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Background Art Many consuner products, such as health and personal care
products, are manufactured and packaged in solid, conpacted form The
solid, compacted product form has several advantages over other product
fornms, such as relative ease of manufactures and .durability in shipnment
and convenience in storing for retailers and consuners alike. The tablet
solid formis particularly well-suited for over-the-counter prescription
pharmaceutical, and nutritional products that are to be adm nistered
orally, because virtually any pharmaceldti cally-active nedicanent is
capabl e of being granul ated and prepared in powdered form w t hout
affecting its medicinal effectiveness. Mirreover, after being swall owed,
the tablets quickly disintegrate m@ﬁﬁﬁﬂﬁﬁﬂ@iaC|dlc environnment of the
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in the mouth so that the active pharmaceutical could be delivered to the blood stream of a
patient without the necessity of swallowing the tablet, For example, children and
.advanced geriatric patients (thbse over 80 years old) often have difficulty swallowing pills,
and a ;cablet that dissolves or rapidly disintegrates in the mouth would provide a
_convenient and effective solid form delivery system for suich patients. Additionally, a
tablet that dissolves, or disintegrates, in the mouth would be helpful for mentally disabled
individuals who require treatment with pharmaceuticals, but refuse to swallow tablets.
Yet another situation where oral disintegration would bé helpful is where water may not
be readily available to assist in swallowing the tablet, such as when a person is fraveling in
 an automobile or under certain working conditions. l
Unfortunately, most tablets do not readily dissolvé_in the mouth, but instead
disintegrate in a slow and uneven fashion, so that if the tablet is not swallowed, then 2
dosage significantly below the therapeutically effective level will be delivered to the
bloodstream. This is particularly serious when a pharmaceutical tablet is administered to

treat a bacterial disease, and the refusal of a patient to swallow the tablet results in a sub-



therapeutically effective anmount of an antibiotic being delivered to the
bl oodstream allow ng the bacteria to devel op resistance to the
antibiotic. Gven the forgoing there is a continuing need for solid form
pharmaceutical preparations that rapidly disintegrate. Particularly needed
are tablet conpositions that readily disintegrate in the nouth, and
thereby elimnate the need for the tablet to be swall owed. D sclosure of
the Invention The present invention includes a calciumnetasilicate having
an aspect ratio (average nmjor axial djameter/average m nor axial
di aneter) of fromabout 1:1 to about 25:1, and an oil absor ption of from
about 20 ml/100g to_abgut, 220 m/100g. . The i nvention al so includes a nethod
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The invention also includes pharmaceutical, food, agricultural and cosmetic

products including the calcium metasilicate prepared according to the present invention.
Brief Description of the Drawings

The foregoing summary, as well as the following detailed description of preferred
embodiments of the invention, will be better understood when read in conjunction VWith.the
appended drawings. For the purpose of illustrating the invention, there is shown in the
drawings embodiments which are presently preferred. It should be understood, however,
that the invention is not limited to the precise arrangements and instrumentalities shown.

-Fig. 1is an SEM Micrograph of the calcium metasilicate matetial prepared in
Example 4, below; . '

Fig. 2 is an X-ray diffraction pattern of the calcium metasilicate prepared in |
Ex;mple 4, below. ' '
Description of the Invention 7

Al parts, percentages and ratios used herein are expressed by weight unless

otherwise specified. All documents cited herein are incorporated by reference.



exanple without intending to be limting, a heterogeneous m xture, a
suspension, a solution, a sol, a gel, a dispersion, or an enul sion. The
present application relates to synthetic calciumnetasilicate useful as an
additive in pharnmaceutical, food, agricultural, personal care, hone care
and |ike products, which when incorporated in a solid, formed product
(e.g., atablet) significantly increases the disintegration rate of the
formed product, when contacted by a substantially aqueous environnment
(such as manmmal i an saliva or nucous). Wile not wishing to be imted by
theory, it is believed that cal cium mefasilicates prepared according to the
present invention rovide this enhanced.di sintegration performnce because
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The present calcium metasilicates are particularly suitable for pharmaceutical
product preparations prepared in solid form and meant to be orally administered. When
included in such pfoducts, the tablet readily disintegrates in the mouth, and thus eliminates
the need for swallowing. Also, these calcium metasilicates are useful not only in tablets
meant for human cons_umpﬁoﬁ, but may also be particularly useful in veterinary 7
pharmacenticals for pets as many pets have acquired the reputation of being somewhat

~ reluctant to swallow sdlid formed pharmaceutical preparations. _
Ad:iitiona_lly, these calcium metasilicates are useful in products which may be in forms
other than tablets, such as certain solid formed food products, such as bouillen cubes,
yeast cakes and the like; agricultural products such as herbicides, ﬁmgir;ides, pesticides,
and fertilizers; and personal and home care products such as bath granules, fragrance,

soap, and shampoo products for camping or boating, where carrying aqueous soletions is



and the like. Calciumnetasilicates prepared according to the present
invention, as well as nethods for making them w Il now be discussed in
detail. Then products incorporating these ingredients, particularly solid,
formed pharmaceutical preparations will be discussed and exanples of such
products provided. Calciumnetasilicate (CaSi3) is used to describe
materials that are characterized by a ratio of noles of calciumto nole of
silicon, of about 1.0. Naturally occurring mneral fornms of the material
range fromabout 0.8 to 1.3 CaQSi 2 nolar ratio. More ‘commonl y, and
specifically, the termcal ciumnetasilidate is used to describe the various
~types of mnerals and synthetic (anorphous and crystalli ng\%ﬂ material s
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Gl Bright netypcs, type 1A, 2M and 7M, but type 1A is the only prevalent form of wollastonite with
types 2M, and 7M being very rare, and typically not naturally occurring in nature, Details
of types 1A, 2M, and 7M are given below in table I.
Table1

Common Species of Calcium Metasilicate

Species Common name Crystal species QOccurrence
1A Wollastonite - Triclinic Common
2M Parawollastonite Monoclinic Very rare
™ Pseudowollastonite Triclinic‘ Very rare

Naturally-occurring calcium metasilicate is mined at many different sites
throughout the world. After being mined, the calcium metasilicate is beneficiated to y:eld
various grades, and depending on ifs specific grade, nsed in a variety of mdustnal
applications such as theology modifiers and structural additives. These naturally-

- oceurring calcium metasilicates have a cryétaliine form and high aspect ratios (above 3:1,
and in some case above even above 20:]), that provides rigidity and strength. Properties
of commonly available naturally-éccurring mined wollastonite are given in Table II

below.



Product g/cc Morphol ogy Aspect Absorption, % ratio m/100g VANSIL W0 029
acicular >3:1 19 80 Reade 400 Powder 0.39 acicular >3:1 45 89 Boud G ade
2RF 0. 37 acicular 20:1 40 65 Boud G ade Wt 0.77 -- 3:1 28 75 In addition
to the naturally occurring calciumnetasilicates, calciumnetasilicates
may al so be produced synthetically for use in specialty ceramcs and
materials research. However, this calciumnetasilicates are not
crystalline, but rather have a gl assy or anorphous m crostructure.

Mor eover, the poor oil absorption performance of synthetic cal cium
‘netasilicates, which have about half ttfe oil absorption capacity as
naturally occurring calciumnetasilicates (shown in Table I, below),
indicates that synthetic cal ci um netE8®li cates have a rather |ow
intraparticle void volunme. Table Il Physical properties of synthetically
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However, this calcium metasilicates are not crystalline, but rather have a glassy or
amorphous microstructure. Moreover, the poor oil absorption performance of synthetic
calcium metasilicates, which have about half the oil absorption capacity as naturally
occurring calcium metasilicates (shown in Table ITI, below), indicates that synthetic
calcium metasilicates have a rather low intraparticle void volume.

Table fil -
Physical properties of synthetically preduced calcium metasilicates.

A7
discussed above, the inventive calcium metasilicates disclosed in the present application

calcium ol .

silicate Absorption, | Surface Area | Brightness,
Morphology cc/100g BEL,m%g | %

. Amorphous,

Aldrich G]assr; irregular 8 2 84
Mixed glassy

CERAC | and porous 10 yA 85
irregular

In contrast to either the naturally-occurring or synthetic calciitim metasilicates

have a low aspect ratio, and form structured aggregates of uniform particles yielding high oil or

water absorption characteristics. Specifically, this low aspect ratio (average major axial

diameter/average minor axial diameter) of the calcium metasilicate is between about 1:1 to

about 2.5:1, preferably- from about 1:1 to about 1.5:1, and an oil absorption of from about



greater detail below The major axis is perpendicular, although not
necessarily coplanar, wth the mnor axis.) Preferably the cal cium
netasilicate is dehydrated (or "calcined"). The silica source can be
selected fromnaturally occurring pure fornms of crystalline silicon

di oxi de or from synthetic anorphous silicon dioxide. The preferred form of
silica is anorphous silicon dioxide, such as precipitated silica, silica
gel, fumed silica or colloidal silica as described in USP/NF Monographs
entitled, "Dental-Type Silica, Silicon Dioxide and Colloidal Silicon

Di oxi de." The cal ci um source may be setected fromthe group including,
silicates, oxides, carbonates, sulfates, hydroxides and salts or m xtures

d
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finer particle sizes, by any conventional means. ,
formed. Preferably the calcium and silica are combined with sufficient water to provide
an easily mixed suspension of the materials.
Once a homogenous mixture is obtained, it can be dried to remove any excess
water. Then the mixed solids-homogenous mixture (either dried or undried) is dehydrated
{or “calcined”) at temperatures of between about 600°C and about 1200°C, 7
preferably 700°C to 900°C, for a time period of between 10 and 120 minutes, preferably
between about 10 to 60 minutes. |
In an especially preferred embodiment of the present invention, milk of lime slurry
is combined with a suspension of amorphous silica in a well-agitated vessel to yield
' hor;logeneous mixed solids having a Ca0/8i0; molar ratio between 0.95 and 1.05. The
homogenous mixed solids are removed from the vessel and dried in an atomizing spray
dryer to obtain a powder in which a substantial portion of the particulates have a size less
than 300pm, The particulates are then calcined in an indirect heated fluid bed calciner

at 800° C for 10 to 60 minutes, preferably 10 - 30 minutes, and recovered as fine particle



