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Gelatin-coated tablets, commonly known as geltabs and gelcaps, are an
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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.
4,620,524; 5,538,125; 3,248,916; 5,436,020, 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



including a reduction in the size of facilities needed to rdd¥oysnbenéeD6
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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 fornm to a thermal cycle
molding module; ¢) molding a flowable material around said compressed dosage form in
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coating over said conpressed dosage fornm e) transferring sbiNovaoaleed006
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I nvention further provides a nethod of nakin psage form conprising the
steps of . a;ﬁ“qtﬁsﬁ?&g}%a’?o “i%{E%P“PM‘:?‘H%EWS?n%??“?F sferring said inserts to a
15 thermal cycl e nol difig iR furtiler BR)vitied @ nfethdPuEdabiingatddsag! fomi,ound sai d
inserts in said thermal cycle nolding nodule; and d) hardening said

f1 owabl e matcempesing theastepsooff a)y formingapanserigb)ovansiesangsaid iuserido athampheysle
dosage form cqppri si at least two jnserts,surrqunded by a.coating;

wherei n st eﬁgﬁéﬁg Wﬂ@%gﬁa“@i‘fmé?é‘%ahﬁé‘aa‘%ﬁé{%& sg@dﬁsqrﬁxétsagg@gmaﬁlgﬁ@ no

i nterr upfgi Ry AGRE o des; WRE A) Eadehifk SAS flowablEReatérinl 86 tak & fornSOcdatiny beaSsarl

met hod of making dosage foris, conprising the steps of. a) formng an

i nsert:; b) tinmrisWbeneimsjepsdaithronghr(d) are liakebiogetberssush thai ¢sgemtiallyno conpr essi ng
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cavities digpaegRibnodeiisbetbénGaiddipser ence thereof so as to be carried

around a first circular path 3 14 Novenber 2006 WD 031028990 PCT/U
S0213061% The invention also provides a method of making dosage forms, comprising

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
aiadulc; whersiiz steps (a) througl: {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 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
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by said rotor, each of said die cavities having an openi ngi4 Noverrbei2006g

powder and at |east one punch nounted for displacenent inj | | e
cavity, whNQ &M sp|l acenent of said punch into said die Egyi%%zq@g}ﬁ)resses
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conpressed dosage forns, conprising: a) placing a supply of powder in flow
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powder in said die cavity; and d) conpressing said powder in said die
cavity so fist postidroefsaid thivdrmathebringicaiusidant Wit seidyirst eiradardath andes sacend sol at ed

t her ef 0 The i ti | sO..DFQVi de for form
conpr essedofiuggeidipatthdne duftidiht 450 A0 BBRH Akt o8 7 10O, iy
having (i) a first prHdintéition!ateiphevidésa fle@og of ordiNg tonprlessed @esapeTolad,i On

W th said suction source, whereby said suction source applies suction to
sai d di e cewprigingaakpla¢ing a sueply ohppwdst in flow conupumeption; withia diecsaid die in f1 ow

conmmunj._cation wth supply of | er. whereby said ctison_source.assi sts
cora 28 ponttrig x fe R el SR amahEGRIR SRh AEF D Bl SR GEaRE®
bet ween sajafdl die'64viB soS424b ¢SusePBHderatb Toweiaechi P Bict cavith) SaRINCEMEbEi i's
applied to said die cavity through said filter; and (d) a punch for

conpr essi rigpbed t@ ssuliecayity boughgnid fdteui @) jsolatingssaidfilterirams said pewdpriassed

dosage fors; s T [ on O] r form.ng
conpr esse&g%o%gggligﬁ@@r @&%ﬁ%@@%fﬂﬂg%%ﬁgscﬁkgﬁ% g)‘4z’atc’c;|8lfé'1"1aabI e havi ng
a plural i topnfpresdbddssaye fireswhiledaid Alter is fothtéd erfehi | €s bei ng arranged in

mul tiple, concentric rows around the perinmeter of said die table; b)
punche® al i gned wi t hikgiaveniioaralsoprevidestan appargtus for foamping eosnnressed dpgiges si ng

o \ - . . o Y . Jipes q
o3 Ton or ot ShapAERl SCRLHOPRRRE. hPLER alief REnE () At it tol Bk 25} 2"
pressi ng saiddipundahiein flov Sorimutichtivh Wit daidley@ivhaiout@Obhereby said suction

source applies suction to said die caviiy, and (ii) a second port for piacing 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

4



WD 031028990 PCT/ US02130614 cavities, each roller being sizgatNovembei1086 t he
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and wher &i n coiprassieh lzoné; o asmglecjeationpors; 4 6 eironlandie tajile baying p pheality afdie
equal . The inventjon.further provides.coppressed dosage for.ns de. from a
powder havi fgVi4e 'ﬁf%rﬁngrq? PP@%‘%?IMWEE@%%E% ﬁ’tsﬁldgcilgﬁ?vgﬁei@bn about
10 nm as ”%agxﬁfeﬁﬁng%mh%vﬁ&wgoﬁﬁ@ésed BBk Sors MQash SNGART Gledavtiad;i on in
wei ght of said conpressed 15 dosage forns being | ess than about 2% "and nade
usi ng a | i nedereietheaiuybextof divecatfities ¥ saitt mofwlads grebionthap 3o maxignm nimber of

I nvention also ptovides conpressed dosage.forns e from.a powder. havi.ng a
i rum or | KRCEHER A OF SRADHRAL  PEE G OLABHY e P BUeteg S siaila die
measur edg byay10Rayih QWSS dmetbr M thebiAdul i i S1aB) ahdiwilSiirAthb AW ell in¥ingtey  Of
sai d conpressed dosage 20 forns being | ess than about 2% and nmade using a

| i near vel ocbhmpreagion lof alliof saifl ppcheemsgualabout 230 cnisec. The invention al so
provi des conpressed dqsage for de froma powde having a mini num

or i Tice dianeter of I GBYHIORJuihee Bovides amPLiscd dosals s mpds oma 1

the Fl owdex 85%& hakrgf-‘% 4 Slifinduf® oA EreflSFAGNARINILY BreiRth @k MBbuSH) fim as
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at the di e wedaswed by dlie Blowdexnsest, theirolative siendarf deviatidh & Weightofi seid @ingmessed

rovi des conpressed dosa fqQrnms from owder,. havi.ng. a ni.mu
Dot oo lar anbieee Tums helnglmes b 5o 0% and Mads M8e G imeB Valncley s heniF ket by
the Fl O\Adexééagﬂbouf@goeﬁyég_i ve standard deviation in weight of said

conpressed dosage 30 forns being |ess than about 1% and nade using a |inear
velocity at the die ofThetinVendion alsapravidez3ompnessebdosage forins weadeifmm alpewder

priovides c ressed. dosage. f ar ns , made, from. wder havi a_mni num
ori t1ce di anerBe s gnypERHoecapesor fowaPhic ek Gian At 13 minaa dirpaed,
the FI O\Adgx g&@ﬁé Flo®Wex &t ahé #atve 8RAfddrd ddeMtioh iPReight ¥Rafdorfresitd osage
conpr esse
i 20  forms being less than about 2%, and made using a linear velocity at the die of at least
* about 230 cmy/sec.

The invention also provides compressed dosage forms made from a powder

i having a minimum orifice diameter of flowabliiity 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
5
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cont ai ni ng dafage Ferehs BeiRb RS thiH atikit 284) tndihade uging adinear velotiyanthe dibefael ati ve
standard deviation in weight of said conpressed dosage forns being |ess
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standard deviation in weight of said conpressed dosage fornms being |ess

t han about a¢gaminaphen\ibupioém, Bubiprofenketenrofeanpinsexans diglpfenss, 4spirins
cont ai ni ng . ab i f [ ted from
t he group & g%%cflogﬁiﬁéndém%f I%%lg g’? %ﬁﬁé\%@%&fﬁ ?P(lpﬁ%\gg% en ,e [ﬁqlggr%gi (%rﬁ%rgn@l)ﬁ%[ag’pr of en,
naproxen, digHeahgdvagine Fahétidine, 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 Z%.
| 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 2 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 fon.:ns containing at least
about 85 percent by weight of a medicant selected from the group consisting of
acetaminophen, ibuprofen, flurbiprofen, ketoprofen, naproxen, diclofenac, aspirin,

6
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phenyl pr opanol am ne, chl or pheniram ne mal eate, dextronet horger}msom 614

di phenhydr @ A¥028#¥Wnot i di ne, | operam de, ranitidine, cinmetidine,~ asten z
terfenadi ne, fexofenadine, |oratadine, cetirizine, antacids, mxtures

t her eof andpghassmradhe, pakhylpropartahiab) chlaphemrantine mafeateadektirnethorphan,
subst anti al Fy free of hydrated pol yners, the.relative 5 stand rq?&ievaidat i on
in wei ght ofliphankydsemineeamatidingslap fading, ot fh&ﬁe%%fﬁ?’ J5na0HTe

i nvention al yi.d 0 MaTolc it i 1Rtk dH a first
medi cant , Wﬁeﬁ@g&ég%r Iligaetgd Y nj ec{’iaﬁ%&td E’?‘%ﬁ‘éﬂg iﬁggeglg%‘{% f o&é/édgilcggyrmt erial
cont ai ni ng sédeptabie silts Mdécfand being sutstamtiblly fraw bf yrydrabed polyntess, denietrdiveai d

f1 owabl t | int | ded dosage f havi n bstantigl |

the. earmss as SRR saiay it YEIEHT I CORPEFOFOIPAREG e LoRENEE BRSOl ng o

nol ded dosage form whigly inyeatiba @fﬁr&ldsﬁ%%étﬂ&d é‘#&bl&%?'d@sdg%tf@{ bntathing
erla an ori no

I njecting said fl owabl'e na roug lce rnto cavi ty? and
C)h hardegi ng fﬁﬁirlﬁ?dibﬂmﬂbh, hi€h Bahp:ﬁéeﬁla) inﬁ‘efcgngﬂn‘phgledahokzw@ ﬁowﬁl;dlemrl]dtagalng a
shape substantially the same as the nmo cavity; erein sai rdeni n

step (c) conprtrining sabfirshmedicant inoRmeldarity;and B) hardgning éﬂaifﬂ"%ai’ilﬁmﬁf?ﬂgl
cavity is heated 5 | td Jhy | ring said
har deni ng s Ba(l%?l.%eq'ﬁ&eéag%\iﬁer%[t?aglﬁl%aa{ @ﬁﬁdg@%@éﬁg&%@ﬁggﬁ 0 q@é@?’ﬁ ﬂlgy'a

substratig, conprising THenvention providesa)methed ofsgng b nictdet dasagofdrnonhioh sai d
substrate:in a nold.cavity; b) injectin flowable material, i ntOé.ai d nold
theoygh an

cavity so aSOmPrises:) Imtmgeaﬂ@w@lwatqn@h%bfnjm saidflqvablesmatgriah
{1 owabl e nategat: don, - . y
over 20 ot ofbge it NI LARL BRTL et SAPHBR Yo HRLGLA o SadIBTARAELS. 12

nmet'hod of amnyh&dngh shgrsubsaeially dwadaie asnid wolddavity; wheeinshidliaeddiang Ny
first and second portions conprising: mnmasking said first portion of said

substrate; &tepde) srpnses cedlingsaid lawablamatsrial and| vhesgipsaid mold;cavity isdieaterd
f1 owabl i al aj ion: i id flowabl
s r i at® on PEat & seGbhigectil Srep 800E B ofing SR nARERRELRA BF 0 11 POAPLRS,

provides a method of &afheligvemtionblsd pediidesnanéthodabicatingasabstake, comprisin iy at e
having first and _second .portions copprising: exposing said first, portion to
a first nol gepaofta) englpsing gt lﬁajt3ap'awm%mé|seb%Feemiadmléﬁ%ﬂ1§dq)dmwwa
portion; h | | sQiQﬁlﬂ ' [ ' : [ id
substrat e; ?légépinelnf%at%gglﬂﬂﬂl rstbﬁéﬁ Fpggoédt %I(}ﬁ%?%lsas%g%(ﬁ{%#ﬂl?ﬂ%%%gtg%%haﬁ The

i nvent i on pradthi séd flewsislt heaterial; and @) harderding sdid floatablewnitbridlito $ormaa doatigaver
flowable materials, conprisi n% the steps of. a) enclosing a first portion of
said s@Bst ahleastiapogtion pLsaudgiogTate i ty: b) injecting a first flowable

material into said firgf ifRhHon also provides a method of applying at least one flowable

material to a substrate having first and second portions comprising: masking said first

ol e,

portion of said substrate; exposing said second purtion io 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

7



cavity so as to coat said first portion with said first fl omaSbennr 800Gl ;
c) hardening said 7 14 Novenber 2006 WD 03/028990 PCTI USOZlgﬁ?&@ f'4rst
fl owabl e nm#e¢3/289%%0 form a coating over said first portiorF;’ P LS| ng a
second portion of said substrate in a second nold cavity;, e) injecting a
second f | Oy fogH e laftial foltbiin & 8b4tireR0@PSaill st pfoRidnt M) EiGeing asevonll sai d
second portion wth said second flowable material; and f) hardening said
second f | ovadstien ofitaid subistrate itf osecord meld ¢avitype)injestingla sccond dlowaplermatshial The

i nvention provides an,apparatus for di ' C, '

plurality ooy Se@&(’ﬁ o ‘fa%_ﬁ%%lcgg !(:Sﬁ\llc{| ?‘Vgﬁ‘g@%’ﬁ%@ﬁﬂ% %@%ér?g*&]ga%fa Ble and
COMPr i Si NG Afkeri hid Hhaf i Ak BEATIIW NG RaReriaRicoirals comtisgoebrumiad cavity,
said orifice belng table with a valve tip that in its closed position
forns part setombpattiomt ernal surface. 10 The invention al so provides an

apparatus for noldin ubstrates ¢ risin lural it f |d cavities, a
hggt source, a heat g %nvwngrqv(é%ggarnaatpaé@?ﬂf%ﬁ%@%&ﬁ?tegg%mansmgLa
tenperatur e%lﬁ&'iw @mﬁﬁﬁ?&?ﬁbﬁ%ﬂ&?ﬁh&d&vﬁy hiAhp dn SMEfANIueias e RS BorRpMihgh t O

said noldcavities a onnected to said heat source and said heat sink for
ci rcul at i ngoriféeetfor delivesing flofvhble chatdrrad tayseid miodd eavaty, saddiemBce beingmgtabdawithheat

si nk, and proxi mal to.sai |d .15 cavities,. such that said nold cavities
maybe heat etV HeitR Lhat yitsy O%rgaip mﬁgré?orp}sarﬁgtfgrsaﬁlmegga?s & nvention al so

provi deg a nozzl e sysigMnkeftich alfe!FbAdeARPAipatdtgs for GRIIAE SltkraRs Gﬁﬁﬁﬁngnd
an ejector neans, said nozzle surroundi n%aanql bei ng concentric wth said
ej ect or “nmeampluralite of meobhtavities,rhrat shaiscean haptsanka and a temperaiute ¢ogtrobsystens,s ed

d f .. 20 i Si : | d ity f ncl i t .l

i rot por | S bFmeEAtIRe coRt kB compBsige SHbinY shtemalmos ORI PE @

fl owabl e mafgi4 &lvitlegtaﬁd E@ﬂxﬁct@@k&%aﬁﬁﬂéaft YoulrPe &RBaidheat sBRTbr a?du@atﬁlgrh%at portion
d t d fl owabl | ; and C)

of said conpresse osage formw sal _ e material; nmeans
for har deni mapsfeifthid thyowghl seidriwatesoiiede, thoough said licat sk, and proxrignabtosaidimoldast

said first ortion id.co essed do form,. 25 The inventjon _.al saq

o ovi del are sy Soh diat 51t SHLE PV R DSl A Rled B ol AL R .
portion and a second g {nvektion@ORTbPiiE0: nélzlésydtintifk @ YhdMinlgUpparite! 0Si NG,
said first portion of said conpressed dosage form b) a nozZle for injecting
a flowahl ecomprisinga nozzicandzine)estsir dneans,isaid nazzlecarrosading &nd being condentricof

sai d corrpre\iﬁﬁg .aosaPe formwith said fl owable material; c) a tenperature
control sys QST ¥ eat i ng and 30 cooling said nold cavity; and d) an
el astomeric collet forhsgrbitha p?&ﬁéessﬁ%ﬁﬁr_aﬁ%%f 86utif comptddsIUBAES Flehs,
dosage formwhile said first portion of "Said conpressed dosage formis

bei ng c2fat eebmprising: a) a mold cavity for enclosing at least a first portion of said compressed

dosage form; b) means for injecting a flowable material into said mold cavity to coat at
least said first portion of said compressed dosage form with said flowable material; and c)
means for hardening said flowable matenal 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; c) 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

8



The invention al so provides a nolding nodul e for nol ding cogyiNGsm®et 2006
conpressed dosage forns, conprising a rotor capable of rotating about a
contral axiWOIMIRIOS 14 Novomber 2006 WO 03/028990 PCTI USESAHMT0614
plurality of nmold units nmounted thereon, each nold unit conprising: a) a
ol d cavity fug.{u%gpﬁlo@@hﬁgs_ Aburt&PBikredn | dath imd1@ trhit 6Snpisifgia) acaoip casitefbr
dosage forn{) ) ans for injecting a flowable material_ into sajd npld
cavity to ceatlosing htdeast adustgoftiansif spidraompressed desage fasmp brEsans fopByed@gRor m

with said flo |l e mater.ial;..and.c). . ns r._har | L.d.¢f -

mat eri al soﬂawlﬁ I’Fﬁ?‘?‘rﬁa\n@&a’tdinﬁ%dtﬁé‘éﬁ?@tw L%é?asg'ﬁa?(gﬁﬁ??gﬁ%%%rf £ %@%ﬁ%ﬁed
conpr essed 98&29 foml RitNsaifilFowaBleaRhteRs]; ahd$6) Mo feesardenityd shid owablel e for
coating a conpressed dosage formhaving a first portion and a_second

porti on,5 conptdril syastorfotrom coatfrgisiver af least seid firsiporiian saidcaepressafd dasdes and a
plurality of, nold units nmounted thereon, each nold unit 10conprising: a) a
nol d cavityf‘?rB’i‘ enclosing said first portion of said conpressed dosage

form b) a nozzle for TRjigfhliGPaldo ptoi@R a8néMaimRThédulé foi Qoftaigth ddhstesRMi ty toO
coat said first portion of said conpressed dosage formw th said flowable
mat eri al ; c)losege éompehanting e first portion|and pseeandqoytadn, comprising eirelgr eapablecafi i ng

said nold cavity; ,and d) .an el astoneric ol et for sealj.ng said, secqond.
portion of &f gc"&h%‘Fégélépt?laﬂé aSﬁ?ﬁWﬁ?F&"‘g&ﬁ“& ?P'Fg?& ‘ngeﬁ&?a_{cgrlfnqc)@ udtt; g
conpr essgd Geﬁgﬂﬁn;%g@ Th81dREVIRBfoE BAE18Sng T418 firfl\PBRIdNYT stldS@nireusbdIassags
apparatus' for coatfng conpressed dosage” forns, conprising: "a) a |ower
retai ner coifigmi; b) goazlpferrinjerting wflowaili eratermd into eald mndd edvity to)coatesagkfitser

mount donPHRAS g steessbatactge OER I, Ml HPRabt: A QR IEFPEEE <ai o
first groupcglitdiRgde! daPad oftidtih@EhdSodtRS shid Helddavit); Rl F) aft BlaStohidife"

retainer and said center nold assenbly nounted for relative novenent so as
to bring sardldtiforstealimgsaid sfconhpertion #f sadisbmpresiadt dosagegfaguverle said fitst sai d

collets;_c)_an upper..nold ass I onprisin er insert assenblies

mount ed®t hBPEPR 0 é‘f"a"@ﬁ%’fprisﬁm e&’@ﬁ%h‘?‘fgggég lies aligned with and
facing one of said i ny@elinveASSELABS bRVidE aﬁ%bﬁarﬁt%ﬁ%%oﬂﬁﬁ’%lébmﬁ%s‘éd'd@%e mol d
assenbly and said center nold assenbly 25 nounted for relative novenent so
as to bri ngfemisdcamprising:ag e lawexseiainst cempising a phwmajity ofreollctsunohntsd ithersiaripnd
group of insert ass lies: d) a.supply of flqwable terial: . .and e

TIrot passadmpaEp Hstme SohpRy DRy B antond FReiws CLTISEH FieRLEs MARHCa i on
with said bhopposiiplsia@caados) EAMLIRhId NSRS dssARBIRERIfsHA firgtHodp Mfind vaft uat or
assenbly for controlling the flow of said flowable material to said first

and secdhd gndfiasingamnejofsaidicollgs saisllewsr retainerpnd spid\center meldiassemplyonowded a

dosage for &?&B{i{res linr(])ger%er%usg% {oalgr?nghga\ﬂ Rt %poup of insert assemblies into engagement

with said collets; ¢) an upper mold assembly comprising upper insert assemblies mounted
assemblies of said second group, said upper mold assembly and said center mold assembly
25  mounted for relative movernent 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.

