Al", the jadeite would have the

composition:

(0.9 Na, 0.016 K, 0.084 Ca)(0.926 Al, 0.084 Mg)Si>Os (12)
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5 transition elenents) (e.g., Fe, C, WM, Ti, V, N, or other transition
element), and 00.5 noles of a rare earth element (Nd, La, Ce, Pr, Sm Eu,
or ot her wWap24883th ' elenent). Preferred raw material s fpeTiuaomeacs t he

gl ass bl ocks include: 0.8-1.2 noles of a Na conponent) 0.8-1.2 noles of an
Al corrpon"Eﬂiﬁjadfeiteczmwiﬁbrewincﬁe @nstrdined@amdaharge nelit@t. 7. 2 nol es of an oxygen

corrponent-rhé) iy of an alkaline earth 10 elenents) (e.g., Ca, M),
nd 0-0. ansition elenents) (e.g., Fe, G, M). The product
j adel te, then, Tmiyrmhami Bheonsontauply KeAM3i a€t6hedrapeie tih gadatiet Witadslgd
I mpuri ti en°e éé? r@ﬁoﬁb?@ént S6Ms MO desng%a{e%da AP. +(8] OF85uCatRSs of
represente
. 5 efements can be partially substituted for the Al ions in jadeite without causing any
lattice strain and without violating charge neutrality. For example, a mixture of 72
mol-% of Mn™® and 28 mol-% B can be substituted for an equal molar amount of
Al'® on the M1 sites in jadeite. If 10% of the Al ions were replaced, the resulting
jadeite would have the following composition:
10
(Na)(0.9 Al, 0.072 Mn, 0.028 B)Si,0¢ (13)

Other mixtures that can partially substitute for Al include: (1) 72 mol-% Fe*®

and 28 mo-% B™; (2) 78 mol-% Cr'® and 22 mol-% B**; (3) 56 mol-% Sc*° and 44
15 mol-% B, (4) 56 mol-% Ti** and 44 mol% Be*?.

In addition, mixtures that do not preserve charge neutrality can be substituted
on the AlI"> M1 sites provided that overall charge neutrality is secured by a parallel
charge-cancellation substitution on the Na*™* M2 sites. For example, a mixture of 55
mol-% Fe™ and 45 mol-% B can be substituted on the AI** M1 site if a charge

20  cancellation substitution of Mg*, Ca*?, Ba'?, or Be'? is made on the Na*' M2 site.
Hence, if this mixture replaces 10% of the Al ions, the resulting jadeite would have

the following composition:

(0.955 Na, 0.055 Ca)(0.9 Al, 0.05 5Fe, 0.045 B)Si,O¢ (14)
25
Other mixtures that can partially substitute for Al but which require charge
cancellation substitution on Na sites include: (1) 64 mol-% Ni*? and 36 mol% B*%; (2)
55 mol-% Co™ and 45 mol% B*%(3) 26 mol-% Fe'? and 74 mol-% Be*?; (4) 31 mol-%
Co*? and 69 mol-% Be™.

30 It is interesting to note that the most common substitution in Imperial Green
jadeite is Cr*® for AlI"® and that this substitution is not strain free. A strain-free
Imperial Green jadeite should substitute a mixture of 78 mol-% Cr*® and 22 mol-%
B* for AI". For example, if this mixture replaced 1% of the A" ions, the Imperial

Green Jadeite would have the following composition:

26



15 (Na, Alkali or Alkaline Earth)(Al, Transition El ement, Rare Earth

El enent) Si 206 where there is 0-0.2 nole of an alkali or alkaline earth

met al el 8v@o/48088 0.5 20 nole of a transition el ement, andPOTASBI/4wies of a
rare earth elenent. The reaction cell used to produce the inventive jadeite
is schematically shown in Fig. 2 A glass cylinder) 51, is surrounded first

by tantal um f %(Oggzﬁl@go%ﬂ‘ug QF%—T@%&) |) 53, (or vice v(e; )sa) and pl aced

in preforned e pi Fs are 25 pl aced ‘i isi de MyO cups,
55a and 55b, mhlch then are |nserted in heater assenbly consisting of a

graphi t e {ibeqeiRbis Mg RRMF End2afll P& DREBIABA o & it hidRHER is
5  easier than dissolution of Cr alone into stoichiometric jadeite, i.e., NaAlSi;Os,
The absence of lattice strain also affects the grain size of jadeite
recrystallized from the glass by reducing atomic nucleation and growth barriers.
While the invention has been described with reference to a preferred
embodiment, those skilled in the art will understand that various changes may be
10 made and equivalents may be substituted for elements thereof without departing
from the scope of the invention. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the invention without
‘departing from the essential scope thereof. Therefore, it is intended that the
invention not be limited to the particular embodiment disclosed as the best mode
15 contemplated for carrying out this invention, but that the invention will include all
embodiments falling within the scope of the appended claims. in this application all
units are in the metric system and all amounts and percentages are by weight,
unless otherwise expressly indicated. Also, all citations referred herein are expressly
incorporated herein by reference.