The present calciumnetasilicates are included in solid, forned

phar maceuti cal preparations along with one or nore pharmaceutically active
i ngredients. Suitable pharnaceutically active ingredients include

nouri shing and heal t h- pronoti ng agents, antipyretic, anal gesic,
anti-inflammatory agents, antipsychotic drugs, antianxi ety drugs,

anti depressants, hypnotic-sedatives, spasnolytics, central nervous system
affecting drugs, cerebral netabolismaneliolators, antiepileptics,
synpat hom neti c agents, gastrointestinal function conditioning agents,

ant aci ds, antiul cer agents, antitussivélexpectorants antienetics,

respiratory stinulants, bronchodilators, antiall ergl c agents, dental buccal
drugs, anti hvellagiepiteagsregaigsdiTht serversd pasinulates ray epfionallyhgspmminutsd tn et i cs,

hypot ensi ve g,g:gﬁatrgcle Sﬁ@sdg,cagpggn%,ﬁlwglﬁmngor onary vasodil ators, peri pher al
vasodil ators, antihyperli pidem ¢ agents, chal agogues, anti b| otics,
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Zkel et al {ms]ﬁ dﬁrdheﬁmgtvfﬂu oRelby xﬁbraplﬁﬁnacartﬁwgmﬁm 1@%@?&! SuiftdleC 0: ics, s ult fa
rugs, anlp rcs anlqoauan ant] -.mal | n unpr agents, agents
for Al zhei nophadAce Al RSt vedRERet e audide ARSI P REL RGBS 47 &l So Do

included in ax:ﬁp}eéttcnﬂfalges@aﬁmmmhﬂo@algenm inpydkdtio dfugs, Ehmelegemggl formed
pharmaceuti cal é} |on.s @éi’al SO | Iudetrane or nore _di.si egratl on

ai ds. Pref erdgfif y@f“ﬁ'tcé ﬁsoﬁﬁasﬁﬁo 105, feBiTR) PervQs sh iy aflRoting €¥8Sng i n of

wat er. Sui tadefeeradmsmmle@raaleﬁ(ﬂatms,cah@&epnes: syivRathomidshitit beits Ofastpirdgiahalt | ni zed
starch; nat es CI al | y crosslinked

ellu
sodi um car bgfgigﬁlﬁg’ﬂ Fﬁﬂd E‘I“g 55°8§’ea“{mg? Sgtﬁ'gff“r?éﬂt%ggt%yﬁ'a? especial ly
agar gum amﬁugnm:s @espicatay gmmlmtabnodchodlla&ad, amialldrie ngeafs; deataEttuactaes and

citrates; ars act gse n nd.s t ol um num

oxi de; synt h ﬁstanéﬁs%ﬁ;% C%PXIS{?HI% a%tﬁagé’g%% 8%“:‘?§ Cﬁ'érgn %mtg'?l%?lge@#vacent

di fi nt Ie_gr at i vagpcossprtapsysorodsy disstilawsebriplizol easodinory mﬁ&gpﬁlrhmdeh?n agamtsd, _
metasilicateg | or ne

phar maceut i ca g%}/o?:fuc“tﬁ%g%sé%5%?%?‘?@8%{1#&%{%6&({%?& fien (aﬂllgg% are prepared
by conbi ni ngpstebporasizpskeleiahgnssiti relmtagts, aptidigesnhormbneg; difadmdmrcoticnadfat r at i on

| evel s, in 0 red by
using a tabi’j‘demfég hﬁﬁgﬁn%gcg”tl ng Jrnggé%n:s[gﬁ ahkﬁagk ga%{aﬁs’%g&ﬂ%efg%@%e%ﬁé gr arotary
press may belisgzsedste. msqcabiuetmetwlﬁp@rw alsg be ingludeddin mgermm his invention may

be of any s SHED pRBarkiMfd or caplet-shaped, and of any size suitable
for human o:mgﬁ]laﬁar{ ugeE The cal cium netasilicates disclosed in the present

appl i cation may &h%esqlid foraed phagmaceutical preparations may also include one or more
disintegration aids. Preferably the disintegration aid acts by swelling or wicking in of

water. Suitable disintegrants include natural, modified or pregelatinized starch; natural or
chemically-modified cellulose, especially crasslinked sodium carboxymethy] cellulose
(croscarmellose sodium); gum, especially agar gum, and guar gum; alginic acid or salts
" thereof; acetates and cifrates; sugars (especially lactose, mannitol and sorbitol); aluminum
oxide; synthetic polymers such as crospovidone, as well as effervescent disintegrating
systems. '
As discussed above, the present calcium metasilicates may be used in a variety of

-diﬁterent solid, formed pharmaceutical products, espccidlly the tablet form. Tablets are
prepared by combining the above ingredients, present at different concentration levels, in a
homogeneous mixture. The tablets are then manufactured by using a tableting compacting

process. A standard single stroke or a rotary press may be used. The tablets prepared



ot her personal care, hone care, agricultural and food products. The
invention wll now be described in nore detail with respect to the
following, specific, non-linmting exanples. Exanple 1 Calciumnetasilicate
was prepared according to conventional, prior art nethods by mxing 10g of
Huber sorb(r) 250 anorphous calciumsilicate, commercially available from
J.M Huber Corporation, Havre de Gace, Maryland, with 5.4g of dry cal cium
hydr oxi de powder (Chenstone Corporation, Strasburg, VA) in a V-blender for
15 m nutes. Then this m xture was dehydrated (or "calcined") in an

autocl ave at 900C for 4 hours. The find dehydrated product was recovered
and its conposition determ ned using powder x-ray diffraction to be

cal ci um net aaseorfiag tocthis ivpitipnimay be of any ehapp such 8 whnd e chrdetrshaped, andsefal |

amounts of  cfpyshaklithe f hhhiforehifal k1 St obal i te pol ynorph) present (see
Table V, below). The properties of the Exanple 1 calciumnetasilicate are

shown in Tabl e | Yhe gdeimmetagiligatns disclosed i the Aresertapelicatipnamnaytehip e esgdip| e,

anmor phous  Si dh& PerSdtat AR, ﬁ‘onflélfarél ichifrd] B fRaQbtEkon  of cal cium
netasilicate was re ared sulfuric acid to a dilute waterglass

solution in a wei éﬁg‘:j?’tt'af é’df/rrﬁ“mﬁ'gscvwgwoneéetaﬂ il fespogieto thedelioniingat i on of

anor phous hyggéaﬁ@qm-ﬁmltmga,m@mm fically, a total of 278 gallons of
sulfuric acid at a concentration of 11.5%is added at a rate of 4.7 gpmto

500 gal |l ons Byampleier gl ass solution (3.3 Si 2/ Na20 nole ratio) containing
13% sodi um si | i Cﬂhﬁluﬁﬂhétﬁkﬂrc\iﬁi\a‘aﬁpraﬂaﬂd@@:oﬁﬁngao E@tﬁmﬂi’oﬂeﬂ rﬁréﬁ:m&ﬁcﬁs byhe

addi ti on of the ic a s conti ued ntil a was obt ai ned,
and the reac"f”ixﬁ'ﬁ éﬁ‘l‘?f’ °r§935@a’@@§@°€ﬂ° cim siliape, °°FH’éer‘?'%|§’lﬂ"fllah'§ ngfspensi on
]gf sili ]ga pfmm mdwsc%@aaﬁﬁpﬁmwbm&ymﬂyiahd ,aith Glag oBg civeismesidraxige dried to
orma fine ed reactiv ueous

sol ution of %’ﬁ'ﬂ (bgeé‘?:sfcﬁgo?ﬂaf%lsﬁﬁﬂéw‘ﬁd ‘ébgrblﬂsg%'\ﬂg "('g‘é@,% Tg?ﬂ t76"335) was
hm‘xed Wi th Jrﬁ).itutegmfdemydmds(bnj‘wMm(diﬁﬁ(mmtocd:sé augnowfoﬁcghduas: ade ipsel until a
onogenous S, suspensi on s _obt.ai n S. Sus nS|on was

7 ooor 0a"7 ordeltiyfradiny 7 2R8NS, St el BB PRRE 2780 and dr i ed
in a forced anactmuembmalcmﬁ‘etammam, primiagily i the bollatonbefoonwithemdlihe dri ed '

anor phous C%Im luﬁjt‘t; ofsc slta(l\’ﬂ”1 8%1110%/ &l{e 1%0%% po[ggmlggfﬁlrgsa%t(%g ’Iaéle %’Obe% hn a kiln for

1 hour. Hg ructur e ray di action,
anal ysi s seél"hfatﬁpeﬂbmftlwﬁiampbllcddumateasitimmé@wndreﬁﬁe Iﬁhbed;c&s of ot her

pol ynor phs g%mﬁﬁggiunlnetasilicate nor any crystalline silica. The
properties
In a first step of this example, amorphous silica snitable for use in the production

of calcium metasilicate was prepared by adding sulfuric acid to a dilute waterglass
solution in a well-agitated mixing vessel to affect the precipitation of amorphous hydrated

silica. Specifically, a total of 278 gallons of sulfuric acid at a concentration of 11.5% is
added at a rate of 4.7 gpm to 500 gallons of waterglass solution (3.3 Si02/NayO mole

ratio) containing 13% sodium silicate solids while mixing at a temperature of 95°C. The
addition of the sulfuric acid was continued until a pH of 5.5 was obtained, and the reaction
mixture was digested for 1 hr. The resulting suspension of silica particles v-r_as-recévcred