9



I njection nolded coating surrounding at |east a portion of 14 Nev&uk&t20es €.
The invention al so provides a dosage form conprising a substrate having a
thermal cYVOBWBMed naterial disposed on at |east a portiR¥AI/EPOAIGE14

substrate. 9 14 Novenber 2006 WD 03/028990 PCT/ US02130614 The invention

al so provides a dosage.form:c i si e Wi i
t hereon, said coati ﬁge Hg\%?thrgdl %@%ﬁpgigﬁgggo%%gﬁﬁ%mﬁb 11%%95 oslt}?%gﬁ% %r ons;
the rel atdating erbsin sald ¢eatinaltia0ing athidkheds g aboutf100 26 abomd 400 ngctoes;the | ess

than 30% ; wherein said coating is substantially free of hunmectants, 5 The
i nvent i onrelatye standunddtexiation gxtitpknessohsaidiporiing bringlessihipr 80k WhgeR satbat i ng

t hereon, said coati . j | ess of about 100 to about 400 m crons,
wherein tﬁoeaupgll%ﬂ 3@25%%%@3&%%5&% in thickness of said dosage formis
not mye than aboutTh®ird%effion Astsprokiiksh dosae dompestpisinga sbbsthaniigal | y free
of hunectants. The invention also provides an apparatus for transferring

subst r at esoating thegeon gaiflicoating hawing; athickpess of abewd 00 b alqub A00 sBmODEsi ng: a) a

flexible conveyin ans; - plur.al.d. L.t o said
conveyi g HESLbegaP Py fandbid v ioH 3R bt of R els M BBt od
subst r at eghout D.359% aad Whdkin@aitlicohtify B sRBtintidy\Beenf hamecthntsst and  second

| ocations; and d) neans for driving said conveying neans al ong said cam

track. The i nventi odbalinventenaisaprovides ap pppasetus for drensfemings subsirates EomaA r at es

from 15. first erati dule c [isi | ; pted to carry
sai d Subs E{sﬂo‘ggﬁgx} g‘ﬂ?‘lﬁ”ﬁ“‘{]gﬁ%& ?Wﬁ@g‘ %ggﬁexﬁ)cl)é g@é@éﬁﬁ%ﬁ%’?@ﬁ ng nodul e
conpri si nglufal#$ 60 fansfatwits afbanteddo t4ld eafiveyingsméths Ssaibfraraf@units being a second
circular path, said apparatus conprising a flexible conveying neans

tr a\r/]er si ngar_abhmff@kﬁa% paid subsirates; ?rcgmdracgfdeﬁaine apathy ety gemsal ﬁmﬁfa@@i _ng i dent
Uhi ot pat 1eena i o Sod, 0l Blerk rf'dtivie B0 Poflioind GRS AaBIRY B eSS Dac

The invention al so gheviwatorPalfeplotlics &h apFieatig o trahsfering substialed Foma t he
steps of. a) injecting a starting material in flowable formconprising a

nedi chnt firdd operating medilesemprisigg adirelrpior adanted W oepy gridgubstratescaromrd/é ng a

hape; b Li di.f Vi id start.i terjal . to,f i d_j t
havi g © hERS R e B on b REm e b RpriiRe BecoRd kbR g ool
insert fr g sighstrateglafiund aGbemERirculdhitR] SAid A pdrabiscidmpRisigl a flékibleng rotation

of said nolding chanbers about a central axis. The_invention provides an
appar at usCenyeyms raeang travessing athisd pathyp firskpertion of saidrihixd path being coipgidene f or m

ol oned it Bt bt bl P GRS ReBo e foR L i Bl oRE” O o

30 nogmt egoifcident witlos poidipa bf saidbecoad airtwlar paput a central axis, said nozzles
bei ng di spl aceabl e ) . ) ) ) .
The invention also provides a method 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 a direction parallel to said central axis, such that as sgf”o¥&hiset 2006
rotates, said nozzles engage and di sengage said nol ding chanbers. 14
Novenber 208%° 03B8¥8/ 028990 PCTI US02130614 The invention al sBCHVEHHEY 4
dosage formconprising a nedicant, said dosage form prepared by nolding a
flowabl e material, Saiﬂegﬁéaﬂﬁlﬁéﬁ?ﬁobﬁiéhaao%eWcom ©B enedidafit, SaidNEL 'y
and being substantially free visible defects . 5 Brief Descrjption of the
Dr awi ngs Fi dusaps forn pregated bymolding aflossblsfmaeralgsaid dessge famehaydpmHReimege t o
the invention. Figure 2 is a.tlow chart.af .an_en i t of the method of
the inventi Sm ONg; msgrrgnqﬂgagdé;plgﬁ Svpsgwnagﬁﬁﬁegﬁq@gggﬁgﬁéti c, of a system
for manufacturing 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 mensi opal Brief\Destriptiomnbthedyiawingsodul e and transfer device according to
the invention. Figure Y [.ew of a portion of. the ¢ ressio dul e
shown in 15 Figure 5'£@r%£%g§3/h§m%?)@n}pgeé gf’ﬁ?%@@ﬁé”?@%/\?%f“%@h & of a
conpressi on; b§ during a revolution of the conpression nodule. Figure 8

depi cts the path of another row of punches of the conpression nodule during
a revol ution of the cdiipre2ss oflowstait of aembodjment of the mgthadrafithe invention.

cross-section of a conpressi.on nmodul e duri,n conpression. Eiqure.l0 is a
cross-section taken t r‘%‘ﬂﬁalq‘i‘ﬂénﬂﬁ%(? alllpfi%@lw-%aquo ﬁyé{%’fréfof%lﬂfaé:%nng
Cross- sggti %Bs%@%ﬂnéil{cef&%ktbitﬁbein%mﬂoh of Figure 10. Figure 12 is an

enl arged vi ew the die cavity area circled in Figure 11. 25 Figure 12A
shows anot her enbodi niigure# isanklevatinnial wiew bf tiltsystemshewaiin Figui®dul e. Fi gure

13 is a top view of t fill zgne af the compression nodul e. iqyre 14 is a
cross-sectional view dH8Ye 8¢ ‘?F‘g‘P‘ePﬂQIl?ﬁiv Waﬁ%ma?mf%@meéﬂ‘gragg&a&#ﬂ
modul e. 30 E&*déﬁcéb?di%ﬁt@th@"irﬁz%ﬁti&ﬁc“ on taken through l'ine 15-15 of Figure
6. Figure 16 is a viewtaken along an are of the conpression nodul e during

conpr essi on. Fi gures TFigur€oiid topyigvadfa portior ol tduti aompressionanodiiie $hoawreinf or t he

15  Figure5.
| 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 or 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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conpression rollers. 11 14 Novenber 2006 WD 031028990 PCTl4opsmzirs 2406
Figures 18A-C il lustrate another enbodinent of a "C frame],%@rU b Re14
conpr essi WO eI28¥WPs. Figures 19A-C illustrate a preferred e Ogl ment of a
"C' frame for the conpression rollers. 5 Figure 20 is a top view of the

purge zone and the fipidyrgona-ofillidifate Gtereatbodindidih ¢C” Frapuy for e i s a
cross-section taken through line 21-21 of Figure 20. Figure 22 is a

cr oss- sect icompteskiemrellerssugh | i ne 22-22 of Figure 20. Figure 23 illustrates

an enbodi ment of a p er cov.er fo . E8S ul e.
Figure 24 is a crossﬂ%’é‘fﬁ @?“?&ﬁ%%“i%gﬁ?g% rf{eerég)%i%é%focf% gure%g?orgﬁgure 25
shows an_alchgipRatioy folpap0di nent of a powder recovery system for the
conpression nodul e. Figures 26A-C_illustrate one enbodi ment of a thernal
cycle nbl ding 15 nodiguse 3¢isortopview of thsourgezone pod thedilhponaridbg age for s
per se are nmade. .Fiqur 27A-C il lustrate anot her enbodi nent of a thernmal
cycl e nol dicﬂ@pr?mﬂ%éoﬁﬁe‘Mi ch a coating is applied to a substrate. Figures

28A-C illustrate a prghfe e £6Ba0id¥EA tan ehrbie! Hied 2 CYTbEFigied 2.ng modul e
in which a coating is applied to a substrate. 20 Figure 29 is a three

di mensi onal vi ew of &Figurer?id a erpsd-sectioh tiken through kne 22:22 pFigyre 0.t he

I nvention. Figure 30 depi a series of .center nold assenblies | t her mal
cycle ol di ng nodul ﬁgl&F 33?‘8%1“?&“5‘“&’8’&9"@8;& P%‘ngtra{ﬁ%%e S(‘}'ﬁgmf F“th%l- 31
of Figype @mpeeasichIwdddfe. 32-35 depict the opening, rotation and closing of
the center nold assenbly with the | ower retainer and upper nold assenbly.

Fi gures 36 and 37 ar &igure24 iseovspsestion takes alphgding 3dedd gidlignne@3. of a t her nal
38 and, 39 are

ol et of a Tover  r oS Snoyts 8 Gnedls cairainiart i o Per AR LAV SRUR, 1 or
t He c?nt er fpihd caﬁﬁﬁg’ggbﬂmbﬁule_t he thernmal nolding nodule. Figure 41 is a
cross-section of the center nold assenbly show ng one
Figures 26A-C illustrate one embodiment of a thermal cycle molding
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
I 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.

12



enbodi ment of a valve actuator assenbly therefor. 12 14 Novié¥bawrenrdenB006/\D
03/ 028990 PCT/ US02130614 Figure 42 is a cross-section of th # nol d
assenbly swowisngseseme enbodi mrent of an air actuator assenbl‘%‘f‘ﬁ?@ ”g‘i%f‘
Figures 43 and 46 are cross-sectional views of a portion of the center nold

assenbly showing firs ﬁ)@g&l‘l‘? ﬁgoﬁ%sﬁ%§§%9 t&it&Smold lg?ééa&ﬂﬂ? sHdbying gﬁe

cross-section taken a ure 43. igure 45 i s

Cross-sect i gmbbdlkt of &ngr ddtiatordssetiblgfthdrefprire 43. Figure 47 is a
cross-section taken along line 47-47 of Figure 46. Fi

ures 48-50 are
cross-sectional vi ews Figures 43andh0/28¢Cross $9cH 088 SN ag%?mﬁ%ﬂ?@ﬁec frymold

assenbly. to Figure 51 | - i j ew of an upper nold assenbly
of the t he%@g&%oﬁ%ﬁg?%’gd%D%%f%%slg@?\ni’lrl%géé cam system t hereof. Fi gures
52-54 arg cross-secti Gigire ¥4 84 @bsstdeetiopaken sohg lias dédtlof Fonne 8he center

mol d assenbly of the thermal cycle nol ding nodul SP Fi_ggr ? 55 d 56
i1 lustrate one enbodi Fignre 47 isf erasppieption taken Blqng bpe 43 93 1855 for the

th I I | di ] ' .57 g . [ t of
Lemporatur o contr ol SJRRR T isf SPHEREE! Ph HORL fhe BATRIEIERDRE "ET Do 60

-62 show a preferred el 4850 arefcrdsbaeitionpbviatvtb€a prafidrrea nozzlesstystemfafra t he
thermal cycle nolding nodule. 20 Figures 63-65 illustrate a rotary pinch
val ve syst eqenigl malsi assgrablyuse in the tenperature control system of the

thermal ygyol e mol di ng P FLAW 8ol vidh bPI MBSl AskbBRRI B devi co

accordi to the inve I'S a cross-'section taken along Iine

69-69 of Fi gherRalbScle Mblliigaodile Kowihp dsamadystetn theRber red enbodi nent of a
transfer unit of a 25 transfer device according to the inventionl. Fi aure 75

is a cross-section talégnrey Phéf merEospseqtiongl viepqiitie wwer mold pssemb €a
ner mal set EPRG RORCHRaP Ry BF e erBY L BRIGRERRART| 0° 70079715 op
view of a rotational tRigured ¥ ardiesd itlasteate oniclermnodimentuf a tefiperangatontrol Fi gure
78 is cross-sectional view of a rotational transfer device according to the
i nventi df. system for the thermal cycle molding module.
' 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 moiding 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.



It 14 Novenmber 2006 WO 03/028990 PCT/ US02130614 Fi gure 79 dieNbednsbek amsT er
of conpressed dosa&;e forms froma conpression nodule to a thermal cycle

nol di ng nmoYQ0¥OPBY 3 rotational transfer device accordi ng tREWH®23péident i on.
Figure 80 is a further cross-sectional view of a rotational transfer device
5 according to the i ' vidd rdssedUdds | esdlo
rotational transfer gﬁ%@@%ﬁ%gﬁ%&ﬁ% eés% nvenéﬁﬁﬁ%ﬁ 22&181 E, ﬁSIi F,
and 81G bemuduleaan thermakcyole moljingemodulBviasxotatinal tamsfer dewicp secarding yo thei gur e
82 is a side view of a thermal setting nolding nodule according to 10 the

I nventi on. “-'WFERR"& 82A is a cross-section taken along line A-A of Figure 82.
Figure 83 is a front phevsmds aFulthé FBds-setidralGieW i O ht GRS MhsRE @Ovide Ng tO
the invention. Figure 84 Is another front view of a thermal setting nolding
nmodul e 5 15acondingltotheirventien.i nventi on. Figures 85A-D illustrate operation of

the thermal setting ppldi dyle. Figure 86 is_.a gross:sect.ional uiew of
a preferred thernal EW‘?S%SA?}EII y%tem;%@ogo&@gg&&pﬂét{a@s{eﬁ CYIR% RITOTORE
Figured 87 . b i t%m b@Rg +as Helvs rEiAed 85 MAIC 38411 NG
20 nol di ngt@n@gbjﬁgyhﬁsﬁ |€%®£82§’ re lgir rééh?ig Eér%f)ogi rent s OVERVI EW T%e

met hods, s$¥Dgamspectinelyapparatuses of this invention can be used to 25

manuf act ure conventi gpal dosage, f ar ns, ving a.vari of .shapes .and si zes,
as wel | as novel doSHyE %Sﬁélqen‘&f’w&fﬁlqﬁerﬁ’&?sq%ﬂemﬁ WQF‘HE(%F‘H to

her et of pr eqlashidhognventi onal  systems and nethods. In its nost general
sense, the 1 nvention provides: 1) a conpression nodule for making
conpressed dosage f ofiguré $Amiscorrpsessiibh kpmaldag fine A-Azpfiigured?. cycl e

nol di ng nodul e for maki ng_npl ded dosage forms, or for, applyi a cqgating to
a 30 substrate, 3) alifveEs$mis admntivigy %E‘I‘Ehe nﬁﬁﬁ%ﬂ@‘?lgmg@%‘ﬁg%ﬁg{%t%osage
forms, whighint@¥iohake the formof inserts for dosage forms, 4) a transfer
device for transferring dosage forns fromone nodule to another, and 5) a
process for naki ng dFipuges4 sramsthepfipni vWew gf a dierinebsettingwohiing medaebove

nodul es_Iinked_t ogqe] her, preferably via the transfer device. Such process

may bel} un3¢Rrding AYGHEORr i ndexi ng basi s.
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



14 14 Novenber 2006 WD 03/028990 PCT/ U502/ 30614 Fi gure 2 i S|4aNbvemvbeenogd
Il lustrati n%va Slreferred met hod for producing certain dosage forns
accordi ng t oVPR8Went i on, which enploys all of the operati R§THFAHP6E4

| inked into a continuous process. In particular, the nethod reflected in

Figure 2 produces a  dasago { QB ChafONBELEhPY pRerERbdmeieadb podddnbertdie
outside surface of a coffpressed 5 dosage for 2 also containing an insert
14 as shown ddsagé fuine atodrdifg guthe énvention] whicteqploys all pf the eperting ywdbles f or
practicing the method illustrated in Figure 2. Fjhqure,.1 B.llustrate an
al ternative kS FROMASAORINYPUS PFALESS Y Pﬁ%gﬁkﬂég%@&hlgaﬁfb“fe?? ég‘frﬁ?é’ﬁ?c?‘i?ﬁs a
conpri sing g 18 f ' tq may
,?%o&ggé fe8 @%@P&gﬂ“é%t’ﬂ&u% ﬁé’atﬁl MR RIRESutsias eifade VT c%?n(yresls d

be apprecia rom at the coating and the conpressed dosage
f or m need nodosageforiniie asventidpgan Bert By aselyovof indigure iléw, Figiwres 3and faleput

t 20 ' I d 00, 1 | | | di
Todul 6 200 aRECATR IS OET EEE TPl TSt RgeS- SR E e ge
f de i | | dul
or m e | nuf DGRAESEE B9 hA P el coldiy B GRS Bhfirigpal o

200 as shown 1 n Figures the conpression nodul'e,
transfer devinokiedaostingis’ bharawmprssséd dosapelform 123dltimay be apprecidtéd fmemmer
results in a_continuous, multi-station sysagm Cgorrpresai on,is acconpljshed
in the firsFighsdd that thgiceatng aud the cIaRTERRgd 4PEH8A LOTRHRES é’é’ﬁpi“ferfgeéﬂ%ﬁt?é@ed
dosage fgrmis perfor ' 1 sdosage
formf ro%r‘one nodul e tgygﬁgBf%’?ﬁgrﬁ%gﬂggﬁ%dﬁgﬂg%@bo;&t est%? %gé gibgsdggi ce.
| n ot her pr ehediled08 diheintad oy e ntohding yridaele 200 aal adransfet deldse 300 foer mal 20
setting nol ding_npdul e 400 fqr, forming a nol ded dosage for i ch, may
conpri se t helras{eRang aaelaa@saegﬂmaerpﬁ%n mde %&aﬂtcomafes 1R 6}0&@%% et o
anot her dos r I HP?H : IANSGhEa e YFREd S€S @ high
pot ency addi |ve£c%lgn|5br@3%t |°g%1%irjs®gd8? |ngm€§qtﬂﬂg'%/pe g%r naét ure of

i nsert. Rat heompredséort moduole, imasfer devices end thertidnnal oycltemoidingmogielelinthit ype
conponent enbedded in anot her dosage,form Such @n i nsert may itself 25
contai n ¥ ne@ARRERTesulinin ¢ comlippeus; malticaiahen GRfae GETRESHP iascomphshedin ghe

Poun | Mo SRR oL P AR ot 2 o

nodul e, the 1 nsert Is I gur 'S, the
insert is inpafdomedd in theseoond anquiuies axdl trpusferanf the ddsage foanfres ®he modntétb ¢hel 00.

After insertion .the powder d, insert are conpressed (Step C of Figure 2).
The thernmal ¥8ER}H ﬁ@cq%iﬂ\i\%]i‘?ﬁigbyﬁtgﬂw%ﬁ@%f’%'can be separate fromor part of
the conpression modul g1k gkéfeﬁafexhbs'dimahts%&%'yﬁan 2004581 iR RS

separate fromthe conpressi on nodule 100, a transfer device 700 can be used
to transfter settingmeldirg rhodwe 40kfor fienming a getldéddpsags fdmgwhisiwhay etiiprise thde

conpr essi on | e 1Q0. . . ..
P Hﬁ)aq lEiosageq}:)rm or be an insert for incorporation into another dosage form. 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 2 medicant, and retains its shape while being placed within the powder.

When used in the preferred, linked system comprising a compressic;n
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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15 14 Novenber 2006 WD 03/028990 PCT/ US02/ 30614 The | i nked43ysteabef 2006
creating dosag{e forms, as well as each individual operating nodule, provide
many proce¥9i9%8238% ant ages. The operating nodul es may be J%@@J%’yﬁ%ﬁlétel y or
together, in different sequences, depending on the nature of the dosage
formdesired. Two or Dy £ foF BRafREIhE Bbritbis! el dPsachendividdal n a
single 5 process. Angﬂgpﬁégjsﬁ@t he apﬁ%%t us%s, nmet hods and systens of this
i nventi on apeatiemodilbgdovide mang ppewssinpadvakiages. Jdwaperatiogmaodules mey be be
appreci ated that they can be us t 0 produce _non-nmedi ci na r S

wel | . For B&eélrﬁﬁl’g?te&@ 0 b cﬁ&@ifnt %?BH%H?ES’%EB‘H’F‘&% %bﬁlg & b“ngg‘gBﬂ%’é“&T he
mol di ng m%ﬁ?é&?ﬁd.b?wkf Sechott B?me SHRE OpSrafid Mbdl ey be MBERI d éngBt eri al s

ou

with or w e presence of a nedicant.” Simlarly, the conpression 10
nodul e £anphresss gxhdalthbugtatheapparpses; metheids ndbsystemsefihisdnveptiorawse exanpl es

ided b foill t d t | i mtati dit,wll, b
APpr eci at oHetHRLd PR cpRedR FRANE dBaes DR Thepikhs prpatrend et BY gt REpssd °°
appl i catiogs, When,d Lﬁl&génmﬁdﬁ&@aéweng%rre&%gfegmetyhﬁamﬁ@ait@mmdul es can
ndi vi dua y. Int

each be powere or ol nt e préferred enbodi ment shown
i n Fi gur es canfectibng or placétmss iThe neolding arodil qan e used with cumerassiabmalraedul e 100,

the thermal cycle nol.di ng nodul e 200, and the transfef. device 300. The notor
50 can be ém}%?té'cmt‘ténﬁlﬁwwl@é’é‘f‘ &?Wﬂ%ﬂeé) afB‘f?ﬁcqrﬁeé{‘Wi?IbéﬁhedPa@eﬁﬂﬂndi ng
nodul e ;200 _angl LAOF ' - RYEN Tt Tida! ' rain,
such aslgone co%'ratpér%ﬁs?%ng g%gpg?ﬁg%s;‘?vﬁ%%e‘g#hﬂghgﬁafté,%l Ie)é%#l\éggltr?d/or
belts. O pravidsrl byswayhofillastrationand mot oy Emitationh endis ed1ltbe appreeratent thatrthe

equi pnent in 2Q th pro&zés,, uch as the dryer..500 and the |ike.
Tesn

COVPRESSI O e g ed@\%?‘%ﬁ%}h?ié‘ﬁi’%‘ia%f’ﬂ\% conpressi on nodul e | OU.
Figure 5 depicts a el ' | | 100 and
the transfer device %%qgg'.eaﬁgb%ﬁ’gi igﬁg’n%gﬁ?%g%ﬁﬁ%ghggfé?%g%gevi ce

t hat perf opoweteddndieidnally owjointiyc tTh dresprefesred embodioene shoavwm i Figures § and 4, a
conpacting th owder into conpr essed S form and i hen .ejecting the
cpnpreé%eds’d’(gifégﬁtqgﬁ)ﬁﬁ’w%ﬁé_ﬁe? TEW@QS‘P(}E)&&%}%@@_ cyﬁ‘éﬂ&ﬂﬁﬂgdﬁ ficti on
with the t Hep. Rk iy Ehl o8 3000 Mol B0 ci? BcSlfiEd todfle LbABslIEn module
conpressi on nodul e the conpressed dosage formmay be transfefred to the

nmol di ng 30 10@dhé eheemaloyclednoldinplmodile 200 andghe trivesfersdevide 300thyaamyf er devi ce,

such as transfer, device 300 escri bed hel ow. tionally, an Lnsert forned
by ot her CORYSRHNErvE (AR, SR Gne AEFRRTLE B BT ot s SAahupel

descri bed RS | Lot j -nodul e
BRl/BYbels2ORBuiBSSich g‘ilndtﬂf & 1&5‘@5@%‘@@ hasddto &{)bgvgé SR ERABHEH i

before the powder 1s conpressed 1nto the conpressed
20 the process, such as the dryer 500 and the like.

