WO 03/ 028990 PCT/ US02/ 30614 SYSTEMS, METHODS AND APPARATUSES FOR
MANUFACTURI NG DOSAGE FORMS Field of the Invention 5 This invention rel ates
gener al | ywoospy®pens, mnet hods and apparatuses for nanuf a®eCarisay3@osage
forms, and to dosage fornms made using such systens, nethods and
appar at uses. Background hed lnyventhan 1O A yarie of .dosage forns, such
as tablets, capsules - M;;A}lli RS54 Ffaceut i cal arts.
Tabl ets general ly refer ROR MANURMGCYURING DPOSXGRFRGRNS | 1 vari ous
shapes. One type of elongated, capsule-shaped tablet s commonly referred
to as a "caplet." Capsules are typically manufactured using a two piece
gelatin s DRl e¥ondi PPiNg a steel rod into gelatin so that the
gelatin C(t;g{:l?({fgfel en(fm(;anthe rod. The gelatin is 15 hardened into two

hal f -skel | s and t he Tdineattioactletts gdinralhatodssieths hatthedhald spparacisthfon

filled wth a_powder_ and the t hal ves_j oi ned together to formthe

capsul e. mfﬁgm%w&f}%m@%@osm@ne afp LSBT RS @athog&%@ge
Fornms and .Drygn,Red i very Systems (7th Ed. 1999).) Gelatin-coated tablets,
commonly known as geltabs and gel caps, are an 20 inprovenent on gelatin
capsules and typically conprise a tablet coated with a gelatin shell.
Sever al | . kno | es .of gel caps are McNeil Consuner Heal thcare's
acet am no Hgﬂ§§£H§§ﬁggU@PE°§old under the trade nane Tylenol (r). U.S.

Pat entjgNos. 4, 820, Y4ridpy 88&stgdforms,2:t8h 8d@blehs, 3RuledBad Bsl6AR, iown

5, 415, 868; 5, 824, 338; 5,089, 270; 5,213,738; 5, 464,631; 5,795, 588;
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bat chw se “ogieet Capsil®xGrétypiealie maahifastuesttudhONBvoEiety fesiroger dbintd by

i ndependently. Such batch processes_ typically include the unit operations
of granul &inmes 2 segliTag ntp peladn rythatBmpaletinsgat tregnd of the rads Abe gelaph éss)
gel ati;n dinapichd fito B LItEGR11s hd 1R%0d BRI NirleHnacOs HF OEAKNAL BLY . these
procesSes have certal n drawbacks. For exanpl e, ecause these systens are
bat ch prodikdedih epondotnd the twahalves japgiangtthads fenplheyepsules (Shoused in a

separate clean_rqQomthat nust neet EDA standards. Thjs requjires_a
relativel @en?ra%i?%%%ﬁ] -%WSF&:;F&}%H%H@H%%%&O@&&% 0%&6@' }aﬁég%lémery. A
process t kgt WouhA B0 633 928990 PCT/ US02/ 30614 increase and streamline
production rates woul d therefore provide many econom ¢ benefits including
a reduction in the dSietatingfoafeddahletsi menmendyiddown asrpeltabp rodigdeapshareaaceut i cal

20 improvement on gelatin capsules and typically comprise a tablet coated with a gelatin

shell. Several well known examples of gelcaps are McNeil Consumer Healthcare’s
acetaminophen based products sold under the trade name Tylenol®, U.S. Patent Nos.
4,820,524, 5,538,125; 5,228,916; 5,436,026; 5,679,406; 5,415,868; 5,824,338; 5,089,270;
5,213,738; 5,464,631, 5,795,588; 5,511,361, 5,609,010; 5,200,191, 5,459,983; 5,146,730,

25 5,942,034 describe geltabs and gelcaps and methods and apparatuses for making them.
Conventional methods for forming gelcaps are generally performed in a batchwise manner
using a number of stand alone machines operating independently. Such batch processes
typically include the unit operations of granulating, drying, blending, compacting (e.g., in
a tablet press), gelatin dipping or enrobing, drying, and printing.

30 Unfortunately, these processes have certain drawbacks. For example,
because these systems are batch processes, each of the various apparatuses employed is
housed in a separate clean room that must meet FDA standards. This requires a relatively

large amount of capital in terms of both space and machinery. A process that would



products. Cenerally, it would be desirable to create a conti nuous operation
process, as opposed to a batch process, for formation of gel caps and ot her
dosage f owwses/0as950rt her nore, gel di pping and dryi ng oper athcanssoaBes1in
general relatively time consum ng. Thus, a process that sinplifies the

gelatin catlnd ARREANAR. bAaRROhLGH Bhuddd FORESE AN DLIR iRl &l SO
be advant ageous. rren urpnent tor maki hg gef caps ahd geftabs TS
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of size and shape. A nore versatile 10 nethod and apparatus, which could be
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oper ati ng AR PENIDY iBe Wodld IS bd HRGAth SN, and therefore may be used as
a stand al one unit to make certain dosage forns. Alternatively, two or
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a flowable material around said conpressed dosage formjin said thermal
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as a single continuous process.

Summary Of The Invention
In a first embodiment, the invention provides a method of making dosage
25  forms, comprising the steps of: a) compressing a powder into a compressed dosage form in
a compression module; b) transferring said compressed dosage form to a thermal cycle
molding module; c¢) molding a flowable material around said compressed dosage form in
said thermal cycle molding module; and d) hardening said flowable material so as to form
a coating over said compressed dosage form; wherein steps (a) through (d) are linked
30  together such that essentially no interruption occurs between said steps.

The invention also provides a method of making dosage forms, comprising
the steps of: a) compressing a first powder into a compressed dosage form in a first
compression module; b) transferring said compressed dosage form to a thermal cycle
molding module; c) molding a flowable material around said compressed dosage form in
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formto a second conpression nodule; and f) conpressing a second powder
around said coated conpressed dosage formin said second conpression
nodul e t owioousrmswosonpr essed, 5 coated, conpressed dosage framySoabariei n
steps (a) through (f) are linked together such that essentially no

i i J i g he . i furth id
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insert; b)coatisnsfeeshidnontpaésded deapd foim; € tidnefeilg SYEt@ited@ndireged®sliake; C)
nmol ding a flowable material around said insert in said thermal cycle 10
mol di ng oM & 2 ssrend Fompressinm mpduls end ) sompressinaespsord powdasarpend Bidn a
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t oget her suc essent | Interruptfon occurs betwee

The i nwentdoatedfaonigresseg dosagd ésmp whetdiostes (ajrakough @) atodiaged fogesther such
conprising,the steps of. a) formng at |east two inserts; b) transferring
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maki ng doggaoh@igTEvhe QR k@b (d) Mu%lfgﬁ @@ ke HREHEP 509 th&esénfihliyho ' O OF

conprising a plurality of die cavi S disposed around the circunference
t her eof santgURtPNECEEsbetvetnspdatapsa first circular path 3 WO 03/ 028990

PCT/ USGI 30614 by i1 00h 1: 8365188 SR oni b ie R u R 2R 19
the steps of: a) forming an insert; b) transferring said insert to a compression module; c)
compressing a powder around said insert into a compressed dosage form in a compression
module; wherein steps (a) through (c) are linked together such that essentially no
interruption occurs between said steps.

25 The invention also provides a linked apparatus for making dosage forms
containing a medicant, comprising: a) a compression module having means for forming
compressed dosage forms by compressing a powder containing said medicant; b) a transfer
device having means for continuously transferring said compressed dosage forms from
said compression module to a thermal cycle molding module; and c) a thermal cycle

30  molding module having means for continuously molding a coating of flowable material
over said compressed dosage forms.

The invention further provides an apparatus for making dosage formé
containing a medicant, comprising: a) a first rotor comprising a plurality of die cavities

disposed around the circumference thereof so as to be carried around a first circular path
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one punch nounted for displacenent into said die cavity, whereby

di spl acenent of said punch into said die cavity conpresses powder

cont ai nedwion3gagodi e cavity into a conpressed dosage forprar/ino2acaecond
rotor conprising a pl urality of nold cavities 5 disposed around the
circunfer th by
sai d secoﬁggﬁd%&% %gé}é a?é(sﬁtae%ag $@V§dg%| es dfog encdleg%%% aa{tgﬁl east
a porti onon®purhansmites e disphsagent figto snid ride mplgbtvhemby dspkacetnemg of baidabl e
material so as to coat said ortlon“éJ sai d, cg reg ed dosage form

encl osed Byn%ldm%# © CAVIY SPIRIRCNOViler papfaingd n gy feSaV Y 1N} Ansf err i ng
compr essedofiaRaga duds 0%?§%b&hcf1’ofo§%o Blidhe bpiaalid Aesaadayiglor, 10 said
transfer device conpr |ng urality o trans its guided around a
third pat Idi,spesedfa'rmmd tb@cnrwmmfemcsﬂmedaof bn asctobatcarrizel anguiticl secordkeitculart h sai d

first circ r sec on.of sai at bei ng .
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of powder in flow comunication with a die, said die 15 conprising a die
cavi ty t heession of saiflicompeessed disage foon emlowddawsalct wpld Qayltamdd;ﬁi) Agrassfet i on to
said die it cavity.. said
suct i on bartiy s fan e SBRE B U bby® FRFL B Rir Pl R B e at i ng
said fipl t edid rafTeS@dvicPRMERTsig plediity dhitRnsRY tbiys gradel ﬁbuﬂd)mhlrﬂé‘p‘éth’l@ said
powder in said die cavity so as to forma  conpressed dosage formwhile
said filt&pst pgrtiomfaalédhmeaféfbﬁmﬁncoweldm@mﬂh%ﬁtﬁrﬁﬁnﬁv@bpeﬁ 844 @ 82conf

appar at us a) a suction
sour ce; 5’51%°8|°ggg‘§§v. {&Bﬁg%%g%?f‘?ﬁgﬁ% }%%ﬁ%gﬁonggﬁPﬁlﬁﬁm ng said die
cavity in flow comilhe d@tention wisd prosaies a snathiddost fsmmgepnmm]@ss@ fdrmsict i on

source applies suc n.to sail e cavlt and (ij) _.a se part.. for
pl acing s&PBPETRS: @ivfwg ¢ SHPP it PEB R e PR HPicptG @&E@%@ 814 désind _
wher eQy S@(ﬁ)rﬁ%ﬁé G han % %g,ﬁ%ﬁ Abw Ol tiBRVHAY 2 fifler! b éypngnag mcﬁoﬁ@a d die

cavity; ter |s osed between sai d suction source sal d second
port, whesabyicsuagity oo as ® ayppd pedier to Basw dntd |sad¢h@/cztwltyt smdoghos heidgf i | t er

d d h f. t
Form sal aoebiresulde Gobgronar s Hinbe) Rohies snt hebhipatiiagd &
appar at us s4;@didf @k, %dqg%ﬁ@f@ﬁﬁg 698 eRderdf shidldi® cdvi9Bods ROREMRIs CONpPri sing
a) a die table haV|ng plurality of "die cavities therein, said die
cavities bemhpigsseddasegsdorm whileswigifdter isdsndeind theeframs ar ound t he peri net er
of sa di e tabl e; e d e
cavist:2 S flor conpr e;[%ﬁlg%géo%glsggr\?g f‘%‘é?%%ﬁ%?%gé‘g‘#‘gg@gﬁ eg%egrd??gd &n :aach

of said digngpstniprésig: amd s@dtloh@blhleé ;) aldigeadty having (Bacivsoforsfor glachipcent ri c

rows of die cavities for pressing said punches into said die_ 4 WO 03/028990
PCT/ US02/ Sfé gig cavity in flow communication with said suction source, whereby said suction

source applies suction to said die cavity, and (ii) a second port for placing said die cavity
in flow communication with a supply of powder, whereby said suction source assists said
25  powder in flowing into said die cavity; (c) a filter disposed between said suction source
and said second port, whereby suction is applied to said die cavity through said filter; and
(d) a punch for compressing said powder in said die cavity so as to form said compressed
dosage forms.
The invention also provides an apparatus for forming compressed dosage
30 forms from a powder, comprising a) a die table having a plurality of die cavities therein,
said die cavities being arranged in multiple, concentric rows around the perimeter of said
die table; b) punches aligned with and insertable into said die cavities for compressing said
powder into compressed dosage forms in each of said die cavities; and c) rollers aligned
with each of said concentric rows of die cavities for pressing said punches into said die
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cavities, each roller being sized such that the dwell tine under
conpression of all of said punches is equal. The invention also provides a
rotary cowar@agsonm nodule for form ng conpressed dosage frRmeSokBama
powder, conprising a) a single fill zone; b) a single 5 conpression zone;

c) a single .aj 1,0 . d j [,C I dig,. e _having .a pl ity of
die cavit ?‘é@&?%g‘lfheﬁ%l;%f)gﬁgg g’%e(gﬁlﬁié ﬁheag ttha q“ger%g%&\%%f‘ AR i‘r%ggptoggﬁﬁ gk ?aﬁgo sai d
di e cavi t ipascHestis eq@@hpr essi ng sai d powder into conpressed dosage forns in
each of said die cavities; _ wherein the nunber of die cavities in said

nmodul e is greater thdie inyRatign AspirAvifipsi3dptapy coprressqn modale forformiig be

arranged i L i 0, i rek ki lar,die 10
2bi 6 havF aETIRRR Rt R SRR och o R SR B ZBng b SR m ¢ ne
dwel | i meomprbssion congrce s single apictiah kowd, dy acttcylandib esblé Bavemiapluralitg of die

i nvention further provides c ressed.dosage forns nmade froma powder
having a FIVFRRFBIRAES) B Sieef Wfﬁﬁ@%agﬁert?‘?lﬁ gpsaddic eavdirsdout 10 mm
as neasU'E:@t‘ﬁpf@ésiﬁ%%aiﬁlpgwgf(inE@&ﬁnr%é%gd 064288 Ftfnsh BAGAI RGN E BlvidR, I N wei ght

of said conpressed 15"dosage forms being I'ess than about 2% and made using
a |linear wdleran the mumhehof diesavitiesin saldongdula frogreat2sban theseaximWimeinthee of | on

al so provi,des conpressed dosage.for.ms, made fro powde havj.n m.ni num
or 111 Ce diray S 0pa PR e B IEet 7 7 BEe oo anedtBe CraumlemnaS bR Suias g by
the Flipwdewbld Bling tHiRameldddmtér o8 iRndruthr dRMviaplel 81 wherdRitBhEwel tigdivider
conpressed dosage 20 fornms being | ess than about 2% and nade using a

| i near vele@progsign of Al ofipaad penches iseaeal. about 230 cnisec. The invention

al so provi des conpr e f Or B - r . hayi a mni mum
ori i ce di amster of MEQUSBTPREyrebpERidR CFmbls MooP ol 8 By o by
t he Fl owdpswlatavirtgd@emirdhaid oreficstdarakaech fdRmi alliliongreRteriag Bbod 1 0 5@ ts
conpr essed dos%?e 25 fornms being | ess than about 2% and nmade using a

r

li near at MeAREd BY fha Herdyx tet, B relatiug standgsd deviaiipripvecaght of pid comprresesn
al s RE 0V iifeRe SN SRR AR Afut 89 Rnd RS LLREL BnPRYERiry NRMLR G 411 N UM

orifice dra ITrty gréater t as neasured by
t he Fl owdéeast sbetit 23(hemfset.at i ve st andard devi ation in weight of said

conpressed dosage 3Q. fqrnms being | ess than about 1% . and de usin
linear velocity at ting Rysatigy alse pioy Coﬁﬁﬁﬁfedég’éagﬁﬁo%%m%goﬁnrﬂﬂg’t"?%n

al so pri Oﬁsﬂﬁg 2 SARRhGS $eficd Bﬁxﬁ&%rt)@ﬂaﬁaﬁiﬁﬁg ch &P Ran SOWIEY MmN AGhsarddl Ni MUM
orifice dianeter of flowablility greater than about 10 mmas neasured by

t he Fl owdby thedddowdeh éest, dheatelative stardadd deviateon iatweightiaf seidicgtmpras$edsduiselge
conpregs egon5ns being less than about 2%, and made using a linear velocity at the die of at least
about 230 cm/sec.

The invention also provides compressed dosage forms made from a powder
having a minimum orifice diameter of flowablility greater than about 25 mm as measured
by the Flowdex test, the relative standard deviation in weight of said compressed dosage

25  forms being less than about 2%, and made using a linear at the die velocity of at least
about 230 cm/sec.

The invention also provides compressed dosage forms made from a powder
having a minimum orifice diameter of flowablility greater than about 10 mm as measured
by the Flowdex test, the relative standard deviation in weight of said compressed dosage

30  forms being less than about 1%, and made using a linear velocity at the die of at least
about 230 cm/sec.

The invention also priovides compressed dosage forms made from a
powder having a minimum orifice diameter of flowablility greater than about 10 mm as
measured by the Flowdex test, the relative standard deviation in weight of said compressed
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WO 03/ 028990 PCT/ US02/ 30614 dosage forns being | ess than about 2% and

made using a linear velocity at the die of at |east about 115 cm sec. The
i nvent i onwa sm2gmovi des conpressed dosage fornms made fromrCTposedsesi4 havi ng
an average particle size of about 50 to about 150 m crons and containing at

dev at § on PRerdDgRT aFE lar ot Eholh 226 anfBE R0 Jirid SR Y B RO Lo

1 % The il¢nsesibouonl fkssepr ovi des conpressed dosage fornms containing at

| east about 85 percent. by _vvei‘ght of a nmedi cant _and bei ng substantially
free of water sol ubl’Ehe ipwinyinnpise PEYVidrRs compraseed dasags fpams iade om apewveari on
|n wel ght 1alingahtyeAIPHAHRRAIATANG. 500 hOGIIE sHEBONL ERPodiRfing ROl 2% The
i nvention al s8 provideS conpressed dosage forns contal ning at freas about
85 per éentabimyt Sheieydent by waight df caedicantdthbeélatvesstixsiaahddvadtion ih metzho bf wad er
soluble polyneric binders, the relative standard deviation in weight of
sai d conpi@ %S@g‘%‘% CFWFh@n%éqsﬁH‘apéE%utter{gn. about 1% 15 The invention

al so provides conpregRqavd@sAIRo hRIVIR:s cORHRIsHd s efoﬁﬁ%ontﬁg&gtat fasper cent
by weight of a nedicant selected fromthe group consisting o

acet am nopheut,85ideugemd b weight af binpdicfimrand beingprbdtaniallpdpe o water doloblef enac,

aspirin, eudo .ephedrj ne, phen r,apanol am ne, . chl or.pheni ranm ne nal eat e,
dext r onet ﬁgfyﬁqﬁlﬁ ,blg(lgﬁrfjﬁfé%ﬁ%&gﬁﬁaﬁ@d ggﬁﬁ??‘ﬂi“ﬂ‘@?gﬁn SPLEPBRTesF LSRR ne,

ci net idi n%n@sje@ﬁg'kgg ®an bssdtemadi ne, 20 fexof enadi ne, | orat adi ne,
cetirizine, antacids, mxtures thereof and pharnmaceutically acceptable
salts thereof, and bdierigventips elampravidey cpmpeesedd dasage fosos ebitaininglay kaesl c

bi nder s, I ' |ati j ,ght .0f. _sai sed
dosage t of peStsEhsBlent By WoARER! £ Ah O Belid bty e B VRS TLER

conpr essegobasrighihdirsBhcRtiat Baidhrd UevigiG! in WS glatladehid@ompesss@indoshye wei ght
of a nedi cant and bei ng substganti ally free of hydrated polyners, the

rel ative $osPsing gesihan abaitilte- wei ght of sai d conpressed dosage forms being
| ess t,han about 2% I AV ' L ' - rms
cont ailgi ng at | east Tﬂaéggt%ﬁﬁglga%gﬁ{:ﬁ\%glggﬁl%%sgﬁtsdog?ég;forﬁrﬁe%?(gg%?ﬁlg%gl%%i ng
subst ant i abowt 85rpeecenf bhydight efth B6dipaitpetectsd fiohethe @ratpi coasistirnafar d devi at i on
in weight of said conpressed,dosage forns bein | ess .t han abaqut 1% The

| vent | on TSR IPBTT AB O B ESBRUC SR P B e A Mo 2P Tast | about
85 per cenbsdio¥ficdithe, PheRyl hlﬁﬁé}hin%,eé}ﬁ&&)ﬁ&ifa&rﬁﬁk IR afl, QMR oRRRRIrShd)g Of

acet am nophen, i buprofen,” Tl urbiprofen, ketoprofen, naproxen, dicl of enac,
aspi rin, diphenhydramine, famotidine, loperamide, ranitidine, cimetidine, astemizole, terfenadine,

20  fexofenadine, loratadine, cetirizine, antacids, mixtures thereof and pharmaceutically
acceptable salts thereof, and being substantially free of water soluble polymeric binders,
the relative standard deviation in weight of said compressed dosage forms being less than
about 2%.

The invention also provides compressed dosage forms containing at least

25  about 85 percent by weight of a medicant and being substantially free of hydrated
polymers, the relative standard deviation in weight of said compressed dosage forms being
less than about 2%. |

The invention also provides compressed dosage forms containing at least
about 85 percent by weight of a medicant and being substantially free of hydrated

30  polymers, the relative standard deviation in weight of said compressed dosage forms being
less than about 1%.

The invention also provides compressed dosage fonﬁs containing at least
about 85 percent by weight of a medicant selected from the group consisting of

acetaminophen, ibuprofen, flurbiprofen, ketoprofen, naproxen, diclofenac, aspirin,
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6 WO 03/028990 PCT/ US02/ 30614 pseudoephedrine, phenyl propanol am ne,

chl or pheni ram ne nal eate, dextronethorphan, diphenhydram ne, fanotidine,

| oper am dw0 3an8wd di ne, cinetidine, astem zol e, terfenadi mEgT/USRBEf1@Nnadi ne,
| orat adi ne, cetirizine, antacids, mxtures thereof and pharmaceutically
accept abl &,ss@#HJeShid}slce 198 [ f f | ymers,
the rel at ?p\{se 5 ?t adr%ggf gﬁeélg@?oé{g ?glﬁg?%éﬂpmglpgﬂ#hg@ﬁsﬁgilﬁdﬁ %a(g%f)lf g%g{égthglg)g glge forns
bei ng | esdipleahydiaotite, Z8motidiiee lapeveanitie,annisilme, gnetiditesastenieslbadr-fefadimki ng a
dosage forgm containin a first. medicant, .which conprises a) injecting

t hr ough a fg]’éozt%laéﬁ & B REABECeliEFig: AtacidsoMigires Mypreodiand pharsiacatiplEnt into a
mol d cavi taeeitile BalihAEEENNDeRB] sAbthvAb! e MrhSiaal polyth&s,ah dosage
form having a shape _substa_r?ti glﬁl?y t he sa?e gs tﬁeam)lpg }J(I:l%vf’t yé.%l%ﬁghe

i nvent Son standeidddayiadiondn Wetghbof sarkeampressad ddege dosmdeirfgdess thir atout 2%npr i ses

a) heating a flowablg material; b) i.njecti sai d, fl owabl e terial .through
an orifice into a n’gliledngg%opﬂsoa)ﬁ%w%%s %‘Fg?tglgﬂpﬁﬁlag%d‘%??ﬁﬁa%}% CON AR, |
into a nolge Besieee, whithFohpMidla) djsdtiapehsubs b abilah A¥whbR nsAsmalas the

nol d cavity; wherein said hardening step (c) conprises cooling said

f1 owabl e rFeR@IIBE sHA dirsimeadidant igte aimalsd wpvimandyb)ihgrdeniagsaid ficsvabld weatetial sai d

fl owabl e ol T e i i
Al S0 pr ovi goepoRkd AReE Rt A SRof B ARRT enS of s b R of: &)

encl osiong at | east allpdntvémion pfoviddsd methed baieking aandiddddsayd foym Which
injecting a f| owag:ge,mat erial into said nold cavity so as to coat at |east
a porti on COMPESTRINGAELS Rilewallp mateiad; d) inieciEng seiddaveablematezigbthroughandeni ng
said fl owabise. .k rd i NG . ril of

ol d substy g Tk el AR e AR i HBHa e heRlial GRS H SRIRRIAMEE, 00
one fl| owalfben haeng rishipetsobstargialiy theatamehatharmold cavityambrsiacaidchapieningons
conpri si ng; sking.said first ortion af said substrate; exposin aid
second po?’ﬁp ?%nlgnﬁ%pgplgg\;p@ﬁo%%}eel&@ﬁgl "é’ai"gher?l}lé%é&l e\ i QPgtSit 0
sai d 56CORGiOPRS ddi®hjecting s ﬁﬁﬁ%ﬁ%gofééﬁﬁdﬁéQA’i;@ﬁihﬂeilﬁB%‘éfe?%)_.0” said 25

second portion of said substrate. The invention al so provides a nmethod of
appl yi ng at | east onkhefinvantiph elso pegvadesalmetbodofedating asebstrate, ogupiisisg thand

second portions conpri.sing. exposing.sai.d first. portion to.a.first nold

cavity: |1 RoRgpr ) alpaty Mol BORGAr A St R edfios By Btz s

har deni ng floaiablld hateebl igtonmaidanbldlcadity Shastolcbhisdt 140 d poRbr Sad gibswhist r at e;
retaining said first 30 portion in said first nold cavity. The invention

provi des &Hetaitboweble swfarial and shibardering saul flwrblegnaterid to Suponeatinp el e
bt o, o SO0 e, ) e 0% 00 11Ty perlyon of saLs
into said first nol d’he invention also provides a method of applying at least one flowable
material to a substrate having first and second portions comprising: masking said first
portion of said substrate; exposing said second portion to a mold cavity; injecting said
flowable material onto said second portion; and hardening said flowable material on said
25  second portion of said substrate.

The invention also provides a method of applying at least one flowable
material to a substrate having first and second portions comprising: exposing said first
portion to a first mold cavity; injecting said flowable material onto said first portion;
hardening said flowable material on said first portion of said substrate; retaining said first

30  portion in said first mold cavity.

The invention provides a method of coating a substrate with first and
second flowable materials, comprising the steps of: a) enclosing a first portion of said
substrate in a first mold cavity; b) injecting a first flowable material into said first mold

cavity so as to coat said first portion with said first flowable material; c) hardening said
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cavity so as to coat said first portion with said first flowable material;
c) hardening said 7 WO 03/028990 PCT/US02/ 30614 first flowable nmaterial to
forma cowtaosg2ser said first portion; d) enclosing a se@®amdusopoodiidon of
said substrate in a second nold cavity; e) injecting a second fl owabl e

substrate in | cavity: ¢) _ | ovabl
wth sai o SR REERLE OB de6THd el &t BafiRR P QefuP BEERRRT | e o

material tporficr of @idcaskiritg iy scosdind]deas @9 08)dnjedtidg Dfecodd Howie Atdt&inl
provi des an apparatus for nplding substrates conprising a plurality of

g )
mol d cavi tesaldsseepndmol iy 89a3igvpaigakisecardportpn withisaidescaond ¢sing
an orifi : i Walogl} .\Q@Tl%jn ' : ' - i1y, qsaid
orifice bgﬁﬁé&%’a?ﬁ){)é@fﬁ gsgﬁva vgf{%%!dhlgl%telhgl t?? %&éggé%%l%go\é’lgﬁt %/aln%n forns
part of saecbndnioetioral surface. 10 The invention al so provides an apparatus

for mol ding substrates .conprisin a plurality of pold cavities, a heat
source, a heat si nk,ﬁ?ﬂ&v IPBHB&?%@PQPB@F\W@{T@%ﬁ%rﬁubﬁt%?scfop&%ggé‘t ure
control  SyshemyCSTHS1HShifed cdARhAE c3Vis BiAY épﬂéé%ﬂﬂe Bl cbﬁ?ﬁ"g‘in% anT0! d
cavities and connected to said heat source and sai eat sink for

ci rcul at i mgifigefor delivariag Bowdlleindterial wughl maldtahidptsasiowifve betngmoatefhie saihd

heat sink, .and .proxjima o said.nold 15 cavit.i,e such.that said nold
cavities r?ﬁ’fp‘i?etp%tglﬁt lélc}ltsacflu e@B%ﬁlté?fl §8F‘g o}igaép St?%fil]ssfléf?c‘?'l uid. The
i nventipon al so pr oviTifSinfenfiog als6 pfitade Bhfa@pardtufBbth HldindRRBE A& Soomprising

conprising a nozzle and an ejector neans, said nozzle surroundi ng and being
concent ri @ Plyjplity efaneldspeities p hastsavrce rhiseat sinknaridartemporaiude sontrol apsiemat us

for coating - i.sing. a).a mold.cavity for
encl os; ng ¢ BGERTE fodill S8n) O5Bsin 0 BNl Ban @t Blint M )
neans for niolf estitiegaRi donovwadd t© saidtiRel dlurdenind saidi idareidios aitilytidgdhdapat at

| east said firsf portion aqf said co%r essed dosage formw th saird flowabl e

mat eri al ; ERAYerciluidiaronah said heal soppe.iprough gad hesisbike andhproximag! ta spidmald form
a coatykng Q¥fks, dhct @ﬁ%aicgﬁbﬂl dab St ma (B'éth'e?t@dﬁfil&g HAWY Ead R 995 %lfuﬂr m 25
The invention also provides an apparatus for coatl ng a conpressed dosage
form having a first Thenbventiomaldo arevéies mchopre syem faanablditgigppamiusa nol d
cavity for _encl osi ng sai&l first portion, of iai d conpressed dosage form b)
a nozzl e FBMPIHPEEMOAFC AN i GGRBY RS 1T BPZ4lq Fpruaiipe 3Bf Jeug PRI coat
sai d firstyifOhtd §B8ctBf meaisd conpressed dosage formwith said flowable
material; c) a tenperature control system capable of heating and 30 cooling
said nol d cavity; ardedyveatiorpreyidgsen pppacaiis i chaingswalnrenged dosdgs Guomsd
P oo & okomBALa PIRESRTERLIRP 898 0L I8 b i Poftich! Ir3biaRhipr e’ 521 ¢
dosage form; b) means for injecting a flowable material into said mold cavity to coat at

p—

least said first portion of said compressed dosage form with said flowable material; and c)
means for hardening said flowable material so as to form a coating over at least said first
portion said compressed dosage form.