~ by filtration, and washed and dried to form a finely divided reactive silica powder.
Then, 90 kg of an aqueous solution of this reactive silica powder prepared above (16%
solids) was mixed with 105 Kg of lime sluriy (18% solids) in an agitated vessel until a
homogenous mixed solids suspension was 6btained. This suspension was digested for 2 -
hours at 95°C, and the suspended solids recovered and dried in a forced air oven at 150°C

to a moisture level below 5%. The dried amcrphous calcium silicate hydrate was



calciumnetasilicate prepared in Exanple 2 are shown in Table 1V, bel ow
Tabl e 1V Physical Properties of Calcium Metasilicate Prepared in Exanples |
and 2 XRD XRD Crystal G| Ratio of Phase A Phase B Aspect ratio
Absorption CaQ SiO2 nl/100g Exanple 1 0.67 Wl lastonite cristobalite 1:1
80 2M Exanple 2 1.01 Wl lastonite none 1:1 32 2M The oil absorption shown
in Table V (and throughout this application) is neasured wth the rubout
method. In this test, oil is mxed with a powdered sanple and rubbed with
a spatula on a snooth surface until a stiff putty-like paste is forned. By
measuring the quantity of oil requireﬁ'to have a paste m xture, which wl|
curl when spread out, one can calculate the oil absorption valye of the
met asi | i cat elehydried, s PORSC i kiln fprebhous dHghly i%‘éture{}&"ﬁﬁsp“&?“’?ﬁ “‘F%q&q‘r ed per
unit wei ght 9f qiffRk@wi ddafak SeetTabIE PMicEcenYicRedht batdcd (TPhasePifatiet | Cat €
absorptive capacity. Calculation of the oi Lnal;isorﬂi on val ue, was done
accordi ng t PONEWEIF sfrajefom metasilicaic g a5y FryRallineilica; Fheensiiss i e 100 (1)

wei ght of  sagRiveh m@4sA¥Bte refiredinBxdfifle Y8 BRovaaNPide MBelapect ratio given in
Table IV is the average mj or axi al i? er/average mnor axial dianeter,
and can be neasured as follows. Fi rsL@m;ﬂ_’ | es of the calcium netasilicate
mat eri al are gr oupgsidaDProPéradsnf Calpiamaeasiliodé Prieptual in Baaniplesl lemd 2Thi s materi al
is dispersed in isepropanel—to—-ad !owm,,rﬂﬁﬁr ateh—ef—spectrenrs—wi t h

unaggl onerated i ndi vi dual ' ar [ . Thg1 éafg:cimstali S 4?11:[5 coat ed before
%.%,%3 pc ron IL:LM
670! L

bei ng i maged usi ng [st'andalf Thisng El AMpest B8€ 4hiviao m crogr aphs
are made at a magniEEAETY o stonkd Torlsfolaite| 1. L 14 Mmiggmages digiti zed
using either a dirgct digiltal impge captlure or |[through| the use of a flat
bed scanner. The di‘;ﬂ&@mzmr 00T apdiestaafeln@¥ al udl;ed usimg@g T nageRro Plus 3.0
software. |Images arle convgrted t@M col or highjfcontrast digital| i nages
using a -10- threshold pixel gray value of 140. An individual pixel in an

i mage i s approxi Tkl dpsddptionZhown in Table V (and throughout this application) is measured

with the rubout method. In this test, oil is mixed with a powdered sample and rubbed with
a spatula on a smooth surface until a stiff putty-like paste is formed. By measuring the
éuantity of oil required to have a paste mixture, which will curl when spread out, one can
calculate the oil absorption value of the metasilicate, the value which represents the
volume of oil required per unit weight of metasilicate to completely saturate the
metasilicate absorptive capacity. Calculation of the oil absorption value was done
according to equation (I):

Oil absorption = __ml oil absorbed X 100 D
weight of sample, grams

. =ml 0il/100 grams sample

The aspect ratio given in Table IV isthe average major axial diameter/average

_minor axial diametet, and can be measured as follows. First, samples of the calcium
metasilicate material are ground to obtain separate individual particles. This matetial is
dispersed in isopropanol to allow prepérétion of specirr_lens with unagglomerated
individual particles. The specimen is carbon coated before being imaged using standard
Scanning Electron Microscopy. SEM micrographs are made at a magnification of 1000X

. on 77mm x 114 mm images digitized using either a direct digital image capture or through

the use of a flat bed scanner. The digital micrographs are evaluated using ImagePro

Plus 3.0 software. linages are converted to 2 color high contrast digital images using a



mcrons in width and height. The calciumnetasilicate particle aspect ratio
is measured wusing imge analysis to calculate particle width and particle
| ength using the particle information. A histogram of aspect ratio allows
t he prom nent aspect ratio to be determned. A mninmmof 100 nmeasurenents
are made, to assure statistical significance. Exanple 3 Calcium
netasilicate was prepared according to the present invention by m Xxing
10. 5g of a pure dry Ca(OH)2 (from Chenstone Corporation) with 56.25g of
aqueous slurry of the reactive silica slurry prepared in Exanple 2 (wth
16% sol ids) to achieve a hombgenous nil&ture. The mixture was thereafter
filtered to recover the solids and then dried at 105C for 16 hours, and
t hen dehydr alheeahc(lw#@lgf%dyluea@f 146040 indiviguplipixel in pyimage s gpproximptely0d€yer ed

product was {Red3 4 Widinaa@ndidht Xrhb wcxﬁ}ﬁ\‘}féﬁ&h&te&fa&ﬁﬁ%ﬁé@t rétfo mWQalsbﬁﬁtO”' te 2M
with no traces of crystalline silica. ropertles of a ” cal ci um
%‘!ﬁ% f

net asi | i cat e%%ﬁ%ﬁ%’%‘o?ﬁﬁ!l@e RATHRs width apg partinlelengting ifl scal e

embodi ment  offdriAftidAl q&ﬂasgr&%m?&@?aﬁba%“@a{e%maie&s@&dt}ahs%& according to
t he present inventi on i,S as ows. First, 4688 pounds (approxi mately 2131

kg) of the s Wﬂﬂeﬂrf P%‘H@P‘iﬁ\f’@l%q m?ﬂelgerwﬁaaerwemwaﬁtﬁqw&cai S'@Wirﬁ?i‘c?ﬁ 2%
solids) was gg 40 a stirred vessel at 40C. Then 424 gall ons

(approxi mat el y 611 Ilters) of mlk o 3}9 (with 20%soI|ds) was
added at a rate &acﬁﬁ"aﬁ?ﬁ‘lfﬁ@“ﬁél’@ﬁf ‘gE%\‘%otB Bventignby | i t ers per

hm nute). M Xm&%gvmﬁgféﬁil@lyﬁé\&l?@a(ﬂmz @Mﬁ&h&ht@? Cdrﬁbr:&iohﬁnhith sgpsgefi matel y m xed
onbgenous suspensj on i S sus i on was si pg ot ary vacuum
filtration us slueey, of the regsgive ﬂp P“E?’BWP"‘Z?%@ ﬁ?fg?'lf‘e‘é} S?ﬁ%‘ Pecover ed
fine parti cla&h&vazehaiidgeﬁus RRMIE Thymixtirdneds tepdaderfidred o @bVt olids gas fired
fluid bed cal giner es at 800 The, recover b article size
cal ci um et 28T e 8;9{1 %@gg?gwi‘ggs’@d%‘%\%@?drgiqé:ﬁgf"%ﬁ?@&gdt'i"SrlfR A 0/ 20 type
di ffract onetfer i s ';Bmdcmrempmdwctwmhmdmzédahyimgypothapqhﬂi'acnmde was used.
The dlffractl SC. |nedfr figure 2.

This scan i ndf? Eagtp ‘%r}tlvﬁ BPLIERE %B'Ptta SI‘la k%ﬁ%rﬁesfilr‘ iﬂmpt% ?“fm ?aces of

crystalline mthsnldmteard:gmpm’t‘abb@/'beﬂmﬁxarrpl e 4 calciumnetasilicate are given
in Table V, &%mgyg.4 Exanple 5 -11- In this exanple, synthetic cal cium

netasili cat e w oduced according to Exanple 4, except that the recovered
dry powder was cai eommsebidl sgaleenfpodimeriiof thepropesgappreparing calcium metasilicate

according to the present invention is as follows. First, 4688 pounds (approximately 2131
kg) of the slurry of reactive silica prepared in Example 2 (with 15.2% solids) was added to
a stirred vessel at 40°C. Then, 424 gallons (approximately 1611 liters) of milk of lime
slun'y (with 20% solids) was added at a rate of 25 gallons per minute (approximately 95
liters per minute). Mixing was continued for 20 minutes, to attain an intimately mixed
homogenous suspension. This suspension was dewatered using a rotary vacuum filtration
device and dried in an atoxﬂizing spray drier. The recovered fine particle size dried
powder was then calcined in an indirect gas fired fluid bed calciner for 30 minutes

at 800°C. The recovered fine particle size calcium metasilicate was analyzed by powder
x-ray diffraction, A 9/'29 type diffractometer equipped with a x-ray tube having a copper
anc;de was used. The diffraction scan obtained from this analysis is shown in figure 2.
This scan indicates the presence of wollastonite 2M, with no traces of crystalline silica.

Properties of Example 4 calcium metasilicate are given in Table V, below.

