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these preparations are generally betier than those of other formulations.

These same arguments also explain the reason why tablets are often used as
media for other applications such as food, including confectionery products,
aromas or sweeteners, deiergents, dyes or phytosanitary products.

15 A solid bulk of granulate mass, which is necessary for manufacturing tabiets, can
be manufactured using two main processes, wet granulation or dry granulation.
Tablets may also be manufactured using direct compression. Direct compression
relates to the tableting process iiself rather than preparation of the starting
material.

20  In wet granulation, components are typically mixed and granulated using a wet
binder. The wet granulates are then sieved, dried and optionally ground prior to
compressing info tablets. Wet granulation is used extensively in the
pharmaceutical industry although it has proven to be a difficuit method, mainly
because the liquids needed in the granule and tablet manufacturing process often

25 have an adverse effect on the characteristics of the active pharmaceutical
ingredients (APIs) and/or on the end product such as a tablet.
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25 A component of a tablet is usually described as being either an excipient or an
active ingredient. Active ingredients are normally those that frigger a
pharmaceutical, chemical or nutritive effect and they are present in the tablet only
in the amount necessary to provide the desired effect. Excipients are inert
ingredients that are included to facilitate the preparation of the dosage forms or to
30 adapt the release characteristics of the active ingredients, or for other purposes

ancillary to those of the active ingredients.
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Binders are used to hold together the structure of the tablets. They have the ability
to bind together the other ingredients after sufficient compression forces have
been applied and they contribute to the integrity of the tablets.

20 Finding the proper excipients for particular APIs and determining the proper
manufacturing process for the combination of excipients and APls can be a time-
consuming job that may lengthen the design process of a pharmaceutical product,
such as a tablet significantly, even by years.

Both the dry and wet granulation methods of the prior art may produce solid
25  bridges between particles within granules that may be undesirable for example in
that they lead to unsatisfactory subsequent tablet characteristics. The solid bridges
may be caused by partial melting, hardening binders or crystallization of dissolved
substances. Partial melting may for example occur when high compaction force is
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initial formation of agglomerates, e.g. during mixing. In general they do not

contribute significantly to the final strength of the granule. Van der Waals forces,

15 however, may be about four orders of magnitude greater than electrostatic forces
and can contribute significantly to the strength of granules, e.g. those preduced by
dry granulation. The magnitude of these forces increases as the distance between
particle surfaces decreases.

In addition to finding a practical manufacturing process for a pharmaceutical
20  product, validation of the manufacturing process is essential, Validation means
that the process must be able to reliably produce a consistently acceptable and
predictable outcome each time the process is used. Wet granulation methods are
quite challenging to manage in this respect. The wet granulation process is often
quite vuinerable to small changes in manufacturing conditions. For example,
25  variations in the moisture content of starch in the manufacturing process after
drying may produce a tablet that is too hygroscopic or which has a reduced shelf
life. When a pharmaceutical product is being developed in laboratory conditions,
the conditions can be controlled relatively easily. However, the conditions available
in mass production environments are typically less accurately controllable thus
30 making validation of the manufacturing process a difficult and time consuming
task. The same can be said about direct compression methods where the quality
of the final product depends on the physical properties of the API and excipients. A
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compactor. For instance, the mass may have too high a percentage of fine

particles or some granules produced by the compactor may be too dense for
20 effective tableting.

It is also well known in the art that in order to get uniform tablets the bulk to be
tableted should be homogeneous and should have good flow characteristics.

In prior art dry granulation processes such as roll compaction, the resulting bulk is
25 not generally homogeneously flowing, for example because of the presence of
relatively large (1-3 mm) and dense granules together with very small (e.g. 1-30
micrometers) particies. This can cause segregation as the large, typically dense
and/or hard granules of the prior art flow in a different way fo the fine particles
when the granulate mass is conveyed in the manufacturing process, e.g. during
30 tableting. Because of the segregation, it is often difficult to ensure production of
acceptable tablets. For this reason, in the art-there are some known devices in
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si eve known rior art is used for separating fine particles
(particles ahtheprnulagsissingt thgir capacity is not sufficient for industrial production of

granulate mass. Furthermore, the air sieves that rely on mesh size in the
separation of rejected material often exclude desirable small granules from the
acceptable granulate mass when separating out the fine particles from the mass.

25  Yet further, fragile granules may break in the sieving process where undersize
particles are sucked through the apertures of the sieve.

Patent application WO 99/11261 discloses dry-granulated granules that may
comprise API only. In the method disclosed in the application, an air sieve known
30 in the prior art is used for separating fine particles (particles and granules smaller
than 150 or 125 micrometers) from granules comprising up to 100% of API. The
sieving utilizes a sieve whose mesh size is about the maximum size of rejectable
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U.K. Patent 1,558,153 discloses a method for producing organic dye material from
finely divided particles by compressing said finely divided particles to produce a
coherent mass of material, comminuting said coherent mass of material, and

20 recovering granular material in the particle size range of 100-1000 microns from
said comminuted material. The finest particles are removed by air flow.

We have now found an improved method of making granules and tablets. The
method is applicable to a large variety of solid powder substances, e.g. APls and

25 excipients, as well as non-pharmaceutical products e.g. those used in the
chemical and food industries.

BRIEF DESCRIPTION OF THE INVENTION

According fo the invention, we provide a method for producing granules from a
30 powder, wherein a low compaction force is applied to the powder to preduce a
compacted mass comprising a mixture of fine particles and granules and



method is applicable to a large variety of solid powder substances,
e.g. APIs and 25 excipients, as well as non-pharmaceutical products

e. g. thoseygseidosénzi he chem cal and food industries. BRIFFR007/000265
DESCRI PTI ON OF THE | NVENTI ON According tg the invention, we provide a

met hod for producing granules froma 30 powder, wherein a | ow
conpaction force is applied to the powder to produce a conpacted nmass
conpri si ng geparating fin@bafticles framtthe lgesnudesiby eatrainitg thedfine/@articles in a gas
2008/ 056021PCT/ F12007/ 000265 8 separating fine particles fromthe
granul es byS¥#RMaining the fine particles in a gas stream The method
will typically further conprise the step of collecting the granul es.

5 As expl ai ned below, the nethod may typically %[? rlllm as a conti nuous
process. Suihemsthedwilsypisaliyfurther spmpse tha sten of gellegivgthe granules.

absence of hi i o r - h @5 LGHtRLBHS Procesd) e
I n phar nsgceh%%gg&qeyc}ﬁ%@?w%trge 88152 ){]@g@%’lib?ﬁg granul ati on BF ocess
of the invention, generally conprises fine particles. Further, the

powder nay ically have a me L ' - Of :100, 50

b 20" i o ontreRE o REeFEn b ey AL SuReRutatsehte bR

have a m ninmum particle size of 2, 5 or 10 pm and maxi num si ze of

150, 100 or_75 pm The inventors belieye that the.inventive.idea f

the met hod &NePoysiay, %r_ﬂ]emﬁ%ya'l %%X%liiﬁ[‘{éc%&ﬂtbée {%P*F%rmﬁcgpgﬁﬂu dustry, to

al so fram ppudgded'iY He ’qtﬁl'uﬁlﬂﬁﬂrp%rrééébeoﬁth@ inven$ish géheidﬂﬁrbddi;ﬁises fine

typi cal m ninum size nmentioned above, e.g. 0.001, 0.01 or 1 pm
particles. Further, the powder may typically have a mean particle size of less than
100, 50 or 20 micrometers. The fine particles in the powder may typically have a
minimum particle size of 2, 5 or 10 pm and maximum size of 150, 100 or 75 pm.
The inventors believe that the inventive ideas of the method disclosed herein may

15 be applicable to form granules also from powder whose minimum particle size is

smaller than the typical minimum size mentioned above, e.g. 0.001, 0.01 or 1 pm.

The mean particle size may be measured for example using a set of sieves. In
case of very fine powders, also microscopy may be used for analyzing the particle

20 sizes. The flowability of such powders is generally insufficient for e.g. tableting
purposes. An exemplary method for determining sufficient flowability of a mass is
disclosed in the detailed description of figure 9.

Hence “fine particles” or “fines” are individual particles typically having a mean
25 particle size of less than 100, 50 or 20 micrometers and a maximum size of 150,
100 or 75 um.

When several fine particles (e.g. 3, 5, 10 or more) agglomerate to form granules of
maximum size of 150, 100 or 75 um, they are referred to as small granules.

30 Granules larger than the maximum size are referred to as “acceptable granules”.
Those granules that remain after fine particles andfor smali granules have been
entrained by the gas stream, are called “accepted granules”.
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The low compaction force may be adjusted to be at minimum such that at least
one, five, ten or fifteen per cent of the powder substance becomes acceptable
granules during compaction and/or fractionating steps, while the rest of the
material remains fine particles and/or small granules.

20
If the compaction force used is too low, inventors have observed that the granules
accepted by the process may be too fragile for e.g. tableting purposes. Such
granules may also be too large, e.g. larger than 3 mm. Fragile granules may not
flow well enough or be strong enough to be handled e.g. in a tableting process.

25

The maximum low compaction force may be adjusted so that 75 per cent or less,

70 per cent or less, 65 per cent or less, 50 per cent or less or 40 per cent or less,of

the powder is compacted into acceptable granuies and the rest remains as fine

particles and/or small granules. The maximum low compaction force is typically up
30 to 500%, 250% or 150% of a minimum low compaction force.



15 The | ow conpaction force may be adjusted to be at m ni num such
that at |east one, five, ten or fifteen per cent of the powder
subst ance WeoasRBsiaccept abl e granul es duri ng conpacti onp@Rghe7/000265
fractionating steps, while the rest of thg material remains fine
particles and/or small granules. 20 If the conpaction force used is
too low, inventors have observed that the granul es accepted by the
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powder i g conpacted into acceptable granules and the rest remains as

fine particles and/or small granules. The maxi num | ow
conpact i on fldiec@axignum gncaminimum R compaction 2563 aili $5650reé depend on the
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i nst ance, _tf?% conpa Q’?‘B%gﬁogr%rbd FEVOEE %?af %L@ntfjﬂ/ PRI the 7munigum low

| ess by wei ghmpaictiomforpownay besadimtdebalat PiPHRCHMINRE Eoﬁiﬁ%‘ﬂo‘?@acﬁon

havi ng parti.cl e Sii(j?ﬁ aéﬁgr t han_150m (and/or a nean size of 100pm or

greater) andohe r éRaikhs Ois3Pi kY Bura i desckawa]l o(Oeaka, | Japan) Bepex

granul e40  Pharmapaktor L200/50P roller compactor. The maximum low compaction force
may also be adjusted so that it is 80kN or less, 70kN or less, 60 kN or less or 45
KN or less in a Hosokawa™ Bepex Pharmapaktor L200/50P roller compactor.

Typically a low compaction force is 60kN or less e.g. 45kN or less. Typically, a
15  low compaction force is 16kN or more.

The maximum low compaction force may also be adjusted so that substantially no
solid bridges are formed in the granules of the resuiting ma-ss e.g. due to heating
of the mass. Some compactors known in the art provide means for cooling the

20 compacted material to alleviate the heating issues introduced by use of high
compaction forces. With the method and system of the present invention, this
precaution is unnecessary.

The compaction force may be adjusted using a method appropriate for the
25  compactor employed, for example by control of the rate of feed into the compactor.

The gas stream may be provided by any suitable means, e.g. a suction fan. The
gas stream, e.g. air, may be directed through a fractionating chamber. The gas
stream separates at least some fine particles and/or small granules from the mass
30  comprising acceptable granules, small granules and fine particles. The separated
fine particles and/or smalj granules entrained in the gas stream may be fransferred
from the fractionating chamber to a separating device, e.g. a cyclone where the
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into the conpactor. The gas stream nmay be provi ded by any suitable
nmeans, e.g. a suction fan. The gas stream e.g. air, nay be directed

throughy@ f ASCHibARIEHNG FBAEP Yetall IPIHRAEXAHPIBIMIRP RAGES AFocRplalbRAgfanules

some fine particles and/or snall lg{aanul es fromthe mass 30 conprisin
accept abl e gxitinglfessn therfilactiopatingl chanaber arerusysdy largesdn simecthas dhe Jardest

fine particles and/ar . : ' ' HRR ess
be e anst er B RGRET e, FRPAHANRY SHRRLRT e ienttis Belons bR frot:
e.g. a cycl wmeretyesmallngranules andlor fine particles agglomerate with larger granules
takes place during the conveyance of the material through the fractionating
15 chamber.

Suitably the direction of the flow of the gas stream has a component which is
contrary to that of the direction of flow of the compacted mass in general and
accepted granules especially. Typically the direction of the flow of the gas stream

20 is substantially contrary to (e.g. around 150-180° to), and preferably contrary to
that of the direction of flow of the compacted mass.

The gas may, for example, be air (suitably dry air).

25 The fractionating means may comprise means to guide a gas stream info the
fractionating means, means to put the compacted mass into motion and means to
guide removed fine particles and/or small granules entrained in the gas stream
from the fractionating means, e.g. for re-processing. The compacted mass may be
put into motion simply by the effect of gravitation and/or by mechanical means.

30 _

A number of fractionating means are known which may be suitable for use in
performance of the invention. The fractionating means may for example comprise
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fine particles and/or small granules. The fine particles and/or snall

granul es Ry 200888508 returned to the system for i medi ag@E/F2007/000265
re-processing (i.e. they are re-circul atﬁd for conpaction) or they
may be placed into a container for |ater re-processing. 5 Thus,
conveniently, fine particles and/or small granules are separated from

the accept ablfoHPasVliESelpy arfatwﬁ?wfevm, 306763 Uy IAGSMr 8bRE), along the axis
fractionating nmeans. Desirably, the fractionating neans conprises a
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general andmaggep & éﬁéH{'o?arﬁ\ﬁi&%héi éééist%\rrlb{éé 6Afdsistane ﬁ'ia?gfetg previded by

the flow of the gas stream 201 s substantially contrary to

around 150-tiiag the axiaefitherretadingidlayiasont rary to that of the direction
of rovx*d)f t he conpacted mass. The gas may, for exanple, be air
(suitably dry air). 25 The fractionating neans may conpri se neans to
gui de a gasAdvardagedusiy thbe factonatingatmeansedoes, nobaresjuire passagee of the
conpacted nass i ta m)tign and neans to g&l‘ de renoved fi nﬁ p@rtiche\s’
and/ or  smal FOPPAAEH JHaEH IHQHAR AV SIEME (§UEN &5 R AAPTT SRiceRL 'Sleves have a
fractionati ggdeRepto bl ud RihtlyecohPa@es ighshuldd)eheridraciveitianes of e of a
be put into notion S|rrpl¥ by the effect of gravitation gpd/or b
mechani cal @ie¥e Pezmits ightly compacted granules, with their favorable propertles, to be
15 preserved e.g. for tableting. Moreover sieves are easily clogged, which disrupts
the process, especially when run in continuous operation. Additionally, the eye

size of a sieve may vary during the period of operation due to fransient clogging.

The fractionating means may contain apertures through which fine particles and/or

20 smali granules are entrained. In one specific embodiment of the invention the gas
stream enters the rotating device along its axis (in the opposite sense tfo
movement of the compacted mass) and exits the rotating device through apertures
(perforations) in the side walls of the rotating device.

25 As noted above, the fractionating means may comprise a moving device, e.g. a
rotating device to move the compacted mass in the fractionating means. The
moving device may comprise aperiures through which the gas stream flows into
and out of the moving device and through which the fine particles and/or small
granules are entrained. The apertures through which gas flows out of the device

30 may be substantially larger than rejectable fine particles, e.g. at least 50%, 100%
or 150% of the average diameter of accepted granules. In absolute terms, the
apertures may for example have a minimum dimension of around 250 ym, 500 um
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agglomeration of the compacted mass in the fractionating phase may be
significant.
20
The movement of the mass in the gas stream may be achieved by applying, for
example, a mechanical force, gravitational force, centrifugal force or a combination
of these. In some embodiments, a mechanically moving component in the
fractionating means may not be needed at all to realize the benefits of the present
25  invention. In some embodiments, the acceptable granules fall in a gas stream e.g.
by effect of gravitation force and unacceptable particles and granules are moved
to at least partially opposite direction by the gas stream.

Typically the average residence time of the compacted mass within the

30 fractionating means is at least 2 seconds, perhaps even at least 5 seconds,
although the desired fractionating effect (including any agglomerating effect) may
be achievable also in a time frame shorter than that.
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opposite diFection by the gas stream Typically the average residence
tinme of thegraowesdnedgassieameignat.he 30 fractionating neans is at

| east 2 seconds, perhaps even at |east 5 seconds, although the

desired fractionating effect (including any agglonmerating effect) may
be achi evabiTauglapoapparatusi aesotdingeo theinventiohanay bet characterized in that said

fractionating means for example comprising a rotating device (see e.g. (401) in the

20 drawings) comprises at least one exit aperture (see e.g. (511) in the drawings)
through which said gas stream flows out of said means said aperture being large
enough to allow a granule having acceptable properties (e.g. flowability,
tabletability, size, especially size) to flow out of said device.

25 The apparatus may further comprise a separating means (e.g. a cyclone) to
separate the gas stream from the particles removed from the compacted mass.

A further specific aspect of the invention provides an apparatus for dry granulation,
characterized in that the apparatus comprises compacting means capable of
30 producing low compaction force and fractionating means adapted to separate fine
particles and/or small granules from a compacted mass by entraining the fine
particies and/or small granules in a gas stream. The apparatus may suitably



WO 2008/ 056021PCT/ F12007/ 000265 14 It should al so be noted that the
rejected fraction of the mass may al so contain acceptabl e granules.