25 The invention also provides an apparatus for coating a compressed dosage
form having a first portion and a second portion, comprising: a) a mold cavity for
enclosing said first portion of said compressed dosage form; b) a nozzle for injecting a
flowable material into said mold cavity to coat said first portion of said compressed dosage
form with said flowable material; ¢) a temperature control system capable of heating and

30 cooling said mold cavity; and d) an elastomeric collet for sealing said second portion of
said compressed dosage form while said first portion of said compressed dosage form is
being coated.

The invention also provides a molding module for molding coatings onto
compressed dosage forms, comprising a rotor capable of rotating about a central axis and a
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The invention al so provides a nolding nodule for nolding coatings onto
conpressed dosage forns, conprising a rotor capable of rotating about a
central awicso3angbsa 8 WO 03/ 028990 PCT/ US02/ 30614 pl ur al iror/wdo2sediad units
nount ed thereon, each nold unit conprising: a) a nold cavity for enclosing

at least a_first portion of said conpressed.dosage f.orni_.\h) far

i nj ecting PQHaIFtD’deélB‘?lé URHE BPPgP &ﬁfe(?ns%ﬁcg Wr@fl&‘@&gfn%’{}s’{l%- a(?(%é{l g@? g?lt ag)tr sai d
first porthoB ia; AP Rh8 CORPPRESESE satlDsRGRedsed Bbsict forf bjinfcbmyablgedaier i al ;
and c) means ?o hardening said flowable 5 material so as to forma coating
over at | dmstableaindtefipkinto spistmpldreasiay th eoshplleass said dex agaionfafspd cpppressed

[ ti I i . |, di mdul | d
tor m havi Ao PPa B VAR AERE g o Bpe R Ml QIESRARE, loseo®

capabl ¢ Ofpaté@i13biaB e fRRAUL coatiteidrat leastisaidaret gorpbisaid cdmuprebsetaloshgeni t s
nmount ed thereon, each nold unit 10 conprising: a) a nold cavity for

encl osi ng fem.d first portion of said conpressed dosage form b) a nozzle
for injecting a flo | . ter i Lk AV i first
portion of said con\éflgeslg\é%l‘?l g%%g@#@?%avs\’? %’ ﬁhﬂsggﬁhgd@?g%&bs?%&ni%%?%%egc) a

t enper at urd@sagedimh blavidy atfesnpoatipabing aofechrebpdrtign,anthpisiok iamgtos adbirodfd
cavity; and d) an elastonerjc _col/l elt, fC%J’ égal in sat;eg second port.i.on. of
sai d conprettibg by agend s pluality gfimld vpys %8?“? egons g3 Bt s ed
dosage of ordg 4 gl.Qpaﬁl%ﬁf&@yf&%nbﬂgﬁgtsbi‘a_rﬁr@&ﬂﬁ&{ MeafieoniftedpPassagys for
coating conpressed ‘dosage %or ms, conprising: a) a | ower retainer

conpri si ngfomnyd)ur mizzteyfoninjectihg e flomablemoaserial etoshid; mefyl casityciornoat sapbiiest

assenbly conprising first and second gr.pu f ipsert .asse i unt ed

on opposi RGPS Qe Eb T Fha P R B AR b R
group al i qRefoMivkRn?OapabR of Acdting 288 RoSinSRAITme daeit$; andal) dn leis@metiet ai ner
and said center 'nold assenbly nounted for relative nmpovenent so as to bring

sai d fi r stcofjeiofiop seringseidrsecand pertisin ef saidrospsergedydorasr oy Whilesstibiigsh) | et s:

c) an upper npol d.assenbly c¢ risikng . roi rt assenblies nounted
thereild, oEHOHeEsald ¢P sésfgl%n)sgg? Orglsl;g%%ﬁ'lgicggé% igned with and facing one
of said insert assenidineéntidh aaipdodeaamchppanus, fosaiating ppepressEddioazenbl y
and said center nold assenbly 25 nmounted for rel ative {irovemant sx%) as 1o
bring sai douppepMPRSEEt 3)s QB RbICIABRCTCATPTISEE GRANURBHIOTRPYHS LIRS LATRE: @r oup
of insert aage%?er}%dlggése%gf‘c&ﬂ PRI s SR PerBRS S iflert asSRSbIRL foubtddSt
passage placing sard supply © [owabl'e materTal” in flow comunication with
sai d firstorspposiegaittts giepeo, cath bhisad insers sesetibliesof sanidfiat grabw eligneduitior
assenbly for caontrolling the flow of said flowable material to,said first
and seondngratips oBf of ??é%?‘tqletssﬁﬁl éoé’ié‘?’fﬁ? ST a’ﬁﬁ%“i PR 0¢) asge lypl?l8%t8%s a
dosage forgy CONRF AbMEndat SHASHHRNE shid\irfer8fh of insert assemblies into engagement

with said collets; ¢) an upper mold assembly comprising upper insert assemblies mounted

v

therein, each of said upper insert assemblies aligned with and facing one of said insert
assemblies of said second group, said upper mold assembly and said center mold assembly
25 mounted for relative movement so as to bring said upper insert assemblies into
engagement with said second group of insert assemblies; d) a supply of flowable material;
and e) a first passage placing said supply of flowable material in flow communication with
said first and second group of insert assemblies, and a valve actuator assembly for
controlling the flow of said flowable material to said first and second groups of insert
30  assemblies.
The invention also provides a dosage form comprising a substrate having an
injection molded coating surrounding at least a portion of the substrate.
The invention also provides a dosage form comprising a substrate having a

thermal cycle molded material disposed on at least a portion of the substrate.
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i njection nolded coating surrounding at |east a portion of the substrate.
The invention al so provides a dosage form conprising a substrate having a
t hermal cwad @/medoded naterial di sposed on at | east a port ir@T/WS02B064
substrate. 9 WO 03/028990 PCT/US02/30614 The invention also provides a
dosage form conprising.a substrate havi a coating thereon,, sakd .coating
having a thickness &hCHISHio RIGV %ﬁBg%@ﬁg‘?ﬁrb?%ﬁ@?sqghaesu%%?tggl g\zllglg%
standard deyiat 90, RaitiRbakiiassingfa hikAeE@7tbAE 106kd'8bduess0 iniadns3&ié ;
wherein sg(faéhgté%éa%??ﬂﬁgall s subst ar?t%i ally free of humectants. 5 The invention
al so pr ovielitiveataidsagieviatipmicihiginessiofgaid coatingheinglessifam30%c athorjn sddr eon,
said coatin hav%’ﬁg a,%&/gkne S ofta out 100 to about 400 m crons, wherein
t he rel at PRAAMELY t1 %9 %'4H ckness of said dosage formis not

more than about 0. 3§%anvepiish MLHRivIdes 8iddspe Foin Gorhrisinghs tablet havihy af r ee of
humectants. The invention al so provides an apparatus for transferring

subst r at esodtingthereor, Gaidi cogting hwang othickness of @peytd 00 b al1quH AY0 BBFHBRYsi ng: a) a
fl exi bl e conveyj.n ans; . r-alqi: It o said
conveyi ng R daR Y R foriioHi tibhe® of LA RSRE: B sEn IO Tl

subst r at egpof ). 3% amd WAsKindeid dobfige B spbBstinthily fieenf hamdcthitsst and  second

| ocations; and d) nmeans for driving said conveying neans al g%saijgd cam
track. The inventi offbglirssntemylepLe vides ap BBRAYS for SrRnsPIRESSIPSIATE LUB&t r at es

from 15 first. ope [ LS| A aglapteed to carry
sai d z%bs?f%boec %lg?gou%gécgﬂgh%?tg%’ g?@gﬁ?ggs%g%&%%é g&gvgg%%gﬁ?péragt ing nodul e
CQWDF: Si ngh??]l?@@@ﬁgnifeﬁmﬁtstmlﬂteddoEqid@anvqyin%mbgilglsmtra@f@y_néﬁ beirg a second
clrcular pa sal apparatus co rrsin exil e nveyl n

[t aver of ngmablapip A Rd gursey Qoo rdeaiing ami SR SeRE A
coi nci den eco\é}hﬁ&taﬁogsofah& ﬁgm%ns. f@rix‘;ih% §£i_dt<élﬁﬁ@lsﬁrﬁgrmws hloaRGaid cagcieatt. porti on

of said thirtd pa éing 20 coincident w a portion of said second
circular path. The iThedmtantion alse prqyidesiadeppaiatie fordensisringubsigptenoher t |

Conbr 151 ngirs e pa o poRerishis et S A REEL T ST Bl & el © Torm
chamber h @f% R -chlap Pﬁtﬁ% 2R3con@bpsthfivg MEdsiRicempsitiap hissgndaber addptaitoasriryo

forma solid I nser aving the shape of said nol ding chanbeﬁ; ﬁg and c)

ej ecting saiddubststes drowsa sebonshaiesaiad PA) e aPRAFHADEITPIFRE 21 F18&i d st eps
occur during rotation of sai | di n : a8l i®nt The
hvent i on cROVIRE AR R R LR S B Al o e PpAERLAR oty

materi al i 4 puradhf kAa Frst RO (it gada soondbotiipn of said didwpte heinper s and a
plurality of nozzles aligned with said {;D| di ng chanbers, said nol ding
chanbéps’ sathcilentiwith 210820m3% A FREUY FiTUET Plor capabl e of rotation about a

central axis, said nﬂﬁh@&lﬁ%ﬁ Li3g p%\ﬁ@ésaaclﬁ@tﬁb@ for making an insert, comprising the

steps of: a) injecting a starting material in flowable form comprising a medicant and a

thermal setting material into a molding chamber having a shape; b) solidifying said
starting material so as to form a solid insert having the shape of said molding chamber;

25  and c) ejecting said solid insert from said molding chamber, wherein said steps occur
during rotation of said molding chambers about a central axis.

The invention provides an apparatus for molding substrates from a starting
material in flowable form, comprising a plurality of molding chambers and a plurality of
nozzles aligned with said molding chambers, said molding chambers and said nozzles

30  mounted on a rotor capable of rotation about a central axis, said nozzles being displaceable

in a direction parallel to said central axis, such that as said rotor rotates, said nozzles

engage and disengage said molding chambers.
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in adirection parallel to said central axis, such that as said rotor
rotates, said nozzles engage and di sengage said nol di ng chanbers. 10 WD
03/ 028990WeB/080R/ 30614 The invention al so provi des a dae<agesokooant
conprising a nedicant, said dosage form prepared by nolding a fl owabl e

material, said dosage form haying ng nore than one axi met.ry.:-and bein
substantially free &SEFWF%“ %)CI%QVI%e%a Bpasy %%ogl?p&%fﬁi(%ia %1%5&]{3%&, %rlgvm ngs ]
Figures 1 § fldRaB@endtaidIEsaitbdifagcoomndianggtno hére

i nventi on®%ggﬂ°}§‘%%]§%r€d§%§§%ﬁ% art of an enbodi rrentgef)f t he rregt hod of the

i nvent i onthan Bnguaxis sgmirstry apd heing sewtengigly fige vipide defadti c, of a systemfor
manuf acturing 10 dosage forns according to the invention. Figure 4 is an
el evational view of the systemshown in Figure 3. Figure 5is a three

di mens§ ongljey pDRYrHtich SR DRaRIMR nodul e and transfer device according to
the invention. Figure 6 is top view of a partion_of the conpressian nodul e
shown in 15 Fi gur e Figuresilgyussl 1B gesxamplesiof dpsaen fyms spadderas rg’f“gzﬂgtbe‘nes of a
conpr essi on npdule during a revolution of the conpression nodule. Figure 8
depi cts t HE*PAth of another row of punches of the compression nodule
during a revol uti onFpfuré hés e chasoDm embediment2d the yethed 9f the iaveygieni al

cross-section of a conpressiaon npdul e dyri 0 ession. Figure 10 is a
cross-section taken H#rodgd PlanglcroPg2 ?S@%&?ﬁ&@a Syﬁﬁe_ahf}’émf%u‘fa_%“‘%“gg
cr Ossi&echbﬁ%etf@ﬁ%hrhc&%fdﬂféqgtﬂe'iH@eani%h.ll_ of Figure 10. Figure 12 is an

view Oof the di

enl ar ged e cavity area circled in Figure 11. 25 Figure 12A
shows anot her enbodiRigmt 4 i ancelehiationalwitw obtheshigemshpve ssFi@dre hodul e. Figure

13 is atop viewof the fill_zone of .the conpfessian ' 14 is

a cross-sectional viFé%‘r%% 159 %?etcﬁﬁlﬁn%?mﬁﬁée“fnﬁ % cozop(r)lrgss(i;gﬁ1 dlltﬂh@ﬂe 8%%%%5% on

modul e. 39?5{;99&%&@%&&}1&%9@&1Secti on taken through line 15-15 of Figure
Is a vl

6. Figure w taken al ong an arc of the corr_press({' ?n nodul e during
conpr essi on. Figure 6 is top view of a portion of the compression module shown 1n

15  Figure 5.
Figure 7 depicts the path of one row of punches of a compression module

during a revolution of the compression module.
Figure 8 depicts the path of another row of punches of the compression
module during a revolution of the compression module.
20 Figure 9 is a partial cross-section of a compression module during
compression.
Figure 10 is a cross-section taken through line 10-10 of Figure 9.
Figure 11 is a cross-section taken through line 11-11 of Figure 10.
Figure 12 is an enlarged view of the die cavity area circled in Figure 11.
25 Figure 12A shows another embodiment of a die cavity of the compression
module.
Figure 13 is a top view of the fill zone of the compression module.
Figure 14 is a cross-sectional view of a portion of the fill zone of the
compression module.
30 Figure 15 is a cross section taken through line 15-15 of Figure 6.
Figure 16 is a view taken along an arc of the compression module during
compression.
Figures 17A-C illustrate one embodiment of a “C” frame for the
compression rollers.
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Figures 17A-Cillustrate one enbodinent of a "C' frame for the conpression
rollers. 11 WD 03/028990 PCT/ US02/ 30614 Figures 18A-C illustrate another
enbodi menwoof3/asdveC' frane for the conpression rollers. Firgures2/3@A4C
illustrate a preferred enbodi nment of a"C" frame for the conpression
rollers. 5 Figure 20 PcYy t he pu zone. and, the fil] zone of

t he corrpress?on rrodgf%re%r—l%gu(rje h%\ff H’cefgglég(?g]@fl?%frf‘ 'E‘tgké'?lm?lﬁ?rd{]@h line
21-21 of Feagupesénrolletsgure 22 is a cross-section taken through |ine 22-22

of Figure 20. Figure 23 illustrates an enbodi nent of a powder recovery
system f or the 10 coRiuEsdPnC pbusinate a mefpuicd embodisnaat of <67 Seueifortht aken
al ong |'i necifnéit rdmegure 23. Figure 25 shows an alternative enbodi nent of

a powder recovery system for the conpression nodule. Figures 26A-C
il lustrate one enmbodFigere20uk adop hiewnal the yaige zomd Midnle fillzop®eeihe accor di ng

to the inventi on |n whi.ch dosage forns per se are made. Figures 27A-C

i |l ustrat e“ENE ‘?—5’%‘8& ment of a thermal cycle nolding m)dule in which a
coating is appli ed t PighreStI8 bicBds-sedil it ﬁl% eferred
enbodi ment of a ther rnalga cycl eC Sel ng nodu gl‘?hl\}\%]bf'%ﬁ |g% is applied

to a substrate. 20 FFlgureeZZZSa|csosa-se¢troaetalohnrth1mgknhad: ZQ/-QEWf(FigLEeR(bler mal cycle
nmol di ng nodul e accogdi n i nvention. Figure 30 depicts a serjes of
center nold assenbl i e¥%° %%ﬂlflﬁ@:f @é]%ﬂd e’%?lfglpﬂﬁ ‘?F(f@’ﬁﬂvé’ryﬁfséfm frghe j s a
Cross- E)ectwmprt:,@k@ﬂna&g@g line 31-31 of Figure 30. 25 Figures 32-35 depict

t he opening, rotati on and closing of the center nold assenbly with the
| ower retainer and ubigsic 24gs d cepsssegiion talEnglongdig @4edddo Tl game 3.

modui e, Figure 38 anie4s 2eu8YEhn Sb R Gentodnél BLRRpreSUE Y SR ouer
retai ner. foBtheRogipressa nsddofes a preferred cam systemfor the center nold
assembly of the t helglgnpl?rles rZT(I)')zlx-d(li Hﬁlstrggtg %lng embodiment of a thermal cycle moldin
Y g
15 module according to the invention in which dosage forms per se are made.
Figures 27A-C illustrate another embodiment of a thermal cycle molding
module in which a coating is applied to a substrate.
Figures 28 A-C illustrate a preferred embodiment of a thermal cycle
molding module in which a coating is applied to a substrate.
20 Figure 29 is a three dimensional view of a thermal cycle molding module
according to the invention.
Figure 30 depicts a series of center mold assemblies in a thermal cycle
molding module.
Figure 31 is a cross-section taken along line 31-31 of Figure 30.
25 Figures 32-35 depict the opening, rotation and closing of the center mold
assembly with the lower retainer and upper mold assembly.
Figures 36 and 37 are cross-sectional views of a lower retainer of a thermal
cycle molding module.
Figure 38 and 39 are top views of an elastomeric collet of a lower retainer.
30 Figure 40 shows a preferred cam system for the center mold assembly of

the thermal molding module.

Figure 41 is a cross-section of the center mold assembly showing one

embodiment of a valve actuator assembly therefor.
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Figure 41 is a cross-section of the center nold assenbly show ng one
enbodi nent of a val ve actuator assenbly therefor. 12 WO 03/028990

PCT/ US02/ e@omd28Bdgure 42 is a cross-section of the centerramish2asdenbl y
showi ng one enbodi nent of an air actuator assenbly therefor. Figures 43
and 46 are cross-sectd.on vi ews of ortion of the center nold assenbly
showi ng first and segéélag%‘r%]ﬁiaf%f)%f"sﬁf@‘?lggf&gC?‘?tEﬁ}P AFSGULOIY shQVgieg 08 ct i on
taken al ongmbbdienchdofih aif adhen Sschbly thrgere 45 is a cross-section taken
along line 45-45 of Figure 43. Figure 47 is a cross-section taken al ong
line 47-47 of Fi gur e FiBresf3pnddld argomes-secsionslyiewvsafatriation ofthewsntef mald
preferred pnoz : .ol ssenbly. 10 Figure 51 is a
cross-sect ?onéﬁ%%v%&/&g‘gﬁ%%mﬁdpsﬁgﬁmn%%&@g gﬁ%ﬁ'y of the thermal cycle

nol di ngs modul e showi Fgguze ¢hinasyrsdsesaetidiefaRed alofiy Gkl £5453f Brbusd £3.
cross-sectional view of the upper nold assenbly and the center nold
assermbly of the ther REUEITISE Gpisderidomislen donglingde45 96Fwme 45 i | | ustrat e

one enbodi nent of a Ff‘éﬁp@ﬁﬁfs%rcﬁos%%@&‘i&ltajtqége}l&¥ -qupj_%?%g%egu%eh%g mal cycle

nol di ng nodul e. Figures 57-5 epi ct ano odi nen enperature
control system for FlpurdsH@ritedre cyosb-scativhali vigwsothipreferfedgiobs sfflem 62aShow a
preferred enbodi nent of .the tenperature control systemfor the thermal

cycl e nol dfﬁf}gerr%%glaés.e%ﬁ gures 63-65 illustrate a rotary pinch val ve

systemaui tabl e for pgfnd 91 iSherokAERRIAL LR HARLHA: SYRLEERy it her m!

cycle nolding nodule. Figure 68 is a top view o transter device
accor di ng themHeyrisvesidingmoduly showing®cirs spstem dissefect | on t aken al ong |ine

69- 69 of Figure 68. i qur, 70-74 illustrate a.preferred enbodi ment of a
transfer unit of a ]2:@“% gggzsﬁearreg@ﬁ'ﬁ%cl{llgﬂ%lé’rl?ﬁ’ﬂg&f’blpf’ﬂén? SRR angthgur e
75 is a crasteraeultiasinbakenhetengal dyoR nfSld#z Méddié. gure 68. Figure 76 shows
a transfer device accordi ng to the invention transferring an insert froma

thermal setting nol dFiggresdaand 56 dlustratsranesadiodimend afik temRrafureeofiol s a t op
view ofs; a ¢ kﬁ{fo?ﬂ?éﬁhéﬁa?ﬁg;r&%nﬁ?déhgﬁ}oﬁﬁf@ ding to the 30 invention. Figure
of a rota

78 is cross-sectional vie Ironal transfer device according to
Figures 57-59 depict another embodiment of a temperature control system

for the thermal cycle molding module.
Figures 60 —62 show a preferred embodiment of the temperature control
system for the thermal cycle molding module.
20 Figures 63-65 illustrate a rotary pinch valve system suitable for use in the
temperature control system of the thermal cycle molding module.
Figure 68 is a top view of a transfer device according to the invention.
Figure 69 is a cross-section taken along line 69-69 of Figure 68.
Figures 70-74 illustrate a preferred embodiment of a transfer unit of a
25  transfer device according to the invention.
Figure 75 is a cross-section taken along line 75-75 of Figure 68.
Figure 76 shows a transfer device according to the invention transferring an
insert from a thermal setting molding module to a compression module.
Figure 77 is a top view of a rotational transfer device according to the

30  invention.

Figure 78 is cross-sectional view of a rotational transfer device according to

the invention.
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the invention. 13 WD 03/028990 PCT/ US02/30614 Figure 79 depicts transfer
of conpressed dosage forns froma conpression nodule to a thermal cycle
nol di ng maauia@2sd9a a rotational transfer device accordi ng RCT/USVR/30614

i nvention. Fi gure 80 is a further cross-sectional view of a rotati onal

transfer device ccor to the i nvention ur te
operation of a rot at F%‘ﬁ%l% ng&ﬁt§ frapsige 0(9511’5%55%4(5‘? %%e Fotngs e ?ﬁé/e%#?%%é
Figures 8 iie'g%,atﬁ%aﬁ HR1ORINENS AR VNG r¥itidnbDidri fer At Bice 8ddordiag tb th8 1D,
respectively. Figure 82 1s a side view of a thermal setting nolding nodul e
accor di ngitventidf). t he i nvention. Figure 82A is a cross-section taken al ong
line A-A of Figure . F' ure f r .l ag

nol di ng nodul e accoﬁgdg‘“ﬁ& fuﬁtg‘eﬁ ?{\995 {%Cgﬁﬁalﬁle%%@%qogﬁaﬁs egraé‘gﬂr:ont vi ew

of a ther q@éorgﬁtgttbwlﬁwnqbﬂg nodul e 15 accor d| ng to the invention. Figures
85A-D illustrate operation of the thernmal setting noldi n%ﬁ dule. Figure

86 is a cross-secti dhalre%]e‘\tv(blflluéﬁfﬁ?ép@ﬁfrl%dﬂfﬁ paldeansier §eHET SR rodul e

accordi ng t.he |nv i t an

i nsert fré?nSa Pﬁ%’rtlr?ﬁ 81€ Q% %G@E'ﬁ{ g%dul e. fgcél Sﬁgﬁ 8011@1%}?&& erred

Enbodi nentgyD, c¢BEMVEMY The rret hods, systems and apparatuses of this

i nvention can be used to 25 manufactu conyent.i onal ..dosa elforrra Baw ng a
variety of shapes arfigwp 82 4s a gide e o cihe &Fips QNG BORHEIE ARG P g not

have %en ﬂl &{Jr ed heretofore using conventional systens and net hods.

Inits nDs general sense, the invention provides: 1) a conpre55|on nodul e
for maki ng corrpressdﬁgtdesagesﬁorqss—séqtmmtdmmiméinblf‘eAp@ﬁlﬁiéﬁ@ 22) a thermal

cycl e nmol di ng nodul e_for 0S

coating to a 30 subsﬁlg‘gﬁéga ntt‘ﬂ@?’ Iaqt%é'fn%ﬁ? %9 8]id&r)llgggr1r§%1ﬁ1?g (Jfomlﬁgra(ﬁi ng
nol ded dos; ? Egﬁ(yﬂs whi ch may take the form of |nserts for dosage forns,
4) a transter device for transferring dosage forns fromgne npdule to
anot her, and 5) a priiges$4fivanatedifgt diswaefer thermat setinproddipgmogile) east two

(%Lcthhelsaboa\égorramdgutlo?ﬁe llnl]gn i%% together, preferably via the transfer device.

Figures 85A-D illustrate operation of the thermal setting molding module.
Figure 86 is a cross-sectional view of a preferred thermal setting molding
module according to the invention.

Figured 87 and 88 illustrate ejection of an insert from a thermal setting

20 molding module.

Description of Preferred Embodiments
OVERVIEW
The methods, systems, and apparatuses of this invention can be used to

25  manufacture conventional dosage forms, having a variety of shapes and sizes, as well as
novel dosage forms that could not have been manufactured heretofore using conventional
systems and methods. In its most general sense, the invention provides: 1) a compression
module for making compressed dosage forms from compressible powders, 2) a thermal
cycle molding module for making molded dosage forms, or for applying a coating to a

30  substrate, 3) a thermal setting molding module for making molded dosage forms, which
may take the form of inserts for dosage forms, 4) a transfer device for transferring dosage
forms from one module to another, and 5) a process for making dosage forms comprising
at least two of the above modules linked together, preferably via the transfer device. Such

process may be run on a continuous or indexing basis.