COMPRESSION MODULE
Figures 5-25 generally depict the compression module 1uv. 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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14 Novenber 2006 WO 03/028990 PCT/ US02/30614 In order to acuoNpdnitir bbese
functions the conpression nodule 100 preferably has a plurali t% of zones or
stations, a¥e&tH®E%chenatically in Figure 6, including a fPETUSRWEH2  an
insertion zone 104, a conpression zone 106, an ejection zone 108 and a
purge zone 110. Thus, yiofdu b é’cc&npﬁh?m@%ﬁhbmﬁ@ﬁeédﬁ@pregsﬁwxesamerloovdul e 100
5 each of these functlons are acconplished and farther rotation of the

conpr essi on peefétably habGplumpyatfzondsarsiations, mh@mwhe@eheaibd inyFigwreBi gures 4,

5, 9 and 14, the rot f.th d Ly
hel udos. an THGRE AGHLAer 00, 5 ESEreR oo OB § SRESRin 2ot TR R Ptk 2oRte

pl-urality ofjq X%}ge&ﬂ 1h@Wfﬁus1%@mﬁy@§iH§1§ ro@foOPBE c6MmPtekgion nfodhfe 1GDMer
cam 123 and a pl ur dies 124. Figure 9 depicts a portion of the
rotors 1%2, eadd6f thesadﬂldctmns atdl azcartplished and figthgeroiation, ofithe tempiegsipe mpgule
depicts a vertical oss-section through the rotors 112, 116 and die table
114. Figure P@r%ﬁsct{"g C¥le-annul ar cross-section t hrough rotors 112, 116 and

die table 114. Figuresyduaf {ﬁ{ag%n&g_gy?.y\ﬁ il etgqnglg)ﬁﬁi 14, BR 1R8RY ?a}ddﬂr}q@g t he

circular path the punches w as they rotate with respect 15 to
t he cans lzzonﬁe%swntdmduﬂnegmetadiymoimdwmahppcmwﬂﬁ i cinvinbey dﬁ@tablwlrlﬁoaes of

Il lustration The upper rotor bIe 4 angd | ower rotor 6 are
rotatably r’rﬂﬂ‘f‘fﬁ’e‘@m&t}dé{aﬁm‘w ?W§h g?—q’ﬁﬁﬂl@pg Capberr-8f the

rotors 2, n 126
whi ch a?lé d| spose &g&j ?ong t g}a@iﬁ}r&éfun%sglr%n?égﬂgﬁeﬁ @#’%ﬁ%ngm:e&%‘éﬂr% gg}'lse
Preferably, Itbpasl die ¢ablewbl4cirom alsade viemswhile Eizgufetli4edrpilc2&3a vertiealairossedeotion as
be. appr ci atBOEhie THE Liindi6 Hbe shIe T heFiEhts 1 LPicks b aRRAT oo shEictme
nurber - of Cllolub Ford 30121 R4 1aBk 140 FourBF od § ledivoAlifheflibgdled Wi th a

cavity 126 in rotors an he die table. ere are
i kewi se pr eépmsdntgtiomwof thie circilar patlo tie mﬁ:chqsddﬁ Rénfollew at 1Reyerothte withaespect ar

rows of | ower unche 20, .as best understood w t.h reference ures
4%, %9 Tind ta4he a3 22, P2NERh BReolaR BTG Fory &ewaéwwa oflystriicy
i 11ustrates THRSp B%Eorrlqw &E té?)'}glfﬂeaﬁld 19&@1\’1%%' 1‘2? dfo?&t%ly & ab%?éses are

of a single row design and contain one powd zone; one conpression
zone and oneosjmmt shaft li)d)rshowﬂ'inElguEBQenerally referred to as a single sided

press since tablets ar ted fr f. .Pregses .offering a
hi gher output version I'tEj"I‘:ﬁ ﬁ e§PW§ﬁ gln? g\%?ﬁ%ﬁ'@fﬁ é@gléﬁﬂ‘l’lﬁé‘??@l Sbwder
feed zones,caiiiRs | SO Whlch GRIBESSEEM %né@wmaﬂqekﬁ&sfo@meqiot&m&amamenes are
commercially available. These presses are typically twi ce the dianmeter of

the singbe dHreferibly throare thaviculaoowsmieyites d2fdoméash romnhsshewn in iguet 6
fromtwo sidgg LOEESON 6 nisshaws tiedis bl 1 1O 1M1 beApregiatad ot tBe SSne 12

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.
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17 14 Novenber 2006 WD 03/028990 PCTI US02/ 30614 I n a pref eamraemBbortiosent
of the invention the conpression nodule described herein is constructed
with two C¥RORIBIL rows of punches and dies. This doubl e REAWHRYEI#ucti on
provi des for an output equivalent to two single side presses, yet fits into
a_ smil, conpact SpgeepiaaldlantRaAlntoP tidifvads mamitadobioile
conventional single sPded press. This also provides a sinmplified

const r uct i @eschied Isereig iscaistrgéted with/twe concenti, rows of pHoghss enddiessEhis dovhipe

106, d [ | ' i o 108. A si I ' ' . 108 . kS .

parti cul ar OV RRSEHERUEE denter AR ORipik et e S BV FineR B R Eer ot BB dR dse

the compl exhiiy cofff a%%é@&ﬁgﬁlg@ﬂﬁl% tﬂi‘%gia&eo%cgﬁed by @fe Bavention) sitlighe Si ded
ol i ourse, a I

construction 1’'s a se, onpression nodule with one row or
nore than sided pevs Tdsalad provides 3Ginplified constauttioR vy usinger sipgleditrone 182, a
illustrated in Figures 7-9 end from above the ayities 126 in t upper
otor 112 SREBGTRsEon 4eRs Tk 08 stgla sertinare 1o of siielé cedtmabat 138 on
their positd.op.:. e | : AT iohl i e
tabl ¢ 114l ey SaRa g e by ol Ao, Bk e ol e
126 in t heof muitiple pimfer Hovit2636N) A00 having Heublesided esnsir@diomistalveiddd.eOf abl e
114, as is also best understood with reference, to Figures 7-9. The cavities
148 in t heColpR R CARPIISHRB MedyeWith gre 1aw a"sma{‘ﬁtla%%”\‘%?’%%sﬁ@ﬂ r 118 and

| ower 1£0 g&&tﬂa@drespectively. Di sposed within each of the cavities 126 of
the die table is a.die 124. Figures 9-14 depict the dies 124 and cross
sections through theTHeapperipuacties4 18 Higtrated $n Figures 729 epiand ifivim showsshesect i on

of the die table 114 taken al ong_.an arc through ortion of the die table
114. Fi gur €avitles 12640 ghegipes ater E) tﬂwghﬂaﬁéaaﬂt@ml%i)naﬁhswparm&aiau@ t hough the
die table : : ' I - fdres, the
fwo 1 ove. of HEALDERAMEPpOEe oihér RSB Akl ufe Gbities 126 alheic S, |
ref erence 1d4.Fopnitaely, fhedowderlplincisefeend ftom bereathdhe saviies H2teinrthe iwler eotob ut

any suitable material wll suffice.. Each die 124 may be retained by any
of a vatiet}d Bﬁdlff%&’éﬁ?ﬂ&ei %ﬂi%é@tgﬁ%fﬁa@ Sq eshundsr O@Wﬁt@%&%e of
the die ta ) s 1 ' have a
fl ange 128@%&?&?&%??})&;18% segt4§%&S&Wirc%ai%‘g&%fonrgg@%g% ﬁ@dgﬁ?grpfa%bl e 114
and a pai opgdr 108 ahd fsvet 420 panchgs espesiveds, as best understood with

reference to Figure 10. Fjgure 10 is.an enl arged. view of the dies shown in
Figure 9 without the%ﬁ’ﬁé‘?‘ig‘ Wisach abfhe fevineald ofie ficdablpdsa died 2 1 be
appr eci at eg: to. . | o L ar QN dipe 124
conpr i ses LiERAio- B i inSues 138 i sclio hicheh RRA dbl 1A FigdER S o
120. The dpartiebarbdss sestid3e the dietthldle 1 bdvakep alonp es afcltBraughta mortiemdf the diest ance

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  Each 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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into the die cavities 132 define the volunme of powder to be jgodRebeEE6t he
conpressed 18 14 Novenber 2006 WO 03/028990 PCT/ US02/ 30614 dosage form
and hence tWO%EBRL amount. Thus, the size of die cavity 1Z5TARIZPH degree
of insertion of the punches into the the cavities 132 can be appropriately
sel ected or Egoﬁ{ne&dt abthaidBsdp anmdua T Ahasiee of diexapitefi 82 hdithe degree
enbodi nment , d?%g e cavﬂle?i es ar eatgfi | ed using the assistance of 5 a vacuum
Speci f i cal | pf insertibn of the pBuchies dnta the @asa\/lbﬁiel%cﬂ&ﬂ be spprapEpisheslemtadim it, as
shown in Figures, 1Q, .1 and 12. Di sposed within or proximl to each port
134 is a fi Jg§te€%o%m$ﬂ;l%eqrpp?req2,ogagf36 are generally a netallic mesh or

sereen appropriately g zeRfdrdd dnitddRBEdt] thk Afe cabifies ani filledngidd theasdstadte@gh
the die cavities 134. One surprising feature of the Lﬁr_esent conpr essi on

nodul e i% thaacune Specifisaly,reagh dieni2dihes atleast enspathlIhdisposed yrithin Heas shoyar 10
than th tjcle,sizge.of the.powder. .whi.ch is typicall t 50 t
bbout 300 i Eres 10y pad T4 eDippeed iR §F Rrosiniler Spdithar! P R e 130
sui tabl e mayggE iERls ﬁméréjgeneﬁmlaqu&ﬁulcmh fggcréﬁtﬁﬂpfcﬁ)ﬁamy gi28d FoYtA¢ Parfitles

porous pol ymer constructions. "The filter may be a single stage or
nul ti - st age that Wilébe flowing through ther di€ eavitics k5db d¥iersarprisingefeniure of the peesprt g

ingl e st filter. The filt | so_be | ocated ,anywh in_t
Sassages. 3 SomprEnmLERgRess tefte FhépanRO s Spam R § pesh Bt M ar! o as
shown i Ry Fi giii&hel #Arade'particldéiod @megowa&od;m{ié ry?iwuy b& 8150 t8aBohivat ed in

the die wall ports 134 as cl ose as possible he punches. See Figure 12.

0
Thi s creat esnittops.| Whdle thenfiltens 136 ancséfdably mefailici otheruitgblegnatemals maydequent
recycling in the purge zone 110 and wder recovery syste The, t 0. t he
i e cav vy empitiet, el af Bics Rl meior rort T Gad Rttritont oins flleis |
table 114 pgel ‘%@.@iﬂ’gl@ﬁtﬁg drSRfIECHaR R, tudh e bRifBiréd erhbédintehf the Hltef 88dYsPal T
of dies 124 and extend t0 the ports 134, as best shown in Figure 11. In

addition t heingtestagedilter. (The fHlterimayaddsobelaeated piywhatd inythe vaquampassagey. snal |

openi ngs_14Q.on i.ts_outer eri pher hat .cannect each of the r egtive

channel 35 1aAHeEti R pfitbe BEned oimhelly B e P EETs 4% Bhevet m B R S our oo
(or sucti onpagetdaambddifan IesIfiRérs Bk 18cRE in tROdfwdllYoridd 3aehd HIB&Y 3 peksiblee die
table 114 are a stationary vacuum punp 158 and a vacuum mani fold "160, which

make up a po thiepunefest See Fighre 120 khis ozatesithedeastamount Bf trsrdie raquifing puzgmgim
punp 158 provides a source of. wacuum f or Llin owder into. the,di

ot es 1ostd RiRedaBCiing in HRENAR At Tt nd AP B ekt bRt BPET 160

W th suitabkg die'Bavig 13.6_23]{)r-&b?ably%ﬁéﬁ'%d@dﬁnéﬂﬁﬁlecw@pbﬁ. aligned with the
openings 140. As the the table 114 rotates 30 during operation of the vacuum

punp 158 the openi ngdhe 4 taletl hé perferablyisomprises chantsie:1 3 Siwithinatithat eircle he
vacuum mant {ob ot B0oR a8 SR t6ule Yol T34, S B Und i il FEARRCH. Y acBliBR"

138 and die )
the die table 114 preferably has a plurality of relatively small openings 140 on its outer

{ periphery that connect each of the respective channeis 138, so that the die cavities can pe
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
chanriels 138 to pull powder into the die cavity 132. See Figures 20 and 21. A seal can be
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Vacuumis accordingly applied through the respective ports [B¥oasiber@basinel s
138 to pul | powder into the die cavity 132. See Figures 20 A_ seal
can be | 19MOUKGEEMMer 2006 WO 03/ 028990 PCT/ US02/ 30614 c?ggflééz’%ﬂ%ﬁnd t he
ports 134 and the channel 138 proximal to the port 134 with any of a

variety of deeliigueithe ports 54 Ridethe chathe MPstomimm] t6 thevworal Bewdth asy of 2at ed
using o-rings 144 and grooves 146. Conventional tablet presses, rely on

hi ghl'y f| ovelibly gfdeubaiquesinkh theipreférrascembasiment shewyn gypealds ereated UsiBE H-B0RS v t y .
The perforg&gce of the?‘g%machi nes in ternms of fill accuracy and press speed
are theref 230f 8r99YFy 1¥pendent on the quality and flowabilty of the

powder. Since nofshJeRnbdi tabs pRRSES 1y drONiHIY flowaBRy sovederaid the effeéteof i vel y
run on these machines these material's nust be wet granul ated in a separate

bat ch prsocezavityttodH] the diecaaityy The penformanseiof these mariueasdn ggrmsadifill accursey 10
The preferred vacuum fil] system.described. is adva A vent i onal
systens i n AEFeSS SR {bﬁf/ﬁﬁfﬁ eﬁhﬁ?%g?gepﬁ%oHéﬁep%ﬁbfgﬁggﬁwgéﬁ?Sﬁﬁi%t hi gh
speed and hj@fier 2§inEE AGY AWM JodflyTRAGNS PEwdes caindlbe affe@ively rin on
particul ar,” powders having a mninum orifice diameter of flowability

gr eat er t hathesehmachink these fatarials must He wab geanplateidan atseparas bageh praeessrighigabried by
the Fl owdex test, may be. succ ssful{}%gico%ressed I nto dosage forns 15 in the
present corfSFRG IR CANSHHINS. 2R4,ReEEY, I%st is performed as follows. The

m ni mumgori fice ’Pﬂeﬁﬂﬁfeﬁéd il A1 868 Jesiibed & JdvasiageciBRVEREHTehdiRl
21-101- 050 (Hanson Research Corp.; Chatsworth, CA), which consists of a

cyl i ndri cal systems fimthahpéatiynflowingeng aeodlovdegpivwedersicams min & highspeedhandgiigh 7. 2
, d t of int h bl e, di . h with dj ff t di. t

ond” open gy phBoGefe B Rpwesakisen, S iyl Rordert FoGPt s IR

cup to formdfe deehdterarafovidbslity Ghdater thar aboll 10, Pibferabl 1%, nidré ?réféalﬂ?‘ﬁ%_r ed

wth a clamp. Mninmumorifice” dianeter neasurenents are perfornmed” using
| OOy sanpl esmphs mpasmksiby the Fdovdextesh may be picaessfullynompressed upo dodage forgB

ds . th | ' d L | dto fl f th
bt ought han i eieet copppess moRtle. THE Fvgisa e dis MR on S g sl L or
orifice d aaRiRi® dHIce didnh@erioMetermited ihgﬁ%ﬁmdcdeﬁ‘ﬂﬁ)pgéitﬁﬁﬂ%mﬂ 101 ugsY t he

orifice. The mnimumorifice dianeter efined as the snallest opening
t hr ough whi(@lansdneR¢seandh Corp.oGbatswenth, yCANMwhendnconsisis ofpcylindrical oip foabhlding

| ati vel |y flowi na. powd . whi_ | ' :
Conpr essi oribae sabpl ibRlac ot eisht 0% ofidast ARBlRpREb o o5 1 s
typically adach ¢athta diereht didReetsifid opRhiff af B lc¥ntet. TIRAG ks0 bitache@ teileSeC.

I n addition, 30 weight variations in the final conpressed dosage forns are

si gni f i20antdyjindresd cuptorfoambe beitem pf thei"gwp.'vfFor Alling, thecsificeyis eqvigradswith a
densifying C?LII])GCMH?{I}H}HE] Srifige 1%1rmierr] n;[eggurg:ingntg gr\éipte}/fonlgé 1slsing 100g samples of
powder. A 100g sample is placed into the cup. After 30 seconds the clamp is removed,
‘ and the powder ailowed to fiow 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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m nim zes the density variations powders typically exhibit duent@mber2006
conpaction, static head pressure variation, or |ack of blend honbgeneity.
The rel ati vWos3828989 d deviation in .0 14 Novenber 2006 WO ORXTLY3IF0614

PCT/ US02/ 30614 wei ght of conpressed dosage fornms nmade according to the

I nvention is i m?sbr? %0 4! ] %
In additi on,W %%{PP ggé&%%ﬁésgg? Ol%%??%r m ?ecéﬁarg_ﬂggé g‘?’?&ﬁ?ﬁﬁ% t}zwﬁli@dglyflﬁéeéli%arnésem
vacuum fi | lab&yt 8 Preferablyeess thir sbowet¥ani cal agitation is required to cause

the powder to flowinto the 5 die cavity. In c nvemio al'tg;tﬁbl etq‘gresses,
the mechani cal adneddition, beligusontsnt ppLiorauly can gfse beac ei’ﬁ‘g“’ii  RESyvasE

effect of s i | r§g§n~ | W RWARY td fibwiirRe the
equi prrent eﬁsgg%vaggﬁ% SW%?{HEAA% rrproteﬁgééé rg(g\t/i%éegiﬁg into ca;gsufles or ot her
cont ai ness. dkeRwityoln enesitichal hbletpresses,thSmeblxnival agitationTeqaibedid@sassdigned
to Perry Industries, Inc. However, these systens have f.ilters that are 1o,

al ways in cdilinghasthe adverss ebieiad seggaatingsmiall fram 1axgPULGIES: for adaptation to
! Y f .
Gor g conpr eaet on of XSt B5wek: §1fie 81lEhet cniiBy Puiith REGAIREIMABCES |

danmage the fyowidetsintoldapsdseuttothin contind2 Sed. ForrtariflePAramonNI.S. aBANA93 t o

Doepel describe a high speed rqtary tablet_ conpression ma hiqr;g whi ch uses
vacuum di e f3,$36,H3§.2s Pesrydndusides; e dlomyexer, these systerag hayesfilters that &g ang

e

accordi ng t quidhénesi FurRBS dWthe driee off i1DOIEN sarbbeexpesibredatiridgcongressionogssi on,
since the | ower punches nove above the filter port prior to the die

cavi ti es entrowdst inlecdosegnfiorns PichAugibforgeswenad damagedthe filtsrs. HdS Batentde:i t i es
132 in the fj v@a‘r '’ r : |

medi cant optdi’%dnza 119;!3% g(])t%z g?tgﬁtﬁa&\%ari 0%1933 %gyﬁilgﬁg‘%&)e%ﬁh ggé‘b%bria{na?giragﬁt

di si nt egr antcdmprresbion ewathine vhith eves vacubnd die fillikg, Howeves separatetiintibids,arer
other particulate material of a medicinal, or non-nedicipal nature, such as
i nact i velSpl aisedbipr ilimgend qompressione digtare ddled on theofiet funiblepnd thereaticRe | i ke.
One particul | i | , I wax
(such as she Elg%n@mg@ ?%p%%é%%ﬁi#?{ifn@ﬁ%ﬁ%% %??F%g%@%%gcg@%glﬁﬂlgnd t he
| i ke), and dptvention) thy fitteisiané poteateidduning compressiontsincertte l@verdanclics bsdhei N nor e
detail in commonly assigned co-tgen_di ng, United States Patent Application
Serial No. ,2baws thefidigr portpaar ithe fis cadilies auienng the CAMPHSHION Z08Bcket nunber
MCP 274) which is her gy dePHOkp s - I ' ftﬁ'%

i ncl ude for exanpl e phar n(%geut | %g S, mpﬁae‘{ltz{sg,ﬁ%?laen?ﬂng&ﬂgmzém er§

nut r acewoi cahsy preferdbdptensidt af aaedidahicaptionaliycdonttdniag atagjeds excipidats,angesd ant s,

expectorants, antitussives, antihistan nes, gastroi ntestjnal] agents,
di ﬁr etics, binders, d:Esmtegrants, lugncants, Elers ang the hq(e, as is conventlona{, org er

particulate material of a medicinal or non-medicinal nature, such as inactive placebo
blends for tableting, confectionery blends, and the like. Une 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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bronchodi | ators, sl eep-inducing agents and m xtures ther eof 14 Roedebsr@d06
phar maceuti cals include acetam nophen, ibuprofen, flurbiprofen, ketoprofen,
napr oxen, WQ03dR8MAc, aspirin, pseudoephedrine, phenyl pr opP8#¥ 39614

chl or pheni ram ne mal eate, dextronet horphan, 71 14 Novenber 2006 WO

03/ 028990 P@é@%ﬁ%?m&iﬂ@%&%%h&ﬁi@éﬂh% aseiRizald, f@fenadine

rani tidine, astem 7 ““tfertenadi ne, f exof enadi ne, 'I or at adi ne,
cetiri zi ne, feRofensdink loratadine) esirizine; afcids) thiptosssibereef and phaymaceutiegdtyabl e

TSt ey bl st R, Mbis s r R, B SN BRBe s P, o
di phenhydr aégngﬁﬁnggf&reﬁﬁﬁﬂéspfh%% ig)g(?lggéi gfﬁﬁﬁﬁ%ﬁ&ummw hydr oxi de,

magnesi um car bonat €, magne roxi de, m xtures thereof,
and phar nediphérihydiamineg chlepilrhiremire, taciuimeragmateinagnestline hydioxjdel s pr esent

in the dosage formin a therapeutically effect]jve anpunt, ich s an
anount t hat MAZRRSIWELEATDONAtE BIASRRHITAaIdey Aypigum hg‘g'Sﬁ’st’ Wc‘é\/ﬂ%ﬁreofomf

adm ni stratgﬁ]%]mg 4G @#@eﬂt@ﬁgghstﬂ@fe@m ned by one skilled in the art. In
su nts, e par

determnin ano I'cular nedi cant being adm ni stered, the
bi oavai | abi | i ty Théwmedicirefs) i presenofn thedosugdifaranin,a thtrapeldally effective arhamtge
and wei ght of the patient, and other factors myst be consi dered, as known

in the art.whichitampnount that prosiupesthe desirpddhssapeune resperis PP O%lat | east about
85 wei gyt pey. 1 | o | ' ' e

Cast o, " EirEEalin BREHAHread deterkBed Tk 3o R 000 NTEACRBANES, | (e
mout h pri or such assahispthe partictilae meditianebdingmdmibBteral tiechioavailabidity ast e maski ng
coating, as known in the art, Exanples of sujtable taste'é}aski ng coatings

are descri beracterigtics ofpihe medicept, the dpsq regrge, the age angdrvwgightiqd thespatiegt, apd  5ng
U.'s. Pat 8 i . i i t
S P b 00 SO Ch G A8 e ) B RS

encapsul at efbrivi dofnprisésat lenet dboo8 weigho péreentpdmedizast. by a coaccervation
process may be used in_the present .invention._ Coaccervatiqn-encapsul ated

acet am Wophen nelffiee madican as 2z objsetionahle tste, ppd therdpsagrdornds intended fe be

Vol ude 1 1 hepved ¥ dlsiRlrided e Bouh DY SikaltBithe, MO BETRRET, |
15 i e ) e i e
mi crocr yst af9afiRgs s IdFiF}A’lg%i{%U&a% Rient E@P 4:355%%&&%@% ' gé;B%MtIéT and et ubl e
or 11" i, Eokoris] EaiEhRR A\ BB WAL PHERAL ol HESELYD

phosphat e, ar#é&;the P er Convent ona ers su
pyr r ol i Moneempipgied xBprermyplepadeidntiabphengasicléovtdcid atclencpskatedswitlet ener s such
as asparta pot assi ubm sucral ose, and

me, acesulfa )
ethylce]fulose or other polymers by a coaccervation process may be used in the present
invention. Coaccervation-encapsulated acetaminophen may be purchased commercially

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

Suitable excipients include fillers, which include water-soluble

25  compressible carbohydrates such as dexirose, 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,



saccharin; lubricants, such as nagnesium stearate, stearic btNdyerdr@00and
waxes; and glidants, such as colloidal silicon dioxide. The m e, ey
al so i ncor Y9 8¥/e89Whar naceut i cal | y accept abl e adjuvants, i nEFW§{1?3{0 For
exanpl e, preservatives, flavors, 7., 14 Novenber 2006 WD 03/028990

