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METHODS FOR MAKI NG THE SAME Background Art Many consuner products, such as
heal t h anwomsrsssaal care products, are nanufactured and pagkepedsion solid,
conpacted form The solid, conpacted product form has several advantages
over other product forms, 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 pharmackutical, and nutritional products
that are to be adm nistered orally, because virtually any
pharmaceutical | y-active nmedi cament is capabl e of being granul ated and
prepared in powdered form w t hout DESCRIRTION i ts nedi ci nal effectiveness.
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sub WO 03/ 4iBdutiPed thatSAe 4384 Plarmaceutical could be delivered to the blood stream of a
patient without the hecessity of swallowing the tablet. For example, children and
advanced geriatric patients (those over 80 years old) often have difficulty swallowing pills,
and a tablet that dissolves or rapidly disintegrates in the mouth would provide a
convenient and effective solid form delivery system for such 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 be helpful is where water may not
be readily available to assist in swallowing the tablet, such as when a person is traveling in
an automobile or under certain working conditions.

Unfortunately, most tablets do not readily dissolve in the mouth, but instead

disintegrate in a slow and uneven fashion, so that if the tablet is not swallowed, then a
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-



-2 therapeutically effective amobunt of an antibiotic being delivered to the
bl oodstream allow ng the bacteria to devel op resistance to the
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pharmaceutical preparations that rapidly disintegrate. Particularly needed
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thereby elimnate the need for the tablet to be swall owed. D sclosure of
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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 with 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 material prepared in
Example 4, below;

Fig. 2 is an X-ray diffraction pattern of the calcium metasilicate prepared in
Example 4, below.
Description of the Invention

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

otherwise specified. All documents cited herein are incorporated by reference.
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emul sion. The present application relates to synthetic calciumnetasilicate
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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 products, 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 consumption, but may also be particularly useful in veterinary
pharmaceuticals for pets as many pets have acquired the reputation of being somewhat
reluctant to swallow solid formed pharmaceutical preparations.

Additionally, these calcium metasilicates are useful in products which may be in forms
other than tablets, such as certain solid formed food products, such as bouillon cubes,
yeast cakes and the like; agricultural products such as herbicides, fungicides, 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 solutions is
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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.

Table I
Common Species of Calcium Metasilicate
Species Common name Crystal species Occurrence
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 yield
various grades, and depending on its specific grade, used in a variety of industrial
applications such as rheology modifiers and structural additives. These naturally-
occurring calcium metasilicates have a crystalline form and high aspect ratios (above 3:1,
and in some case above even above 20:1), that provides rigidity and strength. Properties
of commonly available naturally-occurring mined wollastonite are given in Table II

below.



Wl | astonite Density, Crystal Crystal O Brightness Product g/cc
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natural ly occurring calciumnetasilicates, calciumnetasilicates my also
be produced synthetically for use in specialty ceramcs and material s
research. However, this calciumnetasilicates are not crystalline, but
rat her have a gl assy or anorphous m e¥-ostructure. Mreover, the poor oil
absorption performance of synthetic calciumnetasilicates, which have
about half the oil absorption capaciTapleds naturally occurring calcium
netasilicates (shown in Table 111, below), indicates that synthetic
calciumnetasilicates have a rather low intraparticle void volune. Table
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cc/l Cog n2/ % -Al-dri-ch-Arprphous—82-84—Gass—irregular—Moed—gl assy
CERAC and porg 0 2 85 ijrregulpr In contrast toileitherith
nat ur al | y-occu??lﬂ?ﬁo%ﬁg synt ePlglé’ c%ﬁ"%‘rf}qp ir sga}tll i| agogsion,d g%%lglé?sesd above,
. . rody g?cc orphology spec 0 . .
the inventive [cAl'¢ium met adiff T cat bs di S¢T 056 n| tlf&00gr esent appl|i cati on
have a | ow aSFG\}”AENSIEWM’ argh 0T M st LEEt UT eSS @y U §gat €S Of ggimi { o1jm
particles yiel Lkeg& 206 B T 0% Al &1, ADSOr L O gdtar act ef gt T CSe
Speci ficall'y, TtHE,FGHAMGRSPEG 37T at &icﬁwer%@;m ko aXi al_|g§ anmerer/ aver age
m nor axi al di| g4t . F& C[ UM Metasi{ jcarg;4s bertvwesr about 1:1 to
T

about 2.5:1, preferabty —

mabout—t 1 to apout—1 5t —andam oit
absorption of from about WO 03/045844 PCT/ US02/38193 -6 20 m/100g to
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may also be produced synthetically for use in specialty ceramics and materials research.
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 III, below), indicates that synthetic
calcium metasilicates have a rather low intraparticle void volume.

Table I1I -

Physical properties of synthetically produced calcium metasilicates.

calcium Oil

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

Aldrich | Amorphous, g 2 84
Glassy irregular
Mixed glassy

CERAC and porous 10 2 85
irregular

In contrast to either the naturally-occurring or synthetic calcium metasilicates
discussed above, the inventive calcium metasilicates disclosed in the present application
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



m /100g. (The techni ques for neasuring aspect ratio and oil absorption are
di scussed in greater detail below The major axis is perpendicul ar,
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di oxi de or from synthetic anorphous silicon dioxide. The preferred form of
silica is anorphous silicon dioxide, such as precipitated silica, silica
gel, funed silica or colloidal silicaf-as described in USP/NF Monographs
entitled, -"Dental -Type Silica, Silicon D oxide and Colloidal Silicon
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opt i onal | yohgedCc Preterablyelek dafrium 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,
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
homogeneous mixed solids having a CaO/SiO; 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 300pum. 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



finer particle sizes, by any conventional neans. The present cal cium
netasilicates are included in solid, fornmed pharnaceutical preparations
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pharmaceutically active ingredients include nourishing and heal t h-pronoti ng
agents, antipyretic, analgesic, anti-inflammatory agents, antipsychotic
drugs, antianxiety drugs, antidepressants, hypnotic-sedatives,
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i n vet er i nafidepreBaitd BgRIotit-Stiatifss Spadaflytios Tentid Q&R0 EAY itén bt Mg drugs,
pharmaceutical preparations may al so1 i ncl ude one or, nore disintegration
1

ai ds. Pr ef SreRml jnetahalisn aneliolipraentisplishtiys SYmpathomigele pesit> SSTIMERI™RY i n of

vat er. Suif,alloR cHhdiicHifHgRME Santabieb, WAGuIR bR antiRGivE-eRstcRFanRl €gel ati ni zed
starch; natural or chemcally-nodified cellul ose, especially crosslinked

sodi um carBERPEHESHPIPIEIONY sfinpdants, bronehod atersi anfialiergie aganth) dengab ficcalspeci al |y
agar gum (ﬁ'ﬁ'&, SR st Hes, é’zlr&ibt@hﬁs,%ﬁﬁﬂrh?fhnﬁ@é%eﬁts, &iﬁ}%ﬁcﬁpﬁyppéﬁﬁ@@ﬁg@ﬁs,ar‘d
citrates; sugars (especially lactose, mannitol and sorbitol); "al um num

oxi de; syntahesongrigiolsygasenansyisedilators pasinbergl heerilatosss anidiyperlipidenit @gengs cent

di si nt egrai : [ Ve . : ci um

metasili cg%hggg%uéxgégﬁg%ﬁ@ﬁgg&g}aé@@? f/l o% ’ gnélld;a? gt}oga{r%tg ﬁg’gﬁl gg,%rf or med

phar maceut astaporpsisdkicletsl messsarclhedntsyantidmics divkraoneh,alkaloid ast @tics, sakf®  pr epar ed
by conbi ni t he. above in Hents... pre t i r Nt r.ation
Tevers, e ARG Es BNARELER, Ine RaRRE Bl el BN RERTREESL D,
usi ng a t aditeatd, oig. Therp aaltumgnetprilzaes siay Alss baindiadal isivergtimrgt r oke or a rotary
press may he used. The tz%bl ets prepared WO 03/045844 PCT/ US02/ 38193 -8
accor di ng T8 PP NIRLRISPATER> may be of any shape, such as round or

capl et - shaped, Thest sofid famyd phat@actiidabfregaritivhs ayralgo Hiclude bmedr Muse .