14



process may be run on a continuous or indexing basis. 14 WD 03/028990

PCT/ US02/ 30614 Figure 2 is a flowchart illustrating a preferred nethod
for produsiongg/oegadai n dosage forns according to the i nventRcamsoaloain
enploys all of the operating nodules |I|inked into a continuous process. In

particular, the nethod reflected in. Figure 2 oduyces. a 10
conpri sing a nol ded "&¥5} f K 4oV Ghart H@Sﬁ%&% ad%l%éeﬁrlﬁ?g%ezh%df fogggogi%girn ggélg%}ﬁS
dosage foagga%tg fd’ljnﬁoacgéf)rﬁﬁlgit@ RO RhtioR SWhich bhpss a1 @fthd dpetdtigmeodukes Fi gur es

3 and 4 depi a preferred systemfor practici régréthe nmet hod illuatrated in
Fi gure 2. lifkglin® 4 Boritinhosstpratess Ingpartigulasy hameirodrsBagied mofigied PIPRMES Aay be

made accordi ng_to e invention rJ. Sl I ; ra

conpr esseé"%géﬂéni PRRRZINE T‘{no}f%@r%gh%ﬁ%@hgl@%ﬁ%%%ﬁ%{)gl%croél?pfeB&%é at the
coating apdsdohene®MPhRS s@flaidRpaganier 1 fedown ol Fizasel AhBignaese stiabdepid0 By
way of overview, this preferred system 20 conprises a_c @{_{@g&gﬁ nodul e

100, a t hempmeferred syseenntl prasticimadid wethod ilysirated in Biglrcs- pigs
transferring.a conpresse a | ; bRR 4Whea100 to
the ther AR R R L o B B b R o e
of the coMIQBSIabiAg TMeea compirsdedrdosaneifosm 12ndt tulag behppreaiatedyftine nol di ng
nmodul e i'n this 15 manner results in a con&i nuous, nu tit-sta%ﬂon s§ fem
Conpr essi &igire 1BIhe ke ¢ostpg andytheigamprgssed B nRed Bet gV o e AES 3EHRTy
around,the resultin Mdsfern PEESRPARY al dondpa&sivacond
modul g? and transfe%%?ggt)%?%g\ggg’gﬁ% r%ﬁ%orgsor% modul e tc‘il thgEa gt her is
acconpl i shestiuly100)e thermaldyete meldimgemoduie 230hend prrafsérdsticedBB&Ment s, the

system 20 al so {ncludes a thermal 20 setti nol di n O.for form ng
a ol ded dF8SGEEH FHMRIFS ‘LQ‘?F&?G Wﬁcgeemttﬂ%cm?ﬁrﬁsﬂ&drgg%gé%? Q?Orrtlh%r be an
insert forg,l | @b hBEGe 200 b §HovaORaaeurtD3 Mdd 4.NLinkages ef ter ed

enbodi nentﬂ}éﬂ?l%géﬁigﬂﬂggoﬁpri ges a hiogh pot%ﬁcy additive. Qd‘sl'he, invention is

not | i m teethptessivhenddyjeetramsferatenice, ad the thermal dxalemeeldingraoduds i thissert i s

used sinply to denote a pellet-tvp n i : age
form Suc HX%’{W‘?W TRSRS 1D e MHRUOK £ T 1-s§%t§ot%a"§& %@131 tr?eogllmgg%?@ qgr%gc r g(t %?%slllﬁﬁi
shape whi lfg8bdifle RhABRE ot lcbhtihgl At6uriome egsultinghemptsed] dasagdferprief er r ed,
| i nked system conprising a conlgressi on mdule, the insert is {hgé{ge&lei n

u

Step B of peifgumed m thestcpadneguiening transier ph e dosaes IR dopeene PR
unconpr ess owder w.t hi i nodul e 100. After insertion the
mp ﬁ)ﬁlgcir ﬁss %ci,ctongiAsﬁeB b&gﬁg mszé:ﬁ%%e.

powder a re conpressed (Step C of Figure 2). The thermal setting
nol di ng nodul e 400 3@ otienphderseivantaddiméntethosysEar 20 also invdudes mshamal on

dule 100. If the th | ti ) | d dule i te fr. h
Conpr @¥si Gwtinsaupgingauedule 10is ko roLe geistr o BER P sSePHRCHE, he
insert fram.fBesbhes R reehnlihdtet OPLibABrAmRE S aftPiflet QoshBeform. Ina

preferred embodiment, the insert comprises a high potency additive. The invention is not

limited to the type or nature of insert. Rather, the term insert is used simply to denote a
pellet-type component embedded in another dosage form. Such an insert may itself
25  contain a medicant, and retains its shape while being placed within the powder. ,

When used in the preferred, linked system comprising a compression
module, the insert is formed in Step B of Figure 2. Following this, the insert is inserted
into uncompressed powder within compression module 100. After insertion the powder
and insert are compressed (Step C of Figure 2). The thermal setting molding module 400

30  can be separate from or part of the compression module 100. If the thermal setting
molding module is separate from the compression module 100, a transfer device 700 can
be used to transfer the insert from the thermal setting molding module 400 to the

compression module 100.
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conpressi on nodul e 100. 15 WO 03/028990 PCT/ US02/ 30614 The |inked system
for creating dosage forns, as well as each individual operating nodul e,
provi de mayospreessi ng advant ages. The operati ng nodul es raayusve/3odised
separately or together, in different sequences, depending on the nature of

the dosage formdesired, Two, or .nore .of .the sa r.at | may be
used in a single 5 Sdhﬁilgkgd SYRIEP £t reilin dpyege zoﬁg]gfg u%lgé% Qa%}é?%(ﬂ;glgﬁ%nd
syst ems Ofy,thlifio hBMER! H8PidRMBanyR66dstiRE ddviintdes. EBiResierdtingakdule agbge

\Rn |l %e appreci ated that they can be used pr odug

forms, it d t to %8
non- medi ciused sqpattly bstogethek i diffesnt ssgiapnes, deperdingray theaiague 91 the desaes

confectio or. pl acehos. .The | di g r ous
natural e doReo e oraras oLt R PR pRERe e 1SRt bl AL

medi caBt . pRbddsd. akhd alifodgh EREPHRSRIses) midhddsdnd eystams Githissadentionarevar i ous
powders with or without drug. These exanples i

.are rqvi ded way, of
i |1 ust r at ideperibed withtresppel tojmaking desage fymsy it Wlﬁ’e rﬁ%ﬁ?&ﬁ?aé%éf C?%B? uiee
i nvention SCri r e 0] i i ) i nked
n o ot e BERHL BaE nBGlRf pliBNels B FEONS: Alfife, B8R hethe ARA 10 MhRD
i ndi vi dualdoyfertionsairpldcybosl Mheheolgirefrecdudcicartivadedmnth mimerwnsinatuFilgades 3 and

4, a 15 single notor, 50 powers the conpression.nmdule 10 t he t her nal
cycl e nol VR e%ﬂlﬂeé‘alfdﬁ‘}hp%{fn‘ﬁlﬂ%% gﬁ%ﬁ%‘ﬁ%‘? O%E'W(é:‘%argog?mgﬁfg” st %)?nrgﬁssggln be
coupl &d t .t 8. CAMBYRESHWAB VIREM Sowd@Dwith BE with6ittRhg CYRdse cRBhplesgremodul e

200 ang the transfer device 300 %c;/wany conventional drive train, such as
one conpr iovidedjepway ofidlastrismeemnd riok belightations ang ifiwidhbs appegstptasthafdhe s. o
course, such a m)hor .or..not.ors can be usrﬁdrtoigéﬂ’é% ot her equi pnent in 20
the proced&venigapdescribedchegein haveasmerans PR 40Pl RESSI ON MODULE

Fi gures 5-25 gener alWyedBRiddtin bROnGAIIE psteRNthepaLtating Bbdulfss gui each bedepi ct s
a three dinensional view of the conpression nodule 100 and_the transfer

devi ce 2503a0ed Miividuelp peiviithh ndherwsiered embodiment shovpyeFigwes Aa0d fe? f or ns

the follow.ng functdons: f ' [ Lidhe hbgapowder
into alscorﬁbﬁ@%g]é’aordégé’%’grs tﬁ%?%ﬂﬁrﬂeﬁﬁ?ﬁﬁ%dﬁeﬁe@?ﬁ%% eacgrrpr essg% dosage
form WhemdohenCoEpaess dvideBd0] &hiesnotorsicantbeconplad ot thewomiptdssivhenadnker mal
cycl e nmol di ng nodul e 200, upon ejectign {5&{ m t he ‘%?r i on nodul e the

conpr essed Wetheghermst pickaRpolling mgdele 2P @ trapefe #HBdul e either
ke . . !
L Segh BB 5 o PSS, . R

an rnsert” fornmed by anot her apparatus,
such as t hadidrenal Of srirde, mgchrhdiongr mothrs eandBOisdé sepdvbercbtheslequpmeaiinhe

inserted into the powder, ip t C ressi on nodul e before the powder is
conpr s edhf REASETh @ngﬁﬂﬁéﬁg‘gg%&??agﬁe ﬁf)er m

COMPRESSION MODULE
Figures 5-25 generally depict the compression module 100. Figure 5
depicts a three dimensional view of the compression module 100 and the transfer device
25  300. The compression module 100 is a rotary device that performs the following
functions: feeding powder to a cavity, compacting the powder into a compressed dosage
form and then ejecting the compressed dosage form. When the compression module is
used in conjunction with the thermal cycle molding module 200, upon ejection from the
compression module the compressed dosage form may be transferred to the molding
30  module either directly or through the use of a transfer device, such as transfer device 300
described below. Optionally, an insert formed by another apparatus, such as the thermal
setting molding module 400 described below, can be inserted into the powder in the

compression module before the powder is compressed into the compressed dosage form.
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16 WO 03/028990 PCT/US02/30614 1In order to acconplish these functions the
conpression nodul e 100 preferably has a plurality of zones or stations, as
shown schewaisioesdoby in Figure 6, including a fill zone 1@ T/@GSV2300MEerti on
zone 104, a conpression zone 106, an ejection zone 108 and a purge zone
110. Thus, within a_single rotati of & he. r .Qn: 5 each of
t hese functions are1%8@%%%Cgﬂwlsi’ﬁaeﬁeﬁ?ﬁﬁ‘gﬂ%éﬁ%%% (?:Aéﬁ%%ﬁgressi on

modul e 18Q.:8Reats abliRalty oF SoncdSr Stagvs, GesiRmal dcierhatidallg i Biguds 6,5, 9 and
14, the rotary portion of the conpression nodule generally includes an
upper r ot trcludieg a fillgone 102 an drssrtionAone 194 a omOresiion 208¢ PO, PREICCHOPERS i ty

f d | 1 : : : 123
and o il Ry g 1) PR Rn G HRP Riaf RO s o pHBIUEAN 1Y)

116, and gid dfabése flddiohs aaacanslshed end funthiet wtdiogwf thelebniepisimsmaduler t i cal
cross-section through the rotors 112, 116 and die table 114. Figure 16
depi cts andOBmengREthes¥sis- section through rotors 112, 116 and die table

114. Figures 7 and LifpRstionRk 47 £y £R€t Bleir8Rsy fortibh 81 GHer cul ar
path the punches 11 1@5@%1‘1%%?%%1%?% lgﬁgy totate wth respg(;ct 15 to the

cans 122, cad@preskibh niddelergehemtly iretales dn fipmanrotioe 1 t, awineylaf dic tphle dédes of

illustration. The upper rotor 112 die table 114 and | ower rot 16 are
r ot at abl y 1owserdetod 1&6(?115“%{ W&#i’@ﬁers%atn%fﬁ‘fe’éﬁ@\w esF%ﬁ?peerﬁ.amégghéof t he
rotors, 11"fowéﬂc§n?[§§ afn'a% Finlity2dH Beslib4. imglrbdelepicil atsorib ¥f B roteavilR es 126

whi ch ‘are di sposed al ong the circunferences of the rotors and die table. 20
Pr ef er abl 1,16 dndrdie tabke tividram peideaiew.ovisiledfigempliftdepistsipeertivpl SERSESPAIO8r | as

shown in FEigure.6. . Alftho Fj gure.6 VA i (14 bt Wil
be appr ecitPugh {hﬁarf’tof%ﬁ}u ggé;?ndl‘%ﬁ tﬁ’é%lﬁpow&gtsdgbg%l#%&gggg kﬁﬁ%%&?ﬁg sane
nunber of Cavih iRers128, 115h@d Gaviableas 41 26s0és Paels arcatvordimessialal gned with a
cavity 126 in each of the other rotors and the die table. ‘cl)'here.

. d I re
li kewi se pemesentatiops efibe eirewan path theusmelies J 3 pel20daliow 88 theyy BRVIEREErE cul ar

rows of | r 25 ches, | rp%]‘q% NG 1L rdriogur es
4, 5, 1 aﬁ%ﬁ’fﬁ%ﬂég’r @7%%%65?% réﬁa{éwggtﬂg@g?\?a c‘)‘}% Eor{ hes,S and Fi aulr e 8
il lTustrat qﬁhetd[@peﬂ' R 12,04 eblolLircddowamweritl b aratotatdtlpmounted|abouts esses

are of a single row design and contain one powder feed zone, one
conpr essi cAmMeshafid 0d skovep BLY1EB® one. This is generally referred to as a

singl e sided press %a@ﬁ%f&é%ﬁ}sgn%Q1§hﬁﬁ£h%@1_iétra91®1qn@nc§h&@af)m@eniepf)f Presses

30 offering a higher output version of the single row tablet press
enpl oyi ng davticp dI6 ehicheeddispasad slong He diwbindercaensf Swsptsns gushdis il t wo
tabl et ejectjon zones are co rcia

ool Sk BRSSO S48 g BEeLd e e FOBR S TR P r I .
fgp g Pf: q aggmgiggﬁ Fighe 6 8hEGhotaAeadi8 tdblom 4, WwavilitdeppicbRrciohat thb eppearl¢2
and lower rotors 116 each have the same number of cavities 126. The cavities 126 of each
rotor are aligned with a cavity 126 in each of the other rotors and the die table. There are
likewise preferably two circular rows of upper punches 118 and two circular rows of lower
25  punches 120, as best understood with reference to Figures 4, 5, 9 and 14. Figure 7 depicts
the outer row of punches, and Figure 8 illustrates the inner row of punches.

Conventional rotary tablet presses are of a single row design and contain
one powder feed zone, one compression zone and one ejection zone. This is generally
referred to as a single sided press since tablets are ejected from one side thereof. Presses

30  offering a higher output version of the single row tablet press employing two powder feed
zones, two tablet compression zones and two tablet ejection zones are commercially
available. These.presses are typically twice the diameter of the single sided version, have
more punches and dies, and eject tablets from two sides thereof. They are referred to as

double sided presses.

17



doubl e sided presses. 17 WO 03/ 028990 PCT/ US02/ 30614 1In a preferred
enbodi nent of the invention the conpression nodul e described herein is
const r uct e osio2gpod Wwo concentric rows of punches and di es. PthissSodoedihe row
construction provides for an out put equi valent to two si ngl e side presses,

A T L T I e S S e

by one conventiona I's al'so es a sinplified

const r uct igegribkd Uslefilis domdtitglct vifltH twZsdneertBRrows ofSpuﬂ(jh@ and s £Elsis dnuh?lc)ne
106, and a single ejection zone 108. A single ej ectlon zone 108

particul amrby caastawtlalgpmsieis ROt ARO LR jea vV pleida §¥0 sinsierads PF\?%%%lyShﬁ{S%teé‘us e
the conpl exi Elygon&Q/ F‘é)aaé Poa%hf};egggft%rthéjﬁa\ﬁbg S&ugfélﬁ (1)9%/%99 é‘t}f\yénﬁgnﬁ(@ﬁ%hee si ded

COI’]StI’UCtIB‘ﬁl a“Cco e with one row or

nor e t Ban sidea preyes TarAlsdlppovities ddmpiifisd cmnstrechon‘lﬂyemr;gnaaslnghrfd}me 193 a
illustrated in Figures 7-9 extegd frg(im above th

? Vi.ti.es. 126 in Hﬁ upper
rotor 112 stgleersrpressionaons dPend Aeingle tiReQRA08F P% Sl%‘a QLSS g
their poshg b%ﬁcu]ﬁﬂ% Pc‘f\ran %ﬁ@&.}ﬁﬁ khd BniRH phbdetd &F tBé‘ﬁw@fi’tYdﬂ be&uddthe Qﬁmﬁohﬁltﬂl e

tabl e ower punches extend from beneath the cavities
126 in tththI&plemhsfer dleEndb&BO@a,rﬁﬂ)Olhangtdheblcalﬁﬁd pelsstm%omw avhidledi Oft abl e
114, as is al so best unders th referenc&@gtﬂg uresalobf)e The
caV|t|es I’@BISFrP?‘H’éprGﬁ%'rmﬁ elwb SOV OF %% et uﬁ%ﬁe Tr° the upper
118 an tngc?&i punches respectively. Disposed within each of the
caV|t|es 1 he die table is a die 124. Figures 9-14 depict the dies

124 and cross sect i dfie upheopupoheshiel Sdllustraggsl ia Figuges T:ng?ﬁ?‘fél dgrongabpvesle parti al

Cross section o he.di e tabl e portlon of
the die téﬁvgwii%éﬂﬁ?gapgﬂfwaéﬁéﬁgwl%§ﬂ%§%®%%%% 1&%%f|cal “along a
radi us t hcﬂéﬁ&ldlﬂgoﬁﬂﬁlrtp@@ﬂn@n ckthér pldRGAAISE of Withi the &vﬁ)ﬂi@f I@6afliye dlmb(ba rcul ar
rows of dies, the two rows of dies lie algng two concené ic.r d|| as best

under st oodl vl tSimilels tealower eurrqhgwﬁén%fr@md)e&%th esrigh g0 i tﬁ% WEL®D4 are
metallc, b@%a?ﬁ\an%?%lil éa@ﬁ 8 1%51?&);@ ? enle Whle! 1 184S 1%3@0 bes?t%ngé’l%{bog'\ﬁt}ﬂ@fer&ﬁb! be

retai r}éd ety o ng techniques wthin the respective
cavity 126oFigirbe7-9i Q"héabhﬁeslm infihe ugpeanmd lpyet tréomdiseye b2 guiday fséhshaped so
as to have a flange 128 t hat rests on seating surface 130 forned in the
di e tabl e uppsr hkgans loway F20punghes tegpecvely-and grooves 146, as best

understood with ref %ﬁﬁ&%& ﬂh%h%f% cavitle8 W08 o fheidse @BleSRhafegex. vi ew of

the dies shown in Figure out the upper punches 30 inserted into the
dies. It vfighrebe- H{Ihpml:ﬂmtdaeb 2Handakdss s¢nsiogs teouehhe die tahlaill 4r Fighre 9 is a

O et aiahcross scoton of the RUTISTTY i Sofff! &Y ke pofiBRSH e e

table 114. Figure 14 is a cross section taken vertically along a radius though the die table
114. Because there are preferably two circular rows of dies, the two rows of dies lie along
two concentric radii, as best understood with reference to Figures 6 and 14.
Preferably, the dies 124 are metallic, but any suitable material will suffice.
25  Bach die 124 may be retained by any of a variety of fastening techniques within the
respective cavity 126 of the die table 114. For example,\ the dies 124 may be shaped so as
to have a flange 128 that rests on a seating surface 130 formed in the die table 114 and a
pair of o-rings 144 and grooves 146, as best understood with reference to Figure 10.
Figure 10 is an enlarged view of the dies shown in Figure 9 without the upper punches
30  inserted into the dies. It will be appreciated that all the dies 124 are similar in
construction.
Each die 124 comprises a die cavity 132 for receiving the upper and lower
punches 118, 120. The die cavities 132 and the lower punches 118 that extend a distance

into the die cavities 132 define the volume of powder to be formed into the compressed
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punches 118, 120. The die cavities 132 and the | ower punches 118 t hat
extend a distance into the die cavities 132 define the volunme of powder to
be for medwionizm2édee conpressed 18 WO 03/028990 PCT/ US02/ 3t&Ausodoedge f orm
and hence the dosage amobunt. Thus, the size of die cavity 132 and the
degree of insertion of the punches inta, the di j £

appr opr i atepage e ppdienge Hleéjg"sﬂ%ﬁtaé%ow% @B Saﬁﬁ S%Z%é)?g¥éo%é’ﬁ§&é§§ngcgﬁgl&%§r§e

pref er r ed (e RhefiocRBMthe funehdiifioGRY ieicasitias 837 éanltrdppiphigtelselasai at ance of

5 a vacuum Specifically, each die 124 has at |east one port 134 di sposed
wi t hi n it adpsted howbtain the ploger €esag®, 11, and 12. Disposed within or proxi mal
to each port 134 is.a fild . e fid : %q‘gge I allic
mesh or screen appr(}BFipéetfeeﬁéd ésrfftgoedém;g %tr’ thtek#éé %%V?tﬁggfee%ﬂ@% at %@lakﬂﬁ?@gm ng
through t heygingn C8pédifi@slyledh dE24shaspt leastnge bertl 84 dispbsddheitlyin éts enghown
conpression nodule is that the filters may conprise scr s hayi a mesh
si ze | ar gén FW@H&MLW@&%P&@W%WFP@J%%?@@ggtf) e@ﬁbp%m}s,a%rgﬁﬁ s
typically ' ' iftd e parficles

pr ef er abl ﬁ%e%ﬂ%fﬁslﬁcé&%?ﬁ%?&lgﬁ?@g%%&hng@ Zorrngl}lQEljl %%Jtélgtr?%{eg%ﬁﬁ guch as
fabrics, peateudl beEloatisg hroyphrthediepaliyinet34 obst suptsiagmEature ef theipresent136  may
be a single stage or lti-sta filter, but in thg \preferrgdizeiwatr)gé%i ment
the filt ercompgessign modyles that thefifters pay SPmPRESCHeN} APV R s ML 8“8 Bcat ed
anywhepe il {36 avaﬁwaé $B088 thelpowdlet, SiHiEH is Yidallyl dboaRs0 feebbacoed

externally to the e table as shown in Figure 12A In a preferred
enbodi nentmictemsf Whikerthe filters|186 ateguteferebiyimettillic, alkier sypgplegnatgralg @aybsse as

possible to.th unches.. See Figure 12. Thi e of
Foai due. r PTG RIS TGS dRE S DB dEReoHe B REE LR ebof CHRE SREDRE 0
and powdery, £L60Y gh¥leSHst SFmukistabRlteT butti éheirefesral binpodidint theyfilet e3@abl y
open and defines a second port. 20 The die table 114 preferably conprises

channel s 138ngle stagafilter. Thefilter may also ba lasatsd japywhergineihie YoonummBassddcénd to t he
ports 134,,as hest shown in_Fi i d [ eld4

pr ef er'abl fﬁ%gﬁ'e&’ i ng? ;ocggd%efeg?al]ﬂ\jyet? ;&sﬁgﬁbiéo%gﬁl?ﬁggn ?i réo?%‘t s outer
peri phery grbRire€ embedineapbb fidkrstaie locate & the\dée whihpows §341 38 closoat frasiblche di e
cavities can be connected to_a vacuum sou ceéI(ﬂ;f))r S ti.&n source) . Di sposed
al ong a pdetheprnghes: e Fizuse 12-phbiseregtes thipleat amoyn) o 1§SigueiequTg pUERE o
vacuum pu - H@?ﬁ'ﬁ | flandWoinellr FBRkRery ByAeROMhE &p oFf t he
fill zone%%,ﬁgsgg{}%ﬁgevﬁ%%ﬁtgu eg%%.gnql'%e vg\c?l?umr purrpr¥5§ provi dgisi) a
source of thadicwavityl3Pistpréfagbhommberand dendsheecind poalvi ti es 132. The vacuum

punp 158 is connected to ¢ vacuu nifold 160 wt ui-Lab Ing 162.

The Acuum mani f ol d efag?ea}llﬁﬁgﬁ]rﬁx ﬁOW%e%%ﬁlag3§X6¥h%?¥%gH§?e tabl e
114 r ot at 63,300 W 3@ 1 DP/IEGIEH tefthe_t;%tﬁtsv@qywae@mehSﬁm €10pBMiddion140 i n
the die table 114 becone aligned with the vacuum nmani fold 160 and a vacuum

i s formed thadmughletlhé preferplelythay @ plurality of relatively small openings 140 on its outer

periphery that connect each of the respective channels 138, so that the die cavities can be

connected to a vacuum source (or suction source). Disposed along a portion of the

25 periphery of the die table 114 are a stationary vacuum pump 158 and a vacuum manifold
160, which make up a portion of the fill zone 102, as shown in Figure 14. The vacuum
pump 158 provides a source of vacuum for pulling powder into the die cavities 132. The
vacuum pump 158 is connected to the vacuum manifold 160 with suitable tubing 162. The
vacuum manifold 160 is aligned with the openings 140. As the die table 114 rotates

30  during operation of the vacuum pump 158, the openings 140 in the die table 114 become
aligned with the vacuum manifold 160 and a vacuum is formed through the respective
channel 138 and die cavity 132.

Vacuum is accordingly applied through the respective ports 134 and

channels 138 to pull powder into the die cavity 132. See Figures 20 and 21. A seal can be
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channel 138 and die cavity 132. Vacuumis accordingly applied through the
respective ports 134 and channels 138 to pull powder into the die cavity
132. See Wiapsres9@0 and 21. A seal can be 19 WO 03/ 02899(rA0IN0ISOM4 30614
created around the ports 134 and the channel 138 proxinmal to the port 134

with any of a_ variety of fechnigues. | he prefer J: own a
seal is createdaroradihe Bors 1£§g4$an fﬂﬁaﬁﬁae%&w@mﬂ .t{lg?ﬁgﬁ?%na S'tog | et
presses reby.onrhicatiges IT0RErPRAGRILS dmtAt Sibevied §atistraftedusigorrings t o

t
fill the §| eegawty. The performance of these machines in terns of fill
accuracy lahdnppmeseshi®ed are therefore entirely dependent on the quality

and fl owabilt f the 0 r. Since nen-f i 1 owder s
cannot be eff )elc(fqr\ygﬁipnﬁﬁﬁsé%ﬁpmf 184y r?ﬁ%?lﬁhrli'gwﬁtgg gggng%}g %’lﬁg?ﬂg énf%\seﬁ%srtge IOWet
gr anul gt edyrivirydo SERAE Ae@abity. ChhbeRmansdufahest machsies in, tetrmsref filbagurdcyg, and

energy inefficCient. 10 The preferred vacuumfill syst descri IS
advant age @ué prese epeed avedhetebe prtitglysdepprdenhon Wﬁtq“%]étéfraf‘lg raq“ﬁ\??ﬁWgol%Sﬁ%

non-fl ow ng powdgrs cansbe. r ' ' A6 Yurbd hout the
need for \Pgwaﬁ?mgﬁﬁ?ear%oﬁo%&%ﬂlﬁ%ggﬁ?&?g‘rv, QSO\%%% gaﬁg%irbr?g&%%trﬁ} nlyrrum orifice
di anet er ghest hohined ihbye @aRALS ishBaiwabgrahuldied ipa edperaibbstcll frocessrvéhich is

preferably 25 mm as neasured by the Fl owmdex test, may be successfully
conpr essedostht, Gmecoaganing, 3xd epsrgyineNEIcBt esent conpressi on nodul e. The

Fl owdex test i f i i £ i i
owdgy tes '%&;&%g@%ﬁpﬁm A 5080 dddBbedis ag%%ar)%bm{ b6& cOhamEbel i S

determ ned using paratus Mddel 21-101- Hanson Resear ch
Corp., Chaystems ihthaGAjorlyviivdhg endsosflewafs mvalprs cadbieaan achigh sraed gad Highg

t he powder sanple, (dianmeter, 5.7 c hei ght. 7. ..and e
i nt ePc han@é%ggy Wit %?‘he I&gé@wﬁg%%%@;@ﬂﬁ&@%@?&@ e‘%%&ﬁ%‘tg&g{élr‘?f hoTat the
center. Thedlk %ﬁn&érﬁf@fomﬁhﬁﬂ ghetel BRn200@vl0] perdrastl 16 upotpréferably 2 bot t om

of the "cup.” For filling, the orifice is covered wmth a _cl anp. ni mum
orifice dirampsemesssredinydheRtosvdex dessangopngcassiuily comptpssauhipiosdosage oFBSwer |

A 100g sanple is aced into t cup. A . LS

r ermvg'é, qﬁ#&? Rfﬁ%‘?%%‘%)%@?ssé‘m W@@e‘t iﬁ? FQOVV\); d%%tt e%g*s%? ﬁ@ﬂggdpgtqﬁrugtvgﬂﬁﬁe
orifice. ThinSmRnQREERYdRnicter i§ 8Reahiac Wihda Fdee Apbagiug Moddl 2é+100+050i ce
dianeters until the powder no |onger_ flows 25 free

ter _ _ Igthruﬁt&eﬁrifice.
The ni ni m(FansanfReseardh Gen. eFhatsy alq“@dWHBChtcﬁ’éﬂ%tﬁ_ﬁf éﬁindgb‘g Prgr c_hlihé‘ﬁgh
whi ch the t&?ﬁ‘%v%&er&%%%% (%a@%%%-sd%’%é%ﬁwfaﬁj? LES 8 SO rahtefhaibehBlb idkvel ¥

poorly flo po |'e operating the conpression nodul e
at hi gh speedsithia @fferehthdahmbressundepeadig gt thé cetter. diteslisksare gipiched toythet

| east about 115 cnmi sec, preferabl t | east, apout 230 .cnisec. | dj tion,
30 wei%ht avhpsites] 6w g farr e qtiomp g@g‘ﬁ‘p?‘ﬂ’ssgﬂr gﬁ%g © 5’? lsa$°§e§?§§| fcantly
less, si NC&an{f C NHImum orifice diameter measurements are performed using 100g samples of

powder. A 100g sample is placed into the cup. After 30 seconds the clamp is removed,

and the powder allowed to flow out of the cup through the orifice. This procedure is
repeated with increasingly smaller orifice diameters until the powder no longer flows

25  freely through the orifice. The minimum orifice diameter is defined as the smallest
opening through which the powder flows freely.

Moreover, compression of such relatively poorly flowing powders may be done
while operating the compression module at high speeds, i.e., the linear velocity of the dies
is typically at least about 115 cm/sec, preferably at least about 230 cm/sec. In addition,

30  weight variations in the final compressed dosage forms are significantly less, since vacuum
filling of the die cavity causes a densifying effect on the powder in the die cavity. This
minimizes the density variations powders typically exhibit due to compaction, static head

pressure variation, or lack of blend homogeneity. The relative standard deviation in
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filling of the die cavity causes a densifying effect on the powder in the
die cavity. This mnimzes the density variations powders typically

exhi bit dv® da3m2gwopacti on, static head pressure vari ati orpCTowSokaedk4 of

bl end honogeneity. The rel ative standard deviation in 20 WO 03/ 028990

PCT/ US02/ 30614 .wei ght of. conpressed, dosage. f.Qrvs. ol he

i nvent i on %8 95?%&??68@?“3’?&%3 s A 5ng&8él£@é1g1 g%lffl &qqg? 1%%1326338%%1,[ 1%
In_addi ti qBouthe} i AirxGER{IeRHmANN MY y can al so be achi eved with the
present vacuum Tfill system since little nechanical giggati on is rce uired

to cause the pdwdddition beftexgantans uniermity @nalsedgiachicvedwib Ahrresesh st | et

presses, t nechani cal i . j i il 14 he
Sver so. offEregy ohkg s T LA el FbA S kil RESHEEUR fonidel Lo M6y 188 e
filling eqi @Rt IesmventioraCabIet besids) the urechemirad sgitadionpoguisxdgo assite diapsul es
or other containers. See. For exanple, Aronson, U S .P]gtent No. 3,656,518
assi gned tidlimphasyhg ?fh’ﬁ@?ﬁf@%t,Oflsﬁ%ﬁegW@ﬁl,ﬁqrﬁ@%e RYUElERs have filters that

are 10 always in contact, %ﬁgeﬁﬁﬁnggﬁ\ﬁé‘g&e opﬂg';f’{f&fuﬁﬁ?tolﬁﬁﬂﬁ@oﬁgﬁ&séd)r

adaptation to conpression chi ne rces he order of 100kN can be
exper i encgbwdidrs in® apsyksasition coftainprwdee sFdar ek amples Atamsbns WS, PEaefNki gh

forces woul d damage the filters. US Patent No. . 4,292 01/ a US, Pat ent  No.
4,392, 493 %ﬁéﬁﬁﬁﬁéﬁéﬁl%"é%ferﬁeﬁféfe%afﬁ“aﬁa e dlpta et Shfane hacvgﬁﬁ%%%é*?toaﬁg

machi ng V‘"Elflﬁ‘ysqﬁ%ﬁnt aGHHMd I8 wiik! ddderctRVBYRItaSIe For dlaptativh I3 eddh@essiine 15
used for fill1ng and conpression. Dies are filled on the first turntable
and t her eahachinest Fars en thecbrder of 188i9¥ can be experierdsalufing cewnyaseea Phn.