PCT/ US02/ 3064 doafirt® ¥idaitiris, 288 tbRehaagats. Iefecedlphowmeverghapswdérief er abl y
however, the powder 'is substantiall i; ree of water soluble polymeric

bi nder s and shiysladialiyl fiee bf wetes solpbleipe hinders andhydrated pOlYEICIH2 nay be a

doctor bl ade 131 as sho N . aFl " " I wder
along the die table 1 \?ﬁgcdt‘ﬂ%mﬂ%gerﬁgg?%h@in ﬂg&%%?g%tggﬁltahfgﬁlg% gthﬁgnﬁl? |1
zone 102. | 1pigaE bitkdl-asotods oflevels tiathdwiker eleug the didablo1 b4 ssthpdiitailad1powder
bed, the die Table 114 passes agalnst t he doctor blade 131 (as shown_in

Figure 9 wbiatsh thsongtptbs fillong U P2 abepasticulareasn Blledigicsaity 135 motatss past thee

precise |leveli and a nt _of po r o filli t ' Vi, t

A tor the paeREsoeiisats e 1 oo 2BHS e doptor A B (b uhfifinshode®) |,
10 In this zggeh dihes BWRurfAbESHAE dleddbleny4 keissaeithepiefit llovelifg ahd ow for an
optional insert to be enbedded into the soft unconpressed powder in the die

cavity 132 ieesaremeniefipowdgefilling thedig cavity B2rechani smis described in

greater detail bel ow. t conti nued totation fore enteri

conpressi on zone 106, [ﬁ%}eé%%lﬂj@ e%ﬁ?‘i‘&% iﬁli ZpHe b@;ﬁlgg%flﬁfgaetlﬁé&%ﬂ;%@%@%y 132
by the cgm th gk zdnédhe Fowdt Pificted 120 iy GeleR8 sliphtl§ té Ao or pbptivielidsdrioshe t he
upper and'lower punches 118, 120 engage the first stafe rollers 180 as

shown i n Fi gmhsddedl intecthe séfdnneonipresspd Powdertin therie paibiel32,via aitrgaster deyice st age
rollers. Aft is initial. go essi on .event. he punches enter the second
stage roll 97?)@ tllgfIﬁ?%gwfiwslaﬁsrégpﬁifnegr%g'ﬁeﬂaélbsei%%hd stage rollers 182 drive
the punches 118, 120 AfedrQohfifuedir6tatialy hid/beksié ehidring théesmpRENGIESSnct106, thewder
into the desired conpressed 20 dosage form Once past the conpression zone

! p
t he upper pwpptipincked i Sistpusheshinthibe diecavisyVi2 by hexaghwackhk22 as\shewpinches
begin to _no u r rior. ent et | the ej.ection zone Because. t he
di st ance's tﬁ@g?%ﬁ Sg%’ﬁtlr?gl: ogqmgdﬁ&s, ﬁ%ﬁ@?err o‘g?r%lﬂlﬁg e]slg}g?%ﬁﬁgagﬁ@erﬁr
respective Gidgewblfrs PRU dxSshdivhfif Figuré1 86 $ihéRToRE id dplicaltd Hespolitler diadhe Bt t hat

activate 25 each row differ. This enables conpression of the inner and
outer rows tstagpeoliarsnhfieribisinitial eprppressionavant, themanels ante thdsacond stagat e t he

i nner row ar [ I & t I . Y out er
row (as shoﬁﬁll}érg?é ﬁ%“é’%@?%ﬁ?hgﬁ?%ﬁg‘?“ Eat%%e 1(;%311? lésrfé?gch‘%ﬁée R';'ifzmé rﬁgei r
greatest di aretimo i di8 gavitiel BaoHurhdicamptdss the pbder iritd theQltsiRéd Edamprossag hes
and inner row punches will each begin to be conpressed at the sane _tine,

thus ent2ri rigsagedommeOBer pagy fheicompsesrionzaneba Spper mjichessairpgidrommthedligre dwel |
time under %QW?)F P> dnd'the fo%e%'p%&ﬂ:g ¥)egin to move 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 dweli 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.

23



of conpressed dosage formthickness between inner and outer 14 dosemberd86r ed.
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The arns 17%uflinedrih Biguxeb|174uthromgly[1 2C4 Huvtelverria siie @inbbdintdit, defleatiorpofithe of t he

rollers A-A. As shown in Figures 19B and 19D despite deflection of the frane
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cavities. The |ower punches 120 nove upward and
arms 178. The arms 178 forms an oblique angle Q with respect to the axial axis of the

rollers A-A. As shown in Figures 19B and 19D despite deflection of the frame anhd

j’ 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
1n Figure 6.

24



into the die cavities 132 until eventually the | ower punche | he
conpressed dosage formout of the die cavity 132, and optiaﬁﬁqqrﬁ&gbgltc%()dg
transfer deypeSoafdgas shown in Figure 6. 24 14 Novenber 20Q@/usiBd@34 028990
PCT/ 0S02/ 30614 1n t%e purge zone 110, excess powder is renmoved fromthe

filters 136 after the d d formhas_b | fromthe di
cavi ti o5 132 This cl GHiGS PG 2pi0 | 0 EXpE AT RRroRIEd I MRGUERAPRETh,
The purge Zoﬂﬂé‘c&ﬁg e@%qr‘c;lgi&%%e%ﬁﬁ h%%e%g%#c&h%n@%ecﬁé&aﬁhém Tis dleAEIthe

suction pressure on ters channels 138. 5 In a preferred,
enbodi ment tfiicerpbefoee the nextifilling opdratitms Toegpyege zonarly 0 posimplishes thisdyhlewing

source 190, such as an _ air punp or pressurized air hank, an pressure

mani fol d 193 theenghianplacingBivHeD RIgFIue %&Fiﬁéﬁfse@f?“%ﬂﬁénﬁ% re manifold

192 di d ' - i t1he i¢d 1
may i spose pfnoﬂ;%fﬁgéﬂfggm;’ﬁgm%ﬁ@g?ﬁﬁé Rhe 176 isligadsaltfiordd ggQﬂ{lve

bet ween t'he conpression zone 102, as best uhderstood
Wi th ref er engressute Jougier 99, Aithasdn 22 puitiper pressiized air(bankdrfded press8@ mparafadabl y

h t | t t 194 (although mb f , b d hat

Can be pl acclit s SHoNTA-BEMEAL R PS4 L egeshTe R ol 9hans s snted 114
. P | 4; |

rotates ﬁ%ﬁtﬁ&? i(gg‘l'é[p%ﬁpea offie'diffble 193 &%eﬁrfk’eﬁlﬂﬂé‘cérg&'eéwon]z%ﬁe 308 ahfie

pressure nma h respective channel 138 and die cavity 132 as
t he di e tabl e Hli4onetlaR e besdmdkstoop avithTeferéhéd tdBrganss 24 angrd2d Thie phestire

pressure mani fold ports 194, as shown in Figur 15 20 and 22. It will be
appr eci at®ed maBfaldle peaferablyhas at lepsiong pery @@&B@W@%@r {Of ROty be

punches 118 : . gu':ﬁlﬂif | : t 20
are dispos e%@e%%q%ﬁjel&% |H1I”{l gﬁlg cgf ) s%ah%) ﬁz‘?&%‘féﬁgﬁﬁe@%‘%&%@%ﬁgﬁﬁé&
t hrough t he PressuiegmrdedID0 applisdyressuienthiough tubizg 196Nehthe peessnemanifolic192130 i s
inserted into the die cavity 132 above the filters 136 _and die ports 134,
die cavity 1¢8h F@PE‘F"E"@&HH’HA&% e cadty Lid as the dig t%‘?iﬁr@@“i@?? andthevacuum i s

0,1 ONger eXgihBils 980 biGnAOMKIRE wHSHORRIo BaAINIE 19552 0Pk I Elfres

filters tor any transmitting pressurized arr
f rom t he1pr ezand2 2rdninild bel appreciatgd ftoheFigines Aand 8 thatdnithe purgé zoreel 10ithe upper

cavities. The pressurized air, blows the po up .through the top of the
die caviiiesPubhes I8 are Eameied fomt theidie ,e\ggﬁémﬁ)mﬁﬂ%{%mc 282?2 €and 25.

From the 25 | ' agt ?pgsﬁr [l
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from t he;g Ui 199 UardPvabBim is no longer exerted on 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. Thisis
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

25



| f desired the purge zone 110 can include a recovery systentdtNovesdsydd0& he
renoved powder and send it back to hopper 169 or the pomdertcﬁ_z&rﬂé%é This is
advant ageowo obmesamse it minim zes waste. One enbodi nent of P Vé‘ry
systemis depicted in Figures 23 and 24. The recovery system feeds the

pur ged pondeg it oot figordh Sedfarkifal R URPLRAPS, IYBIOGAOZAANA: RichbiSAZ) 30613
cavities 132 prior to their arrival at the fill zone 102. In'this

enmbodi ment , syitem isshadesrshioe Blpsk @65, atlbwerckd7s & opclineekei @S] 99 a delbvery miaifolda

| i 199, .a delj i faol 198 d i 191.. Th
ot b ook b ind i, apBudialoy AleE sRbloih o AhpoSal Bl ARt chils painhBF, of
he di bl i : it 25
the die ta %%%,ﬁ,g@%mﬁgfeg%l@ﬁ §§Mcﬂ%%§%&e%ﬁ@l§i‘%& glk- t;ﬁl%%,lhg

as shown in oe bl ock 195 be spring | oade y sSprings
189 so tlsat asshovin insFipging!?3l yTieghbeblock 85 mhag be spuling lbddeddlsy springdil89 saltaditl 14

rotates past_it. The shoe bl ock 195 is aligned wth the openings .14Q |[n the
die tabl e 11HsHghthyaggmst ﬁled’%?gl?r]emsaééhe ‘géfﬁ%&eﬂl“trﬁéatesdﬁéhﬁtnége%éﬂ% {%
shoe bl ock 189 ' . : r | '

avi tieo. 135 PIEdbACARE BpUies BR) nphEE b, DA S oM BRE e g Benie e
shoe bl ock Idpedifigs Dnandethel slsqreriseld184. tThis pressnee sealypreventspiged pa@daria thoved

entor i ng t ndba §avites 458 g beind bIGLREK ovbs! RO ForoF: AUPEEsbOTIORE cd 1 o0
the col lgcti | {: eﬂﬂ%ﬁg ' b b The
bl ower 112.7 ;122 gﬁ g%@%t%“sﬁémr‘?ﬁg% t'he Cgﬂ?Q%ﬁ%ﬁ%ﬁ*ﬂ%ﬁﬁ%@ﬂ? ?alﬁe

cycl one dustposie i34 aidthed dtyvedidowtn agpiarprioe o attermpghe filladond 302acuum The

cycl one dust separator_199 col] ects the_purged powder and sends it to._the
delivery manifol d 198 14§ tewemS7$ wwglgzmpgl%sppﬁﬁe#t%%caﬁgqtlogéﬁwfg»ﬂ%r can

be; substit : iHSEPAr i | Sowdel ed

fromthe ai kitgg'?or é‘gin? 6\?@3&?’@%&? ?lgldlé‘h?o t'he glb?%@ﬁgkgﬁsﬁgﬁdg@ as ?Irgﬂ%vm

i n Fi gure 24hélt¢udlectidn manifoldd 93 fto kit ciBldne dusllismzmtmdlﬂ%&&x?ﬁ??ﬂe%twal@aﬁiﬂ?me
0 e, di abl e

114 so that 20 as.the die table 114 rqtates,_ the t
cones info cvéﬂ{“éi’&tm\?qu?‘}?e&“ﬂﬁp%vgﬁﬁah?c& the PE@eSBP@QPWFQiS&“& B&thee seal

bet ween t he ' ; i g0l ; %\1}5@4 i g,p% §us ife cavities
are open to?ﬁgérﬁgf%%%ign%{rli Pé?’g@g as éh‘gme%n |g$%eﬁ5ma§%e%a§b?hat pi nged
powder can fshbstituted fortthecydienecdnst seperntdry Oycathetdpstas sepaneed foanthe airchreaa an

optional vacuum source (npt. shown),,  The agitatar 191 rotates within the
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( 24 50 that purged powder can fiow 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,

' 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

26



30 and the die cavities 132 as shown in Figure 24 to the coliheqdvemben®ilef ol d
193. Fromthe collection manifold 193, the purged powder flows to the
cycl one  duWO 136998t or 199 where the purged powder is dir eFEP0Y3I4
agitator 191 and the delivery manifold 198. The die table 114 continues to

rotate so t h?éalehfbg (RIS b shxel Baithat@owlléZan Hlassinteothielite cdvittesti3achut $6H nat
shown in Figure 23. The openings 140 of the die ca\&;ies are 26 14 Novenber

2006 ‘WO 03/ flag9anofits bpsongs1 Lhealslivary mpnifald L8 sliresisdhg pungsd pewdqs dfom

powder can flow into,the die caw.tiges Ut i lasn : u £
openi ngs 140?113??{%10%?1%5?1)?1'%%@0?5‘8%i@é%i drlgcb:%‘gﬁ\%shlg zbgioggﬁlu%t\k%é{rhe reo{rahB t he
cycl one dust | pERAsHhE to kORtB ke filkond 102. di e cavities 132. Follow ng this,
the die table 114 continues to rotate to the fill zone 102. 5 An alternate

enbodi nens of the powdén alteuetesmybodimaens of the powERRreCAVEry gystem ipghownqpdigure

enbodi nent dj spenses,w,t h e deliv | { ol 95.

Pur ged powdeizg'i aéﬁl’ib\()g]r“éea& BEB?PSF% ﬁf‘ﬁﬁe%ﬂ?’?fw r&@%@ﬁ@ﬁ*ﬁ%ﬁ l%h%g{ﬁglg'nt o the
die cavity 1§@1-ng gbm&é}é HellkRratEbakR dntb SheSMPLaNEED 2 trathr ¥ iito pigy\@le tavifyOrn4,
powder bed 171 fromentering the cyclone dust separator 199. A series of

two gate or Alrefprywilve2qisempdoxsdtd pravgntgosdenfompayeisabedh 1pl frem epteringdhe

rotary valve 125. The aboye stens. fo ur gi ngy.t he; pa rafr he, di
cavities 132°%9ﬁ?i‘e dustseRapator f%é érwgﬁ?éh@&ﬁ%e?r%iWab‘Peﬁ\Sg%ﬁBo%Bg#%Y g‘ég lb&/ast e.
OF coursgg tﬂi&iﬁﬂlﬁ@@bf@i&rbﬂkyﬁlﬁe brypadest sense can be practiced w thout
such a purge zone 110 or a recovery system 15. THERVAL CYCLE MOLDI NG
MODULE The thermal cycllbe asvdisiigtens fori parging thewpwidenfomdhe die eavidics 1 33 andr al
different ways. It for, exanpl.e.be used to form || _or .coat i aver
at | east - par Eoegpels 1 FRbeeiBi PEPRL TN R 8 b8t Vale Eco sFRLeline ",
tablet. It naypRh&lt %sé‘%ﬁﬂb@ﬁragtﬁeﬁ'%ﬂﬂﬁh@ﬁ@h@gﬂt%%f%%_m@ oP b 98bssEryaysteinded
dosage form per se. Such a coating or dosage 20 tormis made froma fl owabl e
material. Preferably, the nolding nodule is used to apply a coating of -

fl owabl e terial to a dos r \/ | di ng nodul e is
used to ég& y a coating ofm&mﬁbﬁbﬂmﬁ)sed dosage form
made in a conpressi ONTHPfi¢hBaldyclefifoliing iiduli R (0NEay HiaREbR i 66k of several
transfer device also according to the Invention. e coating is fornmed

wi thi n t he noifferenywayslult endyyfor eyamnle hejuser do foany 3 shedlsirsontingoveaiat lepat parodpl y

conprising a,natural or theti o} Mol 0 | senbl y _around the
dosage form dcﬁ%ée fq%ﬁﬁl ?%ﬁ?@hegﬁeenda%%rfo%?& c??oa? agg?}gﬁ’ i@%&g@sr%bg iué%é:fls and
appropri ate exgd foféquipsntde prddate a MoldxdEdkle\forrh per 501 SlichG dvahg & dRigde
used to apply a coating of flowable material to a nol ded dosage form or
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used to appl Xoating of flowable material to a dosage form. 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. Altemately, 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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to fill 2@ heachived andsuhspquentrprvingsiin eqipmeniclaber end plantiinfraseuetaedanoi t y nust
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Moreover, molding of gelatin or similar materials, for example non-
{ polymers such as the basic elements, metals, water, and alcohoi, 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  orgel 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).
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approximately 60% water, the nmpld _cavities are_cycle betvveen about 35C, and

about 15 20C in about @w&&mewoﬂmmwwm@eé@ lefaateRiglds &y aqueone,
preferred fI%‘I@cI%h%oﬁﬁ:%%H 0% Q%Idoi’? sIéﬁHPgreI gmht'@%tz%%éo@%e@l%un and
pol ysacchari des, ce Ccs, protel n ow-an Igh mol ecul ar wei

pol yet hyl enea;@k&@mhtely(ﬁw}awhmgthmhmehwhme oydledhetwand! alharit BT xalndeb@m d and
met hacryl ate ester copolynmers. Alternative flowable materials include
sucr ose- fat t590°§dndb@§t2eﬂegﬂndse(ﬁ§0t§1mﬂ4 sgeonslspercyslR)t er, 20, hydrogenat ed

t abl I h I I {t, d I fl I d
Soyhean o I+ mono- ai -ORRPITE ASHatlrERleHD Saer P e Bt pogt 3

Camauba wax, ol?dﬁ@éﬂiﬁﬂ@é 'cel‘l\ﬁ631c§3 FOTURL 1loﬁiﬂ&I§IghIrI1@le<\!Iﬁ¥n wéighl pAgetiPene lycol
m crocrystaII)l ne wax, and paraffin wax; fat-containing m Xtures such’a

chocol at e; s@ugmdmg\p@lmgthﬁbnwmeh and methsbrylic aglldaaed meshasinylats qsteapoppémenso
make hard ca for ersatur oI ut i an su h as

Used 1o makeA Sl e Mare i SnOURC R BeH A 5d Sttt Bl Qi Bopher
exanpl e, 25 or ydkPenated R gdtille oil FBEHAS alm k¥irel 6B cottofteed B! siBlodet bit, aatiar ch;
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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
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dosage formor preparing a dosage formper se, use of the thernmal cycling
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t he product, grg%%g. Kg},})vvn i njection nolding processes utilize sprues and
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product defects such WhethePb&Rin@la doRigeSfont Bf fRpELALE 6sagd Foren f&f RChse.ofand
the like. In conventional nolds, sprees and runners must be broken off

after sol i dibtitkezmalorycling mpldigg maduleadyaniegaonsly aygids yisihlp defeatstin thefyrface

generat {ng sgrap. . n _convent ,onal -hat..runner ol ds.  sps are_elimnated,
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nozzl e nust fogdfRMabld hiterigldtothk nd)@ caityl IThik @BUIE if produxt Aéfedtd Budbisect i on.
As the tip of the nozzle retracts it pulls a "tail” with it, which nust be

br oken of f . injastos meglse sprup defestsy gate daferts, amgjthe ke nlatsoaventional melds spyuesrand

sticky mateyf] ' : I e r el
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irritate or scratch_the mputh,  tongue .and throat. The thermal cycle nol ding
nodul e v oi drfeqt iyadysed st Biednjertionpenbsiace the hot runner nozzle 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
i 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 asserblies) 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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15 Fi gure 29%des coatedthecatting maydhedrther bardsned oredrieddf required.c Theynsryibeg nodul e
200 as descr bed aboye. .Fi guyre 30 | artial view throu seciion of the
Chor mal - oycl agngd S 1 ot St o Bl b st o o el i ¥R o
units 204. Firger €ontinhéd Rvok€ieh bPthelrbloP2@ repirts B ciyble foDtathwidld ani204. The

t hermal cycle nolding nodule 200 includes at |east one reservoir 206

contai ni Ky the fl owabl Bgweet2dis athre dimemeiapaliviewrphiledherma oycipmoldinginogulea
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or multiple reservoirs VE nu Y

enbodi nent , mbldigtheduless eieivel foin ibwe shdwiftg Bvltiple hivld uaite208 Ggire 318ke t he
coating, and there are two reservoirs_ 206, one for each color. The

reservoi rs 2gstionthranghene of te reldiumis 204 oFhethorma eycle moldingeaduled0 e wit h

the rotor 20 i C rVd . T Y
uni on' 25 2072508 et B0l e 206 cHRRGE WERMAOaleBaf s ichafin s
assi st the fTieeihe beatstipglaleservoir foreatingoldhiigt, bR ervbitrfor 41D thelmasld uhils or
fl owabl e materjal shoul d be heated of cqurse depends on the nature of the

fl owabl e nat®Ritgle reggryois thetasrve mulliplempldunits apraierigd émbodiment, flowable

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. Ina
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 umit 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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assenbly, t A wdibeeenigy ol de?é?;%tl’]b’?rlf g’terf’ﬂeﬂtp@s‘f‘ﬁ% A E’é‘gl‘-‘f){}un“ﬁ?é"
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ej ected thus co Iet| one ful] revolution of the rotor.. 20, Flg re 2%_@
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depi cts t he2SEHbYneEbYR itp thampld cayity., & leaperiige ofihsaneld ravity
cycl e nol di %“;@b“ﬁﬁrrgu%r‘g" tﬁ’g'r ﬁe}&c qie[ ﬁha rﬁé%ﬁﬁ dosage

form In this cycle coatstheflrst
hal f of a akssmlghesfapem ﬂlpohrfgrthaweﬂamuonrofdiie 1totmf thetf'nnshzﬁmd:ldﬂdvdmagdfomd 180

degrees. The secor& hal f of t he ﬁ@ for %oat ed during revolution of
the rotor bAERSSIFALEES cHrapleERe our onlg ®WY7B is a timng diagram

showi ngogovenent and ppLad P04 10&%‘13 d@ﬁﬁéﬁcc BPkikSs ﬁ? uglﬂe a'sebdd enfbBRIRLRDrONe
revolution. Figure 27C7's a section through one of
the thermal cycle molding module. Here a coating is fonned over a compressed dosage
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 O 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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embodiment of the thermal cycle molding module is advantageous in that size of the

molding module may be drastically reduced, 1.e., to one hair 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 (O 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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formis then ejected fromthe ) .
Following this, the lower retainer and the mold assemblies separate. The

fully coated compressed dosage form is retained in the upper mold assembly 214. The
partraily 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 retum 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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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
techniqués 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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and 38, so tfistdning tdclsdgaes. 20 f orm can be received by or released from an
el astoneric collet 22Q. .The flexible,fingers 223 ve radi al I nwar en
retracted by the cent %ﬁ%@@%@fﬂ@@%ﬁ%ﬂ%ﬁeﬁP@%ﬁé@y%l\ﬁﬁapﬂmo
hol d the doggggs f8 m%%mwmggéhgﬁ?gvﬁ%@@ghg% 97 hdd 34, ¥o thi2 BE8sa Qe
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entering function.
f1 exi bl @0 f iforgecan B2Bcdived e orweleasedfeon: hnslastopreric cobiet| 220. 2o flenible fimgdrs anged
outer sl eeviﬁ :ILnSov% ?acilglfgE 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
3¢  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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seal the dosage formin the dosage form hol ders 217 as shown 1 n Figure 37.
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causes the plate 227 . to nove upward and rel ease the dosage forns. Because
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dosage fof m 3@itdt B 50O dlAseiadicollad 220i willl Beoadtwiidnehe RwRK Felsihef10 ddde

dosage formthat portion which is beneath the elastoneric collet. Al though

t he center mold assembly 210 are mated. This permits a first flowable material 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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support stem 222 moves to release the dosage forms just prior to or simultaneously with

the lower retainer moving downward to separate from the center mold assembly 212.
i 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 afier 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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to the center 25 nold assenbly after they have been partially coated. 2.
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module 200. On a second revolution, the cam follower carriage 215 follows the upper

groove 283. Afier 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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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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warm Pref e\ﬁggt?%ﬁlyﬁg?@ﬁ{eegti ng fluid is water. Each insert assenbly 230
preferably conprises éEahatserinsseynbhp23Q preferably cdmprises lastirionarygesn, ehidinser t
254, and a noveable part, which is in essence a nozzle and conprises a
val ve bdfy mgudes w%%?rﬁ’is@ldgwom Bh Khig 51@@9@%samfgfﬁﬁxﬂest in
Fi gures 41 3 Ei 48 ' %ﬂcﬁln? .val ve
assenbly, i%eﬂlgﬂg?sg gﬁﬁgﬁhe gbdian@me%mggég?dj%ﬁ@&eﬁa@%g%iag een Is)'%(li:
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upper nold assenbly and. ei ght facing.the 20 | ower retainer. Figure 49
depi cts the &B¥ a@emegtélsmrme&ra I SEernYeh RegIes qfivglyre@gwblgeﬁaws t he
i nsert asse KA faare -nf act | f g‘%‘ﬁ ' Lgure 50
illustrates t tér %ﬁghe?&?&gélé ging%}é@%&#%ﬁ%#é)%ro@gge& or n# t‘alr1 g%fs@{eir%ggstﬁ%l on.

