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Jadette is a high-pressure polycrystalline mineral with nominal chemical
composition of NaAlSOg 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
25  black. A specific green hue is associated with “Imperial" jade and has been highly
prized since its discovery. The colar 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
_30 ~ 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.

1




1 14 June 2005 WD 02/48038 PCTRrs01/ 46615 A nuch small er nunber of reports
describe attenpts to produce jadeite in genologically valuable size and
quality. These reports reveal that |arger jadeite sarrpl can ﬁﬁ%produced
wi th nom nal mneral ogical attributes of density, refrac ?

har dness, aggy&hxst al | ographic structure. None of these(F]

quantitatively 5 describes the product or clains to syn]t) esi ze 3 nperial "
grade]adl I t d | S tic jadeite
cat egori cgl gcgt%tdué}? nun{b@ﬁ of”%?)Bnad%%é‘c‘,nb? ?&%satho %ﬁu% Qé h@hl gl ey and
Nassau, (8&Pelogiealy dalughlg %@r@@d Rualiihi dhese, repsan%mwl et iemer jeiter al

Electric %ﬂ‘ﬂﬁlé’@&drﬂbe]@ﬂﬁudea WJth%ﬁ%a&mﬁéFﬂHgRﬁy attripRdsng d@ﬂﬁt?/; reffstivé 7- 35) 10

rovi ded t nmost co Iete I | uat.i.on of s adei te.
oy 1o ol FRRbess AR Sixmtale R e e St uaiatiek o e
genol ofi sdsscfiigasrite ptchhrbt oihdaigy e hetthesizad trayerial® graﬁerjed@teedoriaanathel y jadeite
d . t
e rrafﬁé"@%%iﬁ'?‘%"é@ ERATHER, of SHRAE, bUaL: AELEREN Khie MR mEns) |2,
expect ed W"Méﬂﬁﬁr"&?aﬁhﬁéﬁte Sanples up to 2.6 carats in weight 15 were

descri h bed. Thestagksyharics Nabsi, (mﬁli Nadsad ahhafﬁm\éﬁiﬂ esrﬁdlé;s “hagiedyt &, thé can Ibe
consi dere t t the | ans t, al npst
&%,%?C{P ﬁ?&% bgrf]the .{ad%?es’ r(;“%\r/n\ﬁr@ é: phologtyr Bgn ﬁgéf %Jr'%%?

~ transparen quali kno jadeite',"
and s crptidad thﬁ@qsb@@mi%tp ggmologicalrevalyatipnf awﬁmticuadaﬁpaq’b@ repdthe aut hors

attri but egh ¢dVeral Qﬂﬁﬂbé )SrJdQcéch% H%ﬁﬁ%@&ﬁe BlocsdBsNOfheCoutdidtidifouid Of gl assy
l.or was ¢ ncentrated in distinct

phase. furt
areas pr Bg%/tab?@yngwenmqt?r@ge YR (ﬂ’redOE)‘F‘é‘fﬁ?}*l jgfeite gnddsprofiied thegiemicd cr acks,
unexpect ewbhripositien, cafrdctive index, slengitgninfrarad fs@afdtrapmlraysﬂrattaga,s funtesaenadgnusual

reflecti Va%dmagﬁggg/:&e@,'éxggmeégwrﬁmra é&%ﬁgcg (;l‘é&bg%gs% 4.9%@{160' the

synthetic pro rom HH hows the
| ack ©f U¥E'e Haspilkpd- ché"@k?'HBOfSaﬁéP d‘ﬂ&?fqdy “?ﬁt while g é?qeéP-s ‘@abriat ed by
Shi gl ey. c3hsiddrad t yam prblerieitit afbes DeMT maghati Mighiys Ql‘tﬁélué@l&Vbln&fét and

Fl ei scher, t,hesi f deite for Je hn| » ormati on
Seri es, éfnfﬂ%&a‘Bgﬁé@ééﬁ;wiagd's 'Sé’WPl 'Qst;] \Aﬁacﬁlé'l sf’ﬁ% e@?r af’n({:{esearch '
Soci ety Sigapibepthecmalggal g2 'sepiragdeniQe opaq@ss ThEI%lﬁW%aﬂF@Gﬁeérﬂaﬁe Pub.

Inc.), \tﬂkﬁgattﬁﬂyctﬁqaéfﬂ%ée)ﬁc?)éﬂfahﬂﬁnbﬁ 86hdeAeioh Ebff rqua&,%y %Jhﬁse m%@y ?dmer 17 %/eggs
ago, qote e 0 ca usef u y 0
el PR cioId oo FEEm e Py GG S8R 0% ROTOTE SRR s s
linited Bgrastia” gppewense ofamelagsirahhel umaxbeded dracat@ntaatinantd, aoogaphs in
their r e@ﬁﬁ&rﬁ sehd, BhE 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, Malerial Research Society Symp. Proc. Vol 22, pp. 203:207,
1984, Eisevier Science Pub. Inc), who successiully 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 descﬁbe non-uniform coloration as “mottled” and
““mixed.” Radial inhomogeneity and lateral cracking limited the size of gems that
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powders (-60/+100 mesh size) were placed in a high—pressure cell in direct contact
25- -with the heating element. The powders were sintered ahd anneéled 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 atiributed to_the large volume reduction during sintering of
30 glass powder into a dense jadeite sample. The packing density of glass powder is
"+ -only ~60% of theoretical density of solid glass. Further, the jadeite glasé phase itself
has just 74% of the density of the crystalline jadeite phase of corresponding
Cémposition. Hence, sintering of jadeﬁe gla'ss powder to a jadeite crystal resulted in
“very large combined {60%) reduction in part volume during high-pressure
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' BRIEF SUMMARY OF THE INVENTION
" The invention is a man-made jadeite mineral that simuitaneocusly and
quantitatively achieves the color, translucency, uniformity, and finish of rare
| ~25. . "lmperial’ jadeite. Unlike prior art synthetie 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. Additiornal'l-y,
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 microne, and often less than about 10 microns, and is an equiaxed
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20 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 atticle, cited‘above
25 Fig. 2 is a schematic cross-section of the high-pressure reaction ceil that was
| used in the Examples to manufacture the novei jadeite;
Fig. 3is schematlc of the set-up used to characterize jadeite samples using
a spectrophotometer;
Fig. 4 shows the a*, b* chromaticity diagram;
30 : 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);
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15  of Example 3; 7
Figs. 158A, 15B, and 15C are phase diagrams for NaAISiO,-NaAlSizOs 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,
'there_by coloring the crystal blue. '
The Figures will be described in more detail befow.

25 DETAILED DESCRIPTION OF THE INVENTION
' Manufacture of impetial Jadeite

“Imperial” jadeite is highly valued not 'only for its inherent beauty, but also
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 1o distinguish simulants {ie., simulated jadeite), nephrite, and
“ofher 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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di stortion and roves € consi stenc e process. The
sol i d- gl (g%tortion and improves the consistency and yield of the process. The solid-glass

methpd. 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 jédeite.

‘ The consistency of the starting glass provides the desired uniform coloration.
The starting glass advantageouéiy. 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;COj;, ALOs,

~ '8i02, Crz0;, elc., in the desired proportions and casting the melt in th‘é form of an
ingot. The pre-mixed powder couid be made by physical blending of powder
ingredients, pre-reacting some of ihgredients before mixing, or by sol-gel technigue.
“Solid blocks of glass are fabricated from the cast ingot.
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K, Li J0CagelemgntiBee,9.0Ca. Makhend §-04f males qfraaﬁmsmpmelemeet@n{te(gs.)lze( &rg., Fe;—Cr,
M, Ti, VpeNi, or other transition elenent), and O- 0.5 noles of a rare
earth el enent a, .Ce, Pr, Sm er arth el ement).
Preferred raw ﬁiﬁ?‘dsf | ﬁﬁﬁéa%g?’ ﬂ%‘%ﬂ' ﬁ?’ﬁa"%eﬁé“egi'%{g'ea'&‘a&@ﬁr&oﬁﬁﬁmpaﬂ%o" Withs. 1. 2.

" nol es of addda iopnyit@mse it mirGrdegy. i@ mindiagy, bk jadeitAipradocipan detreprésemtetl 4 nol es of
an Si cogpapght-, 4.8-7.2 noles of an oxygen conponent, 0-0.2 noles of an
al kaline earth 10 el enent(s) (e g., Ca, My), and 0-0.5 noles of a
transittion el e t%‘i‘% (e.qg. The_product jadeite, then,
conprises the all NQA é’k?'w c%ﬁ%@i"tlﬁﬁ”%i%h Elepertd Rasurkathes- 1n

m ner al ogiletrentyBp0 ogy, the jadeite product can be represented as follows::
(Na, Al kali or Al kaline Earth)(Al, Transition Elenent, Rare Earth '

El ement ) Si 206 WAGE hdr@ Y 6-0125mBe Bf %n AT oPEIinﬂleaéaiﬂﬁlrﬁethelé}héﬁﬁ‘l 6-p% earth

~netal 2@3| enment , mbre@f B 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

25 placed inside MgO cups, §5a and 55b, which then are inserted in heater assembly

consisting of a graphite tube, 56, and gr_aphite ehd discs, 57a and 57b. The heater

assembly is surrounded by a MgO tube, 58, and by MgQ 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 pilis and graphite discs, 63a and

. 30  63b, seal the ends of the salt cylinder, 61. Cerarmic rings, 64a and 64b, are added to
the cell to improve consistency of high-pressure runs. 7

This cell design overcomes many problems in prior art designs. The Ta and

Grafoll® wraps prevent reaction of the glass material with surrounding cell

components, viz., graphite. This improves' the chemical homogeneity of the final

35 product and avoids the radial non-uniformity of prior art. The wraps prevent
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crystal s gehg'WehRaHE 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 trenslucency of the
jadeite. The appearance of other phases also may degrade the color of the jadeite.
The combination of siow 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 't_h_e view that




and, thus, mnimze the final crystal sizes in the jadeite. Anneal tines
range from about 5 mnutes to 72 hours and correspond with the above
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and cqlor ord systens. The nost precise and intuitive systemis the

Cl ELAB col967™® ﬁ’B?atr on where . the color and clarity of jadeite is specified
with a.series of nunbers, e.g., I _* R51, a* 10 = --40 and b* _ +33. The
col or ~andtht dpsliueency of a genstone has four nmmjor variables, nanely: (1)

~the light “source; 32) the colored genstone itself; (3) the observer and

(4) the geomet s COMMigsiaRniniesnationela e FEaRiasg. (CHF) desidnelpdsilunigaitabl es nust
be st andabéb zsdhs diurirtaat thahemosdlosuly bpgrodaed nohh&a idayRihs ped i theat i on of

the cohor aRREAH FiGicfor bfstones. Other iluminants can be used if adjustments are
later made during color measurement for their non-standard spectra.

llumination and Viewing Geometry

_ Color measurement and specification are technologically well developed and

25 rest on a firm scientific basis. The best system, the CIE measurerrient system, is

~ based on the speciral 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 gemsione 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. | o |

The standardized spectrum then is analyzed according to the response

“speciral function of the three-color rece_pters of the human eye to determine what

10




15 genstone. The Il lum nant The Conm ssion Internationale de d' Ecl airage

(G E) designated illumnant D65 as the illum nant that nost closely
approxi mates northern daylight and is the 20 illum nant 1%UR$QPG§ for
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speci fyi ngpecimens. 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 Jmperial jadeite

and similar high grades of jadeite is the transmission mode.