Example 5



cal cined recovered material was characterized by x-ray powder diffraction
as dehydrated anorphous calciumnetasilicate. Properties of Exanple 5
calciumnetasilicate are given in Table V below Table V Physical and
Crystal | ographic Properties of Calcium Mtasilicate Prepared in Exanpl es
3-5 Density CaO SiQ2 QO Surface Brightness Product g/cc Mrphol ogy Ml ar
Aspect do Area s % ratio ratio n n nm/100g BET, m/g Wllastonite Exanple
30.37 2M0.81 1:1 22 1 . nonoclinic Wllastonite Exanple 4 0.39 2M 0. 85
1:1 70 6 86 nonoclinic Structured, Exanple 5 0.13 spheroidal 0.85 -1:1
203 86 90 Anorphous Al of the cal ci ubnet asi | i cates prepared according to
exanpl es 3-5 have a structured, spheroidal shape, a CaQ SiO2 nole ratio of
about 0.85 and chrhigexpmpls, S)@Fh?%‘icéiqqﬂh’ée%ﬁhcﬁtéa’asﬂm weordingfd 4 cal ci um

met asi |i cat %%;aelgﬁfé@ &adpf tBask ﬁéov%@@@}y Mr&@@giclﬂeeﬁﬂq%hr\éebM°cbﬁfeh yi el ding

Wl | astonite 2 ha nmonoclinic crystal structure, while exanple 5,

cal ci ned at gl repegrer! material s BREATISTIZed DY &iray RIBHGTHiFFRtion as dehudraipd que
aggr egat ed sphefighddloisd hetadlithe. Popdria ofBlakiplt diRfuaShéthlRER aftigpRar ed
according to the present invention results in a material structure having
hi gher i ntrdpastl¢ ¥PeYoi d  vol ume as_ indicated by high oil absorption. The
BET surface area in Table V was det emm'ved by the BET nitrogen absorption

net hod of Brunaur et al. e thePJ. .AnL Chem Soc. 60, 309
(1938). The bright ness of X 80536%@7’ FAPRSPIOPFSPEd i n Exanpl es 3-5 was
nmeasured using a Techni d)anﬁmBmgmmMpmsdE{Mﬁpmwrdu ng to TAPPl test
met hods T452_and.T AG, d - ASTM-St ﬁnd%lr’ 1 PQgh The--Technidvre—Briaht net er
has a dual bpam opthesssy |System \\/IA%?:% t ‘ﬁsp&?'TRLsﬁpdo iﬁmﬁm rmrs!eldssat an angl e
of 45, and thtsedpetf | (e ed | Mogelosy | a0 mtio | nml/100g | BET, m¥/g | *
Wollastonite
Example 3 | 0.37 2M 0.81 1:1 22 1
monoclinic
Wollastonite
Exampled | 039 {2M 0.85 1:1 70 6 86
monoclinic
Structured, |
Example 5 | 0.13 spheroidal 0.85 ~1:1 203 86 90
Amorphous

All of the calcium metasilicates prepared according to examples 3-5 have a
structured, spheroidal shape, a CaO/Si0; mole ratio of about 0.85 and contain no

crystalline silica. Exémples 3 and 4 calcium metasilicates were calcined at 960°C
and 800°C, respectively, both yielding Wollastonite 2M with a monoclinic crystal
structuré, while example 5, calcined at 700°C, remained amorphous, albeit dehydrated.
The unique aggregated spheroidal structure of the calcium metasilicate prepared aécording
to the present invention resuits in a material structure having higher intraparticle void
volume as indicated by high oil absorption. The BET surface area in Table V was
determined by the BET nitrogen absorption method of Brunaur et al., as reported in the J.
Am. Chem. Soc. 60, 309 (1938). '

The bri_ghfness of the powder samples prepared in Examples 3-5 was measured
using a Technidyne Brightmeter S-5/BC according to TAPPI test methods T452
and T646, and ASTM Standard D985. The Technidyhe Brightmeter has a dual beam
optical system where the sample is illuminated at an angle of 45°, and the reflected light

viewed at 0°. The powdered materials are presse&[ to about a I cm thick pellet with



viewed at 0. The powdered materials are pressed to about a 1 cmthick
pellet with -12- enough pressure to give a pellet surface that is snooth
and flat and wi thout | oose particles or gloss. Exanples 6-7 In Exanple 6,
mat eri al produced. according to Exanple 4 was roller conpacted at 15 bar
roll pressure to produce a fine free flowng granular material wth

i nproved flowability and having an average size of approximtely 300mw th
a density of 0.34 g/cc. In Exanple 7, the mat eri al produced according to
Exanple 5 was roller conpacted as tau in Exanple 6 to an average size
of approximately 300mw th a density 2'0 34 -g/cc. Exanple 8 To
denonstrate the usefulness in solid conpacted pharnmaceuti cal preparatlons
of the cal cingughrnetssuss toigivarechint apfipathaticsowediandflatped vitheahlopsspartielpe cal ci um
met asi | i cat e;\wps; added to pharmaceutical preparations, the preparations
formed into t ets, and the functional properties of the tablets

measur ed, TH@@ﬁmﬁﬁéﬂonal properties of the tablets containing the calcium

netasilicates pr%pﬁmﬁma@ﬁﬁ{eﬁmragadﬁ&daaeramg@@%plerw\mtrbmcwaaed conpared to
t he functional Ero perties of tabl gts C%ﬁ)ﬁal ni n n excipient such as

di cal ci um phdpherrell BiPtyE foarreduce? ey ing gran ate“F BiterXad  Enconpr ess

- X14CX avai | afvaibfiCdid NavshainlavitRRWes bf ppidiiaaely Jaammwmaraens of 03w ee
different tablet corrp03|t| ons, were ‘{;ared with one t b et conposition
ol piedodap

cont ai ni ng et dn Exagple e 19 Example er\RPfP?aét" n the

ot her two taRltfihGRERASIE 6 @raﬁave&dgesmaéﬂapptmjmsmnylsomwaﬁawrenacrfeckm n Exanpl e
3 was substituted for the dical ciumphosphate at levels of 5 w%and 20%

W % The exa#c conpositions of the tablets are set forth belowin Table VI.
(The di ff er epeapleigh act ual tabl et wei ghts reflect differences in the bul k

e o oA By o PS50 b Ao SRS e, . e
invention unhé taldiite metaylicategrepared bmmdgg tielisventidnethe caldigmn ewtasilitatesvasar at e was
?ggﬁldt ?28 gl %ggtnagwascgﬁ%n I'%’(lﬁlre n’fs o ?grg‘fa?% by %\%gntg H‘ee‘r egtajec o-rrrggct i on
‘forces, 7.5 fuldsiondl @ropetieshdf the tableBtrakasedd The fBetnatpraparticotfdiealetess
I nstrument edcoglt%m%}a %Ee ca%m%‘lolgaas%caﬂcé) &ep%&q ac?cloﬁﬁl{g] 10 fke B%Eéﬁ? ﬁwentlon were

compared to the functional properties of tablets containing a common excipient such as

dicalcium phosphate dihydrate (also known as “DCP). The DCP was Emcompress

X14CX available from Mendell-Penwest Company, Patterson, NY. .Thrce different

tablet compositions were prepared, with one tablet composition Qontaiﬁin g no calcium

metasilicate serving as a control, while in the other two tablet compasitions, the calcium

silicate as prepared in Example 3 was substituted for the dicalcium phosphate at levels of 5

wt% and 20% wi%. The exact compositions of the tablets are set forth below in Table VL.

(The differences in actual tablet weights reflect differences in the bulk densities of the

blends.)

In preparing tablet compositioné 2 and 3, the Emcompress DCP was blended with

thé calcium metasilicate of the present invention until the mixture was homogenous., Then

magnesxum stearate was added and blending was continued for an additional 3 minutes.

'The resultmg powder was compacted into tablets at two different compaction forces, 7.5

kN and 12 kN on a Stokes B-2 16-station rotary press instrumented to measure

compression and ejection forces.



-13- Table VI Tabl et Conpositions Tablet 1 Tablet 2 Tablet 3 Cal cium
netasilicate 0% 5% 20% (from Exanple 3) Dical ci um phosphate 99% 94% 79%
(Enconpress) Magnesium stearate 1% 1% 1% Average tablet weight ng . 700
540 460 After being made in the manner described above, the hardness and
ejection force of the tablets was nmeasured. Tablet hardness (or "crushing
strength", these two terns being used interchangeably) is expressed as

| oad required to crush a tablet on end and is neasured using a tablet

har dness tester, such as a SCHLEUNI GER(r) Pharnmatron tablet hardness
tester available fromDr. Schleuniger #harmatron AG Sol ot hurn, Gernany.
Cenerally, the larger the tablet, the higher the hardness. Smaller tablets
(1/4" round) usually have a hardnesdadé¢ Viess than about 5 kPa, while

| arger tablets usually have a hayf ﬂ@é@n&ﬁmbﬁﬁs than about 20 kPa. Ejection
force refers to the force require ree a conpressed tablet fromwthin
the die used to folmthe tablet. Eje¢TebinglfloFablet? d Tableidant to hi gh speed
conpr essi on tabletﬁhbwﬁawwﬁﬂﬁmhgly | %i s de¥pred (t28%keep the ej ection
force | ow so as t o |(mExdmple e nression tabldting at high speeds. It
is related to the 1ﬂmﬁqmnmhﬁm%¢ces d@%@lopHHWGnAtﬁE% di ¢ and the surface
of the die's wall WEmcompeessiat erjal bei ng clogpresged, The tablet ejection
forces expressed h¢Msgpesium skgrater e mpadfared et he [U¥%e of |1 oad cells on the
tabl eti ng press. Alpvesgeiteblejonsightamed| Wi ch IsSH#6ws t|H60t ablet initially
breaking away from the die walls followed. by a period of sliding, where
the friction bet. vwerbeﬁﬂgenﬁb'elthm:mnard#scribekde&bpwblhehardrssstwﬁ aigetime ey ed and

finally sho r on fromthe
di e punch fggggt O%s%%ﬁ%ﬁ& the In ﬁ@%%§91égﬁggé@=gmﬁp05| 3%éfl 3, ten

t abl et s wer erefngaswiduercingeably} is gxnressadss load refieired o ¢rashpdidiles owcnd anpisl ow,
represent agn@aglﬁéﬁﬁ%g%fmbtlé? RarBieQEddr] &ch ARITHLRENIERR® 9%Ha@Jn ddig ten

tabl et s.

hardness tester available from Dr. Schleuniger Pharmatron AG, Solothurn, Germany.
Generally, the larger the tablet, the higher the hardness. Smaller tablets (1/4" round)
usually have a hardness of less than about 5 kPa, while larger tablets usually have a
hardness of less than about 20 kPa.

Ejection force refers to the force required to free a compressed tablet from within
the die used to form the tablet. Ejection force is relevant to high speed compressxon
tablctmg, accordingly it is desired to keep the ejection force low so as to maintain the
compression tableting at high speeds. It is related to the frictional forces developed in the
die and the surface of the die’s wall with the material being compressed. The tablet
ejection forces expreéscd herein in kg are measured by the use of load cells on the
tableting press. A plot is generated which shows the tablet initially breaking away from.
the die walls followed by a period of sliding, where the friction between the die wall and
the tablet is being measured and finally showing the tablet emergence from the die and
separation from the die punch face. 7

For each of the individual tablet compositions 1-3; ten tablets were pressed. The
properties set fprth in Table VII, below, represent an avérage of the propertics measured
for each of the ten téblets.