By al | owi Rgos@msdoecycl i ng of acceptabl e granul es the omaygbdoro0265
apparatus nay be made e.g. nore efficienly and easier to maintain as 5

cl ogging of fractionating device may be nore easily avoided. These
rej ected acceptabl e granules may be conveyed to the begi nning of the

granul at i NGRHGERSS r@lié?%ni}ﬁéd’ﬂoﬂ fegehdiate aajbbonest compadied pbatler which is

I Ci refer that at, naxi r’er 0
Yhbg

reprocessin%. For efficiency, we p ] , 45, gQ
75 per centthen huekaspum ke or \granulgs <Sald apRaralysma apcirrize 1*H3F'a"

Il nventors- : r ' t i
granul ate hn%(g f@%ﬂg@%ﬁﬁ/ﬁﬁ?&g%# Fﬂﬁb@%ﬁg&@i tcgﬁd?iebsuét?gglb (E‘&%ag%dhrgaag.eSald
of | ow conpmeth®riof prove. saidc cotlipagtedo massumaye compsise r @eans t ige move said

i nventi we_provide 1.8l ' ;
means. adupt GNPEFER Riaea s drayRibhel BERELRaNERGHERAG A LS ffraing to
; { g ?u?egoinpm@n at iggeﬁmfxsmhy, ﬁﬁbxahmlélg)éTﬂlmrbeZeduin thedt emichfraétionating Imheans

s stream e.qg, air. u t ' . 1. .
The | nvent | GRSl longh ot Sirae (304 Rk ARG FaBRERY foy Wil saic
for exanpl ec&ﬂggétéah{é}ssanéiaé%hidwa&@hbﬁﬁg hRemse. 9. (401) in the 20

drawi ngs) conprises at |least one exit aperture (see e.g. (511) in the
drawi ngs) through which said gas stream fl ows out of said neans said

aperturg, bej I | . | ;
2per 1 DRGSR & ] VLR 7Y e eBE PP tho sas
to fl ow out sinéammaiikreiathe elire2fior bethediow af the gasy/stfean hes acenmponsnt dvhich

S a0 Bl el o Ao B ERThE obMadltd bR, 8 Brbbeon
of the flow of the gas stream is substantially contrary to that of the direction of flow
of the compacted mass).

15
An apparatus according to the invention is typically provided with a fractionating
means which comprises a rotating device (e.g. a cylinder or cone, especially a
cylinder) along the axis of which the compacted mass is moved in said gas
stream. Movement of the compacted mass along the axis of the rotating device

20 may be facilitated by means of a spiral structure which guides the movement of
the compacted mass. The fractionating means e.g. the rotating device may contain
apertures through which the fine particles and/or small granules are entrained.
When it is desired to produce granules of mean size x, the apertures may have a
minimum dimension of 0.5x, or 1.0x or even 1.5x. In absolute terms the apertures

25  may, for example, have a minimum dimension of 250pm, 500um or 760um.

The invention also provides a fractionating device adapted to separate fine
particles and/or small granules from a compacted mass by entraining the fine
particles in a gas stream which comprises a rotating device, such as a cylinder or
30 cone, along the axis of which the compacted mass is moved in said gas stream
and which rotating device contains apertures through which fine particles and/or

small granules are entrained.



A further specific aspect of the invention provides an apparatus for
dry granul ation, characterized in that the apparatus conprises

conpact i ngwgBasiseapabl e of 30 produci ng | ow conpact i onpéPEBE7ANE S
fractionating means adapted to separate fdg ne particles and/or snall

granul es froma conpacted nmass by entraining the fine particles
and/or small granules in a gas stream The apparatus may suitably WO
2008/ 056021 [CohE leiadifeAE Ghe fractionmating eleauceqtdmpnsersnaafcambnamg chamber
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f ti t di h
conpr i 6. medROTEARES Ine BaREs et srBar otanuRe ey he SabfEd Ky Borif,

fl ow of the gas stream has a conponent V\:hl ch Is contrary to that of

the directi gnl mbkidd &d hBSarBRPASRENGRS thd FventishrbuiRatic tihspbrt may

the flow of the gas streamis substantially contrary to that of the
di recti on obefused: Suitaly the gpassed togsliain the fing %tndbe&@mt%mass

to the javent ipry jip O%D\érﬂhﬁt%%ﬁ'orpmfﬁ ‘i’ﬁ@ dﬁ(‘rﬁé’r paé AE%H 'EH‘QHH%BOHE%?EMJS in

whi ch conprises ar or cone
especially aom}ﬁumﬂem)eraﬂumg the axis of Whl ch the compact ed mass is
noved in said gas stream Movenent of the conpacted nass al ong the

pi ral st uThUp QSRR Hie APUEer TBY COBREHRN dp SoREeYRATEEE 2y MRELOV 19 dhe

fractionati fbimRaRs a% 8 cbh@a&ﬁﬁ@tfbm 8§ VineBnseaonfistitingg rusepef talbhgumatic
t hrough which the fi ne particles and/or snmall granules are entrained.

VWhen it is GEBY®Y. t o produce granul es of nean size x, the apertures
may have a m ni mum di nmensi on of 0.5x, or 1.0x or even 1.5x.

e RGPl AT AT o, cor

fracti onat I g@sdﬂn%sﬁﬁa@km Thesdedcatneay beefor example capable of continuous
operation at an about even gas flow rate, in the sense that the cartier gas stream
used in the fractionating process is not disturbed by pressure changes, e.g. by
pressure shocks, such as are required to keep filters of various types open.

20 “Continuous operation” in this coniext means abilty fc operaie without
maintenance or other interruptions for at least one hour, eight hours or 24 hours.

One aspect of the invention is a dry-granulate mass containing granules
obtainabie according to the method of the invention.

25 According to the invention, we also provide a granulate mass, wherein the
granules may have a mean granule size of more than 50, 100, 200 or 500
micrometers, maximum granule size of 3, 2 or 1 millimeters and good flowability.
The mass may alternatively or additionally have at least one, two, three or four of
the following properties: substantial absence of solid bridges between particles



particles and/or small granules froma conpacted nass by entraining
the fine particles in a gas stream which conprises a rotating device,

such as awyhbR@sdzor 30 cone, along the axis of which gdwereampated
mass is noved in said gas stream and whijgh rotating device contains

apertures through which fine particles and/or small granules are
entrained. WD 2008/ 056021PCT/ F12007/ 000265 16 I n one enbodi nent, the
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In the nethod and apparatus according to the invention, pneumatic -
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types open. 20 "Conti nuous op&sgtlon" ip this cpontext nea
e i

bilit
to operate #PBRLEY. MEEHEMRYRA BY 9% FUPATER APETVERR n?qy[e'aip% ‘Igalgtsﬁ'eam.
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dry-granul ate nass contal ning granul es obtainable according to the
met hod of t kedrymgramulated. grasulate magsngharacterized inthat itsentaips granles having

oy onut e o SRS oA b B Ul Y S8 BBty ana 3
granul e si zenrj cdnsidtiog of (a) |4 icortpeesseandorgoodnthiningatiinei particieh cofrasterial
our of t ho AEBPYRIREnEY e el Wediss iscesi-and ok sS BRauid faxey (<iflafing fine
bri dgessfet yagitidkhd/ek 8fall granules of said material associated with said compressed
core by electrostatic forces. According to another envisaged embodiment of the

invention there is provided a dry-granulated granulate mass, characterized in that

it contains granules having a mean size of befween 50 ym and 3 mm (e.g.

between 100 um and 3 mm) consisting of (a) a compressed core containing fine

25 particles of material associated by Van der Waals forces; and (b) a porous coating

layer containing fine particles and/or small granules of said material. In one

embodiment, the coating layer (b) contains mostly, e.g. 70, 80 or 80%, fine

particles as opposed to small granules. In another embodiment, the coating layer

(b) contains mostly, e.g. 70, 80 or 90%, small granules as opposed to fine

30 particles.

Suitably the compressed core is substantially free of solid bridges.



WO 2008/ 056021PCT/ F12007/ 000265 17 within the granul e, good

honogenei ty, porous structure of the granules, substantial proportion
of small gxanuspsseand/ or fine particles in the rmass (t yireahdoy 000265
associated with other granul es), good cqggpressibility and
tabletability. Suitably the granules have a nean granul e size of nore
than 100 m crometers and a 5 maxi num granule size of 3 mllineters.
Further, without being limted by theory, the inventors believe that

t he roduct of the process of the inye i S infl enced.b .
Lr1 boel ect rBuchprdy GrabuBtR Masy ek B b8 haUARENZah o (igh 199 e parficle
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Science 61 ¢AelSht Ieaa’gtﬁOZéQQatléﬁSBj 36. g. when conveyed by a gas
stream or otherw se noved in a gas stream 15 Thus, according to one
envi saged enbodi rent of the invention, there is prOV|ded a

dry- glr anULaM%@t aésflfaﬂlélbﬁaﬁmmsus@af &S grantkde ntasshat tymcaim‘gcmchﬁowablllty,
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a coating~layer containing fine 20 particles an
smal | granulinetheahassai d mat eri al associated with said conpressed core
by electrostatic forces. According to another envisaged enbodi nent of
the invention there is provided a dry-granul ated granul ate nmass,

characteri zgg dral ar'tlblecﬂm af EsgEhalate asadsaa stgcle ofrfarmesinple déur sieves
bet ween 50 pm an

ween pm and_ 3 consi skin
(a) a conpr@!?é/ellP Hﬁ?@"‘ﬂ@ﬁ? g’PﬁPWQ ?'??%ogg"ep%{?‘f?%?@sfggj X gq’ﬁ%?”'% %Opm,
associ ajgd ? I's forces; and (b) a porous coating |ayer
containing tiIne part| c es and/ or small granul es of said material. In
one enbodi nent, the coating |ayer (b) contains nostly, e.g. 70, 80 or

o o0 PHkLes, L3R o rSRbL AL, B gtEeingang, may b

90% snal | gaROGEaghe geeRetlid mehh bethE0gianisten spenirgsi ih alvb adjdeent sieves
conpressed core is substantially free of solid bridges. WO

2008/ 056021 idhe/stackho7/ 000265
20

di=(dy X da)o's

where
d; = diameter of i sieve in the stack

25  d, = diameter opening through which particles will pass (sieve proceeding it
d, = diameter opening through which particles will not pass (i" sieve).

Because it is not practical to count each particle individually and calculate an
average, the average particle size can be calculated on a weight basis. This can
30 be done for example with the following equation:

dgw = log™ [T (Wi log di)f ¥ W]



18 Such a dry granul ate nass may al so be characterized in that the
mean particle size of the particles of material is 1-100 pm the nean
size of thgooamasasged core is 50-3000 pm and the ratigpepiridiRodgan
particle size of the fine particles and/ 5 smal |l granul es of
material of the coating |ayer to the nmean size of the conpressed core
Is at least 1:10, e.g. at least 1:30. Mst desirable characteristics
of the granulate nass are typically good flowability, good

tabl et abi | i 00 o] neity, porous structure of the granul es,

subst ant i al Llyﬂ? %ﬁﬂ‘g@fgt‘g&%ﬁ'ﬁ’ﬂ CERd19w Be saleulated as follewsass and

substanti al absence of fine particles in the nmass. To anal yze
particle size of a_granul ate nass, g stacﬂk of for exanple four sieves
may be used Swhét BIod2MVinlogsdi ~deg bt I Wl Sves are for exanpl e 850pm
500pm 1§ 250pm and 106pm The nean granul e size of material accepted
by fractionating neans may be cal cul ated as the geonetric nean of the
di anet er opdfienegdetailed veseritjtanco thei exaraplary size @iaddlis n#dhed sholiChare is

do)" wh L =adi t f sl i, th tack 25 d = di t
oF ough whi SEIEETE 4 ol “SuSs Hakee aud Pty sbarn, Evgluaing Fadias Sk,
openi ng t hr MapsaviState UWravdérsity, Maybb2 ot pass (eh sieve).

Ry, Mayp

10 it should be born in mind that when the particle size of the granulate mass is
analyzed by the above method, at least some of the coating particles / small
granuies may be detached from the compressed core,

Flow characteristics, e.g. good flowability, may be determined using an open-

15 ended cone having a round opening in the narrower end of the cone, e.g. a filter
funnel. One set of such cones and related test method is described in more detail
with respect to figure 9.

Substantial absence of solid bridges in the granule structure means for example
20  structure where less than 30% or 10% of particles of the granule are kept together

with solid bridges on average. Presence of solid bridges in the granule structure

may be analyzed for example using a scanning electron microscope. With such

device, it may be possible to identify individual fine particles in the granulate

structure as well as visible solid bridges such as crystallized structures between
25 the particles of the granule.

Good homogeneity in this context may mean for example a granulate mass that
consists of granules whose standard deviation from mean granule size is less than
2.5, less than 2.25 or less than 2.0. Inventors further believe that the
30 homogeneous characteristics of the granulate mass of embodiments of the
invention may have at least partially be achievable by the porous structure of the
granules. Because of the homogeneous characteristics of the mass, the mass may



Because it is not practical to count each particle individually and
cal cul ate an average, the average particle size can be cal cul ated on
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equation: dow = log-1 EE (44 log di)/ E»2¢f] WO

2008/ 056021PCT/ F12007/ 000265 19 The standard devi ati on can now be
calculated .as follows: ;JR= 1log-1 [Etel6 (log di- log dgw) 2 / ZWr 5
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mass is anafyze ove nethod, at |east sone of the coating
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Fl ow chag acteristics, e.g. good flowability, nay be determ ned using
an open-15 ended cone having a round opening in the narrower end of
the cone, eThe strutiuré ef themrekptedngraselespind especialip 2 apating:layesdnay be

test method is described, in, nore detail w ' 9
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the granule are kept together with soljd bridges on gver gel Pr .nceII
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micrometers. For exampie images about granules having porous structure, see
figures 2d, 2e and 2f.

15
Substantial absence of dense granules means that less than 20 or 10 per cent of
the resulting mass weight is dense granules. Dense granule is e.g. a granule

whose surface appears to be a compressed, non-porous one (see e.g. figure 2c).

20 The granulate mass may also comprise a substantial proportion of small granules
and/or fine particles, possibly forming a coating layer on larger granules which is
loosely attached e.g. via electrostatic forces. A substantial proportion of small
granules and/or fine particles may be more than 2%, 5% or 10% of the overall
weight of the granulate mass. Presence of small, preferably porous granules

25 andlor fine particles may contribute positively e.g. to the flowability and
compressibility of the granulate mass. This may for example lead to an improved
tensile strength and/or more rapid disintegration time of a tablet compressed from
the granulate mass. Surprisingly, and contrary to what is taught in the prior art,
e.g. in W099/11261, the substantial proportion of smail granules and/or fine

30 particles in the granulate mass of the invention does generally not seem to affect
the flowability of the granulate mass in any significant negative manner.



consi sts of granul es whose standard deviation from nmean granul e size

Is less than 2.5, less than 2.25 or less than 2. 0. Inventors further
bel i eve t ey 2808856881 honbgeneous characteristics of the mramntloab@2688SS
of enbodi nents of the invention may havepgt |east partially be

achi evabl e by the porous structure of the granul es. Because of the
honbgeneous characteristics of the mass, the mass may WO
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granules which is loosely attached e.g. via electrostatic forces. A
substantial proportion of small granules and/or fine particles may be
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The Hausner ratio may be calculated using formula Prap/Pouk Where pip represents
tapped bulk density of the granulate mass and P, represents the loose bulk
density of the granulate mass. The bulk densities may be measured by pouring 50
mg of granulate mass into a glass cylinder (e.g. make FORTUNA, model 250:2 mi)
25  having an inner diameter of 3.8mm. After pouring the mass into the cylinder, the
volume of the mass is observed from the scale of the glass cylinder and loase bulk
density of the mass is calculated. To measure the tapped bulk density, the glass
cylinder is tapped 100 times against a table top using a force comparable to a drop
from the height of 5 em. The volume of the tapped mass is observed from the
30 scale of the glass cylinder and tapped bulk density of the mass is calculated.



30 particles in the granul ate mass of the invention does generally
not seemto affect the flowability of the granulate mass in any

si gni fi canyonegakioge nmanner. WO 2008/ 056021PCT/ F12007/ pEfgBi7Rddozdhe
i nventors have al so discovered that, at sheast in sone cases, if

granul es obtained by the process of the invention are taken and a
proportion of the starting material conposed of fine particles is
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22 Surprlsm and contrary to what t aught #’Q the prior_ art, t
in W9 Memulatmm%ssrma)éﬁmrm@ Tegst A AA/ar Bt JeRist Opp epipien

tion d
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ranul ate na For exanple, a granul ate mass_of
an enbodi memomyfrises deg wonsistsoof) af taastHane feg ong} ABI.” In another embodiment the

granulate mass comprises at least one (eg one) API and at least one (eg one)

25  excipient.

Thus the invention also provides a process for preparing a tablet which comprises
compressing a dry-granulated granulate mass according to the invention optionglly
blended with one or more additional excipients. Said one or more additional

30 excipients typically comprises a lubricant e.g. magnesium stearate. A tablet
obtainable by such a process is another aspect of the invention.
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Quick disintegration time may be less than 600, 120 or 30 seconds when a tablet
is put into water of approximately body temperature (i.e. 37 degrees Celsius).

15 As may be seen from the examples, tablets of the invention which have high
tensile strength may nevertheless be capable of quick disintegration in water.

High tensile strength of the tablet may be more than 100N, 60N, 30N or 15N, e.g.
as measured by MECMESIN™ BFG200N device.
20
A low amount of lubricant may be less than 1.0%, 0.5%, 0.3% or 0.2% of the
weight of the tablet. It is known in the art ‘that lubricant material such as
magnesium stearate often has detrimental effect on tensile strength, disintegration
time and/or dissolution time of a tablet. When mixing lubricant with granules of the
25 prior ar, the lubricant material may have a tendency to form a film around the
(dense) granules, for example. The film may prevent formation of proper bonds
between granules during tableting. (See e.g. article "A coherent matrix model for
the consolidation and compaction of an excipient with magnesium stearate” by
K.A. Rietma et. al., International Journal of Pharmaceutics, 97 (1993), pages 195-
30 203.) Use of a low amount of lubricant with the granules of the present invention
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sectional area of a tablet. The location of the lubricant particles on a sectional area

of a tablet may be observed using e.g. a system comprising scanning electron

15 microscope and additional equipment capable of identifying especially the particles
comprising lubricant material.