25 To characterize jadeite in a scientific manner, a transmission méthcd 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

ifluminated 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'-incideni on

specimen 10 from all hemispherical aﬁgle’s. Just beneath specimen'w was an

optical fiber, 20, which collected light that had been transmitted through specimen

1 O‘, The col!géted light was passed via optical fiber 20 to a spectrophotometer {not

11




an objective color for the genstone, the geonetry of the illumnation and
viewing 15 system also nust be given. The color of jadeite, nost of which
is semtransparent, is derived both from reflection andﬁuﬁm Eg i on.
However, the color of a few types of jadeite, such as blac adel te,
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simlar grades of jadeite is the transm ssion node. 25 To characterize
jadeit@ in a scientific manner, a transnission nmethod was sel ected where

t he j adei trae@@l@&@cb,@bmeen the illum nant and the viewer as shown in
Fig. 3. The spegci ntered platform 12, inside an
integrating sp Qﬁ%g%m\,ﬁf\tﬁﬁ“@p\%&tﬁ@gm t"’@s EgnRdd ob %""thl%‘i‘c 3P ng sphere
14 was i tdappeardbgidal by thee hungdnt eys and begin. 1Big. wshols vmsL atht chrbmdtmmct vi ew of
speci men 4okl gﬁhe ﬁ;sf rl."”h!ill:ﬁgg how %@Eteda}lguvgﬁcirn%@e’gt qghé’scﬁ@és {?\gt ed between

dlfferent ar eas Ite’'m I'nterior I'ntegrating sphere
14 solf halighiness Pﬁ @Pﬂf%%&d ‘1‘-‘H€§ H‘é!ﬂ?'aé‘h Odtp aditerEnt 08 wipealy HniformsiAPS pher i cat-

angl es. Jmtohmahmmmemerrhwtmaﬁvm% @mth’ﬁaiesﬁédﬁ%ly tr?é)ap whésth col | ect ed

light tha e Qu peci nmen oIIected light
was asse‘]3 J\}?gf %%tq? r{gﬁhs\%@u%w%g, 0§ %ﬁe@f GPERHET 831855 c}er'(‘?ﬁo’f MY 4 June 2005
VO 021480138 hpaam B%@!ld HearEsral h@wn%swﬁéledoralh@esqse’elcn’@n Adoen weisg det er mi ned

fromits &nagsideessi esﬂe%mm red G JPQINR G 8hmb FRlel UiGRE, dgeflaf or this
pur po was the SAS2 % %aphotometer Anal ysi's System made by Adamas

Genol c%{?erl_%fﬁ(?f’ﬁ?mcﬂ?rs Y.iafumagganng gee O*Prm”ﬁﬁyﬁ@“‘tﬁ? Br Di agram
The Cl ELABlgjmht@esmultmfresusmaalo kdtiecagdayetiova sisd esd gppmtientocolves. biatdontpastci se and

Lo apbears, gk Gbokdit COEBERTGTYa JOMPLA B oEbles 4 Al Bont” 2" "

chromaticity diragram ndi cate a speC| men

is. It deog s a? i oR99es. JRE 7BY ?'L@fasa'"cﬁ*lr@?‘s e J&‘Fl‘glgbf‘l? §iA9AMack = 0 to
white = 1eKesixivantsgeabl the uixistentcenos bifeBent colors to make a unique diagram to

20 specify ahy color. The opponent colors of red (+ direction) and green (~ direction)
are plotted along and on opposing ends of a second orthogonal axis labeled 2*. In a
'simila\_r manner, the opponent colors of yeliow (+ 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 CIELARB diagram also was carefully designed so that equal distances on

- the diagram correspond to equal hue, saturation, and lightness changes’ és observed
by a human eye. The lack of correspondence between distance and perceived color

chénges was a major flaw of previous color diagrams. The difference, AE, between
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of colorless gray in between. The other two axes contain, respectively, the
opponent =~ colors of red-green and yel |l ow bl ue. The idea of opponent colors

derives fromway the human eye and the neural networks f45u§ sBhRI N
perceive color. A human being cannot see a single hue as both red and

green at WhgosaRe tine. Hence, red and 15 green are opppREMeS&LPrS.
Simlarly, a human cannot see both blue and yellow as a single hue

S1 Tl {205k ore Bl AR Sl e ARRANE M 301 AlcilhyoOnt 25t

to these opponent co e SESR ae R di i ngl e hue

at the sa?ﬁé'y'f'ﬂ'fﬁpa’ﬁ“ﬁgﬁfe@ﬁa'ﬁg@gm red and blue as in purples, etc. The
Cl ELAB di agram takes advantage of the existence of opponent colors to make

a uni que di agram to,20 EQ&QLBM&Q, ?&/"ﬂﬂ or. The opponent lors of red (+
directikon) and green (- directi o% are pI otted al ong and on opposi ng ends

of a Secorﬁ &J}Q?&"aglthea%%n?e WE‘%E%Q@ PT%JCL{EIJ}I?§ J3BNGE, Lhe opponent

col ors of rectio are pl otted on
~.opposi ng ends of a‘&(‘fn orf Roganal axis IabeI ed b*. 2élhe center of both
the a* and b* axes here is nd col or, just differing sh des of gray as one
nmoves (PP ZRere@Nd down the L* axis. Myvenment towards either ends of the a*

- or b* axes co(rjgegpqrg;leﬂwth an increase in the intensify and saturation of
the color. Because all ~ colors can be made up of m xtures of Irght dark

(L*), red- gre (a* nd bl u e, '
Catirarron sothelfinde dRngheion s ¥aes Meintte e PR estlsfay Al 50 The
Cl ELAB di agjwraaﬁtaatm ¥iess germstene likey jadeisi. gt del seroetintest meguednveliigitandes on  t he
di agr a4 ceger..rrﬁpaacbt\ers%gl@h Jkueanﬁarswnata.émam%rﬁeﬂ thghhneéas%%ﬂees as

observed g hunman eye. corres ence between di stance and

" per cei ved?d IadP’ee&'fa?f&&‘ahﬂggfémn'ﬁ}hﬁrmW Hikrtere %Pé?r%@r‘@v €1 98 "floRr ans. The
di f f er ence/b*Alas teeh weeny ¥iked ds i isnveth20P&ia\Crébd/jdditd5> PCT/ USOL/ 46615 two
colors | ocated at random points on the ClELAB di agram can be cal cul ated by

app! yi ng the Pythagorean Theorem 5 AE _ (Aa*2 + Ab*2 + AL*2) 1re (1) If the
col ors ar&eccgs ‘ i/ rg B g , i.e. AL* = 0, Equation 1 reduces to

AC = fAa*2 + Héﬁa)slém*(cah v&@ m«heo ® 100 and &* 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 wili increase. However, at the same time the added color will
reduce the transparency of the specimen so that L* will decrease. Consequently, not

alt 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 Colfecting 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
Jeft of the curves are achievable. For opaque gemstoneé. such as black jadeite, the
opaque curve is valid. For transparent gemstones such as biue sapphire, the
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C=(a"2 + b*2)h12 (3) The single dinension, Cindex, facilitates the
bal. ance of translucency and color saturation of a genstone |like jadeite.
It is sometinmes nore convenient and 15 useful to plot L* \@jﬁg&o&sl n a

t wo- di nensi onal di agramrather than L* versus a* and b*

t hr ee- di meRgipRads di agramif the color m xture or hue a 16301)46? t he
rati o of a*/b* has been already fixed. as it is with rrperlaf 5Gre

jadeite. %%%rﬁ'dmﬁe)’ls' Bortthing/ T'Tgé‘ %ﬁ' ’Z:?V R %Q lﬁgﬁ%ﬁﬁmhgocan vary

fromO to 10 a* and cah in range from 0 to 1 one
mi ght t hi FRMPIREIONGHL” @?ﬂwf@t Eanybe,obtsinpia 2y W@Hymﬁanvgoﬁace of 100 X 100 X
100 woul d be accessible to real colors. However, L* and a* and b* are not

mdepende%e\é@gﬂ%;j!sﬁwaé kgl,Eey m ght first appear. Consider a genstone that
is color y transparent with L* = 100 and C = 0. As col or
i s addéd to 25Betpsgthegtimtion i€ opnddméchprinesaiewittHaveitesr thedimitelinmssame time t he
added col @F yphld forrtﬁ‘éiﬁﬁé‘reﬁth@e;ﬁgt&!é%pcﬁ&ﬁﬁ&%t"éol&r@% SREHd Bstsﬁte&é},@t L* will

decrease. Consequ tt of ‘the ree i mrensi onal col or
Space < IROUTG B! IR, SEmoesn i TRIBERTESoTte 14 G ohNbs . Hence,
in real geostsdnasiingogreen, nahdtedydlinwan yeduidhasrangee giawm, ghayt Rvérver, remdi num col or
saturatio A ; PR \/ I ther. Fig.
5 (Fi ure%ﬁ@“ﬁ@*’e WEh B PohEARERIGRE I SHdl ¢ o R0 IR 1oL

Hof er 10 As hP#astngrineselagiisog i?@fﬂ@n mo¥pphen ml %%Md’fgssd}\lewcw\bs Wit h-

three cur w@)(lﬁmo%ss‘zﬁb 1Lo)NdHows YpivR 125 sTAmsRBuRRE R IowCRE Ve 24, and
Opaque Ganut {) Qg il 1ustrat 3%5‘! respectively,. the dependency of L*
and C on°@8%h oA RITRe P I8 (- b*) for an ideal, an opaque,
and a trans par‘ﬁretmtﬂfo spentdcolar g@ditomas Vi the carhisiedSiabximaini \mﬁt‘o‘ccﬂm@nd

t ranspar o, th h u

achi’ evabfggﬂsg%re qﬁpbg&gggrg%{m?%%g%nh th% rg%ht %’"?J E]OQJ tf ?ea(;ﬁ ‘E%ﬁe g%)gque curve
“is vald d.erspls r@ﬁérﬁ?%ta gitsmist Bnis aion with @mée@@smﬁﬁr@ aphd-"$3 14 June

2005 WO @Qhé&%?ﬁﬁh%@ﬁﬂéﬁ@ hose birtAdglRaNk Bilitve. CIHAERe w&h ek bﬂala{érng The

bt a1 med el sl oo Crgh pETEEE BiiReriR OBl o dreP e ause  he-
i nvent i orwift ba'@omércnbcs Py $’rt1¢twbt§n b7 B apcitits beween 6200 Orargeijadeieon L* and
C for tramfRaye d%l&?é S bBiwedh chRLEMN 198 /HR R ER-R) lid?&\e ﬁ&%ﬁte interest,
recogpy zi I’l ;E\vrcleagoo co gil'sta?Cgs wgerkeGS& f.'[aendt Lr*%nbséltvbjé:e%n:itﬂ-%ndBlge ;adefte W:ﬁl variety of
Vi vi
have good colors at a C's between 60-82 and L™s between 15-50. With ali the
above colors, the maximum possible C compatible with the maximum possible L* in
the ranges given above will give the most vivid transiucent and best appearing color.
For example, theoretically green jadeite will have its best color at C of 73 and L* of
25+ 60 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 Qood colors at C’s between 60 fo 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 G 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. ' '
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colors including green, white., yellow to reddi sh orange, brown, gray,

| avender, and reddish-purple which is sonetines referred to as blue. Fig.
6 (Figure 7.13 from10 Collecting and C assifying D anon ﬁ 2@@phen C.
Hof er, Ashland Press (New York, 1998), |SBN 0-9659410- 1 fi typi cal
L*-C satur i rves for yellow 28, orange 30, green 4 purple
36, and brﬁéo%%mﬁ#he nost spectacul ar gemstones with theéﬁgﬁ%ﬁggd maxi mum
vivid color and transparency occupygieg ons around the right-hand nose of
“each curve. For 15 exanple, good green jadeite is in the region with Cs

between 60-79 and L*'s beté\ee LA9-75 the rlgm-nand nose f the green
curve. Jadeit%owrth elth %éte % (?‘rall st P ¢ Cer Cs wll be
| ess appeal i fg=—to—tte=h n“ar. S Acrammacie ad:"{—a'e Fob} eﬁ,£ godd col ors at

C s between ¢ and L* V\een 6 ang jadelte Wi II have good

colors at C fl%%‘%vveen 6C-8f%g}r?d L* %B(%Swem 50%9 Rur pl-@ jadeite 20 will
have good colfors at C s {between q0-75 and L{'s betwegn 30-55. {Blue jadeite
will have gobaresel Giegndt 45(5s Het weB7360- 82 afll L*'|s b&Bweerd 15-50. Wth

all the aboyé corors, 1he maxi mgnTpossTbter€conpatifbte—wr-th-{t he maxi num
possi bl e L* §Nelidwhe rangdesggiggen jaboggsmi | | | gi vgst he|nostgvi vild transl ucent
and best appée akd ng col-on- I:nl’ﬁ‘)rar_‘qg_l_e1 thebreticall green | ddeite w |
have its bes r at ,”é § L* of 25|60 just at the node of the
curve shown O?EI%PQ ob d eé?)'g?)rs are M xtufes 8f the basic- -
col ors gi vent above. For exanp Irrperi al Green jadelfte 1s acfually a

h a #ilie a

m xt ure of 6§P@%9green <ind3@'557% yel 6&W6w t Hgl e7b6f 1%0 degrees.

