26 May 2006 -1 DESCRI PTION CALCI UM METASI LI CATES AND METHODS FOR MAKI NG
THE SAME Background Art Many consuner products, such as health and
personal care products, are nanufactured and packaged in solid, conpacted
form The solid, conpacted product form has several advantages over other
product forms, such as relative ease of manufactures and d“ﬁ%%hgibgoé”
shi pnment and convenience in storing for retailers and consuners ali'ke. Th
tablet solid formis particularly well-suited for over-the-counter
prescription pharnmaceutical, and nutristional products that are to be

adm nistered orally, because virtually any pharmaceutically-active

nmedi canent i s capable of being granulated and prepared in powdered form
wi thout affecting its nedicinal eDBEgcRIVEORSS. Moreover, after being
swal | owed, the_ tablets quickl jSintegrate within the acidic environnent
of the st onadH Lt Ve ASUICATEscATID SR ORS FRR MK INCIHIERAVE | eadi 1y

di gest ed apgkpisad RRd into the bl ood stream However, in certain
situations it would be beneficial if the tablet would disintegrate in the
nouth so that tYewFOpsuRer prodrsinsetias benith agd pasapal e arodieseare o t he bl ood
stream of @anpabiredndPabiBRLY s, CaRERAN MO Frie Wakd, ethRiRteh BRab&ThE] - For
exanpl e, children and advanced geriatric patients (those over 80 years ol d)
of t en havehadis¢vera advaptagereaveiownas groguetiferms, siphjasrelativy ease efmanufic@eesiands or
rapi dly di §i.REEQE ' ; ; j s [ d
effective @5&%9@%@3‘%%@9@%&%&%&%8 %gst:?)gr?tsgs%ﬁiﬁ |?é|'oﬁ{aél ly, a

t abl et t hateblei sodid farmsis pasticuddryyi wallegyited fos oversther¢punteppreseripben d be hel pful for

mental ly dj - 1 g vi.dual r I J ] maceuti cal s,
but 1 ef s aTsERoeh A s fihaPortRis ARG ol EEALAERY oih hoRARE

di si nt egr atiiteailyveoy pbaringcdutitgilfyractivesnegdivamentiatapableaf/bairgt gratéatedemdi | y
available to assist i.n |1 ow e tabl et h.as wh a _person is
raver i ng TR Shvifs e i fhnethesd el ftet frduficats

Unf or t unat eding swatlswed, dfel tatlas quicldpdisintegatd withh the atidie envirdniRnafutieh, but
instead disinteqgrate i.n a slow and, .unev f.ashi.on,. so, that i he tabl et
e hor  suelPbar et Mededpbol BRI T SR Bl e B anCibsobpb it car 3
ef fecti ve theyrbd whdaln. be delivered to the bloodstream This is particularly
serious when a _pharmaceutical t.abl.et HS agniPL%&fred io treat a bacterial
di sease, and t HIPYE¥F, ULertgip sipations ibwpuld Be epshicialif the fablel powld disudearate  n 4
sub 26 Mayin2foutk so that the active pharmaceutical 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 wouid 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 bé 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 cerfain 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-



therapeutically effective anmount of an antibiotic being delivered to the

bl oodstream allowing 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 mouth,@andg,.
thereby elimnate the need for the tablet to be swallowed. D sclYIo‘s’ure of
the Invention The present invention includes a calciumnetasilicate having
an aspect ratio (average nmjor axial dtameter/average mnor axial

di anmeter) of fromabout 1:1 to about 2.5:1, and an oil absorption of from
about 20 ntherap@aigalfyoeiteotive ank@t ofl ah boigotic Heing idahrendd to thedlladstidagl, udes a

met hod of i r i U tasil.icate .c rising the steps
of . provi it s PG NS S EIeR N FbRBlogt B 4E bR 4% 6T o of

cal ci um i nedritiauing heddufon stid fam gharmsdckitical prepatatiensshatirapidls dishmegrate f r om about

0.75 to abgut. 1. refe froma t Q.95 to abqut 1.05; mxing the
cal ci um sog?ljgcegl%?ﬂt Wegﬁgm%{aﬁgt%m%’ﬂ%@q}?#BEaglg’r%‘?lateﬁrﬁ%ﬁgﬁ @9t ure; and
heati ng t héhetvbpoliainatesheviexd thr ehettablétas B dalllyelédat ed cal ci um netasilicate.

The i nvent Pon al softilhn&I udtes phar-maceutical, food,- agricultural and.cosnetic
products i REFOSFRT PREVERYD um met asi | i cate prepared according to the

present i nvent i ik presBitiig¥enitas@tluidsia@alcitin héigsilRaR\HaBigs ad E@eét@itﬁ)g()i ng
summary, as well as th ol | owi nf]?g det ai |l ed descri Eti on of preferred

f
enbodi ment @VEPST HAOT KRl diamsier/aygrige nygon dipmeten of Eergghowdror ead i n

conj unct i ogbodk 2.5:11 41 anJMREARG DT HVINNGSut 26°811/1 bEELRYER2SEnPAiodd | USt rating
the invention, there i.s shown in the draw ngs enbodi nents which are

presently pref eHiedyention Yoinrlydese matkpdrod fsping alsiciaed caleipmmetasdicatavent i on
I's not |imdugeistrd e ol Gk liRd § SRSk A84 sligy SuZe Al Gh ik réifo ghown.

Fig. I is an SEMMcrograph of the calciumnetasilicate material prepared
in  Exanpl galdumigthggalciymmsoprce o silicaimthy siliga/soyick fis faem alvt pA6 teeabouol.3,t he

cal ci um neLaalluiFRlm ahiu B3% flatolt ﬁﬁﬁam&iﬁ% e cggilugn ourcPRR il Dol t he

I nvention Al parts, percentages and rattos use erein are expressed by
wei ght unl edferm ahemaegenecas gpixtatef inslcheatiig|thatwmogenvus mpittredo feemakhydeatel
incorporat&qciwrﬁe@afsgirc&g_ce. 26 May 2006 -3 By "mixture" it is meant any
conbi nation of two or nore substances, in the formof, for

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. 1 is 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
Ex;mple 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.



exanple without intending to be limting, a heterogeneous m xture, a
suspension, a solution, a sol, a gel, a dispersion, or an emnulsion. The

pr esent appllcatlon relates to synthetlc cal cium netasilicate useful as an
additive in pharnmaceutical, food, agricultural, personal care, hone care
and |ike products, which when incorporated inasolid, fornegd ?&
(e.g., atablet) significantly increases the d|S|ntegrat|on ra e of the
formed product, when contacted by a substantially aqueous environnment
(such as mammalian saliva or rmucous). -3hile not wishing to be limted by
theory, it-is believed that calciumnetasilicates prepared according to the
present i nB:ehmxume” ip'rscmﬁiantemy korsbieativant teb atinsdre subgtasdes,dn thedohosfifonce because

of their abs.o ect ra articular, the high
o 1 absor pPRBR HUPECREEd e bR i FbRERE e b izar GBRRBTB 1 gh anounts
of wat er, suhitiog, 4 so& algeWaaBﬁ@EIbn,l’oahm emuEigmns t hat the calciumnetasilicates
formanlnterl Ki cture ntra icle id vol une.

Thus, water Q@’ﬁ %Bﬁ ?atf%erel\g%fggﬁﬁt??f&t 254 g ff"ﬂ CAGHERR AT at es i nto
the parti Czlldﬂxtmludﬁhanhﬁbleﬁﬁb%h f@ﬂ@igtrlcﬁlh&alﬂﬁistoltlﬂ|clet‘é lﬁfn}et&aﬁa a$16|1ikéip@6ﬂcﬁ$1€t Thﬁ
present cal ciumnetasilic tes re rticul ar ectiyve at, enhancing the
Pate of di ¥R %?wwﬂm&? ol fBB’EFché‘?dPFtcfﬁg [et) siggificanty BHEG ror e

di si nt egr agé GisinRRFAUE PatdSE tﬁmnﬁai S, m&eednkdceaw a@ﬁ&‘t’a‘nﬂﬂﬁl dqiouk ni ti al
separation and untangling of adjolning particles, di si nt eqrants t hen

provi de a FAyFenmeGyp %ﬁtm%wmﬂrﬂ@ﬁﬂt‘e@f Fueqys)- oV hilegot W&hmséo be Pmited

particles. hdf9 iPkBskbd 43! Giciih MRladhitdtisGRl8%d 38®r tbltwré{ehmn%ﬁhaﬁbl e for
phar maceuti ca product preparations prepared in so form and nmeant to be

oral | y adnirayide @#Sé‘dlhawrbﬁsmieaepwwforrﬁa@ebwapﬁe@H%trélghtqﬂ@bscaM@tandead| ly
di si ntegr altoﬁrsds#aéat 1205, MRfulaf gk HiSI ﬁn’sbrgffl&ﬁhﬁt?atcstthﬁ tlrfhecedﬂmjrﬁr swal | ow ng.

