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(57) Abstract: A jadeite material has
2 thickness in excess of about 1.0 mm

< -6, and b* > +6. The grain size of
the jadeite material is less than about
30 microns and is an equiaxed grain
structure. The jadeite material has
* an optical transmission peak between
500 and 565 nm with an U1, optical
transmission ratic of over 40 %. The
first step in making the jadeite material
is to wrap a glass block, convertible
by HP/HT into jadeite and having a
nominal composition of NaAlSi,Oq,
with a graphite or refractive metal
sheet, The wrapped glass block is
placed in an HP/HT apparatus, rapidly
heated, and subjected therein to a
pressore in excess of about 3 GPa
and a temperature in excess of about
1000 °C for a time adequate to convert
the glass block into jadeitse. The
Jjadeite materiz] then is cooled and the

and CIELAB indices of L* > 42, a* |
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CROSS- REFERENCE TO RELATED APPLI CATI ONS None STATEMENT REGARDI NG FEDERALLY
SPONSORED RESEARCH 5 Not applicable. BACKGROUND OF THE | NVENTI ON
“I'nperial” grade natural jadeite gens are extrenely rare and hI y val ued
with prices exceeding those of equivalently sized gem di a%o'h'ﬂ 208he term

"jade" asywdfyMegd in the gemtrade refers to two mner
(NaAl Si 206) and nephrite (Ca2(Mj, Fe)5Si 6Q22( OH) 2). Bef ol?éﬁﬁ'u Eﬁ%@% century,

Peusl Ty Duri ng ¢ he. 170036 DEITRANGIRRPHOBBEEIM, C. “uac ound i n Bur ma,
Jadei t e | SROSFREFERENCTE TOREICHETARPASATIONS from nephrite and can exhi bit
highly saturatgg,.colors and a higher degree of translucency, 15 a higher

har dness, and a gﬁ assy appearance. Because of its superior properties,
jadeite quickly replaced nephrite as the "jade" of choice anong art and gem

col l ector smfmmmewmﬂemmm%mwécbmRE@IE Rcpfdeite cite the
followng qu |tatlv§ attrl butes a very |ntense and uni form green col or

ranging from" ?};‘?PB’ Peen" "spinach green"; a high degree of uniform
transl ucency, and an extrerrely 20, smooth fi ni sh with a greasy feel and

| uster. BoRER thyéﬁlrcg@rrs often are treated with green waxes to
i nprove color an tgans ucency y filling surface defects. Jadeite is a

hi gh- pressur e "BoRSyieY pasade natyel isdpite aemaverehesmelvatare Radinighly vebiegosi tion of
NaAl Si 2C6wigngticas emeumg tﬁbfse 3f 3q@¢e¢éhﬂy k:tzedpg&hl Henmaayrﬂhé Mrhade™\sar i ety -of.

col ors, rangi,ng fromc ite to reen, |avender,
red, gond %g ﬁlt];%kqem gégeé?%?m %g%oeﬁ"'?‘ﬁ%s M’\@% \/ﬁ”f‘H'(‘;e F er| al" | ade
and has b&erMgiFshSEOpfPHeY Belvoethet 18" d¢®t1m3ue:m1y néphéteciodd beaf fopadiei te i s due

to the premedCsdOlaridiPtil 5&/ obj%l:@rﬂarr]E\ﬁelryFolf)urﬁ\EQHPlﬁoo&hﬁ feWERRBGE Of 1ron
and/ or chr mum i n&a rts. reen col or e mineral. Manganese provi des

a l avende‘f"l U1 yps gl I?‘I‘fg‘ 1 osadaite s dilisrend IR bepiceh cOPRPHENS YA i n
| abor at ornephtitarnd taresxhibtit higly fitglatgaretssiael 4 hiherphgee Faquhdtidehtym

pl s T 600 C f
Py of hor "‘é"y'ﬁ% P8 B gRaFL ettt e OV S BRI ece

numer ous JAgAItRsA dLRP&P@é?ﬁP gigaps thebisdet et gphaesmamong agtygndcagmy | ess than
2 mmin apyedibraenSoplRmpbhriicstripiene oif “inper@e ROl Gk ¥Rl Wlowing 14 June

2005 qualitative aftributes: a very intense and uniform green color ranging from “apple
g_reen to “spinach green”; a high degree of uniform tfranslucency; and an extremely
20 smoeth finish with a greasy feel and luster. The surfaces of natural gems often are
treated with green waxes to improve color and transtucency by filling surface defects.
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 “Impeﬁal" 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 hydrothe}mal synthesis) and pressures over 20 Kbar
were required. These numerous works produced very small laboratory samples,
‘typically less than 2 mm in any dimension and which were of no gemological value.
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WO 02/ 48038 PCT/ 11S01/ 46615 A nuch smaller nunber of reports describe
attenpts to produce jadeite in genologically valuable size and quality.
These reports reveal that |larger jadeite sanples can be 1Qr odus&ﬁsavm th
noni nal nineral ogical attributes of density, refractive '8k rdness,

and cryst gihedfspahi ¢ structure. None of these reports qi,l@l% vely 5
descri bes the product or clains to synthesize "Inperial gréacfg(’tj adeite.
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patterns, fluorescence, ness val ues- expecte nat'ural jadeite.
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is knovvn Jadel e material
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noted thaﬁ] Eéa oncentrated in 8 stinct areas %( I ng a
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cont am namtrwpsmmnfeftantnfa)mdemdbnﬂhlln@remapbcma xHaysustterrseflloesscence, property

called " a&‘é%@%@?éﬁ\?e% ex&é’étéé]gfrnalgﬂéﬁédfﬁguﬁgl\?\g@s E“t‘o ?%’t{?&%lh%e pduct from

"I nperial™ gem qua ormty

cr acking, W e pERERt y T@F pyBorgaeies |“&1"-‘§t@\/§ﬁ§a‘tf'@@ Bys drfeieeyean2e | n t wo
pugl i cat :cdbﬁﬁd@éd/lrg@ﬁ etk esth SdbberndtDlgu‘dfmesﬁeanﬁbéﬂ Gtta‘it@lhgént qa%@egt tzteS| 38 of
Jadeite’ ni,cal I.nfornmation ries, .84 1984;
oo’ boviifher U ey @ 58 IR Gl e ThdeBeSimditr e hodt > | 0797
pp. 203- ztwcrlbewsﬂmatgrlgieaﬁt éqen%a@ﬂwgnﬂgb)paqm )Thewwmosmttr@gtgﬂdtha y
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i ul siz
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of a re5| “ghasillaré peearagcarat épinallar dvhaksogegxhscie ttalaelqontaamntss mhow t hi s
second pf&ﬁﬁmtﬁli%@%ﬁ@%th@ﬁfa\"ﬁeﬁ&tﬁe ahgerP iRl W4veRftFdsehte” ffiglerp to 30
m crons 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




I n size. These authors further describe non-uniformcoloration as 'nottl ed"
and  "m xed." Radi al inhonbgeneity and | ateral cracki ng limted the size of
gens that 2 14 June 2005 WD 02/48038 PCT/ US01/ 46615 LAIJt(EI b%é bri cat ed.
While not cited by these authors as linmiting transparency. tA8 %nt hetic

j adei-te mgphesisossct ures shown exhi bited other defects: | ar
cracking of up to 30%of the grain boundaries; polishi nS%ﬁ%olg'{)%?y and
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ngel Ihery ‘cracking MALP o BD%SST tRA @&In MAIndafs; pdikRiag rppuouLS&]@ lau'éaodusuiﬁbtao ?t al .,
"Synt hesi s | roxen or jewelry .
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achi eved on_sanples tw ce the size of iFes nmateri a e Iargest
“sanpl e pri&B&mRd 1ok Taefhrdernat at-y Syrihesis gt &he ﬁ"f\%ﬁ’f@?‘ﬁ“es'ﬁ?éﬂgﬁéﬁ’e’l ogi cal
quality OfNaWIBiZOGSfam]pWeByJ 3. MeterigleSuidrich ez, 1@9&;5@ auuMnxs)cd&adsrmetaari ze the

_product s %§parﬁgc§ qgrgﬁe of px%gggs }i%alg&%? nUSealat'ads he@’?g lql_‘ie(f\‘neg zed e@es S econd

ref erence OIC rometri
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"somewhat abHBVea\@dsanipids fifde m%&ur&%e Ebendsaﬁl%has Mheriagkdiahiiee in both
Zhou references contains el ongat d ystals up to 10 . by 40

m crons wPtH® §‘Qjasd?%°cf?’ﬂ'lif*‘e§ %Jﬁafﬂ*édﬁ q qq{"@%@‘fiaﬁa*{%"f W& processes
- used by t kemples &godtndpsatitdior These authes cﬁ@rastyamdw*tel prodadeiateigrdaa)r i es and
Fl ei scher - %Qd%r@éﬁ” B rﬁgﬁ@ﬁ{"’nggtﬂk@ se QHHQQréric%nothuﬁ%blg}szme and

cont al ning smal |~ andunts orin agents, such as

Cr 20319 or Ppress: Brtdahdh glalceeaeliiiadaites dp %’%Wﬂéra”'%éh@r%{?’é“e%npom tions
wer e el t eds agebedbads ed “somaiat everdvedogamendty mdasusded Thasadeitpowder s

(00! *100iEal 20 ol ol BERcL 0 Ao AL BRHESCE Ehbiak b Bt cont act

25 with t were’'sintere ealed in the
jadeite b!é%méif%g\l“bweﬂﬁdiﬁtﬁét%@é gendereseper at ur e phase di agram The
m ner al ogi cal wmlsq Ject @8 thd ﬂrtﬁ:‘é@ééseué/&rﬁyrtwtfér@ iMg Gtk @8l nidket hi s wor k.

The SAP! ShuRO0Ueele MEMAes" aRP Rt Lo hdkN LGRS MR B! dence of
composxtlon NaAlSkLOg, and containing smal! amounts (0.5 to 2.0 weight-%) coloring
agenis, such as Cr,Q; for green and manganese oxides for lavender. The glass
combositions were melted and crushed to achieve homogeneity. Crushed glass
powders (-60/+100 mesh size) were placed in a high—pressure cell in direct contact

25- -with the heating element. The powders were sintered 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




the sanples. This is attributed to the |arge vol une reduction during
sintering of 30 glass powder into a dense jadeite sanple. The packing
density of glass powder is only -60% of theoretical denﬁltm o%oéﬂlid
glass. Further, the jadeite glass phase itself has just 73/“% e density
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"1 nper i al mapafielutesjaddilel df kfprdvddajuaity tand Reh etk dlgrigiat ied Whirehargishi bi t s
readi &(Y d%tasgf%agre'%mpenal jadeite, The present invention is addressed to these needs.

'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 7
~than about 30 microne, and often less than about 10 microns, and is an equiaxed
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mat eri al mxesssros aboy!1888° ¢ forpl theeskiciqnatano LBV tepglassibiok infogpdetty heat ed,
and . subj e ssure in exce of .abqut GPa and a

F omper at o By DRl ko RS SRS plla R SRt teed o convert t he
gl ass 16l ock i nfbisjpaabess also carhies jseddo pedoed gem alatdrialerirdnsslid bleekls aind t he—

pressure %MQ&@QUﬁé?FnlaMaté@ g E ,;k? ]; |ca0§’%%§f %%cggm 4ysggd to produce

gemmaterials fromsolid ates, berates, and

" phosphat e§°lPdais ”P'&PWPWQ) tfaagoawm c%rén%maie@alsw%&ﬂdn MaffedrBIged

(transpar eatth epplante, nadtiesi admponsstt Ulant Nels@rudHaied| UniaR@alsdesg. akiorappl i ances,

optical c &0 tro-optical materials, e.g., for
?%%B‘ onitﬂ%‘?f@?f’a?é?"é 15 BRI EF DESCRI PTI ON OF THE DRAW NGS The file

of thil8 patent contains at |east one drawi ng executed in color. Copies of
t hi s pat epkipp IDIBSGQIPQ‘HONWHHQ@RAVM&GE be provided by the Patent. and

Ui L or - under st TR B FEIRE Foniicet Rt S ARG BReciecun eopn Sclire
i nvent i ongf thisf Bﬂfe'ﬂo'ethstmbul diavpeg(Badiltie preedédby dvwi Rgiedicdral Trederdarcr i pt ion
taken in office upon request and payment of the necessary fee.
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);




connection wth the acconpanying drawings, in which: Fig. 1 shows the |ack
of uniformty, cracking, and opacity of the prior art materials eval uated
by ‘Shigley in the Gens & Genpology article, cited above; Zl‘r?l\{:' .Oégis a

~schematic cross-section of the high-pressure reaction cell uﬁgtz s used

in the Exqggbg@ogso manufacture the novel jadeite; Fig. g.lssighgiatic of
the set-up used to characterize jadeite sanples using a spectrophotoneter;