20 lower retainer. Figure 49 depicts the insert assembly 230 in its closed position. Figure 48

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 cenier inseri 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

41



she center inseri 254 may be nounted to the first manifol d plaNevasserg06 any
suitable neans, and is preferably sealed with o-rings 262 and grooves 264 to
prevent 25VPE&MBIY of flowabl e material, as shown in Fi gur BCERISO¥BS1¢ 00| ant
channel s 238 are defined between the first manifold plate 234 and the center

insert 254. . Jh& Tto9brs aBSR Al 3P4 doSage 8RS hAd B REighédich thl bifenahattd @ithhas a
relatively high thermal conductivity, such as stainless steel, alum num

beryl i um cofiedowerrstginar 218 oaupper orold assembin? 1 the dosage farmawilhbaeoverghande

transferred fromthe heat. t sfer fluidthrquah,the. i rt e
f1 owabl e SOS??EE r(iE‘?ﬂ?e."I %&?ﬁ %%ncé"ﬁs ra@grc}pﬁlg{etl])( ﬁ}?%?ﬁl g‘mﬁ%fegrgﬁag%de?é]gﬁ REF Et%ﬁrgow
into the cegtie d¥Blgd fofts SMoredvBR the SiirRet bPthe cemer Cavities fthyte deditfied BAfdriml | y
hardens the flowable material. Dependi ng on the type of flowable material

used, hofveveestings having avasictyof faatires b6 dimpla phtterasntsanilarie @golfindl).dwlgss i ses a
t it 6.wWithin it t f f . whi ch.def | he.final _sh

of "t he dosa SRl ichdibgleltrs and Rusbirscniatd shébie e BBved s s SR iediler *500¢

WO 031028990a7ed 4430ea0etein alahbrinits3REciSON D] SRL e thRtkheRfofthdpora form

and is designed such that when mated with the lower retainer 210 or upper
nmol d assenbkgatihps In partidolen gdthf tbe presentithdymat oyade moldmgimodels 208 cogampgsdaving

cavities 26§ .can be ropri.at el d and_si zed based, on t.he, paraneters
of the dosa &TI{‘}F?FF °?/8‘?‘%’8@@P§§‘9 ﬂi"“iﬂ%gﬁd’é&ﬁ mﬁﬁefgﬁ%@qga?%twpﬁg may be
desi gneggto form5 cogy hPeFerl\nitbdin¥@! hifhiY pSsadecBous S180 dispBsed Hidugh the
patterns (simlar to a golf ball), holes, synbols including lettersS and

nunbers, or figst meanifokibplete 23Ad Sé¢ BignresdS. USempriessed@iras feddhrough the die pasiagec2i%ed
herein al so rm,ts precise control o t he thickness of, the | de

Conti ng. & neEiAdssBRS i PEsHoBRe s el adehds folin SERCRE Rt RGPl 260
coatings hay fhg uppbti ihkRessRDIP1ADRMRUEHORS s brefabatfor BiPBRpbAS ARSINVBHRE
consistently obtained. 10 Ina preferred enbodi nent, an air passage 239 is
al so di sposischat limutedithergto. Ami altematine efeotod meians, suctBas. an Siastdripijmmeaylbe used. -
Conmpressed air is fed throu t he.air. pas e 239 .and,used.to, assist in

ol ot | oft of 1kt ean PE BB HE A ML A BRI Toh B REVHAH §OBEF 10 ¢ e
upper nold gssamRiie Bdethatibidteu0bordebtidSpdtt B tBE e niaffoldfisteRBRPOSE, the
invention is not limted thereto. An alternative ei ector nmeans; such as an
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and the valve body tip 282. See Figure 48. The valve stem 280 is
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' 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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assemblies as viewed in Figure 48 by moving and pulling the downward facing valve
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stems 280 against the bias of spring 290 from the position of Figure 49 to the position of
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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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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Gosage farmar: B ftally bhatd @k fdim, Iheh s The oBT ROV 293 skt
assenbl y 2l4ipperanvldiassenthiy 214 froindhe sewerdihgld2i@mbdy 2 h2iso thabtiei fimisheddfullul | y
coat ed dosage form can be ejecte nd trapsferred fromthe therpal cycle
o1 i n. mod oed JESER Gt 3 e e B UapRiETE) GO (e TR LYRLF JroRiBE BRI s es
an upper seceuRLiRH Fighd 38! ate 20 251 that ports flowable material to upper

insert assemblies 296 and 1s simlar in
The upper mold assembly 214 comprises an upper 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 stern 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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construction to the second manifold plate 236 of the center IddNaveagwed®lty
212. An upper first manifold plate 253 provides cooling/heating to the
upper i nserWOAY¥SMA i es 296 and is simlar in constructi onPFE"gHy’qﬁF’r st
mani fold plate 234 of the center nold assenbly 212. A seal around each

dosage formis preferfg@h' YippLERbRY 20Y iRk atdIpLiveEs thabthie TRvibleanatefisici ng
I nsert assenbly 230 o thgﬁcentgﬁfl nol déijaibssenbdll’{/3 212 and t he upper, _qu?tsert
Symilar to

assenbl y 29€ndlowt breeripdosagofoimasd pnonige 2 ¢aatingof thesdesied) By

f : reag . ‘ o v .
i gur o6 52 9 craih gty A58 ahthe Gpe iRt 20h 354 iR By 272 Gt b e 25"
Simlar to Eajﬂeoeio'f%ﬁ?‘deﬁi%a%ﬁiﬂeiﬁ& sZ30r bR PEVidHIDRIth a sFAetpateA(Ehtlyas296

i ncludes a stationary portion that includes an upper insert 265 and a 30
upper f lsangédithpless etters2m8nbers) efc.)ioveabl e portion that is basically a nozzle.

Upper valve body ¢ p Sesditiece hitween 855 Voo fsert BESERY 2K it LB scen open
and cl osed Qs‘gérhﬁli)//a 9 it gla e tuggér VialR%od9ftiptdss fhindysid 6F thB k&) lafdunti®hé dssagesage

form The upper ve body, per valvé Stem and ~ upper valve body tip
define the fdnavwsghown ioFightes 52+5dveatlieovenbeiwaad ratited than iNwaedrtneeject@0®sagaD

Chat the f| GHRGRE P Preartuily SHRE CRIEDFeYY A R bE BEBAT AR S TR 30 de o
coat i ngypf g‘%},ﬁ'&@ga% ﬁgcttmogﬁg@ﬁm i firk 82 déﬁictsttﬁkeup%ﬁf‘irﬁ‘ireﬁaﬂ%ﬁ'%Z%G of the
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and noves out rather than inward to eject a dosage formafter it has
been ful |l y esembly.29i jupthebémbebments, ¢lhetramppenother mechbuidgl dontrokaEn be used. -

PO 0ol ke b P Ra00R, o5 B hg e ol el B B 5
that incl udgsuAs pRRS01 Bad yg&ﬁ{on RoEhGhA Lktendd béHeaea gﬁﬁh%l@s' R PheR eower

289 as shown in Figure 51 actuate the upper iInsert sse y 296. 1n other
enbodi ment suprer ectnatonplateddd landrees upgEigara 34 (it polstonolatvecsiam R87 ublpder abfuatire

i nk 291 I foll 289 tq t t uat |l ate 291. Th
upper " act ublets 253 ot d5en fonotARRer Yatvs soh 287 SRRt bbb i Sinebadhitiotplgieunger
so that wheot figvesRRAT RGP inPIRUPp&Nal VRNER 207 ateiBHEL ISP (FiguRW4hSs on

val ve stem 297. Upper actuator plate 591 also rests on top of upper valve
stem 29 so that whenAsthe rotsydf2 setaigatcam follawer 2899 tidingliasathowek 298 esmpvesnger

and the Uppl%, cgtzlisjix\l/ge th%tu%{)%rza%z.la%r%laqg 38 F\% r?s%ma@ld(pﬁh %éar v5a£11\)é stem 297 against the
bias of spring 269 and hence move it from the closed position of Figure 52 to the open
¢ position uf Figure 53. Adfier this, cam foilower 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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20 As the rotor 202 rotates, camfollower 289, riding in cariNaecknbgo#)06
noves up, causing the upper actuator plate 291 to rise and &g{# ﬁg Gr val ve
stem 297 agwo oxma2stdee  bias of spring 269 and hence nove it R PR 0sed
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fol | ower 2891ppamlseumpjamamf¢1d@lame 25 euinstaffy to Wt the fidovablebnatet] @%ovm 01078990
PCTI US02/ 30614 nove back up. This in turn noves upper valve stem 297 and
upper val veHS’b‘Hy tip 295 back to the position of Figure 52 due to the bias
of spring 271. Simlar to the center nold assenbly, heated heat transfer

fluid is directed through the upper first manifold plate 253 and upper
insert assenbly 296 t dl'dmpdratire@datrblnandd@nerge RecorerpSystem f | owabl e

Tani 01 @ plate 253 andPIEiSHR-Hiseie: 30 BpRSF PROSESSPOLE Tt 201 OGLBIGATRE e | o
has been i ”Jc%lﬁ%lhﬂig'iﬁédﬁ?é’arb%t ig, gﬁfvgttheﬁlemg gmﬂg%ﬁhetﬂcﬁﬁﬁﬁéﬁmwnﬁl Qv]:ﬁﬁ” be

sent through-t upper second mani pl at onstantly to heat 't
f 1 owabl e mattbe flawvakib mederial & ingected mgfo thvam. nThls Bexsists the lopable materidlantflostingnd

o1 8 e el G el I AL UG 38R 0,0
poi nt of thqeﬁ]‘: tﬂ@h%%ﬁie mAGE, raEH%P &k@pﬁ@hﬁd&?&ﬁrﬂﬁwné gﬂ:h%?t ed into

them This asslsts t e flowabl e material w ng. 15 The nold assenblies
are then preferably cdulhghtofﬂlmcyclbmh@tmlk;mheamdemtempteratmgcontml

t t f the fl h Kl rde bl
rator ol - 1 IORFRIH B PRt §hinssoe ety ol dndlfte o Exroplzs or Bt ©

tenper at ur e GARRQMde lﬁ:\f%feﬁi{& ﬁ&ﬁteﬁ rt@f:ﬁ'll@@hﬁ‘ Iﬂé&ﬁ\ié geectl@ohRe 8 Feltfr effect
tenperature of the nolds. Exanples of

20  devices. Examples of heat sources mclude electnc heaters, steam, forced 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

i 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” fitting 605 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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sinks include but are not limted to chilled air, Ranque Ef1édovenbdri20§6 and
Peltier effect 20 devi ces. Exanpl es of heat sources include electric
heaters, s{Ai¥n24096ced hot air, Joule Thomson effect, rand§d/E3RaEee14
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cont r astls t legcling indhe tefnpetature oinge lod epowd 200 abehit d20°C ar aboak b seadndota Hht
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bl ocks the fskewwdef hot heat transfer fluid to the nolds assenbly 214/212,
and starts the flow of _chi]]ed heat trans;tﬁ{réfluid t her et hr ough.

Preferably, the centerlBespll higa) transterfigd thys flosysdp thesommendlen v 214 are
capabl e ,pf ' j e "EH?? a Pa&h in
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commorn f?ow passagewaya}s transferred to the cold side of the system. Conversely, hot

( heat transter 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: a 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. The cold and hot heat transfer fluid thus flows in idovearend00d ow
20 passageway between "T" fittings 603 and 605. Wien the valves switch from
t he heati ngvooae9%0 t he cool i ng node, the volume of hot heRET/UPRF4Mdr {1 uid
encl osed within the conmmon flow passageway is transferred to the cold side
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preferred, phedayoffifin®isgtvalR8 820,050, Bid 676 df\ke d@sHbalre bpen &OMAT @l Batst em
is depicted In Figurés 57-59. This preferred tenperature control system 600

i ncl udess t hiratisfiérl fuid cap Bowpothemald astmblo2/2 12 In kostastidhe valvesofdhobet: a
and valves 5B b BT FatiBe g Ge el bE s e G ndntauh A R
col | apsi bl e-7ht BRI 6H4G{RIcdiNd tdddld loobbid bythd psitd OKiné Veveeezt $ZL 1)

pi ston 604. ease of description, howev he reservoir and piston
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630, piston 604, anhd valves 620, 621,622, 623,626 and 6 Initially, the
val ves are bhowrhia Figws58i daives 620, 126carkin23\idseasd 82l3es 6212 622ahddi2G apent he
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closed so tAaf wind\Rats thé AB% dThof hés SassFa MRlid frQYEH BE I atRalbly PRIZ12. The

piston 604 Is forced to the cold |oop side by the position of the valves
626, 622, 623 ThisperniEthe hotiesat trinsfenfhiid tn shift pistens04 do espdsitipnehdwntin Eighod enoi d

(s st oS inphu S S b e i B i PR RN
623 cl ose apghuiRlof8guid2dualtes 2uidédldRed wﬁﬁﬁﬂﬁe paRhgevilyWelbedner e 0fosc 00!

heat transfer fluid fromthe cold loop to the nol'd assenmbly 214/2T12 and
starts the andAPSofThovolumatis unahie by adfustingiwhén the yalvehepansind desscondy

he. posi t i oftVSIAIA 1omieg B B2 AuiE Bschypi B30T Syt ifieh Bof Pepobrbisiupoiettss, °
o 0 encl o oy ha aLad 120 clos? o R A i s
vol une 2G t 6htpes. Hﬁeéhl}dmntﬁgecl?wnébe flnid reservasstodhe lefiof@i8pp 664 ismoldyFluid
to the right of piston 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 cooiing mode, piston 634 moves in the opposite direction (to the lett)
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.
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adjusting the volume of the fluid reservoir 630. Wien piston4®Q4emdactons its
preselected rightnost position (Figure 59) valves 622, 626, and 620 cl ose
and val ves V2830898 and 20 627 open. The fluid contained i RCTRHEFI0GIY
reservoir to the left of piston 604 is cold. Fluid to the right of piston
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with hot heat transfer fluid filling bladder 652. Valve slide 654 Is seated
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in Figure 6%““%?#%&%%%%%%@{/%%3 r5 g&%sé%%\gel{r Aﬁldz@g%]gg\rﬁggge fe‘%pﬂ)sgg °%Iﬁ8“ noves
to | eft dueshewi heFighrd2drheatmpbratiot estiel syskim oiuveii the hektath 86d%. When val ve
slide 654 functions as a check valve and renmains seated to the right due to

pressure agdtntmpprature gpntrel system syitshesdrek Forrheating tetpmling medertheiccle o nove
to the left ' 5 ' rod 653 makes contact with
the right fgecﬂeehtg?ggg.fe\?éeﬁé e?%%ﬁé@é%&%%ﬂ?%&:? tZamd shifting it to the left
most pogotion shown iAs desgribied abave, Thiwes 62(raighred3 oditie @inpeyatire comtsolNow i n

t he heati ng node. Wen . . . .
system can be of various designs known in art, such as spool, plug, ball, or pinch valves,

These valves can be actuated by suitable means such as atr, electrical solenoids, or by
I 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 control system utilize a rotary
design to “pinch” and “unpinch” flexible tubing. As described above, the center mold
assernbly 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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the tenperature control system sw tches back from heating t d4dawkinher 2006e
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fluid to flow. Accordingly, the pinch valve functions as a tvvo-wa@val ve.
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the center rrg‘?rﬁca?gggcet]r?ﬁr );rhr%a'tg gfcéggéc‘{%‘ \E}&lfl gg&gﬁ 5‘%5 tﬁggkgd%gr@gpgﬁgg%&w se over
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that supply heat transfer fluid (two su&pg and two return lines for each
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can rotate about the sane axis. Rotatably nounted to shaft 662 is, valve
pi nch ar m 66the geax ratigr Alfhowgh gﬁ@rsrﬁﬁ?érm@rg%@mseé in theopreferigd gpibpdmaamht ed to

shaft 662 5 and.is Jfre ve 1.nd ent of val.ve.pisxch.. 663A,
Actunt g ¢ hERGHIGLIEE o hBLEHEdBRRRIAGN b oRpei@a¥Bel RoRs Mk teten,
nmove cam f ol e vA6epineh b6 beinipadted Higddtly®¥ cafli folotviefand Hiaeé.t i cal rise
and fall of actuators 665A and 665B causes correspondi ng novenents of cam

fol | oner¥ 666A and 666B1e ¢t claskwisegotiometitalvpinch amnetidds andH63R absupi nch

663A ' ' ted
Fo val ve anviFiga] cHis ABR 00 (S uF Hibop i Sipst T nBE o0 b bgen T T
movenment of Cbéversalyy €lopkiwise ratation 65vdlvepitctofaas 683 Asdhdada3Bdbolt sHaArdo @ades t O
the gear ratio. Al though gears 667A and 667B are used in the preferred
embodi ment  BbeLi104cie bvsaicezed closebandubesdi08B o sempip\wpeBn The peritioneitbel wi t h.
Rot at i I f I j ; ' |
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arms 663% angp 66RBmdoistalsshrtirafdntahatsigspdsitiaso bt es lemaionirbaged ¢drosed

and tubes 606A tQ renmin o?en. . . .
controlled) as the center mold assembly makes its 180 degree rotation. As shown in

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.

o
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Conversely, clockw se rotation of valve pinch arns 663A and 186%®ecatbou200hafr t
661 causes tubes 606A to be squeezed cl osed and tubes 606%@2 §<§E’§m open.
The positi B BO28®  val ves (open or closed) depends on wh y

orientation of center nold assenbly 212 is 20 up or down. It is also a
requirement that the Rosdntra@Rwit pridi@rivddvices theprebent trandfandsyice(io capable of
controlled) as the center nold assenbly nakes.its 180 _degree rotatjon. As

shown in Fhapdiieg Gdsage fierms hayingarhighemdegrge R iy, Baferablyrompinmgdide g6 A

and 666B to_renmmin.in..their | 1 | tel ' : 3’y pinch
val ve assenb? f/oné'gbt'?wB’tnggrstI@gfﬂﬁ@gﬁﬁg‘ig&%ﬁ%@gﬁfb%% é%séfggwr eg‘?{ees. Cam
fol | owers 6g6fprises oRSSEMBA Mmédicdntd, Histitédrats,land fllers, bueis sabstdrmially Gee ofit er
surface of the circular camtrack 669 as shown in Figure 64. TRANSFER
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stationary take-aoff' bar to v nd | . . hi ne.
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rpm, the i §RREhetRARSRS d&icd, BRrhRrRidsias ohd eperhtiig mbauls i@ bhdhéa fur fubfier of f
bar are very significant. Dosage forms produced on these machi nes nust

t her ef ore bprocéssmngul at ed t o posses very hi gh nechani cal strength and have

very low friability just _to urvi ve the manufacturin ocess.. 51 14
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of sof t nessfsAd nfayad thinkRr@B ¥roRfa cdhprashict medulk 100k A Yhepinal &}fclélfl@ldﬁ%er ating
nodul es of the invention as a finished ﬁr oduct using the transfer device,

or transf er medult 260, arrfeorn péhermahspttingimpldingmedide HGQ tof » pornpressien moguled@8si ng.