The | nperia—Geemrcotpr—wti—have good—c 60 to 73 and

L*' s between Blﬁé 75. The beskgl nperiglgsreep coyor W11 gecurjat C of 73
and L* of 62L _hel ow displays thel range oflconpatible L*'s and

Cs for the go EStL BrhPest kingtiophare gt indrpendent, ot cathesrese di scussed above
for jadeite. e“&ﬂg‘?"ﬁtf’ﬁﬁac 8%f-e 1 gives the conpatible L* and C of the
best c®8l or f_or each coI or, i.e., that conbl nation of L* and. C that occurs
at the ri ¢gatates P izeganmut curves of Figures 5

and 6. 1414 J5aR 12098 IDCRPARH R HERRAACH Honchii, fen b ar Co00. L

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 totai 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 & logarithmic manner to light intensity. This logarithmic respenrse, 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 milion. The CIELAB diagram was
constructed so that equal distances on the diagram correspond to equal changes in

20  visual infensity 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, respectii/eiy, of the transparency and color intensity

.of a gemstone. Although transparency and color intensity do vary exponentially with

15




Good C Best L*Best C* Ran eRan a G een45-7560- 756073 | nperi al

G een45- 7560- 736573 Yel | ow65- 9065- 758575 Or ange50- 9060- 848082

Pur pl e30- 5560- 754075 Bl uel5- 5060- 822681 * Best L* and Best C cqnbi nations
are not independent, but rather are dependent on each ot1l4e’Ff‘e%‘995f ation of
t he Col or slucency with Genstone Size . Both L* “dependent
on the thi?@%gggso%;f a genstone, which has a wuniform boﬁ‘?ﬂg%"ﬁé‘?‘?f’ec w | |

i ncrease W [ . |.S ' : : r fvid and

ot ur at od ekhekg FENERN 'S} e yahipeith 3ho Neloh iRERMTL T 10 Shnce
since a t Hakraronlyaidst imaahhvth thigkness &t ag fodawsor centers than a thin genstone
of the sane body color. L* decreases with thickness because the clearness
or transparency ofcihe,gengfone will decrease with the(gyncreasing
absorptsion by color centers or scattering centers in a thicker genstone.
Because | i ght absorpti=am, (¥Ny eases exponentially w th t&hi ckness, one m ght
at first think that L* and C would 15 al so vary exponentially with the

t hi ckness.whdmyever, the human eye al so responds in a logarithm c manner to
i ght intensit g, anthCsaledigmedldarirend response, for exanple, is one reason

t hat V@ can seé*sudh*zerattddransingancies, resmacivelyn ot demstingh tof Slcknedsoge

i ntensities vaeryd Ky hever a anifoare body aflorand trandlldenty. The Cl ELAB di agr am was
constructed so that equal distances on the diagram correspond to equal

g_hanges !m/aa&ao\ﬁi&@aqbréﬁuﬁaﬁga&c\éanmmglamﬁ CoReeHirfdn, Wor ds, tget C ELABl
iagramis a lpgarithm c diagranrequal, di stances, corfespond, to equa
ratios in int eﬁ%‘? PEIERCt ogipgipRe gr%ﬁf"hﬁ%*%ogﬁ(ﬁo@' ﬁﬁea‘?do’@%ﬂs[“f’ Vel me€ur es,

respedsi véhaar funfcidriseof tiieaospantetioy, laotimpolitg rcolontetas ry theafensta@enst one.
Al t hough }E{ﬂ%ﬂ;par ency and color intensity do vary exponentially with 15 14

June 2005 02/ 48038 PCT/[1SOL/ 46615 thi ckness, the logarithnms of the
transparency and color intensity, i.e. L* and C '
Co=al ] (6)
20 Le=p 7

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

25  For example, the color of Imperial Green jadeite comes from a smail amount of Cr
Impurity added to the jadeite, NaAISi,Oe. '

Impurity Concentration Versus Thickness for the Optimum Color Gemstones
If one produces a gemstone, or specificailly a piece of. jadeite, with an
30 . optimum translucency and color of L* and C for a given thickness X, how does one
vary the impurity concentration, 1{(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
6 and 7 into 4 and 5 while holding C and L* constant, respecﬁvély, both give:

35 . _ .
X1)A(K2) = X11X2 . . (8)

JXDAK) = X1UX2 o ©

40 “where,
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values, only vary linearly with thickness X, as follows: 5 C =C2( X1l X2) (4)
L*2 = L*1 (X11X2)(5) where, Cl and C2 are the colors, and 10 L*i and L*2

are the translucencies, respectively, of genstones of thiigkpngsSedd and X2,
havi ng a uni form body col or and translucency. Variation of Color and

Transl ucenvowidstssl npurity Concentration. In a perfect oRABHMMEs¢d yStal, the
body col or, Co, and translucency, L*o, are 15 linear functions of the

concentration, y&q) ahd i@ EdpechRly0 breCRBLiRSrit) bohbtrafingt f08ssafy td adei te: 20
where, CO=al(6haifair cBiol bAd hnduceRé) Ebrel=t BOHShaBRE thickhadss Xt Garddhe speci fic
I mpurity and gemstone. 25 For exanple, the color of Inperial Geen jadeite
cones froma small anobunt of Cr inpurity added to the. jadeite, NaAl Si 206.

| mpuri tsy %ﬂﬁﬁéﬁé@,%‘tugg%&é%gﬁy@%Jmkgsﬁmﬁ%sw én@cgp%%%aharm?%mones | f

one produces . a gens! ; ecifica a prece o ite, wth an 30
opti mum t PAAS thekicly rasabieatootbian the e SeMEORPPATRGE FRIAT BRY ERPRIERY X, how

]goes one ltmaélucehgyeiri @@Hﬁt?rﬁ@é FUBEMQLsiARL i0fhe tHakbed Itﬁéahtﬁnﬁé(bo@} edrf i es the
unct i onal. enaenc . . rit (0] entra (0] on t he SpPEeCI.ITEN
koo apdl TREESSEE, Wi g L Pk e o S A beB e R ROE Y f o &

di f f er ent gemsiokeeme M@ helve tthe inporily fcobmmirbiion® mé@ntamdhg samé goldr &nd 5 whil e

hol di ng C * constant . - . i ve- |
| ?x1l) Plg( xa@ %%}@248) ﬂ?’%(‘l)cﬁ’ﬁ%s?%ﬁt&%é1&@?%@'%&%&adfﬁ%gﬁgso%%\r/% 02/ 48038

PCTI USO. t 6 BIR5UFSPi1Y AW Jpdste) is Pl pRbimizgd] (pr tee SPRBIONensiAS; (P
concent r athigkngssie eeisadysire® 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 weil
as an overall Pythagorean-weighted translucency-color L*C wvecior for the
gemological samples. Because L* follows Lambert’s relationship for thickness and
'trans_parency, 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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mai ntai n color and translucency constant at genstone thicknesses X1 and

X2. 5 Fortunately, both equations gi ve the sane answer.

One can see from

Equations 8 and 9 that it is possible to obtain the exagy gasepgpparent
translucency in genstones of varying sizes if one

col or and appar ent
changes t Rep baMssignsi ¢ body col or

I f one doubles the thickness of a j adeite
i mpurity concentration to naintai nfAgg sane color C 10 and sane

transl ucency L*.

one nust

.and transparency W tpcsisheaes®r -exanpl e,
genst one,

hal ve t he

Oonsequently NQtMQJ:gammsemson of a jadeite glass used as

ne size

t he precursa =

(i.e thig e desi the inpurity
concentrati g cut.‘sor mai ntai n the
sane col or (and—transiHeensey #al G een
jadeitefor he
concentrati g G b . Werght—Jo— e arre—-aperi al G een
jadeite col gr and trfs%l UCeRGy —5'93 caBQ(bcthﬁéggt i's 63:{%’8 thiick, a
precursor g| ass—wittr—ont fatrfthe—concentiatron—¢f ¢oncenfration, i.e.,
0.12. weight-% ils fpguilr od g Fagpilong 8 angy 93 . TabI % tabyl ates the
appr oxi mat e fwhotegate—vatiue (U$ Dot{ars~per—caratj—as 21') estimated by a
recogni zed genal odi cghg | dbgs at dryg 4 andgly* af b4 8md| C i rgh ges, s well as an
overal | Pyt Hagorégn-wei gited tfansliicency- col"or LjC vector Tof the '
genol ogi cal ﬂsalspl gs. 2iecquseiL]-§o1 | ong.4lambeg.tos|rel atgigmshi p for

t hi ckness an rem_sﬁzﬁrﬁﬁese natarar -1nperial- |adelte sanples all
had maxi mum t hj,cknes bet we 3,0 her . cql or space neasurenment
Systoms are rolBgRFFLarsRtr e feTHne 2 BRbe e Blghetadinet BAIT9 B val ent )

W th the &.Bhig treesignenesrent dargé hegative 2008, \WRrG2/gt808 :neGhivdeBdiely46615 TABLE

2 Natur dejt t la* * * 2
1700063. 4 aﬁ’%’ggggb ?%‘5%%5%’@9 A %ﬁ%gsgtggt Ag_:;étl'#é ngst 1n%o\l%9{ Qefnagfé féildwd 2)

3100069. 824" ’fﬁf"é@? LY SN SOFPIE b 'Sz%e“&_fﬁgy 7’3*40 5%@%’ w Zppears to
have been incorrectly valued based on color and transiucency alone. Other factors,
such as inclusions or cracks, may have decreased Sample 3’s value from what one

10 might have expected 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.

provides a CIELAB specification for “Imperial” jadeite. Jadeite minerals meeting the

inspection of these and other gems. reasonably

CIELAB spedification 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 5 micro inch arithmetic

| average roughness to minimize _scatterfng. 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 cdi’orimet_er 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. Sarhple 1 has a narrower transmission peak, a half height width
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526059. 1-37. 127. 446. 1274. 97 The overall progression in the Table 2 places
t he hi ghest values on large L*, 5 i.e., high translucency, and |arge
negative a*, i.e., intense green, and noderately high b*W4J &@gde
yellow. It appears that a* is the nost inportant variabl é*8'f8 by b*

i n val ui nogwa ob/ade te gem Sanple 3 is generally out of %Emﬁ sappears to
have been incorrectly val ued based on color and transl ucency a one O her

factors, Mébna%duﬂ@m%n‘anf?%oﬁmc&ﬁ&ckfﬁBagrgtﬁ é}arn?ergscqr&éﬁ%a Fange 3's value

fromvvhat 0 10 mg)glt have expecte ts co or and .
transl ucen@l}‘ab'E\Pé‘?‘fe? t?té%?t“%?‘é‘?“lﬁé‘ﬂ[‘é“%P’%%é@”ﬁB‘ﬁﬂo%R?ﬂdélts a high degree
of ht r ansl ucency\ samnde bi grior virt Seatelis &bedbgrneemmq?mmvﬂwqaeebwnw@ t hfese and
ot her ELAB,.speci.fication eria

j adei te Ri adg%sl%eﬁ%éel#na%%}%#ﬁgne% a&? %@tgrﬂ?g?tf?r color f"gﬁeﬁ‘n&%ssed above
gener aPl y sgimple wasoln he f@"ﬁéomeﬁmﬂdlﬁmrr@b@qmn with thiskrelseoé2itahm prdiei te. More

transl ucenblopféasiEMemaionLated ceéarml@ﬁ aM-J 4 8CahE ¥alpRNG notV\ﬁéLﬁﬁ;S Surface
inventive ns are mcro inch arithnetic

fini shes on h? Hllge hc%

aver age rSagR: érap’élu?ﬁ“ﬁl’ é°r§€té[‘f"‘t“€P |"?P¢'"e plgimeerips apds Rt apif of sanple
nunber | ebmplgtalsodiadjiewbe idemsity GbEPagKIcson of F| g. 7to Fig. 1 shows why

previ ous synt j AN y. Note
that the natur Zﬁé E'gor a"?ﬁﬁ&énﬁ%f‘ﬁﬁé? é?gé“}égﬂédbgﬁcgéjug &Fg %ﬁml nc ésolt ons,

non- udPf o@IREs CHYHrd anrrGOIr*%quréwh §)7—e Poveddes pArecpawdeTivas RASPD D> 2 blgbr i net er-

al so prodpgresure @8l laﬁk!ﬂ@ibl&réd RBICFE M BRECE ek Phour! PESIRteBR Mgl | al S.

S t f S l. d2in Table, 1 Fi gs.
SECAPYEN  EE NEL R R e e N S
about 530jadpite. Saf'r'b$ ecamragt . wesn @rlishedr to Memsinithickiness. pedke  eoltrithdternei ght

W dth 18 dhadiReR00BO 03945098 PEINUSOLIUEOHS: DshuReR ARaUieL0 and 565

nm cor el at |‘§g t&;ﬁan | ntense green color. Less e pleces exhibit
less 17 an@® SINQHIELAR ey SReFTCe U hEAMIERMSNS- bands. A sanpl e of prior art
jadei te was obh gidede shmpln drthe PeddeheBivéraion V\Bé\ﬁrd){ﬂﬁ:ed gilom alg.lassGEmTechni cal

| nf or mat i I CHN DG k The
sanpl 6 waDEOmEaR P chpaibn BNRRIES. ARBR 0 G 1R R LR o002 6
and col or EXpERef éftewl- oA fpal EenS'*HPfL3@0 ofge "Ef'CEBEdFUC@BSfH' eprgersiphdo $@npl e di d
not vi suajalisite ghebé. buhnuehmot mr@hu@aaqydemé @9bf@hedsaédﬁmbrws me@Hhr ed of

N rrpeid alwasg %%%leﬂ;%} %éturefess et 53&”5?' eTﬁlesc?orrr]];ﬁlqe avs\%lr'lcéjeo o o\é Of 3.26 glcc.
- 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*=318.
The similar transparency and color saturation of valuable natural jadeite

25. gems and the examples cited in this application may be guantitatively presénted inL*

‘ and C space, as described above. Fitting the theoretical L*,C space to contain the
natural “Imperial* samples cited above permité a quantitative assessment periection
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 wvaluable gems ‘and the exampies 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 magniﬁcétion. This sample has an average grain
-size of 2 microns. The maximum grain size is approximately 5 microns. The grains
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The prior art jadeite of Zhou, et al. was reproduced using a chrom um doped
10 gl ass, crushed to -601+100 nesh size powder. The powder vvas | oaded into
a high- pressure cell and sintered at 5.2 GPa and 1575 C fo H ur. A
sintered conpact was obtained having a density of 3.28 &ﬂc i ggcati ng

successf ul waQnyRssi on to jadeite. The conpact was poI [ g@ﬁ%&ﬂ%ﬁ
thi ckness. The colorineter nmeasurenments were: L*

= 3.2. Thi &e&@ﬁme@y @hlﬂaﬂﬂt \Aftlﬁcmt W@eioﬂéatu@ﬁ%oﬁ;d %rﬁ!ogaﬁl-jﬁ&ltbrt@ es.