20
EXAMPLES

25 IN THE EXAMPLES

' A glass (designated as Y72 with an index of refraction of 1.49742) was
melted with a stoichiometric composition of NaAISi;Os and containing 0.17 wt-% of
Cr,0; and then cast in the form of an ingot. Cylindrical samples with 0.410" diameter
and 0.400" height were produced from the glass ingot. The cylindrical glass piece

30 - was wrapped all around first with single or multiple layers of 0.002" thick tantalum foil
and then with single or multiple layers of 0.015" thick Grafoil®. The sample then was
placed into a pre-formed pill made of high-purity graphite, sodium chloride, aluminum
oxide, or hexagonal boron nitride powder; and loaded in high-pressure cell. Graphite
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assenbly is surrounded by a MjO tube, 58, and by MO di scs) 59a and 59b,
whi ch are surrounded by pills, 60a and 60b, and by a cylinder, 61, made of
bl ack saMQ0258aphi te pins) 62a and 62b, are inserted in saCT/uysiide1and
graphite discs) 63a and 30 63b, seal the ends of the salt cylinder, 61.

Cer anmi ¢ PRWES! isaurafesrnd besbyseit és aarierdtotform tiee pill bnd it dassrrmt enalodaingt ency  of
hi gh- pre rydNi's cell design overcones nmany problens in prior art
degi gﬁs. %%:t&%géﬂgﬁéunq afoil (err) waps prevent reaction of the glass
material w t h T¥ereyindigehglage samplespeererarmealed zover grwighirarge Shpmessmer oves

the chemee o apmogRBilatu@(1bde biregh: ég R BUB0RIRUEY) boRuid' 2
non-uni formty of priror art. e W aps fireven
. 5 using a cell design as illustrated and described for Fig. 2. Typically, the process
starts with the reaction cell being pressurized to a set pressure of ~ 5.5 GPa. The
electrical power was turned on when the pressure reached ~ 96% of the set
pressure. Initially, the glass sample was heated to 700° C and held there for one
minute. Thereafter, the temperature was increased to the set value in eight minutes
10 and held at the set value for approximately one hour, after which the temperature
was reduced to 200° C over seven minutes. The pressure was reduced
simultaneously from the maximum set pressure to 3.5 GPa, at which time the
heating power was turned off. The cell pressure was held constant for two minutes
and then slowly released. The reaction cell was removed from the high-pressure
15 apparatus and jadeite sample recovered by mechanically removing the tantalum and
Grafoil layers. It was found that both siow cooling and release of pressure
significantly helped in reducing cracking and delamination of jadeite sample.
The samples were analyzed for jadeite phase by X-ray diffraction, Raman
Scattering, FTIR Infrared transmission, density measurement, hardness, and index
20  of refraction. The translucency and color of the sample were measured using
SAS2000 colorimeter. Examples 1, 2, and 3 are the high-pressure and high
temperature runs made using Y72 glass containing 0.17 wt-% Cr,Oa.

EXAMPLE 1
25 The sample (Y72-Ta-36) was annealed at 5.2 GPa and 1550° C for 1 hour.
The examination of the sample showed a dense highly transiucent green material.
The density of the sample was 3.30 gm/cc indicating that glass had fully converted to
the jadeite phase. The sample was semi-polished to cabochon shape with a
thickness of 2.7 mm. The index of refraction was 1.65480. The colorimeter

30  measurement yielded following values.
L*=61.2 a* = -55.1 b*=231.8
EXAMPLE 2
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a] c"a] ca]gtﬂ/}:ca]m] sampla e deva}poliios] @acabochon shape with a thickness of 3.3
mm. The colorimeter measurement yielded following values.