The tablet may suitably exhibit substantially low percentage of hydrogen bonding
liquid, e.g. water.

20
A tabiet suitably exhibits substantially low percentage of liquid and/or hydrogen
bonds, lubricant is unevenly distributed across the tablet and the tablet has further
at least two of the following properties: quick disintegration time, high tensile
strength, high drug load and low amount of lubricant.

25

The tablet of the invention may comprise excipient that comprises dry-granulated
starch. For example it may comprise excipient that comprises up to 60% of dry-
granulated starch.

30 A granulate mass or tablet of the present invention may typically comprise at
minimum 1, § or 10 per cent (weight) and at maximum 100, 95, 90, 80 or
70% of at least one active pharmaceutical ingredient. In some embodiments
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released; afier about 8 hours, from about 50% to about 100% of the API(s) is

15 released; after about 12 hours, more than about 75% of the API(s) is released.

To achieve quick disintegration time for a tablet that comprises at least 5, 20 or 30
per cent (weight) of at least one active pharmaceutical ingredient, the tablet may
further comprise at minimum 1, 3 or 5 per cent and at maximum 7, 10 or 20 per

20 cent (weight) of disintegrant. In some embodiments, the percentage of disintegrant
in a tablet may be also higher than 20 per cent. The disintegrant may be e.g. some
starch or carboxymethyl cellulose (CMC, e.g. Nymcel™) or a combination of
these. The granulate mass or tablet may also comprise at minimum 1, 5 or 10 per
cent and at maximum 60, 80 or 94% (weight) of filler (diluent), e.g. microcrystaliine

25  cellulose. The API, disintegrant and filler may be granulated together or separately
using the methed of the present invention.

For improving taste of e.g. a fast disintegrating tablet (orally disintegrating tablet),
up to 50, 70 or 90% of sweetener, e.g. xylifol may be included into the tablet. If
30  necessary, the sweetener may be granulated using an embadiment of the method
of present invention. Further, the sweetener may be granulated separately or
together with at least one other component (API or excipient) of a formulation. We
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apparatus and method can be made easily adjustable, controllable and more or

less continuously operable.

The size distribution and/or flowability of the granules produced by the apparatus
may be analyzed in real-time and the size distribution of the granules may be

20  adjusted based on the analysis. For example, the flake crushing screen (see
figures 1a and 1b below) may be such that the aperturs size of the mesh used for
flake crushing can be varied by using some adjustment means. Another adjustable
parameter typically is the gas flow rate of the fractionating device.

The method can be made economic as it allows re-processing of rejected material

25 with practically no waste, and can be adapted to provide fast treatment of large
amounts of material. The apparatus of the present invention may be adapted to be
easy to clean and assemble and the process may be adapted to be stable and
predictable thus making it easy to control.

Because of, for example, the homogeneity and/or flowability of the resulting
30 granules, issues related to segregation can be avoided. The method of the present
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According to the invention, we also provide a process for manufacture of a tablet

which comprises tablefing a granule according to the invention, or a granule made
15 using the method of the invention.

We have found that the method of the present invention may be used for
producing granules of large variety of powder substances usable in
pharmaceutical industry.

The method of the present invention may thus be applicable to producing granules

20 and tablets of the invention from material comprising APIs of one or multiple
classes of APIs, the classes including for example antipyretics, analgesics,
antiphlogistics, hypnosedatives, antihypnotics, antacids, digestion aids,
cardiotonics, antiarrhythmics, antihypertensives, vasodilators, diuretics, antiulcers,
antiflatulents, therapeutic agents for osteoporosis, antitussives, expectorants,

25 antiasthmatics, antifungals, micturition improvers, revitalizers, vitamins and other
orally administered agents. APls can be used singly or two or more of them can be
used in combination.
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25 ibuprofen, difenidol, promethazine, meclizine, dimenhydrinate, fenethazine
tannate, diphenhydramine fumarate, scopolamine hydrobromide,
oxyphencyclimine, dicyclomine, metixene, atropine methylbromide, anisotropine
methylbromide, scopolamine methylbromide, methylbenactyzium bromide,
belladonna extract, isopropamide iodide, papaverine, aminobenzoic acid, cesium
30 oxalate, aminophyliine, diprophyliine, theophylline, isosorbide dinitrate, ephedrine,
cefalexin, ampicillin, sucralfate, allylisopropylacetylurea, bromovalerylurea, and
where appropriate (other) pharmaceutically acceptable acid or base addition salts
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al umi num si he(fﬁft?#;?(e%nﬂwéﬁ ?s%ﬁ%/d c&%e?ﬁ n%'ﬁ'}eﬂsqnu?ndsgag?ge,gﬁgl E{r%%ﬁp?nucz
glycinate, BRafeaierfically ative ingredisnts désarlbed inuBuhypbaox Pheimactpogen 3
carbonate, coprecipitation product of aluni Bumﬁ.h dr oxi de/ cal ci um

car bonat e/ n@ﬁ@i%%’%ﬂé’?ﬁo@ them B eAPPEANSR-oduct of rmagnesi um
hydr oxi gg/ pot assi um al um num sul fate, nagnesi um carbonate, nagnesi um
alum nonetasilicate, ranitidine, cinetidine, fanotidine, paproxen,

di cl of enac, Tper extivarphainaceutical | ingtadienicimay. k arogxemgle. bs; 5%%?@% drom

di feni dol, pr hAE, | 26128, Hdi f i Vaiit6aaa4etprofen and
tannate, di %ﬁ%@?ﬁﬁé‘%ﬁﬁ@%m pgt%%c%% nsteaah%r ggjr?ong&fje, P
oxyphencycl imatfeemidHCY.cl om ne, neti xene, atropi ne net hyl brom de,

ani sot ropi ne net hyl brom de, scopol am ne net hyl brom de,

met hyl benactyzi um brom de, bel | adonpa extract, isopropap de .iodid
papaveri ne, %m@@@ﬁﬁﬂl& BEGSENT EWention AGY SXeH be @ppﬁtfﬁ%ﬁ%%}qqdpﬁgg granules
di prophyklingy Eﬁlﬁ?@hﬂfl {HRe inveifioR’ Aoff Mbidral aédmp déxdisients or other
cefal exin, anpicilTin, sucralfate, allyli _soEr_opyI acetyl urea
br omoval er ylingredientsndisabler én a8 eharmeceytisehdngusifar suebe@si t4) pyample L-
acceptable acid or e L L : inic acid. alainate. alfa-
2008/ 05602 15@?%%3@0&@%&5@& f)@%ér, a8cia powder, alginic -acu:i, alg . ,
starch, ethyl cellulose, casein, fructose, dry yeast, dried aluminum hydroxide gel,
agar, xylitol, citric acid, glycerin, sodium gluconate, L-glutamine, clay,
30 croscarmellose sodium, Nymcel™, sodium carboxymethy! cellulose, crospovidone,
calcium silicate, cinnamon powder, crystalline cellulose-carmellose sodium,



29 thereof (e.g. those salts which are in conmon usage) and ot her
such pharmaceutically active ingredients described in European

Phar macopogbagosséh2fEdi tion and one, two or nore of thenpdéPrree7o0026s
conbi nation. The nethod of the present iggention may al so be
appllcable to producing granules 5 and tablets of the invention from
material conprising solid APIs that may be poorly water-sol uble, such

as for exanﬁyatfmhblahynwmmsm@atb%hwt S9! Acs BAfcH Dotastith Gcafdtd cellulose
qui ni ne, calgi %{ﬂﬁol {3\ mng;ag '[{JIroI sul f ami.ne, _t heobr om ne,

riboflavin, %‘ qigte, RXyalummum @miBeRcR!alee 2e0-dihuiydemiethylphenol,
rutin, sali Qﬂﬂnemyﬁmlﬁllo%rﬁé‘btérﬁénc 'dcﬂ:ﬁ%b!a@smﬁ'l %)Fd?&% tQFtI'aerEOfrHédﬁé‘slum

phenacetin, nervous syst em drug, sedat | on nar cot
rel axant, hﬁgf%-vé’a!ﬂj@ﬂt Ste@ﬁﬂﬁhl@ﬁﬁﬂ@&lw sigarals, oputiieds ustellas, purified

acetyl spkr angidye, erlyts?fﬂ?l@’c' dm'! hﬁl&aw&h&r c%@r 210 e ititution degree

nystatin, colistin sulfate, s ornones’ suc
met hy| t est odweraxyaronylasalose; dextrine gtavattired t@ar.aaﬂ'e calcium lactate, lactose,

B et Aleflee, e A B RNl Prer Tobeararat cnatlstiuioss
di enestrol , pﬂltlﬂlél‘ﬁl gludobwtphftiallth’eﬁélatmlké@lsﬁ@%ﬁ, {ﬂﬂlﬁlﬁﬁ bb%greipl:é'lmlgse

har maceu accept ab

vi t am ns, and where a ri.ate
acid or bas®CEHY PPHH%&I‘E@"@H@@BTE‘"{@P gmaltﬂﬁ%eDs@ﬁﬂBIthhlaﬂhydmsl hactose
conmon @gagehh gt hes| h RRG ?"@}ﬁﬁ.g Y AHhyENRs D nt
described in EmgeanePﬁWn&co o€l a Egﬁﬁgl tion g%cg’ onggﬁﬂjrﬁ o&or‘rstgpgte
of themin ¢oFENSSAIM oﬁlunzmomqa@aﬂaate;e npethylnreaediuloseal alumimati endnostearate,
par acet anol SNEn BhaREAIKe MR BuRettSrite. mRiTinl rbes. arppular com
met hoFI of 2t5 Iséarph,cdemalic mmtar:ancmibl?l@:he#)%u@l@lﬂt?én%bbllﬁsésﬂe@résdéﬁdzlﬁ%nt in
ranul es e, | ntion fro erial _.co i
gxm pi ents é@@l{ﬁ;@?{%ﬂ-&ﬂc@npg ﬁ?ﬁar@awt{ea@gﬁw&mﬁé n&d’\ and ¢ one, two
i ndustr¥5 sweemae of tHerg rpoBhBinktioRspar agi ¢ aci d, wheat gl uten powder,
acaci a powder, alginic acid, alginate, alfa- starch et hyl cell ul ose,

casein, fructose, dry yeast, dried al um num hydroxi de gel , agar,
xylitol, citihedneibod of@n@aee*nt invedtionrmgly xsoapplizable- tgl prodmmnglgramﬂ@/and

CPoShosr Sonshbas o8 SO FEF Fler AR BB PRt T Sampr
cel | ul ose- caarbexymethyodiceliglose, Nymecel™,  sodium carboxymethyl cellulose,
croscarmellose  sodium, cellulose such as low substitution degree
20  hydroxypropylcellulose, starch such as sodium carboxymethyl starch,
hydroxypropyt starch, rice starch, wheat starch, potato starch, maize starch, partly
pregelatinized starch and others classified as disintegrators in Arthur H. Kibbe:
Handbook of Pharmaceutical Excipients, 3™ Edition, and one, two or more of them

in combination. .

25  The method of the present invention may be applicable to producing granules and
tablets of the invention from material comprising binders such as for example
synthetic polymers such as crospovidone, saccharides such as sucrose, glucose,
lactose and fruciose, sugar alcohols such as mannitol, xylitol, maltitol, erythritol,
sorbitol, water-soluble polysaccharides such as celluloses such as crystalline

30 cellulose, microcrystalline celiulose, powdered cellulose, hydroxypropylcellulose
and methyl celluiose, starches, synthetic polymers such as polyvinylpyrrolidone,



WO 2008/ 056021PCT/ F12007/ 000265 30 synthetic alum numsilicate, wheat
starch, rice starch, potassium acetate, cellul ose acetate phthal ate,
di hydr oxyalg¥hdzudseai noacet ate, 2, 6-di butyl-4-net hyl phep@trrzo07/000265

di met hyl pol ysi | oxane, tartaric acid, potﬁssi um hydrogen tartrate,
magnesi um hydr oxi de, cal ci um stearate, magnesium stearate, purified
shellac, purified 5 sucrose, D-sorbitol, skimmlk powder, talc, |ow

substi t uti o ARMHiEEs M@ﬁﬁ&&yﬁiﬁ‘ﬁlﬂé eSiclum eamondex hihd Dthére Wikassfied as binders

tragacant h, cdl ci umrf:lact ate, lactose, sucrose, potato starch,.

hydr oxypr opipl Aiurd.o§ibbenkiandbaqi efpharmaceyticdl) &ﬂ'%@@spﬁ%@@?@, and one,
gl ucose, partial i.al arch, pullulan, powdered

cel | ul ose, C&Jﬁ'&%@ﬁagﬁlﬂﬁblcgbﬁo th one, maltitol, maltose,

D-manni tol, anhydrous | actose, 10 anhydrous cal ci um

hydr ogenphoEpiaphs ¢friuidizingsagenits inoiideh sitiptratcempotigde siugn as silicon dioxide
al um nonetasilicate, nethyl. cellulo al ymn npRost ear .

gl yceryl3 noh%?%ﬁ'&'f"eﬁ“‘%g%wdéﬂerﬂ%ﬁ@r'@%ﬁCj?%s,‘#?raeﬁ? ﬂpﬁgmgciéeﬁ};% in Arthur H.
granul ar cogjppat MarBbosk of PharfmateuticaEkdisiestsPBy Bditioh, antbne!tiveror more
classified as excipient in Arthur H Kibbe: Handbook of

Phar maceut i ekthemxini ggmiinationrgr d Editi on, and one, two 15 or nore of
themin conbination. The nethod of the present invention may be

appl i cabl e t,0 pr.oduci n a f i i

materal congrienih KoM Heies e HRhToR e BroVie N e mass,
cel l ul ose, plyaraetehivkd 0 that the andssxignablejdbie endhassgood flowahiliyeancothat the
sodi um _ cel |l ul ose such as, | ow, s titution, degreg,20 . .
hydr oxyH} op§ass| eQInerses & iﬁaéﬁ @Pfgkpfaut L‘?&F B f&%}%"c“ﬂw psl}agrpgﬁ?utlcal
hydroxypr opjqrédigpeh, rice starch, wheat starch, potato starch, maize
starch, partly pregel atinized starch and others classified as

di si ntegrat ors i nagghuelel HCLKi bbe: Handbook of Pharmaceutica

Exci pients, 3rd Eﬁ}ﬁkﬁﬂetﬁﬂd one, two or nore of themin conbination
25 The net hod of € present invention rmay be applicable to producing
granul es and t ab} pamceftamidle i nvention from material conprising

bi nders_such as for _.exanpl e ? nt hetic polynmers such as crospovi done,
sacchariges such'ﬁgmgﬁE&@QQ?G%Iucose, | act ose and fructose, sugar

al cohol s such as. gappidfeh andylitol, nmaltitol, erythritol, sorbitol,

wat er - sol ubl e pol ysacchari des such as cellul oses such as crystalline
30cel l ul ose, mcr gE Ehe cel | ul ose, powdered cel | ul'ose,

hydr oxypr opyl cel | ul ose and nethyl cellul ose, starches, synthetic

polymers such as pol yvinyl pyrrolidone, WO ) . .
2008/ 05602 1 AETHRIRY tyangthecasiErt oh trayveation v aravidesa daplel charactarized in

o onos8 o i SbA 5 R b BB e o 1N AN i el ranutpctre
nore of themdni degglindkité®granules comprising at least 10% (weight) of at least one of
the following active pharmaceutical ingredients:
- acebutolol HCI,
- fluoxetine HCI,
25 - paracetamoil,
- sodium valproate,
- ketoprofen,and
- metformin HCL.

According to another aspect of the invention, we provide a tablet formed by
30  compression of a dry granulate mass comprising 60% or more (e.9. 70% or 80%



Exanpl es of fluidizing agents include silicon conpounds such as
silicon dioxide 5 hydrate, light silicic anhydride and others

classifi e(iyggoggyoyg(gi ;i ng agents in Arthur H Ki bbe: Hangbgskoioozss
Phar maceuti cal Excipients, 3rd Edition, 3and one, two or nore of them

in conbination. According to another aspect of the invention, we
provi de a granul ate nmass, characterized in that the nmass is

t abl et abl e
st 200 Ot?rrlgt H@?%f geRd ﬁﬂ%@émndal wtgiédbhﬁéelé&ted mmrpamcetmmu setiorhin

east one of the foll t
i ngr edi ent sHCI, acebutoin] SICivand sadiym NalRORl %%;]H ﬁ%?é@*& carppositian of the
sodi um val p f
oot hor  aspudAripulstiCBsE AL 6 Exarfiblo/ ¥ Bhe offore disinteferts Seittdd from
in 20 that stheh; eslulose samdangtllﬂosﬁ defivatives! etchgrdamg te aepthenaspaet ohthe

tabl et is manufactured fr. S
| east 16% (ngtmn} vig péq\m? e%é% f%ﬁ'%? Bépp E&V%sﬁ% gfg?ptﬁlg gr3fuRte .mass
phar maceut i ggthprigiag 6§ geiiues compﬂﬂng @%b ok/ﬁhore (efd. @0%e bi morél@.g. T%) of
par acet anol ,
active pharmaceutical ingredient selected from paracetamol, metformin HCI,
acebutolol HCI and sodium valproate and (ii) granules comprising one or more
disintegrants selected from starch, cefiulose and cellulose derivatives. In either
10 case a lubricant may optionally be blended with the dry granulate mass before

compressing it into tablets.

In some embodiments, the tablets disintegrate in water of approximately body
temperature, i.e 37 degrees Celsius, in less than 60 seconds. For quick
disintegrating tablets, the APl suitably does not exceed 95% of the tablet

15 composition and the composition contains at least 2% of disintegrant. The tablets
suitably have a tensile strength of greater than 40N. In one embodiment the
tablets may comprise xylitol in an amount of 90% or less.

Some embodiments of the invention are described herein, and further applications
and adaptations of the invention will be apparent to those of ordinary skill in the
20 art.