SpeCI fi Cat on re rerre te Sa res | nventl on was
e uced | e e et Thry 0Bl NG Aot PB: Tl e tedsh St Bh T oAl & 206
- cont ai ni ngmén-tiddert mateddl. ONBCBedondphaskxatifabls dvdvethevd-mickorf igret sitensity of

3 30 01 00 Ladh il alRaRse LHbuBARYR! Sl Ryl Bond P pleb AL AR Bro U | ke

prior art etic rial 20 was
conpl etel ysmadgak fbﬁ%!@s’%mﬂo%@“@m)ﬁizﬂﬁée Eofsrietimeteh senswenentylelsted thy

i ntergr anwbm{wu{gwméﬁ L*&E s019Na*UNid50y, Bh@ o OB1 G %fs'nbéi&:'sé?ﬂﬁs s@wc%ﬁ@;pnd phases

L 655" et gy 5 0 S TSk el B ST s et i Bt o
sat ur at i orgrafe atibuiablreTatde Ur @his perddd shewn 2bFigets Mot shdudd exiakgl ibat CI ted in
this appl iy ﬁsgté\)ﬂ{heﬁ@ tja&%eqmlﬂstﬁ& 'uP(éﬁls}{:nFr%ES%&seda 'u'ﬂlft!nm o080 &nd as

descrl bed a he t heoretica to contain t natural
"| nperkOal tragglfgsinks Top t'@@"ﬁ‘t?o%*hﬁéff ifdgite 1 Rgaid Fﬁ%ﬁlq be campwed fe fie per f ecti on

aﬁhl eved blﬁgtum@deiwoﬁmpl@m Wigtﬂtdnﬁﬂ’w;;ﬁ‘rtorh@jdﬂé&@fﬁhpiesgitﬂﬂﬁg land pri lO_r a;;-_AS

snown 1 n 1 gu n n or oretl.ca m IS

voarly achi eoebal: g FesglaiPsear A B R dxihns, BB0T iR s nl

i nvent i ongnaterlas. sﬂi@mhttraawryswrowes 530 pramdth wchaifdheichh widlobeliwearu®Q® at i on of

‘the prior ,a4%bes amoay G Be fséémw Reidrbitbe té Fﬁaa 13A<;4da.ﬁ%ﬁml e cﬁb%bﬂn ghts the

grain truc ure of this terial as ng Fig. 11
2t 100 v, ap astuha et Sehb 9o 170k 225 1ih ol e JoRke bevsabor %2

m crons. Eh@c&amﬂmﬂmgr(admnmr@enae&) @ pplishingratfelcls §o mvidertnis. pribherigr ai ns 19
14 June 2 I; ., W t hout

- the el ongga%?lct)e\rﬁwﬁ%féa%%%& trﬁlgogral;ngéqr} é@%égé Sl%e%é ‘ﬁ?k}égﬂd\;gf@% i ne, .

uni f or m gSANPIEs BASVEEE a sinpl e, reI i abl e net hod of detecting this

man- made mat erThad uniiblon ge00 Bide phd Bardaddsi Jf Bad Bventios jddbRe Brotiiet ke Gt ai n si ze,

Crackgﬁi 9L -' tg%%ﬁ&ag'n ﬁ%llof rtpollJI aﬂﬁ’%l aaaeﬂg n?é/tel%q ntlt lS erWn‘%hé%‘HFhﬂ}réz

presen
col ori net @ﬂent@emﬁebmmpreﬁﬂm g@l@h@chéo prevent “undercut’ung, or micro scale

‘fopography resulting from preferential polishing of oriented jadeite crystals or second

and b*

SAS

~ phases. Recall that waxes hide these problems in natural gems. Prior art jadeite

material alsc exhibits undercuiting. The surface finish achieved on the inventive

25. 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

30 between —53 and —56, and b* was between +30 and +33. Grain size, finish, and

microstructure features were identical to the sample reported in Exémp?e i 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.
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fol |l owi ng val ues:
significantly

L*

= 60. 2,

a*

-55.5, and b*

= 31.7. This materi al
. hi gher translucency and. col or saturation than prior art.

has
|t

falls well within the gem grade attributes in Table 1. T4 §,@8H5S Shown

in Fig.

12. Note should be taken that
i ncl usi onswod/sqobsays a uni form col or,
synthetic jadeite in Fig. 12 should be conpared to the

this synthetic jadeite exhibits no

and is 10 transl upepiisor/ibgsi nventi ve
nat ur al

jadeite

sanpl e in Fig. The &talbt tebuger éfahe abturdl a@ei-§rads pripke prirmarCblt intentiténal 1y, the

transm ssi g,
The peak tran

@B?Feg)

bHER I(?Jreif't

I on was

A

nm

G,

W

FRRR Y o

565 rim as can be seen by reference to Fig. 13. Additionally,

m cs the natural
Mght wi dt h between 500 and

mat eri al s.

t he

coloration is 15 uniformwith no m#¥LERy observed up to 200 X. None of the
| anel | a? cracking, _surface refl¥PiRYM@Bent ur esence) or pol i shing
defects so evident] in priorjart adet FSent rmjthis sanple in
particul ar (again,j seeddieg. | 12F ande*ndt #*n Semgle8 jin general . The
‘uni form grain si ze-and—hardhess—gf—th Liadelte dproduct make it
20 easier to polid Ethan 0 rfg Qr_in Hei te matjerial. It is known
that natural | adg gmple Jcésca. é'fe'(jﬁ 3 shed mg?n@’s#q nt "undercutting,”
or mcro scale tdpegt Qg eecsudti_ fir rent pql i shi ng of
oriented jadeite (.ryblrﬁplﬁs 0 acu.u%g'Tr;r.%@ .%ég’b .éfd.!?at waxes hi de these
problems in naturdl cgemSe 7Pl igdlo 4L lselafd) 4 © 658t P rlg%IMaI 4o exhibits
undercutting. Thefsurtace fynrstfachrgved gmthermventiye 25. jadeite was
less than 3 mcroji pedhgse el 20id _ssigh & $ropidy [ i Hgsh, Yaxes are not
needed, and a m)rt—stab!e urablle productdis produced 0 assess product
reliability, the ces mpl s. rlepeated. The tcol or indices on
several sanples ng A e, E?é: a'wggé\éﬁﬁ%ag‘ggn 39'3982 The observed
colorinetric valu=s as| f II( . 9 W amd 65, a* was 30
_ - SSHEE 1 Vs . 5% fpd 65, wa
bet ween -53 and - ﬁd h* ysygs be V\%ans\;r%( Ggiﬁ@ +33;.0' aijn size, finish,
and mcrostructu e featurgs were idepticall to the sanpl ¢ reported in
Exanpl e 1. A con{i&§8We Speél2unri 1} B18 B8162ciat 8828npfe al so clasel y
mmcs natural majerral, peaking art p25. gmw tjr—=a tratf{ hei ght w dth of
500 to 565 nm 20 ma&mmes 208040118938 | BE7USOB74061p The L*a*b* val ues
of the natural geprgrade—gdert-erprior—artiand—ipventivel sanples reported
.herein are summar é?&nbl@ﬂqbls@.g?’ ~BPt Y5 | 635 | 9251
Sample 3* | 69.8 [-51.1{ 35.6 | 62.28 93.54
Sample 2* 66.5 |—-49.6] 31.9 | 58.97 58.88
Sample 5* | 591 |-37.1| 274 [46.42| 7497
Sample4* | 746 |-28.4] 197 | 3456 | 82.22
Devries* | 410 |-5.1| 48 | 7.00 | 41.59
Zhou™* 323 | 28| 3.2 4.25 32.58
Comparative .
Example 4™ 1 323 {-28| 32 4,25 32.58

* Natural Imperial Jadelte
** Pnor Art
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TABLE 3 5 L*a*b*C Summary JadeitelL*l a* 1b*C | (L2+C2) 112 Exanple 11 165.91-
61.537.51 72.097.61 Exanple 9 168.91- 57.131.91 65.4 195.00 Exanple 7

168. 01- 56.332.61 65.194.14 Exanple 2 159.9L 31.81 64. 4988 ke 20bS. 1

Exanpl e 8 168. 31-- 55.831.91 64.393.81 Sanple 1 * f

63. 41- 55. 888.07460381990. 93 Exanpl e 1161. 21-55. 131. 81 63, 688Busdakianpl e

3160. 41-55. 131.5163. 4787. 62 Exanple 10 166.91- 54.832.81 63.992.51, Sanple
3*169. 81-51. 135. 61 62.2893. 54 Sanpl e 2*166.51-49.631. 91 58.9788. 88 Sanpl e

* | '*174 61-28.4 34.5682. 22
155 T4, il A bl 008 ol Bt S
Conpar at i \ﬂéteyzmsd doiga jodpitg sample. BEbEeimet éingperialNgtadeal.e.l mpdr'i infiex)adei t e
Prior Art eaaeebﬂ;gmnan %OQaﬁué/\Q 324 #3A3%, B é%%r&étﬁﬁa@xé&%@ 6l agmr@t ed data

sorted b bl e shoul d be corrpare to val ues eterm ned for
g j adegt e%éez ?(%E a*b'@gl"ﬂr Belg arPyRsbri 8 < vt dre 30, regpectivgly. | At Wil dhex
exceedi ng oiggrverhthat'the ahiyadeife daagtest thatnmedd theaadritaridire tid Hauiahatieiexceeds 6,
with the | <
respecti ngrﬂﬁl@% ghd ‘ﬁﬁ h%eq’t“%ojgé%gv%#é?%a'{ag?ﬂ%doonl%/Exagﬂz‘?st e'"jaﬁ'p'l"oé’g t hat neet
t hese cri PEXheapﬁ?feartt lsemplas edg¢ dnudpthe vallignypithins then thnghestigaeded ifre | adei te
-sanpl es r appedi#djddsitd. hGubx anBléRss |07 -valudst coupRBSyith its other properties,

10 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 4x4
m) using monochromatic light.

15  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.

20 ' Rare earth elements can be added to stoichiometric jadeite to produce a wide
rénge 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 shelt in all the rare earths,

25 - which is the reason for the almost identical chemical nature of all of the rare earth
elements. The following table gives the rare earth elerhent, their f shell configuration |

- and the color imparted t¢ 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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of the prior art sanples have any L*a*b* value within the range suggested

for
properties,

"Inperial" jadeite.

of refraction of the novel jadeite material ranges from about 1.655

Such uni queness of val ues,
10 underscores the novelty of the inventive 1dades 2@05 The i ndex

coupl ed

with its other

to

1.659 0. 09380xfush val ues were taken on polished (4000 pritisoRages) facets

(4 x 4 m using nonochromatic |ight.
Green jadeite induced by C inpurities,
ot her desirable colors include,

to inperial
magenta jadeite induced by
inter all-a, clear_stoichio

rrNhet Ir rﬁtﬁf’éé@f?

e w thout an

15 G her Jadeite Col ors

and | av

i nmpur

In addition

ender or

ities and bl ack

jadeite with hijgh %ﬂgq&hty CRNGE t i of O or,Fe. 20 |Rare earth
el enents can be—added LU‘DtJ;uH%g%éQfgfﬁgg e tu%QPLdube wi de range of
colors. The collor inparted by rarediarth ellenent@olpdessar gelly i ndependent of
their site or rfei ghbgps in | adeitegqThe coljorg gl 1d BSRAeL! grents are’
derived from FectTomc transirtions wtihmnthe tmer—1—stgl f, which is
shi el ded from tthe_sufPFoundi g | on®Zand | dand f i Glegn by thte outer 5s25p6
conpletely fillled shghl in lall theqmare earft hs, 135, wnkch id the reason for -
t he al nost idertlca]PchenlcaI nat up of al'l} of hgyyﬁre earfth el enments.
The foll owi ng tjable—dlves—therare arth—ehererit We?Y  dhel
configuration jand t$m col or inpar4idéd to the | aBHgetrelidyy thg rare earth
el ement. Concerjtratiggs of | the rake earth elenqﬂ&m%gguld bBe in the range
of just above (toO d%um T HUT-%‘aéZ A —June—2005_ W 38
PCT/ USOL/ 46615 1 nt TriviBent 1ong E-ShelPWol or 1 44f 0Col orl ess
Ced4f 1Yel | ow t 0 {Col orbgess Pri412G eeqioNd4f 3Lijl ac, paé isiidadf 4R nk, Yel | ow
Smi5Pal e Y§I | oW Gd4]gg:ol orlfess TI f1f08P| nk Pink, Yellow
| Er 4111 Lilac, Pink