Fig. 4 shows the_ak, R* r iclLt i 0 Fig. .5 | Cl ELAB
col or ganuts fo'rgs'p%raggb% -é%; 9@%‘%&% t%ég%%gif)%{gﬁ%% ?fgtkﬁ’igc%ﬁ?er%'-ﬁé aco"ialor ganut
sat ur at i oredsile gerss flepcrijeinT@hle 1, belatige, green, red, purple, and blue; Fig. 7

i s a photograph; pﬁon@w@lx}bmﬁﬁdr@éraprgaaﬁl%m@aisreeﬁdrﬁ&rméenvls)]ﬁve 5 14 June
2005 WD Q2/48038 PCT/US01/ 46615 Figs. 8 and 9 are continuous transm ssion

spectra ofedeli®adiePPesEREARPETal | adeite gens describe in Table 1, bel ow,
Fig. 18 is a 56igué ploisotiie CIBOARRRC abloa gpmiit sttechtisre ctiiverforofimpéral”i nvent i ve
jadeite a ' o i gyr LS ot h s col or
ganmut sat 3?%??@%%%Pégoﬁwb%ﬁgqiﬁﬁ' tg'jgé gﬂ@% Jg(r?ee't‘eahgna% co a]{ja‘s'r'tlgsons of
prior art9eWhe inventive jadeite, and natural jadeite gens; Fig. 11 is a
1000 X phot om gi0ogh aiphae albo@rx Eﬁb@nﬁr@:ﬁ@ﬂq EGni 8¢id-efchéd eectioRvemideve j adeite
as reported in an%fjl e 1; 1‘%2 i g. i1%.|s a phot ograph of the inventive
jadei te adVRUNGRYEILPLEPPHF gﬁ%’f’Be 1; Fig. 13 is a continuous transm ssion
spect A0m f or tFig. 1hisenphiokeyripidefithe ingentivt gadetd aExmamplagtuled iFiEgamplé is a - -
continuous. transm ssion spectrumfor the inventive jadeite sanple 15 of
Ex le 3;" Figs. 15A, 15B, d 15C h di f

NBAl S 1 Nal SBCH T COMEIUPUISENEEIRSEN SPERILE e e tymiateiegpPiey | s
partial cbemtapile gonfigurati on of natural jadeite with Fe'2 and Ti

Fig. 14 is a continuous fransmission spectrum for the inventive jadeile sample
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 naiu'.rat 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




repl acenent for producing a blue jadeite material; and 20 Fig. 17 is an
energy diagramof the jadeite material of Fig. 16 showing that |ight
absorption causes a broadband absorbance centered at 588 najpAoehEL S,
thereby coloring the crystal blue. The Figures will be described in nore

detail belvowoz/4s8ss DETAI LED DESCRI PTI ON OF THE | NVENTI ONpcVasihictgd ur e of
Inperial Jadeite "lInperial” jadeite is highly valued not only for its

‘i nherent b@asm@encmbem@eonsb&ﬁamgemt YiaBe Jhdette r @HGLMAE QNé dRssehhe chemi cal
vironnent for its formation. Genological references provide

and physi
quantitat ﬁ@gnﬁqn,{omrg Pal attributes that 30 allow the gemtrade to
di stingui sh si ﬁaloamaelp(llamq ofghxivigl rastedeal§ wdesiitdeperibadp fiisieta metalii iomt her

mneral s, 1@achi&lel vaﬁ§ust KRRl refe‘?ﬂ@%&%ﬁgéd fﬂ%é'gﬁér JFPt £4d aks kng\#rp{ﬂ]att rue

“jadeite. These references do not provid tative speciftications or a
ri gor ots dPaHRgt P%ﬂﬁ&?&’“ﬁ&ﬁram'?ﬁ)@ﬁﬁ%m‘a Jpa'&aﬁqi gurfacgs i pYOd sepdedngl or

uni f olr m t YossAlod ﬁhérersﬂ'absan‘pdon Egraif bhmﬁear%lg%thotﬂﬂnﬂﬁf 4&&%8(1 org’GEéééSerl 46615 .
transl uce ci fii r eria adei te di entiate the
pr esent Fg%/&gﬁ{??oéﬁ] O'forq}z(i)lemS%Qée In%affe ?tur Col"of™ %Pé‘gl‘g[ﬁqé{%m& 'Fteaﬁ{yd Materials is
wel | descitivbelipn cogwprieds mpatl keleration spolisty @otidlied eabsarptionsadiussiugfd green i s
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only vol une .chan dur i rg g‘ formation i s q ass-to- crystal
phase chafi§89§ o3 %’% Prof A (ToP2 V@B‘F?“f SW%FQIWEQ'WaWS@'OEdPﬁ Yieste to the
production of larger jadeite polycrystalline masses with fewer inclusions and cracks,
20 no porosity, and better jadeite colors. The sofid-glass method also minimizes the cell
distortion 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 jadeite.
‘ 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., NazCOs, AlOs,
-~ '8i02, Crz0;, elc., in the desired proportions and casting the melt in the form of an
ingot. The pre-mixed powder could be made by physical blending of powder
ingredients, pre-reacting some of ingredients before mixing, or by sol-gel technique.
“Solid blocks of glass are fabricated from the cast ingot.




very large volume change (-60% associated with the glass powder-to-crystal
phase change of the prior art. The advantages of this solid-glass nethod

include the production of larger jadeite polycrystalllnq WBﬁé%ﬁo&‘th f ewer
inclusions and cracks, 20 no porosity, and better jadeite colors
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K, Li,_Ca, My, Be), 0-0.5 noles of a 5 transition element(s) (e.g., Fe, C,

Vh, Ti’I, V, N, rtr tion nt), 0- 5 noles_of a rare
earth el enent Q\%d %{"é’ﬁ Gk, %%P{‘”esﬁar&ﬁm"orﬁ@'ﬂ%w r%{?’ee"éar Rare Rhent) .

Pref err edEleawnty@@¢i al s for form ng the glass blocks include: 0.8-1.2

nol es of a Na conponent, 0.8-1.2 noles of an Al conponent, 1 6- 2.4 noles of

an Si. . conponepfere dhefe T -0Pth&E oPbin Akaf6Y IRDi WAL eiy p%' es of an
al kal 2me ear t hmdi@ ofh @BREHdnenteht, Sand oL&S ndibs, of aMakeRalh elehR ﬁs 0
“transition elenent(s) (e.g., Fe, G, WM). The product jadeite, then,

conprises the ﬂ%megaion ’ggﬂs%'d%éjéroﬁ%?t?lg iil%\}eRtrﬂve%Jeﬁe 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




added inpurities. In mneral ogy term nology, the jadeite product can be
represented as follows: 15 (Na, Alkali or Al kaline Earth)(Al, Transition

El ement, Rare Earth Elenent)Si 206 where there is 0-0.2 nglg,0bggh al kali
or alkaline earth netal elenent, 0-0.5 20 nole of a transition el enent,

and 0-0.5 wyBhamef a rare earth element. The reaction cgll éﬁ?ﬁ&sto produce
the inventive jadeite is schematically showmn in Fig. 2. AUg ass cyli nder,

51, is sur [ ' : : afaojlo, 53,
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and, thus, minimize the finai crystal sizes in the jadeite. Anneal times range from
about 5 minutes to 72 hours and correspond with the above anneal temperatures
20 and pressures. Slow cooling and gradual pressure release from peak values also
have been determined to aid in suppressing cracking and delamination of the jadeite
being produced. Cooling preferably is done at sufficiently high pressures (>2 GPa)
to avoid any precipitation of albite or nepheline, which are the stable phases at low
pressure. Precipitation of other phases in the pure jadeite causes both light
25 absorption and Rayleigh scattering and, thereby, reduces the trénélucency 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 gémstones. This bias stems from 't_h_e view that

9




10 being suitable for present purposes. H gh tenperatures are in excess of
about 1000' C with about 1000' to 1800' C also-being suitable for present
purposes. Nucleation of jadeite crystals fromthe gl assiphase€2essurs on
heating through a jadeite nucleation zone centered around 950 Cwith a

wi dth of ayhewidasgndred degrees Centigrade, i.e., 850" 4] rr?:tbl gr ade
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genst qpes. Se bi as stens fromthe viewthat une 2005 WO 02/48038
PCT/ USO1/ Eggf ®each genstone i s consi dered and treat ed as an "obj ect

d art” that can only be valued by its subjective beauty. However, this
subj ecti veghapRk@aen is fatally flawed because of the |ack of a standard

~ observer. “Nbr égver, %ectlve col or g rati ngs have proven useful in many

comerci al set { M FEMMissigR iematigpale Fdaitagse(GHa) fesiongtedsilyrainam angd
aut onot i v 65 raubt fiuednantithdt iosi SlosEpupiroxiRbes @8Rheth dagily ah®is e fi rst

time b tfGminant of choice for gemstones. Other illuminants 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 measurerhent 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_ptdrs of the human eye to determine what

10




gemstone industry. The color of a senmitransparent gemstone, such as
jadeite, can be specified through the use of color neasuring instrunents

and col or order systens. The nost precise and intuitive §yﬁhg%b§ t he
Cl ELAB col or notation where the color and cl ari ty of jaC]EI te is specified
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Internati ?{@L%ig@eqntgﬁ%rtg i %%esigoq:ieﬁ)waqgl%h@ﬂﬂ: thé WSy e agelané% r[t}tg'lﬁ ai'? IS St ,[] ﬁ e 20

i1l um nan at nost ern
i 11 uni r?antgeﬂTs"Qfﬁd'Y”é%Opﬁérrb'@)%ﬁQﬁlﬂ% an aehéima"y,nfam seestramdan thechigheed i f

adj ust rTentrSEaWeemtén@m}efn 18 (knfdd ¥ gk GRlbRy s;ﬁ'@ﬁt@ﬁr SREMmdie WitehgpeRiON- st andard
spectra. ‘1} at, on and VIeWI n %qmatry Col or nmeasurenent ‘and

speci fi cat® eﬁ’ r}b ® AN Tar Bk Eg’lef'@ 'P- devel oped and 25 rest on a firm
scientific basFer aTWllu@&parsytsblaewt sheh 6 2 gerastumeemaattllwmsétm ardgs based on
the spect rv%uﬁfw V\??IL f?léé?tﬂé M &Y Solof. NBor” )ﬁhg‘ﬂﬁjmtirﬁskgﬁ 1Ol or

recept each as a er ent sSpec
~spect rlgpth’PB?rﬁP'@rt  bak APHSHN & |fft°ﬁbihe ffoRof th@a@mﬁit@mq,ém HafsEnigsion
transnit t aloeoiothe ge@ewré ailedoasinge.f uﬂ@dm@a if e ilirBinMvedrRNGEving Bret he Vi si bl e

t he resu spectr ym can be adj usted for
tS EZCI Ir:JleE%@ 0%%9 " grﬁthgqgngg? thgggﬂsgﬁ? %&Fg‘?ﬂ %ioét [?ﬁjjgﬁ'g?tg % We' spectrum
to one thé&emifets dn ﬁ@végﬁé%ﬁﬁﬂ@eﬁwse nolgtsmdé?ﬁdemdtffdn@ﬁn Sodimydpiegjfying The

st andar di 2@ GbepRet 6PN bNBR Jemstmal }f?eeglemrgrﬁ'tmm&ﬂm%h@n LRFRRARG. Spectral
funct gn of .t he thre@fcol or receptors of human eye to deterim ne what

10 14 Jun®SHpipa'se 1HEH38 PCT/ USO1/ 46615 col or a hunan eye woul d see
fromthis spectheusnlorRdjadeitanmbst of whichhe sapiratgparant) s dedveli ghh frehat | ve

~intensit YréfIQctfoHeanHQ%Q%ls 'H%WQ\P:—% {F%réolo?fof ta'?@wé{p%.'s ke ?ei\dgeﬂg C%Jcﬁ% the

genst.one VYI é){oear I sh tot hé spect rum
' black jadeite, may be pr:nc:pa!ly from reflection because of the opaqueness of these

has i specimens. Nevertheless, the reflection mode was discarded because it would be
20  sensitive to surface finish, surface discolorations, and specula reflections from glossy
surfaces like those of a jadeite cabochon. Moreover, the most highly valued types of
jadeite have a high degree of transparency that would not be characterized by the
reflection method. Consequently, the mode of choice to characterize Jmperial jadeite
and similar high grades of jadeite is the transmission mode. _
25 To characterize jadeite in a scientific manner, a transmission method was
' selected where the jadéite 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 -incident 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
10. The collected light was passed via optical fiber 20 to a spectrophotometer {not
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high relative intensity in the shorter wavel ength part of the visible
spectrum the 5 genstone will appear blue to the human eye. Fi naI ly, if the
spectrum has the highest relative intensity in the cent C1A J(f)’ (Fsvi sible
spectrum the genstone will appear green to the hunan eye I'ké nperi al

j adei te. KpdosussRM transparent object, such as a genst Oﬁ@rméofﬂ/%ﬁ;d | um nating

and viewing geonetry wll affect the observed color. For exanple, if the
i 11 uni nat |sﬁd5w|i)%he@t@é}%cﬁ&mddﬂ%ag%{%rﬁmgdWoﬁi"’hé‘gaﬁs?nlggté?l rg)%blﬁmflront of the
genst one, transni ssi on col or of enst one w | I

contrast, T’ tcﬂ@rqef‘f'ﬂm'ﬂﬁ’fli”?ﬁ’?t ahpdyi QW aPWPoBRdL Waaorﬁ'éef%ﬁ?QQQe front of
t he genst@peqtrophﬁormeifeks!’mhlyea Systeor mafle biedgens tGarolvgitd] Labteaonyasie. | n sone
gemstones,BrgoFl ,fwg\obg can be very different. So, in specifying an

obj ective co or t e genstone, the geonetry of the illum nation and
viewing 15 systemalso nmust be given. The color of jadeite, nost of which
is semt raﬂggmgtcmd,m@( aived both from reflection and transm ssion.