Advant ageousl y, .according to the ..i,nyention i an ed
during corﬁﬂ”@égﬁ 1810 oé?g?c@r?ﬁeélfcmgh Eoﬁﬁe@%%uk}r%%aéeé%%@ﬁet%fshﬁ?T{tfg lrgﬁﬁ%ort
prior to theodh®e SAMIS PasnENG.er,39pUd3ne mepElrdsaiten ginspecRavrey tablst fed i nto

the die cavities 132 in the fill zone 102, The powder 20 may %{eferably
consi st ofcompresgionarachinstwivetansey veomaisifibng JHoweer sRarpedipedIcs gth as

bi nders, disintegrants, |ubricants. fil LER anBShdrSaft

convenssi on‘EF??%ﬁﬁ%?%gét}d c|¢§)ar F%}ﬁ%at%lesrm%eérllﬁgﬁngﬁ@%%ge |%ﬂ|§1§a{aln ?)r nor?]-f medi ci nal
nature, sugthshsrel fas bépaeatphiantable fobdcamdsssfonr Advibhiagenuyly, ecwidog itother y

bl ends, and the |ike. One particularly preferred fﬁrg{n ation conprises
medi cant, ipyeRtiEnede fiRrs@ERIL ngEe SI0 g §SVE PR 25 e,

pol yet hyl eng. ghnafler 8‘1@?1‘159% the KR cavRiad eRBlihOMRIcbipstssion e ant s and _

| ubricants and 1s dBSCFibed ih nmore detail in commonly assigned co-pendi ng
United States PatentPovAleplis fedtintortheStie cavitiddol 32,in ¢t fill e 10 inoeleRe| ease

Tabl et" (attorney . docket nunber 274) whi.ch. is hereby.i.ncor ted by
ref er effce. mﬂlplieg%ﬂt&y ARy gﬁeglq%mh{ﬁgfgwpa y _%%%]Ing Vﬁﬂﬁ?ﬁw%%cépd ?l}cfg’asﬁgﬂ 2 _
m neral s, Mfl&éiﬁf!dikinteg{anﬁm%ﬁéiiﬁ, fiMetsr-maeny lileahsis cotvdmidhel, phathemceut i cal s
i ncl ude anal gesi cs, decongest ants, o L
particulate material of a medicinal or non-medicinal nature, such as inactive placebo
blends for tableting, confectionery blends, and the like. One particularly preferred
formulation comprises medicant, powdered wax (such as shellac wax, microcrystalline

25  wax, polyethylene glycol, and the like), and optionally disintegrants and lubricants and is

described in more detail in commonly assigned co-pending United States Patent

Application Serial No. , entitled “Immediate Release Tablet” (attorney
docket number MCP 274) which is hereby incorporated by reference.
Suitable medicants include for example pharmaceuticals, minerals, vitamins
30 and other nutraceuticals. Suitable pharmaceuticals include analgesics, decongestants,
expectorants, antitussives, antihistamines, gastrointestinal agents, diuretics,
bronchodilators, sleep-inducing agents and mixtures thereof. Preferred pharmaceuticals
include acetaminophen, ibuprofen, flurbiprofen, ketoprofen, naproxen, diclofenac, aspirin,

pseudoephedrine, phenylpropanolamine, chlorpheniramine maleate, dextromethorphan,
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expectorants, antitussives, antihistam nes, gastrointestinal agents,
diuretics, bronchodilators, sleep-inducing agents and m xtures thereof.
Pr ef er r edwoharoagmoeut i cal s i ncl ude acet am nophen, i bupr of eagT/fdoastilpr of en,
ket opr of en, napr oxen, diclofenac asplrln pseudoephedri ne,

oo Bt irse PO BHENAA AG TR BALE. o AL ORI HOAB o il

operam

rani tidi negx&eh®Riihe] !ldi@tadlﬁét(%ﬁhZﬁﬂeeanti@dsf ﬁﬁﬁdte@ﬂaeredfand&)hmmhcamcallpr at adi ne,
cetirizine, antacids, m xtures thereof andﬁ{)har macizutl call accept abl e
1

salts ther@g@tabl@sfd‘fsﬁh@ﬁ@ﬂf Apsg prefgeablip dhrecmedioans issssfesteddiom EgrowR gr oup
consi st | ngcﬁpglﬁfcetiaarpﬁ@%&ﬁﬂmn B o?efn @seuﬁé%ﬂgcﬂﬁ{éhﬁgﬁfdﬁ?eth ¥4, omet hor phan,

5 di phenh enira al ci um car bonat e, magnesi um

hydr oxisde, dip mm?@@mma elalbiqﬂﬁﬁirﬁnmw@tmmmwaﬂmnmﬂ,emagdesmmhydrbylde,ox| de
m xtures thereo and har maceut i cgi % %Péycgl e sal th g

nedi cant(sljlag@sm%aél?ﬂna Sn TASBCSYYE QFEICF YR ﬂ’élflgfﬁﬁ ‘i‘r(?%l fap ctl ve
anount , v@l 99 hLeguces the desired therapeutic response
upon oral éérﬁﬁﬁ‘?a{s? rat %ﬂg%blgn {Scan e readily determined by one skilled in
the art. In detBinmodicant(syisgiresnbinths dosage fqyariniadh¢rapeuntisally effiective pmgunt,

adm ni stered, the bioavailability har erls ics of the nmedicant, the
dose regi rfﬁhlchlﬁsea“aﬁ’éo%gl%?c@lﬁfesﬁe E‘?Féregﬁ%ﬁfaéﬂﬁ{l 10 LERBOSE R o’fagct ors nust be

consi dgy ed, @ik oW Naddtah bR réldily dRicaficaPyone bkifle€ BMbE @sis 46 detesaiatg f orm
conprises at least about 85 weight percent of nedicant. 15 If the rredl cant

has an objschiaowahissthe psttieplanmgdichet h@@l@a@@lﬁﬁwmdb theiipavalabilibo be chewed

or disinte n t no PLi O be
coated W %ﬁr%%t”ﬁbfseo#r}?ﬁ%ﬂ’ieﬁﬁmg g} ({r?ée re§ tﬂle eln"%dtvi %@We ‘?E‘Zd of

sui tabl e t gabeRPREithid be cOMIARES aakﬁmdleacme laﬂd Pidfetdby, ﬂﬁadoamesmi dosage
4,851,226, U.S. Patent No. 5,075,114, and U._S. . Patent No. 5,489, 436.
Conmer ci al foymewmplﬂa@I3élqaatsa‘f@uhﬁ%WétﬂhﬁﬁﬂP%ﬁf@eﬁ’%mal so be 20 enpl oyed. For
exanpl gﬁ acet a c'ﬁcﬁﬁ h%aé Gl 65 e%ﬁUn%Qle%s?e SRE AR%IYS Q%eefgrrﬁ‘lé fhtended to be

et hyl cel | ul ose or yner a coaccervation process nay be used in
t he presenghewied\ve aismegrated)amemv@nh prierctocapowaizetheacstican nopbecorted be
purchased comercially from Eurand Anerica,_Ilnc. Vandalia, Chio,.or from
G rca | nc. Withayassmaging,coating agiimewane i }kﬁ%t%"m?ﬁf&gu’ftﬁl? Lgste mging,

| net ude WalffingOLdRES bR HPOT. 2 PIRRPRS. £85 Dol dr Qlnferd Ueh) 5295 dex!iages.
sucrose, manni , Sor mal ti1tol, xylitol, 'lactose, and m xt ures

t her eof , wRitent Ncm SH3ABI36. p]oasncrciaylydeiltafotn tagje maslead Iab@cmi%maﬁglso be

m crocrystallj Cffgl ul osg or  ot.her cell ulosi,c derivativ -insol ubl e

brittld fr&ep V%d {CXFRIEs At ApngRheg; PREFCIFS WHIBH &S § eﬁlg\%psuﬁt%rl ca CI um

phosphat e, etﬁ?l@elthﬂssel drie@her ?BB%{ers 59 B \é&ﬂ%b@ﬁ@dn SHovesb nitesussd ththapregadty vi nyl
pyrrolidone, ”hydroxypropyl nethyl cel | ul ose,
invention. Coaccervation-encapsulated acetammophen may be purchased commercially

from Eurand America, Inc. Vandalia, Ohio, or from Circa Inc., Dayton, Ohio.

I'4

Suitable excipients include fillers, which include water-soluble

25  compressible carbohydrates such as dextrose, sucrose, mannitol, sorbitol, maltitol, xylitol,
lactose, and mixtures thereof, water insoluble plasticly deforming materials such as
microcrystalline cellulose or other cellulosic derivatives, water-insoluble brittle fracture
materials such as dicalcium phosphate, tricalcium phosphate, and the like; other
conventional dry binders such as polyvinyl pyrrolidone, hydroxypropylmethylcellulose,

30  and the like; sweeteners such as aspartame, acesulfame potassium, sucralose, and
saccharin; lubricants, such as magnesium stearate, stearic acid, talc, and waxes; and
glidants, such as colloidal silicon dioxide. The mixture may also incorporate

pharmaceutically acceptable adjuvants, including, for example, preservatives, flavors,
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30 and the like; sweeteners such as aspartane, acesul fame potassium
sucral ose, and saccharin; lubricants, such as nmagnesium stearate, stearic
acid, talwo@rndsasaxes; and glidants, such as coll oi dal siHdTcwsv2dodaxi de.
The m xture may al so incorporate pharmaceutically acceptabl e adjuvants,

i ncl udi ng, . e J: I :
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bi nders and hydrated_polynpers, IncjJuded within the fill zone 102 may be a
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zone 102. ar, as a 132 rotates past the powder
bed, the dictatesthtangh 1 filhsemes] G2gdnmpsttictilag adedilied did ceday 132 rétas phsbvhre i n

or oo se | R edibe Bidarte T Lh B Seefsu g Aoftp b heSane e RS o

After the pURERESPLERAY Surkhe of tid did e 120 hERYe #BREcidNBvdIMERNEI On zone
104. 10 In this zone the | ower punches 120 may retract slightly to allow

for an optmeamikenigns ef powderdBlingtsalientityd8d t he soft unconpressed powder in

the die cavity 132 vi transfer devi 70 his mechanismis d ri bed
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108. Becaustegeaoemnil80 anstesvit ndiighred 6bwherdhforas eppladdo ithepowdenws thé fiptinches

I t hei ti I. | ths diff t he, Si f th | | 180
and 182 t heESHEH Py tior 955 i cpBRrearipE srent.hy Buichenfler Bo oA sREn of the

inner and RULAM 8L AYEhdwh REFigirEUlE aNRQESond!sthgp a61ldre Y Bdirivd he Ipﬁ@dﬂeen 8g8,t hat
activate the inner row are smaller in dianeter than the rollers that
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out er Tow e B8 S Ragite STk RuB S o0t R R B g T ect e
at the sangvity82 ahdile 16WtEHineBed Begirdio@nove upward prior to entering the ejection zone
108.
Because the distances traveled by the outer and inner rows of punches
along their respective circular paths differ, the sizes of the rollers 180 and 182 that activate
25  each row differ. This enables compression of the inner and outer rows to be simultaneous.
In particular, the rollers that activate the inner row are smaller in diameter than the rollers
that activate the outer row (as shown in Figure 15), but the inner and outer rollers have
their greatest diameter along the same radial line. Thus, the outer row punches and inner
row punches will each begin to be compressed at the same time, thus entering the die
30 cavities simultaneously. By assuring the same dwell time under compression, consistency
of compressed dosage form thickness between inner and outer rows is assured. This

thickness control is particularly important should the compressed dosage forms be

subjected to subsequent operations, such as the application of coatings and the like.
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Fi gures 17éorhpesitghmddie (thidvievepresenet by angleppdi nent, defl ection of the 15
conpression frame displaces the rollers out of the horizontal plane. This
is represented by ahigheesd8pthmughd8Cileiraty qnrdicatice C afamp geqpglhy. This

i ncreases. C . row
conpr esse dal:l:d‘i(%1 gglggﬁtfhgfrs &111% dlvéﬁt% gés]gf %g&gg élgﬂlg%??tg? te%%%c‘é {glgﬁ mlg}%ezdg%flg%ﬁ% rce.

Fi gur es 194utlihedoin Figuk8D1 TA thistighal 2C.aHpwedee it tds enbatimert) tefddctivh ef the
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As shown in Figure 19 the fr conpr.ises a thr
and twd afqRPIEssEPn fraqae displacesthe ¥f31%ﬁ%°%:9? Bisihogzentalplane. 33 Bip tSHePrsgea&e&%yt 0

t he axi al i ] I z L } pite
defl ecti ongﬁé? ﬁ{eF ranlegcgn¢1§{0§e§|€ésp Sé}?élﬁg?%%a%% fﬂﬁ%‘f{eﬁﬁfe&?? &trlﬂ%(;nrggfeﬁg?s
remai n hor baaséminnerAmdaththr trow rampadvaintiage: fofm thibkisese tinsblsoetriaswitls a

significantly greater free space angle 4), as shown in Figure 19A. 25 This
conpr essi ofPTRPIESHONISHS gur ati on can al so advant ageously pivot about an axis

away fromthe conpressiQnoRadiueh i9DH LMt LrefiSmRMERBY S Of the die
table. Follow ng the for rrat‘lqgn og tg]:e) conpr eés)lgrgd dosage 11‘orm I net he

conpr essi ocompressipnlixine.t Ae shaewpicipure 18Detheaftdne/can@Riseot dhrest 178 apfl éxe i on
fhe si ope SIS AURPIRALLLorS SO LHBAREIR Y Sath rospest o (e axaf s of s ® ' ©
rollers A-A. As shown in Figures 19B and 19D despite deflection of the frame anhd
displacement A of the rollers, the rollers remain horizontal. An additional advantage of
this construction is a significantly greater free space angle ¢, as shown in Figure 19A.
25  This compression frame configuration can also advantageously pivot about an axis away
from the compression module to allow for access or removal of the die table.
Following the formation of the compressed dosage form in the compression
zone 106, the respective die cavity 132 rotates to ejection zone 108 as shown in Figure 6.
The upper punches 118 move upward due to the slope of the cam tracks 122 as shown in
30  Figures 7, 8, and 16 and out of the die cavities. The lower punches 120 move upward and
into the die cavities 132 until eventually the lower punches 120 eject the compressed
dosage form out of the die cavity 132, and optionally into a transfer device 300 as shown

in Figure 6.
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the top of spased Beniaitfe ftes 113@%f_@%nr@éﬁe&ﬁnhﬁﬁpﬁ%d&t@gﬁvt%ﬂﬂmﬁﬁﬁlﬁ gures
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recei ves the powder The positive pressure cleans out the filters to remove any buildup of

powder by transmitting pressurized air from the pressure manifold through the channels
and through the die cavities. The pressurized air blows the powder up through the top of
the die cavities to a collection manifold 193, shown in Figures 22, 24 and 25. From the
25  collection manifold, the powder can be sent to a collection chamber or the like and if
desired reused.
In order to increase the efficiency of the purge zone 110, the purge zone
110 may further include a suction source 197 that applies suction to the collection
manifold 193 as shown in Figure 22 and a collection chamber 193 that receives the powder
30  from the suction source 197.
If desired the purge zone 110 can include a recovery system to recover the
removed powder and send it back to hopper 169 or the powder bed 171. This is
advantageous because it minimizes waste. One embodiment of the recovery system is

depicted in Figures 23 and 24. The recovery system feeds the purged powder into the die
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into the di® i¢alsihBIhdelBAY kil 198 NESHIEE %Hfég s an optional vacuum
source (not shown). The agi t@;tor 191 r’ot gt es vﬂ\fft? I'n Lﬂe delivery 25

mani fol d 198 to di r eEhe dﬁi@ep(mgmfdolfbdﬁ&lésrdiq;msﬁmjasthbeve&w dié eblclB. solthat
ot o 0L O Sl SWTTRLLS) L
3; L uiu rsn ;sgndeéiv?ﬂiyrergu?t;ng Eg&@@@ﬂﬂng @prdsdeistul bBEvRA TN ¥rPhatiffld db€alple and
(?le ?able 114. The die cavities are open to the delivery manifold 198 as shown in Figure
24 so that purged powder can flow into the die cavities by gravity or other means such as
an optional vacuum source (not shown). The agitator 191 rotates within the delivery
25  manifold 198 to direct the purged powder to the die cavities 132.
In operation, the die table 114 rotates proximal to the pressure manifold 192
and beneath the collection manifold 193. As described above, pressurized air is sent
through the openings 140 in the periphery of the die table and vacuum is applied to the
collection manifold 193 and the two together cause powder to flow from the channels 138
30 and the die cavities 132 as shown in Figure 24 to the collection manifold 193,
A From the collection manifold 193, the purged powder flows to the cyclone
dust separator 199 where the purged powder is directed to the agitator 191 and the delivery
manifold 198. The die table 114 continues to rotate so that the purged die cavities 132

pass to the shoe block 195 as shown in Figure 23. The openings 140 of the die cavities are
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formsuch as a tablet. It nay al so be used as stand al one equi pnent to

produce a nol ded dosage form per se Such a coating or dosage 20 formis
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apply :}19 coating of flowable maerlal to a%osag orm More preferably,
t he nol di ng nodul e i?.‘heﬂ&ﬁda]t@cbppd)lﬁmgmmhnﬂel@may furfctionabdre afetaerilal to a

conpressed dgsa e for in a res i on ule of the i ventl n.and
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material, preferably conprising a natural or synthetic polymer, into a nold
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di t d Al t ly,
PR e N R S S L TR R
a nol ded desA@E of AMabRmaA o & dBSHgE &rfh. More preferably, the molding module is

used to apply a coating of a flowable material to a compressed dosage form made in a

compression module of the invention and transferred via a transfer device also according
to the invention. The coating is formed within the molding module by injecting the

25  flowable material, preferably comprising a natural or synthetic polymer, into a mold
assembly around the dosage form. The flowable material may or may not comprise a
medicant and appropriate excipients, as desired. Alternately, the molding module may be
used to apply a coating of flowable material to a molded dosage form, or other substrate.

Advantageously, the thermal cycle molding module may be used to apply

30  smooth coatings to substrates that are irregular in topography. The coating thickness
achieved with the thermal cycle molding module typically ranges from about 100 to about
400 microns. However, the relative standard deviation in the thickness of the coating can
be as high as about 30%. This means the outside of the coated dosage form can be made

to be highly regular and smooth, even if the substrate below it is not. Once coated, the
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i nj ecti on fiblfidivable Rateils BycwhbstantiallySnavasing this reteipghten equipmgnicdutiré saube of
such materials,  as |1 as, the nmold cavity, .te [at ur re.r ited to
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conpl et el yeafpgt he other hand, the nold cavity nust subsequently be cool ed
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Moreover, molding of gelatin or similar materials, for example non-
polymers such as the basic elements, metals, water, and alcohol, have not previously been
possible using conventional molding techniques such as injection molding. Precise control

25  over the temperature and pressure of such materials, as well as the mold cavity
temperature are required to assure these materials are sufficiently flowable to fill the mold
cavity completely. On the other hand, the mold cavity must subsequently be cooled
enough to assure that the material will eventually solidify. In particular, gelatin, once
hydrated, has a very abrupt transition temperature between the liquid phase and the solid

30  or gel phase. It therefore cannot be characterized as a thermoplastic material.
Accordingly, in order to mold gelatin and materials like it the temperature of the mold
must cycle from a first temperature above its melting or gel point (to assure that the
material will flow and completely fill the mold cavity) to a second temperature below its
melting or gel point (to solidify it).

28
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preferred S conprise polyneric substances such as

pol ysacchasgpi@smatety 60 owiters thepnadtl eavitics drovydedibétivgtn atpdue 361G randebatit

pol yet hyl ene gl ycol _(inc|uding polyethyl ene oxide), and nethacrylic acid
and nethac?¥ ﬂ@b@étt%?ec@éﬁﬁdﬁwgr%f.‘* SepPRds PRRENAR f | owabl e material s include

sucrose-fatty aci d egher 5rerh AN AfieRAEABBHLS eiynRo BfliAGRNRLRd:
veget abl e oil such as patrmkernel oil, cottonseed oif, sunflower oil, and
soybean oi polysmetaridds, celuidsits, ipgityiagiosiesd hjghasphallapveight e yetlsylenecdlyad

Car nauba wax, _spermaceti wax, beeswax, candelilla wax,, she|llac X
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chocol ate; Aﬁéﬁg&{ivé flow e FRERAINANIATRERBINSy Si@8StersSHEI1RA af Bsthoa UERE, L O
make hard candy formnms, sugar I n a supersaturated solution such as that 25

used t 20 makwlrégemddtvegaable pilsaclbatyalindces! gilciottassesd gdr suaflowhodis apd or
:);SWFLSV’_ nggorézglaaﬁngcl)lb %%fd}-iagpa@ggg%cfeglphog loiii[)%ls,) waxls sitxc earlsr]@ﬁ'llﬁl%taiv?ax,St arch;
spermaceti wax, beeswax, candelilla wax, shellac wax, microcrystalline wax, and paraffin
wax; fat-containing mixtures such as chocolate; sugar in the form on an amorphous glass
such as that used to make hard candy forms, sugar in a supersaturated solution such as that
25  used to make fondant forms; carbohydrates such as sugar-alcohols (for example, sorbitol,
maltitol, mannitol, xylitol), or thermoplastic starch; and low-moisture polymer solutions
such as mixtures of gelatin and other hydrocolloids at water contents up to about 30%,
such as for example those used to make “gummi” confection forms.
The flowable material may optionally comprise adjuvants or excipients, in
30  which may comprise up to about 20% by weight of the flowable material. Examples of
suitable adjuvants or excipients include plasticizers, detackifiers, humectants, surfactants,

anti-foaming agents, colorants, flavorants, sweeteners, opacifiers, and the like. In one

preferred embodiment, the flowable material comprises less than 5% humectants, or

29



such as m xtures of gelatin and other hydrocolloids at water contents up to
about 30% such as for exanple those used to nmake "gumm " confection
forms. Thedd3mesdobe material may optionally conprise adj uvaITrEsS02B0614
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surface 15 6 WR&EPRsHAct produced. Known injection mol di ng processes
utilize sprues and rwhegkscdRinbaclsam! Hakh @E.;l@l{ J Epg I vity.
This results in product def.ectg suts:%g%as iﬁfe torgcﬁ%or ag;&?osp ueg@%gggﬁfs,
gate def ecths theand ayeling medding modulewdmttitagealisiyrey dids visibieidafeatn th the simfigles nust
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t he hot runper nozzle nust nonentarily contact the chilled nold cavity

during i njiBieeiopmarkes sprie defiepts gate defegis 24 gherldter o renventipudlingolds, sprines 4rid wi t h

it, which st bes . | s par ti.cul arly objectionabl
win strispes e et dan R TRl E bR PER R o be

par ti cul argeperatiigsoiamnlmgeoestibmil hewahhawaiis sprsage ditinked Molveilay from a

cosnetjc standpoint but 25 functionally as well. The sharp and jagged edges
woul @ 1 iEEERgrodicpd e © {THECHABRFL SICe Hig ot Bipet APasdg must momentarily

contact the chilled mold cavity during injection. As the tip of the nozzle retracts it pulls a

“tail” with it, which must be broken off, This defect is particularly objectionable with
stringy or sticky materials. Unwanted defects of this nature would be particularly
disadvantageous for swallowable dosage forms, not only from a cosmetic standpoint but

25 functionally as well. The sharp and jagged edges would irritate or scratch the mouth,
tongue and throat.

The thermal cycle molding module avoids these problems. It employs
nozzle systems (referred to herein as valve assemblies) each comprising a valve body,
valve stem and valve body tip. After injection of flowable material into the mold cavity,

30 the valve body tip closes the mold cavity while comforming seemlessly to the shape of the
mold cavity. This technique eliminates visible defects in the molded product and also
allows a wide range of heretofore unmoldable or difficult to mold materials to be used.

Moreover, use of the thermal cycle molding module according to the invention avoids the
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The thermal cycle nol ding nodul e avoids these problens. It enploys nozzle
systens (referred to herein as val ve assenblies) each conprising a valve
body, vawoeosgkggmand val ve body tip. After injection of fHawsskeodrat eri al
into the nold cavity, 30 the valve body tip closes the nDId cavity while
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nmol di ng nodul e 200 as descri bed above. Figure 30 is partial view through

a section &mek Heontmwedavolyionef thegoiar AY2 rpaals dhewycl @V\E%thm@fﬁua’éove showi ng
mul tip nmold units r Wol¥le | d
ni t 5304, The t her rEft s ) B HiEegihena bl o the MEAMIR AR SioRling bR
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There may be a single reservo each, nol one ervoir for all
the nol d” uReldng wedulggs vissied ﬁJFOé%é‘i’QYG %Wmﬂéﬂelﬂ eleveoiidits é&i §3ddf s, In

a preferr e&-c%ﬁ’@ﬂbﬁ@fﬁne VARl Eunil@ber TR tlﬁﬁn&l‘@cﬁ'rﬁ&l@ﬁ%%o&@ Rjs are used
to make the coating, and there are two reservoirs 6, one for each col or.
The reser vmn}udeszaleeasaynmsmmm 2640 comaining thoflowalde Znasmalh astshown frhidgurect. at e
with the rotor or._he stati connected to the.rotor .vig a

Fot ary 2in ShesBagEs nelRaRnoH TP i B ERRARE SEEr{ fE U8 B4 e Raa oo
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f 1 owabl e rraterl al should be heate cour se
material of two different colors are used to make the coating, and there are two reservoirs

206, one for each color. The reservoirs 206 may be mounted to the rotor 202 such that
they rotate with the rotor 202, or be stationary and connected to the rotor via a rotary union
25 207 as shown in Figure 4. The reservoirs 206 can be heated to assist the flowable material
in flowing. The temperature to which the flowable material should be heated of course
depends on the nature of the flowable material. Any suitable heating means may be used,
such as an electric (induction or resistance) heater or fluid heat transfer media. Any
suitable tubing 208 may be used to connect the reservoirs 206 to the mold unit 204. In a
30 preferred embodiment, tubing 208 extends through each of the shafts 213 as shown in
Figures 30 and 31 to each of the center mold assemblies 212.
A preferred embodiment of a mold unit 204 is shown in Figure 31. The
mold unit 204 includes a lower retainer 210, an upper mold assembly 214, and a center

mold assembly 212. Each lower retainer 210, center mold assembly 212, and upper mold
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depends on the nature of the flowable material. Any suitable heating neans
may be used, such as an electric (induction or resistance) heater or fluid
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dosage fornms are ejected thus conpleting opne full revpl ut)j f the rotor.
Al R

20 Fi gure @A tbermai cxcle precosaieianhc Afier the tlaablegpatgidal hgrdensd den‘oodr ment
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corrpresseaassosage rment, the thermal cycle nolding
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Fi gure 27By} fhefmbi (cOmBiadd ABHABOWERG BRMAFRTbrAA oV babinpresedd dosggeTol d
form. In this embodiment, the thermal cycle molding module coats the first half of a
dosage form during revolution of the rotor 202 between 0 and 180 degrees. The second
half of the dosage form is coated during revolution of the rotor between 180 and 360
25 degrees. Figure 27B is a timing diagram showing movement and rotation of the mold
units as the rotor completes one revolution. Figure 27C is a section through one of the
mold units showing upper mold assembly 214 and center mold assembly 212. Note that
the center mold assembly 212 in this embodiment is capable of rotation about its axis.
At the beginning of the molding cycle (rotor at the 0 degree position) the
30  mold assemblies are in the open position. Center mold assembly 212 has received a
compressed dosage form, for example from a compression module according to the
invention transferred via a transfer device also according to the invention. As the rotor
continues to revolve, the upper mold assembly 214 closes against center mold assembly

212. Next, flowable material is injected into the mold cavity created by union of the mold
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mol di ng mogi RveRYioREoLiha sdtbEEhb Yeirsky Bl td befng ejt@ednefitishdd prbducts. arms er

of the enbodi ment shown in Figure 27A for a given dosage form output per
rotation. @ghbediment of the thermal cycle molding module is advantageous in that size of the

molding module may be drastically reduced, i.e., to one half the diameter of the
embodiment shown in Figure 27A for a given dosage form output per rotation. This
25  embodiment of the thermal cycle molding module is more economic to fabricate, operate,
and house in a high output manufacturing plant.
Figure 28B is a timing diagram showing movement of the mold units and
rotation of the center mold assembly as the rotor completes two revolutions (0 through 720
degrees). Figure 28C is a section through one of the mold units. At the beginning of the
30 cycle (0 degrees rotation of the rotor) the mold.units are in the open position. The center
mold assembly 212 contains a partially coated compressed dosage form. The lower mold
assembly 210 receives an uncoated compressed dosage form, for example from a
compression module 100 via a transfer device 300. Upon rotation of the rotor, the center

mold assembly 212 rotates 180 degrees about its axis, which is radial to the rotor. This
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25 enbodi nent of the thermal cycle nolding nodule is nore economic to

fabricate, operate, and house in a high output manufacturing plant. Figure
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Units ¢
rotor, the CRRTaY asse rotates grees about its axis,

whi ch iss nm@dbatbd E6mpreeseddosdge i, s SBoWMDIIORLAREVI0 PCT/ US02/ 30614 presents
the partially coated _conpressed_ dosage formto e upper | d assenbly 214,
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rotor contrnues to rotate, e no uni t ose. The lower retainer 210
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dosage form as sho in Figure 34. Fl bl e terial is.injected_into the
o1 dcav (PRt e e BREERG cOmBURER S R R 508 SR KOS o
assemblyy 22 s%ﬁttaﬁéa,%slgwqaﬁ@%a@@ F8296Wer 4R5RI2 10 ahditHeQeROVRIA part
thereof. In a preferred enbodi nent, the flowable material coats about half

of the uncestngdy 2dRythe sever 2@smd @appar2id mald asssmbiligs matesto Skastarserls amugdr e 10

34. Sinmultaneous wi.th the mati.ng of. the.|l ower L Rer . center
moi d assdnbRrapesCedrmietrt 395 ed oy o f G iR Mok MU R ° 7
create seajppedinBliiserhbl§ 2Nahihtodhd Moldaated cleaidl by Ibecnta vge assembly dridowabl e
material is injected through the upper, nold assenbly 214 into the nold

cavity cr¢he uppesynaldasssarpliio Gosi e esmapipeporing ofitheparHpdy copndsonyy y to
coat the r i_nd £ . { C Jolaesl; age
form {}he (fog%epr}lé)r 1@% t%ﬁé\#@%%bﬁ?vg@ﬁngﬁ&%@e?ﬁ . eggwgwer ‘%2? gléi ﬁ%(?u 10 and
upper  nolfoldssemitly 224 dreanstedniith dherdenter nidd assembity 2l dmaliseobily. 212

si mul t aneously.. Accordingly, en an uncoated conpr.essed (ilosagqe?ef gr mis

bei ng par tAFYnglyatBEn B iH0aId CORBIES: S3&t Fﬁégg‘?ﬁ%p%}'ﬂﬁl ¥ F ol d
assenbl y %ﬁ@lo&ﬁgetﬁﬁgﬁﬁftﬂ d @ cantBahdiiakdebls 083 8Kk fRIM RS seLpaagmge form

is being coate etween the center 212 and upper nold 20 assenblies 214.
Fol | owi ng dohied cotripecskadmosage fomnrigbeing doatérbbetwieh the semtiot 2 Bsandapaemmeld The
fully coated qqclrrpr ised dosage formis retained in the upper nold assenbly
214. Tile 3% ?Flzg coat ed conpressed dosage formis retained in the center

ol d assenmbly 214, agollowing this, the lower retainer and the mold assemblies separate. The
fully coated compressed dosage form is retained in the upper mold assembly 214. The
partially coated compressed dosage form is retained in the center mold assembly 214, as
shown in Figure 35. The fully coated compressed dosage form is then ejected from the

25  upper mold assembly 214 as shown schematically in Figure 35. Following this, an
uncoated compressed dosage form is transferred to the lower retainer 210, such that the
lower retainer 210, center mold assembly 212, and upper mold assembly 214 return to the
position of Figure 32. The process then repeats itself.