L*=50.9 a* =-56.1 b*=31.8

EXAMPLE 3
This sample (Y72-56) was annealed at 5.2 GPa and 1575° C for 45 minutes
10  without using tantalum foil around the glass cylinder. The run resulted in a dense
highly translucent greenish yellow material with density of 3.32 gm/cc. The sample
was semi-polished to cabochon shape with a thickness of 3.3 mm. The colorimeter
measurement yielded following values;

15 L*= 604 a* =-55.1 b*=315

The continuous spectrum of this sample is set forth in Fig. 14. Again, an ‘Imperial”
jadeite product has been made.

20 EXAMPLE 4
PRIOR ART COMPARISON
In order to verify prior art of sintering glass powder by DeVries and Fleischer,
supra, and Zhao, et al.,, supra, Y72 glass (sample Y72-54P) was crushed and -
60/+100 mesh size powder was separated. The powder was loaded in the high-
25 pressure cell and was sintered at 5.2 GPa and 1575° C for 1 hour. A sintered
compact was obtained which was almost opaque and light green in color. The
density of the compact was 3.28 gm/cc. The compact was polished to 4.6-mm
thickness. The colorimeter measurements yielded following:

30 L*=32.3 a*=-2.8 b*=3.2

The foregoing results clearly show that the solid-glass method described in
the current invention (viz., conversion of solid block of glass to jadeite) provides
superior results than that of prior art method (sintering and conversion of glass
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-1 MLO%&' ppwhikd @9Radeitdy Iz cbBiing Ja- gem quality jadeite with translucency and color

comparable to those for natural Imperial grade green jadeite.

EXAMPLE §

5 A cylindrical glass sample (Y71-L1) with stoichiometric NaAlSi,Og
composition, dimensions of 22.4 mm diameter and 10.2 mm thick, and weighing 47.2
carats was processed at 6.0 GPa and 1400° C for 45 minutes. The run resulted in a
white translucent material with dimensions of 20.3 mm and 8.9 mm thickness and
with a density of 3.32 gm/cc, indicating that glass was converted to jadeite. XRD

10 analysis further confirmed that the resultant sample is jadeite. This example shows
that large jadeite samples can be made using the solid glass block approach.

EXAMPLE 6
A glass sample (75-134-3) containing 4.2 wt-% Mn3;0g and weighing 7 carats
15 was surrounded by 0.015" thick Grafoil layer and then pressed into a graphite pill.
The sample was run at 6.0 GPa and 1400° C for 45 minutes. The resulting sample
was deep purple in color with density of 3.33 gm/cc, indicating that it was completely
converted to jadeite.

20 The following examples (Example 7-11) were made with SP1 glass (jadeite
material precursor glass block) having the stoichiometric composition of NaAlSi,Og
and containing 0.17 wt.-% of Cr,O;. The glass samples were in the form of cylinders
that measured 14.0 mm in diameter and were 7.6 mm thick. The samples were
wrapped with a single layer of 0.38 mm thick Grafoil graphite sheet and then with a

25  0.051 mm thick tantalum foil. The following results were recorded.

EXAMPLE 7
A precursor cylindrical glass sample (SP1-23) was annealed at 5.6 GPa and
1600° C for 756 minutes. The examination of the sample showed a dense, highly
30 translucent green jadeite material. The density of the jadeite sample was 3.33-
gm/cc, indicating that the glass had completely converted to jadeite. ‘The sample
was semi-polished to cabochon shape with a thickness of 3.3 mm. The colorimeter

results yielded following resuits.

35 L* = 68.0 a*=-563 b*=326
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EXAMPLE 8
A cylindrical glass sample (SP1-24) was annealed at 5.6 GPa and 1650° C
for 45 minutes. The examination of the sample showed a dense highly translucent
green material. The density of the sample was 3.33-gm/cc indicating that glass had
completely converted to jadeite. The sample was semi-polished to cabochon shape
with a thickness of 3.3 mm. The colorimeter results yielded following results.

L*=68.3 a*=-558 b*=319

EXAMPLE 9
A cylindrical glass sample (SP1-25) was annealed at 5.3 GPa and 1600° C
for 76 minutes. The examination of the sample showed a dense highly translucent
green material. The density of the sample was 3.33-gm/cc indicating that glass had
completely converted to jadeite. The sample was semi-polished to cabochon shape
with a thickness of 3.2 mm. The colorimeter results yielded following results.

L*=68.9 a*=-571 b*=319

EXAMPLE 10
A cylindrical glass sample (SP1-27) was annealed at 5.6 GPa and 1650° C
for 45 minutes. The examination of the sémple showed a dense highly translucent
green material. The density of the sample was 3.35-gm/cc indicating that glass had
completely converted to jadeite. The sample was semi-polished to cabochon shape
with a thickness of 3.3 mm. The colorimeter results yielded following results.