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 crosslinked sodium carboxymethyl cellulose
(croscarmellose sodium); gum, especially agar gum, and guar gum; alginic acid or salts
thereof; acetates and citrates; 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
different solid, formed pharmaceutical products, especially 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



The calcium netasilicates disclosed in the present application nmay al so be
used in other personal care, honme care, agricultural and food products.
The i nvenwioaa/owdskd now be described in nore detail wth resparsn2/ss19s he
followi ng, specific, non-limting 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 G ace, Maryland, with 5.4g of dry cal cium
hydr oxi de powder (Chenstone Corporati-8n, Strasburg, VA) in a V-blender for
15 mnutes- Then this mxture was dehydrated (or "calcined") in an
aut ocl ave atordbig fm)srmvdenlnommy bd bfeanky ishepk, sucledsyrdiirat @ dapletatiaged, andof r ecover ed
and its conpositi.on term ned .using powder x-ray diffraction to be
cal ci um rreagg’sgfzﬁsﬂ'%tb %‘P‘i"??é’r‘rfrag}“‘raL %he wol | astonite formwi th small
anounts of cr yS]tha|chlcﬁ1ﬂ1 methsln@te(surseloﬁerdinﬁthelpadséﬁtapmmhwm@ha)lsowee@mh (see
Table V, be]o II1pert|es of the 1 calciumnetasilicate are
P e o pragesy

shown in T ‘Fré’eWSQPa B%IF’ cRieaFghicultuzal and ep of this exanple,
amor phous si | i cheSaiehidt Rillfidfv BeSRsdriBed M@ndRE BEIMICHitR Fespéet toGRd folllbwWing,
netasilicate was prepared by adding sulfuric acid to a dilute waterglass

sol ution iPesfigeop: ‘&Ej?“ﬂ%a?"éﬁlpl??m ng vessel to affect the precipitation of

anor phous pydd pd silica. Specifically, a total of 278 gallons of
sul furic acid at a concepntration of 11.5%is added at-a rate of 4.7 gpmto

500 gal | ons of GRiwRdetasicate s prshargdacgordingsg serventioptlepriqr attimsthodab ai ni ng
13% sodi u nﬁ]ﬁélrl R)%to? I—ﬁl%r'scﬁﬁ@‘ﬁ@b h@orphets lecﬁ’ﬂ‘n Aidafe lﬂérl‘%ﬁy stall?rﬁccfroﬁq he

addi ti on of e Sulfuric acid was conti nued unt|| 5 was obt ai ned,
and the r ebMt Hubr:r Gorporasios, Hmedﬁgeg«t,é@rrlmd with5. 4g10rﬁéryr6@l§u4m hydgoxs% pensi on
of 5|I|ca i ied to
forma f| fé %etgﬁ?ea t8 I%gﬂ g'l Sblay (I é\d{ A %gﬁ%gby\@gm%g g}n%qéf%eous
sol ution ohlxmhe was édtydnated (@1‘kalclaeqimrmberaupplepaaté)éIObewéhém@%hesﬁﬂal ds) was

m xed with,10 ime slurr 1 | i.ds) t vessel until a
nompgenous AP yaAL efioME rEaliokd i RS tR il 91 ENBR X BRSL

di gest ed fdefraZtlomtothes:alaiun%étamhnatt, pdnearﬂjaapbmdetlasmnﬁte tsmrvadowatled and dri ed
in a forced ai ven at 150C .t 0. i sture |evel I % ,The.dried

o phous g S tes ok s GeBelie S Gep resaltiaih B #8105
dehydr at edTiad prOfiotiesiofitha Bghinple flaglcuntietasiliddtegind shoSJtnrianhhlé B belowl. ast onit e was
formed. X-_ray. diffraction, analysis see Table IV, did not indicate the
presence o?ﬁéﬁ%%%s of ot her

In a first step of this example, amorphous silica suitable 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 SiO2/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 was recovered
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 slurry (18% solids) in an agitated vessel until a
homogenous mixed solids suspension was obtained. 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 amorphous calcium silicate hydrate was



pol ynorphs of calciumnetasilicate nor any crystalline silica. The
properties of the calciumnetasilicate prepared in Exanple 2 are shown in
Tabl e 1V, woaldouwss4dabl e 1V Physical Properties of Cal cium MetrasobBgias e
Prepared in Exanples 1 and 2 XRD XRD Crystal G| Ratio of Phase A Phase B
Aspect ratio Absorption CaQ SiO2 m /100 Exanple 1 0.67 Wl lastonite
cristobalite 1:1 80 2M Exanple 2 1.01 Wllastonite none 1:1 32 2M The oill
absorption shown in Table V (and throughout this application) is neasured
with the rubout nmethod. In this test, -9l is mxed with a powdered sanpl e
and rubbed-with a spatula on a snooth surface until a stiff putty-Iike
paste is fdehpadied ByoooR@ a1y kilngfot hRourq Highlyl dtiyictofed avdllastetjitiwaR dorinedh®ve a paste

m xture, whi will curl. wh e out,. one can cal gul at he oi l
Sbaor pt | onfey ATELgP: Sesis S ab R at not e SRameE Al PERCLalPS ¢ he

vol une of %ﬂlﬂ'mér@mﬂclel_diuﬂﬂhettmiidatmQlli}tcrybﬁalmﬁtsﬂﬁ-jal Tfi@ﬁxi@pé@emﬂ}ﬂ e}] ely |
saturate the, netasjlicate abs tive capacit cyl ation of the oi
absorption® ?%@%@C%H@Pafa%%’%“ﬁﬁ%e QHUHI“?/B?P%W’%‘?]&WP absorption = m
oi | absorbed X 100 (1) weight of samplegy grans = m o0il /100 grans sanple
The aspect ratig given in Table IV is the average mmjor axi al

di amet er / aver agBhYsigahigppestigsof CalcampMetesilicatiiPreparedsia Examples £and% 1 ol | ows.
First, sanples of [The cal[cium nerasili gRRp nmatieri al arfg;ground |t o obtain
separate individual partilgdiest T mat gptiagd | SCYEMS per|a@gbritien i Sopr opanol
to allow preparation of speusioens % h Unaggl offPSHER® |impdeoei dud
particles. The spmxdamps1ijeecar bowolk:swhitdcr3Rbdited1:Del Ng ||s@ged usi|ng standard
Scanni ng El ectron|M crosg¢opy. SHEMIm crodraphs gre nmade |at a nagr]i fication
of 1000X on 77mmBgathfld2Mmoli mageWolthsignitei [@oael usijng ei theg2a diredqt digital

i mge capture or f{hrough| the ugMof a fll at bed scanner|. The didital

m crographs are evaluated using InmagePro Plus 3.0 software. |Imges are

converted to 2 Thelodrbdirgloncbewn mstabldig{ahdthroughge shisigpphigatmn)®©ni23deb844
PCT/ US02/ 3v§l:lfh9