However, the | o es 0 adeite, _suc ackj e|te may
e pr 1 néi pal |y IEFERB AR EreaoERe drelorat flesdisan D kel Rioke

speci nmensio Neearivgicdl ds $he humarr eyklapdtram Aigde shaws d";eslc‘a’rbdebtobzeﬁmyse it would
be 20 Senén'a&r'??ﬁe bﬂ Shifel iceinzillf-é}éssnow?Eﬁtfcﬁah?@a%p%?meﬂrlgt'lpgés’cnﬁ% %pecul a

reflections fromg ossy surfaces

Mor eov®r 'QhHE’S?rB%ﬁ cHprgHIdyvaes tign biagipa temhity ad’é’Pt"é"'ﬁ%ﬁﬂé ugifofn glePdegr ee of

tC(r) anspar eﬁfa:xmoﬂbatgmpml mbmganh e oinar ﬁuﬁ;}] Bleb é@dathyrefsb@:twélﬁfﬂhé%‘ﬁpgﬁéhtm?t hog
nsequen ) oice to characteriz adeite an ,

simlar &chﬁs § ge(’ggq} a'j%)Ja gllo 4 ﬁﬁéd‘ﬁ‘%r??ﬁ%%fl ﬂ!n%D%eé'vest?"T& ®har acteri ze

jadeite mﬁeat@en evr pid wemﬁreénetwarksroam@rhrseupercervetchbd Ndwmas bkiegt ed wher e

the j adei ¢Rn¥@seeRd ﬁﬁgﬂé h@@ta‘é%m lteB%nH Ighdtii ARt samd shize NdRY¥ekdafg Shown in
Fig The s%em centered platform 12, inside an

int egfsat i HEE's ﬁ@PB"”ei‘ﬁco WV\%"Qgﬂhlat@”W&tclaE"‘&?F?QE@ blugsand el ng sphere
14 was idinglerhuradimditangoasly,isphtuesdryetiow 48o awhomioneatscolvnd. inrcodirastct vi ew of
. Speci nen tg:Qhes‘a'c%B% &—ﬁg cho%Hh%& aﬁ@é&lﬁﬁv & %@eérﬁ%%gt el figt ed between

different ‘areas 0o interior ntegra I'ng sphere
14 so t ha@menkns Ay it 00%@6? rféi’ &aﬁtbh@rﬁs @g&fﬁ)'%rﬁtqo ThedriEbAB dRsmAm pher i cal
angl es. Juolsts dieardagdiobihe Gixivtimcd Of vEBnamt copé k€ Alaké lahﬁfque&ﬁhgramut@h coll ected
I'i ghtyd hay t p Ll ected |ight
was pzzgtsseh rgt?dang%gf&r &ﬂg%gg&&egg i}%& %Fg%e tc?'gecﬂg'{) an%tgéeen(ﬁ cﬁ% tﬁ'?m June

2005 - are plotted afong and on opposing ends of a second orthogonal axis labeled a*. Ina

s.lmtla_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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WO 02/ 48038 PCTI USO1/ 46615 shown) where the specinen col or was determ ned
fromits transm ssion spectrum The comrercial instrunment used for this

pur pose was the SAS2000 Spectrophotoneter Anal ysi s Systgm ﬂ%o? gy Adanas
Genol ogi cal Laboratory of Brookline, MA, USA. 5 The Cl ELAB or Di agram

The Cl ELARyd hR6ssdi mensi onal di agram was desi gned to bepbpiid:iéesi se and
to appear logical to the human eye and brain. Fig. 4 shows the L*a*b*

chromat i C't\Rﬂ v gﬂsq%a?éﬂlat%lﬁdﬁrﬁ %inté‘o th'er@ltﬁgé Eb‘?XVcLEx %Qt Q&ra{@gfbéﬁpe(_:i men

is. It describ ReSS varies trom ck =0to
white = 1@9P1V'PHUEB§TY§IGIQWQ§H| \h@@fﬁmsteps of col orI ess gray in between. The
ot her two axes contain, respectively, the opponent colors of red-green and

yel | ow bl ue. The idga- %aappﬁlgne@t lzors derives from t he human eye
and theg neural networks of the brain perceive color. uman bei ng cannot

A
see a si ”ﬂ"ﬁeéb‘ttﬁsééé%%é‘safn‘?‘% ﬁ%sgegéi,rtg‘?‘%l.m@ chﬁﬁorill%u gce, red and 15

green are opponent color uaman see both blue and
~yellow as a singled g &%meously, so bl ue and yel& w al so are
opponent colors In co %rast t’'o t hese opponent colors, “both red and yel | ow
can bggs e@S @ single hue at the sane tine as in oranges, red and bl ue
~as in purp es Cetg¢+]ngCIELAB di agram takes advantage:gf t he exi stence of
opponent col or s to make a uni que diagramto 20 specify any color. The

opponent col or red. (+ dir ). an ee - direct re pl otted
SRR Lo s gl L en SRR
simlar ei ImpEctanyer)ic ue (-

di recis onyseRli & pibd @tvﬁ%s@‘m%ot%%lﬂ&:s%glsdl&frarﬁ {éthﬁ FHa@ [t BGeRNRlangxi s | abel ed

b*. At the center of both the a* and axes ere 1s no color, just
differi ng s‘ﬂéd@?eﬂmwa diagiam 'f’rﬁ‘?é‘gl%ﬂ”ﬁ'ﬁeéﬁ@“ﬂé‘ﬁﬂ]et t the rafigiaf . Moverent
t owar ds e#ttighiaseieds abéadyliRedids bl viith Iepa®l Geadhjggiends W th an increase in
the intensity and saturation of the color. Because all colors can be nade

up of mxtures of light-dark (L*), red-green (a*), and blue-yellow (b*),
any col orwwﬂﬁmm B d brightness can be plotted on the
ClELAR di agr @¥caw@@ LFian Ghiladeh dEcﬁm(ﬁdﬁdéd*%@sd\w%aﬁﬁlﬁﬁfddblﬁWrad@Sir@ﬁl?d so 't hat
I L e
bet ween di0§tamekwavld heerasessidel i gabeolors. 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
. -Opeque 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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changes was a major flaw of previous color diagrans. The difference, AE,
between 12 14 June 2005 WD 02/48038 PCT/ US01/ 46615 two colors |ocated at

random poi nts on the CI ELAB di agram can be cal cul at ed by1 _Fﬁla)goﬁg t he
Pyt hagorean Theorem AE = (Aa*2 + Ab*2 + AL*2)v2 (1) 5 If € Colors are

at the sanpglb/gisness level, i.e. AL* = 0, Equation 1 rg, ? 635 AC =
(Aa*2 + Ab*2)1n (2) 10 Wnere C = (a*2 + b*2)v2 (3) The single mensi on, C

| ndex, 1 adidhbid S ie D BbARARG Of Thé NSRS @Y. mEOkin BBLALI on of @

genstone |ike | 'S someti nes nore conveni ent useful to
plot L* vé‘PE‘B@a’d‘?”lcﬁL a'ﬂ%“&ﬁ‘ﬁ%’h’%ﬁ %Qﬂeﬁ'ﬁé’@)’ww&t’ﬁ@ﬁyf‘%ﬁ'&n L* versus a* and
b* in a three-di menS|onaI diagramif the color mxture or hue angle, i.e.,

the ratio * en already fixed as it is with Inperial Geen
j adei te. EBth St r!%a&k;} | or/ Transl ucency Space 20 Because L* can vary

from 05to 100 Beesuae theriavestioncisreonertned priredrilywittpjageitessr thenlinGiatians 200, one
m ght thi 'Ilk ahfat férh?en%ﬁrbﬁtegéfﬁks@ortés éf%ﬁ&erwémd?é N3t tfﬁaoﬁ'nﬁ’% iﬁfe&é&@o X 100 X

100 woul e acce ol o L* b* are not
i ndependeﬁ?cog‘é{?'i‘%&%?d&ge tgﬁ’é‘ﬁtoﬂ‘?sg REe 'l"ﬁ"}sg‘t:e'&p%@a@medﬁ'n% ,varée,ty 8f Y¥ifst one t hat
i's -col or kelss issdiirgogrperetveriity, yeliawspasdeish arbride, bfown, 4, BRehder,=an@. As col or

i s added I’eQid%ﬁ p?.lﬂ:% g,ﬁgﬁt,so Qﬁmet é@ elfer}e'actléea%sﬁu? Hci’-‘f%\/ﬁe ((’Fz%@é f‘hieirﬁrﬂma time the

added col o anspar enc n so at L* w II

decr edle. @(ﬁ‘f %ﬂ@r@’ﬁ%’fyfﬁ@fj’anﬁﬂ”ﬁ WSt?lPi@"IQW @W%@-R}’EWW&WS‘F col or~

space i s a9spSHIBN 6—999&9‘@951 Oéhoml t§plcﬁqp@@§ﬂﬁﬁé{!oﬁ)fcuhlesqar Slodng b*. Hence,

in real gerrgstogée ﬁa%ﬁ ﬂ gny c&we medi um both the maxi num col or

satur at i off 28%fd Hée tRUAE 8 A RMeA8 30 linited by each other. Fig.

5 (Figure 7.7 Trreom:stﬁs;béombtrlangeraﬂdn@ viithdthd yamigndd aaximdm vbyd colirepben C.

Hofer, Asplag iuﬁ (P Bk KrohdOBL sdiPRERD 130U 1l Qv N W ED

t hree curves Theorettial rve , lrans Curve 24, and

- Opaqu¥® rapad msgen jdeits 9 s theategionr witp ¢ 9*@-1‘3?0 B0t Fhcamkp&adency, of L*

and C Onbélﬁ@éh B TR in theFigkt-HME Aokd slehe e clrvd™ JadeRs wik eitiide gleatedN Opaque,

and a tr s arllgrq_t’"s or smaller C's will be less appealing to the human eye. Yellow jadeite
will have good colors at C’s between 65-73 and L*'s between 65-90. Orange jadeite
will have good colors at C's between 60-84 and L*'s between 50-90. Purple jadeite

20 will have good colors at C’s between 60-75 and L *'s between 30-55. Blue jadeite will
have good colors at a C's between 60-82 and L™s between 15-50. With 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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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 respdnse, for example, is

one reason that we can see such a wide range of stars in the night sky whose

intensities vary by over a factor of one million.

20

visual intensity and color,

The CIELAB diagram was
constructed so that equal distances on the diagram correspond to. equal changes in

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




45-75. The best Inperial Geen color will occur at C of 73 and L* of 62. 30
Tabl e | bel ow di spl ays the range of conpatible Ls and Cs for the good
color range for the various basic colors discussed above for jadeite. In
addition, Table 1 gives the conpatible L* and C of the ﬂés@”%gpQﬁ for each

color, i.ewoobh@ts conbination of L* and C that occurs i ght - hand
nose of the respective color gamut curves of Figures 5%151@}%{42’: 5?1 14 June

2005 WO 8. 5 * G I Range Range
ost L+ Banpis e gsai, 6P B> yergRlhe) oG ImiaRg o 02 910 £795 0295
Yel | ow 65-'aiessuiyaggingarly withdhigknese Xoas stovea 80 82 Purpl e 30-55 60-75 40
75 Blue 15-50 60-82 26 81 * Best L* and Best C conbinations are not

i ndependent, but rathec, giX,) dependent on each other. 5¢dyariation of the
Col or and Translucency with Genstone Size Both L* and C are dependent on
the thickness of a gesarppgX mwhi ch has a uniformbody gylor. C will
increase with thickness. That is, the color will becone nore vivid and
sat ur at ed veerd, he t hi ckness of the genstone increases. This makes 10 sense
since a thickef;geh€;ardhderdorsiand t ot al col or centers than a thin genstone
of tHE sanme botenddlore tHetrageloceraize srevpectivelyh btdaneseneb of tickeessi¥q ¢l ear ness
or transpar eneyd ¥, htwvieg geniktro bedydidr atld tresiseney.t h t he i ncreasi ng
absorption by color centers or scattering centers in a thicker genstone.