*=66.9 a*=-548 b*=32.8

EXAMPLE 11
A cylindrical glass sample (SP1-31) was annealed at 6.6 GPa and 1700° C
for 25 minutes. The examination of the sample showed a dense highly translucent
green material. The density of the sample was 3.35-gm/cc indicating that glass had
completely converted to jadeite. The sample was semi-polished to cabochon shape
with a thickness of 4.0 mm. The colorimeter results yielded following results.

L*=65.9 a*=-615 b*=37.5
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The results reported for Examples 7-11 are summarized below in the
following table.
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A jadeite material having a thickness, width, and height in excess of about
1.0 mm, CIELAB indices of L* > 42, a* < -8, or b* > 6, and a grain size of
less than about 30 microns.

The jadeite material of claim 1, which has an equiaxed grain structure.

The jadeite material of claim 2, which has an average grain size of between
about 2 and 30 microns.

The jadeite material of claim 1, wherein L* is between about 42 and 75, a* is
between about -6 and -85, and b* is between about 6 and 40.

The jadeite material of claim 1, having a composition that can be represented
by:

(Na, Alkali or Alkaline Earth)(Al, Transition Element, Rare Earth
Element)Si,Os

where, there is 0-0.2 mole of an alkali or alkaline earth metal element, 0-0.5
mole of a transition element, and 0-0.5 moles of a rare earth element.

The jadeite material of claim 5, said transition element is one or more of Fe,
Cr, Mn, Ti, V, Cu or Ni; said alkaline or alkaline earth element is one or more
of K, Li, Ca, or Mg; and said rare earth element is one or more of Nd, La, Ce,
Pr, Sm, Eu, Pm, Gd, Tb, Dy, Ho, Er, Tm, Yb, or Lu.

A jadeite material with thickness over 1.0 mm and an optical transmission
peak between 500 and 565 nm with an I/l, optical transmission ratio of over

40%.

The jadeite material of claim 7, which has a grain size of less than about 30
microns and has an equiaxed grain structure.
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9. The jadeite material of claim 7, which has a thickness, width, and height in
excess of about 1.0 mm, CIELAB indices of L* > 42, a* < =6, or b* > + 6.

10. The jadeite material of claim 5, which is represented by:

5
(0.9 Na, 0.042 K, 0.058 Li)AISi,Op (11)
11. The jadeite material of clam 5, which is represented by:
10 (0.9 Na, 0.016 K, 0.084 Ca)(0.926 Al, 0.084 Mg)Si,O¢ (12)
12. The jadeite material of claim 5, which is represented by:
(Na)(0.9 Al, 0.072 Mn, 0.028 B)Si,Os (13)
15
13. The jadeite material of claim 5, which is represented by:
(0.955 Na, 0.055 X)(0.9 Al, 0.05 5Fe, 0.045 B)Si,O¢ (14)
where,
20 X is one or more of Mg, Ca, Ba, or Be.
14. The jadeite material of claim 5, which is represented by:
(Na)(0.99 Al, 0.0078 Cr, 0.0022 B)Si,Os (15)
25

15. The jadeite material of claim 5, wherein Al is substituted with one or more of:
(1) 64 mol-% Ni** and 36 mol% B**; (2) 55 mol-% Co'? and 45 mol% B*;(3)
26 mol-% Fe*? and 74 mol-% Be*?; or (4) 31 mol-% Co*? and 69 mol-% Be™.

30 16. A method for making jadeite material having a thickness in excess of about

1.0 mm and total reflectance CIELAB indices of L* > 42, a* < -6, or b* > 6,
which comprises the steps of:
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(a) wrapping a jadeite material precursor glass block convertible by
HP/HT into jadeite having a nominal composition of NaAlSi,O with a
graphite or refractive metal sheet;

(b) placing said sheet wrapped glass block in an HP/HT apparatus;

5 (c) heating said sheet wrapped glass block at a pressure in excess of 3
GPa at a heating rate of greater than 100° C per minute;

(d) subjecting said sheet wrapped glass block to a pressure in excess of
about 3 GPa and a temperature in excess of about 1000° C for a time
adequate to convert said glass block into jadeite;

10 (e) cooling said jadeite material at a rate greater than 100° C per minute
and subsequently releasing said pressure; and

() recovering said jadeite material from said cell.