'gle rﬁbjégt 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
quantity 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 is the average major axial diameter/average
minor axial diameter, and can be measured as follows. First, samples of the calcium
metasilicate material are ground to obtain separate individual particles. This material is
dispersed in isopropanol to allow preparation of specimens 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. Images are converted to 2 color high contrast digital images using a



t hreshol d pi xel gray value of 140. An individual pixel in an inmage is
approximately 0.162 mcrons in width and height. The calciumnetasilicate
particl e wepeoessaati o i s neasured using image anal ysi s t ecaralsovbabe
particle width and particle length using the particle information. A

hi st ogram of aspect ratio allows the prom nent aspect ratio to be

determ ned. A mninmum of 100 nmeasurenents are nmade, to assure statistical
significance. Exanple 3 Calciumnetasilicate was prepared according to the
present invention by mxing 10.5g of -l@-pure dry Ca(CH)2 (from Chenst one
Corporation) with 56.25g of aqueous slurry of the reactive silica slurry
prepar ed i thresialdpixel ghay willierof 1600 A0 lrdilagdual sixel ACAH iage B aPPIIRPGRRDLEG. 160 Xt Ur e.
The m xture, was the eaf ter féjhtered to recover .the solid and then dried
at 105C f oPicIsin Yy ha’%ﬁ’rﬂﬁ‘gthh 8%1?1‘9‘8r“éﬁ‘aéﬁlc'(“ﬁQ?@F‘ﬁé&""’%{f‘t“éﬁcﬁ‘éa?"ﬁe kiln for

1 hour. ThgidgSaRYEsRYsBIOHIGTatd\BEtiAORMMEARIPaARE 1MLt udimythopabas di ffraction
as wollastgnite 2Mwi th no éﬁaces of crystal line silica. opert| es of

Exanpl e 3 ®EAMEAIMA frdisipgram ebaseechrabo gliusrihe Rrominsptaspeds SR bExanpl e 4 A
comer ci al depdratifed e ROARIMERbT [0 thddSurBh&fR eSS nfald, td4s8R8 SlafidicsIignifitdhce.
netasilicate according to the present invention is as follows. First, 4688
pounds (apg¥splédtely 2131 kg) of the slurry of reactive silica pr epar ed
in Exanple 2 (Vtﬂjéléluxi’x%e?a{?h%é}le W%re%ﬂiﬁ& Addatetdthe ?re%édt Hv@&ho‘ﬁ%%se' at 40C.
Then, 424 gallons (approxi mat iters) ifre slurry (with
20% sol | dsmlml%igdef@ pate@yﬁa@)offr%CWst@ﬁ@matwnhwleSQ aprfoxi mately 95
piters PeradibOiiofhy B0 YESI Gy Mg M Bt Jna ifP169% QuiRbY@! n an

i ntimatel y xe onpbgenous suspension. This sl on was dewat er ed

usi ng a r oichieye g hemogendus| mixturd. dhe mipdwre ovas dlnd:aﬁhrlfétdredmo woower theisalidsg spr ay
drier. The_r V i hen aIC|ned in
an § ndi r octegie el (oG Al o3 e aeplghteg (PANRED alSHR: L HEDRE

recover ed for mdaomraﬂmsodcevmdzmodmtwa&nhamstbmdlbyma‘asepwvakx diffidoyipeds by povvder
X-ray dlffr Q/,20 type diff ed w a Xx-ray tube
havi ng a C‘S%Eaé Omt%%@dmh Otr%gseoar.% F ,lmﬁls? rac?li’egﬁ Egﬁa"&‘\fljvf gicﬁl%'(‘jmf romthis
anal ysi s nsetshtjwmaragifvengiurlab&Vbé[bws scan indicates the presence of

wol | astonite ZI}/I with no traces of crystalline silica. Properties of
Exanpl e 4 netasilicate are given in Table V, below. Exanple 5 WO
03/ 045844 PCT/ USOathm&itidBscate kinbbdimeht of tipasaebsefor srypHring talCiumah&isilate

nmetasilicate roduced . accordin
according tg the present mvent?onqs asgfohows First, 4688 pounds (approximately 2131

DJ

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
slurry (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 atomizing 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 /20 type diffractometer equipped with a x-ray tube having a copper
anode 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



Exanpl e 4,
700C. The

di ffracti wo @s4shahydr at ed
Exanple 5 calciumnetasilicate are given
and Crystall ographic Properties of
in Exanmples 3-5 CaOSi 2 G

Physi cal

Bri ght ness

Wl | astonite Exanple 3 0.37 2M 0. 81 1:11-22 1 --

except that the recovered dry powder was cal ci ned for

cal ci ned recovered nmateri al

1 hour at

was characterized by x-ray powder
anor phous cal ci um net asi | i cat e pCRrgoeBsives oOf
in Table V below. Table V

Cal ci um Metasilicate Prepared

Surface Density Ml ar Aspect Absorptio Area

Product g/cc Mrphology ratio ratio n ml/1 00g BET, n2/g %

Exanmple 4 0.39 2M 0.85 1:1 70 6 86 nonoclinic Structured,

nmonoclinic Wil |l astonite

Exanple 5 0.13
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Cacr 51 oo e Py FTRTR edu ey evar et ferl e RVRR O oo

Exanpl es Zaifivibd4econdred taderiEl tvas ichdracddrized wx@yq@mbmﬂraaﬁox%m&ymw 800C,
i M\Mtrla nonoc,

respectivel

structure,

anidp

bot h éle|dln
hous E3IGH{Y| neetas
dehydr at edin TaBlee/ B¥MdWUE aggr egat ed spheroi da
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structure of the cal ci um
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runaur et al .,

invention results in a

vol unme as i ndicated by

i& of Was

determ ned by the
as reported in the J.

prepared i Exanpiies 3- ORth, [USTNgTan TeChNEEERe Bri gitmet er
S-5/13C ac¢ rﬁlt fﬁi“ﬁA ﬁ test imesiods| Aspe| ARGkpikE Hhsea and WFsSt landar d
D985. The ToQHNi dVAE Bri URPIOBY| dums a |dwisl beaMio0mpBETal/e $v'st em wher e t he
sanple is 11l um nated a1WdW“anle of 45, and|the reflected|light
Example 3 | 0.37 2M 0.81 1:1 22 1 -
monoclinic
Wollastonite
Example 4 | 0.39 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/SiO; mole ratio of about 0.85 and contain no

crystalline silica. Examples 3 and 4 calcium metasilicates were calcined at 900°C
and 800°C, respectively, both yielding Wollastonite 2M with a monoclinic crystal
structure, while example 5, calcined at 700°C, remained amorphous, albeit dehydrated.
The unique aggregated spheroidal structure of the calcium metasilicate prepared according
to the present invention results 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 brightness 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 Technidyne 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 pressed to about a 1 cm thick pellet with



viewed at 0. The powdered materials are pressed to about a 1 cmthick
pellet with WO 03/045844 PCT/ US02/ 38193 -12 enough pressure to give a
pel | et suwbDacm4ishat is snmooth and flat and wi thout | oose pamiisod/ss93 or

gl oss. Exanples 6-7 In Exanple 6, material produced according to Exanple 4
was roller conpacted at 15 bar roll pressure to produce a fine free
flowing granular nmaterial with inproved flowability and having an average
size of approximately 300mwth a density of 0.34 g/cc. In Exanple 7, the
mat eri al produced according to Exanpl €25 was roller conpacted as taught in
Exanple 6 10 an average size of approximately 300mw th a density of 0.34
g/ cc. ExangioeglBprésucteoping b peltee surface thaeit showshs snd fiat and withauo iqosecpagtitles
pharmaceutical preparations of the calciumnetasilicate prepared accordi ng
t he inventwéﬁf&the cal cium netasilicate was added to pharmaceutica

pr epar at i ofsampld3&é-pr eparati ons fornmed into tablets, and the functional
properties of the tahl ets neasured. The.functional, properties of the