BRIEF DESCRIPTION OF DRAWINGS

In the following, the invention is illustrated, but in no way limited by reference to
the accompanying drawings in which

25 Fig. 1a and Fig. 1b show exemplary apparatus according to an embodiment of the
invention,

Fig. 2a shows use of roller compactor according fo an embodiment of the
invention,



- sodium val proate, - ketoprofen,and - rnetformn HCl. WO

2008/ 056021PCT/ F12007/ 000265 32 or nore) of active pharnmaceuti cal

I ngr edi entwgabeotgath fr om paracetanol, nefform n HC , acaiwedoabookis
and sodi um val proate. The bal ance of thgsconposition of the dry
granul ate nmass may, for exanple be one or nore disintegrants sel ected
fromstarch, cellulose and cellul ose derivatives. According to

anot her aspsgt 29fshbﬂ§ e Mﬂ'éﬁ Soimpakorpreduding dotie Bl sidabler derdeljaccording
conpression of a ranul ate mass conprising (i) granules

conpri si ng @Gmmﬁﬂbrﬁﬂg desirableqorgus ITRPHESe. g. 100% of active
phar maceutical ingredient selected from paracetanol, netformn HC,

acebut ol ol I DGO‘%IFH one

or nore di s'::_‘ %‘gggﬁ lese e}éﬂrj Bfé‘g?arﬂ{lgpfdﬁubcelb?% an caﬂaﬂ?o
derivatives. In either 10 case a lubricant may optionally be blended
with the drgiggrrhgheive amsxahgflersf aqgranelesacaprdingi fut ant ambedimentnof the
some embodients, the tablets disintegrate in water of approximately
body terﬁper'&%’ﬁ‘?"@"l e 37 degrees Celsius, in less than 60 seconds.

For qui ck disintegrating tabl ets the APl suitably does not exceed

95% of the Egblgt o %Lﬂéﬁ@@édrai ntocaﬂteamwd:mbnt of the
| east 2% ofFigl Sl nt%ognrlsg%t r]e ta etsbsw tably ha\?g a tensil

strengt h ofinyestiarer t han 40N. In one enbodi nent the tablets nay
conprise xyl i tol in an amount of 90% or | ess. Some enbodi ments of

the i nventi e _descr herein | i
adapt at i ons '(91‘ ﬁf ﬁ'é°‘i"%VE%?"%HGWW"“B'S%Q%&%@%gf’%&ﬁﬁ‘g tSaatrfr Q@rﬁaﬁﬁgernt of the
skill in thgveéArsi,. BRI EF DESCRI PTION OF DRAWNGS In the follow ng,
the invention is illustrated, but in no way limted by reference to
t he accorrpanyl ng draw ngs in which

10 Fig. 2g illustrates an example about formation of granular mass of an embodiment

of the present invention,
Fig 2h shows particle size distribution diagrams of materials shown in figure 2g,

Fig. 2i shows surface images of granules produced using different low compaction
forces according to embodiments of the present invention,

15  Fig. 3 shows an exemplary fractionating device according to an embodiment of the
invention,

Fig. 4 shows an exemplary fractionating device that contains an additional rotating
device usable according to an embodiment of the invention,

Fig. 5a and Fig. 5b show two alternative exemplary cylindrical components that
20 can be used in the fractionating device shown in figure 4,

Fig 5c shows an exemplary perforated steel sheet that may be used as part of a
rotating device according to an embodiment of the present invention,

Fig. 6 shows an exemplary dual-filter arrangement for enabling continuous
operation of the system of an embodiment of the present invention,



25 Fig. la and Fig. Ib show exenpl ary apparatus according to an
enbodi ment of the invention, W) 2008/ 056021PCT/F12007/000265 33

Fig. 2b shgoeisngsdf roller compactor produci ng both avedfaRé®6Rese
(according to prior art) and desirable PQr ous granul es, Fig. 2c shows
an exanpl e of a granule produced by a nméthod of prior art. Fi g.
2d shows an exanple of a granule according to an enbodi ment of the

ol hvent | on-pigl 07 S 1P éi&%é]g@ BrafBemonl for anshisrimy ehidiaustingathe

enbodi ment of the Inventi on, ows yet another ‘exanpl e of
granul es acchardciegstics efithe mboeptad graniles imerephi|gt i on, 10 Fig. 2g
Il lustrates an exanpl e about formation of granular mass of an

enbodi nent @f the . present inv o) | ous.:part i i

dstrtbut i ofisl SGHEHE 8 rertpiY Aardeert RECHBIRG dafilfee yffsses, from
surface i mggsarafeNpcamnphetad pubstaness,usidng different | ow conpaction
forces according to enbodi nents of the present invention, 15 Fig. 3

shows an_exenpl ary fractionating device accordi.ng to an.enbadi nent  of
the invehti big: S:isé_owg am emplayx dgyira for ﬂeggmlgﬂgtﬁqy@%@m@fgatmder or
contains an @@L&éms_rot ating device usable according to an

enbodi nent 9 e I nvention, Fig. 5a and Fig. 5b show two

alternative exenplary cylindrical conponents that 20 can be used in
the fractionating device shown in figure 4, Fig 5c shows an exenpl ary
perforated steel sheet that may be used as part of a rotating device

eceording R FZEGERIpAlon B BRERIa ™ oM o

The apparatus 100 (figures 1a and 1b) of an embodiment of the invention
10 comprises a compacting device that compacts powder material into granules and
a fractionating device that fractionates at least some fine particles andfor small
granules away from acceptable granules. Two different alternatives for a
fractionating device are shown in figures 1a and 1b. The fractionating device 112
in figure 1a is shown in more detail in figure 3. The fractionating device 112 in
15 figure 1b is shown in more detail in figure 4. The apparatus shown in fig. 1a and
fig. 1b comprise a raw material feeding container 101, into which material to be
granulated is fed. The feeding container is connecied io a pneumatic conveyor
pipeline 102, to which the material is passed through a feeder valve 103. The
tubes of the pneumatic conveyor system have a diameter of about 47mm and their
20 material may be for example some suitable plastic material, e.g. polyethene. The
feeder valve may be a so-called star-shape flap valve. One such valve is
manufaciured by Italian pharmaceutical device manufacturer CO.RA™ (Lucca,
ltaly). In operation, the closing element of the valve may be turned 180° alternately
in either direction, whereby buildup of the powder substance in the container can
25 be avoided. Other equipment intended for continuous charging of powder
substance, such as compartment feeders, may also be used.

The pressure of the air flowing within the conveyor 102 may be adjusted to be
lower than that of the surroundings. This may be achieved for example using an



WD 2008/ 056021PCT/ F12007/ 000265 34 Fig. 7 shows an exenpl ary
arrangenment for nonitoring and adjusting the characteristics of the

accept ed gy@nilis@ssobn real time, Fig. 8 shows an exenpl aFgrmadaogassent
for mxing granul ate nmasses from separatsly conpacted substances, and

5 Fig. 9 shows an exenplary device for détermning flowability of a
powder or granul ate nass. DETAI LED DESCRI PTI ON OF DRAW NGS The

appar at us 108 {4408)&on! ?an'mml bihedfsuRtion TRAGE BN ke BUSCH™e (Maulburg,

10 conprises a conpact i ng I devi ce t hat Conﬁ'aCts powder material into
e

gr anul es an@egmamyandonadelfJinkdMt £202,4V. Thadan m?él operafecyfor exgmple at

fi ti I '

Two d 11 er obio R pRATE, barfleP §s Fiaf BEXkUFPRED HREAR 2 nBLAdN 103 The

figures | a avateridh fed frenf tlm:féenmg lcogtaﬂmmséransporrttfd thrgugle the cogveyawii2

in nmore detail in f 3. T ct

1D 15 srbanint o EeraiAevies 6o TER Hiss MpR SELEh sl ot frt o

a and fig. b&tﬁfh@prms €ard gewramaerramlthé exaﬁrerggammrm faer cdrd be pmtnded with

which nateria granulated is fed. K The feedi r

connect ed tfﬂt%fsriﬁmm fgeenfk§ibated @ﬂdﬁe"hﬁcﬁfpaf%ﬁ\%&c‘ﬂ n@"%?\é’F?Jﬂay
S passed t Oé‘:ﬂ:ﬁ T ]

l:on\F/)eyor syisa% a\f/éekg%gﬁg?r%c?des\r/%gé pa’ilb(r)]u'ltﬁh 4%#1916§nd§\’tldhé;|%r ago nat%‘r:ﬁger the

may be for saparpting siepethesapsivated poser falisdnisranintermegiate yepgaal e .
The feeder valve rray be a so call ed star-shape flap valve. One such

L T T 2 1 e PR BAGALH  EdRPSlor re
val ve may bgdtaridleThd flemhédiaiayedsil 107 68 providedi witie bl valve 0@ viiigh may be
bui | dup of the powder substance in the contain n 25 he avo
Giher oqui pREME SAME PSS e Toaind RGNS 105 oL edRCDBYER, essel
o 52 cco AR BB ey s 2oty vl o oler copactor 11010
suction fanpraduse areikieorBoSGRNpAtieNtateniahwhhrigdhen paﬁ%pd@@ﬁlamm(umg
carri er as oL LR BNl EreRATR Erfhind i . A Reptent of
fed from t heni§ daedintign caomhpactiag is cohsidesmbas ¢t stepoafdhe tirecassrihal produces
102 granules to be fractionated, regardless of whether a separate screen or milling
device 111 is used or not. The compaction force of the compactor 110 may be
adjusted by e.q. altering the feed rate of the powder substance, the rotating speed
20 of the rolis of the roller compactor, the pressure applied to the rolls of the
compactor device and/or the thickness of the resulting ribbon. The compaction
force applied by the compactor may be adjusted to a low level to achieve the
desired properties of the compacted mass, e.g. the porosity of the resulting
granules and/or proportion of fine particles and/or small granules. The compactor
25 and the flake crushing screen are devices well known to a person skilled in the art.
After passing the compacting and flake crushing devices, the material is partially in
the form of granules, but part of the material will sfill be in the form of fine particles
and/or small granules. The maximum size of the granules as well as the mean size
of the granules may be affected by, for example, the mesh size of the fiake
30 crushing screen. It should be noted, however, that size of a granule may increase
as result of agglomeration in the fractionating and/or conveying steps of the
process.



S into a separating device 106, wherein fine rejected particles and
new feed fromcontai ner 101 are separated fromthe carrier gas. The

fan can beyghaighs@ei Wi th filters (shown in figure 6) sigugiesoasssie
t he separating device. The device nmay be § pabl e of conti nuous
f

operation. One such device is a cyclone. ter the separating step,
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granul e may s kedrietesepasiucksentainef 1 agng s meam the prddick adHulayadie theated
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figure), theandfpanalluFaldis BenteV8l r&f tR®rfisghan one conpacting
device, e.g. roller conpactor, to inprove e.g. capacity and/or

cont i nuous [i_r ocessing capabilities of the apparatus. The conpacting
devi ces may TheqReratiaih ek the frastivratingr shareberr ¢tk és describledr incinesmidstail with
up. Theyy a S t Q en i1 .0one,of
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steps that dewites.ns fine particles and porous granules and that may

be statically charged (e.g. by triboelectrification) is conveyed to a

fractionatl cha 1 There may be one or two e.g. star-shaped
flap val ves H‘eiféﬁﬁ'a%\t"ﬂ %Fﬂiw da ansuFigresc i dﬁﬁ@ cals a@&%@ﬂtted to

control thetqd @amafneﬁqwashasi s@ﬁé&%‘ aid bfhe W%tfuh?&ﬁéﬁ?@&ér?ﬂls@ee(é &

The fractiopating device divides the gr anuf‘ Into an acce ﬁ‘aaged
fraction anth #thelj eentainers zand eempenents Msthe ejstemw Notf &lr ehthe pOSSIbIe

parti cl o] € s streamt hat

f1 ows |%§t hfe S¥ p g’c% oﬁ’aﬁé ngl‘ﬁ%‘;ew cg% %‘é}egerégfag%ﬁ'f"eg@'? %l?]elﬁ’géicegowqyﬂr if
the fed car reqauredgrrgaﬁrsbepr@am::j w]rcnhfm tbaeldomlplf@mre &Iﬂféreric@f sensor 114, the
re-processi t.he accepted fraction is led int uct

cont ai ner 1@%’"@'0{’@0@ c'hie HRed iR cortral the eeeréﬁlen PP@’@@RP%@#?I y
and a relatively large volune of material conprising nostly fine

particles amHé preseiirventian MaSalss beEMES olif ' bR HiB8ess where the reject

fraction is not immediately returned to the system using the conveyor 102, but fed



The operation of the fractionating chanber 112 is described in nore
detail with 20 reference to Figures 3-6. There are many possible

al t er nat i wgohi@@kdoenati ng devices. In the enbodi nents sp@mfnsRlEsr e
la and Figure I b, load cells 108 are fi d to the container 107.

Such sensors and other instrunentation ¢an also be arranged in ot her
cont ai ners and conponents of the system Not all of the possible 25

| NSLT UMent 3hi g cbﬁta?@é’r‘%’f rb[égi RisbridlS6ich a sQ5teR R ISdeAbEA B BBIdiICbut its

conveyor, require provi de ast one pressure
di fference amrrmmtldnand tulse w;ihbe rreaduiy@pparenhtwthqﬁe of skillsd i thevarto
control the operation of the apparatus.

Such a syst DiF EEPREAIL S Peatomatad &Y ra“%f?ﬁ‘ﬁé IRopERGT Lo i the

use W || beydpadi dehsdpPars the pPeddues diffetersdd sdrasbre r11uhmearotad cBiie 108 and
apparatus can be autonmated by transferrlqehll nformati cel ve

t he varidusthearpivass1Q3 gs “{eﬂésﬂﬁ@ﬁ@a?'@“ ragerding e s Pﬁ' aqdn{_!neoloads
| oad cells |

the speed of TSrRotors I8 chmiCa @‘?aﬁfﬁ%*‘%iﬁ?’?f@%g?béﬁﬂ't'?%ﬁ%ﬁ. ool
and by appl wmg;tsanpprmpnnat@mntq@petsogus&l@ddn tmartoCoatrelqfithe cpmpaction
manner kno

erson S f
conpaction%(g?%é’ et%‘%‘“@%‘f‘?ﬁ' ﬁgwgéld%\gl Crglrér c&ﬂﬂé |'el§r) p(;dt(')-nﬁl Iargy useful as:
particul ar | yranuf structase @Wﬂuhe tisé proplovtion offi naeﬂ:értlalestdmellqmsmnikgranules is
of fine,part)c) es r s ranul es .is 10 signifi tly aff cte
by the K npsiiEantio ot by e EORBRIaLOKS: L8cthe JaiRusonbaston force
number  of p?éﬁiﬁﬂs%ﬁ a AlRBeP8f pARNASR! si6h aBaRE refatihepeet | of tﬁ@dollshand
feed rate o owder substance For exanple, the hjgher the f

rate of theﬂ]@d‘ﬂédWatﬁﬂfsih%ﬂ@wdﬁbﬁu@tgn%ﬁofGP‘?@P'% Hhahiober mféedtfﬂ*@ of the
hi gher the é&%@é%)tﬁ)ﬁarflég fo&lﬁy‘@ég%/&%vr]réta-%ﬁ IR, ¢hé flg jHer Tiﬁé‘%o R¥forPforce

102 nmay be ar ous comﬁonent t he system
may be connwiltlmi t oget her with electric wires for groundi ng purposes.
Suitably the entire system is grounded. In figure 2a the roller

conpact or 200 co € nass 20 ontainin teri .

optional?y phetME eg@tl r‘gc €1 eenvEY8i 10 eMEY R ?’Wrﬁa gw%ilni & Yarious
components of the system may be connected together with electric wires for
grounding purposes. Suitably the entire system is grounded.

In figure 2a the roller compactor 200 compacts the mass 203 containing raw
‘material and optionally particles recycled from the fractionating device into a
20 ribbon 204, 205, 206 using rolls 201,202 that apply mechanical force to the mass
to be compacted. Depending on the compaction force applied to the mass and the
thickness of the ribbon, the amount of mass that gets compacted into granules
204, 205 varies. The remaining mass 206 may remain small granules and/or fine
particles example in the middle of the ribbon. The small granules and/or fine
25 particles may not be capable of forming acceptable granules alone. However, the
presence of such mass may have a positively contributing role in forming of
acceptable granules in the fractionating and/or conveying steps of the process e.g.
through triboelectrification and electrostatic forces. Depending on the feed material
and compacting parameters, such as thickness of the ribbon, the proportion of fine
30 patticles and/or small granules may vary.



20 ri bbon 204, 205, 206 using rolls 201,202 that apply nechani cal
force to the mass to be conpacted. Dependi ng on the conpaction force

appl i ed toybhasaE@s: and the thickness of the ribbon, thece@sborés
mass that gets conpacted into granul es 4, 205 varies The remai ning

mass 206 may remain small granul es and/ fine particles exanple in
the mddle of the ribbon. The small granules and/or fine 25 particles

may not be R2paReficht v y‘f&}}%j&%‘%?ﬁ@g@mﬁéﬂeﬁ.cﬁ'ﬁé%ym%’ séfithe

presence of  'such nmass l'y contributing role in
fornming of emopattinl force ahthee sollan compaciarcioi Beaminiguam thas preducasyatgast

steps of the process. e, ; u A i<f L. ODk: -
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par anet er s, ofthelfragiohbiind degise @b thé enaxdirhbnavailablepfeog caticub i 00fRPMhén the
30 partiG%I es and/ qQr sma
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10 proporti SMeoMeRsHEIM Bf diokn of SeoepiEged 204, phiajacteristics” of those
re-processe §a@§§®r@ sn]iéh%eaé,ureﬁien?aﬁaﬁ@%ﬁm sh@wﬁqw?m@mal ly or
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AL hough. t haualiyeTdhe s inayt be SorppilBd nRtBoart te fioly Shelikteristioy of the
prior art hiQl.<CqanaAGAd OfofChehiy ([ﬂ{orrﬁﬁe?ﬁ ScHiPAdtionOfordks h (drovepeated

forces) may be ‘acceptabl e even W thout fractionating, the 20 .
conpr essi bi lcompagtion witht lowes ferses) maydie apeeniakle ewep withoptdeaationating, the

materi a be si gni fi.cantl SR S ARSI 3
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art granul atjqQn proce ma e obser,ve eadj n or ex {0,
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degradation rﬁéteﬁ@lﬁﬁﬁﬂs%ﬁmﬁctiéﬁ%t@ éﬂHﬂi@'S?r@Praﬁlﬂﬁﬁ:irf plolcéss may be observed
e

characteristics o e granul ate nmss. urt her, use of h'h_

. t 1u gh.
conpacti on fleadieg fgpesample tedermationnel gelish bridges thougherystglizgatipne and/or

and/ or tfi.ne ' S 2 ' |t _
por cent 2de. SRR o Sipdheri®E of ¢ oharifed b MAIBLRAHTE Chardtfride f the
fracti onat i ngasulgicomassnYey furthest aps offhigth eoppactien fanee typicslys ezduces the

25537552821%59&%'9H /%gggar{u?éssma%d}ég f%%csgﬁigl%sgﬁﬁ’é]m e reélL\fRing granulate
mass. Too low a percentage of such small granules and/or fine particles in the
fractionating and/or conveying steps of the process may adversely affect the

30 quality of the resulting accepted granules.