Al so, these calcium netasi|icates are us only in tablets neant for
human consmetptilicates abserb alyamdues devatearwhilthedowpspesioniie meansvleat diei nar y

D e e | s mleGPELoRR I RIS S BN ARCUNEE A bDEGEONE ALLRR, O Det N0

somewhat re nt to svva OW SO or med preparati ons.
Addi t i onal Thus, Mttes:eamatbcd bnthestlaigin mmle:eteamel pesetfatds intn therpadiet widshi ch may

be in for ') L?C%t alt tl]i [}ﬂﬂlcieggk ﬁ%%ohdsﬁgéhc?sl‘h% é}{t calglﬁ{n rget%s‘i)lkcgiggaf ood

product s, on ¢ east c es an agricul tural
products spamﬂmuimlyhéfectjweladamancﬁngrtge tatedﬁﬁ;smmsatmnoﬂmhlrst corpdsiti@rstthdti zers; and

T T
sol uti ons segar&‘tﬁbnl\@y uﬁt@ﬁ)gimgéf adjamingemt;elai, theatigintegrirosmhtn prodids Awasdi ng
detergent, su satgrﬁla[ Xlsmtegra{lgg é}lfect to?l!le separatg part?cllt%aner s and the like.
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
rehéctant 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



Cal cium netasilicates prepared according to the present invention, as well
as nethods for making them wll now be discussed in detail. Then products
incorporating these lingredients, particularly solid, forned
pharmaceutical preparations will be discussed and exanples of such
products provided. Calciummnetasilicate (CaSi03) is used to desgriBg,
materials that are characterized by a ratio of noles of calciumt0o nol e of
silicon, of about 1.0. Naturally occurring mneral fornms of the material
range fromabout 0.8 to 1.3 CaOSiQ2 md ar ratio. Mxre conmmonly, and
specificalty, the termcalciumnetasilicate is used to describe the various
types of nincenehientamdi syontatie tisbw4shing dptgest, Rndire datapait) thile bowkdl@hk@! s

chem cal |l y- senbling wol | astonite. It is accepted that wollastonite

nmi neral s o@gﬁﬁeﬁﬁhthree crystalline types, type IA, 2Mand 7M but type IA
is the only prevstiantmdiailitates prepirddRtObing & the plesent PERI0AMs waMGis 7M bei ng

very rare, apd typically not npaturally occurring in nature. Details of
types |A, %‘ﬁﬁ*f’%ﬁ‘?ﬁf‘&% ﬁ“e’_@)‘i Wgﬂnoﬁvgﬁ’%‘il\f‘c%ﬁ??e‘gﬁl egaily .q‘h%P@JCFS R Ingpeci es of
Cal ci um Methasd hgreditsts, particilesCidpPlricd Bhtn:stidical PRI B8 F0F e ARE Bised

-1 AWl | astoni teTri-cl é%uc nmon Nl?g‘r awol | ast oni t eMonoclinicVery rare

Co n 2
7MPs eudowoPFEABRTEE RSl prodicteeYidsdar ¢ Nat ural | y- occurring cal ci um
netasilicate i 1 +JTRN i.ff.erent. site t hroughout the world. After
bei ng ni ned, t%&%ﬁ.ﬁ%ﬁ%xﬂﬁ%&gﬁ%ﬁ gse'iﬁ 10 s5olibe ARSI 8o EFHSAT | ous

grades, angl, g6 REmdEs 8fcaldiin &RAR6IE b Slichastabolta&H Nafurdli &l&hﬁhg of
i ndustrial applications such as rheol ogy nodifiers and structural

addi t i ves. mitees rmabfitha najerialrangerfranngbond. 8 toll3 CBROSED] holat Ao hRwe: 2
crystalline formand high aspect ratios (above 3:1, and in sone case above
even abovecorgnanly, ang SIGC%M‘;@% the derpj cglcilim getagiticatet is used thvdesprilpybe variess  of

commonl y Ld Adifertat it @hihkao &‘?EE; aTe ey MO pLe.are given in
Table I1 %SOW- 12% May %6‘% : (% Pe %@%%%@ﬁ%@%@%ﬁ%f 4 '
Nat ur al | y-xsesnehling wpllasBomiee ftd$ adceppedithatiwollbdtenitdiherals ocriut @ three crystalline
Wl | ast oni Lty, 1,Q . 1Bri ght n o
Product y/ c%ﬁ%ﬁﬁ%ﬁ%@%g%m%ﬁpgtlgo% ,%‘%Og /pi%%%m 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 L

Table I
Common Species of Calcium Metasilicate
Species Common name Crystal species Occurrence
1A Woilastonite - Friclinic 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 I

below.



rati o VANSI L WL00. 29aci cul ar>3: 11980 Reade 400 Powder 0. 39aci cul ar>3: 14589
Bond G ade 2RFO. 37aci cul ar 20: 14065 Boud G ade WAO. 77---3:12875 In addition
to the naturally occurring calciumnetasilicates, calciumnetasilicates
may al so be produced synthetically for use in specialty ceram cs and
materials research. However, this calciumnetasilicates are At 006
crystalline, but rather have a glassy or anorphous mi crost ructure:

Mor eover, the poor oil absorption performnce of synthetic cal cium
netasilicates, which have about half tfe oil absorption capacity as

naturally - occurring calciumnetasilicates (shown in Table 111, below),
i ndi cates that synthetic calciumnefaddilli cates have a rather |ow
intraparticle void volunme. Table Il Physical properties of synthetically

produced cal ciumnetasilicates. calciunO | silicateAbsorption, Surface
Ar eaBri ght ness, PioBertirseb¥ined. Rty -oxpaing SammercishodwilgdeWolkisiarits. i rr egul ar
M xed gl assy CERACand porous10285 irregular In contrast to either the

nat ur al | y- occur+hg—er—synthetic—¢calcium-nptasilicates di-scussed above,

the inventive |.ci um met asi ict; di.sclosed infohfle presept applfication
have a | ow aspggé%ﬁtaﬁeo, and5 Lorm oFﬁ&%@r ﬁyié g1l agsigisn,0 ?ﬂ%ﬁ“@g‘rm ,
particles yieliding thi gh oil{Dr wa er aRo on mﬂingcte'f’stics.

Speci fical ly, iRt W oaSPEG2er At TRV E! TR P axtat—gfiareter/ aver age
m nor axi al di|5EiEH0) P T8 Foa Cl et asi{stcat IR betweggr—abott 1:1 to
about 2.5:1, PIEJEGRALYRE T QHFO0UL seicuty 1O [B90UL b T Id.lljﬁyfﬂlnl:i I
absorption of [TEAMGNERya2q ¥y 2pRb -6 2073117100510 abophs 220 /100g,
pref erably fronmmrabout—20 m7100g—to about—160—nt7100g—The—techni ques for
measuring aspect ratio and oil absorption are discussed in greater detail
bel ow. The rmaj dn addifien toshepatysaiydiceuring caldin hetagilicates, caidomsismsilicytec opl anar ,
Nt e Pl Sroduckd SheARY 1S FADGHDURRAR thd Gfefal fesclelly 07 2t 00 (1
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 III -

Physical properties of synthetically produced calcium metasilicates.

calcium Qil

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

. Amorphous,

Aldrich Glassr)[: iroglar | 8 2 84
Mixed glassy

CERAC and porous 10 2 85
irregular

In contrast to either the naturally-occurring or synthetic calcium metasilicates
diséussed 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



The silica source can be selected fromnaturally occurring pure forns of
crystalline silicon dioxide or fromsynthetic anorphous silicon dioxide.
The preferred formof silica is anorphous silicon dioxide, such as
precipitated silica, silica gel, fumed silica or colloidal silica as
described in USP/NF Mnographs entitled, "Dental-Type Silica,,Sill %&i

Di oxide and Colloidal Silicon D oxide." The cal cium source nay Be “sel ect ed
fromthe group including, silicates, oxides, carbonates, sulfates,

hydroxi des and salts or mixtures there®df. The preferred source of calcium
i s cal cium hydroxi de. When m xed together, the CaO SiQ2 ratio is between
about 0. 7520100239 abqy 820nEH10g, Hrefesablyfroababott 29, HB108g to 4ho06100By t he present
i nvention, i a ' red.. . ITRE D4 &l Ni . CaQ SIi 2 nol e
ot o dur| RytOdRSXAEhofluae Y BloRthind MBho: o TR 1 BBl k2SR Che

af or ement | peaer detaildew,. Theysgalakis iepespehdicdarf althwagh o ne@ssariBweplasa, duri ng
subsequent_hi gh-t.enper atur dration. M.Xxin e, silica and cal cium
shoul d con‘f/ﬁlglg n%)"ﬁ(tr’rrlp 152 ]ﬁrgﬁeﬁaggﬁ}e{%ﬁascl%nﬂe&fs 'é'c?%%c@%‘li%ﬁq (S"br%f%'rea@r y the

cal ci um anThessilidagaura¢ eanderstlectediiroth hituslly bécnirmptpumwafomis dfenptalivk diticoran easi | y