Pablet s < cont aiREAYIRRG BUPE AL ASTr PRt abagp Bt PO comdicy < ot he
present i natasbaoll\pssire ORI b@dﬁ?‘@ﬁédmaiin@i@rh@maha;@raoﬁen ‘iringfé\;]dd; t abl (et Is
contai ni ng_a conmon exci pi ent suc S i.cal ci osphat e di rate (al so
known as "fﬂﬁt’!’fi‘)%.‘“tﬁrﬁfé‘ I8BE AR AVIEREE S Pgé@mxﬁ@i‘f@( 3§%€ W Iaéj%\“r“ar?uf 054

Mendel | - Pegye sth ExafpieNYthe Ratetigl fréduced\icordip @S EGni €5 /A% rollbARhhcted
conpositions were prepared, with one tablet conmposition containing no
cal ci um nisttaught indap@pis&rto phayesge 5i2¢ B?RPPEHX,‘mW?E%OH"ththé dgisity PfQ-ﬁg t abl et
conpositiqg&L the calcium silicate as prepared in Exanple 3 was
substituted for the dical ciumphosphate at |evels of 5 w% and 20% w %
The exact Bxempda8tions of the tablets are set forth belowin Table VI.
(The differenc [ ' Bidm Iof i - he bul k
densities of tﬁ?‘kgfg%%§a§e%%ﬁggé%ﬁﬁFﬁg&?Q%ﬁ%? con%%gﬁfﬁgﬁgﬁéugﬁgF3, t he
Enconpr essthOcHciwagndiisdisate grappret accordingothe miventiongthaealdinm anatasiicate was pr esent

i nvention i eqils 0 . [ earate was
added and %iliaéahg)i ptrlllgﬁnv(a/a%s&ltg%{r?? ?p‘ﬁﬁggﬂf @g%geﬁﬁgg%s}@gﬁg AT@%%E?ISU est ﬁé The

resul ti ng fooctbeal prerertes npthe tabléts measured b et fandcional woopdities eff tbaitablesnpact i on

forces, 7.5 . kN and 12 kN on. t okes B- 6-station rotary press
 net rureni a0 ES ettt nelflufa el BASa T} B bRiod BLAken TR

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. Three different

tablet compositions were prepared, with one tablet composition containing no calcium
metasilicate serving as a control, while in the other two tablet compositions, the calcium
silicate as prepared in Example 3 was substituted for the dicalcium phosphate at levels of 5
wt% and 20% wt%. The exact compositions of the tablets are set forth below in Table V1.
(The differences in actual tablet weights reflect differences in the bulk densities of the
blends.)

In preparing tablet compositions 2 and 3, the Emcompress DCP was blended with
the calcium metasilicate of the present invention until the mixture was homogenous. Then
magnesium stearate was added and blending was continued for an additional 3 minutes.
The resulting 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.



WD 03/ 045844 PCT/ US02/38193 -13 Table VI Tablet Conpositions Tablet 1
Tablet 2 Tablet 3 Calciumnetasilicate 0% 5% 20% (from Exanple 3)

Di cal ci unwplcspdsat e 99% 94% 79% ( Entonpress) Magnesi um strearnan3si98 1% 1%
Aver age tabl et weight, nmg 700 540 460 After being nade in the manner
descri bed above, the hardness and ejection force of the tablets was
nmeasur ed. Tabl et hardness (or "crushing strength”", these two terns being
used i nterchangeably) is expressed as |oad required to crush a tablet on
end and is neasured using a tablet hdBdness tester, such as a

SCHLEUNI GER(r) Pharmatron tablet hardness tester available from Dr.

Schl euni ger Pharmatron AG Sol ot hur Mableaflmany. Cenerally, the larger the
tabl et, the higher the hardness. Ier tablets (1/4" round) usually have
a hardness of less than about 5 g‘? VPP ger tabl ets usual |y have a
hardness of |ess [than about 20 kPa. |Hheefi OTablerTe Tablke3 § to the force
required to free |[TAGMhRESEdaté abl et obg om Wsthin [pbe dig used to formthe
tablet. Ef ection |f@bmExamples)evant to high|speed conpresgion tableting,
accordingly it i9TSiERtitAPhbHhKEEP T MB9R] €Cllogey, T ONGoyJ OW|so as to naintain
the conpression [t@hk&hplg)at high speeds. (It is nelated|to the frictional
forces Fegeloped "NagnBGum HeFraRND T NE 15T Tatgopl THgoghie 3 wal | gﬁhh the
mat eri al being cqn Ot et €] €L T OEFS €XPr esse erein in
kg are neasured /We Egébl’)g:tg?@%d LZP(?a uuts??ic Lél‘ IULiIg press. Aplot is
generated whic h I n r.eaki the die

wal l's foll owedb)béerBWE%;“Q&IIh 1? Iﬁ%nn &escr Xonr E‘tﬁeh?’frg" I C |Ipénjeﬁp?q/\%)écﬁ the die
wal I and dfhl&thbibtbe\tas rrsastuudn@abietdmndnesi (a‘rﬂdnfshmglstfqng&h,dhcsagwcbtwnst abl et

energence fromt n aratjon fromthe die punch face. [For each of
The. Prd i A st preci gL R ERGr S S oad ey b 1S SR B e
properti esmediired ﬁm@a tablel vl sdbdter, s1eh ay\y SCEPEUNEGER @ Phaviaag eablet t he
E,E:—?-;)Ersglzfé'@@gsssl{gs%er avalg.'iyle ra()(r:nhDP fSclEth?mgte? gn%gtlrgr'lt XG g@otgsl 0 eSrérgnAéﬁy

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 compression
tableting, 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 expressed 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.

For each of the individual tablet compositions 1-3, ten tablets were pressed. The
properties set forth in Table VII, below, represent an average of the properties measured

for each of the ten tablets.



-14 Table VII Functional Tablet Properties 7.5 KN Conpression Force 12 KN
Conpression Force Hardness Ejection Force Hardness Ejection kPa (kg) kPa
Force k Tablosi4sk44. 6 3.3 6.5 6.6 Tablet 2 3.3 5.7 5.5 7. @CT/Ambt/a4198 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.
Repl acing a portion of the DCP with calciumnetasilicate did not
significantly conprom se the functional properties of the tablets. Wile
an increase in the cal ciumnetasilicatld-concentration of from5 w% to 20
wt % (accorpani ed by a concomtant decrease in the DCP | evel) increased the
ejection force, the ejection force was nonet hel ess not raised to excessive
levels. Simlarly, the conpacti bil Tae®I DCP m xtures with cal ci um
nmetasilicates declined only sljghtl ,ﬂ¥onﬁ that of the material containing
only DCP. Exanple 9 The usefufﬂgg?“%f KGEPTOB S um et asi | i cates prepar ed
according to thle prese[ni.s KNms@pess@n Forde SOI | b K0 0Pagtsidn pfiad mageut i cal
preparations wals studijedardisi Ng| BraioaFokche| Haadess UM PEf@BAl | Cat e prepared
in Exanple 6. In this ex@apl e, tt@ common pi@api ent [ Bdrce (RYNPAri son was

m crocrystal lineTabeti ul ©6e (spe¢dBically Epgdcel 90M 6.avail ablle from
Mendel | - Penwest | Tadbrt2 efBdn, NY) | 5Four di ffEs.ent tabl el.6conposiiti ons were
prepared, with | Tabeti abl.&t conppsbtion conf@ining nol &&alciumretasilicate
serving as a control, and another tablet containing 5 wt% funed silica
(specifically, Cab-OSil M(r) available from the Cabot Corporation,
Bellrica, MA) atnttafibeseea tin/Bibid Viltke haldiesd @ashing strangitipaf @bletse  pur poses. I n

the remaini ng. two_tab sitions.contained calciumnetasilicate

b epar ad | 02 of S BOR b Pt B o Sat ey e Arorng S8R ol ose at
| evel s of BCMWith calofhm2@etidiliéate ien& xRaificaayomiptinifsthofuntfivhal rbpeefics are set
forth below in Table owder tabl et conpositions were