Btec?uset ! i\ﬂh&tioﬁ?ﬁ@?l@? émrahmeﬁg,]&%&l lg@msz@ah&@hﬂawom th E hi ;:kneS_sE hotnﬁ -m-ght
at firs in a an Wou So vary exponentially wi e
t hi ckness. Howk\A Perfech gemginRgcrsial g]esiﬁ?%yéglﬁbrﬁssamﬁ??%ﬁicﬁ@%[r th#fc manner to
| i ght 15 nt émesar fiyncticrisi of theog@arcetiatibe, If eSipposie cobotergoradmpthe, ganstonere r eason
t hat we C e such a wide range of stars in the night sky whose
Co=al } (6)
20 Lo=p 11 ')

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
Sand7into4 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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intensities vary by over a factor of one mllion. The Cl ELAB di agram was
constructed so that equal distances on the diagram correspond to equal
changes in 20 visual intensity and color. In other words,jstfge Shft-AB
diagramis a logarithm c diagramequal distances correspond to equal
rati os inwoosssisti es. Hence, both L* and C are | ogarijpdyida iRasur es,
respectively, of the transparency and color intensity of a gemstone.

Al t hough transpanengy |(<?<'2§1| rEﬂJe@l"v nEn%nﬁnbtI%pdﬁyV&hyen%é%@%és%bhb’toW th 15 14
June 2005 WO Geikan HhinPetd s R oot ok He o Mohemse e Of t he
transparency amd. col or i nten5| ty, i.e. L* and C values, only vary linearly

with thickness X as follows: Cl= C (X1/X2) (4) 5 L*2 = L*1 (X1/X2) (5)

where. sCL sRthdidy 3 bORIEA Qe 3afhe sl SR %&geﬁ{rw ifatdnans! ucences,

respectl vely, ness a uni form body
col or and @ %mah@e'ﬁcRPSS%r‘ioa‘?qf% ”éﬁ‘ exast GAMENRPPRoRh SPIAE 8RE PPRTEM | npuri ty

Concent r atiiafglucenby @@ﬁét@@s @I BRINGNEzeE ity SieAthangBe tHeOAlYiIn§iO bedy cdler, and
t ransl ucenc I, of

L* . f t.rat
mpur iy GO% UPTEIETRY S iiien £oh i e SquRies PE IR B R o L (3 111
(7) wher gematoaedoneanest dwolvs tiznimpurity [cat@ahtraiiont leemaipiai the samensalor Cy and
ge”Bt%e aﬁésé:rﬁé trsﬁ%fMBahé‘y 1+t %nﬁaﬁb@#ﬂy%ewﬂﬂ%é& nc@a?@d@ﬁf gﬂ?g bed %%”ES froma

smal | Lh npuri t | mpur i ty
Concent r af eoﬁre\%'isghéo TQ{P‘EkJﬁﬁ%@ opnly Hﬁ’“@ﬁeidn{ﬂ’n 8 GPMEERR 1 &t one

produces #Hhigass).0Ae thotesipegbikiond biye B @iafged, Afe ingidiytodncemtrafionast 30
opt i mum t Er%” e&?%@r‘:}ﬁlag@%s‘&%%t o {fangt%adm m%?ng%!rﬁa I\%n%&ﬂe %o?‘%‘ea?ﬁ X, how

does one urity concen signifies the

functi onalfa@étp}éﬂ@eln or @ﬁamﬁ*ﬁuﬁolm%edmﬁééﬁﬁr&@ﬂ tﬂﬁfeﬂe (i) atWO@Wédhﬁfen

ot hi cknesswif)be 3 thnPMicki RqliRisShs 8dMRentration 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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optimum col or and translucency for a different thickness? Substitution of
Equations 6 and 7 into 4 and 5 while holding C and L* constant,
respectively, both give: 35 . [(X1)/1(X2) = X1/ X2 (8) | GAYLhLbdEs = X1/ X2
(9) 40 where, 16 14 June 2005 WD 02/48038 PCT/US01/ 46615 1(X1) and I (X2),
respecti velyoza68 the inpurity concentrations necessar ypéﬂusgmﬁﬁg ai.n col or
and translucency constant at genstone thicknesses X1 and X2.

Fortunately, both equations give thggigapre answer. One can see from
Equations 8 and 9 that it is W&lﬁd@utd@erﬁbt ain the exact same apparent
col or and appareprt—transtucen fay-ng—sizeg if one

changes the (ﬁtfl Si C boa 3 si.ze. For exanpl e,
if one doublgamplee] ﬁhﬂ&kness*of _ adei Jﬁﬂﬁt hal ve t he

| Mpurity corfeert—aEen—+o—m B
transl ucenc } e glass used as
“geastPne sSi ze

the precursg A1 ek Felt-ifi-2e: o
(i.e., thickn%ss). %Oth 6g%3|r_g§16qer§§tgom §é,§f" i|'s cr@%ed, the inmpurity

concentr at | gr——ot the—prgcursoff—grasS—arsopinust U‘F T,ilallgcu teojnmai ntain the
same color ¢ and itrgpsl ucgggy I—‘§1-1 FOrgs@Xa Tp[ag_zst D k@sgg’rperLal G een
jadeite for cabgohon that 15wt {be3~mmthrckirequrres th

concentratign af Qr ggp bg 94_35 weg ght %7 To pake [t he gpagpe Irrgeri al Geen
jadeite col ¢f and{transl qCENCY|in ajcabochpn that{is 6 mm thick, a
1

precursor gliass wijt hasml y bBakf [Ldre1 Lomgent 'aaeij.qm Bf Crracgmcenfiration, i.e.,
0.12. weight % T1s required (l:quat ons 8 and 9). Table Z tapbul ates the
stippted by a

appr oxi mat e esal e val ue. ara
recogni zed gm ey Pl PruLEssle t"bh?) aé’ﬂedfﬁtg eQWhé%“aW(?F@B 21985 'wel I “as an
over ald Pis.hiigiotreasidaretyy nd darge areghbliveeaic ye.c ditense lgréen ecidonodeagatelyhe

genol ogi cghh Eari‘B| %éded%ﬁ&b‘st@adpeaifs%étoéﬁs #@W@s‘i ‘im&:r(aﬁ{ @ériagﬁsfglicﬂveﬁor
t hi ckness, an anspar.enc t hese nat ural deite sanpl es all
had maxi Wﬂ?tﬁl"@[&'ﬁ‘@%la dgjst gb’é@-n Sampiey & gRerady n‘g? of ‘b’fj"é’r %RP@aF?etasur ement

systens dtaebecn oty azided Risedain dokr @aod trehsiticedey dlewh nomak fagtoegqui val ent )
with the &%ﬁ‘a@%a’iﬁ%f’%ﬁé‘ EP&FE&&,S 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. Inspection of these and other gems reasonably
provides a CIELAB specification for “Imperial” jadeite. Jadeite minerals meeﬁng the
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 i'nventive gems are less than 5 micro inch arithmetic

| average roughness to minimize scattering. Fig. 7 is a photograph of sample

number 1 of natural jadeite. Comparison of Fig. 7 to Fig. 1 shows why previous.

synthetic jadeites were not considered “Imperial” quality. Note that the ‘natural

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

The SAS2000 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 nhm. Sample 1 has a narrower transmission peak, a half height width
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17 . 14 June 2005 WO 02/48038 PCTI USO1/ 46615 TABLE 2 Natural Jadeite Gens
Sample $/carat L* a* b* C L*C Vector L*Z+CZ t'"2t 1 7000 63.4 -55.8 33.7

65.19 90.94 2 2800 66.5 -49.6 31.9 58.97 88.88 3 1000 q%w% 3@0% 35. 6
62.28 93.55 4 800 74.6 -28.4 19.7 34.56 82.22 5 250 59. 39 7.4 46.12

74.97 The \Qﬁ@fﬁd(ﬂ;s progression in the Table 2 places the @.bgg\ﬁagﬂgal ues on
| arge L*, .e., high translucency, and |arge negatlve e., intense

green, ancbe'imétfhr Ak Y10 mrﬂhﬁﬁ nm' ccﬁr ’Iatrﬂﬁlqﬁm é’rﬂnllé}\\é’e dﬁ&eﬁ”‘@@lﬁ@r q_egg'at ax is
t he nost WPUQE ant variahl e i n val ui jadeite gem

Sanple 3 i S St eﬁ?f"’i‘&?'?ﬂ@?"’aﬁﬂd 6@%(rt‘§“§'6‘55'%8@"d§een i ncorrectly
val ued based or exmiph ofmibr bnmlwma@mamleamem 6 D@‘Vrlésa@b@D‘éVnesS eeh as

i ncl usi ons,; 0 v crea ue fro vvhat one 10
ni ght haveIeQEg’%t% fef’ﬁé%a’{s@é’a (91 §er%§ (%6 ngﬁ%nz? 5&9’@3 fen the
| east val faBwE Bas thégét)fg“eﬁ%se@%wplﬁhed tabmhgh wjﬂaghlelmees of 2dngimuemhcy and

hi ghly satodlphRes@eens P LOE 41'01%9%&15 be*@fz; ﬁ h%ﬁ@ s%pie%@%t \Qtﬁﬁﬁy r easolngb' y
deite 'm nera

d i f t | np
Pnregtv: nSSt %éh‘l’@*\%%ﬁﬁg@%@&" fr @ﬁga'ﬁ"%iiog é‘i?é‘é‘%‘éi%%‘?ﬁé‘abéf?é’red??‘?“% e provi de
t he vi sualsainpieraé®diadovadr défsity bhpeéigak” | adeite. Mre translucent and nore
sat urat ed examphesrdidn il o ZAANE L wi8) HE S LGALS i ERoan the

|nvent|ve ems ar e M'cro i ne verage roughness to
mi ni nil%e §%§% teyshRg to FPEY+160 meshpsizthenvisir.apite ewdsnwes @adﬁmmﬁ highof natural

] age! te. Sfygmélcsman@fsmiér@t at%ii GFal ghd 1%75*\9}4&&3/\4?&1{'18?6%@%? co%ﬁat 7 E:thtet I Cl 20
adei tes r ! ual iL.ty. e. t ha e patura

Lol 1 o) WEL SoRleaChRalE Rfauy P E2b e, difichd subiiiol Aptst i and i s

nearly tlﬁdﬁ@par éhe cmcsmowsamu ot Meher thatkmessr oa‘beeso!mmntemuous

transm ssh@gsg‘,@@gﬁtg el 1 ngggeagg@ng ga;;rﬁ,jrﬂ*aJ $9 ﬁﬂ@gérﬁﬁ‘legﬂfn& Igghlg%st val uabl e

O oS e I B b s ol © o0 oL g6t have 3
- A jadeite sample of the present invention was produced from a glass with
stoichiometric jadeite composition of NaAlSi,Os containing 0.17 wt-% of Cr,Os (see
Example 1 below). A final density of 3.30 g/cc indicated successful conversion to the
jadeite phase. Unlike prior art “synthetic” jadeite, a polished section of this materiél

20 was completely featureless at 500 X. The complete absence of gross or

7 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  valuable 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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25 -of about 530 rim Sanple 1 has a narrower transm ssion peak, a half
hei ght width 18 14 June 2005 WO 02/48038 PCT/ USOL/ 46615 between about
510 and 565 nmcorrelating with an intense green col or. % 86 abl e
pi eces exhibit |ess transm ssion and broader transm ssion b@ﬂﬁ? sanpl e

of prior aghohadai te was obtained fromDr. DeVries (see, é)p d1ﬁ§m et al.,
GE Techni cal Inforrratlon Series, supra) and characterize col or

i ndi ces. Té\e reét.mh@ams w.tﬁodtme Eeﬁéﬂt@iﬂ n%%‘i'i‘ mqﬂior %hqu&a%ﬁm% WI th

t hi ckness col or, neasur ene b* =
4.8. The sﬁ?ﬁﬁ? eh H’%Ht"f‘v?‘s%fa‘l"? Provige s ‘Ei'i“P'et FF‘é'a'P'?a{'P%'i“ﬂFc%fn‘ieF@BP Hﬂﬁ or '

- sat ur at i onmeeqiatde edatefial.’ | Moesecahd-piggisadartifmaise bical theTmmlcraa@rﬂue s&Jeso had

| ower dens f [ J

repr oducedér%c}skeir?l ra?fn gﬁuﬂ%ﬁ%mog@ﬁo@& g‘% ‘ﬁcf agsﬁgp% E&H E'té Q&BSELI&%EE rresh si ze

powder .3 Thdngigiinan t"\ﬁa%mPCMd@”émlsﬁﬁo The ﬁ{“@t@ﬂmpmé@s meestt,rementarwﬂieguthﬁ ered at

g 2 G![Da anfdllol@*?g’i/a@:efsolt* ﬁgdﬂguét* = A5, @h@ﬁ’e??awmiétmaﬂém hé@é@hﬂ‘tﬁéﬁtiﬂtﬂaw _T_ﬁ a
ensity o i ndi cati ng successfuyl con adeite e

conpact eatisist i Siificenet, 256 bt FinacES pir 101 BirRora vl Bhent o wer c:

L* = 32. 3,grade attrib@te8 jn Baide ©* This Ger is SFioiv irsBippl2 Mote shatld belakavidat 15 any of

the d E'-A'?hh“%iheﬁgg&déutbc Hrtﬁt &%‘rﬁleﬁaﬂ‘F”%@pi\AﬁsJaa% férfh $BBP! SPfs the

present 1 nvention uce rom chionetric jadeite
conposil i drngrcathAITEE mnﬁ\tﬂﬁv@rfﬁpwd@tw g 92 shoutd E?IB’O(“%@C’ tEifghpl e 1

bel ow) . A raiuidfaddRnsdrbple of Fig. ﬂfhngkwprlondﬁ;a@bwsm@@mﬁgm conversion to the
rior nth ol.i s ection of

j adei te phase. e d
this materi al Eﬁaw?ecgn%ﬁmé%s o]n sp]egt ire fhgsséa %6‘5&’“"?%% ﬂ}? Rgﬁ”éfe absence
of gross araterialst ehgrreals Itransmrﬁa@kwas B30 mro mdth i Hadrheight Wisith beteeen ¥ i ons, or

‘second ph%ﬁ@%sts AmS QQ\ﬁéh bé‘ seé;ﬁ By relé}enc?;hs ngghgr Ipmarﬁ%ﬁauf@qa %rafmiaﬁ g of t hi s

|
tS ?gﬁ s ﬁér e HE‘{P"&%‘H’“}; ap d?°fﬁ'a$ Lﬂba?“’% ”Bfto &QP bl '\é"”ﬁa?fu#“él ’a']ﬂ%!%é |°faé?§"§'5 gens and

t he exanplerdacei fefiebtions (hdvenmpssbhadtdr qrolistiyg befegisasd isvidentviel priopragisent ed i n
Ry T L gmem;rt(ggag 448 B0 B i hoeiC SPace Lo

contalnth I'es rmtsaquantltatlve
assessnenﬁa'f)@??'é(&ef‘%"ﬁ' achl eved by the invention wit h respect to natural
gens and pri or THa finifoAd g&dk0vlle afd hird@etsef iainvéiee fddagid pldand naksé (or

t heor %i C@Jﬂsiér*to_ %o‘iéhmhtah ;;n r Qﬁaorrlr%tu%i r]‘Jauee\(tg qnggrieﬁmlpis known that natural
jadeite must be carefully pd!ished to prevent "undercutling,” 6r micro scale
'topogréphy resulting from preferential polishing of oriented jadeite crystals or second

- phasés, 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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30 val uabl e gens and the exanples of the inventions.
transl ucency and col or saturation of the prior art

| ower

The

substantially
is obvious.from

in Fig. 1 Ca. Acid etching highlights the grain structurepf, Rgpsi adei te

mat eri al

as can be

sanpl e haswan/@essr age grain

approximately 5 m

crons.

seen by view ng Fig.

-size of 2 mcrons.

The grains

11 at 1000 X magnification.

Thi s

The magéush@éasnN Size is
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PCT/ USO1/ 46615 The &*a*Bl edliiesedfythe Griue e@m-gvalid Gidkitd peoredro BgRInvetiveot ed in

prior art jag
sinple, relia

B FrRfRb e e

second- phase artifacts over the 2-mcron grain size,

ritgariz&

ctin

B P

B

“Wade materi al .
cracked grain

iformagrains provide a

No

boundaries, or pullouts are evi dgn*t"';ABliEi'l"pl e points, if present at all, are
5 smal | 2r than the 2-micron grait@§GEUMTRE SAS col ori neter neasur enent

yielded the follgwng valugs: L[ = 6Q. Z,_af = Ib ) b* = 31.7. This
mat eri al has signijfi gamdiley |hitghefr 4+ gnspuceney angxe@j*®rf saturation than
‘prior-art. It fallis—well—wihi-a-the—gam-—grade attribut in Table 1. This
gemis shown in Fi 12 fe I e kien,t hat his {synthetic jadeite
exhi bits no incl us&e’f'?gq,pled{.\g~.%§£qieﬂ;r§i%i%vgggr aHLY s {10 transl ucent.
The inventive syntihetlc.igdei in Ei.g. S | d ngared to the
natural jadeite Scll'p%(e e 968?911 fr?ﬁ} u%ig ng’ ""?gef’}'ée:?geite sanples in Fig..
1. Finally, the trapgpsisyon geredlisdm| o, 4 hi gs_ﬁamlsﬁ {4 ogely mmcs the™
natural material §. The peag transntssron vas o3p-—mmwtH a hal f hei ght
wi dth between 500} g2 [igtio 4563 Pes epudy ref@rence to Fig. 13.
Addi tional ly, thefeoloratiopis-15 uniformiwith ho nottlifng observed up to
200 X. None of the¢ Lanellar cKi fla refl ections (adventuresence)
or polishing defe,éxaﬂp{ee@i '*‘:.'B.ta‘3 “ggﬁ ﬁgn*g‘??a eie-wefle present in this
sanpl e in particulag, (393N, 56e |Fi ]:%) 4 of I S sanples in
general . The unif rn?g;?ai n_lsi zg1 an%ig‘%ar hTess o'ff?g t'hgal vemtive jadeite
product make it PO_easier fto pollish than grior jart or @tural_ jadeite
material . 1t is khowimPieat [n&fd@r at55] hddi& ¢ Ghe2t| b&8@8reful |y polished to
prevent  "undercut{rng,  oOr |m cro{scal _ ing from ‘
preferential poliglEagpris drieeat ¢dsg apaitse | gawstial $78n s¢cond phases.
Recal | that waxesfhi-de—t-heqe—probtenrs+hr—rnaturallgens—PRiior art jadefte
~material also exhj bits. Laggr tin The sur d fi,pi.sh fchi eved on the
inventive 25. jadgerte F\Jngsgi cgé{bt |a€r4'% %?'CBH) é%. esgg\’g.%'ﬁ%l(t h such a snooth
finish, waxes arel Mmple 3« | 69.8 [-51.1] 356 | 6228 | 93.54

Sample 2* 66.5 |—-49.6] 31.9 | 58.97 58.88

Sample 5 | 591 |{-37.1| 27.4 |46.12| 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 .
Examp]e 4™ 1 323 {-28| 32 4,25 32.58

* Natural Imperial Jadeite

** Prior Art
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needed, and a nore stable, durable product is produced. To assess product
reliability, the process of Exanple 1 was repeated. The color indices on

several sanples net the "Inperial" specification range. Haeungbsgsved
colorinmetric values were as follows: L* was between 55 and 65, a* was 30

bet ween - 58oamabosH6, and b* was between +30 and +33. G péfrusdiass:s fini sh,
and mcrostructure features were identical to the sanple reported in
Exanple 1. A continuous spectrumof this duplicate sanple also closely

h hal £ .hei ght dt h of 500
o 565 nm 0wbBSENAd (onBf B 08 1F 1606 Pl rameted A L2 tes of
t he nat ur setegained farde lydedieise@pisr fooke dgrmed ritinieriofe gtddes.e.s anpl eisdexepor t ed

herein ar %x@?uzzaﬂ at Oaliiéllaf :%s§thahelso‘éhd %Blvglué tr%t Exéée? s, WHiTRY Y Jadeite
L* a* 24{ Exanple 9 68.9

-57.1 31. é" ’eQEQ a‘?“‘@ﬁa:’oﬁo 5<6 %0 ’3%0 HE%CELVQM iuw"‘és@arrpl e 2
59.9 -56. bbSAva! Bt tHO odPjabaite Exaigy hatnés tdse bl &% tlgelﬁﬁurgl j%geg&éS ggmol e
1* 63.4 5

Ecanpl o 3 20s® and MRS GEATY Rpdidiin fhe Bl Rl RS €5
92.51. S&hifisebier g sgmples hpvamng lGa*szvag@ Bithin Sznpinge 2sugestsd 9. 6 31. 9

'58.97 88. G&penﬁﬂn]éldélt&* Sbéh llmqﬁ\??negss 2f VAgdS. %813&4@?15&9@@{%%% Ero@e%%éls(i 223 g 5

- 19.7 @5@1 éo EeVrl s**
' 4.25 g & T S (e Wéﬁep'l”ée”ziw Jaﬁﬁ%% 2.8 3.2 4.25 32.
The index of refraction of the novel jadeite material ranges from about 1.855
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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Coloriess

Opaque White Jadeite

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

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

Add an extra 0.5 to 1 mol-% AlLQ; fo the stonchlometnc jadeite and anneal for

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

A stoichiometric Jadeﬁe crysta! with no added impurity is annealed at a

5
B Methc.ndl
10
precipitates.
Method I
15

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-AlO328i0,} and/or albite (Na,0-ALQO;6Si0,).
1hese microscopic precipitates causes the jadeite to be milky white in color.

Rayleigh scattering from

The

optimum anneal time will increase with decreasing temperature because the kinetics
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WO 02/ 48038 PCT/ USOLl/ 46615 TABLE 4 El enent Trivalent lon F-Shell Color La

4f0 Colorless Ce 4f1 Yellowto Colorless Pr 4f2 Geen Nd 413 Lilac, pink
Pm 4f4 Pink, Yellow Sm4f5 Pale Yellow Gd 417 Col orl esg4 jlike 48 Pi nk Dy
4f9 Pale Yellow Ho 4f10 Pink, Yellow Er 4f11 Lilac, Pink Tm 4f12 G een
Yb 4f 13 Yewbomysofiol orl ess Lu 4114 Col orl ess Opaque Wi perdsdridaie 5 I n
addition to these colors there is sonetines, a demand for opaque white

j adei t e. Thf giftigion bdegrasd uexadnintiathn evithf teniperatwge.] owWotry thadt the diquidvet hod | Add
an extra_OidndcPatdhe tied s bhafiatl il fEssHe! f QL EbfchBACld! fnelifieanneal for

10 several . hours during crystalljzation to cause precipitation o? very fine
A1203 pr efddgitg 2ElEoSPBIGRIES e whee iediglighes of eppradaptey 108Y'<¢-al with no
added inpurity is annealed at a 15 tenperature below the |iquidus region

" (see Figs. 15A, 15B, and 15C) for shart period of tine to cause a
pr eci pi ?at ilon of a small anount ofﬁun%—jc]aa?r@copi c nepheline (Na20AI 203. 2Si O2)

and/ or al bite (NugdHyedadaisi B notReg| keieg Hodrshin salure (therenis a metyes!
M Croscopi fedBisRBLPIct AbGSF, W Reh RIelAEINR bR THIIMc¥LE faakife, cOl or . The
OpLi mum anpeal § LR L R3S i B S S o R e B Jogause the
Tt will replace Al in the distoried octahedron of 6 oxygen atoms in the jadeite
10 struclure. This is the same replacement that occurs when Cr*® replaces Al in jadeite
to give an Imperial Green color. Fe™ and Ti"" will be present and an interaction
- between them is possible when they are on adjacent octahedral sites sharing faces
in the c-direction (see Fig. 16 adapted from The Physics and Chemistry of Color, by
K. Nassau, p. 142, John Wiley & Sons, NY (1983)).
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.

24
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WO 02/ 48038 PCT/ US01/ 46615 of diffusion decrease exponentially with
tenperature. Note that the liquidus tenperature varies somewhat with
pressure. It is nost convenient to anneal the jadeite atyy e}%ﬁg% ric
pressure where the liquidus is at approxi mately 1050 C adei te
True Bl ue wagggishsg has not yet been found in nature (theperisideshat ural
reddi sh-purpl e, however, that often is referred to as "blue"). To produce
. bl ue j adei@iger El@mebtan®lbstuifingand 0. 05 nol - % Fe shoul d be added to
stoichionetric jadeite. Fe and Ti wll replace Al in the distorted

oct ahedron of 6 oxygen atons in the jadeite 10 structure. This is the sane
r epl acenmenthetMaNanist Gite when Cr+3 replaces Al in jadeite to give an

| nperi al Greenmhfaroveﬁﬁgau@ﬁdtr%hsf&ew lgeife 5&&%%%&5; ﬁZé&ie’it?roﬁ@Ct' on

between themis @os& are on adjacent octa sites sharing

faces i n 9hanqe Pr@%"r“ifﬁ‘iﬁ"i@@eoﬁhg P’E‘G”%&ﬁséd't fraynkeTiebRg Peeiahand
Cheni st ry sobstfate (mlther l@LEmeKts dNasmBiatidhs of dther &rhienld/ih ehe BdSRNGruchie (1983)) .