Table VII Functional Tablet Properties 7.51KN Conpression Force 12 KN
Conpression Force Hardness Ejection Force Hardness Ejection (kPa) (kg)
kPa Force k Tablet 1 4.6 3.3 6.5 6.6 Tablet 2 3.3 5.7 5.5 7.6 Tablet 3
3.8 6.6 6.1 8.5 As can be seen in Table VII, the hardness (crushing
strength) of tablets containing 5%or 20% of the calciumnetasilicate was
simlar. Replacing a portion of the DCP with calciumnetasilicate did not
significantly conprom se the functional properties of the tablets. Wile
an increase in the calciumnetasilicate concentration of from5 w% to 20
W % (acconpani ed by a conconitant decrd&se in the DCP | evel) increased the
ejection force, the ejection force was nonet hel ess not raised to excessive
|l evels. Simlarly, t he conpactibility of DCP m xtures with cal cium
nmetasilicates declined only slightlyTahaWl t hat of the material containing
only DCP. Exanple 9 The useful n8ssi.04) TE!E]&P?@'eﬁiieéJm netasilicates prepared
according to the present _invention 1n solid conpacted pharmaceuti cal
prepar ati ons was |st udi ed 74¥R Gogprgsseon Géreet he | 18 BNEompression Botéel | cht e prepar ed
in Exanple 6. In |this exiadpeess tik&ie@!i?ﬂﬁw gxiaidpgsent [ BiectioRonppari son was
@%-Mﬂlab

m crocrystal line lcelluyl 988 % spec] - e from
Mendel | - Penwest , '?t,r;ﬁ. — N dur_ diffafant tabl 080 corpoesitions were’
prepared, with .,IP;;EEJ%}! 3% €61 PO 5JLCP. €oht %ilni Ag—Ro %I e+um-net asil i cate
serving as a cont - 2and —anothettablet—cott-aini rg—S—w-%ofthed silica

(specifically, Cab-OSil M(r) available from the Cabot Corporation,
Bel Irica, MY and o ot oeLySiald {RGnCEldl 08l P @hlye  purposes. In
the remaining two &4breet conposI ti ons” cont'al Hed carct am netasilicate

prepared in doxainges¥Bonii% of the saltinmtnethsilicate wisesimilac.r Reptagsig alpbrtioreofithd | ul ose at

o o o SRR A RPN i el e
conpact ed. i nifghettaliiétet Whikt antineceasti ih thercalaivmestgsiicat eonsentritiono€fom 3 vBkN and 12
o, e ks bl Sk s pr IR Sl iERu o
wer e nade, tdirstion Bxce, the ejection force was nonetheless not raised to excessive levels. Similarly,

the compactibility of DCP mixtures with calcium metasilicates declined only slightly from

that of the material containing only DCP.

Example 9

The usefulness of the calcium metasilicates prepared according to the present

invention in solid compacted pharmaceutical preparations was studied making use of the

calcium metasilicate prepared in Example 6. In this example, the common excipient for

comparison was microcrystalline cellulose (specifically Emcocel 90M, available from

Mendell-Penwest, Patterson, NY). Four different tablet compositions were prepared, with

one tablet composition containing no calcium metasilicate serving as a control, and

another tablet containing 5 wt% fumed silica (specificalily, Cab-O-Sil M5® available from

the Cabot Corporation, Bellrica, MA) and microcrystalline celfulose for comparative

purposes. In the remaining two tablet compositions contained calcium metasilicate

pr;pared-in Example 6 was substituted for the microcrystalline cellulose at levels of 5 wt%

and 20 wt%. The exact compositions of the tablets are set forth below in Table VIII. The

powder tablet compositions were compacted.into tablets at two different compactions 7

forces, 7.5 kKN and 12 kN, on a Stokes B-2 16-station rotéry press instrumented to measure

compression and ejection forces. For each tablet composition, ten samples were made, the



properties of each sanple neasured, and the average val ues of the
measurenents set forth in Table I X, below. Table VIII Tablet Conpositions
Tablet 4 Tablet 5 Tablet Tablet 7 6 Calciumnmetasilicate 0% 5% 20% 0%
(Exanple 6) Mcrocrystalline Cellul ose 99% 94% 79% 94% Cab-O-Sil Mo Silica
0% 0% 0% 5% Magnesium stearate 1% 1% 1% 1% Total tablet weight, ng 330
315 320 290 Table TX Functional Tablet Properties 7.5 KN Conpression Force
12 KN Conpression Force Hardness Ejection Force Hardness Ejection Force
(Ka (kg) Ka (kg) Tablet 4 13.2 1.3 Capping 1.4 Tablet 5 15.4 2.1 22.5
2.2 Tablet 6 15.8 4.3 23.8 4.6 Tabl el>-7 Not tested Not tested 18.8 6.1
From Table I X, it nay be seen that the hardness or crushing strength of

t abl et s = conprepaicd gf §9h eampiegneagiired, prdl thecaverpgavialves efdhd measurements setdariipl e 6 was
simlar. WijeaBxiRpwease of from5%to 20% netasilicate increased the
ejection force, the ejection force was not excessive. One especially

i nteresting phenomenon was observed.TableMHn be seen. in Table I X that the
mcrocrystalline cellulose controfspef@fhfkitifns W th the same 1% magnesi um
stearate did not_make successful tablets when compressed tao 12 kN. The
control (Tablet #,  containing onl|yabletd pEables$ of Tabkee CEablaifoseé and no
calciumnetasiligate) did not nmake successful &bl et § when cnpressed to
12 kN due to cappfCrgiumipesasilicaie t ahlf de] B nat 9% duf g or fol | owi ng

di scharge from t p&ExesplEd) press) IHowever wheni the thblet conposition

i ncl uded 5% or . 2(Micecrystpdline £letylops) | 98%asi | 948t e Of9%Exan% 6 (fablet 5 and

| Cab-0-Sil M5 Silica 0% 0% 0% 5%
Magnesium stearate 1% 1% 1% - | 1%
Total tablet weight, mg | 330 315 320 290

Table IX

Functional Tablet Properties

7.5 KN Compression Force 12 KN Compression Force
Hardness Ejection Force | Hardness | Ejection Force
(Kpa) kg) (Kpa) kg)
Tablet 4 13.2 1.3 Capping 1.4
Tablet 5 i54 2.1 22.5 2.2
“Tablet 6 15.3 143 : 23.8 4.6
Tablet 7 Not tested Not tested 18.8 6.1

From Table EX, it may be seen that the hardness or crushing strength of tablets
containing 5% or 20% of the calcium metasilicate of example 6 was similar. While an
increase of from 5% to 20% metasilicate increased the gjection force, the ejection force
was not excessive.

One especially interesting phenomenon was observed. It can be seen.in Table IX
that the microcrystalline cellulose control, Tablet 4, with the same 1% magnesium stearéte
did not make successful tablets when compressed to 12 kN. The control (Tablet 4,
containing only microcrystalline cellulose and no calcium metasilicate) did not make
successful tablets when compressed to 12 kN due to capping (when the tablet delaminates
during or following discharge from the tablet press). However, when the tablet
composition included 5% or 20% of the calcium metasilicate of Example 6 (tablet 5 and
tablet 6, respectively), capping was eliminated and tablet crushing strengths were very
high for typical tablets, reaching in excess of 20 kPa at 12 KN compression force.



tabl et 6, respectively), capping was elimnated and tabl et crushing
strengths were very high for typical tablets, reaching in excess of 20 kPa
at 12 KN conpression force. -16- These results suggest that the conpacted
calciumnetasilicate has the ability to provide a neasure of protection to
m crocrystalline cellulose ("MCC') fromthe deleterious effects of
magnesi um stearate. It is well-known that nagnesi um stearate can
substantially reduce the conpactibility of MCC. This is usually not a
serious concern, because the conpactiptlity of MCCis so high that a | oss
of crushing strength caused by nagne§ im st earate does not typically

affect the perfo nce ,of co tions incorporatin ot nesi um
stearate and I\/tI:CrrEra Wé'fi@ts"ggﬁﬁqg'ﬁfs %?é'ﬁ’aﬁ?&ia@f '?l%' teﬁi’sdﬁe Eg;glﬁ% htrations
and conpr essgsvide dheasiné 6f pedtestibn foamaecxyﬁalhieebmme(imm’i) frgmikeC and nmgnesi um

stearate can hO.W c and in f c . this syst has been used as a
ol oo deR o R e dhatefi i o B B e ol y i
has been notseﬁktatnhﬂty rédutenbel cangattibdlity of MEC. @his isnsdally n@aetrivas crmeem,ffect