Vi1, The. .
conpact ed-9fifstablgts) dfhdle gp nciggsedn F‘Fé’?"él‘r‘f“ pgiasilicats eoneentratign o fromy W% N and 12

kN, on a 3boleasBactomParsiédty LddnEsthitny ddRFeRSSin tHESHCR RAY PdrehRd fRASUN €
conpression and ejection forces. For each tablet conposition, ten sanples

wer e made, @i¢gHen {rre thegiesiomiorse-pyasapnethetessynot 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 (specifically, Cab-O-Sil M5® available from
the Cabot Corporation, Bellrica, MA) and microcrystalline cellulose for comparative
purposes. In the remaining two tablet compositions contained calcium metasilicate
prepared 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
forces, 7.5 kN and 12 kN, on a Stokes B-2 16-station rotary press instrumented to measure

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



-15 properties of each sanple neasured, and the average val ues of the
measurenments set forth in Table I X, below. Table VIII Tablet Conpositions
Tabl et 4 Weliseussd4 Tabl et Tablet 7 6 Cal ci um netasili cat @Ca%6s6%63890%6 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 I X Functional Tablet Properties 7.5 KN Com ression Force
12 KN Corn ression Force Hardness Ejection Force Hardness Ejection Force
(K a) (kg) Ka) (kg) Tablet 4 13.2 1.3-1Gapping 1.4 Tablet 5 15.4 2.1 22.5
2.2 Tablet 6 15.8 4.3 23.8 4.6 Tablet 7 Not tested Not tested 18.8 6.1
From Tabl epropértigstof paoh smeple @easurddatnd theaveeage nalses afitheanessirements et oitht h  of

tabl ets c.or:l.tgli z%n&lSVSA) or 20% of the calciumnetasilicate of exanple 6 was
simlar. WiTé®an "iNtrease of from5%to 20% netasilicate increased the
ejection force, the ejection force TalsVIIDt excessive. One especially

I nt eresti ng phenonenon was obser,g%(l'j. It can be seen in Table I X that the
m crocrystal line cellul ose contrbiPCt POBPRYUAS \with the same 1% nmagnesi um
stearate did mnot nmake successt ul] Tkl €1 TavbeEN [CBRE €ET@&lett?0 12 kKN. The
control (Tablef 4, containing onlly mcrocrystalllg ne cellul ose jand no

cal ci um net asi NCaRIRI meiasiifRd MaKege, SUCCESST Ul [T@h] €T sgien conpressed to
12 kN due to cappiasfpidghen the tgbl et del am natjes dufing or flol | owi ng

di scharge fromWiErotAthfihe PERHoSE: | VeV ED 0, WNen Hohe Tabiegt COnposi tion

i ncl uded 5% or ¢Qpa3E; MESEA CT UTM@ET asiighcat e [Qf, EXaTg,e 6 (tjabl et 5 and

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 5 154 2.1 22.5 2.2

Tablet 6 15.8 43 23.8 4.6

Tablet 7 Not tested Not tested 18.8 6.1

From Table IX, 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 ejection 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 stearate
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 wompnessss on force. WO 03/ 045844 PCT/ US02/ 38193 pta/iMzssm9s esul ts
suggest that the conpacted calciumnetasilicate has the ability to provide
a nmeasure of protection to mcrocrystalline cellulose ("MCC') fromthe

del eterious effects of nagnesium stearate. It is well-known that magnesium
stearate can substantially reduce the conpactibility of MCC. This is

usual |y not a serious concern, becaudé-the conpactibility of MCCis so

hi gh that a | oss of crushing strength caused by magnesium stearate does
not typically afheseoesulthsuggest that e nempasfed calojposmetasilinate hapthgapibifyatoi ng bot h

magnesi um ds t b y high
concentratﬁ?réﬁgé gn as@%’rrp °“§p Wﬁfdca%@ﬁ{éfgﬂﬂl q!%o?‘%(?@’t)giowﬁg cont ai ni ng MCC
and nagnedelatericst effiectst o nwnesshmsmaxappltmigwelhlnwv\inrtheftatagnestum seagats tam has been
used as a el.. sk tfg@r ceutr t abl.et research

Pr evi ousl ys,ngfqtmtﬁ“ %ggentﬂgc(tne%wttl fn‘?’ ?umed ,@r}a Pead Sp?tasenous TP protective
effect agscast tlteh:em'pamﬂbtleymfngCCof so\ATgh: thatrat lassroif ogshiaditehsth canssd by by the

"over-m xi ng" af esi um.ste o the tabl.et conpositions. IS
bel i eved trﬂg%“eflﬂlg Sg%%‘%e%f’h%o%@scg @em&ﬁpfs{;%rfnaﬂ?e qfﬁﬁmP%SEEﬁ"fs when the

over - m Xi nigedrporaty HotemaB@sienisttatatimd MCE@ Howelel, avienadded atx@lanvﬂszluce excess
particles i.n the mx tha excess oat the filler sur . JAn

apl anat 1 JHE SAmceHER oSG Com g Ees etstllgfﬁﬁrttvf?raeaa%its ROl and i n the
present CagganeSiaGlediiteBah sisdw ¢a§§111§,)ana§}ﬂfa&5ﬂnsts?hbrﬁthaﬂ%ﬁ afdngahrgeinot been
wel | -researched, but in the case of funed silica, is believed to be the

result of [TcaPRIRE"SYTFR in pharmgcguticaligblilressarchy ee magnesi um st earat e particles.
In the present pxadmlyeit hhd¥eePhtLhbi ﬂdﬁe@&ﬁ@ﬁtoff@ffa§%lar§3&eéﬁv§'effec$' l'ica has
been confirnmed. However, what has al so been determ ned is that when

i ncor por ataEInthe “Lfeiag” of MfsPriiBmg tables usedib hemevdIniKingaeks pr epar ed
accor di ng 0ne Gy AL thEhbIBehpb&HdHRT 1tRE EEli%Géd'tﬁ’aﬂ R4t g SROVE
softening than the funed silica materials. can be seen from Tabl e I X,
tablets i m@@wgdnmngrrgswtﬁeheathepmhnrrﬁmagwsr&:tat magnssispateatptete delaming t o t he
present 'nt\S Ft;duQ e)&és Rt el tﬁ?t@x&%%l%ly%a'?ﬁfe?ﬁl'et df@ts) had greater
crushi ng st ngt n conventional ta osi tions containing funed
silica (5 % @bemlasmonsfpt the prptecthyiatitterts pedvidgd bI/ fumed;jsdise (and idece of the
tabl et co il I @{EBI Was

signifi caﬁ??st%rh{ %\?\%F al% lﬂ& M%%ﬂgg e S&a@(%t(r:s?letgdl aqgg?b%%*vgl?%%gnpogi tion
cont ai ni ngbuCabth©e e lof fuxmﬁdllsa,lls edieveidxa bpthe resOlt of fumed silica interacting with

