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Background of invention

The invention relates to a method and an apparatus for making a powder
consisting of particles having a particle size smaller than 10 pm free-flowing

by forcing the particles to create agglomerates.

Powders consisting of very small particles are commonly used in the
inhalation therapy where the size of the particles are of utmost importance.
The diameter of particles which are to be inhaled must be less than 10 pm
to ensure the adequate penetration of the particles into the bronchial area of

the lungs.

Most finely divided powders, such as micronized powders, are light, dusty
and fluffy and they often create problems during handling, processing and
storing. For particles having a diameter less than 10 ym the van der Wahls
forces are generally greater than the force of gravity and consequently the
material is cohesive. The particles tend to adhere to each other forming
non-defined agglomerates. Such powders have very poor free-flowing

properties which often make handling and precise metering problematic.

One possible method of making these powders free-flowing or at least
improve their flowing properties is to force, in a controlled manner, the
primary particles to form larger particles, agglomerates. Non-defined
agglomerates are formed at random when this finely divided material is
handled, for instance during storage, conveying, sieving, sifting, mixing or
grinding.
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The invention relates to a nmethod and an apparatus for maki ng a powder
consisting of particles having a particle size smaller than 10 [err]m
free-flowing by forcing the particles to cregate aggl onerates. Powder s
consisting of very small particles are commonly used in the inhalation

t herapy where the size of the particles are of utnost inportance. The

di anet er of particles whi ch are to be inhaled nust be less than 10 [err]m

to ensure the dequat e on of the particles int onchj al area
of the |ungs. IFRbEommeRKHomicd el saglimenats Hounfreely: ponkor s.
are light, dust Iﬁgd {dean tﬁ;%gea r dl'i ng,
processi ng and e)sélts% %r?g HM{& p t}{a?@eégphzf\?l rf]g{ng%dxeap; Figsésj‘lét @gef?gé‘[ errjm
t he van der V\ﬁkdosmﬁmn&;emsedenghugrfammlaj:rmat er than the force of gravity
and consequently the
5  The flow of very cohesive powders can be improved by vibration-induced
agglomeration. Depending on the type of powder, liquid (often water) or
solid binders are added during the agglomeration, but it is also possible to

agglomerate without binders.

10  The method of agglomeration is applicable in principle to all materials,
including mixtures of various powders. Any powder, provided it contains a
sufficient amount of fine particles having a size smaller than 10 pm, can be
granulated or pelletized without a binder by systematic agitation or rolling
of the particulate material.

15
The agglomerated powders consist of relatively large, more dense and
compact spheres which exhibit the normal flow properties, but at the same
time the spheres should have sufficient low internal coherence to break up
into small primary particles of medicament of a therapeutically effective

20  size during inhalation in an inhalation device.

The inhaled route of administration enables the dose to be delivered
directly to the airways. By this type of administration it is possible to give a
small dose and thereby minimizing unwanted side effects, which for

25  example could occur if the substance is deposited in another part of the

body, e.g. the gastrointestinal tract or the oro-laryngeal tract.
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material is cohesive. The particles tend to adhere to each other form ng
non-defi ned aggl onerates. Such powders have very poor free-fl ow ng
properties which often make handling and pr3ci se netering problematic.
One possi bl e nmethod of making these powders free-flow ng or at |east
inprove their flow ng properties is to force, in a controlled manner, the
primary particles to formlarger particles, agglonerates. Non-defined
aggl oner at es apgof qed at random when this finely divided material is
handl ed, for imstance during storage, conveying, sieving, sifting, mXxing
or grinding. Methods of controlled agglomeration are known in the prior art. For

example, Claussen and Petzow (Journal of Materials Technology, vol 4(3),
148-156 (1973)) have described a dry agglomeration method where no
5  binders are intentionally added for preparation of spheres in the size range

0.1 - 3 mm by tumbling in a cylinder tilted at an angle to the horizontal axis
of rotation. According to the authors a dry agglomeration process for small
particles requires nuclei in order to start, but almost all powders consist of
natural agglomerates that function as nuclei. They also conclude that

10  agglomerates from common used devices such as a rotating drum or a
granulating pan form a wide size distribution of the agglomerates that
makes frequent sieving necessary. The product formed often exhibit bad

sphericity and low density.

15  US-A-5 143 126 describes a vibratory conveyor for forming flowable
agglomerates from previously poorly flowable fine-grained powder by
using a method wherein the poorly flowable powder is subjected to a

mechanical vibration step prior to transport and metering.

20  GB-A-1569 611 describes a process for agglomeration of a drug into soft
pellets. In this process moist is used as a binder to provide a doe which by

extrusion is pressed through a sieve to create agglomerates.