39 Figure 2c shows a scanning el ectronic m croscope (SEM picture of
an exenpl ary dense nmi ze starch granule that -is produced using high

conpact i oRyHesesdoer 9- nore than 80 kN usi ng Hosokawa Bam@pizo07/000265
Phar mapakt or L200/50P roll conpactor) f§§ mai ze starch ( CERESTARTmM
product code C*Gel 03401, batch nunber SB4944) typical of the dry
granul ati on nethods of the prior art. Figure 2d shows a picture of

an exenpl Alpiq R M ishalidh Seafififg l&l@ctfg{llién ifcr8$EBbeS(SEMIIpicliab of &in exemplary

produced usifg I'ow conpaction Torce I's case, 30-35 kN using the
same Hosok alsmseahbize cstpesbi granulen that (e poduced v5iag thigh sompactien fercgae-9.

stream accordi L i e V) i

i frorent  d0otsubap R GG BT Havkl BLb8: BhEREEaNSH RIS P bompacton
por ous gr arfg} afaiz8dstaitiy (OCERESTARIN produet’ cotlat CiGeld 98461, batch number
unaccept abl e anpunt  of ns ranul es ang/ o nyl . ith solid

bri dges SWaySBWS WC"HZR?E"‘%g'@’ggrﬁ‘%'laﬁﬂ'&fneﬁﬁ%é§gﬁlﬁﬁ%@'%g?wt he granul e of
Figure 2c is less porous (i.e nore dense) than the granule of Figure

2d. There | f S d of anP&kanplaBEbvRRE dtARhi §idinviedofithe same
particles iﬁgg%reg%ogrhgﬁlg %?&Pgng ésmof Fi%uﬁgbZd t han ingt he den

granul e of starghrtbabis. produced sising loweeampactiva forseydn this $88et 3%53‘?” using
| |y attached ' t f

oure’ 2d (HanSAE; Hesdiita 0 RinBstipT i sub3eaRgitoctbndlibh Sudihg gas
granul e of diregim eactording tooran etgssdimban of hihegpreasng iovertionur Bor2 different
char actdy | JakSIa, hRcIdy saRAtion doffes drabRRsHERh Sorb, bl dod i
Tﬂe pores F%Mﬁﬁ%ﬁgﬂ%ﬁe@'tﬁa becf[uﬁés maia@mamg_ élrhteumo?m?w gmnu}esamdlor
shown I n Fl gure nmy ennance e conpressi ol 0 ranuyl e.
Figure 2e sgionslesriviingpidhpggesmsmy Margg Wis hewe Qbsépies %PEQ%FUHEC& of the
. e _ o :

 nventi on. LaRAR GA9gERISisAels Hoflus (e Hiord ORHEPIBAhE GRanuks BNFigefe 2d.

251 produce y appara an e nt of the invention.
Conpact i on Thereds ofiorédias speseltedpores) betwgentbe indhddug meetiales in the porous

Accor di to our observation ar ac Qr '
i gher Romptanilsor paei 2t Ain BB GRE ormiié, fiTigiralst 2rehe tlgkems to
di f f er ent | ype tiARyet 'pr6pbrEioAt dinidogelyi attached dparticles erptiec sadace of e pondus
follow ng exanples is simlar to the one de cré&ﬂeﬂd i%n Egﬁrei 4 and! ;
5c. Typi cal geangle abiigire 2d¢han in éhe gense,granile eLlighre 4ds FHENGE e givle o
and 1000 pm; hEiRanpe Of figareoPd ! Mhesouhaehapé of the
one of suckrlrl:I Pgﬁgﬁgég%?@nﬁgg%e%servggd from g L P
porous granule may contribute to the good flow characteristics of the granulate
20 mass containing such granules. The pores between particles on the surface of the
porous granule as shown in Figure 2d may enhance the compressibility of the

granule.

Figure 2e shows another embodiment of granules of the present invention. Image
250 shows a plurality of 100% paracetamol granules 251 produced by the
25 apparatus of an embodiment of the invention. Compaction force of 60kN was used
in the granulation process. According to our observation, paracetamol may be
granulated using higher compaction forces than most other materials. Unless
specified differently, the fractionating device used in the process of this and
following examples is similar to the one described in figures 4 and 5c. Typical size
30 of a granule 251 in this sample is between 500 and 1000 ym. Image 252 shows a
magnified picture of the surface of one of such granules. it may be observed from



WO 2008/ 056021PCT/ F12007/ 000265 40 i nage 252 that the conpacted
surface 254 of the granule is covered nostly by small granul es 255

(e.g. in tRe 6RMEE2PT ca 5 pm- 50 pm). Such indivi dual p&iFR2007/000265
granul es 257 are also shown in inage 25@0 The snmall granul es 255 are

relatively | oosely attached to the granule 251 form ng a porous
surface for the granule. 5 Thus, although the conpaction force used
was hi gher infzrje 262 ithatythecaimparted saiface 264 ofuthbagranule isheovessd imastly by

Phat the ormal granire 248, i8R0l e aRgl Rl €1 = At u Sl Hvae e
to the | ar ggmnil-amBare/ldo 8hewhriadinageé 2560 Thesmalbgiamtiles 255 he relatively

triboelectrTfication during the fractionatjng step of the process.
The i nvent ologsely attashedpicatne granui2od fﬁfmmeap?ﬁ’rgkl% Wy Qc%rég?\igﬁ’éwe'

via | oosel yratd aaq{p.sggﬁ ﬁ ikg.sh?ae&tsﬁﬁareé' usE& vidd higher Hant it pri@ﬁltrﬁﬁerdials,

granul e ‘'may have a srg ant positive contribution to the flow an
t abl et abi | i the pudaes tof dbe ofestiling g@ranulest eandss vispaly rabservesh ey perous.

th mbodi ment _of | L] i OrL.
Shonah oS pheE i Bk shi 25GIR8 IR PiligpETs, e been
m crocryst abfthdiedcetol thes fargerd gi@hules v zelestrostatic frcesmpereptash e.g. by
or ol o 263 bhesastcatan TG e HcROBIR: SR Sh By BldRas e ThE,fveftors
shows augagebﬁt'gﬁgnéib%ktﬁ@r fat the porbfsrs@faie aBifietsd Vi baseRnattahed  small

may be observe romimge 262 that the conpacted surface _ofg,the "
granul e i s granslesdonthe murfaceof the escepted @ranylgdmay have 2 sigpiigaptpgsitive
20 in the r : - o L el {:H@é & migisanul es
265 and i nd?@'&gag{'ofﬁn@em?ﬁ%g%%mgﬁg%#@géé own ri&lﬁnlﬁlrtrage 264.

Smal | granul es 265 and fine particles 266 are relatively | oosely
attached t oFiguge Bfashowes gétlafhother embmdimentus! grarfules of dhe tiresentanvendion.

The proportijon of LI granules.(in this.examle, g ules I

(han’ 106 prf e 265brsinbn Bopluriy; Skriascistadrer les BT, eMollg £o% of
was obses Vet chRtAnie bbifildse Bhd) B0, 48 mdizelstaroh.cA dopparitionrforde of 16kN
granules fromraw material conprising 50% nnicrocrystalline cell ulose

and 50% of Me@szusest iarthe gramdatiorppessewEyPicabstae ohva geanile i rip dus sapple
Fract onat olf B RER SO0REL oD, B ik 02 sROWERTRRGNFEY PRiufft e surface
30 experi meof onkrofguch tRasilesdt magHhe cheewedfragn dmage262dbet theceqinparted
ib%\,teﬂte i LL?C% Q%Igﬂ dSéipﬁ igfco%gree By g}nréﬁrbtraﬁlflleé réi‘f:ldfbrr‘i“ﬁﬁrﬂiar’tic!es. 263 (e.g.
20 in the range of ca 5 ym — 100 pm). Such individual small granules 265 and
individual fine particles 266 are also shown in image 264. Small granules 265 and

fine particles 266 are relatively loosely attached to the granule 261 forming a

porous surface for the granule. The proportion of small granules (in this example,

granules smaller than 1068 pm) was approximately 20%. The flowability of the

25 mass was observed fo be excellent.

Figure 2g illustrates formation of granules from raw material comprising 50%
microcrystalline cellulose and 50% of maize starch. Image 270 shows a SEM-
image of unprocessed raw material. Image 271 shows a SEM-image of compacted
but not yet fractionated granular mass. Compaction force of 25kN was used in the
30 experiment. Image 272 shows a SEM-image of granular mass accepted by the
fractionating device of an embodiment of the present invention. The magnification



WO 2008/ 056021PCT/ F12007/ 000265 41 of inmages 270 and 271 is
essentially simlar and image 272 has 0.1x magnification in

conmpar i sonwh9odsiRERs 270 and 271. Image 270 shows pract p@prlbo7d26s
granules. In imge 271, attention is dran%g to the relatively snall

size of the granules produced in the co cting step. Granules in the
conpacted mass 271 created by 5 the roller conpactor and fl ake

crusher (110 ighelbdrd Bnd b5 Ssdohua sy 358 19808 27 s ST hgniiion

500 pm wher €as jori the"granu acce
fractionati irgcomparisor( Bzeeneige@uzm and 2i78. Iraag]@QTOrshmmsqm'apthallvmcsgranules

surprising observat s inventors b t hat I
granul es mai}'l H@ag?e%?‘gdggﬁﬁpgr ﬁ 39 tﬁ&y%‘%‘ﬁ%ﬁ"&% F’%%e&p @eb granules
during the bf@iﬂde@ﬁﬁth@&rﬂbé& g@eé%ﬂml&ﬁhhﬁdc@hp&&eﬂrﬂiaﬁ PPhtrezted by
t he present invention. gure e, Si buti o

artic e distri
charts of nﬂi%lf@lﬁrsc%'éﬂﬁcé@feﬂmﬂ ﬁ'a}(ﬂﬂ?@ 927{119@‘12??% Fdfl lﬁ%ﬁéazﬁn‘P"b) are
Accor di ng tge %n rs%i&!rég t5 500 'ruﬁiii'fvhefbdéaﬁwa jority bfamer@hﬂmeslzwzuéa%pted by
the size di st ion of particles of the rawmaterial (not shown in
figures) i sﬂmldnactlmtlrgr device 4see figune ﬁhare cbalrggr #han BB0rWs Thig surprising

smal l er tha f
granul es of I%%%S’Sﬁ%l é§§¥g§HY%@§@2§§§e‘}$ as sﬁéﬁgleorgrﬁ ?‘E%I%%q%gg be
blﬁt the nmaj eredtyd éadmr@xamusléﬁh‘;ﬁy?faﬂhem%jammatéeklrlagéhsfmbliormmglpérase of
than 10 e 1 hat ter fractionation, the proportion
of graniﬁes h%P’t‘F&' ‘fﬂé@l‘ Ggéﬂﬁne?'}‘i RISSERN HYGFr?tl%ht ly. Thepaccrz)ept ed
fraction still contains about 10% of snall granules and/or fine

particles Sﬁ’ddrér rfghé\bé‘@am&’@ge%%bhﬂoﬁ RPafs! GHtrhaelidls! dédisted in images
o] ranul es and/ or

proportion Ine particles, the mass exhibits

excel | ent f123asnd 272 offiguret2g. Avagdingi ion ths pgediinl| caltiicationt datar ol Aaw
th t

Thus. _appr oXanaey Bt df: SRS IRAILEr pafelT] (9 PaRhARIE thot fibwn i
device. 25 Figoresy i®sucitivat pradiicalipgl pacticlesiof thsemaes- age amalilesthan 106 pm.
T b e recg - ieded Rt bSR3 b B B &hiBble sire
materi al ShWeQQé@Qigmg aiogﬁldwn 0 mfayérz@o plt t[ﬁ&nﬁ}ﬂrﬁﬂéﬁa@oﬂﬂﬂdt&@%%‘) of

mai ze starch. | nmages 29 292 depict granul es produce

conpact i on mruq!es)arezgmwmaitﬂzkhqhwmmag@s%%ﬁwwataﬂemﬂ@@iw'%&sﬂn the
5 i nor cased ORRIEH F aRMcS 1aldE nl (R iciERees B RRERA}. T, peb6Rted
i mges 290 dradtion still contalns about 10% of small granules andlor fine particles smaller
20 than 106um. Despite the relatively large proportion of small granules and/or fine
particles, the mass exhibits excellent flowability. The total proportion of granules

accepted from the compacted mass in the fractionating step was approximately

10%. Thus, approximately 90% of the mass was rejected by the fractionating

device.

25 Figure 2i shows SEM-images of surfaces of granules manufactured using
embodiments of the present invention. Different compaction forces have been
used in the granulating process. The material shown comprises 50% of
microcrystalline cellulose and 50% of maize starch. Images 290, 291, 292 depict
granules produced using compaction force of 256kN, 40kN and 60kN, respectively.

30 Atiention is drawn to the decreasing surface porosity when the compaction force is
increased. Numerous pores are easily detectable in granules of images 290 and



WD 20081056021PCT/ F12007/ 000265 42 291 whereas there are | arge dense
areas in granule of image 292. Lack of pores on the surface of the

granul e mayodglsRtdoel ate at | east some of the properti esp@fmbi®o00265
granul ar mass, e.g. flowability of the s, tabletability of the

mass and/or disintegration time of resulting tablet. Thus it is
suggested that the optimal 5 conpaction force for producing granul es
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pur poses. | nput nmater 301 fromthe conpactor and 1l ake crusher is
fed t hr oughstheture ofuthe sudacpeof thegraode, thevarapulaskeass hprogteed i 4sing
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Accepted granules fall out of the fractionating device through tube 304 by effect of
gravitation. While the granules are moving in the fractionating device 300, fine
particles and/or small granules may agglomerate with other granules, thus making
the granules grow further. The fine particles and/or small granules 308 are carried

25 away from the fractionating device by the carrier gas flow 309 through aperture
310. There may be multiple apertures for the accepted granules as well as for the
rejected fine particles and/or small granules.

Figure 4 illustrates an example of an enhanced fractionating device. In the figure,
components and structures residing inside the device are drawn using dotied
30 lines. The device 400 comprises a fractionating chamber and, mounted inside the
chamber, an open ended cylinder (or cone-shaped device, not illustrated) 401



rotatably supported on rollers 410. The rotating speed of the
cylinder can be adjusted to be for exanple the nmaxi num available in

the devi CewglosRl2ROTABTM (Warren, M, USA) and nodel 4@fcedZfo2ed Ne
j acket of the cylinder or cone nay be perforated. There are no

restrictions with regard to the nunber afmtl 5 shape of the possible
apertures or their edges except for that the apertures should be

construct edgstg;ﬂtbi\?tsgbﬁ?irg%?%ﬁ Pdllé? et‘l‘*ﬂ rd’l‘éﬁ@ %Eéé&“ el tfifider can be

particles i he cy hrou he apertures
may be, for adjustahde, be dondexanvé the s1axirnum| ravaﬂableninomem:lawcet oé make

apertures a nd t haye been t | er. cutti .
tgchni ques. h%#/gﬁm@&ﬁﬁﬁ?g@%t g%h@"@ﬂﬂﬁépaéb%dea‘ﬁ‘&}ﬁﬁk%(?f%Pylmdgg or
is 1.5mm Acdﬁé\h@amé%ﬁéﬁﬁeﬂ STIRSrEIES feiriclons avitthRgeyd 18R n@ber and
sui t abl e_speed, 100 RPM A spiral structure 4 3 i S provided

i nsi de the épapméﬁier rRassibie appUvies®y theibedars BXGRRtdor tHRL arivges gheyld
end 411 to {a& {rhgt%dgggﬁplﬁﬁtsh‘e@ascﬁlzmthéﬂkﬁ’i %ﬁtram@ﬂtf%dpé?ﬁclés s s able to

splral varlous r 'structures can be prOVI
i nt ernal | y \eaviei thet ¢yiindsr thneligh theno bihe aperbweswnay be, faidnstanes iptad.ceval

t | t t
T 2 on 8 R MR oSt RS S Bl P B e boon ou
i nst ance, Clgihg Iwez fmatttp@stdcgmgueﬁ 1Zm©¥”‘@hbﬁﬂm’? tl'mlatilametde\afdheélﬁ(]nd
Ini1ts spensi on Str ure owaer e
conpact i ﬁgp@P@T‘HEesf B 5‘%"’i"ﬁf &léﬂ"% nagIar égs %nﬂré%?g%ﬁ%@o%{eznﬁ%tcﬁ?q% at a
feed end 41%35% bleh§pead! 'ergeat 309 RPML maaﬁwarémtaaé nbe .§mrbaaeeq.as.de the
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rej ected frdbeipositien “15@1'& frac@a&na/d&wwq trb;t%ﬁuﬂgeglsm‘gstructure 413,
together wtfhsthe carrier gas streamflows to 30 the feeding conveyor
(see 102 in figure 1), through connection 409 for

The powder 405 leaving the compacting device falls through a charge connection
20 412 into the feed end 411 of the cylinder and is transporied by the spiral 403
towards an outlet tube 404. The carrier gas 406 flowing through the outlet 404
moves in the opposite direction to the accepted granules 407. Acceptable granules
pass along in the cylinder 401, and fall through the outlet 404 fo a product
container (not shown) by effect of gravitation. Unacceptable fine particles and/or
25  small granules that may be accompanying the acceptable granules to the tube 404
are generally conveyed back from the tube 404 to the cylinder 401 by the gas
stream 406. In the present device, the outlet 404 is a downward pointing tube
whose length is 70 mm and diameter is 40 mm. The rejected fraction of fine
particles andfor small granules 408 together with the carrier gas sfream flows to
30 the feeding conveyor (see 102 in figure 1), through connection 409 for
reprocessing. The granules may grow in size in the fractionating device 400 (or



reprocessing. The granules may grow in size in the fractionating
device 400 (or WO 2008/ 056021PCT/ F12007/ 000265 44 300 in figure 3).