17. The method of 16, wherein said glass block has a nominal composition of
15 NaAlSi;Og and contains Cr,Os.

18. The method of claim 16, wherein said glass block contains between about 0.1
and 0.5 wt-% of Cr0,.

20 19 The method of claim 16, wherein said pressure ranges between about 3 and
6 GPa and said temperature ranges from between about 1000° and 1800° C.

20. The method of claim 16, wherein said time ranges from between about 5

minutes and 72 hours.

25
21. The method of claim 16, wherein said glass block also is wrapped in foil of
one or more of the following Ta, W, Nb, Mo, Zr, Ti, Hf, Va, Cr, Th, U, or alloys
thereof.

30 22 The method of claim 16, wherein said wrapped glass block is placed in a
pressure transmitting medium comprising one or more powders of graphite,
sodium chloride, aluminum oxide, or hexagonal boron nitride.
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The method of claim 16, wherein the jadeite material made has an average
grain size of less than about 30 microns and has an equiaxed grain structure.

The method of claim 23, which has an average grain size of between about 2
and 30 microns.

The method of claim 16, wherein the jadeite material made has an L* of
between about 42 and 75, a* of between about -6 and -65, and b* of
between about 6 and 40.

The method of claim 16, wherein the jadeite material made has an optical
transmission peak between 500 and 565 nm with an I/l, optical transmission

ratio of over 40%.

The method of claim 16, wherein said glass block comprises: 0.8-1.2 mole of
a Na component, 0.8-1.2 moles of an Al component, 1.6-2.4 moles of a Si
component, 4.8-7.2 moles of an oxygen component, 0-0.2 mole of an alkaline
or alkaline earth element, 0-0.5 mole of a transition element, and 0-0.5 moles

of a rare earth element.

The method of claim 27, wherein said transition element is one or more of Fe,
Cr, Mn, Ti, V, Cu, or Ni.

The method of claim 28, wherein said alkaline or alkaline earth element is

one or more of K, Li, Ca, or Mg.

The method of claim 26, wherein said glass block comprises: 0.8-1.2 moles
of Na component, 0.8-1.2 mole of Al component, 1.6-2.4 moles of a Si
component, 4.8-7.2 moles of an oxygen component, 0-0.2 moles of an
alkaline earth element, and 0-0.5 moles of a transition element.

The method of claim 30, wherein said alkaline earth element is one or more

of Ca or Mg; and said transition element is one or more of Fe, Cr, or Mn.
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32. The method of claim 27 wherein said rare earth element is one or more of
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33.

34.

35.

36.

37.

38.

Nd, La, Ce, Pr, Sm, Eu, Pm, Gd, Tb, Dy, Ho, Er, Tm, Yb, or Lu.

The method of claim 16, wherein said jadeite material has a thickness and
said glass block has a color center (impurity), wherein the color center
concentration of the glass block is inversely proportional to thickness of the

jadeite material according to the following equation:

IX1)1(X2) = X1/X2 (8)

where,
[(X1) and I(X2), respectively, are the impurity concentrations
necessary to maintain color and translucency constant at jadeite

material thicknesses X1 and X2.

The method of claim 16, wherein said jadeite material precursor glass block
has an extra 0.5 to 1 mol-% of Al,O; added thereto, which is heated for a
time adequate to cause precipitation of fine Al,O;, which causes said jadeite

material to be opaque white in color.

The method of claim 16, wherein said jadeite material precursor glass block
is heated at a temperature below the liquidus region for a time adequate to
cause a precipitation of a small amount of microscopic one or more of
nepheline (Na,O*Al;03°28i0;) or albite (Na,O-Al;03°6Si0;), which causes
said jadeite material to be opaque white in color.

The method of claim 16, wherein said jadeite material precursor glass block
has about 0.05 mol-% Ti and about 0.05 mol-% Fe added thereto for

producing said jadeite material which is blue in color.

The method of claim 16, wherein said jadeite material precursor glass block
has about 0.1 mol-% Cr and about 0.1 mol-% Mg added thereto for producing
said jadeite material which is orange in color.