In the preferred embodiment shown, each mold unit can coat eight

30  compressed dosage forms. Of course, the mold units can be constructed to coat any
number of compressed dosage forms. Additionally and preferably, the compressed dosage
forms are coated with two different colored flowable materials. Any colors can be used.
Alternatively, only a portion of the compressed dosage form may be coated while the
remainder is uncoated.
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shown in Figure 35. The fully coated conpressed dosage formis then ejected
fromthe 25 upper nold assenbly 214 as shown schematically in Figure 35.
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bel ow. These enbodi : | : 13S5gnbl y
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20  center mold assembly and upper mold assembly are part of a thermal cycle molding

module for applying a coating to a compressed dosage form.

1. The Lower Retainer
The lower retainer 210 is mounted to the rotor 202 as shown in Figure 31 in
25  any suitable fashion and comprises a plate 216 and a dosage form holder 217. Each
dosage form holder can be connected to the plate by any one of a variety of fastening
techniques including without limitation snap rings and groves, nuts and bolts, adhesives
and mechanical fasteners. Although the cross-section of the lower retainer shown in
Figures 32 through 35 depicts only four dosage form holders 217, the lower retainer
30  preferably has four additional dosage form holders for a total of eight. Each dosage form
holder includes a flanged outer sleeve 218, an elastomeric collet 220, a center support stem
222 and a plurality of flexible fingers 223.
The configuration of the lower retainer is best understood with reference to

Figures 36-39. The center support stem 222 establishes the vertical position of the dosage
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mat ed wi t hthe vhet lodest224. nol d assenbly 212 and flowable material is injected

over the top portion,of, the. dosa rm The.ve hol es 22 tively
small so that the flORSRTET lé?ﬁeg%%ﬁjdés@f’%eg* ?B“QQ}SFP?WB“eHSg%@@?Q%ﬁ from
the centerpaphd RgsRTOLY TAdZiewibld ﬁ%%ﬁeml dr¥y nivRhictivait fedbgbr retdier 2eat

hol es 224. As shown in Figures 36-39 di sposed about the el astoneric coll et

220 are fbmybﬂuétaﬂenwmi andare attaghofl e sliclsPpDart sigar22220 Joxe 8P At APwE Wil hi n
! L 1 L4 D) :
suppor & st bRryent s e actioth A peR TR AR et SnBi e e S bAE

stem 222, 35 DestledPRENSEREN BY coOPpidbbi thgcdritguupsorBiemty and 6f a Vardetl/logxi bl e

fingers can be coupled to the center support stemby any of a variety of
f ast eni ng feslepmeded®iquen t he preferred enbodi nent shown, the flexible

fingers 223 are metay, t‘ﬂ@ﬂ{&ﬁgl?é - Jdﬁﬁglﬁlslzl%w?ﬁh@@%ﬁbmemeﬁe Ridtal @8d Shown

in Figures 37 and 38, so a dosage orm can be Teceived by or
rel eased fgppimgandiellpstivned ivherphshed o226 shde iff Figuids|3@ ahil 3§emogh@23lasage

LAl Rt IS e SeL et B, Uhe, SR S SHBAL %] SRERRIRE RARLD,
firmy. S #emove radially inward when retracted by the center support stem 222 as shown in
Figures 36 and 37 to hold the dosage form within the elastomeric collet 220 firmly. Since
the fingers move radially inward they also provide a centering function. The flexible
fingers 223 fit between the elastomeric collet 220 and the flanged outer sleeve 218 so that
25  when the lower retainer 210 is mated with the center mold assembly 212, the dosage form
is tightly held in place and a seal is created around the dosage form. When an uncoated
dosage form is being transferred to the lower retainer 210 or a partially coated dosage form
is being transferred from the lower retainer 210 to the center mold assembly 212, the
center support stem 222 moves to an upward position as shown in Figure 36 and the
30 flexible fingers 223 expand radially outward. Expansion of the flexible fingers 223 allows
the elastomeric collet 220 to expand as shown in Figure 38. Radial expansion and
contraction of the dosage form holder 217 can be accomplished by alternative means. For
example the flexible fingers 223 can be replaced by rigid fingers that pivot on bearings and
are actuated by cam followers. Alternatively linear bearings and plungers arranged in a
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the fingers nove radially inward they al so provide a centering function.
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assenbly 210 are mated his permts a first flowable materjal to be used
to coat one part of the dosage form, and a second flowable material to coat the remainder of

the dosage form—that portion which is beneath the elastomeric collet. Although the
elastomeric collet is shaped so that about half of the dosage form will be coated at one

25  time, the elastomeric collet can be of any desired shape to achieve a coating on only a
certain portion of the dosage form.

When two halves of a dosage form are coated with different flowable
materials, the two flowable materials may be made to overlap, or if desired, not to overlap.
With the present invention, very precise control of the interface between the two flowable

30  materials on the dosage form is possible. Accordingly, the two flowable materials may be
made flush with each other with substantially no overlap. Or the two flowable materials
may be made with a variety of edges, for example to allow the edges of the flowable

materials to interlock.
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rel ease the J03206 52 MBvéB relbdsh Me ddRagY fobmS st AREAB DL ¥imMifaheously with
the lower retainer moving downward to separate from the center mold assembly 212.
Thus, the lower retainer functions to receive dosage forms, hold dosage forms while being
partially coated in the center mold assembly 212, and transfer dosage forms to the center

25  mold assembly after they have been partially coated.

2. The Center Mold Assembly
The center mold assembly 212 is rotatably mounted to the rotor 202 on an
axis that is radial to the rotor. That is, the axis of rotation of the center mold assembly is
30  perpendicular to the axis of rotation of the rotor. The arrangement allows the center mold
assembly to rotate 180 degrees (end for end) at a prescribed time while the thermal cycle
molding module 200 is simultaneously revolving about its vertical axis. Preferably, the
center mold assembly 212 is mounted so that it is capable of rotating 180 degrees in either

direction. Alternatively, the center mold assembly can be mounted so that it rotates 180
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assenbly 212. Thus, the lower retainer functions to receive dosage forns,
hol d dosag® d3aesmowhi | e being partially coated in the cemarusmwmbBebiassenbl y
212, and transfer dosage forns to the center 25 nold assenbly after they

have b tiall ted 2. Th ter. M abhy T t I d
nasenbiy A8 T o faf SO toR b DY e P Btor AR iy SN [T

radi al to ddheral Sdér mdidaksentblict DE2 d Slawtiehot Al bothe@bntbh@okiesb@ibliesl2d2
assenbly is 30 perpendicular to the axis of rotation of the rotor. The

ar r angenenare siniitexly mpentednt er nol d assenbly to rotate 180 degrees (end for
end) at a prescribedii | @f I . 200 is
si mul t aneousl y revol 3%%15%5%418?%%&\?5{?{ a Segﬁlgér?eslgr?glfléggr{aag?dggﬁtﬁhlg[l(%gent er

mol d assenbkert &b2mbHes BNt FigurdstBat 39, U1iand dap ik eciér moldaisienghlt 802 degr ees
in either direction. Alternatively, the center | d, assenb] y can be

mount ed s drotaestPariialpptosteddosags famnd/iepm hein debpw Bl isHEIRegHiens tegrees in a
first di reﬁ;v!', t ' pegr j 8@l cts
several ce teasr?&ill ngésa?e&ﬁﬁa?%s 1L§)vi;dfnalg$gfnat%l% ioew. S%ﬁ ﬁeo(%‘ast eﬁggﬁtvgr nol d
assenbl i eshtdeermceatsd with diokvyblemattred, caineweenties thewbrdaindgerfitheir cmtipgd ses a
series of back-to-back, .identical. 5 insert assenblies 230. .See Fi gures

357 36° 41 alig ecentanald apeRhos ¢ Mas B TPe RGBT RN AT P - dht e
dosage; orfgerf 4QBMbH& ﬁre@@ﬁ@%ﬂ‘ﬁéiﬁ{iﬂg WaAtRY st ddvaRward. OThianey sheyhodr inent ed
positions. The upwardly pointing portions of the dosage forns,” which have
been coat ealpesitidn fol rogtalwith thetasver sdtainer Orfoweqensaingeatethdosageriirnder of their
coatings once the cgnter d assenbly 212 mates with th )
assembly 214. Al so, ﬁﬂ%ﬁ%gfﬁg SP'iﬁﬂa@gJélr?Sf?I%bsly&aé/\sﬂeoaﬁ%%plb%iegﬁ%ﬁégxa%[g\gr d now
poi nt  downyéigthe Epstsmishedn a BighRVM0, Mepictb®@ i Fii 400réedne folldwercheiagower
retainer 210 to receive uncoated dosage fornms. Rotation of the center nold
assenbl y nalp, pemiaek mnLi28h OMPrHRg a HPRST Sroovg IBA gnd Haves gEavm28 haiiFkags
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shaft 213 has a geared portjon, such _that the shaft, 2% will rotate as the
|i nkage 27BheWRRSE SIAPVERES anhiower $109Ve Bpk Pt e sawrdrass singrad PHEIDEebiPe 281

of the camd.f3fterbl,d “%%r%ﬁ%cfo@_@gﬁférﬁgs ERwitR Bt 18 THY & patterr®ccurs
crisscross pattern’as shown in Figure 40. This "X" pattern occurs at one
| ocati on oat dnbdocatiom bn dlekean wapk riity. SThag dlbowss thh earo doldvedr icameage 245 ta todlew215

to follow 20 .the | ower, grpove durin irst revglution, (360 degrees
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groove 283. After 720 degrees of rotation the cam follower carriage 215 switches back to

the lower groove 281 and the cycle repeats.
The groove pattern shown moves the linkage 279 up and down during
25  rotation of the rotor to control the rotation of the shaft 213 and therefore the center mold
assembly 212. Thus, as the cam follower carriage 215 moves down, the linkage 279
moves down and the shaft 213 and center mold assembly 212 rotate counter clockwise as
shown in Figure 40. Similarly, when the cam follower carriage 215 moves up, the linkage
279 moves up and drives the shaft 213 and center mold assembly 212 to rotate clockwise.
30  Each center mold assembly 212 is similarly mounted to a cam follower carriage 215, so
that each center mold 212 will similarly rotate first 180 degrees clockwise at the point
where the upper and lower grooves cross, and then upon another revolution of the rotor

202 the center molds rotate 180 degrees counterclockwise.
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groove 283. After 720 degrees of rotation the camfollower carriage 215
switches back to the | ower groove 281 and the cycle repeats. The groove
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further ingcludes a valve actuator, assenbl 2 dosage formtransfer
act uatlér a?égg‘i‘?ﬂ?eym ass ﬁly}g&ﬁrsgpwwg?g%%sﬁ%f%f%a pl ates 234, 236. See
Fi gures 43-47. Firstpgmiifalih pkdrasnadtbléphtesrsudnd comiriuoas chaphelt 238 th& 236
house insert assenbly 230, as shown in Figures 43 and 46, Defined wthin

the first defines otablpitheatinzaiow path, asche VAT HLvEsHAS M 4438 hepng! 3RLOIHS 4
cool ant/ heat i flow, path i ! 3 14438
Craver ses Haidhe L ARk BepP Rt I8 Whrife i Bp6dinth Aot icABRERLIEATS, |
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242 coupl et he 1 £09kaBh & BaNQkhR RS 8odihtichEnd s 38 to WS hedt L fstem

described below. The first manifold plate 234 may be mounted by any suitable means in

the center mold assembly 212, one of which is by mechanical fasteners.
Preferably, hot fluid flows through the channels 238 to heat the center mold

25  assemblies 212 just prior to and during the injection of the flowable material. Heating can
begin prior to or after enclosing the dosage forms within the mold assemblies. Then,
simultaneously with or after injection of the flowable material into the mold assemblies,
the heat transfer fluid is preferably switched from hot to cold to solidify the flowable
material.

30 The second manifold plate 236 comprises a plurality of holes 248 that are
aligned with holes 240 in the respective first manifold plate 234, so that an insert
assembly 230 can be fixed within the holes 240, 242. The second manifold plate 236 also
comprises channels 250 as shown in Figure 47. The flowable material flows through the

channels 250 to the insert assembly 230, which directs the flowable material to the dosage
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descri bed below. The first manifold plate 234 may be nounted by any
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shows the insert assembly 230 positioned for injection of flowable material. Figure 50

illustrates the insert assembly 230 in the dosage form transfer position.
The center insert 254 may be mounted to the first manifold plate 234 by
any suitable means, and is preferably sealed with o-rings 262 and grooves 264 to prevent
25  leakage of flowable material, as shown in Figure 48. The coolant channels 238 are defined
between the first manifold plate 234 and the center insert 254. The center insert 254 is
constructed from a material that has a relatively high thermal conductivity, such as
stainless steel, aluminum, berylium-copper, copper, brass, or gold. This ensures that heat
can be transferred from the heat transfer fluid through the center insert to the flowable
30 material. Heating ensures that the flowable material will flow into the center mold insert
upon injection, and cooling at least partially hardens the flowable material. Depending on
the type of flowable material used, however, heating may not be needed.
Each center insert 254 comprises a center cavity 266 within it, the surface

of which defines the final shape of the dosage form. In a preferred embodiment, center
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shows the insert assenbly 230 positioned for injection of flowable

material. Figure 50 illustrates the insert assenbly 230 in the dosage form
transfer pasi3toegn The center insert 254 nay be nounted t edrimesokidoas

mani fold plate 234 by any suitable neans, and is preferably sealed with
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val ve st empzgon afithevadevtastsoth)y.2Bospased aspynddhe yalwe sigmel$0 and ve bo
282 is a flowable material path through which flowable material traveling through the

second manifold plate 236 flows when the insert assembly is in the open position (Figure
25  48).
Although the center mold assembly 212 is constructed with identical insert
assemblies 230 on both sides of its rotary axis, each insert assembly 230 performs a
different function depending on whether it is oriented in the up or in the down position.
When facing down, the insert assemblies 230 are actuated to inject flowable material to
30  coat a first portion of a dosage form. The insert assemblies 230 that are facing up are
presenting partially coated dosage forms to the upper mold assembly 214. During this
time, the upward facing insert assemblies are in a neutral position. Prior to the molds
opening however, the upward facing insert assemblies are actuated to allow compressed

air to enter the center cavity 266. This ejects the now completely coated dosage forms
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20 within the insert assenbly 230. In the preferred enbodi nent shown, a
plurality of o-rings 284 and grooves 286 seal the noveable portions of the
i nsert asvenilogswoe the stationary portion of the insert axgendskso61bi sposed
around the valve stem 280 and the valve body tip 282 is a flowable

mat eri al th thro whi ch 1 owa I e second
nani f ol d a?&&wg\m%eﬁt ?Sﬁ%nbtflhege “%Q’é’é’%%’lp%ed ddggg‘% %n%ggée}%élgom tion
(Figure %éaté@,rhammé alipdrisodeRicRtbI b assenbly 212 is construct ed with
identical insert assenblies 230 on both SI des of its rotary axis,

i nsert assenbly 230 Advntageasly, the conter snld pssprablydh defgsdde Bg 26l at\ﬁﬂé“tl it

is oriented.in t i the
nsert - asanssne S8 3Endbp bl 28RO LA AR porutliERsAB LI 583“3 coat a
first porting@2pf The O8@gRuAtOr d¥senible 2Bmsﬁrytacamsaerrﬂm uneert 236mbhest 238rthatfaaci ng

up are presenting partially coated d eforms he upper enbly
214. Duri rfacingdewn; Vhide the g agiBaEor 4sse Bh %%Fé‘&“ts s %@“’Lﬁ%?ﬁ)

neut r al q%n%? g Prior to the nolds opening however, the upward facing

i nsert asse s are actuated to allow conpressed air to enter the center
cavity 266. This ej cdownwind faong cadvpbtetneldp 1sqangdomli@§é;g@1a‘®®ﬂ¢dm2‘tlw)0f

03/ 028990 PCT/ UsSQ2/ 3061 omth vvard fa nsert s Thus
Dhe ool digiredids senng ay PamavAd BRAESEN enDry B rkikel BESRe g
assenblyy %:f&edégéﬁaeﬁ %E?@H%Maﬂdhﬁe ﬁrsnfmldn@gﬁﬁ@m@by vaﬁred@taa@ﬂ@ﬁemm;be
actuated wth “just one valve actuator assenbly 232 and just one air

act uat or azéﬁeshbw iR Figufd4lg dnéhe mfﬁredrmlwﬂ)meﬁrh]@o% thevalve acteaier asseably| v

232 only uates, the | ns i es g ile
the air’ acadebPrises Bt i Pl 20 AT R Va2 mRied AEeBE sERNE oYl

faci ng up.,Renenaitinf Be bilde ¥8Va80%b gpngsra,aa sheamuers@nh os0ledtht eldsk® cl os ed
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nmove the ,gsemblies as viewed in Figure 48 by moving and pulling the downward facing valve

stems 280 against the bias of spring 290 from the position of Figure 49 to the position of
Figure 48. Opening of the downward facing valve stems ports flowable material to dosage
forms disposed between the center mold assembly 212 and the lower retainer 210.

25  Following this, cam follower 294 and actuator plate 292 move down to release the
downward facing valve stems 280. Due to the bias of spring 290, the downward facing
valve stems 280 move to the closed position of Figure 49 to stop the flow of flowable
material.

When actuator plate 292 moves up as viewed in Figure 48, the upward

30 facing insert assemblies 230 remain stationary and closed. The upward facing valve stems
280 are compressed against spring 290 and do not open. No flowable material is provided
to the upward facing insert assemblies 230. Dosage forms in the upward facing insert

assemblies are coated by the upper mold assembly 214, described below. Similarly, no air
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actuator plate 292 and thereby control novenent of the downward facing

val ve stem 280. 20 Actuator plate 292 noves upward and opens the downward
faci ng i neerda3/o2ewaenbl ies as viewed in Figure 48 by novi ngecamasopabddieng t he
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the upward facing valve body 260 and valve body tip 282 against the bias of the springs
282B to the opened position (Figure 50).

Figure 50 depicts an upward facing insert assembly 230 in the transfer
position. In this position, the upward facing valve stem 280 and valve body tip 282 are

25  withdrawn. The upward facing valve stem 280 rests against the upward facing valve body

tip 282 to stop the flow of flowable material. With the valve body tip 282 withdrawn,
however, air from can flow to the mold.

After the dosage forms have been transferred from the center mold
assembly, the air actuator plate 277 returns up to release the upward facing valve body

30 260, valve body tip 282 and valve stem 280 to the closed position of Figure 49.

3. The Upper Mold Assembly
The upper mold assembly 214, which is shown in Figures 51-54, is similar

in construction to half of the center mold assembly 212. Like the center mold assembly
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body tip 282 and val ve body 260 are normally in the closed position (Figure
49). Cam 20 246A and air actuator plate 277 nove downward to conpress the
springs 282%3angbopush the upward facing val ve body 260 armtvesoesodiedy tip
282 agai nst the bias of the springs 282B to the opened position (Figure

50). Fi r 50 depi cts, an f.aci ert n 30 t f
ot ti on. 117t Estap e Rats dE o BRE e BT B Rt S leb G4 2 hoay
tip 282 ar@osage YMr&hQﬁBWﬁcufﬁthéW%&&%s&ﬁb%ll%ﬁh@lﬁr@l&@ df@ﬁf;éir idg@at nst
the upward facing val ve d%%/ : 282 to stop the flow of flowable

plteqyr

materi al . ammblmez%a(elgbt ip egd@mbailinhent)cthel, math suideorrespandig Bpare an
flowto thesémé@i r@ ter the dosage forms have been transferred fromthe
center ol F5THELE the air actuator plate 277 returns up to rel ease the

upwar d & aci ng val ve J&ﬁﬁb’ugh&ﬁe Aser nvlll Y eMBD)is binfilaz § therenteainotd skembiRB0 t o
the cl osed position of Figure 49. 3. The Upper Ml d Assenblf/ The upper nold
assenbl y 2thg uppgrireeld |a§se§’rli’%0\ﬁ°qsﬁloi:ﬁ§@?ega@%$h?UHP§T ol psgpmbly214dRANFB uct i on

to hal f of . sE 44
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f 1 owabl e maiderstédd B}Ocoartpahﬁgﬂgtpesrﬂ 315 | Prefavalily acandodlager 299, ramltrack a8, cul ar
the upper nold assenbly 21 has urality of up i nsert assenb]jes 296
(ei ght in ¥KOHPEIRFTHL én(iiL t‘ﬁ‘gtto ﬁé@t@qurﬁoggperggggﬁd}pﬁar 1i’nﬂgje
assenbjy es s%égblyséﬁﬁl SHRUGAN taﬁowelp% a[Hal ShaASARIMRIK 288 BhiFb] ta;pelt grldie center

nol d asse e upper nold assenbly does not rotate. Rather, the upper
mol d assenﬂﬂhtye 2214 Guovistlowee299, camltsack 9@rsthatioam fodowet 289iand smblé cara el

nol d asse vi a .sui.t abl contr S_as best nder. st by conpar

Fi gures 3295%° aérl%?ﬁnﬁ tf’?ﬂ“? SAEFPIYe ¢ Lci%tﬁ?w 8@% é@‘%er re ggﬁnect or
arm 293 (Figure 51) ¢m pfp%eﬁlotcpaseeﬂbryozt4t1ﬂ@veaauﬁﬁ@ftttatmn dfiBe tAEI02N@A d 10
assenbly 214. Small camfollower 289 and small camtrack 288 control upper

act uat or qtﬂnaf(dlml 290mmatgvidvibe coger meldrassanziik 222 8s show i Hgie Bt35ower

289, apd s

corr esgsgnd gaté?aéﬁ%{ ag}fyo af%ﬁo{’égg fg r e‘ltdgl&rr%i;g t&%%fﬁg&!ﬁ%&e@%nﬁ}gw%ghg enbly
214 noves ghfek Apld agsahblgmaffrdnlﬂmer&mr mdPaséérably@d Msh ohdt okefiniZRd, fidlymat e
with the center m)l d assenbly 212 as shown in Figure aﬁ 35 15 and at | east

partial |y esad agfsfage cambaficpted apd frapsderrqdygora i thermad gusle segddiag mpdiice s
t he upper %D%hﬁw‘ﬂ% y3£14 fromthe center nold assenbly 212 so that t he
fini shed, ed dosage formcan be ejected and transferred fromthe

t hermal cycle m)l d| nhengohet enoldassemnbiy? lidreomipgisesean3dpper second manifold plate
20 251 that ports flowable material to upper insert assemblies 296 and is similar in
construction to the second manifold plate 236 of the center mold assembly 212. An upper
first manifold plate 253 provides cooling/heating to the upper insert assemblies 296 and is
similar in construction to the first manifold plate 234 of the center mold assembly 212.
A seal around each dosage form is preferably created by contact between
25  the upward facing insert assembly 230 of the center mold assembly 212 and the upper
insert assembly 296 of the upper mold assembly 214, as best understood with reference to
Figures 48-50. An upper insert assembly 296 is depicted in Figures 52-54 in the closed,
open and eject positions, respectively. Similar to the insert assemblies 230, each upper
insert assembly 296 includes a stationary portion that includes an upper insert 265 and a
30  upper flanged insert 258 and a moveable portion that is basically a nozzle. The latter
comprises an upper valve body 273, upper valve stem 297 and upper valve body tip 295.
The upper valve stem 297 is moveable between open and closed positions to control flow
of the flowable material to the dosage form. The upper valve body, upper valve stem and

upper valve body tip define the flow path for the flowable material.
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The upper nold assenbly 214 conprises an upper second manifold plate 20
251 that ports flowable material to upper insert assenblies 296 and is
simlar iwo@asouction to the second mani fol d pl at e 236 rafT/tSve/30@mt er
nol d assenbly 212. An upper first manifold plate 253 provides

cooling/heating to upper_i.nsert. assenbl.ies. I eyl i
construction to thetﬁg&? BI?lPeﬁﬁﬁYl?Yoﬁ&t Iﬁlag?rgp]igﬁ@osf%g %gﬁghgrt&ezfrlmﬁ%%h%{segggbl y
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214, as best. under st ood, w . s g 5 r insert
assenbl y f@%b? gpﬁl@ﬁieégg%mahgﬁﬁ‘g%r%e§%%%glﬁe§%§%?f%§%§%ter§§gﬁp§fd ej ect
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insert 265 and a 30 Qusphifferepesriwoonibe uppggaset agsenhly ¢aa A H’ﬁd?ste on that is
basical ly . i Ve Snd2h8 dosagper
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03/ 02%§90 fp%gi%ﬁ@@/ ni&@&ﬂosa%@?&n&!pﬂ%ﬁrecﬁvd Yet 28 uperaRBetdiyaipeloy si zed so
that the flowable terial

can flow over the dosage formand provide a
coat i ng ofpotilienelbwi reenive hdadepgessm. Sinilar to the center cavity 266 of the

center insert 254, the upper, cavit of . t i an be of
any desired shape an'g“@?&gvﬁlrveﬁgu $B§fﬁ%{%c eiﬁf;@rpfegg%ﬁ%g]fﬁgrénzgﬁéuch as 5
di npl es, ligihgs 501 MHEGESfolIBWer 289 & hodinfih PigiRc sl hataredie igper insger i nsert
assenbly 296 and the insert assenblwie 230 is that the %uaﬁper c'\ial ve bo tip

: d
295 f or s assentblpR96.hin efberienzhodiments. (stecioniggé othep pyerlaaticah SORTqlH o5 RS
52-54 and es _ou rat ' ' fter it
nas. boan ri eSS B i Ighel Mt Sl Bihady QARD0T, THERPREL 10
posi t i onedhch@tRipdt 291 Brsagetién2oD Hiayextendsdbederth ctdungre soppeirwhalthe body
tip 295 positioned to receive a ?Fo,sage Sornl An g erT\éfd vgjact ua)tt ar 275
that i ncl ulesr astuaipriste 381 maves up(Bgwe>g) 1t pufls ?ﬁk&é S§E " RESH B Power
289 as shqyn, i%PIeC';isg%s‘t:’s A% 21%& vallR st 897 8 WherPhe @BPEacRAfor plale Ot her

enbodi nent's, roni c or otlrtl1 mechani cal controls can be used. 15 The
| i nkage 2908 mewsldesnchmphulgeoauthe 8par vatviesteupt arg pushedsiowm Gigredd). The

upper actuator plat 91 ha agrtion 1D t_.exten unger
so tha® when the upp eé@f’ﬁi@%@%ﬁ%ﬁ@mfﬁo‘?ﬁ\?@g’ %%n%%gﬁ?%ggg?é%]{%ﬁ%l s on
val ve st em29sid e tpis bbRRRE plate 291 to rise and pull upper valve stem 297 against the

bias of spring 269 and hence move it from the closed position of Figure 52 to the open

position of Figure 53. After this, cam follower 289 moves down and causes upper actuator
plate 291 to move upper valve stem 297 to the closed position of Figure 52.