'tth"ft f t ai.ni pg. tahbl ed
ag\e;:ap_sm Xi ﬁd‘egag'fe %@g%ﬂﬁ%aér)gstsghghp%atﬁ O?E%th £ Dﬂ'pOSI{ §%s It is
bel i eved t haﬁaghésmnss}éat@wﬂmgncmmsaﬂbmﬁecmhe rexfenmande)df pgupogiiorst s when t he
over-m xi ng ; Caus?a mé(pcﬁlha &{éﬁﬁdﬁé@a&é Qe hﬁ@%ﬁ{ﬂ}ﬂ‘%@dat}é?atﬁél?duce EXCEsS

particles i i"tHe EXCess| ve y coat er surtaces
expl anati on Iﬁghrcondrmtrqmnomsteadtmm;eeseﬁdfvaﬂtssﬁ'lpwm\fmd@@blvys choutaiping 8JGad (and in the

resent cas b Ci not been
a/el | -resear é%agﬁémnbsq{ﬁ‘ra%e eoucca@ ﬁ%?'ﬂ%ﬁ&r}%@l{héslt %?%ghas%génblﬁ%li Jeg\%gg)% ?l o be the
resul t of f Urapding! ¢ysten it plagnagerticsl dablit tebearchy ee magnesi um stearate particles,
[n the present exauhd r,u%%e%gﬁa% e LBk o asﬁ%arg«'afec&e%ﬁkas' lica has

been confir ned. as a een term ne hat, when
i ncor por at edgtinst get m@pgc@hﬁ“&quntwgt@mswreébuw nexeesiine &f es prepar ed

accor di NG t QuaFXARDIE R RofES taBIM ClnRRRLA! 113§ BAiBFH RPthe SsHeMaE ofsBRbet
softening than the fumed silica materials. As can be seen from Table IX,

tabl ets i ncdR PYSFaALNREresia waen the oNel-IEHnsSAYseLthe Woensywp steasele locdelspiiaiey to t he

present an%@ﬁ:b&ibe(e:‘é:ewp%ti@fes ﬁxwmk%aﬁe:&@bﬁwsaam& ﬂﬁédsﬁﬁa’aése) had greater
crushing strengths than con tgntl onal tabl et cggy é g cqnt ai ning fumed
silica (5 w % Cafiexpignatin;ipr thegroteciys efictspegvidg med SEGE G thSr ce of the

t abl e]E COW}[fll(iﬁds%ﬂt edde, o?lﬂﬁin&?’dﬁﬁtgwﬁﬂ)&gﬂhﬁ taflemﬁmngnamﬁdtasanlwmaesearm, -
significan ower n the ejectio or.ce 0 ition
cont ai ni ng éﬁHﬂ Hiespse q? gwd s@iﬁ, isgygﬁevé:tg%[:hg r bl?of ﬁt.lmed snhca m?erac(f\mgaﬁé

free magnesium stearate particles. In the present example, the protective effect of 5%

L

Cab-0-Sil silica has been confirmed. However, what has also been determined is that,

when incorporated in a tablet composition, the calcivm metasilicates prepared according to

Example 6 offer much better protection against tablet softening than the fumed silica

materials. As can be seen from Table IX, tablets incorporating the calcium metasilicate

prepared according to the present invention (5 wt% of Example 6 calcium metasilicate)

had greater crushing strengths than conventional tablet compositions containing fumed

silica (5 wt% Cab-O-Sil silica). Additionally, the ejection force of the tablet composition
' inc}uding Example 6 calcium metasilicate was significantly lower than the ejection force

ofthe tablef composition containing Cab-0-8il fumed silica.

Example 10

As a further test of the tableting performance of calcium metasilicate prepared

according to the present invention, the compactibility of tablets containing calcium



As a further test of the tableting performance of calciumnetasilicate
prepared according to the present invention, the conpactibility of tablets
containing calcium-17- nerasilicates prepared according to the present
invention was conpared to tablets containing standard excipients, such as
m crocrystal line cellul ose and di cal ci um phosphate di hydrate, by Heckel
anal ysis. Heckel analysis is a nmethod of describing and determ ning
inportant properties of pharnaceutical powders and tablets, such as yield

strength. Heckel analysis is discussed _in greater detail in RW Heckel,
221 Trans. Met aII Soc. A I.ME 671 (ib61) and R W Heckel, 221 Trans.
Metall. Soc. M E. 1001 196%) A pellet press, such as a Colton 321

singl e stat |"6‘ﬂasﬁf°ét§sspreﬂaFF§ta°‘i°§d“P gfl}"l!?ﬁeé‘fﬂ E‘He“flﬂn WAEQERRE Odhftessi ve forces

is used for dohgintipelefdar@diipisisSsuchAd idtelrReNite cel IPARYaR M phashhikCl es
under go el astl C deI’OgEFZ‘P r\ which tends to | ower the porosity of the
powder bed.d {Fé‘i‘%s‘%mal yzes the effects of elastic deformation on

the cal cul ati on Olecke PAMRDSE sy n@ihod of @Bdiiding ald@teeihinggliGp@faniprepBiel ochange in
DO o i AR FPSAET S Bl A gl ) SRR o o
where D = CQH’@fteSﬁtﬂdllld@RSNtHdckeTmBTdﬁﬂMetaM SocH?IIMI:[E 81 agm); ?d RCWnFr e|53| on
pressure; nsification due to particle

rear rangerre&g“@él’lﬁlrar Bﬁ%@gﬁ?" géﬁﬁd@hﬁgg@ having an 8.8 mm di aneter were
prepared at conprpelaipass, fwhaesChlitoa 32 Poikie iol/prass, things enkehteptoot s wer e

constructed I,ottin e nat ural, | Hayverse, of onpact
porosity age{F‘?v"i'ﬁ Wr?sgg%é’cqtef b &< A 5t the l%gkeg ﬁ"atlymrs gwider ot ohEsiBs

conpressi eSS Ur&S regre55|on
anal ysi s waspapieteh onderg etastxddeﬁ;rmatme,avhlqmmds tgrio\meh- thehporosigr afdhe pbivder s| ope

leing. e rBRaprEHas RS el IR RRAEARL B cltyfih BEBSSUT e (PY)
def or mat i on mewssrst ayf dswllt |T\hee%ts|0§a srasdkchinge irnrporasisy; knslicaist by changed int her efore
leads to a yqeﬁéu‘} @tﬁe%ﬁeﬂtaﬁhly\tﬂsg%}e ;Jn%ﬁdt&f’\ﬁdthem%lg hﬁﬁ%\fag&\ palue. The lower the

el astic nodu egreater eviation fromthe true
val ue. Low val ue&ﬂW(PP)]d‘ééQ:fﬁbe feuaiiond) t hat are ductile in nature,

wher eas, high PyuyalvescofsekidRnRoMERS &ng@iTPri sed of  brittle particles.
The area under the Heckel ‘curve is used to express the extent of volune
P is the applied compression pressure;
and A is a constant related to densification due to particle rearrangement.
In the present case compacts having an 8.8 mm diameter were prepared at
compression forces from 200+ 20 MPa. The Heckel plots were constructed by plotting the
natural log of the inverse of the compact porosity against the respective compression

pressﬁres. The regression analysis was performed on the linear portion of the curve. The
slope values obtained (K) were converted to mean dcfonnation yield pressures (Py) using
the relationship of Equation 3;

Py= 1/K ‘(Equation 3)

Elastic deformation causes ﬁositive deviations in the Heckel plot, and therefore

leadls to a yield strength that is lower than the true value. The lower the elastic modulus of

the powder, the greater is the deviation from the frue value. Low values of Py describe
powders that are ductile in nature, whereas, high Py values describe powders comprised of

brittle particles. The area under the Heckel curve is used to express the extent of volume



-18- reduction (i.e., conpressibility) that the material had undergone
during the entire conpression pressure range. Separate tablets were
prepared using the calciumnetasilicates prepared in Exanples 4-6. Also
separately prepared were two control tablets containing the conventional
exci pients DCP and mcrocrystalline cellulose. Al tablets were prepared
neat. Prelimnary to the Heckel analysis, it is necessary to know the true
densities of the materials to be evaluated. For each tablet powder and
exci pi ent, speci men sanples were nade, the true densities for 3-9

speci nens of each tablet powder was neadured usi ng Mcroneritics

mul tivol unme pycnoneter Mdel, K 1305, and the nmeasured true density val ues
aver aged. TH&dustiat d§ecamRicssigilifys thatthe matemal badgmdergone dyrgdhe aolreTapl e X, bel ow.
Tabl e X TruecdppRatibypraddete Hagkel Paraneters Excipient in Average True

Density K A P Tabl et ushing g/c¢c Ma i a Force, kP Entonpress 5.7
2.297 0.0045 1. 0§3P%%%W3Em€é‘§“9g%\¢w¥?w‘Flet%%'%fés@?@n@ H.0116 0. 827

87. MCC Exapmhpled 43. Qlsd sépafutdly SopheedGvefttiivo abtrol el BdnGidinglthe 9 1. 711 0. 0044
0358 229 Exanple 6.19,6 1.865 0.0032 0,339 3}6 IH ik%m elly-known in the
phar maceut i cEPVanHERRL Excipignfs HChAn F‘é“(‘f??%sf"H}nF Fellalosss Al frblrtevare Prepatd most
conpact i bl e %« ipdliafiiaraiedhd Mdeked afialysissiols nebe @y aginoivalidmue dBhkitieasf tian be seen
in Table X, the tablet repare i n anmpl e .5 and. 6 cal gi um

ot asi |1 cat SERHIRIO B EeRERG T G B S R BTG GPetinie SHBRET B ¢ abi et
prepared w thadd] hatred demsifphdsBredpecim&sofieagh rbikd powdernvias avatirefi@sihr mance woul d
not have been, expect ed one of .ordihar kill,in the art. _Ex le 11 In
this exanpl g&"“&%‘?"é‘i%‘c‘ﬁﬂ‘%@%/" UG BRIt W@%i?@dwg&wﬁf‘ﬁai s d@?ﬁ%ﬁ?a“gg4 wer e
used in tabdvefaged Mhe avebiga ats densitwirdshitsord et fonipimitable &% belpw.ent s and
disintegrants to pronote-rapid tab efabl%'B(Si ntegration. 500 ng tablets were

|,
made by direct conpression in an Angstroim
True Density and Heckel Parameters

Excipient in Average True Density {K A P

Tablet Crushing glec Mpa N{ a
Force, kP ) P

Emcompress 5.7 2.297 0.0045 | 1.033 | 225

DCP

Emcoce] 30M | max off scale | 1.549 0.0116 | 0.827 | 87

MCC '

Example 4 3.6 2174 0.0020 | 0.481 | 505

Example 3 159 1.711 0.0044 {0358 | 229

Example 6 19.6 1.865 0.0032 ] 0,339 | 316

1t is widely-known in the pharmaceutical industry that microcrystalline cellulose is
the most cbmpactib]e excipient available for solid dosage forms. But as can be seen in
Table X, the tablets prepared using Example 5 and 6 calcium metasilicates have crﬁshing
forces far exceeding of the control tablet prepared with dicalcium phosphate. Such greatly
improved performance would not have been expected by one of ordinary skill in the art.
-Example 11
In this example, calcium metasilicates prepared according to Example 4 were used in
tab;ets in combination with other common cxcipient§ and disintegrants to promote rapid
tablet disintegration. 500 mpg tablets were made by direct compression in an Angstrom
pellet press at 1.3 kN. The. mould had a circular shape and a diameter of 1.4 em. The
tablet compositions are set forth below, in Table XI. A common aspirin tablet was

included in the disintegration tests for comparative purposes. The tablets were immersed



pellet press at 1.3 W The nould had a circular shape and a dianeter of 1.4
cm The tablet conpositions are set forth below, in Table XI. A comon
aspirin tablet was included in the disintegration tests for conparative
pur poses. The tablets were i Mmersed -14- in deionized water at 37C and the
time required for initial fracture of the tablet as well as the dynam cs
of the disintegration is set forth belowin Table XlI. Table X1 Tabl et
Properties wt% of w% Initial Tablet Excipient or Disintegration onds
Time, Dynamics Disintegrant product sec Excipient Exanple 4 seconds

