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1
SYNTHETIC FIRE OPAL

RELATED APPLICATIONS

This application is 4 conlinuation of U8, patent applica-
tion Scr. No. 1007967.589, filed on Oct. 18, 2004 entitled
“Process of Preparation ol Synthetic Fire Opal™.

BACKGROUND

The present invention relates to the field of svithetic gem-
stones. More specilically, it relates 1o g method o[ preparation
al'asynthetic [ire opal that has similar physical and chemical
propertics as a natural [ire opal.

Natural opal is a gemstone made of hydrated amorphous
silica (chemical formula 5i0,.ll1.0). Tased on visual
appearance, natural opals can be classified as precious opals,
common apals, and fire opals. Precions apals exhibit a ‘play-
ol-color’. Play-ol-color is the phenomenon o[ changing spec-
tral hues produced by the dilfraction of white light through a
nicrostructure of orderly arrayved-silica spheres. Common
opals have high opacity and do net exhibit the play-ot-color.
Tire opals arc transparent or translucent opals with an orange
or red body color.

Natural fire opal is an opal that has been mined from the
eurlh and may be treated oy number vl ways 1o enhance ity
qualitics. Natural [ire apals arc rare and expensive. Also, in
natural opals, there is g lot of variation in color rom piece Lo
picce. Natural fire opals have long been used as ormamental

stones in jewelry, However, nalural [ire opals are briiile and 3

heat sensitive. Most natural fire opals also show crazing.
Crazing is the phenomenan of developing eracks in the opal
with the passage of time or when the fire opal is subjected to
healing.

Simulants of natural opals exist inthe market. These simu-
lants are used as altematives lor natural opals. Simulants are
arlificial stones (hat resemble the natural opal, bul their
chemical composition and physical properties are not the
samie as natural opals. Synthetic opals have Lhe same chemical
composition and physical properties as natural opals. Scien-
lists have been able to produce synthetle opals in laboralory
conditions.

A papoer tilled *Some Aspects of Precious Opal Synthesis’,
by 8.V, l'ilin, A. . Puzynin, and V. N. Samoiloy, published in
‘Australian Gemmelogist”. Vel 21, No. 7, 2002, pp. 278-282,
describes one such method of preparation of synthetic opals.
The paper describes the synthesis of an opal by a multi-step
process. In the [irst stage ol the process, synthesis of mono-
disperse particles of silica of about 300 nm size is carried out
by the hydrolysis of (etracthy] csler of orthosilicic acid,
SI(OC 1L}, in ethanol. In the seeond stage, the raw precursor
ol opal is precipitated by spontancous sedimentation. The
sedimentation time is about seven months. In the third stage,
the precursor opal is dried by a method of supercritical drying,
in an autoclave to obtain samples of any dimension within a
time span of 10-12 hours. This is followed by sintering in a
Turnace at temperatures o[ 6007 C. 800 €, and 10007 C. The
il e involved in the syuthesis of a synthetic opal is 10
months.

1.8, Pat. No. 4,703,020, titled ‘Process tor the Production
ol Jewelling and Ornamental Malerial®, assigned (o Kyocera
Corporation, Kyoto, Japan, describes another such method of
production of synthetic opal. This patent describes a process
of production of a jewelling and ornamental material which
produces a play-ol-color similar o a nalural opal. The main
raw malerial used is amorphous silica spheres with o particle
diameter within the range 0ot 0.15 1o 0.4 micrens. The mixture
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of amorphous silica spheres and water is subjected 1o sedi-
mentation tor several weeks to several months. The resulting
Jelly-like precipitale is spoutunecusly dried, and then cul-
cined o a lemperature of dbout 800° C. 1o [orm a struclure
compesed of regularly three-dimensionally arranged amor-
phous silica spheres. Zirconium alkoxide, in the form of a
solution. 1s impregnaled in the three-dimensional structure.
The entire structure is then calcined at atemperature of about
1120° ¢ for about 30 hours t¢ obtain a jewelling and orna-