Tm 412 Green

Yb 4f13 Yeliow, Coiorless

Lu 414 Colorless

Opaque White Jadeite

Jjadeite. This can be produced by ane of the following methods:

5
B Method |
10
precipitates.
Method I
15

in addition to these colors there is sometimes a demand for opaque white

Add an extra 0.5 to 1 mol% AL, to the stoichiometric jadeite. and anneal for

several hours during crystallization to cause precipitation of very fine AlLOs;

A stoichiometric jadeite cr_y's_ta! with no added impurily is annealed at a
temperature below the liquidus region (see Figs. 16A, 15B, and 15C) for a short

"perioci of time to cause a precipitation of a small amount of microscopic nepheline
(Na;O-ALO32Si0,) andlor albite {Na,0-ALO;+6Si0;). Rayleigh scattering from
these microscapic 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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- microscepi c precipitates causes the

Dy419Pal e Yel | ow Ho4f 10Pi nk, Yellow Er4fl iLilac, Pink Tndl12G een

Yb4113Yel | ow, Col orl ess Lu4f 14Col orl ess. Qpaque Wiite Jadeite In addition to
these colors there is sonetines, a demand for opaque whi 1@ juhadess e. This
can be produced by one of the foll ow ng nethods: Method | Add an extra 0.5
to I nol - %wolo2@83% 0 t he stoichionmetric jadeite. and anneatru§emes1d0 sever al
hours during crystallization to cause precipitation of very fine A1203

pr eci pi t at €6 .difsichodecrdas exponertiatimetithi enjraditire.e dojesttibat thet liquidas added
impurity i ?en?b‘ﬁﬁ@rle%n@é s@me\;nrﬁat VQI@]”{R@&%H” f lp?li&\"’c&}ﬂ}%n#ehgw dRal B@1 O (see

Fi gs. 15A, hort period cause a

preci pi t at 1SRG aé{“%%ﬁ’HP”C %[ﬁ?ﬁk‘l‘ﬁ W'E'ﬁre Fhedﬁqﬁ'g%‘ﬁla&a%@%ﬂeﬁé%’@ Na20Al 203. 2Si O2)
and/or al bite (Na20A 203. 6Si @2). Rayl ei gh scattering from these

Iete to be mlky white in color. The
opti mum anneal tinme will increase reasi ng tenperature because the
kinetics 23 14 TJUﬁeBIlZQ)GQdQIW@Zm%%SJeP(E'ﬁPwEOMAGt@ﬂES(fh@Te idi 4 frakiraln decr ease

exponent | aI’éCMISM\‘pEIlﬁlet ﬁmeatthﬁt%ﬂemtrﬁeﬁ@@fo dshBiubh Ayt ‘BHﬁiucé @!UP?EH@&&W f‘ Va{ ies
Ite a

somewhat r enient t0 anneal the

at rmspher:Me P%%%uf@"aﬁ#é“?'h/é Feis EQH%‘SB%H?‘?CI&? sloiEhioBEtTrRdais- fJG C. 5 Blue
Jadeite Tr ﬁewtﬂl repladeadeiint ¢hehaistanietl goetheti@a roff ® wrREhennatbas Uin ethé t;dneme is a

o odues? bl SR TS Rl ol b Eleopbitharbb 0 ubin CP” Bfs ndend' Saaki 1o
st oi chi onelorgive padaparial Greenaerlor. The'vand TF epildeecprasentrandien ntesacten ed

- oct i'ihedr0nt;&ff%&xttﬁwgﬁﬁos%tmmmthbhard @dﬁﬂﬁ&nﬂ&tﬁiddmtsué@shﬁhg facks the same
re acenen a oQCCcuU e | ve an
T ey o h e iR P D dozated PP e brt B B Smsuf Cofelic i on

bet ween tHérﬁassatpgsH%U@r\ANm&ﬁew.&i‘fdﬁﬁﬁ))adj acent octahedral sites sharing
faces 15 When the Fe and Ti are on neighboring sites, there is sufficient overlap of the

dz2 orbitals of these ions that with a light absorplion assist, an electron can pass

from Fe*? to Ti**, as follows:

Fe™ + Ti" - (light absorption) > Fe™ + Ti" {10)
200 _
The accompanying light absorption causes a broadband absorbance centered at 588
' naﬁometers, thereEJy coloring the crystal blue (Fig. 17 adapted from The Physics and
Che}ni,stry 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 mot-% Mg should be
added to the jadeite. Each Mg and Cr"® jon will replace an A" ion in the jadeits. i
-Cr and Mg occupy adjacent octahedrons, Cr will enter the rare -Cr{lV) state with one
‘Mg*? jon and one Cr** fon taking the place of two Al™ jons and, thereby, producing a
30 charge-neutral crystal. The cr* jon wil produce an orange color in t_he AlOs
- - octahedral site in jadeite.
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in the c-direction (see Fig. 16 adapted fromthe Physics and Chem stry of
Color, by K Nassau, p. 142, John Wley & Sons, NY (1983)). 15 Wien the Fe
and Ti are on neighboring sites, there is sufficient overl,ag,.9 fzfj de dz2
orbitals of these ions that vvlth a |light absorption assist, an electron can

pass fronrygeybegssto Ti+4, as follows: Fe+2 + Ti+4 - (li g@ﬁm@lgﬁ&rlpti on) 4
Fe+3 + Ti"' (10) 20 The accorrpanyi ng |light absorption causes a broadband

. absor banceCienElemedtabSuisitionganonet ers, thereby coloring the crystal blue
(Fig. 17 adapted from The Physics and Chem stry of Color, K Nassau, p
142, John Wley & Sons, NY (1983)). 25. Orange Col or To produce an orange
jadeite, (QChe M2Nasj8Tfite 0.1 nol-% My should be added to the jadeite. Each

My+2 and CA3 i gy W l’dveﬁﬁ'@h@éﬁﬁr ?rQns?lllc'El?lC)’ %ﬂalh @ﬁé he c?i@fdgﬂ ?3 c'efte opfo and My

occupy adj acent oct ah dro te with one
My+2 i on SRBRsseth ermanummbm ﬁfgth@ri@ewr%@fafﬁ tt\maw&usqﬂar&% pama"vther eby,
opr quci ng sab&fute fwfegeleﬁ%utsl’dﬂcombmsﬁ(ﬂis of Bfer @reir{bntzsgﬂ irzu ﬂ;ﬂelt@rﬂﬂﬂmﬂa an orange
col or e in el.t un
0% G505 RGOS EH ARGERREFhAeRlplet e b RIS orkendREnkBRYer 1D o) 1
To i mprovéia Re Ay lpyer theamelling epiol | of ther arienurgorzelaaﬂ ape|atiew @f moree j adei t e
or 1EO| 5 eBhap %oh@eglﬁ?sglﬂ»aﬁét%rﬁf@d' . ts'udaésstf&lfsws%ﬁérwf thl%éﬁts b:]f W?K be
useru Yy u nents or nbi nati ons of ot her
o1 oron0s chbhaftnsht St Db GirictH RSaSTIoR SRR SRR Al €
t he parti ahtistyilgs Padling'’s chagé neatrdligi sndedizmeidsyCl Hiein . BurHuNbt, dghuabwer t he
mel ting pegf ne?é:og} 9_ SF’E& dSﬁE ?0{979.!&%?@55?&%#\9%@ N@B@Q% 2Rl Ehppqus glass to

be forned. Succes tution o enment’s i'ons of
el ements PR frfwéﬂﬁf&atyh%cgors Vit eiobirfeld; cpopplingpiingl dhihe dafeitn e5istab pe Aeingl

sati sfyi nghdtaed iongwih elgar Qﬁ_}g@:@%bél@bl haigliees shiea thé“MES SI(eC HKb@cbing)& C S

HurI b Manual f ner.al Edi.tio W.l.ey & Sons,
N%f“ 19§(§31enci{%ﬁ)re Mls |s S §m?gt¥ o] @LI §her a[[}alh R‘ag} Sncavﬁ l%e}_lsug:s@HEed f%rly d

coor di nat Nen Fpnewi@l? @dEIXtUEE er4,?gnei+%éﬁs @dsﬁavgbly% Lehaargeattiglymenidash ei ght

oxygen neg %a&am%aghmém %ﬁNlaEQn yab%né/%.tﬁbﬁtecaué.ﬂg m@eogaémlér nop®ic! at ure,

this is SI n|f|e [8 al kal i stituted for
rge neutraPt\§ W%OA: f the Na were replaced wit t rs mtxture bhe ia elljte woud
have the composmon

20
(0.9 Na, 0.042 K, 0.058 L)AISi,0s (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 latiice strain, but

25 would result in an unbalanced charge in the lattice because Ca is a doub!y charged

' jon. “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 A", the jadeité would have the
-~ compaosition: : |

(0.9 Na, 0.016 K, 0.084 Ca)(0.926 Al, 0.084 Mg)SiOs (12)
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Na. For exanple, a mxture of 42 nol-%K}' and 58 nol-% Li+ can partially
repl ace an equal nolar anmount of Na+' in jadeite without causi ng lattice

strain or violating charge neutrality. If 10% of the Na wejp.»gpsaced with
this mxture, the jadeite would have the conposition: 20 ( 8 Na, 0.042 K,

0. 058 Li ) Av&loZ4dess 11) Anot her possi bl e substitution forpm&ﬁhéd@ a mxture
of 16 nol-% K+ and 84 rnol-%Ca+2 for Nat+'. This partial substitution

woul d not Thitgicitatdmpemitih ill be, unbirdindPantitafhel @Btk 1 N an unbal anced char ge
in the | at %gﬁ”gﬁﬁq%ﬁe% is a doubly charged ion. This unbal anced charge

on Na sit to be conpensated for by substituting a singly or
doubl y charged Tty fchargehéd tl¢nsp¢0punmmegéﬁ Abtalouirdl hotte Ab jsdeiteswith Biar exanpl e,

M b t | t d with
g/gm i?ﬂ e%?'%‘g rire;olg;h??}fb&cz néN) §andl Bre]@e @Bt 4he ﬁh‘@[&g‘ g?ﬁ%déﬁéigt%egﬁé’gfﬁng \C/%MO

amount PSNREN Sy Rargaly f”%ﬁjb'é%q ftoﬂf'?é‘dA'f igps madmtezmthovh@is@aanve woul d
have t he iatbln@sfralmand withOutOviditsting ChBdfe AeuirRiitd 84 ofaydntbld) 26mpdure @f 84 My) Si 206

(12) 25 14 0, USN1/. 46615 Thi s adeltec osition
will be un'g;atl%leorﬁe Acgépzﬁ%ﬁlg %ﬁugﬂ;ﬁ' ‘S"g%:ﬁ%t %/I% OF Rlequgh melag @m‘f‘r' y charged
Al ions ocflipgn {"!‘?é‘”l’vlﬁ't%?c'f’a feallf §9% eofithe Ahides werenieplaced,the resaltisgt nei ghbor

oxygen at godeii@vbull R:vel &% iIRNiRtboRpodilicht[ 6) . Various nmixtures of elenments
can be 0oartl ally substituted for the Al ions in jadeite w thout causi ng any.

' Iattlce strain and wi thout violating charge neutrality. For exanple, a
m xture of 72 (NaK0.9Ab0.0vE-AB, 8088 BESiyt! - % B+3 can be syhstituted for an
equal nolar amount of AIl+3 on the ML sites in jadeite. If 10% of the Al
ions were replaced, the resulting jadei.te would have the foll OWI ng
conposi tion: t &heyidgres tagt cap peg@l!wbstytuwz@r ABingudend 1Y 1B mokienfes™ m xt ur es
-that can padtzsahb% Bti’b(sa)lmuh@%o:r“aéhdlmcrhbldﬁla{ 3) 562mBDY-J@ Fangtgy and 28

no- % B+3; Y &S. 4an 2 % B+3; ) 56 nol -% Sc+3 and 44 15
mol - % "(0?4{ %56(121)? '{%)/g‘f’-t% 3?1%4§T %bm Be+2 I n addition, mxtures that do
not preserve cﬂaﬁ‘%wﬁefmxmﬁ thgt doanet bresgub shargenewrality can be substituted

on the AI”® M1 sites provided that overall charge neutrahty is secured by a paraliel

charge—cancellatlon substitution on the Na™ M2 sites. For example, a mixture of 55
mol-% Fe™ and 456 mol-% B can be substituted on the A" 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 compasition:

(0.955 Na, 0.055 Ca)(0.9 Al, 0.05 5Fe, 0.045 B)Si,Os (14)

25, '

' Other mixtures that can partially substitute for Al but which require charge

cancellation substitution on Na sites include: (1) 64 mol-% Ni*2 and 36 mol% B*; (2).

55 mol-% Co™ and 45 mol% B'%(3) 26 mok-% Fe*2 and 74 mol-% Be'% (4) 31 mol-%

Co*? and 69 mol-% Be* _ .