Di si ntegrant Nyncel ZSX 60 40 >60 Swel#%Super-Tab 60 40 18
Fracture/disintegrate Ac-Di-Sol 60 40 15/17 Swell/rupture Satial gine H8
60 40 518 Sviedpienipgdiwatesgt3sFE prddhs tigee mnrséf%@ﬁﬂfmakghmabfﬁraémeﬂm face

Expl ot ab 60 f0uhfiufeR hSabivtegratfil ot Ar 8Pl TER 381 1 gt Swel [1ng, fracture
The Aspirin Tabl ets used were over-the-counter 325 ng dosage from Bayer
Corporation, Mrriston, NJ. Explotab@eXE NF grade Sodium Starch dycol ate
avail abl e from Penwest Phar naceut T4bak Bropdi@ist er son, NY, and Satial gi ne 138

is NF grade alginic acid .als | e frnm Penuwest Phar meu.t_l_cztl S.
Anberlite(r) | RP [§8cipient BF gn%@ y#‘?’l %Icfp jﬁﬁg éﬁgl Umidintegridiohm and Haas,
é F e
S1IY sl\ll—

Phi | adel phi a, PA.| Démagen(r) Z% D@'hdrdmae cel | Ul ose

from Novi ant Ltd. “—m e g Tao(t SN St aT i ed
| act ose nonohydr g Nupe\' r;-%m I—IVL,, 0 3 (o Fli%l duerp?glild PA; ;ﬁﬁfmmm zo0l(r) is
NF grade Croscar Mg [RisE SoUT Ugh al SO avggi t abt BysfiF oM FVCSwhilkG m,.g\s&@!ca‘n be seen

in the table, MGml CIUigp et asifigpcat e [g/g L ne pr 'g@gysphtnventl on was
used in conbinati|o T?Rﬁseveml comonly usetl di ST Nt ¢ Qrealtivay fidae fesul t
was a Amberhte 40 | surface

-

Explotab 60 40 18 Swell/split
. — Slight swelling,
Aspirin Tablet - 72 fracture

The Aspirianablets used were over-the-counter 325 mg dosage from Bayer
Corporation, Morriston, NJ, Explotab® is NF grade Sodium Starch Glycolate available
from Penwest Pharmaceuticals, Patterson, NY, and Satialgine H8 is NF grade alginic acid
also available from Penwest Pharmaceuticals. Amberlite® IRP 88 is NF grade
polyacriline potassium from Rohm and Haas, Philadelphia, PA. Nymcel® ZSX is NF
grade microcrystalline cellulose from Noviant Ltd., Nijmegen, NL. Super-Tab® is NF
grade spray dried lactose monohydrate from FMC, Inc., Philadelphia, PA, and
Ac-Di-Sol® is NF gracie Croscarmellose Sodium also available from FMC, Inc.

| As can be seen in the tabie, when the calcium metasilicate of the present invention
was used in combination with severai commonly used disintegrants, the result wasa
rapidly disintegrating tablet. The calcium silicate was effective regardless of the
mechanism employed by the disintegrant, and in all but one case the tablets dlsmtegrated
in less than 20 seconds. Such significant 1mproved disintegration performance would not

_have been expected by one of ordinary skill in the art.
Example 12 |
A series of tablet compositions (made according to the formulas set forth in Table

X1 below) were pressed into tablets over a range of direct comﬁression pressures (see
Table XHI) Excipient grade fillers and disintegrants were combined with DCP, MCC or



The calciumsilicate was effective
regardl ess of the nechanismenployed by the disintegrant, and in all
one case the tablets disintegrated in less than 20 seconds. Such
significant inproved disintegration performance would not have been
expected by one of ordinary skill in the art. Exanple 12 A series of tablet
conpositions (nmade according to the fornulas set forth in Table X I bel ow)
were pressed into tablets over a range of direct conpression pressures (see
Table Xl I11). Excipient grade fillers and disintegrants were conbined with
DCP, MCC or -20- the calciumnetasilicale prepared in Exanple 4 to forma
honmbgenous m xture. Thereafter magnesium stearate |ubricant was added to
the nixture WheRiYmamstasijcaiprerated it Exaels 41toform i hamagenpus Mxtus. ni nut es. For
each m xtur Whe%&@e%gh@%%&mwﬁﬁmﬁﬁ%s SBGed Q'tﬁﬁﬁ&mﬁ&ﬂ%@ﬁ:ﬁbﬁas' n-an
Angstrom pel l et press at_forces of 4.4, and W The Angstrom press

nmoul d had a tamieysd &or aa pddirong] §aninutep, gﬁb"ca@?mﬁf““i 590 ’@.ﬁrfab}Fﬁéve&fﬂ"p’G@b’tl ons of

each tabl et @fegt reﬁéﬂﬂlha@ﬁﬁﬁaﬂbrhBei-Eﬂ}k}Ea@aP%ices&@|ﬁ)W4aa§d§9Whﬁ§ 1-5. Each
tabl et contained the sa ative amount of EXCIEI ent di si ntegrant,

filler and |{mesitem REess o 'E%@léc"%‘ﬂr”éé'i‘aﬁ’%“dé‘)@é’rﬂwféﬁf Thrcogpasiions and fi 11 er
used in eaChoﬂe&dHtﬁilethbﬁ&ﬂﬂﬁlo‘i\eihTﬁﬂéKh Mv@é&ibﬁula?@lgl Bachlthblet The same

| ubri cant, ne5| m st earate, was usedl fhe sa entr t| nin all
five for mil GONAPRLTE SRR RINEmGUT SR i’ Fiiniseri s r iAot 89 C and t he

rapidly disintegrating tablet.
but

tinme requi r@elmﬁmxcipmlf, Higintefra@irdnd Filleraised ifd €ach &dbleB Variag asivet fortRBeldvm dynani cs
of t he di si nt o @b forth bel ow |tn Tabﬁg.xtkll. Table Xl I. Tabl et
Conposi t i ons Sam?‘: HeaRtmABEY I FiFatate wag Pief i %’Saff’&’"‘ﬂ‘iﬁ”g oMyl a 5

wt % Exci pi er&ll,ﬁwmxrﬁlaan’ﬂ{eaabﬂetﬁ@?e Exmhmd@ml&izemwhteraﬂw%%’dmbﬁmat egrant,

[0) 0
Sucr ose Sucr6uR i Pedkle BB BHER RO Rt blihe gl oE T 0%
forth below in Table XIIIL
Table X1I
Tablet Compositions
Comtponent, | Formula1 | Formula2 | Formula 3 | Formula4 | Formula 5
wi%
Excipient, MCC Example 4 { DCP Example 4 | Example 4
40% . -
Disintegrant, | Explotab Ac-Di-Sol | Explotab | Explotab | Explotab
10%
Filler, 49% | Sucrose Sucrose Sucrose Lactose Sucrose
- monohydr ‘

ate '
Lubricant, Magnesium | Magnesin | Magnesiu | Magnesiu | Magnesiu
1% stearate m stearafe | m stearate | m stcarate | m stearate -
Tablet 500 -500 500 500 500
weight, mg ' :

DCP is Dibasic Calcium Phosphate available from Rhodia Corporation, Cranbury, NJ.
MCC is Microcrystalline Celiulose available from Mendell-Penwest, Patterson, NY.




Lubri cant,

stearate in stearate mstearate in stearate
ing DCP is Dibasic Cal cium Phosphate avail abl e from Rhodi a
MCC is Mcrocrystalline Cellul ose avail abl e
Disintegration rate

wei ght
Cor por at i on,
from Mendel | -

Cranbury, NJ.

Penwest ,

Patt erson,

NY.

-21- Table X I1

Magnesi um Magnesi u Magnesi u Magnesi a Magnesia 1% stearate in
Tabl et 500 500 500 500 500

for the tablets prepared according to Exanple 12 wth Different Excipients

and Conpressi on Forces
Primary Excipient MCC lExanpl e DCP Exa
Not 7 15 Force 3. 6KN conpressi bl

time (in seco
conpl ete di si

di sintegrants
art that chan
departing fro
therefore, th
di scl osed, bu
scope of the
CLAI V5

nds) for
nt egrati on.

e

These test st

above,

Formul a Formula Formula Fornmula Fornmula 1- 2 3 4 5
| e Exanpl e

4 4 4 Conpression 4 11
424KN >300 10 13 5 12 8. 6KN>300 27
>120 6 49 The nunbers given in the table,

i ndi cate the anount of
the tablets to visually reach a point of essentially

that the calciumnetasilicate of

this invention allows tpgifldobfion f8rB1thea8IEts hrepAl@sdceidiag r api dl y

disintegrating tablet_that conbines excellent tablet integrity and quick
di si ntegration tinmet Fywale]e&ith DiffsetBropintind Prpresinderctbmon exci pi ent s,
and TiTTers. T{riunuk |Pemiddd! | Formiled DFormaRS EFskiuld €d i n the
pes could be mafle to. tfhe entodi nent s| descri bed aboye w t hout
DRy BEGsieht! NVERIOCY € | ERARAPT| DAFET €0T | Exanipld $EXdntpie bt 00d,
at this inventipn is nagt limfted to the partigul ar enbodi nents
ClihprésSioh ft ENdEPgT0 Cgvar nodiNet catt ony W thimsthe ppirit and
r&sent i|nwglE | on as |defi neq chyipréskisl pppended cl ai ng. - 22-
. . e .
44KN | >300 10 13 5 12
8.6KN | =300 |27 >120 6 49

The numbers given in the table, above, indicate the amount of time (in seconds) for

the tablets to visually reach a point of essentially complete disintegration.