3 Inental material,

The above-mentioned metheds of preparation ol synthetic
opals depend vpon the three-dimensional arrangement ol
amorphous silica spheres o preduce play-ol-color. There-
lore, such methods may not be applied for the preparation ol
synthetic fire opals without play-of-color. Tn addition, such
methods may not lead wo the production ol synthetic lire opals
in different colors. Another limitation is the time taken by
vach ol these processes. The enlire process in the exisling
wethods of preparaiion of synthetic vpals tukes aboul 7-10
months. Further, they also require production ol amorphous
silica spheres with particle dimneter in the specilied range, as
the first step o the process of preparation of a synthetic opal.

It is therelore evident that there 15 a need lor a process ol
preparation of synthetic fire apals. The process should pro-
duee synithelic fire opals with color unilormily. The process
should be less time consuming and should lead to the prepa-
ration ol synthetic fire opals in different colors. Lurther, the
process should produce synthetic fire opals, nol limited by the
particle sixe of the raw material.

SUMMARY

1t is an object of the inventicn to provide a process for the
preparation ol g syathelic [ire opal Tor use in jewelry and
omaments.

The disclosed method involves the (ollowing steps: Abso-
Tute cthanol {99 5%, concenlrated nitric acid, disiilled water,
and an inorganic salt are mixed in a closed container at room
lemperature and atmospheric pressure. Then, the mixture is
vigorously stirred tor 1to 10 hours by using a magnetic stirrer
1 oblain # homogencous reaction mixture, Therealler, Letra-
elliylorthosilicate (TEOS) 1s carelully added o 1he humoge-
neous reaction mixture o oblain a clear sol. The clear sol 1s
stored at room temperature for 5 to 10 days 1o oblain awel gl
The wet gel is dricd at temperatures ranging from 50°¢ C. 1o
100¢ C. to obtain a colored and transparent material. Subse-
quently, the dried gel 1= firther heat treated at temperatures
ranging lrom 2507 C. (o 800 C. o oblain a colored, trans-
parent, and hard svithetic fire opal.

The synthelic Gre apal has the same physical and chomical
properties as that ol o natural fire opal. The synthetic fire opal
is characterized by & hardness o' 5.5 © 6.5 on the Mho scale.
at least two percent of water content, refractive index of 1.37
0 1.47, and specific gravity of 1.96 to 2.20. Further. the
svathetic fire opal may be of any color, for example, orange,
pink, red. green, vellow, blue and the like. The synthetic opal
may also be colorless.

In accordance with one embodiment of the invention. the
process of preparation of synthetic [re apal takes aboul 410 6
weeks, which iz substantially less in comparison to already
known processes ol synthetic opal production. Turther, in the
present invention, the process of preparation of synthetic fire
opal is not atfected by the particle size of the raw material.
There is no requirement lor uniform size particles ol silica in
this method. The present invention leads (o the preparation ol
synthetic fire opal with color unifommity. lurther, the syn-
thetic fire opal so prepared may be of any color, 1.c., oange.
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pink, red, green. vellow, blue and the like. The svnthetic fire
opal may also be colerless. The synthetic fire opal is hard and
trausparent. The svothetic fre opul is wore stable i nalural
fire opal and does not show crazing. The synthelic lire opal
can be used Lo make beads, cabochons, cul slones, or olher
shapes that can be nsed in various types of jewelry and orna-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the invention will hereinatter be
deseribed in conjunclion with the appended drawings pro-
vided e illustrate and nat o limil the invention. wherein like
designations denote like elemenis. and in which:

FICi. 1 is a flowchart illustrating the process of preparation
of a synthctic fire opal tfor usc in jewelry and ornaments, in
accordance with an embadiment of the present invention;

FIG. 2 4s a lowchart illustrating, the process ot hydrolysis
ol TLEOS G oblain a elear sol, in accordance with an embodi-
ment ol the present invention:

IFIG. 3 i a flowchart ilustrating the process ol drying a wel
gel to obtain acolored and transparent material, inaccordance
with an embodiment of the present invention; and

FIG. 4 is aflowchart illustrating the process of sintering the
dried gel to obtain a syuthetic fire opal. in accordance with an
eibodinent of e present venion,

DESCRIPTION OF BMBODIMIENTS

TFor the sake of convenience. the terms used o deseribe 4

various embodiments are defined below. It should be under-
stood that these are provided to merely aid the understanding,
of the description, and that definitions in no way limit the
scope of the invention.