-30 _ It is lnterestmg to note that the most common substitution in lmperia! Green

- jadeite is Cr*® for AI"® 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 AI"® ions, the Imperial
‘Green Jadeite would h-ave the follewing composition: ‘
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on the Al43 ML sites provided that overall charge neutrality is secured by
a parallel charge-cancellation substitution on the Nat+' M sites. For
exanple, a mxture of 55 nol-% Fe+2 and' 45 nol - % B+3 can14 l%éégltut ed on
the Al+3 ML site if a charge 20 cancell ation substitution o %g Ca+2,
Bat+2, or Baedziumssrade on the Na+' M2 site. Hence, if thbpuginkdge repl aces
10%of the Al ions, the resulting jadeite would have the follow ng
conposition: (0.955 Na, 0.055 Ca)(0.9 A, 0.05 5Fe, 0.045 B)Si 206 (14) 25.
Q her mxtures |l {tute for Al but ich require
charge cancell gtg')?%?\g:gﬂg???% E?loodgzgﬁ%ssi tes include: (2 64 nol -% N "2
and 36 nmol % B '3; (2) 55 nol-% Co+2 and 45 nol % B+3; (3) 26 nol - % Fe+2 and

74 nol - % Beni2jadéitt) isThargel nditralCantlstaind 768 Midsolftiddedler R tHis faflick ¥ eresting

t te that.t t tut,l dei t Cr
O S U Ry S e S
o rrperi al G een Thadelbseacs hajulattics ublsdin t aite adientsx ther @raf  §ige sl jedei@ +3 and 22
mol - % B+3reér9£talﬁ¥ed rom tﬁ@bla@éﬁ;&'ﬁ'd@cmd £toﬁ1%' ci@bﬁgntgnﬁtg:) Wh%ﬁﬁi@rsl% of the Al+3

ions, the Inp erlaﬁ G eéen Jadeit ave oW ng conposition: 26
1 4 June 2005 W ﬂz?‘ﬁs'@%%‘“%ﬂ%@%ﬁﬂ@éﬁi@e({ N ( trfergnog to (B @oefgr@r 0. 0022
H) Si 206 ( Embodiniest, jtaabei skifled $n CHeadr @iln@iderstdndanst iibas ahérrgaemawfasol ution of

Crointg t | At t fo | t
. on M8 el L e, gF 8 Ehe 0,60 SERLHE A0 W ERIRIL, °oi 1 i oo
affects t rﬁr@frgthaﬁﬁom Qfeth@fmyeaid@i tie addlémysarm modigaationsomay ke adest by

reduci ng abgi £ pBH@ul@{a&h@ﬂorﬂ@ﬂ SNl o l%r {éaa'i.ﬁgs oWHel Rvédien iRt | on has
been descrlbe ef ereng

% to a pre er ment, those skilled in
the art gf’g‘t CR i 17 (Ve Ve ) er@ﬁanﬁ@@%ﬁy ‘tb5 ‘nﬁf‘dﬁﬁd@ M HE

equi val entrwemtmyl rivg be dibsted tio thed pdricule| ammdinsert kiscleedd wb tiobdstdegler ti ng  from
the SQ9pec&{ier¥1|!3|§teB 'Wleggrfﬁ@ okt %quehh&ﬁ bu{'ﬂlgﬂ tﬁ@%gr‘ltﬁlﬂtﬁnﬁ)% lﬁ@yallb e made to

adapt a partlcu ar tuation or materi a t eachl ngs O i nventi on
wi t hout eweﬂ%im??tﬁéalkf\gdmhﬂm@eégwfuta@ a@@as%d ElRBISe dn thfsrﬁewf@ﬁfeﬂneaﬂ it is
intended uhiatarbhie thé metit spstern Gindbe dvdirkLdnd Petdeftapas take b arFelgihlthOdl ment

di scl Osedwfﬂ% ﬁe#&%é %W&ﬁl\/{é {:at&? nﬁﬁgp Il cntgtﬁ)né Pefer??J hé/r%o cfg %éon?sg

i nvention ,yf ailing
wi thin th@c%@@’ﬁ@d@ﬁfe’dm’éf rgfspent@ed clainms. In this application all

20
EXAMPLES

25 IN THE EXAMPLES

N A glass (designated as Y72 with an index of refraction. of 1.49?42) was
melted with a stoichiometric compositibn of NaAlSi;O¢ and containing 0.17 wi-% 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 iayers of 0.015" thick Grafoil®. The samble then was
placed into a pre-formed pill made of high-purity graphite, sodium chloride, aluminum
oxide, or hexagonal borén nitride powder; and loaded in high-pressure cell, Graphite
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units are in the netric systemand all anmounts and percentages are by

wei ght, unless otherw se expressly indicated. Al so, all ci tations ref erred
herein are expressly incorporated herein by reference. F l\43‘dU S 25

THE EXAMPLES A gl ass (designated as Y72 with an index of P AC :

- 1.49742) wagozambs ed with a stoichiometric conposition Q’ETM@&'M%]%OS and
containing 0.17 wt-%of C203 and then cast in the formof an 1ngot.

Cyl i ndri cabovedems mefembd bedwdd @'ls ehstaras &irm tRABild akdR dobeh@MhenvRiiRg Pr oduced
fromthe ghl@ﬁﬁrelsglggt'un The cylindrical glass piece 30 was w apped all around

first with Single or nultiple Iaéers of 0.002"-thick tantalumfoil and
then with singl ecﬁy“‘?ﬁ’ﬂﬁ*lgﬂﬂsé seapies yvepd amneRIES oveha elideGraatieiof pressie sanpl e

then was @ltaeashd) ﬂétﬁp@:aﬂf@ﬁb@@ gdg: |d) SR tE'Hﬂlf'mMés? ¥orQi€tf%R£" te

sodi umgchl gri de, al.um num onal boron nitr powd
oaded 3 n '2'%"" 6?@9%%3%&@?”3*%96 QB‘ﬁPFW*E&FQ o1 Fidyrfe iw"vvheﬂ%egs
PCTI US011488¥5wiffoihe eeadtion pelfeing pesheicediben bét ;irsssamsd;fex 50GIPAQr Thdé he pills

and it doegediRbl %Jvér g"ag 'tt%ed mngmhgr{ ?ﬁes 'I’)E)e?ssurg read: e Cy%é‘%' g éﬁal ? ass

sanpl es were anneal Fange Fesal
t enper at urFEes(SY’(?OO'”{"B”Mﬁ@CE@S saamme e Eefsdtffb 7a¥C mndmeétwemdndoma ons 5

using a C?hzhgtde%%afvéi the |télﬁr¥dr§th%im§d‘ﬁﬂcr@§s%@rtb BRGek Ok trgr%lg@ mrr:rt)f;[@é cally, the

proce s e reaction cel surized to a set pressure
g% (@B h%ﬁdn\ét e }S& Sue e aB%\%'P]a sorfeug‘ﬁ‘g fiaﬁ whidhtheempsrab&ur e reached

w 96% of M€ fslucechies eC bvart alehy mirukes. gl Hes psassplec wias rdieeded to 700 C

and hel d tshqnend t i ncreased
(o the seq o aﬁ?’%‘m’%ﬁﬁa %ﬁ?‘g@@%ﬁ% B P 3, SPREEC Bhkh Sty

appr oxi ma ?ti}‘gdjr%’ehﬂi‘ﬁ W%uwaﬁaeaq gnstanhior ‘W@mm'é@ to 200 C
over severngithent sevly Teaspy esmar:ewm de&d&b@&dmo@édﬁdbrﬁ&ﬁ@%gﬁld{eefsh%m t he

mex i S at | we
tur nrenggnof %Epé}ﬁtﬁé ﬁhq'?dé'frée%gﬁb rleSD \%%.VSE? d %M]dm E%r?rs] trePSY’ngﬁbe n‘%{‘fﬁb@ and t hen
sl owl y refEigkdpyershe ”r wagtfowrd gt b%a"%m@'@d ancrrelehes lof ghegsnessur e 15

appar at us sighificanégl Bl nﬁmbmgh%ﬁnﬁgéﬁ@ldaé{m &ﬁlté ¥affBDVi Ng the
I ow cqQol ing and -

tant al um and a d‘
rel ease of pre@éure Flies| g%'%f?ncda?‘f’%kﬂg?%@cp “R° ?’éﬁ fﬁyn‘iﬂ @Yk iR7gaind
del ani nat Peatterng, Jfa'dj%ﬂrtf@r%msmlssaon 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,O,.

and

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 translucent green material.
The density of the sample was 3.30 gm/cc indicating that glass had fully converted to
the jadeite phase. The saniple was semi-polished to cabochon shape -with' a
~ thickness of 2.7 mm. The index of refraction. was 1.65480. The colorimetér'
30 measurement yielded following values.

L*=81.2 ——551 b*=31.8
.. EXAMPLE 2
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The sanpl es were anal yzed for jadeite phase by X-ray diffraction, Raman
Scattering, FTIR Infrared transm ssion, density nmeasurenent, hardness, and

index. 20 of refraction. The translucency and col or of t wer e
measur ed usi ng SAS2000 col orineter. Exanmples 1, 2, and B@r@%g}%&eﬁr’

hi gh- pr esswo@x@osk hi gh tenperature runs nmade using Y72pgla&hcaast al ni ng
0.17 w-% Cr203. EXAMPLE | 25 The sanple (Y72-Ta-36) was annealed at 5.2

E_Pah?nd 1550I C Trer salnploy72-Ta o) ‘iﬂz@ahr?]@tdg@@ 50f GP@fen@M"@ ﬁ)lh@\h@dr. a3dggse
‘highly tr ucent .green . materi.al. e density. af the sanple :

arrcc” i noy 108 RRGC S FET SBR T pans)iicnl e el Wi SRR B 430 ase. The
sanpl e wasgmsieni -Tpelserhedvasosapiipolished ts halpehon siepa withha tickesss off3.2. 7 nm  The
i ndex of rafs agkiBRiMesr helfEnSit vi ' 30 neasurenent yiel ded
fol | owing val ues. LYZE1: 3 ar = ot yEREAI TS, 30 TE20y Sire: 2808 vio
02/ 48038 PCTI USO1/ 46615 The sanpl e (Y72-Ta-40b) was anneal ed at 5.2 GPa and
1575 C for 1 hour. The runsgesul tzed.dsg 1a dense1.bi ghly translucent green
material with a density of 3.31 gmicc. The sanple was sem -polished to

cabochon shape with a thickness of 3.3 mm The col ori neter measurenent
yi el ded follow ng values. 5 L*=59EBAMPEER6. 1 b*=31. 8 EXAMPLE 3 This sanple

(Y72-56) was a"ﬁﬂ%?éa%lea(twﬁﬁtg%\gﬁéfxm&%? 3.5 GPQnd 3578 W95 il t hout

using tantalum foil around. 8 ass cylinder- e run resulted 1n a dense
hi ghl Y10 r APECEIRG gRielim O ARUne dDe Gieee cYigrer The waHesyipd dr aglense gny cc. - The
salrrpl e Widghbemanspotbitnadishyeliaw aehonal Gitepensity bhs.azfghi/@asrrﬁsagsangalé. 3 mMm SEhi
col orineter t 0 v ; = . * = --565.
b* = 31.5 -Ses’gg'?;ﬁﬁﬁ%@s‘%ﬁ%@ﬂ%ﬁﬁﬁf’%wt'?%t@g%‘g% o .Pg%'rﬁ.etr h?g?lf’&m?tﬁgﬁ g. 14.
Agai n, an Mqagyepieal vieldgdighawing yalusguct has been namde. 20 EXAMPLE 4. PRIOR
ART COVPARI SON

15 1>= 604 a* = -55.1 b* = 31.5

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,

supré, 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 grﬁlcc. The compact was polished to 4.6-mm
thickness. The colorimeter measurements yielded following:

30 I*=32.3 a*=-28 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 resuits than that of prior art method (sintering and conversion of glass
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In order to verify prior art of sintering glass powder by DeVries and

Fl ei scher, supra, and Zhao, of al., supra, Y72 glass (sanple Y72-54P) was
crushed and - 60/ +100 nesh size powder was separated. Thepowdeipewas | oaded
in the high 25. pressure cell and was sintered at 5.2 GPa and 1575 C for 1
hour. A siwbersesss conpact was obtai ned which was al nost p&g&#ﬁ god |ight
green in color. The density of the conpact was 3.28 g e conpact was

pol i shed tpowtieh taMndditd] FkeRSSing 'EhgerﬁQJugfty gﬁeﬁé WTF?%H&ISEE%@% Sndl Iglofied

fol l owi ng:, oregoing results clearly

“show that Th a'ra e tgsfgffsgg%rWﬂﬁap%{@égppggﬁaepﬁde%e current invention (viz.,

conver si on of SO|Id bIock of glass to jadeite) provides 'superior results
than that of prior art nethod (si nd conversion of glass 29 14 June
2005 02/ 48038 PCTI USO1/ 46615 Ek il 5aJadel te) in obt al ning a gem

qual i ty j adei té whfiRd rt*br@?%ﬁceﬁ%‘%n"ﬂ"@&l%r with o FiRATIRI eI oNeBkEs f or

nat ur al' | mpebsitiory datkesignee2)adei dismeter@idPIoE2 dmbthitk, ankdiviibihingad7. 91 ass sqm