"t ean e GPRgS B SR aRp R suEo afien e O pbfeass Ot 2 e
sol : ds- hgrmg&plmms silicoct dibeidd, eﬁ&hﬁ predipiteied ﬁncauﬂg%d @ﬂ)fud&al ﬁm&aw gcgtodgdél (or _
"cal cined"),.at te r at et ween a and .about

pr ef er abl yglﬁ@&d?ﬁgﬁgﬁgﬁﬂsﬁwgd%?%ﬁlﬁE‘thtgg’qi'}e“ﬁgfme%h%g@ﬁ@ Lwgidgi nut es,

pr ef er abl yandigeilleRiansigbaubiodide.t 0T aiumiidatce nhdy bBReISGRESIRHeMrdupel erred
enbodi ment, of .the present, invention, mlk of |linme slurry 1is conbined with

a suspensi BAudin.SitsalshOles cprppngtes sulfaigs hydrgyjdesand sl o5 méyturepthread. g

honpgeneousherededubcd of BAMEM 3s Aldkdthydr&Bddrol ar ratio between 0.95 and
1. 05. The honpbgenous m xed solids are renmoved fromthe vessel and dried in

an atoni zi ng spVB§n miaeg weethe: HpLaPFiG phmisdetwean shtiueh7hamubbt ant i al  porti on
of the pargiiibflRsvdaUbor 095%64 l.@ﬁSB%{hgﬁf&s%Q%nﬁUﬁeit g%{)ﬂela%@b%d are then

calcined in an i'ndirect heated fluid bed calciner at to 60

m nut es, phetftymegintyining the GQap/RiG madesratio defingarining irethe awximineofphoutildl e 26 May
2006 -7 ) ik & 2OV, 1 y _optionally
be.cormi nut e o o inp SRR RO gy ARRAALE S A0 € B BbR AP 0O
present caubsegnentbighdgerhpasatvredelpdeationc| uded in solid, fornmed pharmaceuti cal

e L B s I et S
heal t h- pr dimomédn Prefgmblyshe 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,
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
' hm;ogeneous mixed solids having a CaO/Si0, 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 caiciner

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



antipyretic, analgesic, anti-inflammtory agents, antipsychotic drugs,
antianxiety drugs, antidepressants, hypnotic-sedatives, spasnolytics,
central nervous system affecting drugs, cerebral netabolism aneliolators,
antiepil eptics, synpathom netic agents, gastrointestinal function
condi tioning agents, antacids, antiulcer agents, antitussi ve-j%mggtz%@nt S,
antienetics, respiratory stimulants, bronchodilators, antiallergit agents,
dental buccal drugs, antihistam nes, cardiotonics, antiarrhythm c agents,
diuretics, hypotensive agents, vasocohstrictors, coronary vasodil ators,
peri pheral - vasodi | ators, antihyperlipidem c agents, chol agogues,
ant i bi ot i cepllasteeitoedeesgapeulbareayyeret partiauitteinabattiosal pderbmmititadgs f or
oSt eopor 0Sj 2| rel axants, antidinics, hornones, alkal oid
narcoti cs, hrzeaP?‘ngglegizgégQ?H"Z?ﬁ%ol%ﬁ%"g'%%iirrggr,ls‘ anti coagul ants, anti-malignant
tunor agents, diferprseitenlciihetasiiates aredicheizs & sofill, Formddghernesdigicalm
metasilicates | so included in veterinary. ar maceut i cal
prepar at i o?fgl?amrl{a}?é% @‘%W?@ PHY RY® BW%E%%‘[]Y E%tﬂvg Ignis iSYHbleray al so
i ncl ude onphannacemically dd:tﬁfieﬁltg@@ili@'tsiiﬁcﬂuchindﬁr.ishl?fgaﬁd?h@lkhgrrérh&in@ia@n'&l,egr ation aid
~acts by swelling or - wicking. i.n of water. Suitahle disintegrants include
nat ur al , nﬁ'&ﬂ’ﬁeg‘a aB"flgeﬁfce@'&?"'&pFrmn?@H’ agenis, @ptipsyeliofi drues, antigngich; drags) y- nodi f i ed
€e| | ul OSe,allrllaiﬂﬂﬁé‘dséﬂté, Yiy oﬁS—SédaﬂV@,@pﬁ@Cﬁl#ﬁk,Q@ﬁtﬁ@ﬁmﬁ@fﬁaﬁ§ﬁ$éﬁh§§ﬁlg5,l o
croscarnel | ose sodi um; gum especially agar gum and guar gum al gi nic
acid or sa‘fef‘g’rﬁt“l?@g@]dﬂ‘ a@%é%'aé?résanﬁmeﬂlcf’ﬁ&'ﬁ“@@f“”&H‘g“f ?%ge@ﬁsgi@@iglaﬂeﬁy‘al act ose,

manni t ol affctRAlcBhdifdning slehts] Athoids, Q¥tnflGr aSR! AftlsGivR Ok BB IR SUCh as
crospovidone, as well as effervescent disintegrating 'systens. As discussed
above, t he?nHpBgling: regpatatory FHomlans pronehedidaiorseaptiplergie agnispdestal byccalt y  of

di fferent &ald hininiRe, BRGEEARS ki ; i | thgnd abl et
form Tabl etéé arle_ pr epar ed by_c’onﬁﬁkﬁgﬁfﬁgﬁgﬁ)j&r@ﬁg{pg&&#%ﬁ%?m%ir esent at
di f f er ent YaeRf@B¥EIptaLs; enronapy wsedilators, peripheyalogemidlotots, mitihyperkpidéfie agemls, et s ar e
t hen manufggi, (b S b ' A standard
singl e st rokeg% .%Q%{%l!{lgﬂrlé;%g‘f)hr%'gg@gllﬁg%/&lgggeugg%.% ﬁffhggtaggr[t%@ glsg%rf%par ed 26 May
2006 -8 acwtroperag)s,skelethl musclevelatantsnantidipichdioohomenyllatuigpmrcatiss hulés round or

| et -sh . - ' Syi L r _human or ani use., The
cal ci um e s AcoBbA G e A dial At B0, Fecrl PRt B30 b usea
in other ¢isrsoetal These ealcibmmeetasilicates mgy alowbd iucladeddndetérraey pr oduct s. The

i nvention wi cribed in nore detail with respect to the
fol |l ow ng,ﬁ@fa%aecglﬁ}’%algp?e%gaﬁp Tmiti ng exanpl es. Exanple 1

These solid formed pharmaceutical 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 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



Cal cium netasilicate was prepared according to conventional, prior art

met hods by mxing | Oy of Hubersorb(r) 250 anorphous calciumsilicate,
comercially available from J.M Huber Corporation, Havre de G ace,

Maryl and, with 5.4g of dry cal ci um hydroxi de powder (Chenstone

Cor poration, Strasburg, VA) in a V-blender for 15 m nutes. Tg%rl}/ltahizﬁo

m xture was dehydrated (or "calcined") in an autoclave at 90 of %ours.
The final dehydrated product was recovered and its conposition determ ned
usi ng powder x-ray diffraction to be -8alciumnetasilicate, primarily in
the wollastonite formwi th small anmounts of crystalline silica (the

cri st obal i teogldigtothipinyenion smptbe 6Say shapb) sachvas o@idoot)capletidheped) Maert | es of

t he Exanpl gnsylsiz%asluffai W tasilicate are shown in Table IV, below. Exanple 2
In a first S5 Syablglor iuman orafiimal uss, o1 us silica suitable for use in the

production of Bealcalcium mewaam';dtdsmwcaseaaﬁthpwafteﬁﬂtwﬁ@dﬁ&mso%é:ufswihCf?Ci dto
m X1 ng vesse to affect

a dilute ergl as solution in a well-agitate

t he preci \[I)%ﬁrtfgffﬁ"%fcarﬁ ffs agrirtinelapd ?Og)plpFQf]&?ts'Speci fically, a total of
278 gal | ons of Eelifivention @ili tbvebe dRsGBBLRMITHRADWEA rebdecPlPthSrolagRed at a
rate of 4.7 gaomto 50Q gall ops of waterglass solution (3.3 Si 2/ Na20 nol e
rati o) con?pgglﬁf”rﬂj’nﬂ%@)ﬁt"é%ﬂ?am#é'i licate solids while mixing at a tenperature
of 95C. Thexanmgleition of the sulfuric acid was continued until a pH of 5.5
was obtained, and the reaction mxture was digested for 1 hr. The

resul ting suspérfd§itn mefasticpte 8gs preparedacearding &0 aarensiopddpriopgrtpiethodalby on, and

washed andmginemhslo? I-fuBérEBr@@]EZ-B? ﬁhbfrpﬂli)ﬁéicgﬁqmr s@lﬁ:ﬁfel y&%rgérk'éfrf)a%\gﬁ%geefm Then, 90

kg of an agueous solution o is reactive silica re arednabove

(16% sol i b¥Y Hiber Gerpasation Havra deGrage, dMarylande with §dewf dry8odcaot hydsyxiden an

agi tated VEsaR ' ] - SO{/ | ' S, oht ai ned.
Thi s suspensi ok(%ysgpggg?g%a%r@%&u{%ﬁg lnaa?{/é%%fiaﬁ]g@ﬁgg{éﬁ;\@gﬂg@ﬁ sol i ds
recover ed @mirdurelvagdehydratedf(on“saldined”) inmnaentoslavel:BOM°Q for 4 homs.Stherfmal evel bel ow