GB-A-2 187 952 describes a method in which crystalline ibuprofen is

25  compacted by kneading as it is conveyed by conveying screws through an
extruder. The resulting agglomerates can also be passed through an
extruder plate affixed to an end of the extruder.

EP-A-0 490 649 a laboratory process for obtaining soft pellets is described.

30 In this process a sieve was used having an aperture size between 210 to 500
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2 It is common know edge that spherical agglonerates flow freely, packs
easily and uniformy, have an ideal formfor coatings and are therefore

commonly used in drug formnul ations. The f4ow of very cohesive powders can
be i nproved by vibration-induced aggl oneration. Depending on the type of
powder, liquid (often water) or solid binders are added during the

aggl oneration, but it is also possible to agglonerate w thout binders.
microns. A palett knife was used to extrude the powder through the sieve.

The extrudate formed was placed in a glass jar which was placed on a set

of rollers in order to further treat the extrudate.

5 The invention

It is an object of the present invention to provide a method of controlled
agglomeration of finely divided powdered medicament having a primary
particle size smaller than 10 pum, preférably smaller than 5 pm, for example
10  micronized powders, in which no binders are needed and in which the
resulting agglomerates are of a uniform size having a structure which
provides sufficient flowability for the transport and metering of such
powders and which nevertheless have sufficient low internal coherence to
break up, within an inhalation device, such as a dry powder inhalator, into
15  particles of medicament having a therapeutically effective size, e.g. having a

particle size smaller than 10 pm.

The method according to the invention provides a process for facilitating
the technical handling and significantly increase the medical value of the

20  substance. It has been found that this method produces agglomerates
having excellent handling properties, which have sufficient strength to
withstand packaging and storage, but which are sufficient soft so that they
will break down into primary particles when they are expelled from the
inhalator during inhalation therapy.

According to the invention there is provided a method for the manufacture
of agglomerates, which comprises subjecting the finely divided particles of
the medicament, which could be in admixture with any other ingredient
desired to be incorporated into the agglomerates, to mechanical unit

30  operations under certain conditions. More specifically there is provided a

" This Sheet Has Been R

i



The net hod of aggloneration is applicable in principle to all materials,

I ncl udi ng m xtures of various powders. Any powder, provided it contains a
sufficient amount of fine particles having & size smaller than 10 [err]m
can be granul ated or pelletized without a binder by systematic agitation or
rolling of the particulate materi al . The aggl onerated powders consi st of
relatively large, nore dense and conpact spheres which exhibit the nornal

f1 ow properti egethod oittréafﬁ%eﬁ%!fatﬂx{@%ﬂd?@ld%a ﬁéeﬁﬂ%@&d&ﬁd@\t%fvﬁﬂf hent
| ow i nternal coherence to break u o smal |” primary particles of

medi cament of partiche aigewmhaliar| bb\aeﬂﬂelém and poge ﬂomnggarppﬂaieattpcfnnnn iran
i nhal ati on devij ceh_ 1l cil'he i nhal e route of a(ﬁnl tcrhat | O Habl .€S t e dose
to be deliveretpntrolled manner, agglomerates or pe are free
which are capable of breaking down to provide the finely d1v1ded
5 medicament, comprising the steps of:
a) agglomeration of the powdered medicament having a particle size being
smaller than 10 pm by feeding the material to a sieve, causing the finely
divided powdered medicament to pass through the appertures of the sieve
thereby obtaining agglomerates,
10  b) spheronizing the resulting agglomerates in order to provide agglomerates
which are more spherical, more dense and more compact than the
agglomerates obtained from the agglomeration process in the sieve, and

¢) sizing the agglomerates to obtain an uniform size of the final product.

15  According to the invention there is also provided an apparatus for
performing the method of treatment of a finely divided powdered
medicament having a particle size smaller than 10 pm and poor flowing
properties to form, in a controlled manner, agglomerates or pellets which
are free flowing and which are capable of breaking down to provide the

20  finely divided medicament, comprising a sieve having apertures through
which the finely divided powder is mechanically caused to pass to obtain
agglomerates, a spheronizing device and a sizing device for sizing the

agglomerates to obtain a uniform size of the final product.

25  Further preferred steps of the method are clear from the appended
dependent claims 2 - 14 and preferred embodiments of the apparatus are
clear from the appended dependent claims 15 - 25.

There is also provided a use of the apparatus to carry out the method
30  according to the invention.
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directly to the airways. By this type of admnistration it is possible to
give a small dose and thereby m nim zing unwanted side effects, which for
exanpl e coul d occur if the substance is depbsited in another part of the
body, e.g. the gastrointestinal tract or the oro-laryngeal tract.

3 Prior art

It is also an object of the invention to provide a use of the agglomerates
manufactured in accordance with the method in a breath actuated dry

powder inhaler, such as Turbuhaler®.