25 Next, cam follower 289 moves down and causes upper actuator plate 291 to
move further down. When upper actuator plate 291 moves down, it depresses upper valve
stem 297, which pushes upper valve body 273 and upper ,valve body tip 295 against the
bias of spring 271. Upper valve body tip 295 thus assumes the position of Figure 54 to
eject a dosage form. In addition, as upper valve body tip 295 moves down air is ported

30  around it from the compressed air path 267. As with the center mold assembly,
compressed air in the upper mold assembly ensures that the coated dosage form does not
stick to the upper insert 265 when it is ejected.

After the coated dosage form is ejected, it may be sent to a transfer device,

dryer, or other mechanism. Following this, cam follower 289 and upper actuator plate 291
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plate 291 also rests on top of upper valve stem 297 so that when the upper
actuator plate 291 noves down, the plunger and the upper valve stem 297
are pushewodvwnsgehi gure 54). 20 As the rotor 202 rotates, ramsoeBbawer 289,
riding in camtrack 298, noves up, causing the upper actuator plate 291 to
rise and p vayl - 7 i th bi as_of spri.n 6 nd
hence m)vei‘Hlo'ltVe P ?‘gﬁ}% h@%ﬁo@%@mﬁgﬁ L%pl%gﬁveg% f—tFlaél% 48 uP%ertVﬁgvedaﬁgﬁ%p %c()%l tion
of Figure b&k tAfthepositiinsaf Rigure 5dldhewethe BES ofepmas Tawn and causes upper
actuator plate 291 to nove upper valve stem 297 to the closed position of

Figure 52. 25 Next, CHW# &P fssnterpyldessendbiyobastadieatinséy fpisrdizectedat or
plate 291 #p g teh& ' SO - t 9 ves down,
it depr essesc?%géggr u%%%r\ﬁigﬁ%t em z%l%ezfﬁ%@ﬁﬁfﬁ%égﬁfé%ﬁu%%g@ 1§g§g§o B4y P73 and
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tip 295 thus _assynes. osition of Figure 54 to eject a dosage form In
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coat ed dorsgcgﬁt formis ejected, it naybe sent to a transfer device, dryer,
or ot her chanism Following this, camfoll ower 289 and upper actuator
plate 291 46 WO 03/028990 PCT/ US02/ 30614 nove back up. This in turn noves
upper val ve stem 297 and upper valve body tip 295 back to the position of
Figure 52 %ue to thelemperaturesGontrgl amhEnaigyiRegovary Systencent er nol d
assenbly, heated he f id i irected .t.hr t he upper first
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mani fol d plate 253 an rrnsert a
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t hrough t u first manifold plate 253 and upper insert assenbly 296
after t heh‘ﬁ3 g\ﬂ%ﬁ% Iﬂa&?r_éﬂﬁil%t‘FlJecF‘FQs}mBéB‘Pmi Apis@sdss thy fﬁm@&miaterialimfm_dng.i on,
war m hgat tHARSiISssdnhites al%alﬂerpﬁreﬁéﬁﬁl Eﬁkflg&',q}é b6l W@é?ﬁleﬁl G4 giRpi ol d

e ona PVa FEf

pl ate 251 constantly to heat t e ‘materia ove 11s ;gng
poi nt. 10 tampIree phihe flowabletmabriancttEn quighlyRe banden yheJysi sble Riaefier abl y, the

center and upper nold.assemblies 212, 214 of the therpal cycle nolding
nmodul e are hot, . e.@lgﬁg@@g_lsﬁé{?lﬁp? %?Eﬁémfﬁo? gat &W?%@%T?Wf@rﬁﬁ%wlal ,
when the sybteiedit prof@hisly pdvidéd toth&itdeqe teimrdne B Eh1d8S Bk Shiel Qlfeheat
flowable material in flowng. 15 The nold assenblies are then preferably
cool ed, i .S&nks ipjudnchuiareios limiteditp ghibled gist Ringge Effeptaroating,endfPelthe efft@wabl e

mat erigl, cfe@fcggrE%ﬁ}% Il RAre R ANg eflelc?r\{\c'?}?éa%rsr,r% eam, ?Arbed hot air, Joule

Thomson effect, ranque effect, ultrasonic, and microwave heating. In a preferred

embodiment, a heat transfer fluid such as water or oil is used to transfer heat, while
electric immersion heaters provide the heat source for the heat transfer fluid. Preferably,
electrically powered freon chillers provide the heat sink for the heat transfer fluid.

25 Figures 55 and 56 depict the preferred temperature control system 600 for
the center mold assemblies and upper mold assemblies. Although only one mold assembly
214/212 is depicted, all mold assemblies are connected to the temperature control system
in a similar fashion. Preferably, the temperature control system 600 includes a tubing
system 606 and valves 620 to 623. Tubing system 606 includes a cold loop 608 for

30 cooling mold assembly 214/212, and a hot loop 609 for heating them. Both loops share a
common flow passageway between “T” fitting 603 and “T” fitting 605. Defined within
the common flow passageway between “T” fitting 603 and “T” ﬁttingv605 is a flow path in
the mold assembly 214/212. Valves 620 to 623, which may be solenoid or mechanically
operated, control the flow of cool or heated heat transfer fluid through the mold assembly
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In light of this cycle, a heat sink, a heat source and a tenperature
control systemare preferably provided to change the tenperature of the
nol ds. Exwgpisaeswbd heat sinks include but are not |imteddousbidbdied air,
Ranque Effect cooling, and Peltier effect 20 devices. Exanples of heat

sources in e | s e ed, . i Joul e Thonson
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system 606 i ncl udes a cold | oop 608 for 30 coo no asse 4/ 212,
and a hot eeyshgbeniodt asserablyriy 4218min Butttest, depslek af theaoltmopBA0 hhd 622

passageway wl fhttin 3 d "I fitti 605. fined within the
comon fl o%vll%%ga@ggg%&%&%’é%“&égﬁm?g‘“wf p{oyghéhagkj@pa%g:ter%%wgﬁtmﬁan@égs peengy
flow path injectddiatontab Horaskardsbenil 41 2222, tabpesis GaRtohdd B28e co¥ting ndih e
sol enoi d or, nechani cal I%/,ﬁ%%srgr ated, control the flow of cool or "heat ea/ heat

transfer fFlO5iASsAPBAUGNE pad 622 efihe POWOWQWGMZI@%V@@BUS@MMQB 14
214/ 212. T i fgl 1 i ch heat.s . t
Foop. and e cOMELERLORYsERRR 15, U3 BolBIEhod bEnoiiief Hdiihud RopT e

col d | oop. mOldslagtenybdy 2 14/BI2 Andisidrts tel fRiw POEHibedbibdBrafsférTRie Meldtibugnd
nd inlet ports 610B of the heater can be connected to

| 610A
il ¢ pl 6 ORISR ReetanaidRgieahiy 2 1 rd tndper roigresenibiy 2t ean-mibspel
Il 5 @f : | - Val 620, t 23
?ni t] algl y%}ﬁhﬁ%gﬁ%gg?% o%ta%e?r E% gut(r:ag)gggq to{%ogt(sals(%ééin Sﬁ%}%ﬁ%ﬁo@ﬁ t‘??\ hof1 r Ieoop

609 are openosb. fhtte theferrb@ambbdiarst evingd balitth 4098 MOWnAB dowbhiCtHe@bfter
through the nold assenbly 214/212. In contrast, the valves of the cold | oop

620 and 6231 upper mpKlasspriios B42, 2ddavalsbetrsnabot36RC and 8QYH int #hout 2 oop.
After flowgplgsmaterial has been 10 injected into the hot nold assenbly
214/ 212, the cycle is switched to the cooling node by closing solenoid
val ves 620 and 622 ofhetdodd it hdthegp temefco e thgs N y@sh603nakd 5 of the

cold I gop 608 (see Figurg 56). This blocks the flow of hot heat transfer
f1uid?®o t%sag%’ﬁ%l?et&’g%ﬁf)l ga@ﬁﬁ%?}d oiird When ths velyss swiseh Semdhe heasidgheat

transfer frhbkléjtottﬁ@écﬁ)tlilﬂg%ﬂﬂﬂé; the RbRIE! oyh?a&iigncyc il BLELATIRANY 212 and

t he upper nold assenb 214 are capable o Ing I'n enperature
range of alsounoroflew patsogrwah0i6 Gansfembrbiotthd cald st @$ theosy8@m. Conversely, hot

heat transfer fluid trapped in the common flow passageway is transferred into the cold

loop when the valves switch to the heating mode.

25 Although the volume of fluid in the common flow passageway is relatively
small, and the cost of energy to heat and chill this volume of fluid is not unreasonable for a
commercial process, a more preferred, energy efficient, and cost effective temperature
control system is depicted in Figures 57-59. This preferred temperature control system
600 includes the following components additional to those described above: 2 fluid

30 reservoir 630, a moveable piston 604 bisecting the fluid reservoir, and valves 626 and 627.
The fluid reservoir can be replaced with two collapsible bladders (hot and cold), thus
eliminating the need for the piston 604. For ease of description, however, the reservoir

and piston embodiment is described herein. Valves 620, 621,622,623,626 and 627, which
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seconds. In the preferred enbodi nent using gelatin at 60% noi sture content,
the center and upper nold assenblies 212, 214 cycl e between about 35C and
20C i n abowto3d2sweconds. The cold and hot heat transfer flIndmdusopaesifil ows in
the common fl ow 20 passageway between "T" fittings 603 and 605. Wen the

val ves swlfehd LG by BBdSich odliS) (0ol k IBAG: hdfiCar bt Of ot

heat trans enc conmon W passageway | s
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fluid in tOgiHABI L 91V PEREREENRY2) aﬁlfdr&F%ngﬁé?‘doYd lodpatd opctd tﬁ%i%o#}l%ﬁt of

energy to heat and chill this volune of fluid is not unreasonable for a
commer i altramstee 98] can flowr © the vlodd assenblyr?dd(pt 2 efif caritest, theavedves@fthedfot ect i ve

t enper at ur.e t.r,ol stem i s depicted in Figures 57-59. Thi referred

t enber at urlBoR AT 5762] Eeioee o b s et St A ik RECTosh.

addi t i onal THeDi§tbR 864 ekl RethedBRVIBop Sidk by kit pARitloRSHRNOVAIvEI6, @2y eabl e
pi ston 604 bi'secting the fluid reservoir, and valves 626 and 627. The

fluid reseﬂﬂdcﬁQﬁ’: can be replaced with two collapsible bladders (hot and
coLd); hus ellm AP alNGuaRilAls bASRISHOR A2dchon RRE sflich s, g

descri ption, however, Servoir an i n e ment 1's 'descri

her ei no Valovigsll&P arbeldctiodss G2l 626y atedh02chl (ahi) ebtudBo 01633 /00 3BGOA
PCT/ US02/ 30614 . may be sol enoi d or nechanically operated, control the flow
of cool orshawh ikEre 38 n¥alyes 630, 626 and 083 glese mid walveshl, 625 BnddL op&sendl v

2147212 h g%i%gléclgs‘r’]\{ge E‘W o c%Slslfera}’ﬁLﬁsfé}?}ﬁrid fran%BQ Qolﬁ(??% @ﬁge ¥l Eerfibl:

621, 622, 6 I'nitia the valves are posi tron-of
Fi gure 57.21¥812esd 6@260s tiEX2ow afiblotdiz6t tofnsfen ducinthcbulgh die mokl mspanblg@14242. cool

heat 5 trapsfer fluid can flow.tq the | d as ly 214/.212. |n. cantrast,
e el veolas Dt hot s eRsier Tgiiiosoit metan Bt SRR Shaygt infoRtre

transfer f4guigh&ameeh 6ok dWnlhE BHSihi ﬁtidnqpﬁ-genélfgﬁ% gblgﬁ eP@tohid #rced to

the cold |l oop side by the position of the valves 6 , 623, and 627.

When t he sydimerothduic baml toflind entlosedrwidlan theepassigewey Uetveden €3, fitthngs 0hre 10
controll ed hy.an el ectroni ¢ si | or b chani cal (ca t uation, close
o "open adnd Sy isoliglisdnis T st S A heS T PR BhhE ol ves
621, 622, AngtifethelRaine offtht Slukd RedSoik B@O.fW‘éh%fstd‘rpaM RecHes itk prsélested | Ui d
fromthe cold |loop to the nold assenbly 214/212 and starts the flow of hot

heat trangightmest ppgition (Iagie Ohsalives eP2as3@mpd 920 closoand valyes @2 1peddhiend t he
19t 18 B ThL i Ao ORERA6 RPN, 1 00
conf i gur edo tle Kghinbapistoa 604 is hot and most of this hot fluid has been evacuated from the
cylinder. The heating mode of the system is now in progress in Figure 59. When the
system switches to cooling mode, piston 604 moves in the opposite direction (to the left)
and fills with hot fluid thus reversing the process just described. By preventing or
25  minimizing hot heat transfer fluid from entering the chilled side and by preventing cold
heat transfer fluid from entering the hot side, energy losses are minimized and the system
is maximally efficient.
Figures 60-62 depict a particularly preferred embodiment of the the
temperature control system incorporating an automatic valve system 650. The automatic
30  valve system 650 directs heat transfer fluid to energy recovery bladders 651 and 652. The
automatic valve system 650 replaces valves 622 and 623 of the system described in

Figures 57-59. Connecting energy recovery bladders together is connection rod 653.

Slidably mounted to the connection rod 653 is valve slide 654.

49



volume of liquid equal to fluid enclosed within the passageway between "T"
fittings 603 and 605. This volune is tunable by adjusting when the val ves
open and wloos®28%0 by adjusting the volune of the fluid rrEIEUS00iB3061630.
When pi ston 604 reaches its preselected rightnost position (Figure 59)

val ves 622, 626, and_620.clo and val v 62 and 2 27..0pen. The
fluid contained in tHBTRHOH ?ft?lggg[ro%?lp V?@W“f?#@%ﬁiso esg\l’%‘%éi U i's col d.
Fluid to {dgpdingHigRls 60 Sk@zn24 1h Fidigé 6@66ld Mest trikfet fiusd B @ircllbtiigandas

been evacuated fromthe cylinder. The heating node of the systemis now in
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m ni mi zed tribieldfe system is maximally efficient. Figures 60-62 depict a
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i ncorporating an autona e automatic val ve system
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wi th hot hgghe b8t 8% chintcHon tdd 6939 THeadARIS1185854 HkcHEnSds dihebibalvsariieat ed

inits 5 right nost position by a flanged portion 653A of connection rod
653 al | owi regafinsiseated to thasight des tohsessetetagaingf ifsleil feces As hlpdderserideangd 092 e

control_system has jus i t.ched from.cool. . [ y
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heat transfer fluid to be%i n flowi ng around | cop 609. The pressure fromthe

fluid in | wynigdisurepdedheirammpyatpecontplsysierdaapvas the keating modfid Whttte to
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652 enpties and noves to t due tot I nki ng e bl adder s by
connect i onrepests tixBthe biwelder|65¢ aall 662 nob4 té theaighons as a check val ve and

remai ns seated to the r.igh; ue to pressure agaipnst_.its left face
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of connect btbnd o6 B2k VERKES d&BHs&8bwn in art, such as spool, plug, ball, or pinch valves.

These valves can be actuated by suitable means such as air, electrical solenoids, or by

mechanical means such as cam tracks and cam followers. In a preferred embodiment, the
valves are pinch valves and are actuated by mechanical cam tracks and cam followers as

25  the thermal cycle molding module rotates. Known pinch valves are relatively simple
devices comprising a flexible section of tubing and a mechanism that produces a pinching
or squeezing action on the tubing. This tubing is compressed or “pinched” to block fluid
flow therethrough. Release of the tubing allows fluid to flow. Accordingly, the pinch
valve functions as a two-way valve.

30 The pinch valves of the present temperature conirol system utilize a rotary
design to “pinch” and “unpinch” flexible tubing. As described above, the center mold
assembly rotates clockwise and then counterclockwise over an arc of 180 degrees.
Feeding the center mold assembly are eight tubes 606 that supply heat transfer fluid (two
supply and two return lines for each mold assembly). Figures 63-65 depict a rotary pinch
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with the right face of valve slide 654, unseating it and shifting it to the
| eft nost position shown in Figure 62. The tenperature control systemis
now i n t hwahsarssrg node. When the tenperature control systc@amwsusealnes back
fromheating to cooling node the cycle repeats and the bl adders 651 and
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Figure 64, the circular cam track 669 allows cam followers 666A and 666B to remain in

their fully actuated positions while the rotary pinch valve assembly 660 rotates clockwise
and counter clockwise 180 degrees. Cam followers 666A and 666B can transit either the

25  inner surface or outer surface of the circular cam track 669 as shown in Figure 64.

TRANSFER DEVICE
1. Structure of the Transfer Device
Known tablet presses use a simple stationary “take-off” bar to remove and
30 eject tablets from the machine. Since the turrets of these machines rotate at fairly high
speeds (up to 120 rpm), the impact forces on the tablets as they hit the stationary take-off
bar are very significant. Dosage forms produced on these machines must therefore be
formulated to posses very high mechanical strength and have very low friability just to

survive the manufacturing process.
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15 The counter clockw se rotation of valve pinch arns 663A and 663B about
shaft 661 causes tubes 606B to be squeezed cl osed and tubes 606A to renain
open. Cowwenszesdpy cl ockwi se rotation of val ve pinch arns A3sane1663B
about shaft 661 causes tubes 606A to be squeezed cl osed and tubes 606B to
remai n open. The posjt
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a continuous processrghstbfeviday 80d hmmﬁﬁb%tdﬁﬁa@ﬁf‘deﬁﬁcalV@E&s&ﬂ&{o%t' ng
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(Figures 68 and 69), which may be made of any suitable material, one example of which is

;—.

a composite consisting of a polyurethane toothed belt with reinforcing cords of polyester
or poly-paraphenylene terephthalamide (Kevlar®, E.I duPont de Nemours and Company,
Wilmington, DE). The belt runs around the inner periphery of the device 300. The

25  transfer units 304 are attached to the belt 312 as described below.

The transfer device can take any of a variety of suitable shapes. However,
when used to transfer dosage forms or inserts between operating modules of the present
invention, transfer device is preferably generally dog bone shaped so that it can accurately
conform to the pitch radii of two circular modules, enabling a precision transfer.

30 The transfer device can be driven to rotate by any suitable power source
such as an electric motor. In a preferred embodiment, the transfer device is linked to
operating modules of the invention and is driven by mechanical means through a gearbox

which is connected to the main drive motor 50. In this configuration the velocity and
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15 Alternatively, the transfer device can be used to transfer dosage forns
or other nedicinal or non-nedicinal products between the devices used to
make suchworadogws, or to discharge fragile products fromcaugsesealni nes.
Transfer devices 300 and 700 are substantially identical in construction.
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between the transfer units 304, the pitch of the toothed belt 312, and the
gear rati oliegvaslehle to complete a transfer. Riding in cam track 310 are cam followers 305

suitably mounted to the transfer units (Figure 70).
In a preferred embodiment of this invention, both the drive pulley 309 and
25  theidler pulley 311 are driven. Figures 68 and 69 depict a toothed pulley 350, a second
toothed pulley 351 and a toothed belt 352. Pulleys 350, 351 and belt 352 connect the
rotation of the drive pulley 309 with the rotation of the idler pulley 311. This
advantageously eliminates any slack side condition in the belt. Linking of pulleys 309 and
311 could also be accomplished using gears, gear boxes, line shafts, chains and sprockets
30  or by synchronized electric motors.
A preferred transfer unit 304 is depicted in Figures 70-75, and generally
includes a pair of plunger shafts 320, one or preferably more than one cam follower 322, a
plurality of bearings 324 to retain the plunger shafts 320, a spring 326, a plate 328 that

secures the plunger shafts 320 to cam follower 322 thereby controlling their movement,
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15 the drive pulley 309 and the main drive of the |linked systemare all
sel ected such that the transfer device is precisely aligned with the

oper at i ngwoowbukewol i nked to it. As each operating nodul e POIVER0230618 he
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belt 352 the rotation of the drive pulley 309 with the rotation of

the idler pulley 311, This advantageously elim nates any slack side,
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beari ngs 32p the retaings $30; the 1staineg 870 Sramupwanhas showpin ﬁéh?}? 2. ‘gheydogage 308
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mechanical parts away tfromthe dosage formand its sub 5 conponents.
Mor eover, $d thal il casretéiee fdathéritlosagednmney Imgpieteared entbodonerdcthe edtaiger 330tike

operating nodul es.to ich it is.connecte t hereby al | owi n or spoot h
transfer Q& f“ é‘\flggff ﬁ%%’%e%%‘gﬂ%geés (btfei‘fsg%eﬁ‘ﬁfni‘tfé% aﬁlsgo‘gﬁgl%:@ﬁ%eﬁrlﬂ Ft_ed

froman el aabQImstive so BBABLRH. $hdeBahlyWeaTexile 8Rsuatigo flok Mdlétheissdpeed i nto
the retainer 330, the retainer 330 10 generally points radiall éﬂi nwar d as

shown i n Ffogas endreleawibn dasagedorge Refeiner 33 (rudensy radipilninyed p distinpesucB3o,
(ne L 6h, 7% LSRR BB LA Bl s deoegR G
dosage for éjbéted b%t}ﬁ Iﬂlﬁ@g@sfgmﬁsmm adf deedritealbelyw. A dosage formis ejected from
a transfer unit by pggrt]ll fgﬁower 322 is disposed towards the top of the transfer unit 394. Itis
mounted so that it can move up and down as shown in Figures 70-74. Plate 328 is coupled
to cam follower 322. Spring 326 is connected to transfer unit 304 and biases the plate 328
25 and cam follower 322 to an upper position. Plate 328 is also coupled to each plunger shaft
320, so that movement of the plate 328 will cause movement of the plunger shafts 320.
Each plunger shaft 320 is mounted within the transfer unit 304 by a
plurality of bearings 324 that permit vertical movement of the plunger shafts 320. The
plunger shafts 320 are mounted so that one end of each plunger shaft 320 can move into
30 the respective space in which a dosage form is retained to gject it from the retainer 330, as
shown in Figure 74. As described below, the plunger shafis 320 move in response to
movement of the plate 328 and the roller bearing 322 to eject dosage forms from the

transfer unit 304. The plunger shafts 320 and bearings 324 may be made of any suitable

material.
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down on the dosage form thereby flexing the retainer and permtting the
dosage formto 15 be pushed out. Once released, the retainer 330 flexes
back to iwoOwadsmbly inward position so that it can recein@/esvBims dosage
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transfer device is best understood with reference to Figures 3 and 70-75.
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of a dosagpluhgsrshifisBRladeaohcasni vicks apdescabédatmvehar dmhgefoting 2ripbjdctad
nodul e, however, as stated above, transfer may be. acconmpl.i sged bgtween any

two oper at infyiheaeaNES 350 Oéfh?etfafﬁ@&iuégém ROPORBR ey ¢ /i3 768 dépicts a
transfer dgyd, @fomqléx%@ﬂl%fr@{afﬂgg ?36@&%}]1@%6 esfpglgm@rétﬁﬁéf@o 28t hadilmkd

nodul e 10 to conpressi on no e sole fferences between transfer
devi ces 30famsfiat uidGO0Abey the tetaiged3dt Syncethe Henger amdfsemddowalyjuachesaapiutche
geonetry of the transfer unit hol ders. The transfer_.devi ce operates as
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is therefore fully controlled before, during, and after transfer. Rotation of the transfer

device 300 and die table 114 of the compression module 100 are synchronized so that
transfer units 304 will continually pass above the die cavities 132 and dosage forms will be
25  continuously transferred to the transfer units 304.
Further rotation of the transfer device 300 by the drive pulley causes the
belt 312 and its attached transfer units 304 to rotate. Eventually, the transfer units 304
containing the dosage forms reach the lower retainer 210 of the thermal cycle molding
module 200, as shown in Figure 3 and 75. Cam 310 is disposed between the center mold
30  assembly 212 and the lower retainer 210. The lower retainer 210 passes just beneath the
transfer units 304. Thus, the transfer units 304 become aligned with two of the elastomeric
collets 220 in the lower retainer. As the transfer unit 304 moves along cam track 310, cam
track 310 pushes on the cam follower 322, which pushes on plate 328. Plate 328 moves
the plunger shafts 320, which in turn move down and contact the dosage forms. This
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304 becone aligned with die cavities 132 that are on a radial line, as

shown on the left of 15 Figure 75. At the point of alignnent, |ower punch
120 noveswaposanrgbddn uni son with plunger shafts 320 due t edimesoeaoitr acks
as descri bed above. A dosage form 12 is ejected into the retainers 330 of

the transfer unit 304 as shown in Eigures 7 a . $eg% form
flexes t h8oWaqt BPshss Sigft qlmFPa%‘%FgeiaSg"é’%‘? tci?(zalétrsé al t%lgrd o%g f%rﬂjcoi is heldin
the trangfiemndiitotihdMstbetib Bollds 2001 elowdB PetaiienZi) ddethpirangardesivaB08 and

| ower punches capture 20 the dosage formin a confined sgglgs?ewt m_ni mal
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so that transfer units 304 will continually pass above the die cavities
132 and dosage forns will be 25 continuously transferred to the transfer

units 304., Further o%@ﬁddlﬁv{iﬂa %f@xe Lyighsfer device 300 by the drive pulley
and 1'ts a acReof

causes thé belt 31 transfer units 304 to rotate.
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two of theositiewstecareertical positioet ar vigoverss. Fecxammle, Horaiggelcaps cloRgaled ansf er

unit 304 npves .al ong ca rack 310, cam t g
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el ast oner jacvedizhl pesitiomaniicoondinglysgaieaps 69THRICHISd AN the RTeSERHCRIIGSSLTE™

el astoneri.c . collets. 220.  Lower. refal L8 Lomans ce 300
are rotat il(ri?8 a c%aﬁ%deé?%%%y\%lg%({rh&é %tloﬁlgé 5%%%@%%0‘?% tl{afcl)ﬁglz cont i nuousl y

t r ansf er r Q@mhfaioh Rebduld dstedented ik BAti¢ad ppsitoh.oner retai ners 210. As the

t ai 33 t the thermal 5 _cycle pol di Le, nl  shaft
550 return o & hei r Toswe AGEL Gy ePRtaRa FoAtons o Ao B e
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transfer vice 'Is enp uch a device is useful for handling dosage
for ms t hat700isd robegional thansfd devian 66®isredtafing dedaeapibewa infFigwes raadt/9%and

reoriented, for instance froma harizonta sition.t i posi ti on,
or vi & vdfSunprEsss a@igﬁlgp’é{f r?%b{'eg{am eb‘érfltsa ,Cog?lgaé%?teog)t% djgggghT orns in
whi ch 't he @ﬁiﬁg%lmé %ﬁ%é’éﬁ%ﬁi G060 drb B5m ARG b7 &ligbly Mxingedb thdweaifisage
form (see re 81), must be conpressed horizontally along their |ong

axi s, but miatez in
Each transfer unit 602 consists of a dosage form holder 608 rotatably

mounted in a housing. Connected to the housing is a shaft 616 (Figure 80). Ejector pin

25  assembly 612 slides on bearings 614 along shaft 616 and its vertical movement is
controlled by cam follower 618 and cam track 620. Within the housing is gear 622, which
is attached to the shaft of the dosage form holder 608 and gear 623 which is attached to the
shaft of the actuator arm 624. Attached to actuator arm 624 is cam follower 626 which
rides in cam track 628. The vertical rise and fall of cam track 628 causes a corresponding

30 movement of cam follower 626 which imparts a rotational movement to actuator arm 624.
As the actuator arm rotates, gears 622 and 623 amplify this rotation causing dosage form
holder 608 to rotate by an amount proportional to the gear ratio. The gear arrangement
and offset design of the actuator arm keep the transfer units symmetrical about the vertical
axis between cam followers 607. This symmetry of construction is required to assure
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a vertical position. Accordingly, gelcaps conpressed in the present
conpression nodule 15 100 and coated the thernmal nolding nodul e 200 nust
be bot h twansfoeswed from the conpressi on nodul e and reori exTaEsoRB0G4 a
vertical position. Figures 77-81 depict a preferred rotational transfer
devi ce 600, which is

and 700, Uibettadkisi ar Subp S of AR Priet SR IREPO Tl AV LR Ce

600 is a rgfalh i FRI6uS Bosve MEonivEx Fadl WE s réfatianal tisfer dbvitd 600ONPr i ses a
plurality of rotatable transfer units 602 coupled to a toothed belt 604.
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f orm hol delp%fé%ge% Jgg%lgi ‘aEF"?ﬁ %atﬁgﬁ(é%hé% B 1sé§{ﬁ1)%i§9%§9%8ﬁﬁge§% ée&dé %r%t)?tﬁlelgﬁf)ﬁlgl ng
i's a shaf tcdbdftedsiondsdilSDD0 alkd e tansfpirell thtmghSeaitie yetHids $B0 tistheriobezr i ngs
614 al ong shaft 616 and .its vertical, novenent is ,ontr%hllnke.d by éxagi%ol | ower
618 and calermhakder 69% whigh isialsorine hepgytalpricatayen (Figytes e'§lé. 5t Bached

to the sh t RS AR 'f@hpcﬁf 1823w i hed
to the sha tgq(l)%?' pﬁggact ugtt{)a{r?glarm gggﬁapggt%g@ﬁgagﬁ?ggéct uast%%érﬁg?r%%%%g%i@% cam
fol | ower 6RGitesHi0cdegraes thes verticalarientatiok dG2®. mdthen oferam fodllowet 626 witldinfcail  of
camtrack 628 causes a corres di.ng 30 novement of c foll ower 626 which
inparts a V%?!‘é?ﬁzﬁ@m%g?é’ﬁtgqg 8 QB‘?%%?P‘E}PH% Weéﬁ‘?f?‘me@q ‘Fﬁhm\gﬁ%? arm

rotateg) 9QafdthAsd@Bd08%3pRIBYN fsXrahdieded &E&I%h%e@@ﬁt‘ﬁﬂ&ﬁblé@&@iﬁ_@r 630BWia
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modul e 100cyalecbvar egdin @figher79gd t hrough flexible retainers 630 into the
dosage form hol der 608, which is also in a horizontal orientation (Figures
80, Figure 81A, 81B, and 81E). Upon further transit through shaped cam
track 606 the dosage form hol dgf INCLPPRRAGGETr ees to a vertical
orientation due to notion of camtollower 626 wmthin cam track 628
(Figures 81C and 81 PBpsagtifomms thaidtave bednmaeted vathafloweable idrterial inithe theimelycl e

10 nol di n dul e.200, ,caplet, 690 is transferred.through cond flexible
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608 to evacuate the cha 80 t _ _ _
coating onto a dosage form using the thermal cycle molding module is substantially less

than that required with known dipping processes. Nevertheless, they may still require
hardening, depending upon the nature of the flowable material.