Lydrolysis: The chemical reaction belween waler and a
compound, usually a salt. The hydroxyl lrom the water com-
bines with a cation Irom the compound and the hydrogen ion
trom the water combines with as anion from the compound.

Sol: A colloid that has a continuous liquid phasc in which
a solid is suspended in a liquid.

Giel: A colloidal dispersion that shows some fgidity and
will keep the shape ol the conlainer in which il has been
placed.

(relation: The [ormation ol a solid malerial [rom the modi-
fication or destabilization of a liquid. CGels have varving

degrees of hardness depending on the selid concentration of’

the mass.

Drying: Removing of waler (90-95%) or organic solvent
Tromn o waterial, by expusure W ol heating, or adding a
chemical drying agenl.

Sintering: The healing ola mass ol line particles {v.g., lead
concentrates) below the melting point, causing agglomera-
tion o lorm larger particles.

Synthetic fire opal: Synthetic fire opal is a material with
essentially the same chemical compusition aud physical
structure as natural opals but has been made ina laboratory or
through an indusirial process.

Synthelic [ire opals are also relerred as created lire opals.

The present invention deseribes a synthetic fire opal [oruse
in jewelry and ormaments and a process tor preparation
thercof.

In accordance with one embodiment of the invention, the
main raw materials used tor the preparation of the synthetic
[ire opal are g precursor Lor silicon, o catalyst, a solvenl and al
least one inorgamic sall. TTIO8 18 used as a precursor lor
silicon. It will be apparent 1o & porson skilled n the arl that
tetramethylorthosilicate (TMOS),  tetramcthoxysilanc
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(TMS), tetraethoxvsilane (TES) and the like may also be used

as precursors tor silicon instead of TEOS. TROS undergoes
Dydrolysis and condensation reaction o oo soluble metal
hydroxides, which uliimalely Teads 1o the lormation of con-
linwous {81 O 80 ) linkages in an Inorgsnic nelwork
that spans throughout the solvent medium. Absolute ethanol
0l 99.9% purily is used as a solvent in the process. 1istilled
water is required for hivdrolysis of TEOS in the process.
Concentrated nitric acid is used as a catalyst in the process.
The assay concentration of nitric acid is 68 1o 72%. It will be
apparent Lo a person skilled in the art that other catalysts like
LICL, ammonia, and glacial acelic acld ele., may also be used
as catalysts withoutl deviating from the scope ol the present
invention. Various inorganic salts ol copper, coball, nickel,
and iron are used as dopants to obtain synthetic fire opal of
diflerent colors. Tor example. sall ol irom may be used 10
obtain an orange svnthetic fire opal; salt of cobalt may be vsed
10 oblain a pink synthetie fire opal; another sall ol coball may
b used to vbluin o red synthet [ire opul; sall ol mickel inay
he used (o obtain a green synthetic lire opal; salt ol iron may
be used 1o oblain a yvellow synthetic fire opal; and sall ol
copper may be used to obtain a lue synthetic fire opal. Tt will
be appareni o a persom skilled in the art that it 1s a cation in the
inorganic saltthatis responsible for the color of synthetic fire
opals. The inorganic salis in the presenl invention may have
aly anhion, i.e., nitrate, chlorate, carbonate, sulphate, and the
like.