TA | Talhd UaSRRLSILOURG oA SER o CTIAGLL | Al BB B0 Of 22,4

mﬂdl aneter an ck, an c ocessed at

6.0 GPa andhite A@oslecend masiahyvith dieensiphe Of %%@fﬁtﬂﬂﬂ@ﬂ mm &uchnhm and r ans| ucent

materi al withhn dérmmpst aR9 gﬂflc@%d&aﬂﬁ g&s@ wWE bhiernas o%ﬁél XWg h a

densi t g % s conpver ed to adeite. XRD .
@Ot BB a Pt 85T MR 6. Thi &
exanpl e s htiwidarge jadeitel samgles jcanlbé tnads asipd de sobidhglbss blegkaappsianly t he sol i d gl ass

- bl ock approach. EXAMPLE 6 A gl ass sanple (75-134-3) containing 4.2 w-%

Mh3Qg and wei ghing 7 carats 15. was surrounded by 0.015" thick G afoil
| ayer and then pressed into a gr &gHMBLEE| | The sanple was run at 6.0 GPa

a_ndh_-1400' ~ C f oA ghiss Bhmple @F5-1Fh8) doRsdiing mg WiBHINED, am.mr RikaR! € in cgl or
wi t ns , n onverted to
j adei ? : %X.f.ﬁﬁmfﬁd?%b rgndg;‘%e}]g:l!fpd(?r gou '&5 ?éhef‘ ‘irf?s%?té’ %&8% P SPI gl ass
Gadeite feg 8amplp wap deuatshe Gilacd Moacﬁ)for‘rﬁmnmgteshé he tresutting cawplei ¢

conposi ti@ss Qéed%i@'n’?@or vﬂtﬂ@eﬁQﬂtcﬁ':irEiir@nlgc IdioMing a0k Wit 3&%plefgﬂﬁ gl ass

'sarrpl es were t he, formof cylinders

, converted to Jadeﬂe

20 The following examples (Example 7-11) were made with SP1 glass (jadeite
material precursor glass block) having the stoichiometric composition of NaAISi,Os
~ and containing 0.17 wt.-% of Cr0;. The glass samples were in the form of cylinders
' thaf measured 14.0 mm in diamieter 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. ‘

| - EXAMPLET
A precursor cylindrical glass sample (SP1-23) was annealed at 5.6 GPa and
1600° C for 75 minutes. The examination of the sample showed a dense, highly
30 translucent greén jadeite material. ‘The density of the jadeite 'S‘ampie- was 3.33-
- gm/ce; indicating that the glass had completely converted to jadeite. '- 'Thelrsample
was semi-polished to cabochon shape with a thickness of 3.3 mm. The colorimeter
.results yielded following results. o

35 . : L* = 68.0 a*=-563 b*=326
’ 30




that measured 14.0 nmin di ameter and were 7.6 nmthick. The sanpl es were
wrapped with a single layer of 0.38 nmthick Gafoil graphite sheet and

then with a 25 0.051 mmthick tantalumfoil. The foll owiqg; Ulrg g}g_)s wer e
- recorded. EJ]CAIU PL-E -7" A precursor cylindrical glass sanple §? 9-23) was
~anneal ed. alvodz/goPa and . 1600 C for 75 minutes. The expgipafilgiisof the
sanpl e showed a dense, hi ghI y 30 translucent green jadeite material. The
density of the jadeite sanple was 3.33 gnicc, indicating that the glass had
conpletely converted to jadeite. l':I % |l e was sem -polished to-cabochon
shape with a thickness of 3:3 nm rimeter results yielded
fol | owi ng resulA syling®al glags*sapPld)(SP1=246v:3 dnedad 6t 5.80GHAztaddings5@ a5 WO

02/ 48038 Ffs?rwme@ﬁﬂfé &XAMBL&&tﬁegx.hbﬂa%bﬁ@&a%ﬁéémgﬁwaﬁsl&éﬁﬁ 24) Was

anneal %d at % 3.?1 d f: ation
sanpl e sho‘iﬂ%"tﬁ' '53‘88 se fii S?ﬁ'@ Wﬁﬁ?f”&?@e s 3.57-8@freiRdicating fhat gigss fchs ty of
t he sanpl ecwgistdy 8@wendctio jadede.cabé sgmplhatas glembsolishell tocabpihehehypeconvert ed

to jadei t%wthEhﬁ;cﬁr?éEBb?sWﬁﬁn Sﬁ{H coi?:&?i'nﬁe‘fé}ﬁgs 9 gﬁﬁl@@fvﬂ&pn? hﬁ%ﬁ with a

t hi ckness of 3.3 nm The col ori neter res yle oW ng results.
L*=68.3 a*=-55.8 b*=31.9 10 EXAMPLE 9 A cyI i ndrical glass sanple (SPI-25)
was anneal ed at 5.3 GPa lar®b81H00' aG- 5618 7D*m31d es. The exam nation of the
sanpl qgshowed a dense highly translucent green material. The density of

“the sanple was 3.33-gnmcc indicating that glass had 15 conpletely converted
to jadeite. The sanple was seni -@ﬁﬁﬁe@gto cabochon shape with a
t hi ckness of 3AZylindricallpiase shoplenBPe25) eas lahseapdehtdesl Gral dr@Me0)” Cesul ts. L*=

68. 9 a* —fdr 7§7m|¥1utlés T h%xaﬂm%}:oﬁ)%'}ﬁ’égar%@%ﬁ&&#éd 5'9%%%%@ ﬁgési'#‘%m) e

(SPI-27) was anneal ed
exam nat i 8’?"? Bfnatt?f@’sg?ﬁﬂ%’s%?fv%%ls%fnﬂlér‘f@é Iidgnige indisgting ihatglassghagen
mat er ifal . carhgetdyrnteyiedfio jadeites aftel sanvs was S&migrilisheditadalshomghdgeat gl ass

had with a thickness of 3.2 mm. The colorimeter results yielded following results.
L*=68.9 a*=—-571 b*=31.9

20 EXAMPLE 10
A cylindrir.;al glass sample (SP1-27) was annealed at 5.6 GPa and 1650° C
for 45 minutes. The examination of the sainple 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
25  with a thickness of 3.3 mm. The colorimeter results yielded following ifesults.

L*=66.9 a*=-548 b*=328

. EXAMPLE 11
- 30 A cylindrical glass sample (SP1-31) was annealed at 5.6 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 jadeife. The sample was semi-polished to cabochon sh'ape
with & thickness of 4.0 mm. The colorimeter results yielded following results.
35 ' , . '
L*=8659 a*=—-61.5 b*=375
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conpletely converted to jadeite. The sanple was sem -polished to cabochon
shape 25 with a thickness of 3.3 nm The colorineter results yielded
followng results. L*=66.9 a*=-54.8 b*=32.8 EXAWPLE 11 QQﬁnggbbgdri cal
gl ass sanple (SP1-31) was annealed at 5.6 GPa and 1700 C for m nut es.
The -exam ngbipgigesd t he sanpl e showed a dense highly trapstuesiatsis 9r een
material. The density of the sanple was 3.35-gmcc indicating that glass
had. conpletely converted to jadei te. The sanple was seni-polished to

cabochon shape t hi The col ori et er |ts yielded
ol Lot ng. r ooul T2 "uft SSheREQ G2 EBbmbiel {71 210 Suhiad el 638 1

02/ 48038 Feltvwisntebig6615 The resul ts reported for Exanples 7-11 are

summari zed below in the follow ng table. 32 14 June 2005 WO 02/ 48038 Cr)
co CGt) LOLn.mV) vi 6 C6 LO10IIl C) . C7 QT TUt M ( (DcoO .# m
0 10it 1 co co
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DI D1 a_ o w cod T PCT/US01/46615 M M 14 June 2005 Clainms 1. A
jadeite material having a size in any dinension in excess of about 1.0 mm
- ClELAB i-ndices of L* > 42, a* < -6, or b* > 6, and a grain size of less
than about 30 mcrons. 2. Ajadeite material with a size in any di nension
over 1.0 mmand an optical transm ssion peak between 500 aadus$2008m Wi t h
an | /1 optical transmssion ratio of over 40% 3. The jadeite material of
claim 2, _which has a size in any d| mensi on in excess of about 1.0 mm
ClELAB i H@iMSes of L* > 42, a* < -6, or b* > +6. 4. The jadeite material of

claiml pr clmjsmks m%lnafhm élsugéméhyﬂnﬁ&é?%l &3 3eds 1 Apou @ty 30 M Crons.

5. The j@%ﬁlte material of claimlil as-an ‘equi'axed grain
st ruct ure’=-6B Idigesjoidertig. At & ioab* o, andia graln sire of lassthan abbetr3®i n L* i s

bet ween Al 42 and 75, a* is between about -6 and -65, and b* is between
about 6 and 40. 7. The jadeite material of claim1l or claim2, having a
conposition that can be represented by one of the follow ng fornul ae: a)

(Na, Alkali o ja&é;l@hh@ﬁalﬁﬁfﬁ D3ién %ﬁv cﬁrﬂéﬁéiér??veﬁh%%;?nm gptg‘%{ th

El ement) Si 206, where, there is an al or "al'kal i ne earth
net al elt@ﬁﬁ'ﬁtSS'OomaSbﬁweén@ﬂO@nd15Bénmthroem B} eptieak traranibsibrOraio obhves of a
rare eargp, el ement; b) (0.9 Na, 0.042 K, 0.058 Li) AISi206; c) (0.9 Na,
0.016 K, 0.084 Ca) (0.926 A, 0.084 My)Si206; d) (Na)(0.9 A, 0.072 M,
.0.028 B) Si206; e) (0.955 Na, 0.055 X) (0.9 AI 0. 055 Fe, 0.045 B) Si 206,

\é\hgggz é i % ggg ;é?ii%n@%‘?er%ﬁ of Wim SAuniBRhadh sB8n alzy élme%glgn mgex%IeSS gf o078 G

about 1.0 mm, CIELAB indices of L* > 42, a* < -6, or b* > +6.

4. The jadeite material of claim 1 or claim 2, which has a grain size of less than

about 30 microns.
5. The jadeite material of claim 1 or claim 2, which has an equiaxed grain structure.

B. The jadeite material of claim 1 or claim 2, wherein L* is between about 42 and
75, a* is between about -6 and ~65, and b* is between about 6 and 40.

_ 7. The jadeite material of claim 1 or claim 2, having a composition that can be
represented by one of the following formulae:

a) (Na, Alkali or Alkaline Earth)(Al, Transition Element, Rare Earth Element)Si,Og,
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;

b) (0.9 Na, 0.042 K, 0.058 Li) AlSi,Oq;

c) {0.9 Na, 0.016 K, 0.084 Ca) (0.926 Al, 0.084 Mg)Si,Os:

d) (Na)(0.9 Al, 0.072 Mn, 0.028 B) Si,Oq;

&) {0.955 Na, 0.055 X) (0.9 Al, 0.055 Fe, 0.045 B) Si,O4, where, X is one or more of

Mg, Ca, Ba, or Be;
f) (Na)(0.98 Al, 0.0078 Cr, 0.0022 B) Siy0¢
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14 June 2005 8. The jadeite material of claim7, wherein said transition
elenment is one or nore of Fe, C, M1, Ti, V, Cu or N; said alkaline or
al kaline earth elenment is one or nore of K, Li, Ca, or My; and said rare
earth element is one or nore of Nd, La, Ce, Pr, Sm Eu, Pm G, Tb, Dy,
Ho, Er, Tm Yb, or Lu. 9. A nethod for nmaking jadeite matef4 alndmosng a
size in any dinension in excess of about 1.0 nmmand total reflectance
ClELAB indices.-of L* > 42, -a* < -6, or b* > 6, which conprises the steps
of : (a) placin ] i i-al rs | ass bl ock wrapped in a
graphite og' r g@&%@%\%éﬁ a(r%r%rt%;f}%s{ @e?t' R{h%%&nsa&{ﬂf%f'%gbﬁﬁ?nﬁmg?r.‘e %ﬁ?orﬁeati ng

sai d sheet°Micappddn.gliad<Cihpiodik szitt abkalireew sileting eartxdessnt &f ord daorat  a

heati ng radr, of cal §ah@rantRan dQQartk eRfTenl BHL ?l;m r@ofﬁ@%@el Bdsfal d sheet
wr apped gl%ﬁ? bl ock to a pressure I n excess of about a anda.