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

Cab-0O-Sil silica has been confirmed. However, what has also been determined is that,
when incorporated in a tablet composition, the calcium 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
including Example 6 calcium metasilicate was significantly lower than the ejection force
of the tablet composition containing Cab-O-Sil 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
cont ai ni ngoasloessyam WO 03/ 045844 PCT/ US02/ 38193 -17 net asiPdroesessips epar ed
according to the present invention was conpared to tablets containing
standard exci pients, such as mcrocrystalline cellulose and dical ci um
phosphate dihydrate, by Heckel analysis. Heckel analysis is a nethod of
descri bing and determ ning inportant properties of pharnmaceutical powders
and tablets, such as yield strength. Héekel analysis is discussed in
greater detail in RW Heckel, 221 Trans. Metall. Soc. A I.ME 671 (1961),
and R W rhetedilbidafes PRpartd acrordingtpalid presBatdnveation Whskompoed tq taBIek) . A pel | et
press, such._as.a | t on, 32 i hgl.e station.pre that ..is.instrupented to
reasar e conpruul gebabetl JOLG FERHRBRE S Rest A golal M BhPRE bonaer
conpr essi odihydrggertyiHdcke analghis. go el astic deformati on, which tends to | ower

the porosity of  t wder bed. ckel. anal ysi s. anal yzes the effects of

el astic defor rmﬁlchﬁ agﬂysf'sh‘é a@};ﬁ%@ﬂlog FSEHOR% an%p%f%‘?l“ﬂ"ﬁ' orkant PrﬁB‘frE?ﬁ(?f The

ef f Eclt s of [l)lﬁnﬁaféabtlcablb'tﬁﬂ@fs and édbwtsosjch s yibmd}re@mdﬂbwecmlygess difbussiél&! ?SI( ty, , i)n
Heckel anal ysis are. pr e emat i c ] uation. 2: Ln 1-D
CERRTh & Cesaer drron i E ek B ABR uEBL ek DM BB Bamd oy | b
the appl i ededkelP? €BBhD MepdlESSM MM EIU0A (15613 constant related to
densification due to particle rearrangenent. Int [resent case conpacts

g . he p
havi ng an 8.8 rhPdichprstseruchas aCplitupi4l ainslgstation, prsssethat is instrgpended tor om 200 20
MPa. The Hggdsle cBnBleSsiViioReS RS HICthe Hedkél MaBishs| D PBwdBabbksibR9 of the

i nverse of the conpact porosity_ against the respective conpression

pr essur es. Particdesiuagderea elagic dafoamationswihigh tepds to dowas thediprasiie of theipeivdesor t i on of

the curve. pehherecigh ARGy swankigses AR et Of &148kic WEORn AR ¥R HeRHIChIRLSEAN
def ormati on vyi elg Fre sureS (Py) using the relationship of Equation 3: Py
}

= 1/ K ( Equesrosiii 0By tableas The eliRetsof ramplb phangrinerorgsis iindicaéeddwehangeoims i n t he
Heckel plof sigﬂgq_klgél{eﬁr%ﬁis akeSfh ntE&’m@thXxhﬁtfcglslf,glﬁ E&%&ibn phat is lower than

the true valu ower the ‘elastic no e powder, the greater
is the deviatidm[fdPFKR+de vakkguatiorody val ues of Py describe powders

that are ducti Ivgne% egaéoglﬁp{q?sé%}gm%ﬁﬂugidg&@ val ues descri be powders

conprised of bri P e area unhder the Heckel curve is used to
express the extRemtthoipplied comepression 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
pressures. The regression analysis was performed on the linear portion of the curve. The
slope values obtained (K) were converted to mean deformation yield pressures (Py) using
the relationship of Equation 3:

Py=1/K (Equation 3)

Elastic deformation causes positive deviations in the Heckel plot, and therefore
leads 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 true 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



WO 03/ 045844 PCT/ US02/ 38193 -18 reduction (i.e., conpressibility) that the
mat eri al had undergone during the entire conpression pressure range.

Separ at e wahiz@uss4wner e prepared using the cal ci um net asi |l i catrasopsgpPar ed in
Exanpl es 4-6. Al so separately prepared were two control tablets containing
the conventional excipients 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 tabl et powder and excipient, spedi8ren sanples were nade, the true
densities for 3-9 specinens of each tablet powder was neasured using

M cr oner i thedstionitel, wompressilplyhibatshematebadhd t8REgonadaringhize entiassur ed t r ue
density val ues .averaged. The average true density results are set forth in
Tabl e X, beolmc?\f\?ss"?%ﬁfessq’fft?n%e Density and Heckel Paraneters Excipient in
Aver age True D@egaratys tdblots Pereﬁ&bhredl umimhcﬂgug/rmaxasmates pfepdret ine, kP Moa

Em:orrpress 5.7, 2. 2 0. 0045 90M.nmax . of f scal e 1.549
L0116 0. g2AmPies 4 ‘é%fr%ra& ’%9366%2"67@7%"6@6&‘ Shiets optagne theyanpl e 5 15.9

1 711 0. OObAvéntidhd ei’aﬁientEmmh@nﬁcrd&ysGamne&ﬁﬂuleseOQB2ab®ats38&e Pdparcll i S

wi del y- known ::Fp the har i ndust r%/ 3?_1 m crocrystalline cellul ose

is the no¥etJdRpY 6‘]’@' “ﬁ) S'Sa%ﬁ'le&eﬁ owdhs wpefdsasites A Sems. But as

can be seefaterials &Saialeealxated %ré@hhzﬂﬂ& F@W@@aﬁ&a‘cwmg &mmaﬁlpfeswaﬁk 6 cal cium

netasilicates have crushing_ forces r exceedin ? the control tablet

prepar ed vii#ds: tede é?%meb%éﬁrﬁa?%me@ ﬁa@ﬁ@&?twwg?rnﬁs GFarsssmgr mance woul d

not have Qﬂ?c?oxﬁém%hﬁﬂw@bﬁn{éfb?c&inew’rMd&@lrM0§ ki khelnfeabi?&d @ﬁédens@%lﬂ%ke 11 In
this exanple, calciumnetasilicates prepar ed accor di ngl to Exanple 4 were
PV

used in tausreged The aemes fedepitydrsels e Fefortonrable &brlpient s and
disintegrants to pronmote rapid tablgfdisintegration. 500 ng tablets were

made by direct conpression in an Angstrom
True Density and Heckel Parameters

Excipient in Average True Density K A P

Tablet Crushing g/cc Mpa™ N{
Force, kP pa

Emcompress 5.7 2.297 0.0045 | 1.033 | 225

DCP

Emcocel 90M | max off scale | 1.549 0.0116 | 0.827 | 87

MCC

Example 4 3.6 2.774 0.0020 | 0.481 | 505

Example 5 15.9 1.711 0.0044 | 0.358 | 229

Example 6 19.6 1.865 0.0032 | 0.339 | 316

It is widely-known in the pharmaceutical industry that microcrystalline cellulose is
the most compactible 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 crushing
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
tablets in combination with other common excipients and disintegrants to promote rapid
tablet disintegration. 500 mg 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 cm. 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 kKN. The nould had a circul ar shape and a di aneter of

1.4 cm The
aspirin twiolosto45sas
pur poses.

dei oni zed water at 37C and the time required for
the dynamcs of the disintegration is set forth belowin
Tabl et Properties wt% of wt% Initial
Di si ntegrant Exci ptl@nt or Exanple 4 Fracture Tineg,
ZSX 60 40 >60 Swel |
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Tabl e XI. Table Xl
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The Aspirin Tablets 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 grade Croscarmellose Sodium also available from FMC, Inc.