5% The dr i il ydrate was 26 May 2006 -9
deohydr at ed(!h%Ej d%‘%ﬁé@ﬁé{}aﬁﬂcﬁ#%&f "jﬁggérlgosﬁég ﬁ?‘ﬁ"%lf’?‘ﬁl@f%rpé’ﬁkﬁmqla&st onite was
formed. X-diffgagtioli fofheaalcivormetasilidates primadeinThdivelldsidnitelfodmndth smatli cat e t he :

presence o I ol ypor.phs ,of cal ci um ne i |.i cate nor any
crystall i niem@{ﬁfsisoggpggfﬂﬁe% g@%@%ﬁ%@%ﬁe ?Qr%morgglpé?sﬁ?ﬁ(ﬁe@tf%aelq’i’%f’ﬁ')‘pr epared in
Exanpl e 2 Hreeprepectivs of the Exhple 11 éalcinel ravasilkatelage dnvwRhy Tantalv, Beleper ti es of
Cal ci um {;3% lli ate Prepared in Exanples | and 2 XRDXRDCrystal Q| Ratio
of Phase APfia pect ratioAbsorption

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 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 | hr. The resulting suspension of silica particles was recovered
by dfiltration, 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



CaQ Si OZm / 100 Exanpl e 10. 67Wl | astonitecri stobalitel: 180 2M Exarrpl e

21. 01wl [ astoni t enonel: 132 2M The oi |l absorption shown in Table V (and

t hroughout this application) is neasured with the rubout nethod. In this
test, oil is mxed with a powlered sanple and rubbed with a spatula on a
snooth surface until a stiff putty-like paste is fornmed. By i t he
quantity of oil required to have a paste m xture, which wll r’%ﬁ?#y\?\,ﬁ&
spread out, one can calculate the oil absorption value of the

met asilicate, the value which represenfs the volune of oil required per
unit weight of netasilicate to conpletely saturate the netasilicate
absor pt i veddggatidat90083 ircakiln foohhafr. Highlyoitductated ovoblastanitewals @madsXdone

accordi ng i.0 D Q rpti.on = bed 100 (1)
wei ght of Fsa rrpﬁﬁg%g’r%ﬁ@ L% Ser%qalg}ele}ﬁﬁsBatrlgér]%%at%@nﬁ’fe&enﬁg HaQfo >iPgtl o given in
Table IV i solymerpm/ﬁrcabmmjamili@xdmlrambicamllﬁ:re/saibar 3yepropérii@rofehei al di aneter,

and can be asur d as cal cium netasili cate
mat eri al S'I’P?}eB‘SP%{l %F@ﬁglp%t Cali %@n?’{}l‘%% %Q%P'P&’r es. This materi al
is disper sed ini sopr opanol to all ombpna¥parati on of specinmens with

unaggl onerated _j dual. partjcles,. - eci IS carbon coat ed before
bei ng i maged us?h’ﬁ %ﬁﬁeﬁ‘ﬁ ?gékﬁ'm%taﬁr‘@& TR IErEt}g‘E‘BlB? a2 i crogr aphs

are made at a magfification of X ONXRBTM é Drages dijgiti zed
using either a digect di ghaiabfiMyoe captipae por t{f’g Abdagptins e (of a fl at
bed scanner. The digital |@siogna arg eval ug %’8‘: P a/1ovagePrio Plus 3.0

software. | mages pley®é7 ed t|Wolkstomteqeristobatjle [CONt r ast{gali gi t al |i mages
using a 26 May 2006 -10 tihreshol[2Mpi xel |gray val ue of 140. An indivi dual

pi xel in an inmage [ExemplpProidi nat ¢Wllatodi®2noneri cr ghs in wif@ h and height. The
calciumnetasilicate parfiicle asfct ratlio is neasured| using inage
analysis to calculate particle wwdth and particle length using the particle
i nf ormati on. A Thesilegsoaptionfshagpiachabledf (and tilkdughmlttmeamilcnnonhamemmm ratio

to be det n
statistica rﬂg]fhgﬁgc} " @5‘%@ rﬂ@g cs,rlQQgr;%g?S c"?”um %? geldls?rg %\B‘gb%f‘@'ghr ed
accordi ng # spatuleorpr ssett sutrﬁammtlil ostifbyutty-like paste is formed. By measuring the

quantity of oil required to have a paste mixture, which will cur! 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 O
weight of sample, grams

= ml 0il/100 grams sample

The aspect ratio given in Table 1V 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. 1mages are converted to 2 color high contrast digital images using a



m xi-ng 10.5g of a pure dry Ca(OH)2 (from Chenstone Corporation) wth 56.25g
of aqueous slurry of the reactive silica slurry prepared in Exanple 2
(With 16% solids) to achieve a honbgenous mixture. The nixture was
thereafter filtered to recover the solids and then dried at 105C for 16
hours, and then dehydrated (calcined) at 900C in a kiln for z’lm\r)lggrzooghe
recovered product was characterized by x-ray powder diffraction a

wol | astonite 2Mwith no traces of crystalline silica. Properties of Exanple
3 calcium netasilicate are given in bl e V bel ow. Exanple 4 A comerci al
scal e enbodi nent of the process for preparing calciumnetasilicate

accor di ng theeshbld pprebgenvaliaofddoi dn indvidual pietllivwsimake tsupproditfelypo.usms
(approxwratel 2131 Kk urr react.ive silica. prepared in
Exanpl e 2 Wﬁ 15 Icgh/a@%tfel'%'é h\‘l"\é@“&ﬁ' edasfllﬁatega%{:lrer"’f@ﬂ r%%'é‘é’?eagir dzelOC Then,
424 gall Oﬂﬁsrﬁ@iﬁpfgexnmts&byaldlﬂ&t&pdu'tlt:leh&dth afd particle 10fgth Lgi®: the battiely (Wi th 20%
sol i ds) was l‘ﬁ%ﬁd at, .a rate %%ﬁﬁhons er mnute cég{)proxr mately 95
liters per "STHGHSS . AI\W%E?%%]“ %Sp?: RieReys Pro‘i"é“eﬁf?ﬁﬁ? tiotg byt t ai n” an

i ntimat el ydgkped. PORDHRND OF | IGRLNESNSSs ard Riade, 365068 Sla@ficHBSeniiRRdeT ed
using a roEaré vzcuumfrltratron device and dried in an atom zi ng spray-
drier. The red fine particle size dried powder was then calcined in

an indirect gascérblﬁ@dna‘tdsmcdrebe@reaéred 286rdfn@'to B plEséHi bR entfin HOOC. The
recovered fine artr cle size calciumnetasil| |caFe was analgsed by powder

x-ray diff PaeRg fhoe of agrupasdry (3O (fom Ehamne Compmtispbuitni . RSeofx - ray t ube
having a copiRges sreaqq%evrea%nvéeﬂca JJ}% ;Mareaaﬁgmméfmﬁpmu Ldiagh hrom this
analysis is shomm i'n gure 2. IS scan indicates reserice of
wol | ast oni faieyRp hﬂrnpgﬁnﬁuﬁ mrxa@@éfhernlwlys\taamerenﬁerfﬂueredao recenreorhe selidss of
Exarrple4glﬂilﬁé é&%Ef’(’be le 5 26
May 2006 -11 ¢ I's exadr:rg téqlgé‘lrr%’t ngltlriégrag Ea}-%ﬁrhﬁeg%{gggﬁ@ﬁeﬁvﬁgpproduced
accordi ng fool hEmarilihlceecnvered(meqhtct Whmhatahterlzeécbwwe"medowﬁeydl;b"ﬁmmiiem asvas cal ci ned
for 1 hour [ racterized by
X-ray powoleralf1 de'Z OSB ?%Mtr'?@lnnog@ gv atﬁﬁg\é%gﬁghg%tgﬁes? ogkaa 151%15 ﬁgf A i cate.
Proper t i esmefasilisaerpt given imTabiaMbcieWasr licate are given in Table V bel ow
Table V Ph 3 L4and Crystal | ographic Properties of Calcium Metasilicate
Pr epar ed m—éépgrrpl es 3-5 DensityCaQ Si Q20O | SurfaceBri ght ness

A commercial scale embodiment of the process for preparing 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
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 6/26 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



Pr oduct g/ ccMor phol ogyMol ar Aspect Absor pti oArea z% ratiorati on OOgBET, on /g

Wl | astonite Exanpl e 30. 372M). 811: 1221- -

40. 392M). 851: 170686 nonoclinic Structured, Exanple
50. 13spher oi dal 0. 85-1: 12038690 Anvor phous Al

prepared according to exanples 3-5 have a
Cad Si2 nole ratio of about 0.85 and contain no

nonoclinic Wllastonite Exanple

of the calciumnetasilicates

structured,

spher 6%% §gﬁpe,

crystal ling siT

a

Exanples 3 and 4 calciumnetasilicates were calcined at 900C and 800C,
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prepar ed iin Takienpbedov.3-5 was neasur ed

S-5/BC according to TAPPI

D985. The Techni dyne Bri ght neter

sanple is illuninated at m@s@]gh(ﬁcg;fsta@ap%nﬁbrbﬂwle@@fl ected |ight
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both yi el di ng Wl | astonilie 2Mwith a nonoclinic crystal
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r%!: vgred dﬁ:{ 60w

al bei t

in a

fidi cated by

rted in the J.
¢ AGBNFES

usi ng a Techni dyne Bright neter

ressed_to about a
%ﬂ%@ﬁgﬁﬁ%ﬁ1@ﬂﬁ%ﬂP?%%€ t hat |s snDoth and

beam opti cal

flat and without | Dar t i cl es Ca0f8igI0SS. NPl €BSdermet |
materi al p prgyced B’r :iMan 49 | e |daspddis| ABbrhtiRr ac g’éfh‘“"aﬁ
rol | press Gduck A TR fri:t'ee f | |gwiong| mmidfte EBETmYe( "al  wi t
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Example 4 | 0.39 2M 0.85 1:1 70 6 86
' monoclinic
Structured,
Example 5 | 0.13 spheroidal 0.85 ~I:1 203 86 90
Amorphous

All of the calcium metasilicates prepared according to examples 3-5 have a

structured, spheroidal shape, a Ca0/Si09 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.