-tenper at ure’i i &l 48P 1oabodm: Y60TLuC for a time adequate to convert said
‘glass block into jadeite; (d) cooling said jadeite material at a rate
greater than 1Q0C per, mi nute and . subsequently rel easing said pressure; and
(e) recov}ey?‘ i,ng(;‘s&e%ofa{géiq%'wg?'feama ‘%nﬂ‘%"éﬂ ace in gy dimgasigretihod of 9,
wher ei n s a&ixgesgldhsbol|1dtkimhasi tatahafibctahcedti BB irdices obf * > MNaAl S 206, and

contai ns GF2Q@3whitd cothelBidgg,Ofr claim 9, wherein said pressure ranges
bet ween about 3 and 6&%(831% an%)ssai d tenperature ranges from between about

1000' and 1Boorlaging 3 jadeitp majasiehesacussor glags ok wigheeding gsaphde bf ne r anges from
bet ween absiwlife metNieesnafttHTRATHORESws: 13. The method of claim 9, wherein
sai d gl ass @I o] ekt.al sQ iﬁ wr a eg in 2 refractive nmetal sheet conprising
one. or moi¥ of 1iREF'gP %%Wﬁﬁpp? 9457 Dok algpresaure miexcesyipf 3GRaata, Th, U, or
al | oys t heeatiof ratd 4f grghier treb O ©pershiaitsy 9, wherei n sai d .wapped gl ass bl ock
is placed j - § 1Lk ) Il 0 i.sing._one. or re powders
of graphi t(tad,7 ?&g%ﬁﬁﬁf%ﬁe{eg\g%%%%g%uﬂ?%ﬁ?gfesgggeﬁ%ﬁﬁ%g%%b%trégﬁ nitride.
35 14 JunB~260%2{8nperpiredpersgs 6f akauai (A0 C forrdines Adadelejtadeived nat eri al
made has suid gléed g intgl@iefe;Si ze of | ess than about 30 m crons and has an

equi axed g(cﬁ" %o%ﬁr{gus%ﬁﬁggéite material at a rate greater than 100" C per minute and
subsequently releasing said pressure; and

(e} recovering said jadeite material from said cell.

©10. The method of 9, wherein said glass block has a norhinal compoéition of
NaAlSi,Og and contains CryOs.

11. The method of claim 9, wherein said pressure ranges between about 3 and 6

GPa and said temperature ranges from between about 1000° and 1800° C.

12. The.method of claim 9, wherein said time ranges from bétween about &5
minutes and 72 hours.

-13. The method of claim 9, wherein said glass block also is wrapped in a
‘ refractive metal sheet comprising one.or more of the following Ta, W, Nb, Mo, Zr, Ti;
Hf, Va, Cr, Th, U, or ailoys thereof.

14. The method of claim 9, wherein said wrapped glass block is placed in a

pressure fransmitting medium comprising one or more powders of graphite, sodium

chloride, aluminum oxide, or hexagonat boronnitride.
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16. The nmethod of claim9, wherein the jadeite material nmade has an optical
transm ssi on peak between 500 and 565 nmwth an Il1l,) optical transm ssion
ratio of over 40% 17. The nmethod of claim9, wherein said glass block '
conprises one of the following fornulae: a) 0.8-1.2 nole of a Na
conponent, 0.8-1.2 noles of an Al conponent, 1.6-2.4 nol em QinesedB5
conponent, 4.8-7.2 noles of an oxygen conponent, 0-0.2 nole of an alkaline
- or alkaline earth elenent, 0-0.5 nole of a transition elenent, and 0-0.5
noles of a rare earth elenent. b) 0.8-1.2 noles of Na conponent, 0.8-1.2

mol e of Al compengfifod & Qaidr ¢ \M@réﬁ thén{ad@.teana@@apﬁaa@@has 4n 8vdrage M0 €5 _Of an
oxygen conponent, 0-0.2 roles of kaline earth el enment, and 0-0.5

mol es of 9&te pign ef lesRaR PReHLAY m‘oi‘ﬁ’s aﬁﬁé‘aﬁ@f‘ RBYAHI LPESIHGUenher ei n sai d
"jadeite materi al has a t hi ckness and said glass bl ock has a col or center
(inpurit re| coI r .cent cent |on | ass block is
‘i nversel éépr\(l)\%ﬁ? me ?'8' Wéﬁ?ﬁé%@eé? i@%g]a %{8 pde ﬁ%staé}o gfgaccor ding to
the foll ax\anngsaaqmmakdmmde@ﬁﬂp b X@9 nm vMﬂl/aXZ/l whn&c@ trahgrxggioraradio b{ X2) , -
respectlgﬁéy ool © the impurity concentrations necessary to maintain color
and translucency constant at jadeite material thicknesses X1 and X2. 19.
The nethod of claim9, wherein said jadeite material precursor glass block

i s heat g . athd ni@MREbALMIE db@reWit Reidl jIgsH Bk rogipAses Bfic af thdTe adequat e
to cause % %ag%kﬁgtatlon of a small anount of m croscopic one or nore of
nephel i n@o 8B8.2Si ) or albite (Na20A 203. 6Si ), which causes said
jadeite naterlal to be opaque mhlte |n color. 36 14 June 2005 20. The

met hod_ofy ¢! 2 8% mbRSl el i B Sholo A Blel £o WAL b2l Ao, g6ass bl ock

conprlses a) about out % Fe added thereto for
produci ngokaiof 3 gemnpenaphtied1-81Mups ‘éfrﬁ"i %"VB*I’WJ@O'T‘PP’@@F 802 grlggf agbout 0. 1

mol - % Cr alﬁém'ne cﬁbélkﬂhn@ hrtfienioribo-addedlet fies atsition ephasucinigosa d j adeite
mat eri al color. 21. The nethod of claim9, wherein said

jadei te Wﬁ éP %Fﬂ?ga %?@%%nted by one of the follow ng fornul ae:

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.

5 18. The method of claim 9, 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 fo thickness of the jadeite material according

to the foliowing equation:
HX1TNX2) = X1/X2

- where,
(X1} and I{X2), respectively, are the impurity concentrations necessary to

maintain color and franslucency constant at jadeite material thicknesses X1 and X2.

19. The method of claim 9, wherein said jadeite méteﬁéi precursor giéss 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,0-Al,0525i0,) or albite (Na,0-Al,0465i0,), which causes said jadette material

to be opaque white in coior.
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a) (0.9 Na, 0.042 K, 0.058 Li)AISi206; b) (0.9 Na, 0.016 K, 0.084 Ca)(0.926
A, 0.084 My)Si206; <c) (Na)(0.9 A, 0.072 Wn, 0.028 B) Si 206 d) (0.955 Na,
0.055 X)(0.9 A, 0.055 Fe, 0.045 B) Si 206, where, X is one or nore of My,
Ca, Ba, or Be; e) (Na)(0.99 A, 0.0078 Cr, 0.0022 B) Si206 22. A jadeite
mat eri al whose col or corresponds with an L* value and a C valiug 200k
wherein: for a Geen color, the L* value is in the range of 45-75 and the C
value is in the range of 60-75; for an Inperial G een color, the L* val ue
is in tR8. rarye rofthadofidaiantl whseeiCsaid jadeite insatene! plreursanglasoblo@0- 73; for a

el on bl Bl BRI B U A 85 AR, 12 2 1 11

the range o ange ¢ e85 the range of
50- 90 ampdusirgGaitghdeite materialtwhich is dhgan oblo§®r 8#abdud 0. lamEfePreandol or, the L*
val ue i Snj - .C Vv is in.the. range of. 60-75;
fora Bl %85@0 'Jg?n,orl ?ﬂ@ﬁf’%%g &gé?@}i%ﬁ&?ﬁg]%rsaa?# Jég%'te T%@gél “ﬁ‘ﬁ%l‘ TR V3l ue is
in the cplange of 60-82. 37 14 June 2005 23. The jadeite material of claim
22, wherein the L* and C values are as follows: the L* value is about 60
and the C value is about 73 for the Geen color; the L* value is about 65
and t he2€ valThe nigthebofidaim®, ivberdireait jrpleite alatdBabsnepebanted by hee bftheal ue i s
about 'Sgollﬁﬂr%gtfﬁﬁmgaé‘al ue is about 75 for the Yellow color; the L* value is
about 80 and~the val ue is about 82 for the Orange color; the L* value is
about 4@) afitP Nae0.C4% &l 0658 $)ASGM%; 75 for the Purple color; the L* value is

about 2@,a e | j lue color. 24. Ajadeite
mat er i a?) p{eg%ﬁdrgs%rg%ﬁaggs%?gz@%%%r@ior@?%‘Iwésl\ﬁi/cﬁhl gh pressure/ high
t enper atur N AND.073tn, £.G280R)i 3igdgenst one havi ng a t hi ckness and wherein

the gl gss 5@4:,# r 'mi . rei,n. the color nt er
concent ragtgogén 0 a’mSﬁgﬁgégd’b'oc ﬁ:it,é)'_l nv rés%cly’ﬁy\\‘\vﬁgrgpgﬂ?f) nal e ?f i¢kness of
the jadei teageametr&ee according to the followi ng equations:

e) (Na)0.99 Al, 0.0078 Cr, 0.0022 B) Si,Os

22.  Ajadeite material whose color corresponds with an L* value and a C value and
wherein:

for a Green color, the L* value is in the range of 45-75 and the C value is in the
range of 60-75;

for an Imperial Green color, the L* value is in the range of 45-75 and the C value
is in the range of 60-73;

for a Yellow color, the L* value is in the range of 65-90 and the C value is in the
range of 65-75;

for an Orange color, the L* value is in the range of 50-90 and the C value is in the
range of 60-84;

for a Purple color, the L* value is in the range of 30-55 and the C value is in the
range of 60-75;

for a Blue color, the L* value is in the range of 15-50 and the C value is in the
range of 60-82.
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Q (X1)JC (X2) = X11X2 (8) where, C (X1) and C, (X2), respectively, are
the inpurity concentrations necessary to maintain color and transl ucency
constant at jadeite genstone thicknesses X1 .and X2. 25. An Inperial G een
j adei te genstone whose color center inmpurity concentrati o jus eij?)}?gr sely
proportional to its thickness according to the foll ow ng equa{]tio X

(XD 11(X2) = X1/ X2 (8) where, I (X1) and 1 (X2), are the inpurity

concentratio . :%i. ' oy I I nstant at
gemstongg't hi 2&%%@%@%@5&%@ : "}{%\Aﬂ?ﬁe@{ ﬁ'c"r‘pl'e%ﬂgldv(gq eené*]gggg?ﬂf)glggerrstone of
cl ai m 25, whéhedirvatueds ebduwi60cedtties C vatgsus abgutd8riorehe fuedroepiast t he gl ass
~block is invgrsel I [ I t.hi ek ' ' e&;ﬁ{onefora
t hi ckness ofﬁg Ebu\%éll% a%%ﬁ’%xﬁ(?%%%&tﬁ%glJé’}d\eﬁg%?@t%%é%@ﬁ%dggéﬁﬁgﬁ?e%f ar’out 0. 15
W -% 38 14 fhenl€ va0@Ss agout A5metioel Chetueriakbeld 7a fordbeMetidw b@phg one or nore
of a gem Mt gid alyaRlo @ andfsARAG HRENR s aBAH 854&{1’@8%& | Gfpess in excess
of -about 1.0 nmMm I'Cc conprises the steps of.  (a) wapping a precursor

gl ass bl ock tenvermtets ebiyt 4iagk tihe Essivess Bbo 7Stferthe Patplg eclpiP/ HT) into

sai d materi af, WL fy, i%@&fl!z%%tnﬂrthé Bl aftfelis ¥Eodt®Y 3hr RO BRle coltitl d 9l ass bl ock
being one or 'nore of a Silicate, a gernanate, a borate, or a phosphate; (b)
pl aci ng said sheet wrapped gl ass block in an HP/HT apparatus; (c) heating
sai d shegt w ik By BRA SRS s@bmmnCGPa at a

heat i nge%ate@;gggge‘g%{gﬁlp %ﬁ%%@gﬁ%@cﬁ%@% % d ?ub'sec,t i%ng sai d sheet

wr apped tgnasgtist BHKHT O ajpdaiiegemsiancdiavivg & Bitngpdbetd Werepeand a

t enperatdir L Hidbk @%s 828loPter@h @Hburl) Yheteif e calot béTReradaciidborid leonvert | sai d

| ass block into said materjal : i ng .said ial_at t t
Phan: 100hc g i e, B ierbe iRty PRaRLs agReEht Berlladlec™ 28 CT)

r ecover ithgfcdaiidg matgivnal from said cell. 28. The nethod of claim 27,
wherein said precursor glass block contains an
Ci {(XIC; (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.

5. An Imperial Green jadeite gemstone whose color center impurity

concentration is inversely proportional to its thickness according to the following

“equation:

IXDAX2) = X1UX2 " (8)

where, _
K(X1) and [{X2), are the impurity concentrations necessary to maintain color

and translucency constant at gemstone thicknesses X1 and X2.

26. The Imperial Green jadeite gemstone of claim 25, wherein the color center

impurity concentration of the glass block is inversely proportional to thickness of't_he
jadeite gemstone for a thickness of about 4 mm and a Cr color center concentration

of about 0.15 wt-%.
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I mpurity, ﬁhich is one or nore of an alkaline earth elenment; a transition
elenment or a rare earth elenent. 29. The product of the nethod of claim9

or claim?27. 39
14 June 2005

27. 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/H;F) into said material with a graphite or refractive metat sheet, said
gtass 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 ata
_hez.iting rate of greater than 100° C per minute; o,
_(d) subjecting said sheet wrapped glass block to a pressure in excess of about 3 |
GPa and a temperature in excesé 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
(f)  recovering said material from said cell.

28. The method of claim 27, 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.

29, The product of the methad of claim 9 or claim 27.
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