These tests show that the calcium metasilicate of this invention allows the drug

formulator to design a rapidly disintegrating tablet that combines excellent tablet integrity

and quick disintegration times when used in combination with other common excipients,

disintegrants and fillers.
It will be appreciated by those skilled in the art that changes could be made to the

embodiments described above without departing from the broad inventive concept thereof.

Tt is understood, therefore, that this invention is not limited to the particular embodiments

disclo.scd, but it is intended to cover modifications within the spirit and scope of the

present invention as defined by the appended claims.



1. Acalciumnetasilicate having an aspect ratio (average major axi al

di aneter/ average m nor axial dianeter) of fromabout 1:1 to about 2.5:1,
and an oil absorption of from about 20 m/100g to about 220 m /100g. 2.
The calciumnetasilicate according to claiml, wherein the cal cium
nmetasilicate has a CaO SiQ2 nolar ratio of 0.75 to 1.3. 3. The cal cium
netasilicate according to claiml1l, wherein the calciumnetasilicate has a
CaO Si2 nolar ratio of 0.95 to 1.05. 4. The calciumnetasilicate accordi ng
to claim1, wherein the calciumnetasiljcate is dehydrated. 5. The cal cium
netasilicate according to claiml1, whe?&in the calcium netasilicate is
calcined. 6. The cal ciumnetasilicat I grdi ng.to claim1, wherein the
calciumnetasili (:latea11 LS vvotl I.astg}ni.t e Tﬁﬁq(ﬁal cined cal.ciummetasilicate
according to cl ailmPCaloiLmEnsicai baying u asiert At @¥ergee MRICLAHY | | ast oni t e
havi ng a nondiahé¢tevaverageysinal axiabdiadieterBof foeabow!Lcli to abowe?. &3 dnd @mbie of claim 1,
wherein the cal ci.um.netasilica cont.ai ns: than 0.5%crystalline
silica. 9. T‘ﬁ“éoT{é?"cquﬁnr% %gﬂ? ?IE%?F3° %I}OUtg?gf":"ﬁq(fg' wherein the cal ci um
netasilicate is 2affbe pdinduns metaHlicatk ageprding toalaim plvdemindixdalched mptadjivateat i on

conprising the calciumnetasiljieate _of claim1. 11. A formed food product
conpri si ng tlﬁ‘éa@ép@‘%ﬁ‘?f%‘tré@iqfioggf‘él%f claimi1. 12. A forned agricultural

pr oduct conpr i i B9 Thigdh ik sHiHcRIBRik1B bR, whEleRih chicih hiiidicn oM. car e

product conprising the calciumnetasilicate o claim1. : or ned
phar maceut i clak a Pa0M8i@i mdampioid0®§to 1.03) a pharnaceutical ly active

rati o (aver age. nd 4he SR mHRiFR EROHE e NP P e LR SR or 11 om
about 1:1 tosaéigbiated. 5: 1, and an oil absorption of from about 20 m /I OOy
to about 220 m/ JSO %é calcium metasilicate according to claim I, wherein the calcium metasilicate |
is caleined. ‘
6. The calcium metasilicate according to claim 1, wherein the calcium metasilicate
is wollastonite. ‘
7. The calcined cafcium metasilicate according to claim 1, wherein the calcium
. metasilicate is wollastonite having a monoclinic crystal habit.
8. The calcivm metasilicate of claim 1, wherein the calcium metasilicate contains
less than 0.5% crystalline silica,
9. The caleium metasilicate of claim 1, wherein the calcium metasilicate is
amorphous.
10. A veterinary pharmaceutical preparation comprising the calcinm metasilicate
of claim 1.
11. A formed food product comprising the calcium metasilicate of claim 1.
12. A formed agricultural product comprising the calcium metasilicate of
claim 1. '
" A formed home care product comprising the calcium metasilicate of
claim 1,
14. A formed pharmaceutical product comprising:

(a) a pharmaceutically active ingredient; and



15. The forned pharmaceutical product of claim 14, wherein the

phar maceutical product is in tablet form 16. The formed pharmaceuti cal
product of claim 14, wherein the pharnmaceutical product is in granular
form 17. The forned pharmaceutical product according to claim 14, further
conprising a disintegrant selected fromthe group conprising starch,
nodi fi ed starch, pregelatinized starch, cellulose, chem cally-nodified
cel lul ose, guns, agar gum guar gum |ocust bean gum karaya gum pectin
gum tragacanth gum alginic acid, salts of alginic acid, acetates,
citrates, sugars, alum nium oxide, crospovidone, croscarnellose, and

ef fervescent disintegrants. 18. A nethgst of form ng a dehydrated cal ci um
netasilicate conprising the steps of (a) providing a cal ciumsource and a
silica source, mhergbgba nol ar tio of, calciumin the calciumsaqurce to

i
silicainthe silic iﬂ%‘&nﬁéﬂtﬁsﬁﬁﬁﬁeﬁ%{eﬂb@%&a& asBRsh fatlp (@verggeapaiphp| y

from about 0. 95,49 @hastbr/deliRe riRdr il PndidlS of okl 4HOuB U B QbYW N5:4 he
silica source to forma honpbgeneous mi xture; and (cz)zpheatl ng the

honogenous i xt édeant ! ghsprptiereelizoma tleert 28 mdi100s webati 220aal{186z.according to

claim11. 19. The nethod according to claim 18, wherein the cal cium source

is selected fr dfnTHedogmadiphanmaesitehl prgdwdft of dbioi idnvdeiaiiethe phhmmiagentteyldr oxi de,

calciun1silic§tg . %%giun1chloride, and the silica. source is selected from
YeEis g

the group cBf f&nthetic silica and naturally occurring silica.

20. The net hod o [ clial . [.a the t hgti Llica. is
selected from ?ﬁ'eogh(}oggn}é%nsé%cég%%aY?E@h&si i 83*’?{195!1% cgrhgllglns,t%e

preci pi t at gthashdcewtival miothict & ia@rawlaafam. Si licic acid. -24- 21. The net hod
according to claim 18, wherein water is provided in step (b) so that the
honogeneous m x1Urldeifernied phimatentienlgiroductapsprding tolaira 24, fattbernet hod

according to cl.ai ; eLn ow te h t fuyrther
conprises t er is.‘?"elg] a(%#s m(t%gté?lﬁ?t%%h{nﬁ\gﬁésﬁ%gé e%@%%@dgf?&r%dl%ﬁ%ﬁ%&accor di ng
t o cl ai m 1§regeletinged starchsdebiplogs; phévhiealtehydifiad tellyloseguutissagat gamf @aper at ur e

of between abo&Jt G%OC and ,1200C. . T
gum, locust bean gum, Karaya gum, pectin gum, tragacanth gum, alginic acid, salts of

alginic acid, acetates, citrates, sugars, aluminium oxide, crospovidone, croscarmellose,
and effervescent disintegrants,
18. A method of forming a dehydrated calcium metasilicate comprising the steps of:
(a) providing a calcium source and a silica source, wherein a molar ratio of calcium in
the calcium sdurce to silica in the silica source is from about 0.75 to about 1.3, preferably
from about 0.95 to about 1.05;
(b) mixing the calcium source with the silica source to form a homogeneous mixture;
and _
(c) heating the homogenous mixture to form dehydrated calcium metasilicatee according

to claim 1.

19. The method according to claim 18, wherein the calcium source is selected
from the group consisting of calcium oxide, calcium hydroxide, calcium silicate,
calcium chloride, and the silica source is selected from the group consisting of synthetic
silica and naturally occurring silica. |

20. The method according to claim 19, wherein the synthetic silica is selected
from the group consisting of fumed silica, silica gels, precipitated silica, silica sols, and

silicic acid.



24. The nmethod according to claim 18, wherein the dehydrating in step (c)
is a calcining process. 25. The nmethod according to claim 18, i ncluding
dehydrating the honogeneous m xture for about 10 m nutes to about 120

m nutes, preferably form about 10 m nutes to about 60 m nutes. 26. A
cosnetic product conprising: one or nore cosnetic ingredients; and a
dehydrated cal cium netasilicate excipient having an aspect ratio (average
maj or axi al dianeter/average m nor axial dianeter) of fromabout 1;1 to
about. 2.5:1, and an oil absorption of from about 20 nml/100g to about 220
m /100g. 27. A fornmed product conprising: a disintegrant; and a dehydrated
calciumnetasilicate excipient having-2# aspect ratio (average mgjor axial
di anet er/ average m nor axial dianeter) of fromabout 1: 1 to about 2.5:1,
and an oil absorption of fromabout 20 m/100g to about 220 M/ 100g;

wher ei n t he fordie@hemeidiod accdidintoatpiati@swharcihessertihpovidbbint st@Obysconds when

| mer sed I‘;Hatvt\ﬁé I?Jm(%engozghﬂxture is in the form of a suspension.
22. The method according to claim 21; wherein following step (b), the method
further comprises the step of (b") drying the suspension.

23. The method according to claim 18, wherein in step (c) the dehydrating
occurs at a temperature of between about 600°C and 1200°C.
24. The method according to claim 18, wherein the dehydrating in step (c) is a
calcining process.
25. The method according to claim 18, including dehydrating the homogeneous
mixture for about 10 miﬁutes to about 120 minutes, preferably form about 10 minutes to

about 60 minutes.
26. A cosmetic product comprising:
one or more cosmetic ingredients; and

a dehydrated calcium metasilicate excipient having an aspect ratio (average
major axial diameter/average minor axial diameter) of from about 1:1 to about 2.5:1,

and an oil absorption of from about 20 ml/100g to about 220 ml/100g.

27. A formed product comprising:
a disintegrant; and
a dehydrated calcium metasilicate excipient having an aspect ratio (average
major axial diameter/average minor axial diameter) of from about 1: 1 to about 2.5:1,
and an oil absorption of from about 20 ml/100g to about 220 ml/100g;

wherein the formed product disintegrates in less than about 30 seconds when

immersed in water at 37°C.