LiIGF, 1 is o Qowchart Hlustrating the process of preparation
ol'a synthetic [ire opal lor use In jewelry and ornaments in
accordance with an cmbodiment ol the present Invention. At
step 102, hydrolysis of TEOS 15 carried out in a closed con-
luiner ol rouw tewperalure and almosphede pressure Lo
obtain a clear sol. This step is described in detail in conjunc-
lion with IIG. 2. Alstep 104, the clear sol oblained at sicp 102
is stored al room lemperature in a closed cupboard [or a
peried ol'5 1o 10 days and is ranslormed nlo wel gel. Atsiep
108, the wet gel obtained at step 104 is dried at terperatures
ranging frem 50° (. w0 1007 . to obtain a celored and
transparent material. In an embodiment of the present inven-
tion the colored and transparent material isa drv gel. This step
15 described in detail in conjunetion with G 3, Al step 108,
the colored and transparent material obtained ar step 106 is
sintered, i.e., [urther heat trested, al lemperalures ranging
freun 230° € 1o 800° C. to obtain a colored, hard, and trans-
parent synthetic lire opal. This step s deseribed in detail in
conjunction with FIG. 4.

FIG. 2 is a flowchart illustrating, the steps involved in
wmixing of raw inaterials o oblain o clear sol 0 aceordunce
with an embodiment of the present invention. At step 202,
absolule ethanol (39.4'%,), disiilled water, concenlraied nilric
acid, and at lecast one inorganic salt {sclected in accordance
with the desired (nal color as deserihed above) are mixed in
a closed container at raom temperatire and atmospheric pres-
sure. At step 204, the mixture of step 202 1s vigorously stirred
for 1 to 10 hours by vsing a magnetic stirrer to obtain a
lhomogenecus reaction mixture. At step 206, TEOS is care-
Tully added 10 the homogencous resclion mixlure ol step 204
1 obtain a clear sol. The mixing and stirring, as described
above, resulls n the hydrolysis of TS,

The clear sol obtained after the hydrolysis of TEOS is
stored al roont temperature. Tn an embodiment of the present
invention the clear sol is stored in a closed cupboard for a
period of 5 to 10 days. Atter 5 to 10 days. the clear sol is
ransfommed into wet gel, which is used lor lurther process-
ing.

LI, 3 is a [lowchan illustrating the sieps involved in
drying a wet gel to obtain a colored and transparent material
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in accordance with an embodiment of the present invention.
At step 302, the wet gel obtained is dried in a laboratory
Turnaee ol emperatures ranging from 507 C. w0 100° C. Al step
304, the temperature al which the drying is done is maintained
ill @ colored and lransparent malerial is oblained. In an
embodiment of the present invention the colored and trans-
parent malerial 1s a dry gel.

FIG. 4 is a Howchart illustrating, the steps involved in
sintering the dried gel to obtain a synthetic fire opal in accor-
dance with an embodiment of the present invention. At step
402, the colored and transparent malerial oblained as a resull
ol drying the wet gel (a5 shown in FIG. 3) is further heat
treated at wemperatures ranging [rom 2507 C. oo 8007 €L AL
this step, the organic part ol the colored and transparent
material gets removed. Also. at this step, most of the water is
removed [rom the colored and transparent material 1o prevent
crazing. At step 404, the temperature at which the sintering is
done is maintained 1111 @ colored, transparent and hard svn-
thetic fire upal is ublaied. The colured, wunsparent and hurd
synthetic lire opal is used n jewelry and ormaments.

In another cibodiment of the invenlion, a synthetic fire
opal without any water coatent is obtained. In the proccss
deseribed  above. the colored and  transparent  malerial
obtained at step 304 is further heat sintered at temperatires
bevond 10007 C. o oblain a synthelic [ire opal wilhoul iny
water content.

In another embodiment of the invention, the wel gel
obtained al step 104 is subjected o supereritical dryving in an
autoclave W obtain a synthetic fire opal withoul any water
conient.

In another embodiment of the invention. a synthetic com-
won opal 1s vblained. "The comnon opal 1s trnslucent
opaque without plav-ot-color. Further, the synthetic common
opal s0 prepared may be olany colori.e. pink, green, and blue
and the like. The symbelic commen opal may alse be color-
loss.