52 and T646, and ASTM St andard
system where the
vi ewed at

e 6,

15 bar
h
300pm

The unique aggregated spheroidal structure of the calcium metasilicate prepared according

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 Tabte 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 | cm thick pellet with



g/cc. In Exanple 7, the material produced according to Exanple 5 was roller
conpacted as taught in Exanple 6 to an average size of approxinmtely 300m
with a density of 0.34 g/cc. Exanple 8 To denonstrate the useful ness in
solid conpacted pharnmaceutical preparations of the calciumnetasilicate
prepared according the invention, the calciumnetasilicate M@% ggg@ﬁito
phar maceuti cal preparations, the preparations forned into tablets, "and the
functional properties of the tablets neasured. The functional properties of
the tablets containing the calcium nei2asilicates prepared according to the
present invention were conpared to the functional properties of tablets
cont ai ni ngemuglopnessuredy givp i @eltet suriae that is sinoath andifitat phibwplat &osk gaytitdat e (al so
known as Q,CI?Q) < The DCP was Entonpress X14CX avail able from

Mendel | - Penwest™ Conpany, Patterson, NY. Three different tablet

conposi t i oBsampessh-Hr epared, with one tabl et conposition containing no

cal cium et asillﬂi;cate ervin a cont n the other two tabl et

a .0l ile |
Commosi i one tREan SR el o ufed 2R to SXbimofe ¢ Pasirillr Sommid
substi t ut egt 1f5dar ﬁoﬂl@reiblﬂaioqum@hﬁ?@ﬁaﬁﬁ)vaﬁg gremedf rSnart:efria5rrith\liﬁ}@radel20% wt %
The exact gonpositions,of the tablets are set rth . below.in _Table VI. :
(The di £ chiowuehaty and bving an aY%%ee“fZC\ﬁ%F%‘P‘ém?*elﬁ’|38@'{m aﬁ"gfaéﬁe’é%é’éoﬁﬁ the bul k
densities Q’Ec.tﬂﬂ@xallﬂhﬁf’}’gtﬁe InatefialirédREd AgortiABEExHRIPaé olBScompadie 3. the
Enconpress DCP was_ bl ended with the calciumnetasilicate of the present

i nventi on #fRtght izxampleo fp an quesees 5ive gRArBIRXImately ACONR i 8 idemst: PERP At e was
added and ptendi ng was continued for an additional 3 mnutes. The
resul ting powder was conpacted into tablets at two different conpaction
forces, 7.%@6_&3 nd 12 kN on a Stokes B-2 16-station rotary press

instrunment ed t opJ A I 3 ' ' 06 -13
Tabl e VI  Tabl Ce}g @mg%tﬁgﬁ%ﬁﬁrgégipgtsgr{#%ﬁ%? Eg%}gﬁ geﬁg&lc%ﬁ% |r%{%\[l?nga€asi licate

096%20% ( f the salcikarmetesiiTpte Drapated pepordinsibp naerdion gbow)Egemetasilicate was
added to pharmaceutical preparations, the preparations formed into tablets, and the
f_'unctional properties of the tablets measured. The functional properties of the tablets
containing the calcium metasilicates prepared according to the present invention 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. 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
wi% and 20% wt%. 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 compositions 2 and 3, the Emcompress DCP was blended with
the«calcium metasilicate of the present invention until the mixture was homogenous. Then
ma;gnesium. 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 gjection forces.



(Entom ress) Magnesi um st earatel%d %% Aver age tabl et wei ght, ng700540460
After ‘being nade in the manner described above, the hardness and ejection
force of the tablets was neasured. Tablet hardness (or "crushing
strength”, these two ternms being used interchangeably) is expressed as
load required to crush a tablet on end and is measured usingat

har dness tester, such as a SCHLEUNI GER(r) Pharmatron tabl et ar dhéss
tester available fromDr. Schleuniger Pharmatron AG Sol ot hurn, Gernany.
Generally, the larger the tablet, the-Brgher the hardness. Smaller tablets
(1/4" round) wusually have a hardness of |ess than about 5 kPa, while -

| arger tablets usually have a hardnkble V¥ | ess than about 20 kPa. Ejection
force refers to the force requir .a _conpressed tablet fromw thin
the die used to formthe tabl et.?%l%g:tol éﬁﬁ?ognﬁce is relevant to high speed
conpression tableting, accordingly |iTables! d&ablkeell |[{Tabke®n t he ej ection
force | ow so as t|Cateimtnzitasilickte corneessi 95y abl owkg at] hi gh speeds. |t
is related to thel (fwincEiaoipdd 3)}f or ces |[devel oged in tlhe dig and the surface
of the die's wal || Dichlbiuihhosphbter i al [Beleng doawr esgedy, The tablet ejection
forces expressed |(Eakbipiets)kg are nmgasurediby the fuse of |load cells on the
tabl eting press. MpiRiiumStegRRer at ed (9i Ch [§hpWs T[N, Tabtjet initially

br eaki ng away frorpwerrgg@tgﬂ&wé@hhﬁlgrum@meu BYoa pengyd ofl sliding, where
the friction between the die walt— and the tabtet—1s berng neasured and
finally show n ] ; I .ation fromthe
die pu%ch faCe'Qﬁﬁf?%%?Hgﬁ%ﬁ%@%ﬁ%ﬁ&?&g%b\%%ﬁ%ﬁ tﬁ %ﬁqre gsi:%%%gegfl&l fgﬁcg 1-3, ten
t abl et s weeldhgptabletsachs neamredp Toblet hardnsssgert “cfushing stramgffis thase Wivd terthel ow,

t Ak i f h of . the ten
bl ore " oREses Bciheralie) REABRRI B BRER b orh P 86 Bnahe s 5 s
Conp r essiweastisd vgi@a KeComrcssisstansieh aceSCHLBUNEGERD Phirmanofabke Har dness
B ection klﬁl%niéggtléﬁ&%%iﬁﬁle(ﬂ%% 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 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.



Tabl et 14.63.36.56.6 Tabl et 23.35.75.57.6 Tablet 33.86.66.18.5 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 tﬁqﬂgﬁb%éjm
netasilicate concentration of from5 w% to 20 wt % (acconpani e y a
conconm tant decrease in the DCP | evel) increased the ejection force, the
ejection force was nonet hel ess not rarBled to excessive levels. Simlarly,
the conpactibility of DCP m xtures with calciumnetasilicates declined only
slightly from that of the material containing only DCP. Exanple 9 The

usef ul ness of the cal cium netasilicdtabk VIl epared according to the present
invention in solid conpacted ar mac i csl gr.e arations was studi ed naki ng
use of the calciumnetasilic t"@c%“@'g%a’lﬁﬁ ToR ‘Eﬁgrrpl e 6. In this exanple,
the common exci pi ent f 07.5 KBTERPressiFow@S N €F RAIChmbradsioh R&c& €1 Njul ose
(specifically Eptocel 90bfineawal [} @Epcaonlforen | Neagked | - PERSERE, Patterson, NY).
Four different tablet commpsitiguigwere prepidagd, W | BorcslRg t 4bl et

conposi tion cony @abhithgi 46 cal ci ym3netasi | i case servi hgeas a control, and .
anot her tablet CTaleani{Bd 5 wt % B5dTned sili¢cas(specifirally, Cab-OSil M(r)
avai l abl e from |[Tébet £Tabd8 Corpon&téi on, Bel |6ica, Na)|&sd m crocrystalline
cellul ose for conparative purposes. In the remaining two tablet
conpositions contained calciumnetasilicate prepared in Exanple 6 was
substituted forAgdua beiseande Tytdd 6ll] the Rardsdst (trohimgairergyof ablefs 5 wt % and 20

Wt % The exact .coppositjons of the tahlets are set forth belowin Table
VITT. The SORARIGE SPab PLts o Bschm BHE el e ey REVCHES ROABPEE deat t wo

di ff erent DQRpeitidaiin mt@silase did nbt sidiifRamtyldnmpbmigdthe funkGdsABprBpettick6- st at i on
rotary prests in Eru% ed.to neasure _conpression and ejection forces. For
each tabl e? t&%ﬁ% & Ylyig annsrraseimthesal o wefsilieate qapeenirptigngf froppEwi%hs

pr oper t i estodf vesfcsaipahied M&ﬂé&ﬂimﬂﬂ&r&a@@in@ﬂﬁb@g%vé’l?hié?eﬁse@fthet he o
nmeasurenents set_forth, in Table I X, below. Table VII Tabl et Conpositions

Tabl et 4TatiEgiondqrss, theeieetipn forcevas 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 (specifically, Cab-0-Sil M5® available from
the Cabot Corporation, Bellrica, MA) and microcrystalline cellulose 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
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