5  Brief description of the drawings

The method according to the present invention will now be described by

way of example with reference to the appended drawings, wherein:

10  Fig. 1 shows a schematic view of a first embodiment of the apparatus and

process according to the invention,
Fig. 2 is a sectional view along line A - A in fig. 1,

15  Fig. 3 shows a schematic view of an alternative of the apparatus and

process shown in fig. 1,

Fig. 4 shows a schematic view of a second embodiment of the apparatus
and process according to the invention,

20
Fig. 5 shows a schematic view of an alternative of the apparatus and

process shown in fig. 4,

Fig. 6 shows a schematic view of the apparatus according to the invention
25  having a third embodiment of the agglomerating sieve,

Fig. 7 is a diagramshowing size distribution of spheres as a function of
different sizes of the apertures in the used sieve.

30
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Met hods of controll ed aggl oneration are known in the prior art. For

exanpl e,- C aussen and Petzow (Journal of Materials Technol ogy, vol 4(3),
148- 156 (1973)) have described a dry aggl ongrati on net hod where no binders
are intentionally added for preparation of spheres in the size range 0.1 -
3 mMmby tunbling in a cylinder tilted at an angle to the horizontal axis of
rotation. According to the authors a dry aggl oneration process for snall

particles requkﬁ% Cemiuﬁé Bsé}ﬁgﬁf\gt&v%eafd is @M%&;&ﬁg} géodrc%ﬁ%\?%s consi st

of natural agglonerates that functfon as nuclei e t hat
aggl oner at es f nosartedrperpeaditutiavioceschsothbr.da therevidadf earhdarmmaoplate 16 is
granul ating pan forma w de, size_di sé\ri bution of the 1g}f}gl orirerat es, t hat
makes frequent MQWHeAJNRESRE angle tondearaydds sqeckiget oTese Plateniwilk dygdo

sphericity and ' = A 4 ﬁfa@ilﬁ i | onveyor

for formng fl S%Agélf‘gﬁgg%%“n%ﬁ#g’éﬁ??% %srcew 0 ?gﬁfggﬁ %h%hgdwa lﬁa&ﬁgc

fine-grain&d pandgor bytating, force the finely divided powder supplied to the U-shaped
trough 6 through the apertures of the net 8 thereby forming the

agglomerates.

The shaft 14 of the oscillating device 10 is mounted to a motor 4 or similar
10  which is provided to produce and transmit the oscillating and/or rotating

movement to the device.

The agglomerates obtained from the sieve after the agglomeration process
have different sizes and are comparatively soft, they need to be further

15  treated to obtain the desired characteristics. The agglomerates are therefore
collected in a spheronizing device, preferably a rotating container, such as a
pan or drum 18 which preferably is provided with one or more scrapers 20
(only shown schematically in the drawings). The container 18 is tilted and is
rotating. The rotating movement of the container 18 will make the

20  agglomerates rotate and tumble due to the tilting of the container. The
scrapers will give the agglomerates a further rotation and shaping thereby
improving the spheronization. During the rotation the agglomerates will
obtain a stronger, more dense, compact and uniform form and a smoother
outer surface. These improvements in form, hardness and density achieved

25  in the rotating container 18 will further improve the flowability and the
resistance against breaking during handling and storage. The speed of the
container determines the characteristics of the agglomerates after this
spheronization. Tests have shown that the optimal periphery speed of the
container is between 0.2 - 2.0, preferably between 0.4 - 1.0 m/s. The

30  spheronization time is preferably between 1 - 20 min. Tests have shown that
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using a nethod wherein the poorly flowable powler is subjected to a
mechani cal vibration step prior to transport and netering. GB-A-1 569 611
descri bes a process for aggloneration of a grug into soft pellets. In this
process noist is used as a binder to provide a doe which by extrusion is
pressed through a sieve to create aggl onerates. GB- A-2 187 952 descri bes
a nethod in which crystalline ibuprofen is conpacted by kneading as it is

200l ower at o oat kLo BU e a¥eRSIAR: SHehiliF el B thaiet optmal ena
of the extrudersize, c ?alﬁh@y 40Br&ding doso tapesvidertae ¢htely dividbd ahadiogmeat t

pellets is describe
and density for their future use.

5  Tests have shown that the most optimate tilting angle of the container 18 is
between 10°- 80° from the vertical, preferably between 30°- 60° as an angle
chosen herebetween gives the best densifying and growing effect to the

agglomerates.

10 The granulating container is made of a material which is inert and do not
contaminate the powder, such as for example metal, plastic or any other
suitable material. In order to avoid electrostatic forces to build up during

the spheronization process the container could be grounded.

15 After the spheronization in the tilted container 18 the agglomerates are
supplied to a sizing device, preferably a sieve 22 having an aperture size
which is between 0.2 - 2.0 mm, preferably between 0.3 - 1.0 mm. This final
sieving is used in order to obtain a uniform size of the agglomerates. The
requirements for the use of this operation is strongly depending on the type

20  of inhalation device to be used.