EXEMPTLARY EMBODIMENT

In an exemplary embodiment of the invention, absolute
¢thanol (99.9%4), distilled waler, conceniraled nitric acid @nd
sult of iron are mixed in oy closed contaiuer al roow lelwpera-
ture and atmospheric pressure. The mixture is vigorously
stirred [or 1o 10 hours using @ magnelic stirrer 1o cblain a
homeosencous reaction mixture. TTOS 1s carctully added to
the homogeneous reaction mixture to obtain a clear sol. 'The
mixing and stirring. as descrihed ahove. results in the
hydrolysis of TLOS,

The clear sol obtained after the hvdrolysis of 'THOS is

stored al room lemperature in a closed cupboard lor a period s

ol5 to 10 davs. Aller 5 o 10 days, the clearsol is translormed
into wet gel. which is used lor further processing.

The wet gel thus obtained is dried in a laboratory furnace at
temperatures ranging from 50° C. to 100° C'. 1o obtain an
orange transparent material,

The orange transparent material obtained as a result of
drying the gel is sintered Le., [urther heat treated al lempera-
lures ruoging [romn 2507 C. 1o 300° C. During 1lis provess
organic part of the orange transparent material gels removed
and the water content is also reduced to prevent crazing,. The
final product obtained is an orange. transparcnt and hard
svnthetic fire opal for use in jewelry and ornaments.

The orange synthetic fire opal has the same chemical com-
position and physical properiies as a natural lire opal. The
synthetic [ire opal has the hardness ol 5.5 10 6.5 on Mho’s
scale, waler content ol at least 2%, relractive index of 137 (o
1.47 and specific gravity of 1.98 to 2.20 as the natural fire
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opal. The process tar the preparation of the orange svnthetic
fire opal takes abowut 4 to 6 weeks. Further. the process for
preparation ol the vrange syulhetc re vpal in he present
invention 1s not aflected by the particle sive ol the raw male-
rial. "The vrange synthetic [ire opal is more stable and does not
show crazing. The orange synthetic fire epal can be wsed 1o
make beads, cabochons, or cul stones. which can be used in
-arious kinds of jewelry and ornaments.

Exemplary Colors

1 another embodiment of the invention, a pink svothetic
lire opal is oblained. In the process described above, a sall o
coball is used In (he starting mixiure (o oblain a pink svnthelic
firc opal. sage ol a sall of cobalt may also lead 10 the
prodnction of a red synthetic fire opal.

In anather embodiment of the invention. a salt ol nickel is
used in the starting mixture to obtain a green svuthetic fire
opal.

1 another embodiment of the invention, a blue svnthetic
lire opal is oblained. In the process described above, a sall o
copper is used as an inorganic salt in the starting, mixtue 1o
obtain a blue synthetic fire opal.

In another embodiment of the invention, a salt of iron is
used as an inorganic salt in the starting mixture and the
sintering of'the dried gel is done in an oxidizing atmosphere
1o oblain an orange synthelic lre opal. Further, in another
ebodinent of the tnvemtion, o yellow synlhetic fire vpal is
obtained by adding an morganic sall ol iren in the starling
mixture and sintering the dried gel in nitrogen atmosphere. Tt
will be apparent to aperson skilled in theart that in the process
described above varving the atmaospheric conditions at which
the sintering is done may lead to the production of'a difterent
colored synihetic [ire opal.

In another embodiment of the invention, a colorless syn-
thetic fire opal is oblained. In the process deseribed above, no
inorganic salt is used in the starting mixture W obtain a col-
arless synthetic fire opal.