Thi s aggl agBhadsiosdsey be caused e.g. by triboel ectrifigatkomrendss
el ectrostatic forces. The properties of j,he accepted fraction may be

i nfluenced e.g. by changing the rotation speed of the cylinder, the
angl e of inclination of the cylinder, the pitch of 5 the spiral, and

the size, ﬁ ﬁ%g,g 308k lagﬁ oﬁf%eﬁi?ﬁ nHABe cQﬁ?éd"ﬁ g2 Bg tibdSctificatief and

cyl i nder as we y varyil  ow'rate € carrier gas.
Fi gures 5a elrdirestatitforcesso di ffer ent fornms of the cylinder-shaped
device resi di ng inside the fractionating device (see 400 in figure

A cyl 500 b I 501 that | f ]
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movenent 50%{/‘?\3 of B8 we! srﬁire\farﬁﬂﬁt%ﬂoﬁbﬁté&f‘tﬁé'oaﬁ&@@aﬁw in figure 4)

i nside the nder push the 1nput naterial towards the other end of
the cylinder. Wile the material is noving in the cylinder, carrier
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aﬁcept ed Igr 80V lies ib B Egiﬁemﬂubtedomwl@id ! dnmthenjagkéteofdlye icyliteler mhereas
the spira structuretat resi des inside the nder wn, .
embodi mht , 1Nt Higure Giby Frgaee%n%ﬂlrﬁe oRNGPI qneiend bt i Gacel T ToB Miferia
20 and | e”%bZ%a@é&tﬁiﬁ‘s%&h ‘Q‘Pgrﬁhlé§%daﬁi% bbiﬂ%feseﬁcfédhl%V!hégroQatmg cylinder
di amet er of "I. e apertures reside on average 6 mm from each

ot her. The ﬁprn ene eachqfiim ceinder sThe eotating mayemean $0gitbe aylindaifd0 and
aperture 40¢, { LU Sed hod S fidire 8 inbBE tRE'cyfilder push the input material towards

the other end of the cylinder. While the material is moving in the cylinder, carrier
. 15 gas flow 504 separates the acceptable granules from the rejected fine particles
and/or small granules. 505 which are conveyed out of the cylinder through
apertures 501 with the carrier gas flow. The accepted granules 506 are eventually
pushed out of the cylinder by the spiral structure that resides inside the cylinder.

In the shown embodiment, the rotating device is a cylinder of diameter of 190 mm
20 and length of 516 mm and comprises apertures each having a diameter of 1.5 mm
and the apertures reside on average 6 mm from each other. The air stream that
enters the fractionating device through aperture 404 (figure 4) is further led out of
the fractioning chamber for reprocessing through an aperture (408 in figure 4) of
50 mm in diameter. Inside the cylinder there is a screw-shaped guiding structure
25 that advances 80 mm per revolution towards the aperture of accepted material
506. The height of the guiding structure is 25 millimeters. Figure 5c shows a
drawing of an exemplary perforated stainless steel sheet that may be used to build
a suitable cylinder. The thickness of the sheet is about 0.8mm. The ROTAB™
device described above has been modified by changing the cylinder to one



the fractioning chanber for reprocessing through an aperture (409 in
figure 4) of 50 mMmin dianmeter. Inside the cylinder there is a

screw shaped 26giosdog Sstructure 25 that advances 80 mm paErr/Feeo@benkéson
towards the aperture of accepted materi 345 506. The hei ght of the

guiding structure is 25 millimeters. Figure Sc shows a drawi ng of an
exenpl ary perforated stainless steel sheet that may be used to build
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ROTABTm devi ce above ngi ng t he

cyl i nder t cbesrechangezioreseniighbe/ shapeGimitwto eneshonssa #0d Figwms.
the steel sheet of figure 5c and the fractionating chanber has been
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ai r stream y,INGa4€MH e fRYoARig AiRktr¥aRe adapted to inprove its

conti nuous processi ng

The device may optionally be adapted to improve ifs continuous processing
capabilities. One such adaptation is disclosed in figure 6 where a dual filter
assembly is illustrated. The majority of fine particles and/or small granules is

10 separated from carrier gas, e.g. air, in cyclone 602 (see also 106 in figure 1a or
1b), but some fine particles and/or small granules may be sucked out of the
cyclone with the carrier gas. Those particles may need fo be filtered out before the
carrier gas leaves the system. The filters 607a, 807b collect the fine particles
and/or small granules uniil the filter is cleaned. One filter 607a, 607b may be

15 active while the other is being cleaned e.g. by vibrating it. The valves 605, 612
may be used for guiding the gas flow through the active filter and for isolating the
filter being cleaned from the gas stream. The powder resulting from the filter
cleaning falls below the filter and further {o a tube 609a, 609b when the valve
608a, 608b respectively is opened. In the other end of the tube, there may be a

20 lower valve 610a, 610b that is opened after the upper valve 608a, 608b has been
closed. Opening the lower valve causes the powder to fall back into the circulation
for re-processing. This arrangement makes it possible to clean one of the filters
while the apparatus is operational and the cleaning operation doesn't result in
undesirable pressure shocks of carrier gas in the apparatus.

25 The apparatus may also oplionally be equipped for example with sensors that
measure the size of accepted granules in real-time. Such an arrangement is
shown in figure 7. Accepted granules leave the fractionating device 700 through
tube 701. Light emitting devices 702 as well as light sensitive sensors 703 have
been installed in the tube to observe the size of the passing accepted granules.

30 Based on the information created by the sensors, the control logic of the system



capabilities. One such adaptation is disclosed in figure 6 where a
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in flgure 8 is a tube that leads to the mixing device, but the conveyor may also lead

20 the granules into an intermediary storage confainer from which the mass may

conveyed to the mixing device.

Figure 9 illustrates a simple device for measuring flowability of powder or

granulate mass. Devices of different sizes are used for determining different

degrees of flowability. The degree of flowability may be sufficient, good, very good
25 orexcellent.

The device for determining sufficient flowability has a smooth plastic surface cone
800 with a height 901 of 45 millimeters and with cone angle 902 of approximately
59 degrees and a round aperture 903 whose diameter is 12 millimeters. The
length of tube 904 is 23mm. In a flowability test procedure, the cone is filled with
30 powder or granulate mass while the round aperiure 903 is kept closed. The



10 Granul ation systens 801, 802 each produce granules fromdifferent
substances (or fromthe same substance but with different granul ation
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filled with _30 é)owder or granulate nmass_ while the rou erture, 903

d
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powder through t y nere gravitation force is observed.
Addi ti onal sheskind @perture 8@3 whoae dismetst isnbmillizetaraclipleagthuef tHge ©/4 is 50
test is not | owed. The nmaterial passes the flowability test if the
cone substantially enpties. "Substantial”
The device for determining excellent flowability has a smooth plastic surface cone
15 900 with a height 901 of 40 millimeters and with cone diameter 905 of 55 mm and
a round aperture 903 whose diameter is 3 millimeters. The length of tube 904 is 60

mm.

Using the above mentioned or other embodiments of the present invention, it is
possible to produce granules that have one or multiple of some desirable general
20 characteristics, e.g. good flowability, good compressibility, good tabletability, quick
disintegration time of a tablet and high drug load. We have observed that those
characteristics are applicable to many APls and excipients. Thus, some potentially
time-consuming and expensive parts of the drug formulation design process of
prior art may be avoided with many APls. The embodiments shown are also
25 relatively cost-efficient to build and use. For example, it is possible to build an
arrangement that is capable of producing several kilograms or tens of kilograms of
aranules per hour. The process is also relatively simple and easy to control in
comparison to eg. wet granulation methods of prior art. In the shown
embodiments, there are few parameters that may need to be adjusted.



5 here nmeans that at |east 85% 90% or 95% of the powder |eaves the
cone. The device for determning good flowability using the test

procedur e vox Bloghdlgsy above has a smooth glass surface coirgIffi7vbobds a
hei ght 901 of 50 mllineters and with cgpe di aneter 905 of 70mm and a

round aperture 903 whose dianeter is 7 | limeters. The | ength of
tube 904 is 70 nm 10 The device for determning very good

of "35 m | | Peen@oBTo AT ot ARTERRRNPhigt: bibety dhatea?™”

aperture 903 whose dianmeter is 4 mllineters. The Iength of tube 904

Is 50 nm Tiiead @iuee dre yedricticiean yakiesalnlesstothérmisdbstated, has a
snoot h plastic surface cone 15 900 with a hei ght 901 of 40
mllimeters_and with cone dj aneter, 905 of .55

{T'm aroundla ertu[ﬁﬁllt
903 whose dlb@rexamples below desqbe pharasiesistics gt $Prae yRigRl BaAuIPs apd taRlets
Usi ng the agaue,JBR LG e BnbRififents B el prRGLAL inlerifen. pr esent

I nventi on, I'S p055|§ l'e to produce granul es that have one or

mul tiple of sone desi rabl e general 20 characteristics, e.g. good
flowabil3ty, good conpressibility, good tabletability, qui ck
disintegration tinme of a tablet and high drug | oad. W have observed

t hat those EW@%I stics are applicable to many APls and
exci pi ents. me potentially time-consum ng and expensive parts

of the drug fornul ati on design process of prior art may be avoi ded

Wi th many Afhsh sjéi‘l% ﬁ"@%rﬁ&%ﬁ&ucﬁ‘@ﬂ%eﬁl@%nalaﬁ@ st 6fl wdriovel embodiments of

cost-efficient to use. For example, it is posmbleéob i%
an arr angenthe invaaiion §nddb§blt@b1§¥abpjﬂbcﬁuéﬁﬁgs o Jesta hasi begy saR ‘dﬁteéj all
of kil ogra I r

simpl e an d"gegg{) rﬁ%tﬁgg I!]' cg degrzﬁg%dofn%?sséodtﬁnéﬂts(e rg;1 ﬁgaﬁs‘ YIS’laYId figure
met hods1®f p) has been. udetd t'ifhe gas)\ﬂnwemm)@f mimappanaua waaras:ijlﬂ%tad o that the

par anmet ers be adj usted

2008/ 056021&@&1@%‘5@%@5@%@9%5 P"’c'@ﬁi’ﬁ%%‘"(%@éi‘l‘aﬁ%s 35s,10at had goad, very
are by wei gaboal&lreﬁéeuéhhﬁéwats.ﬁtysmég@s fﬁdbﬁnate'm the&estswammevedzomanng
val ues unl ess otherw se stated. The exa ﬁ&)pgl ow d SCri

char act er i sthegugiondardBUBGHH MigkaMiyl 3}% 2 fesys %!E'rﬁfeﬁ/%fﬁa't&?r?ﬁa
the enmbodi megh s, Hhatlle1 866 RPN, WiHEEShEMmateriB¥ MZ-ESeed was altered from the

15  default to achieve desired quality of the granulate mass. The compaction force of
the roller compactor was adjusted to produce granules with optimal tableting
characteristics. The force used was recorded as kilonewtons as indicated by the
roller compactor (HOSOKAWA Bepex Pharmapaktor L200/50P) used in the tests.
The diameter of the rolls of the compactor is 200mm and the working width of the

20 rolls is 50mm. The thickness of the ribbon produced by the compactor is about
4mm. The rotating speed of the rolls is typically between 10 and 12 RPM. The
exact rotating speed is adjusted by the roller compactor fo achieve the desired
compaction force. The default mesh size of the flake crushing screen is 1.00mm.
In some experiments, the mesh size of the flake crushing screen was altered from

25  the default.

Unless specified differently, a rotating device as shown in figure 4 operating at
about 100 RPM was used as the fractionating means of the apparatus of the tests.
The default size of apertures in the cylinder of the rotating means was 1.5mm.



To observe the characteristics of the granul ate mass of various

enbodi nents of the invention and their tabletability, a series of

tests has pgemsweqdiicted. In all tests, nmethod and appag@fHSeor/000265
described in this docunent (e.g. fi gureigb and figure 10 4) has been
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fractionating effect of the gas flowresulted in a granul ate mass

t hat had gopd . r e b LAl I

n-the test ALSEIREREE 0 BB9F LY Fikqrkif dicdrite waD BB to B IRhRIte
1202 AV) of nidse peips tcetmbigting adef ubricanipeed of approxi mately 1860 RPM
Wth some materials, the speed was altered fromthe 15 default to

achi eve desjred qualit f th ranul at.e . The cor t f

of the rol | Marsorga e lachedpte e el o bayE AR e Heyipli B ond
tabl eti ng chanfieiopidtsid.cs. The force used was recorded as kil onewt ons
as indicated by the roller conpactor (HOSOKAWA Bepex Phar mapakt or
L200150P) used in the tests. The dianeter of the rolls of the .
conpact of | Thedensiieastrengtie ofithe takletsihasHbesm measured, ¥3INg & MESBWFRY davce

t hi ckness of:t [ o : ct i t h
rotating spebdnaks | HECMERARHC Wesihneslif ISRIBAZ \est Susely) e nodel
exact rotat BFRGE208kd is adjusted by the roller conpactor to achieve

the desired conpaction force. The default mesh size of the flake
crushing screen is 1.00nm In sone experinents, the nesh size of the

flake crushimpg gatieRnsivesdigtiibelied dfr grandiats Meastehail ineabiedisasing stack of
specified differently, a rotating device as,_show in fi

: Hre 4 )
oper ati K¢ asiexgsuln theomepsureaments dhe slagk,ef qu&@!EfVEﬁa‘t%g e for ¢ minyes
apparatus o e Les [ irn thes.AYId i
of the rot aEJlﬁr'\1 ﬁﬁn%ié&ggm%g@&nﬁué%ézbeg /R %r56 ZlﬁPdé%'?cErlézroogp _8%0‘8)2((?5%5%
In all tabl éndustrialeStls, modelsRR 08 ayitle fiawarssetingitte Thes opgaisg siges 9 the

granul ate mass priorn. to | et | S i Mai ze starch used
in the test§'%§ ué?f’i%??% e hgggr%pgsg]é‘@%{eddg@g&r%et ween 5 and 30
mcronmeters. 5 The tensile strength of the tablets has been neasured
usi ng a neasuring device of nake MECMESI NTm (Mecnesin Limted, West

Sussex, UK) and nodel BF&O0O0N. The particle size distribution of
granul ate mass was neasured using stack of 10 sieves. In the

neasur edBnt JABURTINGREKAMP B li- €0% icebitploldHalken for 5 ninutes using

an El ectronagnetic Sieve Shaker (manufacturer: C.1.S. A Cedaceria
et o ppagBE ks S e i e BB o Al o EHcT B PRE i parice
size 27 micrometers) and 10% of starch was mixed. Compaction force of 40 kN
was used fo compact mass into granules having mean size of 877 micrometers '
and standard deviation of 1.421 after fractionation. The loose bulk density of the
20 resulting mass was 0.68 g/ml and the mass had good flowability. Round tablets of
10mm diameter and 500 mg of weight were created using tableting force of 6-8
kN. The average tensile strength of the tablet was 80N (N=10). Tablet
disintegration time was observed to be about 6.5 minutes in water of

approximately body temperature.
25

TABLETING EXAMPLE 2 — 20% Fluoxetine HCI



15 TABLETI NG EXAMPLE 1 - 90% Acebutol ol NC!' A powder mass of 5.0 kg
havi ng 90% of acebutol ol HCl powder (nean particle size 27

m cr onet erBe 2e3Msch90.0f starch was m xed. Conpaction f ofEgrigfo746b266N
was used to conpact mass into granul es Vi ng mean size of 877

m cronmeters and standard deviation of 1.7421 after fractionation. The
| oose bul k density of the 20 resulting mass was 0.68 g/m and the

mass had gogd gfom\g@bm gyhaﬁﬂy ngy@bdzezaﬁ i) %@Wﬂx@k@ﬁﬂé eHcan@néﬁﬁamrer

of wei ght wer create usin eting force of 6-8 he aver age

tensile str Slﬁﬁ\HTQR Spé, t(éaslaﬁttmhedlsmo( mwgﬁatctanpeia?@ﬁlmmg%%u @n168
ttme was ob d to
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cel | ul ose (FARRGHeSASINE - of9464- rﬁi%r(ﬁneié?é G5 SEHRIRN aRYiakibhd 6 2738 after
kg) of maize starch (CERESTAR Mat. no. 03401 batch 01015757%95;2%%% The

m xed. Conplgctianation: Tee srespesiraoiithe fakedcrushipg Bsian was set

granul es ha 4 I @gg&-F t

of 2.358 af lﬂer f racg Fgﬁy?gir?e %uﬁhﬂé H% ??of' t y'ﬁ?ﬂ‘ﬁ%%%@?ﬁ?n%ﬁ]gmd
screen was flewabilityl Rotinthtablets ¢fdbeen didnetaeand 1112 ang ofieveragalweialt (N=10,

o 6 it RERCRI ArviEtoa T 859 8P, SR, e BNy Bk free St
Sf\éh 3tc Ie on=1p @%:aﬂﬁfoec APphed. The sidrggatensitrsticabtieo ihe thblet evashit N (N=10,