6 Calciumnetasilicate 09%5%20%% (Exanple 6) Mcrocrystalline

Cel I ul 0se99994%9%94% Cab-O-Sil M Silica0¥®%®%% Magnesi um
stearatel%d%d%1% Tot al tablet weight, ng330315320290 Table I X Functi onal
Tabl et Properties 7.5 KN Conpression Forcel2 KN Conpression Force Hardness
Ej ection Force Hardness Ejection Force (Ka(kg)Kak) Tabl et av. 2006
413. 21. 3Cappi ngl. 4 Tabl et 515.42.122.52.2 Tabl et 615. 84. 323. 84. 8 4B %t
7Not testedNot testedl8.86.1 From Table I X, it may be seen that the

har dness or crushing strength of tablets containing 5% or 20% of the
calciumnetasilicate of exanple 6 was simlar. Wile an increase of from
5% to 20% pepatied ofcatiesampireaswed, ahithe pegige valub O5ftRe médiGreRieMs bdt @sHif or ce
was not ex?nelsaz)ila\@% Cl)ge especially interesting phenomenon was observed. It
can be seen | P% YX that the micr ocrystalline cellulose control,
Tablet 4, with the sane 1% nmagnesi umasit &@mat e di d not make successf ul

t abl ets when conpressed to 12 kNB_ l‘éh control (Tablet 4, containing only
microcrystalline cellul ose and no*CH“OMBRYHISasi i cate) did not make

successful tabllets when conpresse %Qtllmmegye TdhIk APALEIG A When the tabl et

delam nates dyring or follow ng di scharjge fromghe tablet press). However,

when the tabl et CaiGiRaRiRRe | NCTU@Ed 590581 20%1h, e ggat crum net asi li cate
of Exanple 6 (tqgkﬁﬁpléépnd tabl et 6, respectivie yg, ¢appi ng was el im nated

and tabl et cruStNiRmALARE B 9077 Y | 0T fOfoet YT 59, tabtet s, reaching
3

in excess of 207k gb_ghwswd%m O obPTCe T (RE MY £5 006
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) (ke) (Kpa) (kg)

Tablet 4 13.2 1.3 Capping 1.4

Tablet 5 154 2.1 22.5 22

Tablet 6 15.8 4.3 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.



-16 These results suggest that the conpacted cal ciumnetasilicate has the
ability to provide a neasure of protection to mcrocrystalline cellulose
("McC') fromthe deleterious effects of magnesium stearate. It is

wel | - known that magnesi um stearate can substantially reduce the
conpactibility of MCC. This is usually not a serious concern,, 1{71%39 e the
compactibility of MCCis so high that a loss of crushing streng caused by
magnesi um stearate does not typically affect the performance of

conmposi tions incorporating both magnerum stearate and MCC. However, when
added at relatively high concentrations and conpressed with suffici ent
force, tabl et s Bhisse @BMtSﬁggM@laaﬂﬂ Conﬁa@mglqmmaammae: featheshiily toappi ng, and

in fact, o§ dgxgtﬁ r&gﬁﬁﬂ %@%r@c?ys?alllmqgl |.{103ﬁ 5%@8‘9%%{?%“ em in

phar maceut ear o Ievi-ous d that funed
silicas of ﬁ@ﬂetaomeﬁbdtmf magoeshon stoaratef ftemtrell-hgmnrthat rrtalgﬁaasmosftéeemé eg' of

MCC- cont ai bl e aused m xi ng" nesi um st ear at e
into the tabr ?tﬁazh aﬁ)@? | gﬁ"s‘l’a"%‘é’ %%(?erletlgﬁ'stuﬁ'éa?lyf’ﬂtea ?B?%ﬁpwg’observed
in over-m kecngsenmhtpsctIMﬂeyloIMQCoym hlgh ohatngocsaifsmshnh@ﬂrcﬂgtg ResEdBy St ear at e
to del am nate n the m x that excessively coat

u {1
the fill erma%]}e]snggne carag% °§§<B‘? é‘faiug Ff‘?%& tpﬁ‘éfo"ﬂ%? HEPVROSHNSct s provi ded by
fumed sil i m@orparating both MagnepiRSeaiatecAE ICC.AHEWEN, Mied 8ddeli @BeR)ivlgai nst

t abl et f t b t h f f d
ST oa, 1 <MERPPRGUATPE 5 RECHELIE Ser o e o MCC W w L h 1 r e

magnesi um ﬁlh@'&ﬁl@ﬁﬁste@&ﬁd dafilsRSv capPink,d B RSCMts HMaAMhEvech HRARS PRALIT ve ef fect
of 5% Cab-O-Sil silica has been confi rmed. However, what has al so been

det er ni ned PEPIRH SpStem ik permsrepiicabiablelagseatiha t abl et composition, the cal ci um

nmetasi | i cat es prepaisBditdeSRel htted that RS @ERER offef Jxﬁflarrﬂﬂ(ftgbtﬂ@teff@crt protection
against tablet softening than the funmed silica materia can be seen

from Tabl e2gaist thg hofgaing er@i‘%‘F%Rt?*ﬁ’@gW?@ts@&P%?ﬂ@ﬁfh?e‘@&@rmlixtﬂat ef prepared
accor di Ng Qe deli8mRER MR Thiol tVERE] BRpbRtidMs Y2t qd bdRSAIRAA (1R GALG itBscrve

netasilicate had greater crushi ng strengths than conventi t abl et
conposi t i oS VERIXAZTEHGS Phpmle Oxrmigiag ciso the Wagnegusisicatsid tp defpminate

Addi  F onal dolroduBE etk 8phitRfs Irthefidhal Akslifd) Sba &9@&%&%@ | ncludi ng

Exanple 6 calciumnetasilicate was si I cant I ower n the ejection
force of the téhbt@lanaimiosthe proteciveri ¢tﬁpwgld@éby®®dlsﬂlbufmdnsﬂ1b| ca. Exanple

1 e o B ke e R0 GO0, LIRS SEL LIRS, LS00,

cont ai ni ngbw &l e orse 26fupteyd sitigd és beligved to be the result of fumed sahca interacting with
free magnesium stearate particles. In the present example, the protective effect of 5%
Cab-O-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
silifa (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-0-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



nmetasilicates prepared according to the present invention was conpared to
tablets containing standard excipients, such as mcrocrystalline cellulose
and di cal ci um phosphate di hydrate, by Heckel analysis. Heckel analysis is
a net hod of describing and determ ning inportant properties of

pharmaceuti cal powders and tablets, such as yield strength. I—%cqlﬁ? @%al ysi s
is discussed in greater detail in RW Heckel, 221 Trans. M Y

Al.ME 671 (1961), and RW Heckel, 221 Trans. Metall. Soc.

1001 (1961). A pellet press, such as d7€olton 321 single stati on press,
that is instrumented to mnmeasure conpressive forces is used for the Heckel
anal ysi s. lDataﬁhgitqscw@ened eonpliestitlepresepdntentoresas wodpago tethissts i C

deformati o t he R9LO it owder , bed. Heckel
anal ysi s a%é' a\S{}ltzu1 dﬁx[&de?(? é%f‘ S\gﬁ{ st ?S*S@Wﬁﬂ@‘hs%w ca\t@‘@“gg‘?segﬁt%ti on of
porosity odnhairhta,lﬂydﬂeekéﬂhealpﬁé ects of a smal | change in porosity, indicated
Buat o 2:  Ln TeeRa iy . weined of Bkt frsfeShiniamesisnepprecod | |
density/ Tprluanﬁbgmmat yowdeﬁfdnﬂ tdblees, mgplas ﬁald@ﬂéﬁyuﬁlsﬂea@l MBS Wdscuded A 'f, a
t ant t t t t { In t

resent . caldraBmAHal B ARk 28 T R Mc b obh - Yk bty e B,
conpr essi ofedker, gﬂsTrfaﬁpmemps&)Al\ﬂaE Tdme ([-myel pl ots were constructed by
plotting the nat u al | og of the inverse of the conpact glllrosmy agai nst

the respective ‘tBH5F BES: ﬁH‘Eh ah? &elqed SmglﬁétaF'@bP@%SsﬁhB‘dS L) ol thas

perfor med QeashiR@ommbr8dve BRES s@8edIhr the BHedkdl éfﬁlysﬂfh?urm%|p9@§er\6@1l1151%§516}pt ai ned
were converted to nmean deformation yield pressures (Py) using the

(K
rel at i onshpasticdes ynderge plagicaiefopmpation; whicktends tp dnves shemoppsity @f poydent i on causes
posi tive dgyl @iebl&ﬂ‘ §ndlﬁlstalﬂ§£yﬁ?ﬁﬁeéffeals of elasﬁ@ Qeﬁynﬁftﬁfl B fhe cal nid¢ @ yield

strength that i1s E‘i han the true val ue. | ower t eeastlc nodul us
of the pohdesity of p bljﬂ ea"bévfchss of Remallk ghangg mmorqsmmmdmtedrbuehmbua Low

al ues of re, wherea hi gh
val ues FNisi %g%&&%&&l aﬁ%e?pg%sgﬁﬁ? 6’15@?' tt ily, aﬂ b s, high Py

val ues descri powder s € ‘par es. The area under t he
Heckel curve i d-nlded-PX=ddptdss t kiequesieret of vol urre 26 May 2006 -18

reduction (i.e. whef B Qdd dohdi Pﬂ%d&g yat erial had undergone during

the entire conpression pressure ange arate tablets were prepared
usi ng the cal cifuintheappbied saepressioppepareed i n

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= 17K (Equation 3)

Elastic deformation causes positive deviations in the Heckel plot, and theréfore

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



Exanpl es 4-6. Al so separately prepared were two control tablets containing

the conventional excipients DCP and mcrocrystalline cellulose. Al

tabl ets 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, specinmen sanples were deys 4 25(%Je

densities for 3-9 specinens of each t abl et powder was measurec?