25 Preferably, dosage forms coated in the thermal cycle molding module are
relatively hard so that they can be tumble hardened relatively quickly. Alternatively, an
air dryer may be used. Any suitable dryers may be used. A variety are generally

understood in the art.

30 ‘ THERMAL SETTING MOLDING MODULE
The thermal setting molding module may be used to make dosage forms per
se, coatings, inserts for dosage forms, and the like from a starting material in flowable
form. The thermal setting molding module may be used as part of the overall system 20 of

the invention (i.e., linked to other modules) or as a stand alone unit.
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caplet 690 (Figure 81C and F and Figures 81D and G . Caplet 690 is now
transferred to the |ower retainer 210 and upon further transit through the
shaped cawa 0320899606, the 15 dosage form hol der 608 rot at eCTaR0dBH1RES |
returning to its horizontal position to begin the cycle over again (Figure
79) . HARDENI NG APPA - f : : ] ] bl e
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be used. Asﬁé?éd @wm%aﬁ@mg%ﬁ@bhaaxiyaﬂ@hﬁﬁ@gd RnérABy AbtvevedOcy ikl SETTI NG
MOLDI NG MODULE The thernmal setting nolding nodule nay be used to make
dosage f or sheppdinseis aredsairehgs, inserts for dosage fornms, and the like from
a starting material ip flowabl farm. .The therpal seftingnoldi modul e
Ty be Used as part 5o peEys Tamieddy i SR pl by 2R B st PR

| inked1$ 0 flchedldinpduh@br. %e%&rﬁn@h@ﬁ&dalﬁir@ﬂ&mbﬂmbdmpﬁs%s WO A2EHA 0
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chanbers. i i . i he

vol une of E%%ﬁ%’qﬂéﬂﬁ%ﬁg%@gﬁp@%ﬁlﬁg?ﬁ%@%%ﬁhgedbdrﬁgﬁgi:ﬁ eg eﬁ%o }erl}ltgir:t of
t he i nvent isepolet had tblitified ingké moldingeiadibeginfo asithpled peletysegdhdvingthk ehdpeser t s
for dosage rnms,  The inserts can be made in a hape or _size. For.

i nstance, P{tﬁ%&?i@r! egtipgay m %fﬂ%‘?)‘fns%ﬁ@g%{albgf Ure3s thethepal Setting e
that igs sgﬁalmﬁ% ﬁ@&hl:@gfoﬂ?ot%‘é.ehf DL QNS PbeferRid e%aém%ém;of@mﬁv&w, 2

however, c ically shaped insSerts dare desired. The inserts are forned
by i nj ect i tignséer dewice i70¢) (asateseribeld above) frameltrs shépmdpellats drond thetthermabdetiingy

hanber. The, start ] terial .pref | i di cant .and
Charmal” seloldg HataRSF BBl FiothE Pl R Beifts AR MABREHT Lt ne
thermal sefstfiBgte 208 @hbel the Whap@ lheléts 7 SesIaARATIPbAS: bervRaat %Uvﬁie@fls t he

medi cant. The starting material is cooled and solidifies in the nolding
chanber i neampresshdpiie aglesagstioqm iethe corapieagion medygleape
20 The starting material must be in flowable form. For example, it may

comprise solid particles suspended in a molten matrix, for example a polymer matrix. The

starting material may be completely molten or in the form of a paste. The starting material

may comprise a medicant dissolved in a molten material. Alternatively, the starting

material may be made by dissolving a solid in a solvent, which solvent is then evaporated
25  from the starting material after it has been molded.

The starting material may comprise any edible material which is desirable
to incorporate into a shaped form, including medicants, nutritionals, vitamins, minerals,
flavors, sweeteners, and the like. Preferably, the starting material comprises a medicant
and a thermal setting material. The thermal setting material may be any edible material

30 that is flowable at a temperature between about 37 and about 120°C, and that is a solid at a
temperature between about 0 and about35°C. Preferred thermal setting materials include
water-soluble polymers such as polyalkylene glycols, polyethylene oxides and derivatives,

and sucrose esters; fats such as cocoa butter, hydrogenated vegetable oil such as palm
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of the nmold). Injection and nolding of the inserts preferably occurs as the
thermal setting 15 nol ding nodule 400 rotates. In a particularly preferred
enbodi menwoof3/2és0i nvention, a transfer device 700 (as dexavissedodlove)
transfers shaped pellets fromthe thermal setting nolding nodule to a
conpr ession ul rkb, : naf- i ¥ides,i N Figure
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super sat unalydlbvs oMotited te aadh Imusinp 406 asadltwlitariazeiss 4h0. Abrergh Bw

noi sture pol yner_ sol utions such as.m xtur.es.of '

hydr ocol | BIHBeLAf RRZeiss ma&i}ﬁte e bn?a(%héﬁgﬁt qutb(%o%iseﬁaé%&é@ptq R?jg)g&%%agg] to make
"gumm " coifaRd HRBert OMBuntddbefow Bathlihjget ot dogzleraesenible d04 sotienmeihinold he
thermal setting material is a water-sol uble polyner such as é)oclhélr%t hyl ene

gl ycol . 1@sseinhly 420 Smu@inppplrality pf mplinsedambsbt2idhtt corresnead {hEmai
settin nol di ng, wodul.e. 400. Fi I side view, while Figures 83, 84
and 8%A- DUEF esf‘%éﬁ?’ ea%@@%%%ﬁé%%%?%ﬁ?l@ggti ng nol di ng modul e 400
general |y includes a s&itfol valver1202 sasvn hBigure 83, S djsposed githindh@housgg whi ch

are nounted a pluraljty of injectjon nozzle .
406 forpcontrolling%he flow ojf start{ng rnater%:ﬁ to each nozzle 410. Disposed above the

valve 412 may be a valve seat 414 and a gasket 416 for sealing the valve 412 when itis in
the closed position. Each flow path 408 is connected to a reservoir 418 of starting

25  material. Preferably, reservoir 418 is pressurized and heated with a suitable type of heater
(such an electronic resistance or induction type heat) to a temperature whereby the starting
material will flow. In a preferred embodiment where the starting material comprises a
polymer such as polyethylene glycol, the temperature of the starting material is maintained
between about 50 and 80 °C in the reservoir.

30 Mounted below the nozzles is a plate 428 as shown in Figures 82 and 85A-
D. The plate 428 moves with nozzles 410 as shown in Figures 85A-D and as described
below. Disposed within the plate 428 are cooling channels 424 for coolant fluid to flow

around the plate 428. The nozzles are preferably heated, for example by a heat transfer
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assenbl i es 404. Each injection nozzle assenbly 404 includes a housi ng 406,
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the spri ngﬁtﬂéé‘arﬁ‘%ra@lbo% cz!trﬁ 51 G- 288 BRAPup %@d@wﬁ’”ﬁﬁ&nﬁﬁ@é pldle 488 ghown i n

Figures 82 and 85A-D, and as described in nore detail beélow block 446 is
noveabl e i mzeles pdfsompowe. FaminksahéomweFignnsis A, vemelbliowen448gs el akigh poit.

22852 290”3 S‘gf gogora%(%%{ags S| %nng éslfoézllegg%S gﬁ%’g do'%‘vsn 1th£?16 cani1 Qragllc gd r%oxfzseSs Q bl ock
mechanically linked bearing 452 and block 446 in the downward direction to the position
shown in Figure 85B. Housing 406 and plate 428 also move. In this position, plate 428 is
disposed proximate to molding chambers 422, but nozzles 410 are still disposed below the
molding chambers 422.

25 Referring to Figure 85C, continued rotation of rotor 402 moves cam
follower 448 downward within the cam track. Plate 428, which is coupled to housing 406,
cannot move downward because it is disposed against the thermal setting mold assembly
420. Consequently, block 446 exerts a force on springs 444, compressing them. Block
446 pushes housing 406 down into plate 428 and proximate the molding chambers 422. In

30 this position, the starting material can be injected through the nozzles 410 and into the
molding chambers 422.

When housing 406 moves down as shown in Figure 85C, control valve 412
opens due to action of valve cam follower 417 in valve cam track 419. Starting material

is ported through control valve 412 and nozzles 410 to fill mold chambers 422. Similarly,
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noves up and down with the shafts 450. Shafts 450, as is shown in Figures
85A-D, are 15 nounted within a bearing 452 that is coupled to camfoll ower
448, whi ctwarosdesydbn a cam track of the type known in the PITUSOASO@&AM

foll ower 448 travels around the thermal setting nolding nodule 400 due to

rotation of the rotor 402, cam./foll.ower 448 rides.
ack. AsORRPABILOE 7m0 davh GoRhthe dson fo piaiRe A0 B Postithbhe oo™

nozzl es 4%%&'4 35D ol Flle i 15818806 8 stbp D 8 of 8BAingGAdtbia] lrovprefddd i s at
a high poirt. 20 As rotor 402 rotates, camfollower 448 rides down in the

cam t r ack embddimmntef theenvemtiohanlveailLys desigoed thprvideg B8k bask” BFINRIIPERG | n

the downwayd. direction.to.the posi,tio i 4Fl i 06
and pl at ecﬂf’%‘gal‘%sos él.l%fg]ilr?% S tgg'i |3%{,1’%\g?%{ct4g4fg%a§b gl gbe'(;%gg‘leg?ggi nat e
to nol di ng ehmahe 'Ea?ef‘iﬁ% holeWtdn@ing feen dddd 4ve tetbioktbmiigymistel] 4Be | Amvgashes

mol di ng chanmbers 422. 25 Referring to Figure 85C, continyed I’Ot.?.tl on of
rotor 402 4hGwssich iprefesatilpumede gl Aehpetiomaierial quvﬁ%toc%#f’ieﬂé’eﬁl. 0Byt e 428,

which is coupled,to in , v, joht A
1 sposed SRURHES PR A A% ana ERANST RUGAANALY RREAUSR bt 413
bl ock 446 sk 426 ontifes o Sipvé Ngeis Jilkd a pistorpfoesiag Agid indront &f ibekd behigd

pushes housing 406 down into plate 428 and proxi e the | di.ng. ch ers
422. In 30 tomevedwsiard anshoppendigye f gTﬁiét“é g su ﬁ?aﬂéﬁﬁl‘ﬂj@& ﬁﬁq{pﬁﬁ?{ﬁ%ﬁ t he
nozzl gg 4 |G ' Bhghsid A2l eR R abGiniatéOén tHRVES down
as shgl\?/n ﬂjgzﬁlgsgﬁirdévg’ééfsg%fgﬁ}%ﬁ%%%g 415 oper?s due to acti%n of vaﬁee cam
fol | ower 4% hd mvozyiaky&he solutread stading mSemalsieltedheck by arovemsnindgagest ¢he ough

0 03/ 02858popeTisis S sans R iai by N S B RS e L

position qf,Figure 85C to the position of Figure 85D, control valve 412
closes to stop the flow of starting material. In a preferred enbodi ment of
the invention, valveAsidpwinsindéirgRddhe thepnesedimeanold assemplisk42&ei on upon

closing. As sho jn_Fi s 83 and.84, : has
the gennerrgir © B ot A 2B boaby do il tfEnpEehp dihoRE BLRATA, o
bot t om ng RAEAs ddcBed AWVIgRSIsed in cbhfincilbn withioshep vpératiapingduiag eotof 46h

el astonmeric nmaterial, noves to a closed position it ente{s &ge t aper ed
val ve seatmaylbe aifaghed wor easnpion daye gghyith EecotheEnmodiics, putgLibg e raaRin 41 4.

As gasket 416 COM HER: R, BPUEvdn'mGtEt S0 b dfowd iiERh@BsTorcing fluid in

front of Y™ nove upward as shown in Figure 83. This in
turn sucks back fl uiA pieferred brebddimsntaff atthenbdsettug mokd #s@ublKRE s OB es

a0 St RO 05 B BC YRR B AR A LS

416 can be.cont reﬁc!ﬂ @fq}'lélﬁfénﬁﬂl SHEhE thd adsBRLASPAID 4r6 pyeTerablyttiesagas ket

penetrates rnto’the valve _ )

Each thermal setting mold assembly 420 preferably comprises a plurality of
molding chambers 422, which are empty volumetric spaces within the thermal setting
mold inserts 423. Preferably, one thermal setting mold insert 423 corresponds with each

25 nozzle 410. In a preferred embodiment, there are four thermal setting mold inserts 423
aligned with each of four nozzles 410, as best understood with reference to Figures 82 and
85. Although the molding chambers 422 may be any shape and size suitable for molding,
they are preferably generally cylindrically shaped.

Disposed within each thermal setting mold insert 423 is a piston 434. It

30  will be appreciated from Figure 86 that placement of piston 434 within the each thermal

setting mold insert 423 defines the volume of the mold cavity 422. By specifically sizing

each mold cavity 422 and adjusting the position of piston 434, a desired volume and

therefore proper dosage of the starting material is obtained.
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seat. As shown in Figure 82, the thermal setting nold assenblies 420 are 15
nmounted to the rotor 402 by any suitable neans. In a preferred enbodi nent,
mechani caWo @agsmner s are used. Wien used in conjuncti on VRATWUSRAET14
oper at i ng nodul es, rot or 402 my be attached to a common drive systemwth

the other modul es, retfé}%lx t@gélsfo?ﬁs a8g &éhdé@%?@&&ﬁ#gl' %ﬁ%ﬁr&%ﬁﬂ)ﬁwmaﬁy

dri ven notor 50 as s erred a thernmal
setting nofollowss4Thind aka6ciated stmowack 263, |Flst’éngmétaalﬁ&ttaclﬂedd:dnpns’smattachment
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each of t HIOTHEMHRY SWEPls RechsBice e 5 A Bisiopts 454@1%&@@1%99 afippbmenhe.
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nol di ng chanbers 422 are e vol unet’ri ¢ spaces In the thermal
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410. | f d enbodj nent ,  th
four -t her Aapdtdt B Bl PAEr Qe s Arihd i it Saon ebretrsh bIAgs S16s
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mol di ng chanbers 422 may be any shape and size suitable for nolding, they
are pref ersefing Ig@hd@’séﬁnlll}l}’é% iravhls with | jpto HAR cerm filloss 468 vidlingim iteearh trabler ol

setting mol ﬁu ?£t5n§14?§’4 1n§ t%e% ?té) 12@% “} p?]rglzwthe %ﬁlﬁ{fﬁg,ﬁﬁfg Lated from

Fi gure 86 kN acerrent et ti ng

nmol d i foserﬁreﬁba'audﬁfolrlﬂﬁndxheydl@{mg[&eGSDD he rml d cavity 422. By specifically
sizing each nold caV|ty 422 and adjusting the position of piston 434, a

desired vol une and ehdinglye dingrneratios éh‘?ﬁle@h% sefting makdngratodnleA00; s
obt i ned. 3, 40 %&g@%gcau}gggw;t@&(o%qﬁ;@mﬁaﬁf b B RSB ATRET

adj ust abl y co e“position o carn 1 ol Power and associat ed
cam track a&ﬁ&im@mﬁtm 114!:84n<ﬁd1ﬁgah:im]mémdzz.oNpitsktanmgtrmaeerﬂardémlecb@xktMa% by

bl h I .th ' h ch
bl ock 436, TPRETSRE SERERRNAR bt oioe e e i o S v o Bieed tpon i anc
down. f PrrﬁBl%'ir?%}ﬁémbtleber@ll Bf @iist oRurs A teSn difith eAchaRBENM2D Anfrh§2H1& 416-ardDunt ed

to piston attachnment block 436 is camfollower 470. One or nore springs
466 bi as pottiog. Atfteactmmamngmmmu% hagteded teo eliapeé ppilats, ois e8itd ifrono thehe

i nject posit e | C. As thermal setting nold assenbly
420trave|n§<53|1 %8’?5 g#foqnfl r 468 riding in its camtrack
actuates pistons 434WHéh‘aséd1@1t1@h BahsfRQRvVIdeoM0 28bdr8hged i ifFentidg, tAB! di ng
chanmber in 10 preparation for the next cycle (Fi gure 85D). Accor di ngly,

duri ng opdrasfesdevre 7Heratafes haiweandthe meddins chambersrdddlaad 20e 428031 es 410
move upy duplAg.d $3Es B uRhs R via o0 RceRR hs E}%p%fﬁ’ia&ie@sgar{m% £rd80mab Fhe

i nj ect
another operating module, for example a compression module 100. In the case of coupling

a thermal setting molding module 400 with a compression module 100 via a transfer
device 700, transfer device 700 inserts a shaped pellet into each die cavity 132 after the fill
zone 102 but before the compression zone 106 of the compression module. It will be
25  appreciated that a linked thermal setting molding module 400, transfer device 700 and
compression module 100 are synchronized so that a shaped pellet is placed into each die
cavity 132. The process is a continuous one of forming shaped pellets, transferring the
shaped pellets, and inserting the shaped pellets.
The thermal setting molding module has several unique features. One is the
30  ability to mass produce shaped pellets relatively rapidly, in particular molded dosage
forms comprising polymers that are typically solids or solid-like between about 0 and
about 35°C. The thermal setting molding module accomplishes this is by heating the
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a starting material into nolding chanbers 422. Next, starting material is
hardened within the nol ding chanbers 422 into shaped pellets. Nozzles 410
are then wetosaeswd fromthe 15 nol di ng chanbers. All of tmH@/wxesoE4as the
nmol di ng chanbers 422 and nozzles 410 are rotating. After the starting

mat eri al hard ned i.nt.o.shaped t mol di ng
chanbers. fﬁ“@g PRY taﬁ%le‘g@g l‘i/ﬁgontlhg&%adddlh thgmgérrgglrrlfg@eﬁ o4 Vr%gzde?e 700
accordi ng Sﬁ@uﬁé‘lﬁlatdﬁﬁﬁﬁlﬁérqmecﬁdﬁe transfer device 700 rotates between the
nol di ng chanbers 422 and plate 428. The 20 retai.ners %30 of, the_transfer
devi ce 700 receive twtbﬁ&]@weﬁéﬂm@toit%ew ﬁ%tflﬁgénotl aEoguiedttheanot her
operating SixQy of
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uni que feature of the thermal setting nolding nodule is the adjustable
vol ume of %@,ﬁ@ddﬁmﬁg’f}’ehanbers Adjustability and tuning of volune and 5

therefgre weight is gﬁ lv!aﬁ/t ygedc\(ﬂﬁé ﬁ'%rrﬁ&'lsse{tﬂlr rh\@inl rn?cgiﬂl% is Uit A metagped

pel | ets conpri sing hi g enc y concentr at drugs, which are
dosed in ssmhhgmmﬁﬂlwmlemmmﬂsmwamﬁgﬁmpenms 1tshmegratlolsmﬂmﬂgerrml di ng

nodule is that it _can enp ui ds Unli ke a particul ate~sol i uch as
ponrler s ¢ yiSPRERSI SRS TR sy B & RO e Caeniond

rel atively mbf&}%"d&?&t%n@%r&?ﬁ%&l%aﬁcﬁﬂﬂ%ﬂtﬂw@ onBASS Kekinf hﬁﬂﬂlﬂefnoldO whi ch
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module, reducing cost. The thermal setting molding module may, of course be designed to

operate without rotation of the rotor, for example on an indexing basis whereby a
stationary group of nozzles engages molding chambers on a indexing rotary turn table or a
25  linear recalculating indexing belt or platen system. However, by using a rotary system

higher output rates can be achieved since products are continuously produced.

Specific embodiments of the present invention are illustrated by way of the
30  following examples. This invention is not confined to the specific limitations set forth in
these examples, but rather to the scope of the appended claims. Unless otherwise stated,

the percentages and ratios given below are by weight.

In the examples, measurements were made as follows.
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shape, and density. 15 Another advantage of the thermal setting nol ding
nodule is that it nolds starting material while continuously rotating.
Thi s per niMos03ioeg99b nt egrati on with other continuously operrtl/vsp2Betiary
devices, resulting in a continuous process. Conventional nolding
operations are typically stationary and have one nozzle feeding multiple
nold cavities. Runners are often fornmed using in conventional equi pnent.
By provi di (pain@hicimes ie nfeasurebusing] elivignaRambefannint BR8HSn #i&o&lobEl Nat ed.
Preferably, one _cantrol valve controls nultiple nozzles. This sinplifies
the desi gntpdel Xfﬁ;« @r%?ﬁ%f@ét PhiHps Hiscuenig Insimenents, Careppyi Mghwals tWIL THix

t her mal setf, | di desi gned .t operate

W thout ot B OB AR SallBP o red 3L c PSR 188 SRERRPRE ey S ThErGmy
st at i onfar yFiguea@P.of nozzl es engages nol di ng chanbers on a indexing rotary
turn table or a 25 |inear ecg}écul ating indexing belt or platen system
However, by usiﬁac"ﬁl - afSe G RISHNAIRT ddtér tbut put rates can be achi eved

si nce products pp i u @ocﬁq j I . t.he
present inventi on@agfrbgg?lalﬁggt ?g%leggﬁ%g%&gé}l 18? t eﬁ%}f)sg?tg{ﬁ}%%% %%lr}gergtalﬁ%lc’}é%ceﬁi S
i nvention #1 $iéde. te@nflitned to the specific linitations set forth in these

exanpl es, but rather to the scope of the appended clains. Unless otherw se
stated, the peﬁg% ]toggztgsceﬁtﬁﬁofsgg?lggm@]f’yg’r‘?%@l ow are by weight. In the

exanpl g5, NMEasULEERIdLS 5\WRA 6: BB (Bsr behd h :
PCT/ US02/ 30614 _Coati ng t hi ckness( [ sbnegtg\éﬁcgdc’fﬁfﬁgt%%bgﬁg%g%ﬁ%lﬁltrg?]or
scanni ng efdeetndbsidpitesradéope, nodel XL 30 ESEM LaB6, Philips Electronic

| nstrunents Conpany, Mahwah, W. Six tablets fromeach sanple are neasured
at 6 different |ocations on each tablet, as showmn in 5 Figure 89. Location
1: cent er Oferhil issageHbmi tHickmess dnd Hidneget dre Aeagiréd fhr 30 d@%@%rﬁﬂe@ing?él nch

| and) of inﬁigrse(ﬁti on between first major face and side, tc2 and tc3
Locati on 4°aliPEftecelegironicdigiyl calipsr Fenbiicknessy thewaliper ds pesiftorsd apesst asedges
(near fpun : kgt i : . j.0r. . face and side, tch
R P b A R M S R
dosage f orwglesigionnf o thecddsager fatre dides sttwroini Kigae §Otagld. cal i per. For thi ckness,
the caliper is positioned across t as 15 shown in Figure 89. For dianeter,
the caliper is positioned at the m dsections of the w dest point of the
dosage form sides shown in Figure 89 as d. Exanple 1

Example 1
20 A series of tablets having a molded gelatin coating thereon were made according to

the invention as follows.

Part A: Compressed tablets
The following ingredients were mixed well in a plastic bag: 89.4 parts acetaminophen
25 USP (590 mg/tablet) and 8.0 parts of synthetic wax X-2068 T20 (53 mg/tablet). Next, 2.1
parts of sodium starch glycolate (EXPLOTAB) (13.9 mg/tablet) and 0.09 parts of silicon
dioxide (0.6 mg/tablet) were added to the bag, and mixed well. Then 0.36 parts of
magnesium stearate NF (2.4 mg/tablet) were added to the bag, and the ingredients were
again mixed. The resulting dry blend was compressed into tablets on a compression
30 module according to the invention using 7/16 inch extra deep concave tablet tooling.
The resulting tablets had an average weight of 660 mg, thickness of 0.306 inches, and
hardness of 3.2 kp.
The tablets from Part A were conveyed to a thermal cycle molding module according

to the invention via a transfer device also according to the present invention. The tablets
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20 A series of tablets having a nolded gelatin coating thereon were nade
according to the invention as follows. Part A: Conpressed tablets The

f ol | ow ngwionaproeghivent s were m xed well in a plastic bag: 8®PcI/yseBes14

acet am nophen 25 USP (590 ng/tablet) and 8.0 parts of synt hetic wax X-2068
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added to tHerdwdg, and mixed well. Then 0. 36 parts of magnesium stearate NF
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via a trané’?’éCr C@S@? ﬁ’ﬁ %E@F%‘i%‘ﬁmﬁ% tlhe dpr sdeim erpnples wersrmanmaBy t abl et s
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gelatin granules were nmanual ly " stirred to mXx e purl ter /
Opat i nt soge@ﬂaélb{ TR befvesa abeut handpgaboat i@h‘qrrahljlrlespluannl wagitheadnixed vatibut 1

ol aced i n Srpreopk L ITLE0, B GudbBR S Rund B ATl leR ot

The gel at i profdliesoypit élenrisvasxdnelTte aélab SolfiGn a@@mamtdi@édeityss@ M%é&t&ﬁeﬁsd' ng
times at this tg erature can generally range bet ween about and about 16

hours). THEXRY dHngisRse 11 thedhsrmabeycling ol diggptesivle (about 5 to 15 m nut es),
and tr@nSferredTﬁé)ytﬁlohﬁé‘e‘fﬁﬁl%atlffﬂfQ/a§Hl%e £OHIR @dPﬂ%ﬁedtw qoe;g{z@nBte | er;-type

electric mxer. The gelatin so Ion was nain a| ne nti nuous
m xi ng dur@pagint ¥sllowddD121256.2 gewer mixgd lat mmh@bmguérﬁﬂuhﬂonﬁﬁﬂe yel I ow

| at i f fied wat 450 , d tint
Vel Fow oo D198 AR S CRaRtonD et s| Bitem Bptonbtn 6 X0 Vimpdscn 275

Bl Por kogdth | A re
added o 2%:3 R R b e i R R

stirred aqurified gvatgry Opatmfesobmome®¢dded wrth¢ géptat grahulea|ant ngiRedvis added
tot hezogelaﬁgﬁtnl ﬂlﬁrﬁﬂylt ecsompef&glyrafe)%%he ge?atm granules. The gelatin slurry was placed in a

water bath and heated to 55C to melt and dissolve the gelatin. The gelatin solution was

held at 55C for approximately 3 hours (holding times at this temperature can generally

range between about 2 and about 16 hours). The solution was then mixed until uniform

(about 5 to 15 minutes), and transferred to a jacketed feed tank equipped with a propeller-
25 type electric mixer. The gelatin solution was maintained at 55C with continuous mixing

during its use in the thermal cycling molding module.

Example 2
Coating thickness was measured for samples of the following tablets:
30 A. Extra Strength Tylenol GelTabs
B. Excedrine Migrane Geltabs
C. Tablets of produced according to Example 1.

The results are shown in Table 1 below.
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Thicknesses and diameters of 20 coated tablets from each of the three samples were also

measured. The results are summarized in Table 2 below:

TABLE 2

A

B

C

average coated tablet thickness at major
faces (across locations 1,4) for 20 tablets

7.67 mm

6.55 mm

7.99 mm

variability in coated tablet thickness at
major faces (locations 1,4) for 20 tablets

0.407%

1.44%

0.292%

average coated tablet diameter (across
locations 7,8 for 20 tablets)

11.46 mm

12.58 mm

1174 mm

variability in coated tablet diameter (rsd
across locations 7,8 for 20 tablets)

0.183%

0.476%

0.275%

10

15

Example 3

Compressed tablets were prepared according the method described in Example 1.