The synthetic fire opal has the same chemical compesition
and physical properties as natural fire opal. T'he synthetic fire
opal has the hardness of 5.5 to 6.5 on Mho’s scale. water
conlenl of at least 2%, relractive mdex ol 1.37 o 1.47, a body
color ol orange Lo red wme and specilic gravity o 1.98 10 2.20
as the natural fire opal. The synthetic fire opal prepared by the
present invention can be obtained in ditterent colors, for
examiple, orange. pink, red. green, yellow and blue and the
like. The svnthetic fire opal may be colorless also. Further. the
synthetic lire opal 1s transparent, 11 will be apparent io a
persouskilledin the un thal syonthetic lre vpal prepared by the
disclosed process may be ol any sivze and can be ransparent or
translucent.

The synthetic fire opal prepared in accordance with an
embodiment ofthe present invention has similar physical and
chemical propertics as a natural opal. The process for the
preparation of the synthetic fire opal takes about 4 to 6 weeks,
which is substantially less, compared to already koown pro-
cesses ol production of synthelic opals. lurther, the process
[or the preparation of the synthetic fire opal in the present
invention 1s not aflected by the particle sive ol the raw male-
ral. There is no requirement for uniform particle size of
silica. The present invention leads w the preparation of syn-
thetic fire opal having color uniformity. Further, the svathetic
fire opal so prepared may be of any color i.e.. orange. pink.
red, green, vellow and blue and the like. The syunthetic [ire
opal may also be colorless. The synthetic [ire opal 1s hard and
transparent The synthelic fre opal is more stable and does not
show crazing. The syathetic fire opal can be used to make
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beads. cahochons cut stones or other shapes that can be used
in various kinds of jewelry and ormaments.

While vardous embodiments of the luveniion luve been
lustrated and described. it will be elear that the invention is
not limiled 1o (hese embediments enly. Numerous moedifica-
tions, changes. variations. substitutions, and cquivalents will
be apparent Lo those skilled in the art without departing ron
the spirit and scope of'the invention as described in the claims.

What 1s claimed is:

1. A synthetic fire opal composition for nse in jewelry arid
omamenls, the synthelic [ire opal composilion comprising
810 and waler and having:

4, 2 hardness ol 5.5 © 6.5 on Mho's seale;

b. a specific gravily ol 1.96 o 2.20:

¢ a refractive index of 1.37 1o 1.47; and

d. a color sclected from the group consisting ol orange,

pink, red, green, vellow and blue, the color being uni-
lorm threughout, and wherein said synthetic fire opal
comnposition is ransparent and eanslucenl.

2. The synthedic lire opal according o claim 1. wherein the
synihetic fire opal conlains al least two percent of waler
content.

3. The synthetic fire opal according lo claim 1, wherein a
precursor for preparing the synthetic fire opal is selected trom
the group comprising letraethylorthosilicate (LLOS), lelram-
ethylorthosilicate (IMOS), tetramethoxysilane (I'MS), and
letracthoxysilane (1T18).
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4. The synthetic fire opal according to claim 1, including an
inorganic metal salt, the metal selected from the group com-
prisiug iron, coball, nickel, and copper.

5. The synthelic [ire opal according (e claim 4, wherein the
amion ol the metal sall comprises a nilrale, a chlorate, a
carbonate, or a sulphate.

6. A non craving synthelic [ire opal lor use In jowelry and
ornaments. said synthetic fire opal formed according to the
following process. said process including the steps oft

a. mixing at room temperature and atmospheric pressure

cthanal, nitric acid, distilled waler and al least one inor-
ganic sall (o oblain @ hemogeneous reaction mixture;

b. adding tetracthylorthosilicate (TTUOS) w this homoge-

neous reaction mixlure o oblain a clear sol;
. gelating the clear sol at room temperature to obtain a gel:
d. drying the gel at temperatures ranging [rom 507 C. 1o
100° . ta abtain a colored and transparent material;
and,
e, siutering e doed gel ul lemperalures rangiog [rom 2507

1o BO0PC.,
whereby said svahetic lire opal comprises 810, and waler

and has uniformity of coler, has a non porous silica

malrix, 2 hardness o' 3.8 (0 6.5 on Mho s scale, aspecific

gravity of 1.96 to 2.20. and a retractive index ot 1.37 10

1.47.
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