The present ,transfer deyvice is a rotating.devi as_shown in.Figures and
10766, T cANBRRGIAE) 40 il eyt Bl bt af SifiFLadiad TR ok St AEBERNY [oco
for transf epfiddtmediemapsrolindtibetVeer thefleliseshsel td\make Sidh pro@utts, BF Rress of the
I nvent i on conpri st ng one or nore oper at | ng nodul es, |I.e., from one

oper at i ng néidcharge agleqroducts from sustompelinesdosage forns may be transferred

[rom A compr oSt on, Mot ret A0l ot 78 ke UGS, Jhftical RhndRBs O
Al t er nat i veFyr, cohléhiédcrGiiferdievice 80C a/ill bedessibed i detdilbdlew. Bagagfthe or s or

ot her nmedicinal or non-nedicinal Br oducts between the devices used to nake
such pr &uctransfesunity 304 are coupled to a flexible conveying means, shown here as a belt 312

(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-paraphienylene terephthaiamide (Keviar®, E.I duPont de Nemouss and Company,
Wilmington, DE). The belt runs around the inner periphery of the device 300. The

25  transfer units 304 are attached to the beit 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 mbdules 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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di scharge fragile products from such machines. Transfer devi ¢g8No3LRHaTH0400
are substantially identical in construction. For convenience, transfer
devi ce 300 Wd 03/q289%lescri bed in detail below Each of the 2FGTEeHW3PGI4uNit s
304 are coupled to a flexible conveying means, shown here as a belt 312
(Figures 68 : | &b o : | ' npl e
O ahi ch i 5 B e S hrorRd e
rei nf orci ng gebperatiig motiyles.t kra preferped|eyrbpdinmphtheylkivn fraiinehides aideing puley

kevl , E.1. duP d ) d , y 1 m 1 . .dh I
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take any of a vari sult shapes. However, when used to transfer
dosage f ar nesy@teni totke dvdpilioyS09 @ theatransfyr doded. Bhealrivietshafh 363 drives thedenei on,

tr. f devi i f bl all d b h that i
acourately  BAIRYGDRIG Eotiihes harghim Bighe ana Pio 10F ABv BRTeoa 6 testh 26K tipt o
precision t f&&ﬁé@{eem%zﬂi@?&émih%ﬁ?@ﬁ& Felt 9@2,%% iﬁéﬁﬁ'n tQRate® iRl tBnbiér any

sui t abl e powe ource su as an electric notor. preferred enbodi nent,
t he transfer delfoel GReiidlet pulleyB1i has tgedr HitliAnthatramgagectseltod 12, mdi¢hneansdsi thevidderdoi s

driven by nechani cal neans through a gearbox which is_connegt 0 the main
drive notor Btate pithihg keledhs | Gientleabiednze pategs; sgﬁheﬂ%&hsws,ﬁaﬁﬁqgg’sﬁ%a?e@ooe
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the transfer deVvice can be synchronized with the operating nodules. I'n a
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idler pulley 31 i.C e ip the preferred emhodi nent di.sposed inside o
the ' transfevm&é& £ica3) 15pAvehomng Shated chm Aok S LN HBINPTEH S AFITTBIY et 1 ai n
of: the over Qﬁfgﬁhsa‘? L Qs ‘ﬁgmg :

devi ce. Theat'flrﬂl1 \k;der shafrt 0@8 gﬁg\@sﬁ?ﬁéq‘gé ?@SW% eygg%lgilt%tﬁgeoéﬂa‘%?%é{csehovm
in Figure 3 berdeditthe fhnsfelrunits 304] the pitdD6f theotledthelt 303 Aaidrithe geamngtiabettveen h
308 di sposed . on the interior, of belt.312, Lch in turn rotates the transfer
device. Fho hefave pHieeiposnd tema W@ﬁf%@%ﬁ%ﬂg&g@%@qﬂwﬁ%ﬂwm
causes the i : t L LI : : ,iﬁié'dbc dx & syst ens,
such as chai ﬂﬁsrﬁfeﬂdﬁ\&lg%{% eﬁﬁgﬁﬁﬁpﬁﬁgPﬁ&%gfeﬂé | ke (t?gtn %éegaglsled to

l(; onvey tgg t o?mtgmgrmadule ﬁ)tﬁaﬂ theef traivisfer e oestentain hesyhcte?ﬂiﬁed andﬂphasbu})whh idemch_,

i gures an , attacheq to t out er _periphery .of the transfer device
500 1 5 a dogbit 8RN A4 PRFIER BEbeHAPEIP OBEIALRE PodBleb APRRE Bhe  pat h
for the belt,@pded Mend {’éwéf}ﬁ{l}d?ryss?%? of e trAGfet uit 300 Hdthdd RGkke Feibhity!

pitch distance between thé units 304, the pitch of the toothe
bel t 31220 anpbsition of ¢z opesating thedulealong thetchrcaye iposiops lolf ¢he @0Otrankd Transfersi n

01 e o ek DAEDBE A S5 et SRR i 0 o RS R

time available to complete a transfer. Riding in cam track 310 are cam followers 305

{ suitably mounted to the iransfer units (t1gure 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 orby 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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operating nodule rotates, the transfer device remains synchtdNozaabe2g06
phased with each, such that a precise and controlled transfer from one
oper at i ng WB®8M0289% another is achieved. The velocity andPSd&y0239614¢ t he
transfer unit 304 is matched to the velocity and 20 position of the

oper ati ng npdylEaRePnID. t Prefeeslily a4eh Ranisféramit 308 i§ reachedrtd flexdble chneeydigrs are
acconpl i shed alggg this arc length. The Ion&e,r the length_ of the arc, the

great er t haneans b2 inva¢qniilgver con joptse that relainems SP0 arg eantilevierrdcoyr theqath 310

'’ a pref ot SO bk ThE IR Epldab BricaRT, Bl ottty OHE TO)
25 the idl gleepition@iniRdtordtyedistyinv@hanibilparie swSBframcthé Qoskppifotm and itotted

pul l ey 350, a second toothed pulley 351 and a toothed belt 352. Pulleys
350, 353 armgmpenentssiorenyar it alloms the Bexiblesanvayingiaeansito sopiart dosebohewi t h t he

<1 de- cona 1Btk RBIeRd) PRl TEcapftced, BRBYRREEREIoK SR BhRE Y 027

acconpl i shqﬁtwyng gears, gear boxes, line shafts, chains and sprockets 30
or by synchronized electric notors. A preferred transfer unit 304 is

depi cted in Figures Retgigers 330 arpeprefesably flexibleland sansirustedfren ap elasigaerishaf t s

: ferabl h : | | ' f
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their novenent, .14 Novenber 2006 WO O .0_PCTI US02/ 30614 and a
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mechani cal ({())arts away fromthe dosage formand its sub 5 conponents.

Mor eover, idowal dngthe desage forayithareby Bening the getainamand penpsiting ¢he dgsagefopmitpe
oper at i ng dul.es t Leht S..conne hear. | L.ow for noot h
Fanof dF° PR OubeDRRF b InCRRGT 258 ped A P01 i Ry BlnaRe R
from an el a5tedteydafi redbicSmbtter 86sagh BrmMIan piefeos ambodigict, the totdifertiad i§ nt o
the retainer 330, the retainer 330 10 generally points radially inward as

shown i n Ficijanler and ingipdes seemented dingersiof Elasiomerie andtenial as feowr ipkigete 733but t he

retainer 3 fl S ' ' e, 72 asses
the retai nggnefgglégﬁ%%%%g‘écggd‘i#%é\%h {nﬂg? E?l H%alg]ree S e{rao g%%g‘%?‘%‘?gt(a ﬁéepggosage
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transfer unit by pushing _down on the dosage form thereby fl exi n_(lgkt_he

retai né0 arbptydienithe dosgae famds paghedpast i, fidiolds thederage ymbinplace it {tds eased,
the retaingfectkihy héPfinighAhial 920,%8 dbafibad befowWar d position

Cam follower 322 is disposed towards the top of the transfer unit 304. It is

% mountied so that it can move up and down as'shown in Figures 70-74. Plate 328 is coupied -

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 shafis 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 eject it from the retainer 330, as
shown in Figure 74. As described below, the plunger shafls 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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so that it can receive another dosage form 1In a preferred elNdientur 2006e
retainer 330 is «circular and includes segnented fingers of elastoneric
material asWOHSAHRBIH Figure 71, but it need not be so consPCHESEYI6Y need
only be flexible enough to flex, hold the dosage form and release the
dosage form Retainer 330 extends radially inward a di stance such 20 that
when the dosage formis pushed past it, it holds the dosage formin place
until it is 2ejected bOperationl ofrtheTrassfitit Bed&), as descri bed bel ow. Cam

folll 322 is di he top of .the.t f 304,
mount ed so t h;f "t P ar OReFoRo bt G tratshe et it i SPaFEo 6] iR st topfigpls 5
I s coupl ed ﬂdwé Olal Rug t?o%?oftﬁ%e%o%%@ohéuwmmm prévadell Bt iUwilE

304 and bi ases pl ate 3 25 and cam foll ower 322 to an upper position.
Plate 328 i sbahmhrmmhadhe otmatrmsﬁruungea%bmte nsaeumlsam fashaom. Moreoeer;  of

the plate 328 w || use nt of 320. Each pl unger
shaflto 320 |S°Pﬁ5%ﬂ?ﬁ"éﬂg W’E éestF%m%%r f%rﬂ %P&PWPVSW‘Pbea?i ngs

324 that perfﬂoﬁuﬂ%%'ﬂﬁa ammﬁamﬂgfm& @lbw@ﬁép?ssézaéa 2oV trarldtér m&) BEhger

shafts 320 are noun so t'hat one “end o eac unger shaft 320 can nove
into 3o theaurcemphsneld\betvsmcaayltwo npcrahgamddaﬂaga dtbemdevices. eFar mmmepl?glm::t it

fromthe retainer 330, |n Figure 74. descri beq bel ow, e
pl unger shaf ?@g%sﬁﬂ@’és &Qs@nffgm%ﬂ%ﬁﬁmat é?‘@n%‘ﬁ?li\ dylge
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pl unger shafts 3 bearings 324 may be nmade of any suitab mat er 1 al
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Transfer Device Operatjon of .the transfer deyice | s best. unde ood Wit
refefence to Figures Jgheaﬁﬁpsf@d% 1ce Aperates A %XIPWﬁ eFﬁBSfﬁb\é‘PB QS"{)WS Wgﬁg
transfer uni Hle%%gezli 4 BF Y b&'ﬁgresab'ﬁ nioauieﬂ 100 an@tHRGWINERIREOPSD $HRE trhllfertnfier

transfer units operate ih a simlar fashion. Mreover, operation is
descri bed w 80 baeeme(ahgm&ﬂwnhdwfcmmh@sﬁ 132 ﬂlasargenfmdmjhmmshnwmmmﬁlsilcﬂlof

oy o S coREIie Bt REBRO LN Jrbs Ryl el SR RSB oo, For
exanpl e, F' g 'hﬁ Zﬁaﬂeﬂ'ocdu% 18 thef QRS Rcs %aesesb&ﬂébo%aﬁs&&a%% 31% eﬂ-. E_;%Ft%&

froma ther settlng nol d nodul e 10 to a conpressi on nod
di fferences WMthEMBmﬁﬂexftm&suﬂme%mshiMmrﬁgumm& g7écnmdt76y'[hé t he

ranet or " o RS aR dtbd e TRGRL 0 B /e BRSIRG e Phiro B 8 e d o
franser uni ey SR 08 bR B Rty R pitce e e SR B Pk MRS ot
| i ne, as2&Ghotha dosage tiermnl af a canffined spicg with Mimimattcleamancpotha dosdgedbimy panemtt, | ower
punch 120 o o(teaste 8 r\rA{gxrféj ra!nﬁomﬁ1 I, Which & ooupd jam this or subsequent apparatus. The dosage form
is therefore fully controlled before, during, and after transfer. Rotation of the transfer
device 300 and die tabie 114 of the compression modiile 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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pl unger shafts 320 due to the camtracks as descri bed above.i4ANgeaage260y M
12 is ejected into the retainers 330 of the transfer unit 304 as shown in
Fi gures 72WOB/BH075 The dosage form flexes the retai nerPEHESQRO¢H |t
noves past the retainer 330 and is held in the transfer unit 304 by the

retainer 3%Qnta§igﬁ%stt}5bedd%5g@ﬂﬁlhs phf el Afshndrivellery asd@e dosdtefommsARovde
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continually pass above the die cavities 132 and dosage forns will be 25

cont i nudusicycle nmidiigmodule; plunger shafindO0getugmio heigonigimalupward positigki on of t he
transfer device 300 by the drive pulley causes the belt 312 and its
attached transfer units 304 to rotate. Eventually, the transfer units 304

cont ai ni ng gt he dosag@disidl TeaaTet Devicovwer retai ner 210 of the thermal
cycle nmolding nodule 200, as shown in Figure 3 and 75. Cam 310 is di sposed

bet ween the center i o pBferashaltephae embodimenttdféhis dvientiomtadiotasiongd tansfene

| ower retaijner 210 passes, | ust, beneat h e, transfer units 304. Thus,,the
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cam track 310 pushes on'the camTtollower 322, which pushes on plate 328.
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i nvention, a rotational transfer device is enployed. Such a device is

useful for handling Hisaese’H 8} depictaprefomed rasatidnel twansfey devica$08,whidh isr om one

pi ece of equi.pment and reaoriented. for. i an r QR hor.i zont al , osi.tion
o a ver t | AR L pore Bt opo e e tor dRviess o RG rob, B leetiior v 1

el ongat ed 70Q8RA6taliehdTEransfer\Bévidt 6006 s RPstAGR devitRl40B6wWE M Pighrdsi7gSmal7ong t he
short axis of the dosage form (see Figure 81 nmust be conpressed

hori zodf al Mhcomiprises a plarality ofptatshle fransfer units 682 coupleditoasiopthedibels 684.t i on.
A di | v....0el g th { [ | 15 100 d
coated t e RidiHF R SaaREERRR 0B st onloRSREs 7 RS shirile el "

units 602.

f "~ Each transfer unit 602 consists ot a dosage form holder 603 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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conpression nodule and reoriented into a vertical position. k4 gevesber2088
depict a preferred rotational transfer device 600, which is simlar in
construct i oWOta3/028980 t r ansf er devi ces 300 and 700. Like tranddU¥¢dtedds 300
and 700 the rotational transfer device 600 is a rotating device as shown in
Fi gures 77 ; | |k ¢ v fansiti TS
602 coupl ed%%ﬁ;{agﬂgéi&cﬁ%@ﬁﬁG% id;%aiaﬁa%dﬁéﬁgsehfg%%gatggﬁ?gr%g 32%6 gre
cam f ol | owerthroGgH theiwdriabs yonvavednscconvex fadii of thegbtationalritansfes device- 600ach

t f it 602 t f f h 08 t,at.ab . d i
2 Pous: ng.  Connect od 5% fraorsGef ARcHRGons of feriptaopelRmster ovies o0t BBbigled )"
25 assenbly iﬁ%?mﬁé% Tbg 1.01210%%%]&? gﬁigémgt%ﬂat $b8y dre CdBipRiackd Hotiz¥ahlly fithe

movenent is cortro by ¢ wer 618 and camtrack 620. Wthin the
housi ng iss g®eatpré&Ridn médutdr 100 andare tetsfairaidhiongh flezibie xetaindre 630 mtgthefdosage

54° *t ¢ achelam Bogler GG SYgl malss in pLoRHA SReEtBe BR R SO iEvedle, EBram
track 628. The %E%ygaﬁ ﬁﬁ{h%?tr%%% %HF%%EPG%%%EK 668 theCd42655fofm holder 608

correspondi ng ment o Ich inparts”a rotational
nmovenent t o ratates&DategeeestG2 derticAorietatiarduestb anotanmofroatrefollew ey &2(r withidZaen d

Sount pr ond Ttk 838 iz RACBAB Fht Vosh Feabioloes S GHEEAL ot IhaTRE Yol o
vert feal 0 q el bdile 007 AAERGIITE nf IR hrdiith oS EMIRELBE SuaE OB R,
Lracking of camT ol ourr s rere and 1626 and Hosaos form hol der 608 as they |
transi tg t hr‘gl%‘ﬁh gﬁ}ésgﬁé‘i‘s‘éﬁé"%ﬁg&}é“%&ﬁ%@g%@ cpaaithe ‘g%a“}q’ﬁéﬁg%g’éttah%a%l y

t nansf er de_veaﬁgt ésﬂ?{m% 83€048 mdqf%g&%@ Wé}%?ggﬁg?ﬁg(%%%{vwﬁ Heansf er

device 600 is depicted i | gures 81. Elong osage forns (caplet
690) are corthe bswedethiner Zidnarel upgn ifurttich &randit thooagh dhes stapedroatn backl 606, dvd ar e

transferred {hrough fl exi retainers 630 into the dosage, form hol der 608,
which i st sdosee i R VS orges e featses mrcei L4 BT PRELISHPRA bEER e and
81E). Upon fd{%l%*@)%r& ANGlikukyopugh shaped cam track 606 the dosage form

hol der 608 otates 90 deQrees’to a vertical orientation due to notion of

cam fol |l oner 626 within cam track 628 (Figures 81C and 81F). Upon reaching
| ower retainer 210 of thermnal CM| ' e 200, caplet 690 is
transferred through a second fl ; ﬁ%fwl a the vertical
movement of ej ector plmoﬁgéfaﬂqismamve@eﬁ%ﬁ&d Rifh AP MYteBAPinGR fefinal

t hrough hol es 608A in dosage form hol der 608 to evacuate the chanber 680

that hol2ds ayelpimecldB@Ongduleanceelgi@lynhatd Eomparelivgth dasagd forms dhabhave@matast 690

Is now transferred tq. the lower retaijer 210 and, upon. furthe ransi.t

through ¢ ne SRESEEvELiPne) RROEBEoeRre Thus, (i ambunt Sfing Heoded afer Holding a
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 requure
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.¢., linked to other modules) or as a stand alone unit.
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15 dosage form hol der 608 rotates 90 degrees, returning to il#Nhembzo2Ald
position to begin the cycle over again (Figure 79). HARDENH N PARATUS
e

Dosage for WO ®MBB9%Bave been coated with flowabl e material i mal 20

cycle nmolding nodule are relatively hard conpared with dosage forns that
have coated using comuemtidr@bdettifigrpoldthgnnahds4@sis aiotesy aparatasrcomprising
drying needed after nolding a_coating onto a dosage form usi the thermal
cycl e nol di myttiplethetenjestion Bezzdesand|cpld melding hmheEnEec B?mkfﬁpé afpheh, PR% Bn

di ppi ng processes. \ , M’“EE]BM R 3115?5 b3,

dependi ng uﬁgﬁqoﬁzée'wg‘tdgéﬁetgg%%?ﬁém%%m etﬁrr%ftnclca’irdlug. S%Igsrgggﬂgg}) , dosage
forns coated in the thesppdfeesdigbdadientrd tinmiduértionr the theriead setidg/mbbiing so
that they can be tunble hardened relatively quickly. Aternative air

ly,. an
dryer may benaduleds ugmejto makiednsests fordasagefayny o[ heiBeertscap beimade in puy shape o) | y

understood ipn the art. 30 T 18 I ting
1ol di ng. moddle: Fdyjineness Baegi o narbits (fisee ot sel oo beoBhim st
for dosage fsRipEBhaviRgné hfort thed one amisaf sfmntirng Geatmllydlowever, kgtivainically f or m

The thermal setting nol ding nodul e maybe used as part of the overall system
20 of the ishapedtingpnts(are desirefj nked to ot her nodul es) or as a stand al one

unit. 57 14 Novenber @) 3 . he. .t | 14 Ng
nol di ng nodul e 400 is2[219ﬂ%ﬁeﬁ?#a%%é%ﬁg%F%hn%?g@%Gé%ﬁgﬁ&fieb%{'flgfe flofﬁﬁé}(l:ﬂtoi on
nozzl es @nd tkneldig dhaftbet "EHda%ing bintdtahPletirstly ebmipkiess dnaeditat asdhe nozzl e.
Advant ageously, the.volune of the nolding chanbers is adtustabl e. In a

preferred erthaaalsstingsnaterial atgiemperaire ahire theapeling peint phihetberaahsetingrodul e
| . g . ! .
oo oGBS Y 8308l PRl oF BASLACAET THE RS ALY

shape or ance, 1rregulrarly s

(or dosage figedotedr@a soBdifi28 irsthe peslding Chaigher dntoRrsBapdiapeliend.ea hasing thesshapet ry.
Cenerally however, cylindrically haped_ inserts are desired. The inserts

are formed 9 thepeld).i jecHonapd m%rsi the ingerts prefarehlyocents gs theitharmal sajting,e

nmol di ng gha . t ' r ' : Lcant and
& ther el B ing ORuR Ao b Ih e BHF bEE AR cRBRBEBFOr AR lBIMGEE, e
thermal set tiafigfer dovicRri08| (ad déschibtdabové)araiefegdaped palletd Romahethdirral @éttinge
medi cant. The starting material _is cooled and solidifies in the nolding

chanber i nt sneldisgedylefela compression mothuly HY (alse dssraihed abpvediss srasTally shown
| njecti on angr{fied, 89 eftbed ffe shBSE fetie irth & VoRinte AW der B Such HOW/ARY is

setting
compressed into a dosage form in the compression module.

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 méterial may be completely molten or in the form of a paste. The starting material
may comprise a medicant dissoived in a moiten 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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15 nol di ng nodul e 400 rotates. In a particularly preferred enRaodiyai¥er 8dod he
I nvention, a transfer device 700 (as descri bed above) transfers shaped

pel lets froWQMO2BMW8r mal setting nolding nodule to a conpr RGT/EHME e 100
(al so described above) as generally shown in Figure 2, to enbed the shaped
pel | ets i nt Rerfelfl, UBRorRkedONTEA{OREwileamlisdybpaveitmomo- d-amdrtaglyedtidest o a
dosage formin the conpression nodule. 20 The starti ng mat er i a‘ﬁf‘é st be in
f1 owabl e f opaspholipids avgxes suchias GRINAUBHYRY. DEMASEL WVa¥a PSS WA LAY @gﬁ‘&’é‘d in a
mol ten matriXy.f e " Wgedi] ' _ F‘}Qi)ﬁiﬁ% I-AlacBy be
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starting material may be made &v) di ssolving a solid in a solvent, which

sol vent s farms, sigapir asupgrsatratedsialution sueh a3 thausedte make fopdant foyms;dew- peen

nol ded. The_startin ter] | -ed] | 8. i .S
Sos o o PR BB g abe K f SRS RO B LR S Gl
nut riti onal gentMité 8t sboulBOB sakk as thbbearsed o makeehenet Sconfsttion sl He a
Preferably, the starting material conprises a nedicant, and a thernal
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that is flowahl ure between about 37 and about 120C, and that
is a solid ﬁcgésp?é’r?%g}}%g tl'et ween about 0 and about 35C. Preferred

thermal 1getting mat er Fahses $2-831d¢pict waireferred emboddinjeat yihthe thepmalsetting
pol yal kyl ene 0g{jycol s, pol yet hyl ene oxides and derivatives, . and sucrose

esters; fat Boldiegmedulectida Rigire &2 is a5ds vswnwhile Fignges $p B4 and BSAJR nrea’@oqs? m
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oi |, ' sunfl owWs?
pHosphol i pi sown@Tigures 6 and 82 a1 whidh arewBountedep RIBSIRY of Mjctioh@ozmex,
candelilla wax, _shellac wax, mcrocrystalline wax, and paraffin wax;

f at - cont ai npssemblisa 404e sEagh dnjeeiton nogzle assgmbly 4Q4ineludas ¢ heusing Q6 Whighis
h . t . . i.
SUper sattr SpR B RaE 82 8 ocBfhleh AREGaEHA EAMH whickhl Sr@iifficht °

nmoi st ur e pomygiowns Adtmmted so saththoasingiod are aplahligadfaiozriea . oAhlesugh any
hydrocol | oi ds at water. contents up.to about 30% such as _those used to nake

"gunmi " conPwBber e nogrlggmay ke smployed inegach mygctiondrazzie agseaiy AP dnpreferablhe

t hermal setg) art ad sl -5al: ene
al'ycor. 1o PoEeRRbEht ool icn HRNRL iykiioh O K RIeriy i 5 REnHF RN
setting nohgderablyrdddoenptithg dplgtatiey d2nolding chimibensi42@thasiebirespondito e 83, 84
and 85A-D are front , views, The thernal setbi ng nol di ng nodul e 400 generally
i ncl uded? a RRAzies A3 dn eaddminiegtionspezzle asemhlydPes 3 and 82, on which are
mounted a ' plurality ofy 1y | zrglaﬁ I S; P thih |
nozzl e assenbly 404 i #c‘%dli}ggg%ell@ﬂ%%ﬁgﬁ) 6, Sff%\/ﬁ}l} % ﬁgi 158%)5%08 %éeﬁéds%