44 N (N=10, S‘anéﬁﬂiagav@m-gﬁe{% 11Ta§7TeJe5lsm§@arr€t?°%?@gﬁfv%$a%§§%ﬁ ﬁg about
was_obser veqol@eRiyapauiiot O SERRMTER) Bk dempbrataiel oximat el v body

t enperat ure. LE 3 - "60% Par acet anol .A powder nass
of approximately 4.0 kg having 60% of paracetanol fine powder

(Manuf acturer: Mallinckrodt Inc. - Raleigh (USA) - Batch 7845906C563,
59% of particles smaller than 20 mcroneters, 96% of particles

?rénl | er Egg%ﬁﬁg@bzggéﬁkﬂz32_06‘3{3°prawaé:ertgr%5yst all'ine cellulose

A powder mass of approximately 4.0 kg having 60% of paracetamol fine powder
(Manufacturer: Maliinckrodt Inc. - Raleigh (USA) - Batch 7845906C563, 59% of
particles smaller than 20 micrometers, 96% of particles smaller than 75
micrometers), 20% of microcrystalline cellulose (EMCOCEL CAS No. 9004-34-6,
20 batch 553689, 50% of particles smaller than 71 micrometers) and 20% of maize
starch (CERESTAR Mat. no. 03401, batch 01015757) was mixed. Compaction
force of 30 kN was used to compact the mass into granules having mean size of
645 micrometers and standard deviation of 1.464 after fractionation. The mesh
size of the flake crushing screen was set to 1.00 mm. The bulk density of the
25  resulting mass was 0.586 g/ml and the mass had good flowability. Round convex
tablets of 10mm diameter and 454 mg of average weight (N=10, standard
deviation=0.6%) were created using maximum tableting force that produced no
capping. This was a very good result since hitherto it has been considered
difficult, if not impossible, to produce high load tablets of paracetamol by
30 compression of granulates prepared using dry granulation methods. The average



20 batch 5S3689, 50% of particles smaller than 71 mcroneters) and
20% of mai ze starch (CERESTAR Mat. no. 03401, batch 01015757) was

m xed. Conpachis@PsohPr ce of 30 kN was used to conpact thge¥Bs§7ioidzes
granul es havi ng nean size of 645 rﬁcrormstlers and standard devi ation

of 1.464 after fractionation. The nesh si'ze of the flake crushing
scregn was set to 1.00 mm The bul k density of the 25 resulting mass
was 0.586 g ; f y Id QYNfhtions 0

ol ei o of LS a e T L e YT s
devi at i on=0dBiritegratien ctimet svasusthsgrveaxitouhet Bssetthany aomieutendn water of

produced no_cappi ng. . Lhi y good result since hitherto it
has been coﬁ@%&"@%em%qic%ﬁ%faﬁm%ot | npossi ble, to produce high

| oad tablets of paracetanol by 30 conpression of granul ates prepared
using dry granul ati on net hods. The average WO

2008/ 056021PCT/ F12007/ 000265 51 tensile strength of the tablet was 49

N (N=10, standard deviation=12.73% . Tablet disintegration tinme was
obser vedS t o TABLEIING: EXAMIPLE 4 t20% Sogiievalgroals pr oxi nat el y body
tenperature. 5 TABLETI NG EXAMPLE 4 - 90% Sodi um val proate

A powder mass of 5.56kg having 90% of Sodium valproate (Manufacturer:
Chemische Fabrik Berg), 5% of hypromellose (PHARMACOAT 606, batch
5115055) and 5% of maize starch (CERESTAR Mat. no. 03401, batch 01015757)
was mixed. Compaction force of 35 kN was used to compact mass into granules

10 having mean size of 550 micrometers and standard deviation of 1.686. The mesh
size of the flake crushing screen was set fo 1.25mm. The loose bulk density of the
resulting mass was 0.532 g/ml and the mass had good flowability. Round convex
tablets of 12 mm diameter and 560 mg of average weight (N=10, standard
deviation = 1.29%) were created using maximum tableting force that produced no

15 capping. The average tensile strength of the tablet was 84 N (N=10, standard
deviation = 11.80%). Because of the slow-release characteristics introduced by
hypromellose as excipient, tablet disintegration time was observed to be 40
minutes in water of approximately body temperature.

20 TABLETING EXAMPLE 5 — 50% Ketoprofen

A powder mass of approximately 8.0 kg having 50% of ketoprofen (Manufacturer:
Ketoprofen S.1.M.S. Societa italiana medicinali Scandicci, batch 121.087,
79% or particles smaller than 60 micrometers) and 50% of maize starch
(CERESTAR Mat. no. 03401, baich SB4944) was mixed. Compaction force of 40
25 kN was used to compact the mass into granules having mean size of 900
micrometers and standard deviation of 1.418. The mesh size of the flake crushing
screen was set to 1.00 mm. The loose bulk density of the resuiting mass was
0.625 g/mi and the mass had good flowability. Round convex tablets of 8 mm



A powder mass of 5.56kg havi ng 90% of Sodi um val proate (Manufacturer:
Chem sche Fabrik Berg), 5% of hypronell ose (PHARMACOAT 606, batch

5115055) awe 2e0@dboei ze starch (CERESTAR Mat. no. 0340g¢t/PRbEoozes
01015757) was mi xed. Conpaction force of§ 5 kKN was used to conpact

mass into granules 10 having nean size 550 m croneters and
standard deviation of 1.686. The mesh size of the flake crushing

|34i gups,
Tmss was 0. SEnStEr And Uling TGTaVerage vy (ND) Starlard e et o ) Were
tabl ets of gzeaml disingemexinmaug tebleting f@lrceath@t fiedygsdoie carping, The average
standard degérﬁsyugsgrgnﬁ%ﬂ @@% t%é?w%é%%gﬁgwﬁb NGaRBYd étﬂ:‘?x'—%te{gb@ ). Tablet

force that cappr ng. erage tensile stren

the tabl et diint8gration Ntz wasndbsetvedviat benaboutl. ‘HD%eGMSam;eweter of
the sl owrel ease.ch ristics introduced by hypronell ose as

exci pi en?, taBBTOé‘fmﬁéL)’al?ﬂ Al 6% UfS-me was observed to be 40 ninutes

I n wat er of approxi matel y body tenperature. 20 TABLETI NG EXAMPLE 5 -
50% Ket opr of en A powder mass of approximately 8.0 kg having 50% of

ket oprof en (Manufacturer: Ketoprofen S.1.MS. Societa italiana

medi ci nali Scandi cci, batch 121.087, 79% or particles smaller than 60
m cr onet er s TABETBNG BXANMELES st80% MetiorRiFsI®R Mat . no. 03401, batch
SB4944) was m xed. Conpaction force of 40 25 kN was used to conpact

t he mass i nt,0 gr.anul es ing mean size of 900, A.Er i I
o andard donpRroARas o ka ot ARRih Shags Bavigs | o8 (@ Thkfirtnif i (Supplier
screen was SHMS @adindO(Fimenzd &alypobatchu? K 0881 Wasy carhphbiedr @sing toongpaction
nmass vvas 0.625 g/ nl_and the pass hadlggood flowabiljty %émd convex

tabl et S18f T of\i¢$ Dbt Estiserarniies dhavind (e sizeuh RS dpicetsrs and
my of aver a%?a Bbwég'ﬁrigf 1 %B@”T'ﬁé thedp\dizd b%e?ﬂak%%slﬂ%@c@bﬂ%@set to

usi ng maxi num t etin orce hat pr oduced no ca e avera
tensile strdndf mmf Theéoosabbutk muggofl\thwemtmgtramms 0.694 g/ml and the

devi ati on=14,28aq TERI rioflablifly. *SEBLIa0dly, EREpIAE GHBRGIYCErtEink 70% of
microcrystalline cellulose (EMCOCEL CAS No. 8004-34-6, baich 5S3689) and _
15 30% of maize starch (CERESTAR Mat. no. 03401, batch 01015757) was mixed
and granulated using the same compaction force. Then 80% of metformin
granules were mixed with 20% of excipient granules and compressed into tablets.
Round convex tablets of 12 mm diameter and containing 500mg of metformin
were created using maximum tableting force that produced no capping. The
20 average tensile strength of the tablet was 59 N (N=3). Tablet disintegration time
was not measured.

In addition to tableting examples, compressibility and flowability of granulate mass
of embodiments of the invention was tested by measuring the Hausner ratio of the
mass and observing the flowability of the mass. Methods usable for calculating
25 Hausner ratio and observing flowability of the mass have been described earlier in

this disclosure.

FLOWABILITY EXAMPLE 1 — 100% Paracetamol



5 approxi mately body tenperature. TABLETI NG EXAVMPLE 6- 80% Mefform n
HCl Approxinmately 4.0 kg of powder nass having 100% of mefform n HC

(Suppl i er :wgl2Ms/sé0aeli ng (Firenze, Italy), batch 21.039)paBer2ennmaes ed
usi ng conpaction 10 force of 35 kN to prgduce granul es havi ng nean
size of 668 mcroneters and standard deviation of 1.554. The nesh
size of the flake crushing screen was set to 1.00 mm The | oose bul k

densi ty of ANGowddinbbs &f G kg ity §8d%0pahcandIMamactiies: Bafiickradt
flowability. Separately, exci EI ent granul es_cont ai ni ng . 70% of

nm cr ocr yst alna. neRaleighu(¥s8) ¢ 866307 o wias- cpmpacted using sgepartion
and 15 30% gof cgedf !\F‘%ﬁ@ ffa%afﬁ% '\@éreeﬁ‘%e&?‘é% opqt(ﬁhl:ﬂlﬂiééyﬁt#les

was mi xed an gra usin A Compact | on forc
mef f ormin ghamngememarmzm o@eaow mhcr@ﬂ%erw ad istinglard giexialiioasobiidB349 afier

conpre t t abl bl 1
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the tablet was SQNSW ﬁ'ﬂ"t di |nte E i "B Was

measured. | Rulkdgnsitywvas,0428) kg &t gatig 1%, BsH Wag 9alawated to be
flowabi ity 10 @anubihe réTBﬁ\?elPhqu@ﬂﬁbr@SQibﬁmPésHﬁcdt&Y %K)tth@fl'-[a%ﬁer ratio,

tested by rreasurl ng the Hausner ratio of the 'mass and obServing the
f | owabi | i tythﬁfIQW@IhmsgthMﬁﬁawSMBh@dfthbec@fc@ﬂem| ng 25 Hausner

rati o and observing flowability of the mass have been descri bed
earlier,in this disclosure. FLOMBILITY EXAMPLE 1 - 100% Par acet anol
WO 2008}Q56021PCT/ FI 2007/ 000265 53 A powder mass of 4.0 kg having
100% par acet anol (Manufacturer: Mallinckrodt Inc. - Raleigh (USA) -

Bat ch 60889¢9 GWABIWEY WP Eexl- gopnpegorpmaicpn force of 12 kN and
fl ake crushing screen nesh size of 1.00mminto granul es havi ng mean

size of 708 mcronmeters and standard deviation of 1.349 aft
A powder mass having 90% (4.0 kg) of Metformm (METFORMIN

HYDROCHLORIDE USP, BATCH N. 17003742, USV LIMITED, B.S.D. Marg.
Govandi, Mumbay 400 088, INDIA), 8% (356 g) of microcrystalline celiulose
15 (EMCOCEL CAS No. 9004-34-6 Batch 583682) and 2% (88 g) of maize starch
(CERESTAR Mat. no. 03401, batch 01015757) was mixed. Compaction force of
30 kN, flake crushing screen mesh size of 1.00mm and suction fan speed of 2100
RPM was used to preduce granules having mean size of 477 micrometers and
standard deviation of 2.030 after fractionation. 11.0% of the granules of the mass
20 had diameter of smaller than 106 micrometers. The loose bulk density of the
resulting mass was 0.581 g/ml and tapped bulk density was 0.714 g/ml. The
Hausner ratio of the mass was measured to be 1.23. Despite the relatively _high
compressibility as indicated by the Hausner ratio, the flowability of the mass was
observed to be excellent. When experimenting with meiformin, the inventors have
25 also made a surprising observation that although 100% metformin fine powder
exhibits heavy agglomeration (forming large, hard agglomerates) when stored in
room temperature and ambient humidity, 100% metformin granules made of such
powder using a method of the invention show practically no such agglomeration
during storage time.
30



5 fractionation. 0.58% of the granules of the mass had di aneter of
smal l er than 106 m croneters. The bul k density of the resulting nmass
was 0. 610 woHrbosasgd21 apped bul k density was 0. 758 g/ m . pdweribiansaess
ratio of the mass was cal culated to be k424. Despite the relatively
hi gh conpressibility as indicated by the Hausner ratio, the
flowability of the nass was observed to be excellent. 10 FLOMBI LI TY
EXAMPLE 2- 90% Mefform n HCI A powder mass having 90% (4.0 kg) of
Mefform n (METFORM N HYDROCHLORI DE USP, BATCH N. 17003742, USV
LIMTED, B.S.D. Mar Govandi, Miunbay 400 088, | NDIA), 8%(356 g) of
m crocrystfl@%@émwﬂﬁémﬁnms No. 9004-34-6 Batch
5S3682) and 2% (88 g) of nmize starch (CERESTAR Mat. no. 03401, batch

nosh <t 26 dF BOUEIRRE O onaRr g 0, R, Edhia e ofh S ildopfsEthe
produce gr agsliufsse EEMODOERNCABZNO010007 346 (Batnht 553680)dand BM%araf maize
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was 0.714 g/m . The Hausner ratio of the nmass was rreasqu:red to
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i nvention show practically no suc oneration durin tora

WD 20081056ngiqated by thelay e“st'%zthﬁtﬂ%mn?mvﬁﬁ ehsaeE toybe gxge! E“ivnt A
powder nass of approximately 3.0 kg containing 70% of

m crocrystalline cellul ose (EMCOCEL CAS No. 9004-34-6 Batch 583689)

and 30% of maize 5 starch (CERESTAR Mat. no. 03401, batch 01015757)

was m xed. Conpaction force of 16 kN and fl ake crushing screen nesh

si ze of 1.08mOVWWABILITEEXAMPLEN S 20Y Ketobesfemavi ng nean si ze of 318
m cronmeters and standard devi ati on of 2.159 after fractionation

19. 6% of the granul es of the nmss |arre r, of t ha
mi cronel®r sA APWASHBRES RS %PFHBHMQU 3NNG; i@@ tﬁB‘? ent (S.1M.8.

Societa italiana medicinali Scandicci, batch 121.087) and 80% of microcrystalline
cellulose (EMCOCEL CAS No. 9004-34-6 Baich 553689) was mixed. Compaction
force of 24 kN and flake crushing screen mesh size of 0.71mm was used to

F-'(')

produce granules. When the suction fan speed of the system was set at 1980
20 RPM, the mean size of the accepted granules was 304 micrometers and standard
deviation was 2.275 after fractionation. 23.0% of the mass had particle size
smaller than 106 micrometers. The loose bulk density of the mass was 0.510 g/ml
and tapped bulk density was 0.676 g/ml. The Hausner ratio of the mass was
measured to be 1.325. The flowability of the mass was observed to be sufficient.
25  When the suction fan speed of the system was set at 2400 RPM, the mean size of
the accepted granules was 357 micrometers and standard deviation was 2.121
after fractionation. 13.7% of the mass had particle size smaller than 106
micrometers. The loose bulk density of the mass was 0.521 g/m] and tapped bulk
density was 0.714 g/ml. The Hausner ratio of the mass was measured to be 1.371.



10 0.379 g/m and tapped bul k density was 0.510 g/m . The Hausner
ratio of the nmass was nmeasured to be 1.35. Despite the high

corrpre;s! bwbisbog/e@éozt he mass as indi cated by the Hausnerpegihoobd2es
flowability was observed to be excellentzz FLOMBIIITY EXAMPLE 4 - 20%

Ket oprof en 15 A powder mass of approximtely 4.0 kg containing 20% of
ketoprofen (S.1.MS. Societa italiana nmedicinali Scandicci, batch

121.087) an ,
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t t
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2.121 after friactionation. e mass had particle size
smal l er than 106 mcroneters. The | oose bul k density of the nmass was
0.521 g/mM and tapped bul k

10 CAPACITY EXAMPLE

The embodiments described in this disclosure are capable of producing significant
amounts of granulate mass. In a capacity test of one embodiment comprising the
fractionating device of figure 4, 5,98 kg of Paracetamo! (7845 Paracetamol Fine
Powder - Mallinckrodt Inc. — Raleigh (USA) - Batch 7845906C563), 10,69 kg of

15  Microcrystalline Cellulose {(CAS no. 9004-34-8 - JRS PHARMA LP - Patterson
(USA) - Batch 553689), 37,10 kg of maize starch (CERESTAR Mat. n. 03401
Batch 01015757), 12,19 kg of laciose (LACTOSE MONOHYDRATE - DMV
International Pharmatose 80M DP5500 Batch 10209285 906535704), 34,04 kg of
cellulose ("Technocel" - CFF GmbH - Gehren Germany - Batch G13060620) were

20 mixed and granulated using compaction force of ca. 40 kN and suction fan speed
of 2160 RPM. The apparatus was running for two hours and 38 minutes producing
94,66 kg of granules which had at least good flowability characteristics.

FRACTIONATING EXAMPLE 1

25 A powder mass of approximately 5.0 kg containing 50% of microcrystalline
cellulose (EMCOCEL CAS No. 9004-34-6 Batch 5S3689) and 50% of maize
starch (CERESTAR Mat. no. 03401, batch 01015757) was mixed and granulated.
Reprocessing of the rejected fraction was prevented in the granulation process. To



density was 0.714 g/m . The Hausner ratio of the mass was neasured to
be 1.371. WD 2008/ 056021PCT/ F12007/ 000265 55 The flowability of the
mass was gbgesigeskoto be excellent. This exanpl e shows ti@atribyo7eenys ng
the gas flow rate of the system granul &g mass with different flow
characteristics may be obtained. This exanple also indicates that,
contrary to what is taught in prior art, e.g. U S Patent 6,752,939,

the Hausneraéfibie tﬁi@eﬂﬂa i‘nésnﬁﬁﬁésﬁbbé%d@“ @as Chnahballyl fevedithé tistenrhediate
the granul ate mass. For exarrg)(f the granul e si zeegyst ri bution of (‘Hb in
e
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conpr essi bi {-%}é ?ﬁ i:Hea\'iaﬁv %g%ﬂ?éﬁﬁé isRArtihg mé‘gﬁ)cess The

flowability |nt e sa at e nmss.
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micrometers.