15 When tl?%tﬁggg éﬂ\la an en &el Ebﬁ}? %lafgts'%b&m}?ng%rc%gl%@gfeuff |ent overl ap

"of the Phese | S assi st, an
el ectron @%Opé\é@aw lpwen the-+pelting Ppink of the prsklrswsglasee and -aliqw -a4more( | i ght
AR v o %"‘%‘r Eg’n%eé%fmea& R B DB ! a0l or i g

Che’ clgs: SoBRAETE SRS el Sitihre BHSRT R LAY Moeh R, of Cot or
K. Nassau ,saﬂ[sfﬁﬁ@f’adlmba cbi‘él‘gey‘te&r:ﬂiq‘rm;d $iPe (LIE3B) Kleir2® C.Extaunipe Meolval To

f[}gdf;ge?t%g Wr%?agﬁgy %*etéif?oéw %49;”% /g/\ﬁ;[ g é?m% IW'NY/“IQ ﬁg%léklﬂ)rl]&?h added to

jadeite. PP f"‘i&“’%rﬁ’dwgwf%&’l@b?'gﬁfdioﬁ’c@ﬁ’fdﬂ?@?'aﬂ"e@?mﬂe crystdl B 2ol the rare

Cr(1V) statig@ged idh @fie esghgm&ge:@meacedt ﬁélgwtﬁwéauearthém Qiﬁa t hegedlege of two

\;"\‘IA I+i3 &9 ngn%rgg%c!é[t&r%r ﬁ]bsyls s ?déj 8¥_| Rl?h@ A@E%ha[kglipa E:I(I;rag'l he Lkﬁg{' tuJﬁd nggl ,[C;+42|40n
14 J une 2885 Fomammleteoaetunmﬂ@snmf%% 14vd % iek% ki en@“m@%ﬂlallwﬁ!l@qet utions

an equal molar amount of Na™ in jadeite without causing lattice strain or violating

charge neutrality. If 10% of the Na were replaced with this mixiure, the jadeite would
have the compositien: | |
20
- (0.8 Na, 0.042 K, 0.058 L)AISi,Op ' (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)

25




The M2 Na+181 Site To inprove the quality, translucency, grain size or
color of the jadeite or to 5 enhance the manufacturability of the
precursor glass, it may be useful to partially substitutg phheges! enents
or conbi nations of other elenents in the jadeite structure or the Na and
Al atons. Wwoheé@pl e, the partial substitution of certaipughaegats for Na
or Al may |l ower the nelting point of the precursor glass and allow a nore
honmogeneoudhigliaiette tammsition wine. unSuasassiddnatgelstirkiut i on of el ements or 10
combi nat i ORg, Rt A Ls in the jadeite structure is dependent on these

el enents - i uling's charge neutrality and size rules (C. Klein &
C.S. Hurlbt, MaRiRY chapediAheenal aagypy lesMIEditahieaingl ste il 93deitdohith Wikl ey &
Sons, Y, Marddd9@lonbdxgBaHRbAS and Brel ddsRtledTas P11 HaATe il gt - T ol d

coordi nati on in ther#&adag_a@e C%%St al as a_si ngaﬁ_sy. har ion wth eight
oxygen heal 8CE PG5 IR spRsdtutgslo Bhest lans [rjagriis| wilhputisausibeeamy| at ur e,
this is silgticé isedinbandNeithp] viol&inh ehajekdlutralifpt Fob eeMbld e Mikhsé iof thed for

Na. For ex 1 f, lL-% K'and 58 mol -% Li" can partially
repl ace - aﬁggéﬁoélmnrrglf § Egﬁfn‘@"ﬁr_ﬁ éﬁf" gﬁlahe si“ﬁ“f@ﬁ%if?rea"vﬁciuﬁio'ﬂf’fa’éﬁ'ﬂgwﬁg&l attice
strain or A otateny? steraingadeiteut’t 49%tof the Al i0Ssvsfe teplacdth theresultiegl aced Wit h
thi s m Xt Ysgaitetirdld 16 kteSfoNNiHgtboripa¥ifior; he conposition: 20 (0.9 Na, 0.042 K
0. 058 f‘d YAl Si 206 (11) Anot her possible substitution for Na+[8] is a mxture
~of 16 nmol-% K" and 84 cool-%Ca+2 for Na". This partial substitution would
not cause | att i(¥e{&PALOMD721Mrt, 0.025B)@isded result in an unha anced charge in
the lattice because Ca is a doubly charged ion: This unbal anced charge on
Na sites woul d have to be conpensated for b substituting a singly or

doubl y char ged QU migkresHatigan ﬁ??‘at‘)hwt@@ﬂ@géf Shinghee: Al &2 tek% Feedr  exanpl e,
‘My+Z can bed28hescs Bte®)7armdl 8 lahd O%ey, He é@)l%eaﬁaat% ST gnd £ aced

W th m xt lbenef BN e d 84 mol - % Ca+2 and a charge, conpensating
30 am?ant )ﬁ](i)dtf /V?%;Z@_ _ggﬁ%_!af,t/?'alaf]?ﬂ;ﬂﬁgﬂafaut ed for the Al+3, the jadeite would
have the . conp8s#ddition: mixires et dogodp@setve OhBd nGatialiy.cea be AlbstidB4 My) Si 206

(12) 25 bA tHeIRe® RAGHes Wavideh 430 3GerBIFENA/SO he diblibSis sdblirsd badgidriefOnmposi ti on
wi 1l be “@ﬁ%r&&ké‘r?c%u&%ﬁ sﬁgs%lﬁi%n gg ld:u[erﬁia"" 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*? 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 ~ Itis interesting to note that the most common substitution in Imperial Green
. jadeite is Cr™® for Al 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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The ML A13+161 Site Triply charged Al ions occupy the ML octahedral site in
jadeite with six nearest nei ghbor oxygen atonms and are designated as

Al 3+16j . Various mixtures of 5 elements can be partially,y, s%gtjopﬁt ed for
the Al ions in jadeite without causing any lattice strain an out

vi ol ati ng whaegmsmeutral ity. For exanple, a mixture of B@rubflsdsof M+3
and 28 nol -% 8+3 can be substituted for an equal nolar anount of Al+3 on
the Ml sites in jadeite. If 10%of the Al ions were replaced, the resulting
j adei te woul d g tion: 10 (Na)( A, 0.072 M,

0. 028 B) Si 206 ??g gﬁ‘e?%ﬁi%?@??ﬁﬁ Can partially sSb%ti tute for Al
include: (1) 72 nol-% Fe+3 and 28 no-% B+3; (2) 78 nol-% Cr+3 and 22 nol -%

g+3 2 (3) Sﬁlﬂ?ldei% §0qh3rg@ﬁ€buﬂf§ihal]}i5$tmiﬂ fr%@ .8 tiksol(ition 5?0#‘791}(0 %sTf[amﬂel: f'i’s{'d 44 ”E' %
e+ m xt ur a reserve cha utrality can be
subst i tjﬂt }%gfer r?a? H'SS%;&} EIOP%‘Q @? ‘HE%F'TW Coler '&gﬁ’sﬁfﬁﬁr ge neutrality
i's secured by dhpaskgiehed ofc lv&trcgesia;amcﬁsd atiicots  thebsrain usizo rofojadeilee Na" M2
sites. Fo rreﬁ%ﬁﬂﬁ)ﬂe@ ’frofih e ?/f[f%'é By @Buéﬁg atHPnic néblggtio% &B%e? h¥8kieé B3 can be

substituted on&“ 20 can ati1on substl tution of.
My+2, Ca+2, Ba¥Zle Hhesavenﬂen Hﬁ&eb‘ﬁﬁ‘i‘ tdﬁ%C”R%Pr witiprefereace tqih @esferrad t hi s

m xture reqmmdmnﬂ,ﬂ%sefskﬂlbe iAthel AIOwill driderst:eaUthati Vigiolh dikdrige Iﬁé have the
8 G 4 Ty TUn b 25
require crﬁrarrg@e S@amﬁ:ei 1h§tih\tﬁﬁm@ruﬂstadﬂmn dmrtynnwif cationss map deudade {01) 64 nol - %
Ni ’;272nd %@g/;ff‘)é %:ﬁﬁ(ﬂar é:ﬁkttoﬁér mter%_'_gpﬂ?e @Qﬁhﬂg@ Hp(\;aé’ ﬁ:%st%g)w@@utml - % Fe+2
an mol - % 0 a o Be i's

i nteresti ﬁi&pqrgn ﬁf’@ ER‘? ?s‘cteﬁgalnﬁ'??e tBﬁﬁ?BPdE‘ﬁfgf?th dt [SoRigndet fBelh I8 G een

j adei te i éw@ntieB rfobbe Aimit8d dmdhet paticuidri anisudinsdnt istlossd as tobes tmiaden free. A

t f e ; f 78 nol - %
St i%' 5 " g n%gaggwgﬂﬂ% oatqﬂa@' ﬁ\%nﬁcgﬁgbﬂ r?a't”ﬂfé lnkﬁrﬁn%namﬁ‘:a&gdg@faeugl o8

of the Al $FbPgments tf%'@mvwwmhwscépe@fé%ameﬁ @a'mﬁedndhfﬁav@caw@ ol | owi ng
conposi ti onits &6 i 4he utetric2 Opem \MBd Ol 48638 BRI pieRhtk§6s ke by weight,

unless otherwise expressly indicated. Also, all citations referred herein are expressly
incorporated herein by reference.
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

27




(Na) (0.99 Al, 0.0078 Cr, 0.0022 B)Si20s (15) This jadeite is charge neutral
and strain free. Dissolution of Cr into this lattice is 5 easier than

di ssolution of Cr alone into stoichionetricjadeite, to. AI SI%)% The
absence of lattice strain also affects the grain size of ja

- recrystal | woagugs®m t he gl ass by reducing atomi ¢ nucl eatc@Rs@idsgr oM h
barriers. VWhile the invention has been described with reference to a

preferred podpdisyweiered hosass kiid atbrite fdrMahapills Ehditdblégiﬁéﬁﬁe?trﬂimh#at vari ous
changes may, he res%g cfpde and equivalents may be substituted for elenents
t hereof wt out eparting fromthe scope of the invention. In addition,
nmany nodi fi cat |W§YWC%@'%@QW®S vt prnealegaover 8 wlider rasige oBipiessurer mat eri al

to the tea(Bthg:aDd)fteahb@aqué/QOti@ Qg 186d" @Uénd tid %Hﬁd‘ﬂnrﬁﬁ F’b&rﬁiﬁ;o%se““ al
scope t§1 refore Inventfon not be limted

er Th
to the par'FS?Q?uf ﬁ?l? gﬁ%ﬂ?%Hf”%‘?%@F%Q%%F”B%d f%é: I-‘b&t Tyricrdly.1%8 REQIgERNDI at ed
for carryidigtouith Hhirsactio eelt baimg plessurizétato 4 bet pré‘ssefbt ofon 5\ Gba.i mEé ude al |

enbodi nentéeétr?éal E‘\Qerv‘@véé“hﬂn&@eonsﬁiﬂgr? tlQJ e@Su pr%g %é&&ﬁdﬂ? Se hi s

application al uni t nd
per cent agégeséf'f"@ bli?“'\?\lhﬁ Q’Fﬁg'asﬁﬁﬁ%% W@§ Hﬂéﬁ’fm‘f §Q3 7@&@@9§led ihdiecfat etk Al so, al |

ci tations miediter TacrehitIrche teHhgeraK iy @@S;h&eaéeaqmme%ﬁde ﬁ\eé@h 'Pmrtﬂﬁ Jefer gnce .
an i ndex o

20 EXAMPL LES A d te Y7

7ot 1At o el afolod S5t (e for EPpi el ofe Sis O St the ‘EORSBI | on of |

NaAl Si 206 Véaid resoprchitii 409" 0C 19vent sé¢eof mirDie2(B 'ﬁmd préveorec amls igdutdte f or m of

an ingot . s@:’dlt'aﬂéﬁuls@%oﬁ@ﬁ@ln?a%ﬁ{ﬁrﬁ Ry fékgige !'-:’a Qtnglh%hlllg]ge gl ght ver e
ri Ca

produced fromthe glass ingot._The c ass I ece was wrapped
al | ar ound®PINIROVES WA Lregi . oFhengal tﬂr?ﬂsé"el 6‘1’“5@”&)@ twe pffest ant al um
foil andabthérenvélewly sileused. OThemehittionl el Imeémo@éd o khe htdmp;éfss@f@f oi | (r).