Press settings were held constant for a period of 7 hours, 47 minutes. Tablets were

sampled every 15 minutes. The resuliing tablets had the following properties:

Weight (mg) (average):

Weight (mg) (minimum):

Weight (mg) (maximum):

66

603.5
582.2
615.2



bet ween maj or face and edge (location 1 |ocation2, |ocation 4-locations 5
Thi cknesses and di aneters of 20 coated tablets fromeach of the three

sanpl es waoe03aR2800 neasured. The results are sunmari zed i reCaisoe/3@1bel ow:.
TABLE 2 A B C average coated tablet thickness at mgjor 7.67 nm 6.55 mm
7.99 mm faces (ac . 20\t abl ariability in coated
tabl et thickness at ?’ﬁbg%a&é%ﬁﬂ%dgé‘ﬂ&%nn(aﬁgr fagltas 9(/I ocations 1,4) for 20
tabl ets average coated tatﬁhﬁkneis@nehﬁb (dvarageps 11.61893rm 12.58 nmm 11. 74 mm

| ocations 7,8 for 20 tablets) variability in coated tablet dianmeter (rsd
0. 183% 0. 476% 0. 275% acrysEiesninghesh@nininginy 20 §3H ets) 10 Exanpl e 3

Conpressed tablets were1&}(&@%@0@1 &rc?%]?k e methiggl described in Exanple

1. Press settings were a perl od of 7 hours, 47 m nutes.
Tabl et s were 15 Fhichhessl (relativey stindand dexietson (Phe r esul 49%g t abl ets had the

foll owi ng properties: Wigh aver a 603. ight (rmg) (m ninmum:
582.2 Wight (ng) (maxinmum ha%%ggsz&p%ga V%g%b/ 0289€Z)¥£CT/ US02/ 30614 Wi ght
(relative standard devi ati oHamgség )'?Xh%%m igfkness (inches) (average): 0.293
Thi ckness (inches) (mninu i ckness (inches) (maximum): 0.30 5

Thi ckness (rel ative st andarfélardeSﬂtp)dma((mf}l)m)l 499 3.Har dness (kp) (average):

it dness (1ol at 1 VORRERURFR et G O O8T s W bample &

10

Example 4
A flowable material suitable for coating a compressed dosage form was

15 made as follows. The flowable material may be applied using a thermal cycle molding

module according to the invention.

Material % wiw
PEG 1450 (part 1) 30.0

20 PEG 1450 (part 2) 30 - 50%
Polyethylene Oxide 300,000 15.0 - 25%
Glycerin 0-10%
Red color solution* (3%w/w) 5

25  *Red color solution

Propylene Glycol (4.85)
Red #40 dye (0.15)
30 Polyethylene glycol (PEG) 1450 (part 1) and polyethylene oxide (PEO)

300,000 were shaken in a plastic bag until powders were mixed evenly. The (5 qt) bowl of
a planetary mixer (Hobart Corp., Dayton, OH) was heated to 80C by circulating hot water.
PEG 1450 (part 2) was poured into the bowl and melted to form a liquid. The color
soiution, and optionally, the glycerin were added while mixing at low speed. The

35  PEG/PEO powder mixture was added and the mixture mixed for 15 minutes. The
resulting mixture was allowed to stand in the Hobart bowl for 2 hours while maintaining

the temperature at 80C. Cast films (approximately 0.8mm thick) were prepared using a
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A flowable material suitable for coating a conpressed dosage formwas 15
made as follows. The flowable naterial nay be applied using a thernmal cycle
nol di ng waxksles®@aecordi ng to the invention. Material % w WCTREB2/A440 (part
1) 30.0 20 PEG 1450 (part 2) 30 - 50% Pol yethyl ene Oxi de 300, 000 15. 0-25%
Gycerin 0, - 10% Red ,,Qf S0 i on*— (3%, x 0, |

Pr opyl ene S@E}lﬁﬁ St?ei{.f%?& ﬁe% %hgh‘]@g FE Rk tl\gé&g E’é%llséftgiﬁgq @n%ﬁélffl%owa{(%@
1450 (par t(38() anrddrsiraed by heaenOfor deoREQ sec3AD DA & asprepasdialsarg tha same

pl astic bag until powders were m xed evenly. The (5 qt) bow of a

pl anet ary mPer (Hobart Corp., Dayton, OH) was heated to 80C by circulating
hot water. PE t I forma
|l iquid. The coﬁgérégg?%?lﬁ{grﬁ&%%%%%gna Icgﬂgﬁ’ﬁg&gggg%?%qag@ gglge%sq\?\hi | e
m Xi ngsat 1594y iapesstd yldiéstraS (REGhREOf@evpkeunitiarxdauvischesm adaepdicd bdfordithe

m xture m xed for 15 mnutes., The L resulting mxture was allowed tqg stand
0t e  HobAlR WHESROmB PeranBag. W iPE SR AT I HErPRRBL S 8O0 50C.
Cast films (ap i d 0 ' ceBbr W

57 026000 P epX iR Yoolin B 100 Doy i "’Fﬁ%fh?e”??ﬁﬁﬁs%?ﬂgiﬂg gafam% The

sol uti on vesa terainat erirexlt the fitm). dokasratihgieagliyecrint @ME)iniag dileis prier totcagtingy
vacuum for 6 hqurs. A geco d filmwas prepared using the sane nold.

| ncr easi ngEPEGY I65Heas E%‘Sg%%e(‘“\%;ﬂ‘h correspondi ng decrease in PEG from 85
to 5 5% increased yield stress (maxi mumforce per unit area which can be
applied before the filmwll deform permanently), and increased strain (%
filmelongation at break point). Decreasing glycerin from1l0%to 2%

i ncreased ensill Strength (force per unit area required to break the
film. De the glycerin-containing filnms prior to casting generally
decreased tensil e stAgsiBériTlowddEnarphiesubtabie dortventing ovabpesswtdesigel fosni t abl e

for coating a conpressed dosage form 15 was made as.fol|lows. The fl owabl e
mat er il nugs Badegsdbilews. (Einiowahle metasial mpy pe applied using a thermal cycle

molding module according to the invention.

Material % wW/w
PEG 1450 granular 70 - 75%
20  Polyethylene Oxide 600,000 15%
White beeswax 5-10%
Red color solution* (3%w/w) 5
*Red color solution
25  Propylene Glycol \ (4.85)
Red #40 dye (0.15)

The (5 qt) bowl of a planetary mixer (Hobart Corp., Dayton, OH) was

30  heated to 80C by circulating hot water. PEG 3350 granular was poured into the bow! and
melted to form a liquid. The white beeswax, color solution, and polyethylene oxide were
added while mixing at low speed. The resulting mixture was mixed for a total of 12
minutes, then allowed to stand in the Hobart bowl for 2 hours while maintaining the
temperature at 80C. Cast films were prepared using a glass slide. The solution was

35  transferred to a jacketed beaker (80C) and de-aerated by vacuum for 6 hours. A second
film was prepared using the same mold.

The white beeswax formula had increased tensile strength compared to the glycerin

formulas.
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nmol di ng nodul e according to the invention. Material % ww PEG 1450
granular 70 - 75% 20 Pol yet hyl ene Oxi de 600, 000 15% White beeswax 5 - 10%
Red col or wanisuweson* (3%v w) 5 *Red col or solution 25 PropycanesosByael

(4.85) Red #40 dye (0.15) The (5 qt) bowl of a planetary m xer (Hobart
Corp., Dayton, OH) was 30 heated to 80C by circulating hot water. PEG 3350
granul ar was poured into the bowl and nelted to forma liquid. The white
beeswax, col or Bximplésohandhdlysthigstittile fremolerides foe tle flawatddmatdriak mi xi ng at
Iom1speed he resu t|n e was r..ato of nutes, then
al | oved toAg Afee ?‘hs > ﬁ? l#atl%waref %ﬁveﬁpﬂ%ﬁ dng a%egﬁ fres- n%é?ﬁ mepafesdiie

t enper at urgeedtio Siporatdsdlvddt H¥E YRR PRERAEEH sUS REmALHoAS %h§ﬂté1ﬁl@g antine
solution was 35 transferred to a Jacketed beaker (80Q) and de- aefated by
vacuum> orsigphbiisdryings Sxsanlingly) lmonasmbo@mné@f thsimgutioe thaflewadé d. The

whi te bees nsile s th,co are to th

gl ycerin ﬁéﬂ%g S%§H3@¥ﬂgYﬁ§g%§ Fﬂgﬁﬁfgﬁ%ﬁ%naéyg WQ@ %ﬁﬂﬁ%
iIIustrathsﬂ*ﬂﬁ@h@sﬁn@ﬁmlatlons for the flowable material. Advantageously,
these fornul ations are solvent (including water) free. This elimnates the
need to evaporate solvent from coatings nmade from such fornul ati ons,
shortening and 5 sinplifying drying. Accordingly, in one enbodi nent of the
invention, the flowable material is substantially solvent-free, that is
contains | ess than about 1 weight percent, preferably no, solvent. 69 WO
03/ 028990 PCT/ US02/30614 What is clained is: 1. A nethod of making dosage
forms, conprising the steps of: a) conpressing a powder into a conpressed
dosage formin a conpression nodule; 5 b) transferring said conpressed
dosage formto a thermal cycle nolding nodule;
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c) nolding a flowable material around said conpressed dosage formin said
thermal cycle nol ding nodul e; and d) hardening said flowable material so as
to form awvomatpssgo over said 10 conpressed dosage form wreTdisnz/steeps (a)
through (d) are linked together such that essentially no interruption
occurs betmﬁﬁpEQQHnggﬁps 2. The nethod of claim1, wherein one or nore of
said steps is performed on a 15 continuous basis. 3. The method of claim

1, wherein one PrArmétﬁo@Bflﬁahﬁga&@a@é o DEShA R BB ot Ndexi ng basis. 20
4. The nmethod of claim1l, wherein said powler contains a nedicant. 5. The

method of claim 1, WRSBIPESERBA RG\ARI 2 femBressed dosecdPHE 2 RUEPEEHET 6.

The net hod of cllnaume,l wherein steps (a) through (d) are perforrred 25

si mul t aneousl y, such, that _while.coatings.are being hardened on a_.f.irst

group conpr esse , t ei ng
ot AP TIPS e Sotes oD RaNRaTl Care gfolfine

mol ded around amsdelend group of conpressed dosage forns in step (c), a

third group of conpr SRS L8t tf€ S

thermal cycle noldin Srﬁnglg n%gd In abflé)ﬁH%g)aﬁa{rSmg;? our S%gggé%%e cgin%%dessed

dosage forns ar@emlﬁgdﬁmagmdﬁ%ﬁnq a). 30 7. The nethod according to

claim1l, further CO”H’}’Ha%&e%ﬂg%uﬁﬂ&pa@olé’fnatefrﬂal § 04T PGP chbNBRIJver #RE 9)

enbeddi ng said insert H?Sal %'310 er prior to conpressing said powder into

a conpllessed doCLyFeIsE! APS2E% »The met hod according to claim7, wherein at
| east one whersial stepp@itarough (i) aird Hiedd tegémér%uclﬁihatmlaﬁgsloan‘rErruplﬁorrred| cant

and said i [t second nedicant. 70 WO 03/028990
PCT/ US02/ 3(8;(?%5})659%3%6&? od according to claim7, wherein said insert

conprises a thermal setting material. 5 10. The nethod according to claim
L, wherein sai th [ rpuARi6aBREGH 3] wHORRY diReR nfbre BPLABEDs & berfdfifod S 4100
accor di ng to claim1l v}\)nere%n sal‘g n% | e ma{%er%a(f@[ %S %’Frses % mat eri al
sel ect¥d f%ﬁﬂ’ﬂ%&j‘@éup consi sting of sucrose-fatty aci d esters; fats,
waxes, fat-

3. The method of claim 1, wherein one or more of said steps is performed on an

indexing basis.

20 4. The method of claim 1, wherein said powder contains a medicant.

5. The method of claim 1, wherein said flowable material contains a medicant.

6. The method of claim 1, wherein steps (a) through (d) are performed
25  simultaneously, such that while coatings are being hardened on a first group of
compressed dosage forms in step (d), flowable material is being molded around a second
group of compressed dosage forms in step (c), a third group of compressed dosage forms
are being transferred to said thermal cycle molding module in step (b), and a fourth group
of compressed dosage forms are being formed in step (a).

30
7. The method according to claim 1, further comprises the steps of:
f) forming an insert; and
g) embedding said insert in said powder prior to compressing said powder
into a compressed dosage form.
35

8. The method according to claim 7, wherein at least one of said powder and
flowable material comprises a first medicant and said insert comprises a second
medicant.
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10 contai ning m xtures, sugars, and | ow noisture polyner solutions. 12. The
nmet hod according to claim 10, wherein said flowable material conprises a
gel atin. Wb 038289%ihe nmet hod according to claim1, wherein PCEWSOTI06GEHNPri Ses
the steps of- (i) nolding a first flowable material around a first portion
of said conpressed dosage form and (ii) nolding a second flowabl e

mat eri al around a second portion of said conpressed dosage form 20 14.

The met hod accay, drﬁwmaﬁo&!a@domlﬂg tN18IE T NyRerSit R End¥R dnpisby £ theh@PS ()

t hrough (d). 15. A osag? form made by the method of claim1. 25 16. A

met hod of maki R§tHEIEYE F or ms, conprising the steps of: a) conpressing a
first powder into a conpressed dosage formin a first conpression nodul e;
b) tra sferrin esse Qjm Lo I i 30
nmodul e c) nol %Osgf 08rd (?%fng eﬁe g%fi?%%gn%rné%élga "8“@’%13% orm
in said tpodymel cycle nDIdlng nDduIe, d) hardening said fl owable materi al
so as to forma coating over said conpressed dosage form 35 e)
transferring said coated conpressed dosage foarmto a second conpre55|on

modul e; and 71 Mo Teingbebecpuing sodngob where seig fomablsi myeral orpREcbwder

around saifie9atRfctd rﬂb&rﬁm%@b@%@g@ung f dticidie-Fat c&E@éﬁﬁﬁi faRMpEessfapn
nmodul e to form.a cqonpressed, coated, gﬂngPﬁssed osa e form wher ei n st eps

(a) t HPoudEing FEXiITes, Sugats o3 IRWFngly Ak aI ly no interruption

5 occurs between said steps. 17. The method of cIa|n116 wherei n one or
nore of said st od
of claim 16, ]g)s][. ﬁﬁm{ PR ?régo{}’f (ﬁa1m ?Wﬂe%%gﬁ?%&)gé{@%l? ﬁ%}&%ﬁ Cgﬁlgnlg% exi ng
basi s. gelatin.

15 13. The method according to claim 1, wherein step (c) comprises the steps of:
(i) molding a first flowable material around a first portion of said

compressed dosage form; and
(i) molding a second flowable material around a second portion of said

compressed dosage form.

20
14. The method according to claim 1, wherein a single motor drives steps (a)

through (d).

15. A dosage form made by the method of claim 1.

25
16. A method of making dosage forms, comprising the steps of:
a) compressing a first powder into a compressed dosage form in a first

compression module;
b) transferring said compressed dosage form to a thermal cycle molding

30 module;
¢) molding a flowable material around said compressed dosage form in said

thermal cycle molding module;
d) hardening said flowable material so as to form a coating over said

compressed dosage form;
35 ¢) transferring said coated compressed dosage form to a second

compression module; and
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19. The method of claim 16, further conprising the steps of: Q)
transferring said conpressed, coated, conpressed dosage formto a 15
second t hworsalo2ssyel e nol di ng nodul e; h) nol ding a second PConesbt/aenat eri al
around sai d conpressed, coated, conpressed dosage formin said second
thermal cycle nolding nodule; i) hardening said flowable material so as to
form a second coati rfycammessing aisecdnd pojudar gronnd zgid zoated cRBPFRSEPIFOSAEKiI ng a

dosage form Cg&gﬁﬁééaﬁwséc&?dgctt ssibn mo@le k@ foMnodipreRR@doateld)
|

transferring s insert to hermal cycle nolding nodule; c) nolding a
f1 owabl e mat er icaMP&essREPsa%E @ Pnsert in said thermal cycle 25 nolding

nodul e;  aRrghelin BRps el imeuga(fyatkiliokedtopest archaiat sgeataltynd mtemuptionat i ng
over said insert; wherejn steps (a) through (d) are |inked together such
that esserfCFyP 9W?6nis?ﬁié{epﬁpti on occurs between said steps. 30 21. The
met hod of claim 20, wherein said insert is formed in a thermal setting

nol di ng nodul e'l7?§?hg$e§h6@5é@ﬂnpf6 Q&Ll‘%}éﬂl 6fe o MIGeRIrRaiQREpRlis ﬁ@?fo@m@(}l ofai d

steps is performed o conti nuols basis. 35 23. The nethod of claim 20,
wher ei n omentnuomsbesief said steps is perfornmed on an indexing basis. 72 WO
03/ 028990 PCT/ US02/ 30614 24. A nethod of meking a dosage form conprising

the steps of: a) faormn t. leasf t i.nserts; b) transferring said ipserts
to a tlRermal cyid JW@&?@O%M LG,’ V@%I%PH? ﬂbrhgrequga\'lgﬁ?eé’sﬁsa?eégllnélfadglrlggnd
sai d i nserhgexidy Baisd thermal cycle 5 nolding nodul e; and d) hardening said
flowable material so as to forma coating over said inserts to forma
dosage formconprising at |east two inserts surrounded by a coating;
wherein steps (1#) Thermethod ¢Ehlaiar &6, [fimther¢ompyjsing dhe stepsioft hat essentially no

interruption occur Sg)%gﬁﬁﬂlg%%ﬂjco?ﬁﬁ%ed,%gated, compressed dosage form to a

15 second thermal cycle molding module;
h) molding a second flowable material around said compressed, coated,
compressed dosage form in said second thermal cycle molding module;
i) hardening said flowable material so as to form a second coating over said
dosage form.

20
20. A method of making a dosage form, comprising the steps of:
a) forming an insert;
b) transferring said insert to a thermal cycle molding module;
¢) molding a flowable material around said insert in said thermal cycle

25 molding module; and
d) hardening said flowable material so as to form a coating over said insert;

wherein steps (a) through (d) are linked together such that essentially no interruption

occurs between said steps.

30 21.  The method of claim 20, wherein said insert is formed in a thermal setting

molding module.

22. The method of claim 20, wherein one or more of said steps is performed on a
continuous basis.

35
23. The method of claim 20, wherein one or more of said steps is performed on an

indexing basis.
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25. The nethod of claim 24, wherein said inserts are forned in a thernal
setting nolding nodule. 26. The nethod of claim24, wherein one or nore of
sai d stepwoiog/oppd ormed on a 15 continuous basis. 27. Thecwatshosbeof cl aim
24, wherein one or rmre of sai d steps is perfor med on an indexing basis.
20 28. A nethod_ of ma age forns risin steps of: a)
forming an insetk: AH)G r}gq;leosgg?@qnng prig gle(‘? P&ssi on nodul e; c)

conpressing a gordera)ammuﬂglat_slaasdtwam?ﬁsl n':]o a conpressed doiage formh in a
conpr essi on nodul e; reins thr ed toget her
such that essenti al I@%ﬁ?%mn&slaﬁiﬂ F%'ﬁto%é gﬂg'@ e\(/\lfélélrclﬁémadq eps. 29. The
met hod of clai m 28, ojneiding aghivaibpromeleriali sowdrspidegsasis lnﬁalﬂ\/&bermtabmlfto form

a bi-layer tabl met hod of claim 28, wherein said powder
cont ai ns a fir rfi&ldn%,c}n&ﬁﬂemgl The nethod of claim 28, wherein sajd insert

contains a second mebiberiening sgil Fpwabinmatepahwds 60 fumsg soaimepNe; wWihinsslsq

insert is fOfnﬁ@fbﬂﬂl@d&ﬂgé@&b&ﬁﬁﬁﬂl atﬂ&isﬂi!\ﬂﬁnmlshﬁouﬂ&d\i@@é’daﬁﬁ 990
PCT/ US02/ 30614, 33. K%hlﬁﬁ is formed in

| nse
a ther mal VRREFE SieRg Ia‘Ee l@i?d t%qﬂi“?ﬁﬁﬁ@ tﬁ Feé’?lﬁﬂyfl&m AEWRYS dosage
forms contacmishgtveecnBaideaps, S5 conprising: a) a conpression nodul e havi ng
means for form ng conpressed dosage forns by conpressing a powder
cont ai N ng said nmedicant; b) a transfer device having neans for
continuously t r2nsf eFhreimefhedpficlain Mhridesein seid dusges pisripamed tra theamenl
conpr essi ttﬂl‘?;qﬂ gqn&iutlgwer mal cycle nmolding 10 nodule; and c) a thernal
cycle nDI I ng nD having neans for continuously nmolding a coating of
fl owabl e materi al over sai d conpressed dosage fornms. 35. The appar at us

according to clz. Mmhddnethod bh@sinCARlesdin gnerBiemsrel isaidpespatis pgforiod daiad

conpr essi on dul .said transfer device, and said thermal cycle nol ding
nodul continuous basis.

27. The method of claim 24, wherein one or more of said steps is performed on an

indexing basis.

20 28. A method of making dosage forms, comprising the steps of:
a) forming an insert;
b) transferring said insert to a compression module;
¢) compressing a powder around said insert into a compressed dosage form
in a compression module;
25  wherein steps (a) through (c) are linked together such that essentially no interruption

occurs between said steps.

29. The method of claim 28, wherein said powder is compressed in two steps to
form a bi-layer tablet.

30
30. The method of claim 28, wherein said powder contains a first medicant.
31. The method of claim 28, wherein said insert contains a second medicant.
35 32. The method of claim 28 wherein said insert is formed in a thermal setting

molding module.
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si mul t aneously, such that as coatings are being nolded on a first group of
conpressed dosage forns in said thermal cycle nolding nodul e, said
transfer wewsozspr ansfers a second group of conpressed desagsot/aoms t o
said thermal cycle nolding nodule, and said conpression nodule forns a
third group of conpressed dosage fornms, 20 36. The apparatus accqrding to
cl ai m 34, mherei%%ifﬂeth%ﬁ)@éﬁfn 2& wheren seid nseyt 1S ﬂ‘fr{lé)dolgﬁtfh?gf “¥Ppar at us
further CQﬁ@%&ﬁﬁﬁémﬂQ a thermal setting nol di ng nodul e havi ng nmeans for
formng an insert containing a second nedicant; and 25 e) neans for

enbeddi ng said insert into said conpressed dosage form pri.or to.nolding
said coating over sa% Aeiﬂﬁ%?de@?é‘{?u&oéﬁ Sﬁﬂ‘ﬁg%?%@?somtnf?é]?lﬂﬁla%%&ﬁaﬁ’

nol di ng st atiMR; g37' The apparatus according to claim 34, wherein said

fl owabl e mat FI§1' 30 conprises a polyner. 38. The apparatus according to
cl ai m 34, wherein sai)d chipwaskios nmatude having weans forsfosmmerpenanresaed despeet ed
fromthe gffq?rﬁ bconsi stin iucro%e-.fatt aci d esters; fats, waxes,

of
f at - cont ai YTF%PEFF%S&%Q%H%‘Q & COPLRIINE S TERCANY ot opl asti ¢ starch, and

l'ow 35 noi sture pol YyRIira3:8fed b RBS havit MERIOOLRAA00RGT rkiSIAi3R6did 39. The
apparatus according to claim37, wherein said flowable naterial _ conprises

a gel ati n.confpressebdespgefomms roatend epmpressonmaive toa thgaakeyslamritgans f or
cont i nyous| 15. | ding a coating over said conpressed dosage fornmns

conpr i esﬁn¥¢§aﬁ%§ns for molding a first flowable material around first
portions of said -coypresaRdc@0saRMdih®modnledarding nidansmarenfinrousiyl roldgga
second flowabl e material around second portions of said conpressed dosage
forms. 10 xqoatimgef Hpyahlamaterid everdeiFonpressd $a582¢ 19FMsrein (i) said
conpression nodule conprises a die table nmounted for rotation about a
first axis and having a plurality of die cavities disposed around the

erimeter ther , i; S o i ; J bretigh e
P gﬁa }P}%r.' géﬁg%{'?% %E{cgf;dlgé;‘;[oﬁglmgﬁéég fditRr b&BbAsiAAhldalSfor dpbiticl

cavities aroun | , .and (11,) wherein; sai .therg‘ﬂl cycle

mol di n§ 15seibermmmessinrpRodue, saidrtermsier detint @ad Faf thesmal st HBURE Bo4Eeond

axi s and cGaRfthiolgy.SucPiisk 8d éda¥ingé ardBeiigeRidd @ba dis paspbfaomprdsdde

perimeter éof;géee o];'r’ns %s%gf t%%rnrlaatc%lle%]olgifng%%ﬁle, said transfer device transfers a second
group of compressed dosage forms to said thermal cycle molding module, and said

compression module forms a third group of compressed dosage forms.

20
36. The apparatus according to claim 34, wherein said medicant is a first medicant,
and said apparatus further comprises:
d) a thermal setting molding module having means for forming an insert
containing a second medicant; and
25 ¢) means for embedding said insert into said compressed dosage form prior

to molding said coating over said compressed dosage form in said thermal cycle

molding station.

37. The apparatus according to claim 34, wherein said flowable material

30  comprises a polymer.

38. The apparatus according to claim 34, wherein said flowable material
comprises a material selected from the group consisting of sucrose-fatty acid esters; fats,
waxes, fat-containing mixtures, sugars, carbohydrates, thermoplastic starch, and low-

35  moisture polymer solutions.
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rotor carries said nold cavities around a second circular path. 42. The
apparatus according to claim41l, wherein said transfer device conprises a
20 fl exi bWe osoeseeyi ng nmeans traversing around a third pat RCTAISDY/8®I4 porti on
of said third path being coincident with said first circular path, and a
second portion of said third path being coincident with said second

circul ar path. 33 Thereppampisrascrdingsto ¢lagn 37 3whqrgin: 3t flowanle mateigl a not or
provi di ngd& sed Dodifgn. 25 conpression nodul e, transfer device, and thernal
cycl e nol |%ﬁnndu1ge. 44. An apparatus for naking dosage fornms containing a
medi cant, conprising: a) a first rotor conprising a plurality of die
cavities di sposgyl Bicipparatiiercceidinputichin3dewhdreimenid meamsiot coniuassty i ed

around a first circul ar path, by sai d,rot f said die cavities
havi ng “an @Bélm%cqaglpg%gr af ?%n;%ﬁa%fiosggéfog% glcglgl_g)p Sé(;she dpunch. nount ed for
di spl acenent into safi)dmedims fommotdng afiest Bbyalle sytertd aeavnd dtrsigertepns pfisrith i nt o

said die cavity ell) ntained in said die cavity into a
conpr essed dosa(ﬁ)gl%gggrsg%?agfdgg?secbn rotor conprising a plurality of nold
rfmgig

cavities di sposed ar@imecangfrmpeldingasaermd lo matedal argpndssecensd pRtionsy 1 eq
around a secondyGh{iCd¥nirefad Bodde $thd, second rotor, each of said nold
cavities capable of enclosing at | east a portion of a conpressed dosage
form aHd capabl e of receiving flowable naterial so as to coat said portion
of sai d conpr essledTigogagetisacovdig 0stiniBy, wherdin®) sidcenmpryssiarmodide WO
03/028990 PCT/ US02/,30614 e t r iC - : | -essed
dosage f or FEHFESHE g’f%gb]lﬁ sutn?edr%?gbrﬁtﬁg aggk\@cf @rgé%gr%sd%%ﬁ%{n?_é ég{ﬁgalﬁfgﬁ% er
devi ce congavitsss digpasqdl arowd thy pefimetenthsfesf, Wherghysotption @d saf dimigblg camies d
path, a fi RQLLit ' ' hinl €l NOh&Einei k8 Bimal Wird1D nfoldiflg f 1 1 St
circul ar p%a%dlg%%gggae@g%%gggsrtic?gﬂgro s’aind%t)'r}?rd g}g# h .bei awgol nci oie%\t 5
with sH d meddagomprisesaotos aepmtedsor nabdion et SPEOMF 2P ARGTUAPHIRE her

conpri si NGy RrAMBPSS HOMI @Qitics dipadedsirditnd tB1sbranetéretiped f tntepebyaotation obyast em

sai d tenperature, control system con@rl Si n? a uElubl system di sposed

pr oxi mal t’@t%raﬁaﬂjeﬁﬁﬁlérﬁ%ll\‘}li%?’ S ARBREBATTREE B Y B¥4Td heat source and said

heat 10 sink for circulating heat transfer fluid through said heat source,

t hrough said he i il 1k i . i del : ; sai d

ol d gavi i es ney DS Hrosfil bR cifid AL SRR pyic R S0
20 flexible conveying means traversing around a third path, a first portion of said third path

being coincident with said first circular path, and a second portion of said third path being

coincident with said second circular path.

43. The apparatus of claim 34 further comprising a motor providing power to the

25  compression module, transfer device, and thermal cycle molding module.

44. An apparatus for making dosage forms containing a medicant, comprising:
a) a first rotor comprising a plurality of die cavities disposed around the
circumference thereof so as to be carried around a first circular path by said rotor,
30 each of said die cavities having an opening for receiving powder and at least one
punch mounted for displacement into said die cavity, whereby displacement of said
punch into said die cavity compresses powder contained in said die cavity into a
compressed dosage form;
b) a second rotor comprising a plurality of mold cavities disposed around
35 the circumference thereof so as to be carried around a second circular path by said
second rotor, each of said mold cavities capable of enclosing at least a portion of a
compressed dosage form and capable of receiving flowable material so as to coat
said portion of said compressed dosage form enclosed by said mold cavity; and
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e) a transfer device for transferring compressed dosage forms from said first
rotor to said second rotor, said transfer device comprising a plurality of transfer
units guided around a third path, a first portion of said third path being coincident
with said first circular path and a second portion of said third path being coincident

with said second circular path.

45. The apparatus of claim 44 further comprising a heat source, a heat sink, and a
temperature control system, said temperature control system comprising a tubing system
disposed proximal to said mold cavities and connected to said heat source and said heat
sink for circulating heat transfer fluid through said heat source, through said heat sink, and
proximal to said mold cavities, such that said mold cavities may be heated and cooled by
said heat transfer fluid.
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