406 for controlling the flow of starting material to each nozzle 410. Disposed above the

vaive 412 may be a valve seat 414 and a gaskei 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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15 shown in Figures 82-84, conprising a flow path 408. t hrolgNovdmimzh 2006
starting material nmay flow Munted to each housing 406 area plurality of
nozzl es 4190 03088 gh any nunber of nozzles may be enpl oyé’(f]‘ifﬁsoé‘ggﬂ"

i njection nozzle assenbly 404, preferably four are present. Munted bel ow

each i nj ect M dERVeEEE LRSS BHatnelB 0 if houding40m| Covlhtt is peeided ty thfold
conprising a plurality of nolding chanbers 422 that correspond to the 20

nozzl es 410CassemislyR0ianidhe plaies A% ZAvdeserkadhelowopolant Bews tapugihshaanals 424 5

Fllow of st oGRS rap el peb Limnten 5 Byt AL Bbeert Bl SRS Sl 10
maybe a val ¥ehskalsifl 406 \ary GIRaHe nedistandah tisatefon@d ehfodithatt nfstRanibaln it is

in the closed position. 'Each flow path 408 is connected to a reservoir 418
of st arti ngfagtenaracar bensedpr ef erably, reservoir 418 is pressurized and heated

o e f _ ] : ! ar .
[ype heat) to a ¢ onpeRasHe fiHEEkE ol PAT e Rteranl LRI B RGREg BB 0"
preferred emhadhiRis WAO! Preféiabl§ taé bHafg afiresdnd! DepOBid isensath thdRdusiRY 408UCh

as pol yethylene glycCol, the tenperature of the starting nmaterjal is
mai nt ai ned anderewsia pdrbion ob thezheflsg®2that gxtend frose thevhobsing 3¢ spvings é44.bel ow t he

I ' | at e 428 i n Fi 82 85A, . D.. T I 8
Toves wi t h S5 Ad2 xiegd JendHlo i spanse it af Sy it B AR 26 ARG o
Di sposegy Wi AhiHdvidia Fibades 84 4fd 85 A1 afd hd'@eseHBa R foré AbtaiHel W Blaek 444 idi d to

flow around the platé 428. The nozzles are preferably heat ed, for exanpl e
by a heat tmeymblerin résponse tawanbioloweytts, theraby/m060g olopao bsosingdéd byt | ui d
delivered through. channel $,430 in housing 406. Cool ant is provided to the
mol 8 assenBYTPT Sf@%ﬁﬁ&ﬂﬁﬁg‘“ | ates 428. As described bel ow, coolant fl ows

through channel s 424 AkBhéWlRf Figtre 89ALD 6K M85 RN Rdut Ko 4HARS 456 nd
starting material. Plates 428 are coupled to the housi n%_406 by any
|Fi

sui t abl e moasesapandrilomTewith Sfecshaftat OntSbaftsd b, asicshomindalFigires834dhrte can be
used. shown ,in Eiqure 82, fts 44 re preferably.sljdably nounted
wehi o T ; iadmeed i Beste 450 el cihinted I o8 FpRE ey hichels BA Rt e
beneat h- t hegdeQ T iRy fnowh th ik @HN AsdaRollbWer 48 frdiRlsShadddthd ferinhPdetdpt €nd
fromthe housing aré springs 444. Shafts 442 extend beneath the springs 444

as shown i rmeldpgmedigds A0Ddhe tayotatiph of thesater 442) cam foHower 448 Fdegmpeandsipwaind
85A-D, and .as, descrihed,in I etail bel ow, block . 446 | v.e e in
osponse. t GBS PRtk Per aTo{eR 488 oV B o UG btk Ras g b dndy
conpr essi Nonczfles BYG ak84noves Fob Ridfanded) uFFIgUfeessaé/baﬁa, folbwek44R4E at £hiph\poid
about two shafts 450 and noves up and down with the shafts 450. Shafts 450,

as i s sHownAs Tetar 402rretatess parp follgwer 448 rides down in the cam track and moves the
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
r 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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15 mounted within a bearing 452 that is coupled to cam fol | owanNA4&beEh
rides in a cam track of the type known in the art. As cam foll ower 448
travel s ar oW@03289%her mal setting nol ding nodul e 400 due tRCYESQUI06H Of
the rotor 402, camfollower 448 rides up and dowmn in the camtrack. As cam

foll ower 448 .noves and, down. usi 06, Rl at 0 al so
nove. For i ﬁ’élfegr?@él,%ﬂﬂwﬁ ﬁfé‘%ﬁﬁf‘%@ﬁﬂq’?ﬁ‘ﬁpﬁg‘rﬁﬂﬁ %%gea & ﬂ]?é’égfg%?#; . 20

As rotor 40ZFigat85BScoAIVAIRE UPNEIbs48 stopdRE 16\ siaftinghfatedsl [ apleferreld noves
the mechanically |inked bearing 452 and bl ock 446 in the downward direction

to the posi temhedimenswf theinyeniionevabesmd 121 designgddo prayide a) sk backs agharbupaiy e

In this position | at e 428..1 S | S e | JAL A At E’Jﬁh ggg?gz 2,
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setting nold assenbl 20. Co uent bl ock 4 exert r
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starting material can be injected through the nozzles 410 and into the

nol di ng charibtermovEmpwank anshavasindigure 83 ndhisdn fswsucks baplo fiptd fronritla tins @3le

control yalve 412 n e L.on. of L c fol | [ 7. in.valve
cam trach 47528 41 RS HGeb BePo B mafaf Brfi o A oA 1S
nozzl es 410 dfend hdAz1e8DITHe ¢HlATHRAIT Staftig mateiThll shEked back By hibvdpieandratasikdid6 WO
03/ 028990 PCT/ US02/ 30614 when cam fol |l ower 417 noves down fromthe position
of Figure 83anbecoeneollsdsnd iadivsied by theflepth ®5vhicls thetgagket pemsixates itodhovaye t o
stiop the flow.of starting material. In a preferred enbodinent of the

I nventi on, Vifve 412 is desi gned to provide a "suck back"™ action upon

closing. As shown in Emszfoe.sliﬁ@i@ﬁdsﬁﬁheiﬂémmbmgw aésbbliecdxy a8l y has
the geonetry of 5 a gradually tapering hole extending fromedge 414A to

bot t onmi ni§ panentestaphe miorgIidstany suigableymcans. 18 aprefemedipmbodiment, giechapical

el astoneric | v I L td ' At e h d

vai ve seat 4TIty Me ol Fnchdedl & AARRAOT hith Qe bpsrEHLGaREE HEEHL T,

As gasket - 4¥faycldtiabhebtotaCcoffiiién drivensybtem witk thit dihértnadtulled] §d thgt theyirdlaterin f r ont
of it and behind it to nove upward as shown _in Fi %ure 83. This in turn

sucks back fsynghgomigigmpreferablyday dfvepmotanS G esshowa i Figurédi ch assures that no

starting material droo C I ' 0, S.
The vol une of starti ngAﬁﬁezféergéﬁa&bggéﬁéefg%ggﬁ%@pmhﬁaﬁ&ggiQZP %ﬂémkan
be cont rxl | ¢aFipee 86ijwisitleld dxrodshrectitapt Alticughione therhal @aiigaholdassinbly €30 isnt o

the valve seat. ) )
depicted, each of the thermal setting mold assemblies 420 are preferably the same.

Each thermal setting mold assembly 420 preferably comprises a plurality of
"- molding chambers 422, which are empty volumetric spaces within the thefiiial 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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As shown in Figure 82, the thermal setting nold assenblies 4bNavembg 2006
nmounted to the rotor 402 by any suitable neans. In a preferred enbodi nment ,
mechani cal WO 8¥4288rs are used. When used in conjunction wi PRIpepeipe14
operating nodules, rotor 402 my be attached to a common drive systemwth

the other nodul es, SOP&&@%awamélﬁ@mt@Mareaﬁusmﬂy@anmneﬂbyghepmaduwfm
driven notor 50 as shown in 'Figure 3. A preferred enbodj nent ,of a thernal

setting nol follyeeddo yndzssoc@tedmmaclg 468. nP isiogs 434 g attaphed oipistep attachment

g;gﬁsofset(:thegpol‘ig%% 58??@%51; ‘T‘nﬁc”i S%%bﬁtol es pgéﬂare pg%% eraé%dﬁga?g%gtt °d

Each t her mak)eRY8E N 9isi8H sltaRESEAIMI0ckMB8 sHAGS Rombihg sﬁmd@rj;ﬁanﬂ dowmr al ity of

nol di ng chanbers 422, which are enpty volunetric spaces witnin-the thernmal
setting 5noPferably; thereiag t\wrsle&f@rﬂéﬁlagv shoyreintFiguneed6. JMewntedytoistan ﬁﬁ%@meMm

d h 2
Four & her mmPlock 36 F Cont RRiAE 470 <Ot of MarHpRREY BRTHELRR R BigeI
410, as besfanméerféﬁeqﬁﬁoﬁu 431 inkf e ﬁﬂ&@p&aﬁnd‘_ﬂ HNiewedh Bigdre $C. A% theanah the

mol di ng chanbers 422 'nay be any shape and size sujtable for nolding t hey

are pref er alstitingmodd assembly430fcavielsarithy r@?ra%lé’d cmeM@cﬁﬁﬁnﬂdﬁmwﬂem ﬁ@?knal

setting m)ldr sert 423.is .a |st n 434. reci.ated from
Figure 86 tH rlB %?469“’;5‘? pgg 0%“%1‘#?1%6% o5 th?:ﬁmll %atmb L8t ng nol d
insert 4¢3 dabhi@sn foethy Ak cRiFigie sop)d cavity 422. By specifically sizing
each nold'cavity 422 and adjdsting the position of PIStOﬂ 434, a desired

vol ume and ther ef oremmmgln@ugsomrahwfstbarwmg sesting maldmgsmoditle#A8d. 61

14 Novenber 20 03/ 028990 PCT/ UUSD2/ 30614, Pr ef ;43
are B ust aBRPSHITBPTSE PR alaL o (s e el efnd PRl o g 88 Rl
associ at ed gamrtiipAaktefi@Bintd’ mdldScidRber 422 2 Nek €, RREHIA EmBicFiaPR haideaé‘mﬁﬂrn

bl ock 436 by suitable nechani cal nmeans so that pi stons 434 nove with pi st on

attachment thsimelding3hambierst 422 intotshapedwstlets| Dorzlasél G ajedhen mirasied from thhaf t s
464 up d do fer there are t sh ho Fi gure
5o, Nourt eariiine Sudshbat: Aliakn S Aifeinbhiid Bamar frhinctagles el e o
springs 466 hhtase. DA féiOfie Sfatt Biial OB 48 m@rmaﬁéde;ralfe@,rﬁ@éjéét&nﬁoﬂ%el nto

the inject position as viewed in Figure 85C. As thermal setting nol
assenbl y 42molding ehambgrs.hSeekignrea 82 and8%n f ol | ower 468 riding inits cam

track actuates pisto 434 | { h |e t he
nmol di ng chanber in tor‘,gp regt%%ln t?a%lsﬁ% ﬁé‘}‘%ﬁ@ %‘398{%“% tgluiug% The

Accor di ngl y trasbfér dedric@PR0abiatk befwdeh the eldifR chagibleisP2nphdiplae md The 400,
nozzl es 410 nopve ugpdurl ng rotation_ of the thermal setti ng nol d| ng nmodul e

400 and 2¢ nj eainers 330 of therfgpnster devies 700Teerivpthgishepedimelisisand grapsfemdhiom to the
starting na%t%tﬁ&' ope?atﬁ%rrﬁlc?dﬁg £ e‘i(gfngle a compression module 100. In the case of coupling

a thermal setting molding module 400 with a compression module 100 via a transfer
i device 700, transfer device 700 inserts a shaped peliet 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 peliets.
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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t he nol di ng chanbers 422 into shaped pellets. Nozzles 410 ar¢4tNerntet 260 ed
fromthe 15 nol ding chanbers. Al of this occurs as the nolding chanbers 422
and nozzl esWO1B/028980 rotating. After the starting material HAFGERAMAdd into
shaped pel | ets it is ejected fromthe nolding chanbers. See Figures 87 and
88. \Wen usg ferial chRfnbeds hltEthefl ¢66lingahe t he
transfer deV| ce %8 rotgﬂgstgb tmgﬁﬁpﬂgﬁﬁoﬁﬁgﬁg l(i:)ﬁgnbers 422 and ggl ate 428.
The 20 ret alsmnmgﬁafbrmlaﬂérenjbctwmsfer device 700 receive the shaped pellets

and transfers themto anot h ti
conpressi on nodul e 10 qhertqpéqugirgaémg MW n%Wé’f‘!’rB gﬁeﬁ%g“’m di ng
modul e 400 w4 %d%ta%ec@d%%%?ﬂﬂ'}n Icﬁmﬁgé}svhajﬁtabﬂﬁjﬁﬁﬁ@ﬁnu@%@mn?@ﬂld

transfer devi O Inserts a s aped pel I nto each die cavity 132 after
the fill s zohﬁefbaewmght i:sea‘spccmllyhdvunmgnousﬁorcﬁhﬁ nmdechm@f@haneﬂ@eﬂﬁﬁpr essi on

Todul 6 400, COMPRSRE e PHEEY B0 E‘S‘Dtesﬁra 1ed G WDH e Bors BB e
so that a shapsl gb#;ﬂa%ﬁ&ftﬂéaﬁﬁﬂmls ets gheoduraytﬁaynje%ﬁem];hﬁﬂ RUPEELSS 'S

a continuous one o ng shaped pel ransferring the "shaped
pel lets, andJmlﬂcsmr;iarngﬂatbeohd;aprénhsmethetsﬂypﬁﬂa used tormiake dosaiga dorms) dieng
nodul e has sever al

shaped pel | stodipepks BI : 38; Vg yynqu%g%aaﬂ?:p%%hq%ﬁ}eu}mr&@ 3%@588%}?@ oduce
COMDI T S 130 ROLUIRI:SrduMdsoften hkPAG Bbingredibh. e RlereToleioldok GRAIGIRRD Viagut O

and about ttlng | di ng nodul e acconplishes this 1§ by
heating the acGitate4vedighviséspecidDOB vem@owagmm R(il‘hlﬁi&ﬁﬁg BaGtials comprisingg

t I t t h di dth I
{'ﬁeeLLZrtPagﬁébawﬁprb RRiC RSy BBISVBHE: ATERER I GUBLOrR df 505 RSSslor ra
setting nol dj, %dgﬂdﬁﬁvﬁ‘dé@ f’(h??der BEHsLtéﬁc?t%' s%geégste %seafontdiﬁeﬂeﬁéééuﬂgmﬁe&r@% S.

Adj ust abi I|ty a t'uni ng of vol une and erefore weight is especi alTy
advant ageoushéps, aaddenmityduct i on of shaped pel lets conpri si ng hi gh potency or

hi ghly caoncentrated dr ch ar ed i,n mall no nt not her
a;jga_n%/aglg of the thern%ﬁ tggctm‘{é: ﬂga efég‘?‘l eFFB!ﬂlfF’ ({lﬁi&gu olds
| i quids. U%'tdrﬁﬁg ﬁhafé%fal %Hé%rﬂmﬁ%dlfirotﬁﬁfgh Bhis i?é?ﬁﬁ’t%'it% ﬂd@hﬁ@ﬁ Withaegd to nake

dosage forns, the volune of a liquid is relatively invariable at constant
t enper at ur e.cobbmmiusly operatgirotagy, dem:ewfremﬂtmgm a gontibh@sprecess Govwdational

conpr essi on, e therefore v0| dwth Ii ds Ver u S,
especial ly J’E‘algﬁgfpf: OR%F"@ "?F Y siptioary V‘F P?an eta?‘ﬁ? "E@i’igep&qﬁi

hi gh pot encyapmigi. Cﬁﬁfaﬁars HeRfRf ToriieaRkBig iVBsBRYBbnal @hﬁﬁﬁ‘leﬂf"ﬁ al so
| ess assured wth solid powders. Powder beds tend to segregate based on

di f f er ertes nopzlp fort dach snclding chargheayunners drecilimginatgd. Preferably, one control valve
controls multiple nozzles. This simplifies the design of the thermal setting molding

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.

63



15 Anot her advantage of the thermal setting nol di ng nodul e 14 Navamber2098] ds
starting material while continuously rotating. This permts its integration
wi th ot herwoagudshswious! y operating rotary devices, resulti RgTURO%3%&ht i nuous
process. Conventional nolding operations are typically stationary and have
one nozzle feeding nultiple nold cavities. Runners are often forned using
i n conventional equipnent. By providing a 20 nozzle for each nol ding
chamber, ruQsging thicknésk iimeausd ushgaheteibonmemaacamitg déctronl mizroscope,r ol s

mul tiple nozzles. This sinplifies the design of the therml setti ol di ng
nodul e, rednedsigle 38 ESEM EaBhdr S@E‘E"E FIHS %Hﬂ%%%o%&se be
desi gned 01, @R%&tha {aAHH adk HcAbrOR o difefert RicBfions/oflealH R CasMhoMA in

i ndexi ng basrs ereBy a °‘stationary group o nozz1 6s engages nol di ng
chanber $ onFiguier8$exi ng rotary turn table or a 25 linear recal culating

i ndexi ng belt or_platen system_However, by using a rotary system higher
out put rates canl®ratigef orisr of HeUNYPREGEtls are conti nuously produced.

Speci fi ¢ enbodi : PLESENL .| ti] e QL t he
30 foll ow ng engrrg%azlggg %’%F(g\% %l(\!‘%h Ieg%ﬂ%@cﬂ Agﬁﬁggﬁfﬂﬁée%gﬁsgéﬁ%qsﬁg}é&m I (r:‘fice
i mtationsaifidd @sfahdth these exanples, but rather to the scope of the
appended cl ai ns._Unl ess ot herwi se st at.ed t he percentages and rati os given
bel ow are by wei kerationd: ccreterofsseAndamainpfasertanent s were made as fol | ows. 63

14 No 200 9 ' ' ' P d
usi ngvgﬁ}?g;\vi r o%&ér%ggﬁgégﬁ%% gdgég g‘eect gé{n(:%rqn C 8@%%%%0%5%?%: E;EG,

Phi | i ps El efitt o sidénstahdggnt s Conpany, Mahwah, W. Six tablets from each
sanple are nmeasured at 6 different |ocations on each tablet, as shown in 5
Figure 89. Location 1: center of first major face, t,1 Locations 2 and 3:

edges (near 3 r | ! i . si de,
Fg o and 5048t Bortn il S/RA Wlasdiler Ve Misaeld £ o9 Bk oAfiSymiER 21 O
6: edges ( nedibravedelbctraicidigngl caliperr Ferthicknesye therrlipa écpositicridakross aae and

side, t15 and t6 Qverall dosage formthickness and di aneter are neasured for

20 dosalje fHone mdigwe 9. Far dipmelen thegaliper s positignes at the midseetions of ghe

t hi ckness, \Wﬁ ] | A l?oq{]ﬁ : shown in Figure 89. For
di aneter, the ?:t |lfggﬁ{¢%§°§g§ﬁs{°?&lo%{ea§ggt @%#ﬁgzggta%ghs of the wi dest point
of the dosage form sides shown in Figure 89 as d. Exanple 1 20 A series of
tabl ets having a nolded gelatin coating thereon were nade according to

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 exira deep concave tablet tooling.
The resuiting 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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the invention as follows. Part A Conpressed tablets The f ol l4MNowember 2006

I ngredients were mxed well in a plastic bag: 89.4 parts a Lpdgban 25
USP (590 myy@® 6302899 and 8.0 parts of synthetic wax X-2068 %%ﬁ?g:%

ng/tablet). Next, 2.1 parts of sodiumstarch glycol ate (EXPLOTAB) (13.9

nmy/ t abl et) ahge Bofd Rathirsd flathil dd G halftherebf) end Jelfowglitibbr the otherchatiided t o
the bag, and m xed well. en 0.36 parts of nmagnesium stearate NF (2A

nmg/ t abl et) whereofadded to the bag, and the i ngredients were again mxed. The

resulting dry bl egd S _.CQnmpr.es i_nt S I ' |l e
according to the%f\gﬁtgfa%ﬁnng%aﬁﬂg%&ff%ad? r?%g%ﬁsf g&g‘gg%&%égr%ég\%@hg% g{]{‘ﬁé&’
tool i ng. Thepbaggh {(4ag)a8/0HE8ntWelien DDLLTZ50@ .8\8) Witk niked&Grobth tefnperaluress of
0.306 inches, and hardness of 3.2 kg. The tablets fromPart A were conveyed

to a thebnaltibynifam7diBlogombark Skinzelatn (380 g1 end 70 BlaomBonsGelptn 6130 Binst er

devi ce al so accordi t.o t.h ' | O venber
2006 V0 0 J15° 95 Butfesh sBSRE B E Ay el R v gt o0
hal f t her eofstin@d o #et.| Ve pelfidiwatery (léﬁuﬁnﬂédlﬁionhﬁis‘ added gy mﬁfgclaﬁh?rﬁrﬁﬂbsgﬁhht in
coating was nade as follows. Purified water (450 g), Opatint Re DD- 1761

(4.4 g), andniggdforaboye] mywtem-compietely vaetdhe galatin granudes. akhe grbatin Swprmvas ur e

5till uniform ,275 Bl o Por. Ki tin . d 2 Bl.oom e
Gelatin (15(?155:)“\%?8“’ 35?53’8 ?‘85‘8%8%& %%@g%é&%&lga%l\éaﬁ}gigﬁ%m 'Fﬁlg gSrE)y%Rgel atin
gr anul esjowersghiiR wads!iéld &55CTTeappeoiinitely h Boly ghcnaigg tiviek @ tis feipetdttre can
solution was added to the gelatin granules, an m xed for about 1 mnute to

conpl et el y gsnereHg rapegedetvreen ebont2cand abpet Idonrs)n The selatjonvas thengeixed pntila

10 <ol uti on WLEARaRE o Yo s ek Bl B EhRE R Bl 1 o
t gnper at ur e pgrggellefOfRIelctric ik eTREegolasoNvatwak rfidtantea it 536 wittédntinudie

solution was then nmi xed until uniform (about 5 to 15 mnutes), and
t r ansf er r ed TFnE quiingdtsage inthe theamprl esling prolding medale. propel | er-type el ectric

m xer. The gelatif s i ] i | .ned ] t u m Xi ng
during iIE S use | n’fheﬁgelupﬁé% W@?ﬁg ﬂ%sa‘k!og&a?s ?\t‘éu‘?r‘gguwefég%ﬁ]é%glébwdgel atin
coating was Qmgiat ¥2116wDDA525 B2 pf wek ntixee bt roébQefiperatifeltill bt 278! | ow
DD- 2125 (6.2 g) were mxed at roomtenperature till uniform 275 Bl oom Pork