The sagpl %pﬁ:ﬂﬁﬂs adcmegs% éll% gve"iledjﬁyemec 'éﬂ;%gl rﬁ@)?\éa%ﬂmtagtg&gﬁhrmo urity

graphite, sodiumc um num -oxl tride
powder : alRPIPbAYEE | i WegHowid dagir kotls elaw GGalmphalncé relg@sel 4f Turssu2005 WO

02/ 48038 PBgHifitdntyl helifhilih redm@iﬁﬁefack'ﬁg Bﬁ@ﬁééfﬁﬁ%&?ﬁ&%ﬁe khmpie. easier to f orm
the pills and 'h"e Qa(?r?p%sn\%re atlyzeélI for jgdentba ﬁvasg bysbal:;aryedlffractlon Raman
Scattering, FTIR Infrared transmus_saon, 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—preséure and high
temperature runs made using Y72 glass containing 30.17 wt-% CrQs. |

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

28




The cylindrical glass sanples were anneal ed over a wi de range of pressure
(3 to 6 GPa), tenperature (1000° to 1800 C), and time (5 to 120 m nutes)
conditions 5 using a cell design as illustrated and descl %92585 Fig. 2.
Typically, the process starts with the reaction cell bei ng préssuri zed to a
set pressuww@opisoss 5.5 GPa. The electrical power was tuppggsfisiben the
pressure reached - 96% of the set pressure. Initially, the glass sanple

was heated to 70 saﬁxpaaw?b.erbchobh@é@aﬁwale@r&smpybﬁd 1L eRt § @bur. t he

‘tenmper at ur reased to .t in t mnytes 1 d held at
the set va ueru?’d?su ‘gll"o%g é}j?yoﬁ%"%ﬁ?t orgth B %i%ﬁqgﬁ‘sﬁ%ﬁg%sgture was
reduced t @G’ T0esawpleswasesemiipplished to Thimchore sisapeenithas thiekdesseof 3.3

si mul t aneoys] yrhtercgm%g@rﬂ@?g,ﬁyﬁ%rﬁ?;el HESRWHE vaRes- © GPa, at which time the
heati ng power was turned o presSure was held constant for two
m nut e and then slowy rel eased. The reaction cell was renoved fromthe
hi gh- pressure 15 appar at Lrs= atd | adei=t-gesanpbe=gegover ed by nmechanical ly
removing the tantalumand Gafoil layers. It was found that both slow
cooling and rel ease of pressure significantly helped in reducing cracking
and del ami nation of jadeite sanpl BXAMREESanpl es were anal yzed for jadeite

phase by X r ay Wi e {192.0 R e 1 8 RTS8 [RUByhiegsm oo on.

densi t ure ness
transl ]éce @%ﬂ&*%ﬁaaﬁa'um fojl pecusd e glage cuinfera s [heelynuesyligd Inaxsnes
col ori met dighlyExashicest gleenih yelidl matdrial Witte détisi oPB.63 guire:. arrk siniple

t enper at ur S | EXAMPLE 1
26 The. eBeP B piBIE o ilenthndn Bl SANUMER Bt %g@%ﬁ%%afo 1 hour |
The exani rﬁ‘éﬁﬁsﬁ"ﬁ”@ﬂf Yigldecsialigwing wiissed a dense highly translucent green _
material . The density of the sanple was 3.30 gmcc indicating that glass

had fykly converted to thi deite p The npl e was sem -polished to
,Cabocﬁ n shape with a tthi E‘%gss Bt~ Zgg?nmb The! ?ndex of refraction vvas

1. 65480. The colorineter 30 nmeasurenent yielded foll ow ng val ues. =61. 2

a*_-55.1 Bhe3dnthuo {ﬂlf_m%f B ga%dé’@se?@% in . qa{jz}%ﬁﬁ aﬁqy 1'14§01/ 46615

The sanpl e Y72 Ta-4 was anneal'ed at 5.2 GPa an or hour-.
Jad ite product has een 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 gmlcc 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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The run resulted in a dense highly translucent green material with a
density of 3.31 gnicc. The sanple was sem -polished to cabochon shape with
a thickness of 3.3 nmm The colorineter neasurenent yiel dedjf@ldoawi ng
values. 5 L* = 59.9 a* -56.1 b* = 31.8 EXAWPLE 3 This sanple (Y72-56) was
anneal ed atvo®242se6a and 1575 C for 45 minutes 10 mﬁthog&na§hqaﬂ%antalum
foil around the glass cylinder. The run resulted in a dense ﬁlg |y

trans! ucentougioeenLadPIn MR o ddth ikt JABRSE Witk 1Rheiechly 3l GBro The sampl e

| ) was sem - polished ttocfh&%?c())rf;"gg.‘?ﬂi%gg’%l ‘é‘%aa? Hg‘ee%Qéd‘éEg?%OL*: 60. 4 a*=-55.1

col orineter “nmeasurene
b*=31.5 The conti nuous spectrumof this sanple is set forth in Fig. 14.
Again, an “Inperial" jadeite proéﬂﬁprhé% been made. 20 EXAMPLE 4. PRIOR -
ART ARI SON I n grder to verify prror_art of sintering glass powder by
DeVri es and- FI'éi sBfiBfrical sqlassa, seprip ZREd L let WD, stqiphometier 2NgMNgkQs (sanpl e
Y72- 54P) waspositieh eihennidns of @2/ 4vhA0diarstdr sridz. ponctaick, We waihiigad7ed. The
powder was..| i ' 5 pr cel l. and s.sinter at 5.2 GPa
Yol B2 gE ploRedsb lb Sier oo 20 € fr RrunGBY RS R R

and 1575 was obt al ne & al nost

- opaque andvhitf §iepsigpese materiabyitp gimengions @& a6 B tiym @nd & moo thickoesswersd 3. 28

gnt cc. Theyite P&ty WRS.3pYni/sd) %ﬂii&a@ni 115t fBss W2k CoRRSRd td *[.;a‘aeg&' @ai:éu%ret er

ielded fallowng: 30 [* =32 3 a* . -2.8 b* = 3,2 Th
RSB, R e e et S e BR  §n

t he curr ethat langecindéiiersainples can bemade sisiog thefsofibglpsh Wibakadppafacyl ass to jadeite)

- provides superior results than that of prior art nmethod (sintering and

conversion of glass 29 14 June 2005 WD 02/48038 PCT/t7S01/ 46615 powder
to Jadeite) in obtaining a gem qifAMELEBdeite with translucency and col or
conpar abl e to Akyese shople128-434048) dorRiingd.2 3 36 RIngb L8118 Yegithd B calatéAMPLE 6

15 was surrounded by 0.015” thick Grafoil layer and then pressed into a graphite pill.
The sample was run at 6.0 GPa and 1400° C for 45 minutes. The resulting sample.
was deep purple in color with density of 3,33 gm/cc, indicating that it was completely

~ converted to jadeite.

20 The following examples (Example 7-11) were made with SP1 glass (jadeite
material precursor glass block) having the stoichiometric composition of 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




5 Acylindrical glass sanete--'f'fT fZ1) with stoichionetric NaAl Si 206
conposition, dinensions of 22.4 nmdianeter and 10.2 nmthick, and wei ghing
47.2 carats was processed at 6.0 GPa and 1400 C for 45 iy, gé gg3Ne run
resulted in a white translucent material wth di nensions of 8 nm and

8.9 mmthiwbngswsand with a density of 3.32 gmicc, indpedbtdidsdihat gl ass
was converted to jadeite. XRD 10 analysis further confirnmed that the
resultant sanple is jadeite. This exanple shows that |arge jadeite sanples

can be made using the solid glass EI&EE %pproach. EXAMPLE 6 A gl ass sanpl e
(75-134-3) containing 4.2 w-% ighing 7 carats 15 was

surrounded by @& ofidricehgless @ngleo{SP1-24) evascandesibeat fOoEBRedNd 650" L gr aphi te
pill. Thqoﬁmlrﬁlté@asr Heblﬁaﬁtna@orpof%é‘ s%ﬁ!e%@@ecﬁ aldRhseRig ﬁ}?\"déﬁ%c n’;r he

resultln e In color wt ensi t
i ndi cat’i %ggr?eﬁg?a‘le{'gwmjgegﬁﬁﬂﬁé’ &'Ief‘a"'@f?n‘%sr% BHOTES ‘W'F%thaéélaﬁﬁacg ol | OWI ng
exanpl es (ERwigdhecqhverigd ingadeiterndibe virhple SRS sghasaasmmal dabochwatshapel

precur sor ahasRghIRek) 3 B3h hd ARl CLLATTIIGS LABPRGHAEN, OF Nanl S1 208

and containing 0.1 . -%of C203. The glas were in the form of

cylinders that rreasured 14.0 mmin dianmeter and were 7.6 nmthick. The

sanpl es were w apped wlit'F &8.351 nghe= &g d*=08138 mmthick G afoil graphite

sheet 1gnd then with a 25 0.051 mmthick tantalumfoil. The follow ng

“results were recorded. EXAhlj tE 7 Aig)recursor cylindrical glass sanmple—
(SP1-23) was annealed at 5.6 GPa EXAMELEB0 C for 75 minutes. The

exam nati on of Atdyindsieatpgiass shopledSe 1d8hwes ahhgliddyat B8 QPzamsl 160ONT gr een

j adei te nmagressi rﬁn%uteIhQ’hg%Qa%IE%hoﬂfofttlji'kesérﬁrgg'sﬁ&ue%aérﬂé tgﬁ?‘h a,gn%%: cC

i ndi cating that a? % y converte eite. e sanpl e
was seni - gf?ﬁpéﬁ‘?é%f' ‘0 eaﬁ%’t?l‘\’b?f n%@p'ﬁn“faﬁ 305G HP/ek indicating that glagphadThe
col or iifret esmpletelyidongerigd dd jdeitel oTHeossinde wes sdrhispolidedlid coibcBomsrage6. 3 b* 32. 6

30 14 Jungii?QQFcknkQ &%/fﬁﬁ@%h@@?%#@@%g By M retu lindrical glass

sampl e (SP1-24) was annealed at 5 5 mnutes. The
exam nation of the sanple showed a dense highly transl ucent
L*=68.9 a*=-571 b*=319

20 EXAMPLE 10
A cylindrical 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

31




5 green material. The density of the sanple was 3.33-gnfcc indicating that
gl ass had conpletely converted to jadeite. The sanple was seni-polished to
cabochon shape with a thi ckness of 3.3 nm The colorlnquuu5g§gbgs yi el ded
followi ng results. =68.3 a*=-55.8 b*=31.9 10 EXAMPLE 9 A cylindrica

gl ass saangggﬁﬁmr25) was anneal ed at 5.3 GPa and 1600' p&mdi@lassf® M nut es.
The exam nation of the sanple showed a dense highly translucent green
material. The density of the sanple was 3.33-gnifcc indicating that gl ass

had 15 conpl et erte sanpl e was i shed to
cabochon shapeemé &SUY gﬁéﬁg} %%f"mggi —gﬁf *he u@é'?aé'ﬁ?dr’r&%gw r’rééu?ts yi el ded
fol | owi ng folawing teble| » = 68 9 a* 57.1 b* = 31.9 20 EXAMPLEIO A cylindrical
gl ass sanple (SPI-27) was anneal ed at 5. 6 GPa and 1650 C for 45 m nutes.

The exam nati.on of the sanple showed a dense highly translucent green
material. The density of the sanple was 3.35-gnfcc indicating that glass
had 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 30 A
cylindrical glass sanple (SP1-31) was annealed at 5.6 GPa and 1700' C for.
25 m nutes. The exam nation of the sanple showed a dense highly transl ucent
"green material. The density of the sanple was 3.35-gnf cc indicating that
gllass had conpletely converted to jadeite. The sanple was sem -polished to
cabochon shape wth a thickness of 4.0-mm The colorineter results yiel ded
followng results. 35 L*=65.9 a*=-61.5 b* 37.5 31 . 14 June 2005 WO

02/ 48038 PCT/ USO1/ 46615 The results reported for Exanples 7-11 are

summari zed below in the followng table. 32

32 .
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“"(ONNr NN(~ aXrr x u3 14 June 2005 Cainms 1. Ajadeite materi al

ving a size in any dinension in excess of about 1.0 nm ClELAB i ndices
2? L*g> 42, a* < -6?/ or b* > 6, and a grain size of_ I ess_thanu@@g@ns 30
mcrons. 2. Ajadeite material with a size in any dinmension over 1.0 nm and
an optical transm ssion peak between 500 and 565 nmwith an I/l a optical
transm sSPH ratio of over 40% 3. The jadeite material of claim?2, which

: : - i i 3 ' | ELAB i ndi ces of
‘has a sige im ﬁ;@&]t@'hﬁ%@%g I’i’{r!/édg”%&%érﬁxz&}ygfggeﬁéﬂpﬁ elzcgss@?lapg%tﬁa@mn'i

L* > 42, a* < -6, or . 4. I'te materral o or c!aim
2, Whi ckplﬁééBé”%i%% P 7e, 8F <98 bt h&nanddgtain $oe nf lesoian aboutTte j adeite
mat er i almifongl @i m 1 or claim 2, which has an equi axed grain structure.

2. A jadeite material with a size in any dimension over 1.0 mm and an optical
transmission peak between 500 and 565 nm with an Ifle optical transmission ratio of over
40%.