M cronmeritics multivolume pycnoneter Mdel 1305, and the rreasured true

density val ues averaged. The average-#¥rue density results are set forth in

Table X, below. Table X True Density and Heckel Paraneters Exci piéent

i nAver age TredectiDe fissi., topkiprsilyiling) fliatthe hn@etial hizd gglergoivo durfgtioesntikPMpa

Enconpr ess 5 33225 DCP Entocel 90Mmax of f

scal el. 549 %’"@%ﬁ%@zgﬁ%’#'ﬁ% Exanpl e 43. 62. 7740. 00200. 481505 Exanpl e

515.91. 7110. oozswaraﬁamas e prepared ifngthe Sﬁa&nmﬂxc%&&&@ddml s

w del y- kno]\ém E 4h RGar mac t| cal dl ndustr t]atb]m Crogr, é}al line cellul ose

is the noStE0Hpatt] ?éep@? p‘?r@ﬁ‘fe AT trpffoatrel fsoley panipiniegh§e forns. But as

can be seedoniéntionallekeipXnts DIOP ahé bli@baystdl BipaeRelodés AN ¢ablxawgt reparstd 6 cal ci um
exceedln of the .contral tablet

met asi | i cates haye. cru s far :
prepared wWieh IS"F gg@ggﬁ%%ﬁ%gﬁigqa@smsﬁgﬁac@s% 09‘“ ﬁtﬁﬁ'tb‘{?é{?n%fé?sfoéﬂﬁance woul d
not have bageridlxRaetieosludiyd. ave esth tabldpbader aﬁéﬂcipldnﬂ shdend sampleEwappl e 11 In
this exarrpl cal ci gm net asi_l i cates prepared according to Exarrpl e 4 were

used in t®&pcethe tug dERsHISS FRIA1OREGMENS of £3rbrtables RAWdEr avas MspwdIS A

di si ntegr ame%mhémws RfmIve lubRRplyShonictdd Mdeidiagh, %@ﬂfe%daaﬂed tﬁ@c}ieﬁgtgtvﬁﬁlle@ S were
made by direct conpression in an Angstrom 1 kKN. The

ess at
nmoul d had #rewped uThgavengsiBicdensity repulinare sqt fosth lnTablesa befpre.  t abl et
conpositions are set forth below, inppghte XI. A conmon aspirin tablet was
included in the disintegration tests Tor conparative purposes. The tablets
were i mersed 26 May 2006 True Density and Heckel Parameters

Excipient in Average True Density K A P

Tablet Crushing glee Mpa™ 4
Force, kP , Mpa

Emcompress 3.7 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
tab?ets 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



-19 in deionized water at 37C and the tinme required for initial fracture of
the tablet as well as the dynamcs of the disintegration is set forth
below in Table XI. Table XI Tablet Properties Excipient ormt% ofw%nitial
Tabl et Di si ntegrati on Di sintegrant Exci pi ent or Exanpl e 4Fracture

Ti me, Dynam cs Di si nt egrant product seconds N ntel ZSX6040>60Swe]d .. ~006

Super - Tab604018Fr act ur e/ di si ntegrate Ac-Di - Sol 604015/ 17Swel | /'t upt}(Jr e

Sati al gi ne H860405/8Swel | /split Anmberlite | RP 88604012Breakaway from
surface Expl ot ab604018Swel | /split AspilPin Tablet---72Slight swelling,
fracture The Aspirin Tablets used were over-the-counter 325 ng dosage from
Bayer Coripdeimnizethyatibat 374E amdl, the\time Egpiredtfarifiitip] fractis-ofthatibleSodialiasSt ar ch

A ycol ate ' r eut | Patterson, NY, and

Sat i al gi netﬁ 1S ‘ﬁ&’fé‘{eé‘?g& tgﬁ?%{ybﬁﬁéseg%%%@%%l@@g%ﬁabl e from Penwest

Phar maceuticals. Amberlite(r) | RP 83able YF grade polyacriline potassium
from Rohm and Haas, Phil adel phi a, .PA el (r) ZSX is NF grade

m crocrystal line cellul ose from n%i‘h'%ﬁ’%gﬁ‘aé, Ni j megen, NL. Super-Tab(r) is
NF grade spray; dried | actosetdaohohy e T rosmidtVebiet] NC,.,. Phil adel phia, PA,
and - Ac-Di - Sol (rg’;“ifg“ﬁ,—: gr aglExdiaseal Bemblodq Fioueding| %dg“aﬁ;f%ﬁ“f’%m e from
FMC, Inc. As can "Pe 8&en i n| Diseategraty] eprodbien |sévendsal ci W AR asi | i catke of the
present inventiodymegh&Xised| fh conbi ion wrbh_sever alSwelbnmonl y usked
disintegrants, jJwen®sBult wab0a rapj4My digilht egrati ndracteteldéintegiiee| cal ci um
silicate was eff#&&Pl-8%d regarf ess of|4%he dPAhi sm_emSvelmiiutyy t he

di si ntegrant, ap¥tiglgngts put 6bhne casetdt he t alilBet s di si|Swelspéit ed  inf | ess
than 20 seconds| sSuske Rpggi | Pant i npgoved dijsi nt egr at] iBesakayey fronmance woul d

not have been cted by one of ordinary gkill in t hEUrEes Exanplle 12 A
series of tabl eﬁﬁlﬁ&a&%ﬁ‘)—@m Ocordind8to the fiSWEIES set forth in
Table X1 bel OPI\AspH@rIQbIﬁI’ ess8d into ftabl ets|oyer a randbigbiveingect
conpr essi on pr essures—{see racture

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 monchydrate 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 wduld 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

X1I below) were pressed into tablets over a range of direct compression pressures (see

Table X1IT). Excipient grade fillers and disintegrants were combined with DCP, MCC or



Table XII11). Excipient grade fillers and disintegrants were conbined with
DCP, MCC or 26 May 2006 -20 the calciumnetasilicate prepared in Exanple 4
to forma honogenous mi xture. Thereafter magnesi um stearate |ubricant was
added to the m xture and bl ending was continued for an additional 3
m nutes. For each m xture, 500 ng tablets were made by dire si on
in an Angstrompellet press at forces of 3.6, 4.4, and 8.9 WC%'II}Z%}UB%GSStrom
press nmould had a circular shape and a dianeter of 1.4 cm The conpositions
of each tablet are set forth bel ow i n<20able XII, below as formulas 1-5.
Each tablet contained the same relative anount of excipient, disintegrant,
filler andthgoddeivmangtasilisate prapared splcinfplet @xcinpa Borhogethsinik@ear ant, and filler
used in e ' et _forth low in  Table Xl.l . The sane
| ubri cant ?Fﬁr}ﬁ%aﬁtgés{ﬁ%%\é%@gggg‘%‘%,l&\/{%@mtﬁsaéadci%ﬁ 9 W& mXHE aﬁ‘i')ﬁl(f’g‘h{lg ¥#fon in all
five formdoatnuetifer naidiicbsal dvarirutésmTer sl nixtudes(0hZ Ablewaees made k37C and the
time requi.red for initial, fracture of the tablet |1 as the dynam cs
of the disy g‘b"r“&i’?%‘ﬂ" innARgSe Pt st ATes PhB bt dand 8.948bkex1 | Tabl ot
CE:Xorrpo_si ti om,gsﬁomnml elﬂliouﬁgxlamwbii?cuﬂdf'@hdﬁ%hxﬁd Qf%c?:wi %f ()}&F@ﬁ.n'plh@coﬂﬁeﬁﬂwsa S5 wt %
cl pl ent, a e € anpl 0 : ' :
Di si nt egr & te%%ﬁﬁaé%ggqﬁh%g’gWEﬂé%F %@Eﬂ?‘ﬁ@%ﬁ@?b‘%l"ﬁb%@nﬁlﬂﬂl | er,
49%Sucr 0s edvumiined eRlbame st Ve biRsGPVE ERFRenl RN nt A1Rr and lubricant, but the .
Lubri cant, Magnesi unvagnesi uMagnesi uMagnesi uMagnesi u_ 1%t ear at el n stearatein
st ear at em S?F‘gg? A A R R e &Fgﬁléﬁ‘ﬁe‘bm@m 0a0ied seseigierth betlgwhoP i s
Di basi ¢ Cal4pldXIPITRs phatigorR¥i] hathkeuh semRNegl L%emrd?egé’aﬁ%'cgﬁbemgtﬁﬂwr y, NJ.

MCC is Mcrocrystalline Cellul ose avai | abl e from Mendel | - Penwest,
Pat t er son,al /¢’ formulas. The tablets were immersed in deionized water at 37°C and the time

required for initial fracture of the tablet as well as the dynamics of the disintegration is set

forth below in Table XIII.
Table XTI
Tablet Compositions

Component, | Formula 1 | Formula?2 | Formula3 | Formula4 | Formula 5
wit%
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.