Skin Gel at i Blpamdogh SkindGlagin @58 axrwbae) Blorm Beng Gelatin1 Seg)evaraadded t oget her
xS The. puleERdif adfare] Ui, SR Ui BHinBfbs (e Pefhdd BRI Bl Y 1€

granul es, arfhepuxifidd fwater 2 Qpatintsolutioniwistaddédtoaherpélatiregnantiles, dndeniged &6 n

ranul es. The gelatin slurry was placed in a
J 20 a%ogt 1 m&nute to comp¥etely weq the gelatin granules. The gelatin slurry was placedin 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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5  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 7.67 mm 6.55 mm 7.99 mm
faces (across locations 1,4) for 20 tablets
variability in coated tablet thickness at 0.407% 1.44% 0.292%
major faces (locations 1,4) for 20 tablets
average coated tablet diameter (across 1146 mm 12.58 mm 11,74 mm
{ locations 7,8 for 20 tablets)
‘ variability in coated tablet diameter (rsd | 0.183% 0.476% 0.275%
across locations 7,8 for 20 tablets)
10
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
15  sampled every 15 minutes. The resulting tablets had the following properties:

Weight

Weight (mg) (maximum):

(mg) (average):
Weight (mg) (minimum):
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| ocation2 | ocation 4-1ocationS) 5 Thicknesses and di aneters of 20 c atgd
tabl ets from each of the three sanples were also neasured. THINEEDeE 00 ¢

sumari zed | 2 below TABLE 2 A B C average coated t 2hdigKkness
at mpjor 7. %1@19%9(3%5 mm 7.99 mm faces (across |ocations 1,@?’@3# lged

tablets variability in coated tablet thickness at 0.407% 1.44% 0.292% maj or
faces (locations 1, 4Weight (2htivestredasd dedationd%edat ed 181 et di aneter (across

11.46 mm 12.58 mm 11. 74 mm .| ocat | 7 for 20 ta ) variability in
coated tabl et dianeter (rsdT&cﬁ?%?%%%&vﬁgﬁﬁ% a(?(?'??: | ocations 7,8 for
20 tablets) 10 Exanple 3 CompkRss@ficHed(ndhitng):€ pre@ay ed according the
nmet hod described in Exanple 1. Press settings were held constant for a

peri od of 7 hours, 47 mi nikhicknessHinches) (mexanus):sampl@¥ every 15 minutes. The
resulting tablets had.the fpl.low n ropertigs. Wi (mg) (average):

603. 5 V‘éi%ght (n) J? c}ﬁlﬁﬁﬁ‘fﬁhg"ag"%&’%?‘gﬁ °"(@@9 (rraxﬁlf%gn'): 615.2 6r; 14
November 2006 WO 03/028990 PCHakbedd &BPlterdgbpht (reymive standard
deviation (%) 1.619 Thickness (inches) (average): 0.293 Thickness

(i nches) (mininum: 0.29 ThiBradasss (kp@heigjuniiyaxi nuhj2 0.30 5 Thi ckness
(relative standard deviation (9 1 rdness m (average): 1.713
Har dness (kp) (mninmn: 1. 1#%@5@’32“’?&%‘% Xi 6 3.16 Hardness
(relative standard piguhet (reRtitd8tindadd GevidiibnEyay)Pl € 4¥gfl owabl e materi al
suitable for coating a conpressed dosage formwas

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 solutica

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/PEQ 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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15 made as follows. The flowable material nay be applied usi MNavéheds 2806
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liquid. The colo t o FRF WEPEGEHEeds whi | e
mxing at |low s gnecééag{ %ﬁ%goégg/tggg)/ggﬁgﬂe?bné%?ggigmsdag%ded and thew
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t he Hobart 2 hours ile ta| LN ature gt 80 Cast

filns (apprgﬁpﬁﬁ{lgngr@pgﬁpﬁqe\ﬁHX&?n ‘Q%@ﬁb&f 5@???80“ al%aﬁqewer 2006

WD 03/028990 PCTRHGRZ4R0 B Aerirbhéthnioss & @%eﬁreaﬁm T'eﬁs?le S%reﬁét hX(f6kcd tThe
solution was transferred fo a jacketed beaker and de-aera by

vacuum f or 6reloequired £o breglothd filin).nDeaeratmg:tha lgbﬂemmpo@amin‘g ﬁhmncmw dastmg

I ncreasing PEO from 15 to 25% (w th correspondi ng decrease in PEGfrom85 to

5 75% |ncr§%‘§eéﬂfy5f{n°€¥eﬂsesdﬂs % mum force per unit area which can be

appli edypefore the filmw |l deform permanently), and increased strain (%

filmelongation at break point). Decreasing glycerin from10%to 2%

I ncreased Tensile Strength (force per unit area required to break the

film. Deaepati 5t he glycerin-containing filns prior to casting generally
decreased ti,ﬁﬁ@&g—strength 10 Exanpl e 5 Anot her Plowable material suitable

for coating a conpresageinerAcwHIE Riaferial kB faﬁ&ﬁuﬁg a °9*,$3> ed &f&% fau@bl e
material may be applied using a thermal cycle ol drng dul e acc rdlng to
t he i nvént i was made as follows. The flowable material may be applied using a thermal cycle

molding module according to the invention.

Material % wiw
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 bow] 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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Material 9%V w PEG 1450 granular 70 - 75% 20 Pol yet hyl ene OxXidd€éove@heHRE615%
White beeswax 5 - 10% Red color solution* (3% w 5 *Red color solution 25
Propyl ene GWMcWI028980 85) Red #40 dye (0.15) The (5 qt) bow FST/E@OHPMALt ary

m xer (Hobart Corp., Dayton, OH was 30 heated to 80C by circul ati ng hot

wat er. PEG 3350 granul ar was poured into the bow and nelted to forma
liquid. The white beeswax, color solution, and polyethyl ene oxide were

added whil e mi xi rgFamplesthand,sBlustrats suitabls formplgtionsdop the fipyeabls wmateriebr a t ot al

i neai i no. ERCoAAERY LR dorkhiglhethd e tiidRRng iR b Lo DGR
slide. The smdedté evapomite stvdnk B0fT @atiggh hadefrgracket fotmblatibas, shé&B@ingpard

de-aerated by vacuumfor 6 hours. A second filmwas prepared using the sane
nmol d. Theé whilbplifyingsdpings Aesordinglidn oae pabedivepietfdhe mventiahdhnflewehler ed to

Exarpl o 4 aRaGiTy it ST SRSl 300 idigipatall oy ot

Advantageouqﬁyﬁmbnﬁggsﬁn@ﬁmlations are solvent (including water) free. This
elimnates the need to evaporate solvent from coatings nade from such
formul 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 14 Novenber 2006 What is clainmed is: 1. A method of naking
dosage forns, conprising the steps of a) conpressing a powder into a
conpressed dosage formin a conpression nodule; b) transferring said
conpressed dosage formto a thermal cycle nolding nodule; c¢) nolding a

fl owabl e material around said conpressed dosage formin said
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thermal cycl e nol di ng nodul e; and d) hardening said flowabl e paNekember2908S
to forma coating over said conpressed dosage forn wherein steps (a)
through (d) are linked together such that essentially no interruption

occurs between said steps. 2. The nethod of claim1, wherein one or nore of
said steps iis performed on a continuous basis. 3. The method of claiml,
wher ei n one et gsladmekisisai d steps is performed on an indexing basis. 4. The
met hod of cl ai m 1, Awhgtodiofl makingl dgagwlermss cotprising tie stepsloftament . 5. The net hod
of claim1, wherein said flowabl teri cont ai i . 6. The
method of ol aim T whal SripErane Bl Fid £losfiPieH e Kh AR Hssion

si mul t aneousl y, gswwhlet hat whil e coatings are being hardened on a first group
of  compressed dosage uf ffMfuridk Sihmflised bQABlFIRGRE Al cletadifhg1g To! ded
around a second grouP of conpressed dosage forns In step gc), a third group
of conpressed dodengilef orms are being transferred to said thermal cycle

nol di ng nodul e in st eR) BidingEbwablk Mhkdr Al H6AHBaid EmHORRT &BsRToOmage for ms
are being fornmed in thod according to claim11, further

step (a}, 7. The
conprises the st épEmjeycle o ‘*Qﬁr'ﬂ‘?dﬂ&?%ﬂr{iei nsert; and g) enbedding said insert
in said powder prior tdyh&aeigasklffotvablainttepoldas to ford HDcaatin®oger &ided dosage
form 8. The nethod according.to claim?7, wherein at | east one of said
powder and floméBWBre?Fﬁé)g?sla ‘Igfo%npri ses a first nedicament and said insert
conpri ses a vderondeps i@ dhroeghed) are Iiiked thgttbarendhahat 286 iallP no ierupedrhod accor di ng

to claim?7, I ert conprises a thermal setting material. 10.
The net hod éj\g@g{r%‘?\eﬁﬁ?%ggqegkfm 1, wherein said flowable material conprises a

polymer. 11. The method according to claim1, wherein said fl owable nmateri al

conprises a mat el irfd m&ROLGF B fI I IRBrdil Enellr HHHR: @f‘?,ﬁ'iﬁist'éﬁé i9GerffrmsdIGy pse-fatty
acid esters; fats, waxes, fat- containing mxtures, sugars, and | ow noi sture

pol ymer sol $OMEWEUs basis. The net hod according to claim 10, wherein said

flowabl e material conprises a gelatin. 13. The method according to claim 1,
wherein step (c) BC? tgulet oecF oft cpa?mﬁ:[ \%Pe?eit? I)ﬁe or more of said steps is performed on an

indexing basis.
4, The method of claim 1, wherein said powder contains a medicament.
5. The method of claim 1, wherein said flowable material contains a medicament.

6. The method of claim 1, wherein steps (a) through (d) are performed
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).

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.
8. The method according to claim 7, wherein at least one of said powder and

flowable material comprises a first medicament and said insert comprises a second

medicament,
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(1) nmolding a first flowable material around a first portion o4 Neaéfber 2006
conpressed dosage form and (ii) nolding a second flowable material around a
second portion of said conpressed dosage form 14. The nethod according to
claim1l1, wherein a single notor drives steps (a) through (d). 15. A dosage
form made by the nethod of claim11. 16. A nmethod of naki ng dosalge forns,
conprising the sPehke refthodaccasdingiosdaimgwhersin paid insgstgpmprisesgdhermal nyr essed
dosage for mgifingdmitkdiat conpression nodule; b) transferring said conpressed
dosage formto a thermal cycle nolding nodule; c¢) nolding a fl owabl e
material around said conpressed dosage formin said thermal cycle nolding
modul e; d) har dend.ntheswitihdfak @wdidg © choih ¢y wizkeis sidBovablef noateriahcampaisésig over
sai d corrpres]sed dosage form e) transferring said coated conpressed dosage
formto a s€CSRE" conpression nodule; and 71 14 Novenber 2006 f)
conpressing a second powder around said coated conpressed dosage formin

sai d second C0”prl??ﬁie%tﬂ&@&o?diﬁ%tofc%rml?wl(é?éip&‘?&ﬁ(ﬁ%ble%ér{?a@eomﬁﬁm essed
dosage form wherein steps (a) through (f) are |inked toqet her fsuch t hat
g

essent i al | y migerieheleeted femahe eropnsopssting oiwisipss ity 2de eyies; fals Waytielafret hod of

claim 16, whgk@hitg RiHGUERSE, sﬂ%hlid?alﬁﬂoﬁaﬁdistﬁé sesmérsoREsfsor med on a conti nuous
basis. 18. The nethod of claim 16, wherein one or nore of said steps is

performed on an indexing basis. 19. The nmethod of claim 16, further

conpri sing the stigpbheGhethdd)acédrdingfoetdim ng, varteth aiinfuwabrethterabaingtisesaonpr essed
dosage formtg.a second thermal cycle nolding nodule; h) nolding a second
f1 owabl e mat!&P"% around said conpressed, coated, conpressed dosage formin
said second thermal cycle nolding nodule; i) hardening said fl owable

material so as tQs;fALMaISEARTERART, Meklin 58} @) cHMRANE QEor

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

compressed dosage form.

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.

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
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;

¢) transferring said coated compressed dosage form to a second

compression module; and
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20. A nethod of neking a dosage form conprising the steps of 14 NdvefaBEMIDG
an insert; b) transferring said insert to a thermal cycle nolding nodul e; c)
nol ding a flowable material around said insert in said thernmal cycle

nmol di ng nodul e; and d) hardening said flowable material so as to forma
coating over said insert; wherein steps (a) through (d) are |inked together
such that essentially no interruption occurs between said steps. 21. The

met hod of clai m 20, V\h}ewﬂ;ﬁes&agdsdcaﬁqfokwdbr&rmﬂrgﬁaiccbaxeda;ombeﬁseahoﬁga ting
nol di ng nodul e. re of said

steps is perfor ﬂ'hb'ﬂ Sﬁ‘d S%CSH‘ffor?tP(Sﬁg‘o‘bﬁlgfj'ﬁe tozfgrm %oé"presf% g ate > ¢l ai m 20,

wherei n one or nabmpeiseddosdgesfosys i s performed on an |ndeX| ng basis. 72 14
Novenber 200 24. A et ho f the steps of
a) forning a‘Yq‘efeén g pst(%h r@e(g areqﬁl‘r%d]ggé}ﬁegg e?‘?}?aﬁésgélg?gf?%{eeﬁgt@o a t her nal
cycl e nol di ngcurpbkivesn saijl stepd. di ng a fl owabl e material around said inserts in
said thermal cycle nolding nodule; and d) hardeni ng said fl owabl e materi al
so as to forma coating over said inserts form a dosage form conpri sing
at |east two |nselrtEheslmth‘lﬁﬂfd@Hnb@s“é‘e@@eﬁ“f*ﬁ@m’e\ﬁlﬁ%’fl%ﬁtwsé%l&ﬁ@”’ceé)ontahr ough (d)
are linked t@ggiubgyvasisich that essentially no interruption occurs between
said steps. 25. The nethod of claim 24, wherein said inserts are forned in a
thermal setting nolding nodule. 26. The nethod of claim 24, wherein one or
nore of said steps. Tk mahddofriain 06 wheretomt onmoneof kebdsteps iLperforiiwel aomahhod of
claim 24, \A/ne(grgl n,one or nore of said steps is performed on an indexing
basi s. 28 AMREEROE Bf  maki ng dosage forns, conprising the steps of: a)
form ng an insert; b) transferring said insert to a conpression nodule; c)

compressing a_ gov@efhe%ay&dofmm 16, B8k cdofliing G Qps GSSed dosage form in a
P g) transferring said compressed, coated, compressed dosage form to a

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. 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;
c¢) molding a flowable material around said insert in said thermal cycle
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.

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.

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

indexing basis.
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wherein steps (a) through (c) are linked together such that dd3Novembkt 30060
interruption occurs between said steps; and wherein said insert is forned
in a thermal setting nolding nodule. 29. The nethod of claim 28, wherein
said powder is conpressed in tw steps to forma bi-layer tablet. 30. The
met hod of claim 28, wherein said powder contains a first nedicanment. 31.
The nethod of claim 28, wherein said insert contains a second nedi canent.

32. The nethod of gl 2,8 oPSNIRY Ads@dedond)SRiiprising tHeQtep®of:i N a thermal cycle
nmol di ng nodul e. 73 14 No errber[:§006 33. A linked apparatus for making

dosage forms contai ni ng PrREGRLSHERC "¥8fpri sing: a) a conpression modul e
havi ng means for fornm nytaefeiesaddnsdasageherharcyee mpldimgmedutsi ng a powder
contai ning said nedi canent ;.. h ! T [ tsNE s ST BB Snal SVel
continuously transferr F:E’ém!sdé'}g)c? tﬁ;ggh%@&e@gﬁﬁ:‘éggg%h?ﬁsm S‘??om saa%: i

conpr essi on nodul endidingmbéhde;mad cycl e nol ding nodule; and c) a thernal

cycle nol di ng modul e hayj A?%aaﬁiﬂwblegm&m%mmwn Rr Sddlinkdpg Of
fl owabl e materi al overadzgé}gec npresosgd dosa] e forong. 34.a % ap@%( at us
ﬂ-ﬁ‘g‘é‘h > d

according to cl ai re Bem afdgpagh &rmcemprising a4 d nsqrigsugRyRed bypcoa

conpressi on ml‘gidasteﬁ%)%rbﬁ%r@fzﬁé [itlRY togBtherdich tBatieshehthly ABintétpptien nol di ng
nodul e si mul taneously, such that as coatings are being nolded on a first

group of conpPredskdvedsddgePSorms in said thermal cycle nol ding nodul e, said
transfer device transfers a second group of conpressed dosage fornms to said

t hermal cycl e nol dj.ng, nodul nd,said .cC [ eSS] I ns a third
group of corrpressglc?'glbes%agwsd&pﬁ’%@ 2%§Yhelfﬁlesggg%sgﬁsa rggongg‘g%{ra Péﬁg& o claim 33,
wher ei n sai d settidg oahtingtmadelea first nedi canment, and said apparatus further
conprises: d) a thermal setting nolding nodul e having neans for form ng an
insert containing a second nedi canent; and e) means for enbedding said
insert into said cénPheaseba efslnime4. Mereingme of moref pad #ensds Reaformed®a ng over
sai d conpressggifgsaassformin said thermal cycle nolding station. 36. The
apparatus according to claim33, wherein said flowable material conprises a
pol ynmer. 37. The apparatus according to claim 33, wherein said flowable

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

indexing basis.

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;
wherein steps (a) through (c) are linked together such that essentially no interruption
occurs between said steps; and

wherein said insert is formed in a thermal setting molding module.

29. The method of claim 28, wherein said powder is compressed in two steps to

form a bi-layer tablet.
30. The method of claim 28, wherein said powder contains a first medicament.
31, The method of claim 28, wherein said insert contains a second medicament.

32. The method of claim 28 wherein said insert is formed in a thermal cycle

molding module.
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conprises a material selected fromthe group consisting of sikNosembat2006
acid esters; fats, waxes, fat-containing m xtures, sugars, carbohydrates,

t hernopl astic starch, and | ow noisture polynmer solutions. 38. The appar at us
according to claim 36, wherein said flowable nmaterial conprises a gelatin.
39. The apparatus_according to claim 33, wherein ??%i.d rrea(rs fg{ conti nuously
mol di ng a coat i ng3bvdinkedarpaaBis i seaking 438 IEmY YR EABFHEEE™ 74 14
Novenber 200fmishgmeans for molding a first flowable material around first
portions of said conpressed dosage, forms: and {ij) . ing a
second fl owabl e nater i é)la%?P‘(B’EFﬁﬂoré'g%“ﬁe e %Ca)nnssfg“gemls ?cgﬁ%%s(rgr{)dr%gésggd dosage
forms. 40. Themappangidssings powdbr ogntdimngaad medd@mentherein (i) said conpression
nodul e conprises a dig, tabl ' fbtsd axis and
having a plurality of g)aet?glég{/{iﬁq#ggjg\g?ég%aggegﬁgédéﬂﬁ%ﬁgﬁéhggrn?%et er thereof,
wher eby r ot atémpresséd doaagd fofins frogisiaid comprepsian magiledo afherpal 6ydls weldigound a first
circular path,, n?l?(!mﬁi i) wherein said thermal cycle nolding nodule conprises
a rotor nount eg ‘or rotation about a _secoﬁrt}’& axi s and conpr.i Si a,.plurality
of nold cavities di sposkfthermalisyglermridipgmpdnls having re 8‘#"8@;9/“}°b"["§€tion of
said rotor Gapdiingsf HcvileTRiteliatanek tdi€sonprasuddosgs &eand circul ar path. 41.
The apparatus according to claim40, wherein said transfer device conprises
a flexible conveying neans traversing around a third path, a first portion
of said third pat b4 Theiapgiraed socdrdiegto obdith 33 Saitlebr fomgisinginreand far opszating and a
second portion,of said third h i [ ned ] i nd

circul ar pat R34 gmPross, “3‘68%'? 2 @tstra%%qgrcdlgglcem %JA@ Jgﬁﬁélr%%%?ﬁggﬂg&ggmt or

provi di ng powienltarzonshe suahdhgt neerstings areduinganolded an 8 fizst grpen PLwmpssedt her mal

cycl e mol di ng,npdil 6 in43d teinARPAL AbldhenRiaulBlsidBnHOSRIR: rBisihs £QBAI Ning a
medi canent, conprising: a) a first rotor conprising a plurality of die
cavities di spgoypaf eampressedideange &rms thpisthsma! cyele meldinggpodyle, end B carri ed
around a fir gbmpredstor!nidulR@brhsRYhifPdréup Acothpressebddiagffomai d di e cavities

havi ng an opening for receiving powder and at | east one punch nounted for
di spl acenent into said die cavity, whereby displacenment of said punch into
said die cavity CORpPItepesatipascieding @ndlain 38 0vliereis gidmellieneavis bfirst nt 0 a
conpressed dosgge %&rnh b(] a s c?n rotor. conprising a plurality of nold
cavities di sPEYEYL-SURG BRPBEY TR ©MEHEE t hereof so as to be carried
around a second circul dja phatnil bettirganalding moduielhavoigoneanefac formingsaimgernol d

cavities capabl e gf . 8RGh 95O ALalFRRL o8 POTtiON Of a
e) 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.

36. The apparatus according to claim 33, wherein said flowable material

comprises a polymer.

37. The apparatus according to claim 33, 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-

moisture polymer solutions.

38. The apparatus according to claim 36, wherein said flowable material

comprises a gelatin.

39. The apparatus according to claim 33, wherein said means for continuously

molding a coating over said compressed dosage forms comprises:
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conpressed dosage form and capabl e of receiving liquid flowabd®owemberi2Q06s0
as to coat said portion of said conpressed dosage form encl osed by said
nold cavity; and e) a transfer device for transferring conpressed dosage
forms fromsaid first rotor to said second rotor, said transfer device

conprising a plurality of transfer, unpi | ded ar ound thi n, a
first portion of said CHMEYPS %ft'?fﬁ‘ﬁi%?]ﬁrst@?%’ed% ?"aq fov fgrzsitipghlfroﬂsr&s*%gl?i rcul ar

pat h and a secondcfffredseddbgesadnd; 4ndi rd pat h bei ng coincident wth said

second circul ar pat h. Z@ n}edéns ‘r’%‘f&%{g a?sg%ﬁd ﬂéﬁ'ablér(qgteﬁé?gﬁ%@& %Eodafpoﬁloﬂé m 43
further conprising a heat source, a-heat sink, and a tenperature control

system said tenpef sideompessseddosage fosmeém conpri sing a tubing system di sposed
proximal to said nold cavities and connected to said heat source and said
heat sink for circulating heat transfer fluid,through said heat  source,

t hrough said heat 48iThe appardus aspa5ding i claig 33 dhersipiiipaidrompresyon 'E?fi?rlne that said
ol d caviti egofEePLdib edicafovnnd (6aetafsh yut agRitdxib @Rt having aplueality ofidied. 76
cavities disposed around the perimeter thereof, whereby rotation of said die table carries
said die cavities around a first circular path, and (ii) wherein said thermal cycle molding
module comprises a rotor mounted for rotation about a second axis and comprising a
plurality of mold cavities disposed around the perimeter thereof, whereby rotation of said

rotor carries said mold cavities around a second circular path.

41. The apparatus according to claim 40, wherein said transfer device comprises a
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.

42, The apparatus of claim 33 further comprising a motor providing power to the

compression module, transfer device, and thermal cycle molding module.

43. An apparatus for making dosage forms containing a medicament, 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,
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
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 liquid flowable material so as to
coat said portion of said compressed dosage form enclosed by said mold cavity; and

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.
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44. The apparatus of claim 43 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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