20 To observe the tabletability of the accepted fraction of the granulate mass, 0.5% of
magnesium stearate was added to the mass and tablets of average weight of 588
mg were produced. The average tensile strength of the tablet (N=6) was measured
to be 23,56N and standard deviation was 1,308. The disintegration time of the
tablet was observed to be about 12 seconds.

23
FRACTIONATING EXAMPLE 2

A powder mass of approximately 4.0 kg containing 50% of microcrystalline
cellulose (EMCOCEL CAS No. 9004-34-6 Batch 553689) and 50% of maize
starch (CERESTAR Mat. no. 03401, batch 01015757) was mixed and granulated.



5 During the processing, the valve (109 in figure 1 b) was kept shut
to prevent reprocessing of the rejected fraction. Conpaction force of

40 kN and woakrnsdorshi ng screen nesh size of 1. 00mMm waspaisEZ0T000265
produce granul es having nmean size of 523~ croneters (standard
deviation 1.70) after fractionation. The test run produced 1630g
(32.6% of accepted granules. A SEMinmage of the surface of an 10
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prevent re-processing of the rejected fraction. Conpaction force of
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produce granul’e nmean size of m-cr onet st andard

devi ati on 2wi®yeas tthe acc@thCbiﬁactlmh contained $38.4%n oﬁrgfauuba lergrj than 250
(16. 75% of acc ted granul es. The rest of the mass was rejected by

t he fractioﬁ@ﬂoﬁse Brice. 20.9%of the granul es/ particles of the
accepted mass had di aneter of smaller than 106 m croneters. The | oose

bul k To observe the tabletability of the accepted fraction of the granulate mass, 0.5% of
magnesium stearate was added to the mass and tablets of average weight of 584
25 mg were produced. The average tensile strength of the tablet was measured to be
63,34N and standard deviation was 6,78 (N=6). It is noteworthy that the tensile
strength of the tablet is significantly higher than in fractionating example 1. The
disintegration time of the tablet was observed to be about 12 seconds.

To a person skilled in the art, the foregoing exemplary embodiments illustrate the
30 model presented in this application whereby it is possible to design different



15 density of the resulting mass was 0.455 g/ nnl and tapped bul k
density was 0.568 g/m . The Hausner ratio of the mass was neasured to
be 1.248. Wwe2pistoesoehe hi gh conpressibility of the acceptegrmessirss

i ndi cated by the Hausner ratio, the flowagility was observed to be
excellent. On the other hand, the flowability of the rejected
fraction was observed to be insufficient. 20 The rejected fraction

cont ai ned 7.rhéthotisg rsysienes Ql@fn@ws Tahdnta%ﬁ&smvﬂ’iléﬁmihebﬁwﬁﬂy\ggﬁ tiifize the
accept ed fractl Bﬁ§§$talned @6of ranul es larger t

ni cr onet er s.MYY! 3 BresgBtad B 'é'ﬁéﬁp ¢qtignof t he accepted fraction of
the granul ate mass, 0.5% of nagnesium stearate was added to the nass
and tablets of average weight of 584 25 ng were produced. The average
tensile strength of the tablet was nmeasured to be 63, 34N and standard
deviation was 6,78 (N=6). It is noteworthy that the tensile strength
of the tablet is significantly higher than in fractionating exanple
1. The disintegration tine of the tablet was observed to be about 12
seconds. WO 2008/ 056021PCT/ F12007/ 000265 58 net hods, systens,
granul es and tablets, which in obvious ways utilize the inventive

i dea presented in this application. 59 CLAIMS 1. A nethod for
produci ng granules froma powder, characterized in that a | ow
conpaction force is applied to the powder to produce a conpacted nass
conprising a mxture of fine particles and granul es and separating
fine particles 5 fromthe granules by entraining the fine particles
in a gas streamin which the conpacted nmass fl ows, wherein the
direction of the flow of the gas stream has a conponent which is
contrary to that of the direction of flow of the conpacted mass. 2. A
met hod according to claim 1l wherein the conpaction force is
sufficiently low 10 that 75% or | ess by weight of the powder is
conpacted into acceptabl e granul es having particle size |arger than
150pm and the rest remains as fine particles and/or small granul es.



3. A nmethod according to claim1 or claim2 in which the conpaction
force is applied to the powder by a process conprising use of a

roll er conpactor to 15 generate a ribbon of conpacted powder which
is broken up to produce granules. 4. A nethod according to any one of
clains 1 to 3 wherein the conpaction force'is the conpaction force of
60kN or less in a Hose kawani Bepex Phar ngpakt or L200150P roller
conpactor. 20 5. A nethod according to any one of clains 1 to 4
wherein the cogpagpid on force is the conpaction force of 16kN or nore
in a HosakawaTm Bepex Phar mapakt or L200/50P roller conpactor. 6. A
*met hod according to any one of clains 1 to 5, characterized in that
sai d conpact ed1-rrg§§etf’%d #5\%?15”%9 JEAnyleg doms g pawdeTp ghaRerierizad énihaha dovs .
25 7. IA met hod acempattiog ffdsree anypmiee toft?eclpavivﬁ@ tb ;irodL&feV@%bmbﬁbté&ﬁlaEé ne
particles are se . e n N, rat.
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conpri ses adr ot afrpmdghelgvanules by aoirainirg thedipt ipadides oy a gamsifeanl ionichiibe

axi s of which t hgoromRached 108 SwhetelRMeehebibntR ki BaorHd fRMreal hs A
met hod according to claim7 In n%)verren acted nass
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structure. 60 9mads.net hod according to any one of clains 1 to 8
wherein the fige ' . . . S
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entrained, 5 10. 4rafBkEdviRE patiEE REeliftasd RE SHUhPAndiHRAES rBidaifls A8 HhES
of nean desired Siz erein the apertures have a m ni mum di mensi on

X Wh
of 1.0x. 11.A m?%ﬁe%ﬁ%?r 9f29U'sRy one of claims Ito 10 wherein
the fine partisl asnahed segadiag ¢ cibivorm drhuieirg r2ainuiidsh the coegastionffoas is

appar atus conpri si f i i her.el i j

of the conpact edgﬂr)élgcsi té\n%ﬁpn %tbﬂ% ﬁlrag%?icg"gil?l%u%éggfné%?’sepg@ﬁ%gyerEZ
seconds. 125A negénsietace giblpth Pf teempagted mewder whigh g brokep up fo produce
characterized ingiRakssai d powder conprises an exciplent usable in

phar maceuti cal ,products and/or, an acti Jpharmaceutical |ngredient.

A et hod ackopdTSiioT aerditae 2y Ghe PLARR i B S tiRl heghripn es

amount of 15 act lswte porapantioreforéecafl60kh gr lesk iartHosbkaxta ™ Bapéx MGemapaktor
LZ00/50P roller compactor.

20 5. A method according to any one of claims 1 fo 4 wherein the compaction force

is the compaction force of 16kN or more in a Hosakawa™ Bepex
Pharmapaktor L200/50P roller compactor.

6. A 'method according fo any one of claims 1 to 5, characterized in that ‘said
compacted mass is moved in said gas stream by mechanical means.

25 7. A method according to any one of claims 1 to 8 wherein the fine particles are
separated from the granules by means of an apparatus comprising
fractionating means wherein the fractionating means comprises a rotating
device, such as a cylinder or cone, along the axis of which the compacted
mass is moved in said gas sfream.

30 8. A method according to claim 7 in which movement of the compacted mass
along the axis of the rotating device is guided by means of a spiral sfructure.



14. A net hod according to any one of clains 1 to 13 wherein the
entrained fine particles and/or small granules are re-circul ated for
conpaction. 15. A nethod according to any one of clains Ito 14 further
conprising the step of collecting the granule. 20 16. A dry-granul at ed
granul ate nmass contai ni ng granul es obtai ggbl e according to the nethod
of claim15. 17. A dry-granul ated granul ate mass, characterized in
that it contains granules having a nean size of between 100 pm and

3mm consi stingg Ofy rﬁ&ho@a&&m{g%%%ﬁ oﬁ@Bﬁcl%r‘ﬂQt’i%@ M@er@? & fﬂm%rﬁahﬁle‘ésaré)f

mat eri al assom at ed Z Van der orces oati n
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bet
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conpressed core of ranyl e |s S t hod accordi ng
Lol a2 or Cabandr SoRR S & RS e R B HSR, progies RO o

19 wherein the paMephm&MncMgedlaﬁ conprises an active _
prar maceut | cal 4 AHHEHAE BLooRGCE! Sd FATRAGE B Ycluot Waild HPERLIRS.

HCl, 10paracetanol, sodiumyV opro ormin
21. A proces$ for8@W@Pﬁ@meldlcﬁfa@ﬂf@ilemmail*ﬁ%bﬁ'ﬁ%| ses conpressing a

dry-granul at ed1gpanRsthéd Qcéﬁ?zﬁﬁg R)C@rﬂrfdﬂerlﬁ cta‘?n@ﬁ‘%o %Qvﬁéf'eu? b éFﬁraﬂaﬁd fife 19
optionglly bl ended ?Ré’? h nore ad j onal fe i ent S. .

t abl et obt ai nabl @ar8¥)de§ Yrsgred genyips greépmrcﬂatedlgr %ﬁ‘%‘ppar at us for
dry granul ati off. Achsthatdmoidigdo iany diead! claines timpBd fatthe comppsingsis step of

conpacti ng neans I duci ng | ow conpaction force and
fractionating ma@\@%@tﬁ?g%ngégse arate fine particles froma

conpact ed ARssihf @h@ﬁﬁapﬁfﬁﬁigpf@m&a@ maes pentainiag gwnuigs pbipinabletacerding fp
whi ch t he conpacgﬁdngm&soffdem\ms wherein the direction of the flow of

t he gas strea S
9 rq ﬁ dry-granum)edn granuiate mass, characterized In that it coniains granuies

having a mean size of between 100 pm and 3mm consisting of (a) a
compressed core containing fine particles of material associated by Van der
25 Waals forces; and (b) a coating layer containing fine pariicles and/or small
granules of said material associated with said compressed core by electrostatic
forces,
18.A dry-granulated granulate mass, characierized in that it contain-é granules
having a mean size of between 100 um and 3mm consisting of (a) a
30 compressed care containing fine particles of material associated by Van der
Waals forces; and (b) a porous coating layer containing fine particles and/or
small granules of said material,



20which is contrary to that of the direction of flow of the conpacted
mass. 24. An apparatus according to claim 23 wherein the conpaction
force is applied by neans conprising use of a roller conpactor to
generate a ribbon of conpacted powder which is broken up to produce
granul es. 25. An apparatus according t®l clains 23 or 24 wherein
said conpacted mass is 25 noved in said gas stream by mechani ca
nmeans. 26. An apparatus according to any one of claim23 to 25,

Structure for g erafide et BbaRihd RIS N GORRHERER B bRR g
means. 27. An aﬁﬁ&ﬁﬁﬂ@%@%@fdhﬁgart'@leSawyn@iﬁ@al & be rempresseg is 3-106 um,
wher ei n ! t hS f ractths)maén Bide 3PMRABMPRBEIY ¢ci Bf §gFéP1b%t1$ aso-dgoo iR, arRURE
asacylner or acl e nmass IS
moved in said ga&® 's?t? ?nmeagzoag‘%'eAﬂzeaB{)ngjWﬁsoagc@a %’Hﬁ’ésﬁ'@ SFRPUISR & of
clains 23 t6 27 wekarigl of thheodtingddyeooiad gnaguletains rosent sidens tapemipnessd

t hrough whi ch th%mfeloqg %nggﬁéasgmggor fine granul es are entrained.
29. An apparatus_according to claim for producing granul es of nean

desired 5size %0 M?@P%aﬁfr?éd%@r%me*@ HA/EY Franuiaie s aererdiigda ooe of
1. 0x. 30. An appag@ims mwu@nwmreﬁmtr@rnbmﬁomhe%afeﬂa e%awph@esZ& Wa@ivei n

t he fractionating,neans .daes not assa ct e

mass t hrough any%gﬁam\?geutug% Rgferdé?@ sgﬁg{eﬁ Eoraee%gggl%aﬁ@ed"”f’ B2 pfaflat e
fine partidPes fporrelamonpetiinedipraste, Kejopeien, andimedortireHCL ne particl es
and/or small g u a r ot.af,lng
devi ce, such agﬁﬂ bﬁ)’ileéné‘gé’r g%aw% g%ble%q”l‘ﬂﬁie ﬁggg E@Aﬁﬁe%r[ghta [ﬂy
conpacted mass f# lajeq gga?%tga@sgﬁ?@éqﬂgaiﬁ@we@f plalmtmg 1§ecaptienally
contai ns apertur a&nﬁéumltrgdmewfnmdﬂe sdutiohbingcipigntsi cl es and/ or smal |

granul es are [ eag% nthed on of the flow of the

gas stream hasﬁéi 5\)2%0% e ﬁIP' ° PTRCEB ?Igiﬂ/i‘]to that of the direction

of flow of 1§ he2%Anpaparaws for dry granulation, characterized in that the apparatus comprises
compacting means capable of producing low compaction force and
fractionating means adapted tc separate fine particles from a compacted mass

by entraining the fine particles in a gas stream in which the compacted mass
flows, wherein the direction of the flow of the gas stream has a component
20 which is contrary to that of the direction of flow of the compacted mass.

24. An apparatus according to claim 23 wherein the compaction force is applied by
means comprising use of a roller compactor to generate a ribbon of compacted
powder which Is broken up to produce granules.

25.An apparatus according to claims 23 or 24 wherein said compacted mass is

25 moved in said gas stream by mechanical means,

26.An apparatus according to any one of claim 23 to 25, characterized in that said
fractionating means comprises at least one structure for guiding said
compacted mass Inside said fractionating means.

27.An apparatus according to any one of claims 23 to 26 wherein the fractionating

30 means comprises a rotating device, such as a cylinder or cone, along the axis
of which the compacted mass Is moved in said gas stream.



15mass. 32. An apparatus according to any one of clainms 23 to 30 or a
device according to claim31 wherein the direction of the flow of the
gas streamis substantially contrary to that of the direction of tow
of the conpacted mass. 33. An apparatus according to claim?27 or a
device according to claim31 or claim 2§32 in which novenent of the
conpacted mass along the axis of the rotating device is guided by
nmeans of a spiral structure. 34. A dry-granul ated granul ate nass

. Lai . p that th
rese 15 Cabl e S Epdtens eBnd B i ofor (RIS 3521 iRttel g flodaiy
conprises at | eastean®opniginsepariveestthrongh wWiich fe fingpartslesand/or fine granules

25phar maceuti cal ardén@chegnts: acebutolol HC, fluoxetine HCL,

par acet anol , - di um val proate, 30- ketoprofen and - netformin HCl .
83 35, A tabl ofSADAPHPHS TEOBIFM, Froleim 28, PeTmio-aran Jes ot raean, eAsired
| east one of t hesizekwbeiaTgthe aperiueegitase radentimatihensitgrog diognt s:

30.An apparatus according to any one of claims 23 to 29 wherein the fractionating
means does not require passage of the compacted mass through any sigve.

31.A fractionating device adapted to separate fine particles from a compacted
mass by entraining the fine particles andfor small granules in a gas stream

10 which comprises a rotating device, such as a cylinder or cone, along the axis of
which the compacted mass flows in said gas stream and which rotating device
coniains apertures through which the fine particles and/or small granules are
entrained and wherein the direction of the flow of the gas stream has a
component which is conirary to that of the direction of flow of the compacted

15 mass.

32.An apparatus according to any one of claims 23 to 30 or a device aceording to
claim 31 wherein the direction of the flow of the gas siream is substantially
contrary to that of the direction of flow of the compacted mass.

33.An apparatus according to claim 27 or a device according to claim 31 or ¢laim

20 32 in which movement of the compacted mass along the axis of the rotating
device is guided by means of a spiral structure.

34. A dry-granulated granulate mass according to any one of claims 16 to 19,
characterized in that the mass is tabletable and has good flowabillty and that
the mass comprises at least 10% of at least one of the- following

25 pharmaceutical ingredients:

- acebutolol HCI,

- flucxetine HCI,

- paracetamol,

- sodium valproate,
30 - ketoprofen and

- metformin HCI.



- acebutolol HCl, fluoxetine HO, 5- paracetanol, sodium val proate,
- ketoprofen,and - netformin HCl. 36. A tablet formed by conpression
of a dry-granul ated granul ate mass 10 according to any one of clains
16 to 19 conprising 60% or nore of active pharnaceutical ingredient
sel ected from paracetanol, netforrnin Fg%, acebut dol HCI and sodi um
val proate. 37. A nethod, dry-granul atet’ nmass, tablet, apparatus or
devi ce substantially as herei nbefore described by reference to the

exanpl es and f gUA @blet @66l Bci B2l aAtbridNg aFle8st?©% of at least one of the
iollowing active pharmaceutical ingredients:
- acebutolol HCI,
- fluoxetine HCI,
S - paracetamol,
- sodium valproate,
- ketoprofen,and
- metformin HCI.
36. A tablet formed by compression of a dry-granulated granulate mass
10 according to any one of claims 16 to 19 comprising 60% or more of active
pharmaceutical ingredient selected from paracetamol, metformin HCI, acehutolol
HCI and sedium valproate.
37. A methoed, dry-granulated mass, tablet, apparatus or device substantially as
hereinbefore described by reference to the examples and figures, excluding Fig
15 2b and Fig 2c.