%



C 26 May 2006 -21 Table XIlIl Disintegration rate for the tablets prepared
according to Exanple 12 with D fferent Excipients and Conpression Forces
For mul aFor mul aFor mul aFor nul aFornul a 12345 Pri mary
Exci pi ent MCCExanpl eDCPExanpl eExanpl e 444 Conpressi on411Not 715
For ce3. 6KNconpr essi bl e 4. 4KN>3001013512 8. 6KN>30027>120649 The,,
given in the table, above, indicate the anount of tinme (in secongg?‘aﬁjr
the tablets to visually reach a point of essentially conplete
di sintegration. These tests show t hat-2lhe cal cium netasilicate of this
inventionallows the drug fornulator to design a rapidly disintegrating
tabl et that conbi nes excellent tablet integrity and quick disintegration
ti mes when used i n conbination w t hIadfihEHl comon exci pients, disintegrants
and fillers. It will seskllledlntheartthat
changes coul d be rradeb@'(gl%g a%n?&c%lﬁ%ﬁ is]esoPégpc?ﬁdt?é‘&o diB&ve without departing
fromthe broad i n\ﬁemxamﬂed@mthmlfférhﬁmoibnentslaﬁd CSmplrlagbﬁb"rSEdﬂ&ﬂ t herefore,
that this i prent+enr—+s——net ...Lr +herparticul rents
disclosed, but it is intendetf 8% f@?“'ﬁbi?f’m WEO‘W“ z'ni Form¥aghirit and
scope of the—present invention 2! claing. 26 My
2006 22 C| Riifpgsy] Excipient o) ¢ Mﬂcrret Fxampleas Qaaw ng %’Fﬁ%"‘pe &xamplei o (aver age
maj or axi al [ dianeter/average mnor bxial di anet er) ff fromiabout |1:1 to
about 2.5: 1| Camareasioy{ | absbrptidnlbf frpNplabout PG m /100§ to dbout 220
m /100g. 2. |¥efeecal ci J?’rﬁﬁ@t asilicdte acco “?P@"Si"ﬁ clai m 1,) whereijn the

0.

calcium netasilicate Hras—a-CrarSHR melatlratio-of 075 tlo 1.3,
4 4RN"| >3 1o 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.
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.



3. The calciumnetasilicate according to claim1l, wherein the cal cium
netasilicate has a CaO Si Q2 nolar ratio of 0.95 to 1.05. 4. The cal cium
netasilicate according to claim1, wherein the calciumnetasilicate is
dehydrated. 5. The calciumnetasilicate according to claim1, wherein the
calciumnetasilicate is calcined. 6. The cal cium netasili cat7é=6 l\?fﬁi%éjﬁ ng to
claim1l1, wherein the calciumnetasilicate is wollastonite. 7. cal ci ned
calciumnetasilicate according to claim1l, wherein the cal cium
metasilicate is wollastonite having a-2onoclinic crystal habit. 8. The
calciumnetasilicate of claim1, wherein the calciumnetasilicate contains

| ess than 0.5%crystalline silica. LLAIMS cal cium netasilicate of claiml1,
wher ei n t he cal bidintleiomarstasilicate davisg araspecp retio$avefa@e majov etielr i nar y

phar maceut j. % A . Y h Gi si | i,cat of claim1l.
L1 T or nag el RRAL AR SQURR) BBt P LT oA 8 43 e e i m 1
12. A f or nagompgon efUfranualzdut 24 mbiddg teatmut 2Ximigl00pe cal ci um netasilicate of

claiml. A for ong. roduct conpri.sing the. calciumnetasilicate of
e claiml. 14, r?&%hgrcﬁﬁ%éhg?@écg eurTears r%ﬂ"ﬁ@‘[’ W%,’%‘Fr\f}ﬁﬁ%‘i pm m@?)g‘i&ate
phar maceut agald20/R0L e kg di7z8nd 1.3and 26 May 2006 -23- (b) a calcium .
netasilicate excipient having an aspect ratio (average mjor axial

di anet er/ aver adge Theralciugxethsilitatermetaedipg of cléimdgwhéreintthelcakidm mahsilitat?. 5: 1,
and an oi] absorption of _frgm gbout 20 m /100g to about 220 ml/100g. 15.
The for nedhaﬁﬁé}a%gaf'}o@élra"&o 8deto bP5-cl ai m 14, wherein the pharnaceuti cal

product s 1 RMEl R heckiea 0o BRRCLIANY, IRGEH AL RUChe 9] o1 2T

14, wherein the armaceut | ca product 1s 1n’granular torm e fornmed
phar maceut is deltydgatesiduct according to claim 14, further

5. The calcium metasilicate according to claim 1, wherein the calcium 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



conprising a disintegrant selected fromthe group conprising starch,

nodi fied starch, pregelatinized starch, cellul ose, 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, croscarnell C&Sﬁ/{a?%’%

ef fervescent disintegrants. 18. The fornmed pharnmaceutical product” according
to claim14, further conprising a disintegrant selected fromthe group
conprising starch, nodified starch, pt2gel atinized starch, cellul ose,
chem cal |l y~nodi fied cellul ose, guns, agar gum guar gum |ocust bean gum
karaya gum pectin gojmcatciagmetasibidategaxoipicat igivingan aspedt ratiafat dagf mabgi ni ¢
acid, acetates, . citrat sugars, .al ym ni xi de, . crospovi e,

croscar nel | ose,axgﬁgla %12?"\%358%“ or a’éi'?lscﬁwegﬁfgﬁ@ glioé‘.t ?:A(% oﬂbgg:gfa“fjor nng a
dehydr at ed cal anuwihab®irgtiinlof frainebetizp mid00Gotabeut2Lepy/106g. provi ding a

cal ci um source and il source,, wherein a lar ratio of calciumin
the cal ci um sodsceTﬁ%?ogp?(f@ﬁ”Paﬁelﬂtﬁél @P(ﬁ’l"tc‘g}é?b‘ﬂggewa]?eée'? Hgmhapgerutieal7s ¢ o
about 1. 3, prphef Brimbblet fokmom about 0. 95 to about 1.05; mnixing the cal cium
source with the si,ti ca 58%06 to form-a h?rm eneous m xture; and heating

t he honmpgenous i xtH§rEmIes PRYFRFHLLA) AradPet @t elaim: 14, mhareindle phagmaceutioz. The
met hod accgbdlichd if Braghiad 01nd.9, Wherein the calciumsource is selected from
t he group consisting of ch&l) ci um oxi de, cal ci um hydroxi de, calciumsilicate,

cal cium chl or ilde, Thenfprmerbphaymaceuiical pupdugt aegordie krelaim 4 Bisthehe group

consi st i NGoffprisiip b AfstrGra bdl&edFath the Blop BbhrisRECHELA Mhddddistin, 26 My 2006
-24 21. The nethod according to claim20, wherein the synthetic silica is
sel ected Wegsiatinized grstypetiypssi demirgllismogifies gel bilasp.eamssigpn g, goars

preci pitat ’% L,5GR 'nl,’ikg@ SIS pe& keh 4Gl i 22 - Th hod
accordi ng ?gj _cICa_i m if‘Ln9§J wher gi %l m&fe&dﬁ"_gég%‘%a& %g&{l]’galgs'%gg“%[’a%hg? that the
honpgeneo uBSiRicaeidy Eetates, Gitratesesugd.raluinkimsaxidseeresnomidons croftammetiosd ould

accordi ng drfek@hiid te?%u@_r ein following step (b), the nethod further
conprises the step o b') drying the suspension. 24. The nethod according

to claim19, wiérdheidrmedphapmiceyticahgrodishyadomingrigclainc td figthat canprisimper at ur e
of bet ween, aaub 8008 foh2f oup 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
oft
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.



25. The nmethod according to claim19, wherein the dehydrating in step (c)
is a calcining process. 26. The nethod according to claim19, including
dehydrating the honogeneous m xture for about 10 m nutes to about 120

m nutes, preferably formabout 10 m nutes to about 60 m nutes. 27. A
cosmetic product conprising: one or nore cosnetic ingredients,and,
dehydrated cal cium netasilicate excipient having an aspect rati o {average
maj or axi al dianmeter/average mnor axial dianmeter) of fromabout 1:1 to
about 2.5:1, and an oil absorption of24rom about 20 nm/100g to about 220
m /100g. 28. A forned product conprising: a disintegrant; and a dehydrated
cal ci um net asi |12lcaTle mh@qgicecmiingm/dimgl Hnwhapmale syathtt@ (lRaes agednj or  axi al

and an-of | FORGRPR G Sinedr S ETTE SisRars R oo sue st HER 009
wher ei n t hdli¢ioneid product disintegrates in |ess than about 30 seconds when
i mersed in Watﬁr Ea m%?h%d according to claim 19, wherein water is provided in step (a) so
that the homogeneous mixture is in the form of a suspension. _

23.  The method according to claim 19, wherein following step (b), the method
further comprises the step of (b”) drying the suspension.

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 (c) 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 m1l/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 m!/100g to about 220 m1/100g;

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

immersed in water at 37°C.