The method of claim 16, wherein said jadeite material is represented by:

38



10 10 10sS8s109%& ()-!k  3) #109%& () - @=T>?A4CDLFxV4~\: 1
| Y&109%& () - GL! " Y&L109%& ()- GL! #Y&10% ()- Gl! (" Y&L10% ()- Gl! 1’ Y&10% () - Gl
@ Y&L0Y&WO 6 B0FNFOFPFQFNFGH -\ ; PCT/US01/46615

(0.9 Na, 0.042 K, 0.058 Li)AISi,Os (11)

39. The method of clam 16, which is represented by:

5
(0.9 Na, 0.016 K, 0.084 Ca)(0.926 Al, 0.084 Mg)Si,O¢ (12)
40. The method of claim 16, wherein said jadeite material is represented by:
10 (Na)(0.9 Al, 0.072 Mn, 0.028 B)Si,Os (13)
41. The method of claim 16, wherein said jadeite material is represented by:
(0.955 Na, 0.055 X)(0.9 Al, 0.05 5Fe, 0.045 B)Si,Os (14)
15 where,
X is one or more of Mg, Ca, Ba, or Be.
42. The method of claim 16, wherein said jadeite material is represented by:
20 (Na)(0.99 Al, 0.0078 Cr, 0.0022 B)Si,Os (15)
43. The method of claim 16, wherein Al is substituted with one or more of: (1) 64
mol-% Ni*? and 36 mol% B*%; (2) 55 mol-% Co*? and 45 moi% B*%(3) 26 mol-
% Fe*? and 74 mol-% Be*%; or (4) 31 mol-% Co*? and 69 mol-% Be™.
25

44, A jadeite material whose color corresponds with an L* value and a C value in

the ranges set forth below:
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Color L C

Green 45-75 60-75

Imperial Green 45-75 60-73

Yellow 65-90 65-75

Orange .50-90 60-84

Purple 30-55 60-75

Blue 156-50 60-82

5 45, The jadeite material of claim 44, wherein L* and C are as follows:

Color L* C
Green 60 73
Imperial Green 65 73
Yeliow 85 75
Orange 80 82
Purple 40 75
Blue 26 81

46. A jadeite material precursor glass block convertible by high pressure/high
temperature (HP/HT) into a jadeite gemstone having a thickness and wherein
10 the glass block has a color center impurity, wherein the color center
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concentration of the glass block is inversely proportional to thickness of the

jadeite gemstone according to the following equations:

Ci (X1)/C; (X2) = X1/X2 (8)

where,
Ci (X1) and C; (X2), respectively, are the impurity concentrations
necessary to maintain color and translucency constant at jadeite
gemstone thicknesses X1 and X2.

10
47. An Imperial Green jadeite gemstone whose color center impurity

concentration is inversely proportional to its thickness according to the
following equation:

15 IX1)1(X2) = X1/X2 (8)

where, _
I(X1) and 1(X2), are the impurity concentrations necessary to maintain
color and translucency constant at gemstone thicknesses X1 and X2.
20
48. The Imperial Green jadeite gemstone of claim 47, wherein the color center
impurity concentration of the glass block is inversely proportional to thickness
of the jadeite gemstone for a thickness of about 4 mm and a Cr color center
concentration of about 0.15 wt-%.
25

49.  The product of the process of claim 34.
50. The product of the process of claim 35.
30 51.  The product of the process of claim 36.
52. The product of the process of claim 37.
53. The product of the process of claim 38.

35
54. The product of the process of claim 39.
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56.  The product of the process of claim 41.
57. The product of the process of claim 42.
58. The product of the process of claim 43.

10 59. A method for making a material being one or more of a gem material or a
ceramic material, and having a thickness in excess of about 1.0 mm, which
comprises the steps of:

(a) wrapping a precursor glass block convertible by high pressure/high
temperature (HP/HT) into said material with a graphite or refractive

15 metal sheet, said glass block being one or more of a silicate, a
germanate, a borate, or a phosphate;

(b) placing said sheet wrapped glass block in an HP/HT apparatus;
(c) heating said sheet wrapped glass block at a pressure in excess of 3
GPa at a heating rate of greater than 100° C per minute;

20 (d) subjecting said sheet wrapped glass block to a pressure in excess of
about 3 GPa and a temperature in excess of about 1000° C for a time
adequate to convert said glass block into said material;

(e) cooling said material at a rate greater than 100° C per minute and
subsequently releasing said pressure; and

25 ) recovering said material from said cell.

60. The method of claim 59, wherein said wrapped glass block is placed in a
pressure transmitting medium comprising one or more powders of graphite,
sodium chloride, aluminum oxide, or hexagonal boron nitride.

30

61. The method of claim 59, wherein said precursor glass block contains an

impurity, which is one or more of an alkaline earth element; a transition

element or a rare earth element.
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62.  The method of Claim 61, wherein said impurity is one or more of Ca, Mg, Fe,
Cr, Mn, Nd, La, Ce, Pr, Sm, Eu, Pm, Gd, Tb, Dy, Ho, Er, Tm, Yb, or Lu.
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