3. The jadeite material of claim 2, which has a size in any dimension in excess of
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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6. The jadeite material of claim1l or claim2, 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 claim1 or claim?2, having a conposition
that can be represented by one of the follow ng fornulae: a) (Na, Alkali
or Alkaline Earth)(Al, Transition El ement, Rare Earth El enpni)na 206,
where, there is 0-0.2 nole of an alkali or alkaline earth netal el enent,
0-0.5 nole of a transition elenment, and 0-0. 5 noles of a rare earth

Gy (0. 526 Al G ORER @aé%gfc%%%a% Gio8) e HolsOigle 068 w20y S 205:
e) (0.955 ¥de. 6rd4s TX) (@1 or I saig atkstrﬂelzce 2laligAearB)elSh @O owhermegre X 1S one
or nore ofof KW, Cﬁa@r l\ﬁ’anersaﬁﬁare@artﬁ @%Hegt :g?m@}w mQre%QKIﬁ & celpes? B) Si206

34 14 June 2%05 adeite material of claim whereih sai'd
transitiorfF MTPSD:VO B TR f-UFe, Cr, Mh, Ti, V, Cu or Ni; said

‘al kal i ne or aI kal | ne earth elenent is one or nore of K Li, Ca, or My; and
said rare geart i S one. La, Ce, Pr, Sm Eu, Pm &,
Tb, Dy, He9e Er; IA ménftor SrNy 2 e'teAmﬁ’?f‘ﬁloﬁa“’f’l?rar?éq?l RyPadisengoimdt er i al

havi ng a §|><Q@S|qf|aa¢1-y 1dl mengidontal refleexeesSEDAB ahieet ofl 0> A ARd 4 of al

refl ectange.@ ﬁhéﬁ;cbrﬂgﬁég%eogte%* > 42, a* <-6, or b* > 6, which conprises
the steps of (a). placing a jadeite material precursor glass block w apped

in a graphi®e 8'?0'”9 aiqcgtie Mperirbrasurstelss blaclawrapPeHT aapprtitabus;  (b) heating

sai d sheetefmbmpﬁ@lalgalh%ﬁmbslrﬂGFFk/Ha’ﬁapﬁarlafu%S5Ure in excess of 3 GPa at a
heating ra m nute; (c) subjecting said sheet

g@ of regt eB | B
wr apped gl as's '?)‘T o% >t Sge Wé%%)ﬁfjé’ 455 PGt Rl TBYS Ui Gicces s °@§P§ﬁ(§aa
t enper at uheating rdx ckwsatef thabd0®” AP&OHInGef or a tinme adequate to convert said

gl ass bl OCk{C [ rgt}gjdcﬁ}fbeéallc?sheceg%r %ggcy bfggsutag(l,kq la%?e[ssar% i )Eceegsl, gjaggiﬁdaapr ate

greater than 100 m nut e rel €asin ressure;
and (e) r@gﬁ\?@??rt&j“%‘"i‘tﬂrﬁ'%\Bé?@cséoﬁﬁﬁ%'ﬁF%ﬂo rf@frﬁts"a@ adagighte to g@weThe met hod of
9, wher ei snisgibsk lgbRIsoMdesk has a nomi nal conposition of

{(d) cooling said jadeite 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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NaAl Si 206 and contains Cr203_ 11. The nethod of claim9, wherein said
pressure ranges between about 3 and 6 GPa and said tenperature ranges from
bet ween about 1000 and 1800' C. 12. The nethod of claim9, wherein said
time ranges from between about 5 mnutes and 72 hours. 13. The nethod of
claim9, wherein said glass block also is wapped in a ref4agldamsnet al
sheet conprising one or nore of the followwng Ta, W Nb, M, Zr, Ti; Hf,
~Va, C, Th, U, or alloys thereof. 14. The method of claim9, wherein said
wrapped gl ass block is placed in a pressure transmtting nedi um conprising

one or MEe PEWHSRSHAS of%lﬁﬁ’;h@ t@aeréﬁﬁ’%&ﬁheu@h@fém@ﬁma@é HH& BH%\/%QQE or
hexagonal Bboron nitride mmm- m - June 05 15. The net hod

of cl ai.m9ain fgRPERH tf‘ﬁ'éa?%%@ ﬂ@fm%’ﬁf@ﬁaﬁﬁa@awr@ﬁ SH%Vfﬁge grain size of
‘l.ess than about 30 m crons and has an equi axed gral n structure 16. The

met hod of .claim9, erein the jadeite nmateria has optlcal

‘transmi ssPon EE%R"EB“@)’M@H‘"B%G‘%&W @gfﬁﬁmai%‘aarﬁn% ﬁ%s adb(’[ transm ssion
rati o of traomssid:ﬁ)eéakb'éiwe'élneﬁormndhﬁ@ﬁ of véthainid ptivd daesmissa datnglofass bl ock
conpri seg a%g/of the following fornulae: a) 0.8-1.2 nole of a Na
conponent, 1.2 noles of an Al conmponent, 1.6-2.4 noles of a Si
conmponent, 4.8-7.2 noles of an oxygen conponent, 0-0.2 nole of an alkaline

or al kal ke edfd Me@hRIMBNEIaind 00 viherar aiaf glasd bRERIdohPRs& enerE thand 0-0.5
nol es of rare earth elenent. b) 0.8-1.2 noles. of Na component, 0.8-1.2

nol e of ﬁﬁoﬂﬁ WERE, 1.6-2.4 noles of a Si conponent, 4.8-7.2 noles of an
oxygen conponent, 0-0.2 noles of an alkaline earth elenent, and 0-0.5

mol es of , ”@951'%]&18!3 o?'aer@ Brnpornt, g g@%&&dof% &Ilc,%hﬁ%ﬁ nt,""f‘@rzez! n said

. adei te Material has a thi c ness an | ass as a color center
(i npuri tgﬂplesmér%pﬂm?wnbdi fof 2 deee?’ Bomnvenn P%ff‘P‘HW“be 0.2 RRlgyrlds bl ock is
i nversel éﬂksﬁlrn@nﬂréikamnéleah@ ddh&kNesS eblet frea jtateiibe Bt i sld aggording to
the follo ng eqauatl g)gl)/I(XZ) = X1I X2

motes of a élem

re €al
b} 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, -0.2 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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where, 1 (X1) and 1(X2), respectively, are the inpurity concentrations
necessary to nmaintain color and translucency constant atjadeite materi al

t hi cknesses X1 and X2. 19. The nethod of claim9, wherein said jadeite
material precursor glass block is heated at a tenperature bel ow t he

l'i qui dus region for a tinme adequate to cause a precipitatiipoued 260smal |
anount of mcroscopic one or nore of nepheline (Na20Al 203.2Si Q2) or albite
(Na20Al 203. 6Si 2), which causes said jadeite material to be opaque white

i n col 0120. 36 The method of claim-9, whersin $did jadeite 2@0&Ial pRcufBheglast block of cl ai m 9,

0. 05 ol PR SRTP AR TSGRt IRRTUARD B 5% Lo BRI et ng oai d

j adei t e pragiusingaiaidypiigite rhatetidleni¢hnis dbledn color; wy babioout 00, rmoln%IGr%rﬂr and about

o ange. ool A O EEP P Rap it 28l BT kR THIS] ket R o7

is. repr@gbnted by one of the following fornulae: 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 M) Si 206;
c) (Na)(0.9 Al, 0.072 M, 0.028 B) Si206 d) (0.955 Na, O. 055 X)(0.9 A,

0. 055 F&l. 0. ohs nBth@i mim\mmegein{saiéjam&ematmnsre;ﬁrek@]ted Bapndaf ther Be; e)
(Na) (0. Cr, 0.0022 B) Si206 22. A jadeite material whose col or
correspgcﬁlgmn\%fgmmg@u value and a C value and wherein: for a Green col or,
the L* @al ({° Ne, 0.042 Ke0.08814BASH045- 75 and the C value is in the range of

60- 75; Bgr%(g?”én@?gé%kotgﬁg@%gﬁ%gr I %@&7%@ %1% ue is in the range of 45-75

and the 'S5t a Yel | ow col or, the L* val ue
is in the NaleO 8 OGE’ZQm,MStEﬂéSf@svaI ue is in the range of 65-75; for an

ﬂlgnge 8?' Rf%fﬁ@g &559%)'(6’5 P!I%)(ﬁé% ﬁé‘%dz%‘”’é’)eslﬁa, \?Vgér%(,)xa}s?gné Qremgrevc%ll\}lle, Is in
Ca, Ba, or Beg;
e) (Na)(0.99 Al 0.0078 Cr, 0.0022 B) Si,O

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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range of 60-84; for a Purple color, the L* value is in the range of 30-55
and the Cvalue is in the range of 60-75; fora Blue color, the L* value is
in the range of 15-50 and the C value is in the range of 60-82. 37 14 June
2005 23. The jadeite material of claim22, wherein the L*, @{1 gopgl ues are
as follows: the L* value is about 60 and the C value is ab 7 r the
G een color; the L* value is about 65 and the C value is about 73 for the

| mperi al Ge%negag{eﬁé maydrfaPorclaitf a2 GirbRiP RN o3 AR e b Yeiolg: | s about 75

for the eIIow valué is a ue I's about 82
for the O antfe Icolabre;is abdig 60’anddhai& waweabemutd’éf@rrtbeﬁﬁ@ef@qmt ue i s about 75

for the Pur Phig Maﬂejﬁaﬁtgqﬁ 65 an\ﬁ‘#]é’% \}aﬁiqug%ut%@ e grﬁg%rgl %féoé(t:’ﬁcdo? about 81

for the Blue co mat er precur sor convertible
by high pr es ther [/ vaiughis ab@ﬁﬁémﬂdh@qwaﬁlel-ﬂ)abwtﬁéf@rjfbelé’eﬂfefvg@ﬁlistone havi ng a

thi ckness a”ﬂ} WeLfles E{}&n sg'ﬁﬁﬁ?é’ %ﬁeﬂ?%b&;t%ﬁ f&ﬁh&@?&uﬁ{/ do’H?““ ty, wherein

t he col or concentrati on ock 1s 1 ersely
proporti onal trted_*t\»{aiueksnebwt(#ﬂ andéhg é}d@iLteeS gborst7Orier the Eormdk egot o t he

fol l ow ng eq tl'_%ﬁje :gabélﬁéy aﬁd ttggg)varue@géﬁ 8(1 %r thdBRleSolde  (X1) an_d Cl

(X2), respectively, are inmpurity conc ations necessary to nmaintain
color and translucency constant at jadeite genstone thicknesses X1 and X2.

25.- An Igg)er Iﬁ#adgie%&ehﬁgﬁécﬂr%mgﬁggﬁ %9%199% Righ %%E@E/hkdﬁpur ity

concentration 1s rsel rtion to 1ts thickness according to the
fol | owi rigmpegise (HHHT) I(ﬂxp)naqie(ﬂm)emmf/wm@@)*h'd&mé?@“d weekal g 1 (X2), are
the i Wpl{j’léés)bi&@'ﬂu@@@"cbl@f}ééﬁkﬁb’i irﬁ@ﬁ@ﬁ%ﬂfeyelﬁ &er&loﬁbfaﬁé’rﬁﬁﬁd:@matlc&mi thier ansl ucgncy
const ant™ at mst.one thic SS The een jadeite
genst onéJ"i‘ﬁSbgleél'W%Se WBP%'??PE‘?%’ 'SBrI‘eoer Oéé'ﬁtj G%Ite PRPEY F?g%é%?ﬁ’??gm ration of

t he gl aske hlloeikgieguadtinver sel y proportional to th| ckness of the

CH{X1IG; (X2) = X1/7X2 (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:

_ KXAXZ) = X1/X2 - (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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j adei te genstone for a thickness of about 4 nmand a Cr col or center
concentration - of about 0.15 w-% 38 14 June 2005 27. A nmethod for making
a material being one or nore of a gemnmaterial or a ceramc material, and
having a thickness in excess of about 1.0 nm which conprises the steps
of . (a) wapping a precursor glass block convertible by high jnhessos e/ hi gh
tenperature (HP/HT) into said material with a graphite or refractive netal
sheet, said glass block being one or nore of a silicate, a germanate, a
borate, or a phosphate; (b) placing said sheet wapped glass block in an

HP/ HT a t uss L I | ass bl ock at a pressure
in excegga%?'gsq@wg@aoﬁ hgra%ﬁgg% ?‘ﬁ{&g‘F g%]g)%ng%nggﬁﬁg?rgtoﬁgng%@%rﬁiPr ﬁ1pnute; (d)

subj ect i ngPeEHMA BREER: \whd Pl dbiskisiseck exsess f exbour 6.0 mnexesdiss of about
3 GPa andompriesgaRé afeps 61 N excess of about 1000 C for a tinme adequate to

convert saqag g‘lfass bl ock int? s%bg materjal; (e) cooling said material at
‘a rate greafér "{ HAN Y0 E B OGE RIFE cHvgrible iy hidhiusersie/tigh easi ng sai d
pressure; tengergtide HEGEentd sgidsadieianaties halphis amemRiice @@l sne28.safline et hod
of claim I; ' l.ass. bl ock .contains an_ inpurity,
which is éﬁagsgl&%%g%:ggg?é%n&?%?%g{a ?ﬁéeat%aa eﬁm%qagengrﬁo,ra%qr'aéaﬁgf,;ma% el ement or
a rare earfbh BPEh@Rtid shept wignped plsdsiblocioh an®/MBehmdatos; claim 9 or claim

27. 39 (c) heating said sheet wrapped glass block at a pressure in excess of 3 GPa at a
heating rate of greater than 100° C per minute;
_(d) subjecting said sheet wrapped glass black to a pressure in excess of about 3
GPa and a temperature in excess of about 1000° C for a time adequate to convert
said glass block into said material; '
(e) cooling said material at a rate greater than 100" C per minute -and
subsequently releasing said pressure; and -

() recovering said material from said cell.

28. The method of claim 27, wherein said precursor glass block contains an
impurity, whigh 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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