As can be seen in the table, when the calcium metasilicate of the present invention

was used in combination with several commonly used disintegrants, the result was a

rapidly disintegrating tablet. The calcium silicate was effective regardless of the

mechanism employed by the disintegrant, and in all but one case the tablets disintegrated

in less than 20 seconds. Such significant improved 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

XII below) were pressed into tablets over a range of direct compression pressures (see

Table XIII). Excipient grade fillers and disintegrants were combined with DCP, MCC or



mechani sm enpl oyed by the disintegrant, and in all but one case the tablets
disintegrated in less than 20 seconds. Such significant inproved

di si nt egrwnimsn4§ses f or mance woul d not have been expected WeToUse2/04198r di nary
skill in the art. Exanple 12 A series of tablet conpositions (nade
according to the fornulas set forth in Table XI below) were pressed into
tabl ets over a range of direct conpression pressures (see Table XlI1).

Exci pient grade fillers and disintegrants were conbined with DCP, MCC or WO
03/ 045844 PCT/ US02/ 38193 -20 the cal €0um netasilicate prepared in Exanple
4 to form-a honmogenous m xture. Thereafter magnesi um stearate | ubricant
was added thecdltiemmetdsilicate preparel énEbtangplevi® fomﬂiﬂhd)m(bgbdmfs@lﬂlxﬁr’e additional 3

m nut es. ch m xt.ure 0 tabl e di.rect conpression
e AngeeaEnPoES h Steuaig iRt 3 Gideg 1 1nE TG ap bighing Ras The

Angst r om pioafisucddol 44 dddiciomul 8 infigusdsaIFof &R ehidiK, ﬁ)Odh@lﬁBlﬁaﬁrwe@é mideélbycm The
conp03|t|ons of each tablet are s t for tggbel in Tag e . bel ow as
formul as 191E5Ct GEMPRESpigH iran r{g@,tmnépﬂ HPRepsat épa‘“\?é §r’?ﬂ%¢1tﬂt§f exci pi ent,
di si ntegr @Qﬁgstrﬁﬂn é)lr@E RO Had REirédd shapBdhd 4 Bi@me®PETI £ bifs. EXEEIMPR ikions
d|5|ntegrant filler used in_each tablet varied as _set forth bel ow in

Tabl e XI | O'FH@‘@%!F@Y? grbfartdstow indgble Sl Aslew @a fomulas fpas Egdelgblety t he sane

concent ratdoﬂﬁudea theasl.ﬂneiéna&ﬁefafaawloaémpmﬁ ARl eh, RS 8nd NBEEREHud the dei oni zed
water at 37C and the time required for initial fracture of the tablet as

wel | as t hpedfingrpirientgtisiptpgsany; apd dtlletyyssd ingach tablskyaried ay sehfostdbelgwiin Tabl e

Xl Tab'ﬁb?@ XII. Tﬂ@éa?ﬁe IQGHE%Sx'nEgn‘BEﬁm%Q}%%n@Q; useEQ{ tHyLa%e coﬁé%f&’rﬁcﬁa ig Formul a
3 Fornul a For mul a wt % Exci pi ent, Exa 4 Exanple 4

40% Di si nt?ébtﬁ‘@rfprmmpmb@ tahleRovemy msmrscréxlpri@prabe w@ %"Caaglﬂmtme 10%

Filler, %%E}éﬁrt&siﬁm Jcﬂﬁ@of%hﬂ Qléfaaslv@e?lt Q #ife Haﬁﬁx @fthé‘li’iﬁﬂié&%on RL&
Lubri cant gnesi um Magnesi u Magnesi u gne gnes
forth below in Table XIII.
Table XII
Tablet Compositions
Component, | Formulal |Formula2 | Formula3 | Formula4 | Formula 5
wt%
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 | Magnesiu | Magnesiu | Magnesiu | Magnesiu
1% stearate m stearate | m stearate | m stearate | m stearate
Tablet 500 500 500 500 500
weight, mg

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




1% stearate in stearate in stearate in stearate in stearate
ng DCP i s Dibasic Cal cium Phosphate avail able from

500 500 500

Rhodi a Cowpasatssan, Cranbury,
avai |l abl e from Mendel | - Penwest ,
Disintegration rate for the tablets prepared according to
Exanple 12 wth Different Excipients and Conpression Forces

-21 Table Xl

wei ght ,

NJ.

Tabl et 500 500

MCC is Mcrocrystalli necealdoeBsise
NY. WD 03/045844 PCT/ US02/ 38193

Patt erson,

For mul a

Formula Fornula Formula Formula 1 2 3 4 5 Primary Excipient MCC Exanpl e

DCP Exanpl e
conpr essi b

given in the table,

Exanpl e
e

above,

the tablets to visually reach a p0|ﬁMﬂ@XHEssent|ally conpl ete
cal cium netasilicate of this

FPRIELAFARNEI y di si ntegrati ng
tabl et that conbi negExenglelld e/t Diffrt@Excipieagiand §Zom§f¢ds1(ﬂul|7(ﬁ4>’esdl SI ntegration

di sintegrati
i nvention al

on. These
| ows the

R b b

4 4 4 Conpressi@éd-4 11 Not 7 15 Force 3. 6KN
4. 4KN >300 10 13 5 12 8.6KN >300 27 >120 6 49 The nunbers
i ndi cate the anmount of tine (in seconds) for

ti mes when used—i-n—conbinati-on—w-th-othercommn—exgipients nt egrants
and fillers| It will be app %Vﬁ. J*ﬁ?“?hoﬁ@”@ﬂ?ll«ﬁmﬁw Q%E?Pmthat
changes could- e % nent s i Yahove vl t hout departing
from the br oREMPREXSIPISAE conM@Et “t|Haxemple | DGP i s unb¥3le qdxamRlsr ef or e,
that this invention is not |imted4o the nartlrul h# _enbodi4rent s
di scl osed, bGempressien [ nt ende¥ to cobkr nod ?cat|o1§ wi t hijSthe spirit and
scope of theFpicesent | APERt|on as |defined B?m¥ﬁ§ blappended [cl ai ns. | WO

103 D2 _CLALINS
03/ 045844 PCT/ US02/ 38 RN FEast B 5 3

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.

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

disclosed, 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 oiwo @hssapti on of from about 20 m/100g to about 220/Ud02/3€00y. 2.
The calciumnetasilicate according to claim1, 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 calciumnetastd2rcate is dehydrated. 5. The cal cium
nmetasilicate according to claim1, wherein the calciumnetasilicate 1is

cal cined. 6. The calcium netasilicat@AMOrding to claiml, wherein the

cal ci um net asi |1i. cataciumsnetasilicats having & aspect fdtie (mvatage majbr axhici um net asil i cate

according t.0 claim1, wherein.th alcium tasili e is wollastonite
navi g rURBEFTiabe pYRF afertided 8 FomBol T AR MoET ST, 4B OF ol'ai m 1,
wher ei n t hebserption offframeatasi 20 mHt®geoaioat 200 mi/B®g. t han 0. 5% crystal i ne
silica. 9. The calcium netasilicate of claiml1, wherein the calcium

et as i cate | < AR Reution fo G PR R ERSGEHEL  on
conpri si ngy, ke el Wl drbi7sad 3. of claim1. 11. A formed food product
conprising the calciumnetasilicate of claim1. 12. A forned agricultural

product conpri i richetchleivaahetadilivatteicasding catl@mol, whedemithe dalcivin hretasitidathone car e
product conpri Si nsg the calciumnetasilicate of claiml1. 14. A fornmed
phar maceut i3 31Ca6Y H@a dolas gatigrof %3¢ 1-0F-a) a pharnmaceutical ly active

| ngredi ent; a.nd4.Vi‘Re%§{c91#,5rﬁék§su§’c§ﬂé/a?%%’n§%%?é%m. . §Releindeaf @l HRipEL@si | i cate
exci pi ent having an aspect rati o (average nmj or axia i anet’er/ aver age
m nor axi aik dehyadradder) of from about 1:1 to about 2.5:1, and an oil

absorption of f{ FRe2R gl%n r%gas%c/a&%or&igg %bc?elljlﬁﬂn 1? %vgerg?n/t&eog%ium metasilicate

is calcined.

6. The calcium metasilicate according to claim 1, wherein the calcium metasilicate
is wollastonite.

7. The calcined calcium metasilicate according to claim 1, wherein the calcium
metasilicate is wollastonite having a monoclinic crystal habit.

8. The calcium metasilicate of claim 1, wherein the calcium metasilicate contains
less than 0.5% crystalline silica.

9. The calcium metasilicate of claim 1, wherein the calcium metasilicate is
amorphous.

10. A veterinary pharmaceutical preparation comprising the calcium 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 oWwoaiaissud4, wherein the pharmaceutical product iPETIUSOYB®EIRRI ar
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, chemcally-nodified

cel lul ose, guns, agar gum guar gum |ocust bean gum karaya gum pectin
gum tragacanth gum alginic acid, salX3s of alginic acid, acetates,
citrates, sugars, alum nium oxide, crospovidone, croscarnellose, and

ef fervescent di si nt ggraaaicium h8tasifidae dxoipivhthavingranaset rat@avéragedugior accor di ng

to claim14, further conprisin a di sintegrant selected fromthe group
Conpr Lsimg. st arh SRR et e aos i Begr ot i B6ut TS ol £ai1 dose.
chem cal | y- nodiahiogGbs@ptionl 0B H0m aBOUTRO nilg80g SUHBLUt@AAMIJOE. | ocust bean gum
karaya gum pectin_gu t acanth gu alginic acjd, salts of alginic

aci d, acetates,> ch? E&T{"E%‘{&gﬂ'@%‘fis‘étfcagqrgaﬂch? “B)(ll“d‘éf,‘er?fPHErPiiWﬁ%‘Fa

croscar el o9&t isanthbRt fomhvescent disintegrants. 19. A nethod of formng a

dehydrated cal cium netasilicate conpri sSi %% the steps, of. providing a
cal ci um sour ce 8ndlhs femed pharaierutieal pigducteorf platm b waiereingthe phasmaceytical ym i n

the cal ci WRH&RYISGR efafuldi folga i n the silica source is fromabout 0.75 to
about 1.3, preferably fromabout 0.95 to about 1.05; mxing the calcium

source with t hd7siTheciraesd phagmacentical nipdichasaordgdoiainmd 4 futher  and heat i ng
t he honog %ﬁ‘gyi?isi% % Redréht %-Qédf@dqﬁ;ﬁi’ﬂé atwg c%kﬂi%ﬁﬁﬁﬂﬁbdiﬁ%ﬁ?h, 20. The

met hod according to claim19, wherein the calciumsource is selected from

t he group rEeseddtigized gash, celuleseuehemicar-maodified icelinlepp ogumsi aiar sumlgsprum si | i cat e,

cal ci um céhlnfr' , o 1 bl 3est i h 66t EfoihicQpyt oup

consi sting o ’léscgﬁtbﬁgl?g'\c ’Is?(qua cgl a’%& n jtdrtljg. Cgﬁog%’r%%lﬁéqgﬁ Fbgtg%V\D

03/ 045844 #gimiclasd24c8B ks, Fitratgx4sugdrs, diunainivet ¢radk, erospewidiongy ctoscarthellase,20d  wher ei n
i {e?raﬁt?.l ected fromthe group consisting of funed

t.he. Synt he .e?veﬁelntg’l?in . ~. P .
silica, silica gels, precipitated silica, silica sols, and silicic acid.

18. The formed pharmaceutical product according to claim 14, further comprising
a disintegrant selected from the group comprising starch, modified starch, pregelatinized
starch, cellulose, chemically-modified cellulose, gums, agar gum, guar 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.

19. A method of forming a dehydrated calcium metasilicate comprising the steps
of:

providing a calcium source and a silica source, wherein a molar ratio of calcium in
the calcium source to silica in the silica source is from about 0.75 to about 1.3, preferably
from about 0.95 to about 1.05;

mixing the calcium source with the silica source to form a homogeneous mixture;
and

heating the homogenous mixture to form dehydrated calcium metasilicate.

20. The method according to claim 19, 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.



22. The nethod according to claim19, wherein water is provided in step (a)
so that the honbgeneous mxture is in the formof a suspension. 23. The
met hod acworodiomgg4t o cl ai m 19, wherein follow ng step (b), PdraSoessiosl
further conprises the step of (b') drying the suspension. 24. The net hod
according to claim19, wherein in step (c) the dehydrating occurs at a

t enperature of between about 600C and 1200C. 25. The nethod according to
claim19, wherein the dehydrating in step (c) is a calcining process. 26.
The net hod according to claim19, inclidi ng dehydrating the honobgeneous

m xture for about 10 m nutes to about 120 m nutes, preferably form about 10
mnutes to abait ﬂ&m@tlmﬂaesordiﬂgto daim@hereinplicyhhtticcliqaris sleagd one or

nore cosnetic .ingredients rated cal.ciumnetagi|i ate exci pi ent
vt g B P Gt o B i e e e s OB hor et o
di amet er) dificié g about 1:1 to about 2.5:1, and an oil absor pt| on of from
about 20 m/I10 ut, 220,.m /100 ) orned product conpprising: a
di si ntegrant; %%dtrg ETVQF%?PEFH"%QIC%'%&?M%‘%‘? WF@&’F@“’&&?SHF r @i ng an
aspect ratth@ttﬁ@w&ﬁ@@@edﬁahmuremmﬁetdmam@weameﬁage m nor axial dianeter)

of fromabout 1:1 to about 2. , and_ an_oil g)or ption of from about 20
m /100g to aboud- 2240 Wﬁ’@@@cc"m&t&cﬁ“{‘ﬁ% whsreitpligv g step (o be ietipdat es in

| ess than gkestcoRBriSBaRNED oM NdryIng WY a§fnéign. Wat er at 37C.

24.  The method according to claim 19, wherein in step (c) the dehydrating
occurs at a temperature of between about 600°C and 1200°C.

25.  The method according to claim 19, wherein the dehydrating in step (¢) is a
calcining process.

26.  The method according to claim 19, including dehydrating the homogeneous
mixture for about 10 minutes to about 120 minutes, preferably form about 10 minutes to
about 60 minutes.

27. 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 m1/100g.

28. 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 m1/100g;

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

immersed in water at 37°C.