The requirements of uniform size and proper density is higher if the
agglomerates are to be used in a dry powder inhaler. During inhalation it is
of utmost importance that agglomerates are broken up into a high amount

25  of primary particles having a particle size smaller than 10 pm.

To utilize the process in the most efficient and economic manner and to

minimize the amount of agglomerates which are too big and therefore have

to be recycled into the process the method could comprise further steps of
30 sieving and spheronization. The final agglomerates will also be more
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In this process a sieve was used having an aperture size between 210 to 500
4 m crons. A palett knife was used to extrude the powder through the
sieve. The extrudate forned was placed in gggl ass jar which was placed on a
set of rollers in order to further treat the extrudate.

uniform which will improve the break down of the agglomerates into
primary particles during inhalation. A further step of sieving is incor-
porated hereby into the process after the spheronization and a second
spheronization is incorporated after this extra sieving. An apparatus
5  according to this embodiment of the invention is shown in fig 3. The finely

divided powdered medicament is agglomerated in the substantially U-
shaped trough 6’ and the resulting agglomerates are supplied to the
granulating container 18'. After the spheronization the agglomerates are
supplied to a sieve 24’ to obtain a more uniform size. After this sieving the

10  agglomerates are spheronized a second time in a second granulating
container 26'. This second granulating container 26’ is of the same type as
the first container 18’ and the periphery speed and the spheronization time
as defined above for the first step of spheronization. After this second
spheronization the agglomerates are sifted through the final sieve 22’ to

15  obtain a uniform size of the final product. The sifting is necessary as in
some case the agglomerates might grow too much during the
spheronization and therefore the final product could contain agglomerates
having a size being bigger than the required size, e.g. 0.2 - 2 mm, preferably
0.3-1mm.

20
In fig. 4 a second embodiment of an apparatus for carrying out the method
according to the invention is shown. In this embodiment the finely divided
powdered medicament is supplied to a plain, substantially horisontal sieve
106 which is provided with a mechanical device 110 which forces the finely

25  divided powder through the apertures of the net 108 in the sieve 106.
During this extrusion of the powder through the apertures small, soft
agglomerates or pellets will be formed which have the required
characteristics for the following densifying treatment in the granulating
container. Also in this embodiment the last step of the process includes a

30 sieving of the agglomerates to obtain uniform size of the final product.
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The invention It is an object of the present invention to provide a

nmet hod of controlled aggl oneration of finely divided powlered nedi canent
having a primary particle size smaller thap 10 [err]m preferably smaller
than 5 [err]m for exanple mcronized powders, in which no binders are
needed and in which the resulting agglonerates are of a uniformsize having
a structure which provides sufficient flowability for the transport and

netering of s ers d. whi_ch. ert hel ess ve sufdfi.cient | ow

i nt er nal cohe@%ﬁ?‘%a&%gaéﬁ‘& %F{cﬁ?ﬁér%%nﬁﬁ Wﬁ%&%@ﬁ“ﬂm ?ée agﬁféﬂr_ e5ofa dry

powder i nhal at Qe siévi owldr pieférablyobe FBHh6A B At sdra@péril 25whiter d@eribesal | y

effective size, e.g. having a particle size smaller than 10 [err]m
reciprocating movement over the net 108 of the sieve 106 and which during
this movement forces the finely divided powdered medicament down

5  through the apertures of the sieve 106.

The size of the apertures of the sieve is related to the required size of the
agglomerates. As already mentioned above the size is between 0.2 - 2.0 mm,
preferably between 0.3 - 1.0 mm. The preferred size of the apertures will

10  give the agglomerates a size which makes them suitable for the following

spheronization.

Also in this embodiment of the invention the agglomerates resulting from
the agglomeration process in the plain, substantially horisontal sieve 106

15  need to be further treated to obtain the desired characteristics. The
agglomerates are therefore collected in a rotating container 118 having one
or more scrapers 120. The container is of the same type as described in
relation to the first embodiment of the invention as well as the speed of the
container and the spheronization time and angle.

20
The process is thereafter finished by a final sifting in a sieve 122 as

described in relation to the first embodiment.

If required the process according to this second embodiment can also be
25  completed with the further steps of sieving and spheronization as described
above in relation to the first embodiment of the method according to the

invention.

This alternative of the second embodiment is shown in fig. 5 where a

30  second sieve 124 and a second granulating container 126 is incoporated into
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The met hod according to the invention provides a process for facilitating
the technical handling and significantly increase the nedical value of the
substance. It has been found that this neth®d produces aggl onerates having
excel l ent handling properties, which have sufficient strength to wthstand
packagi ng and storage, but which are sufficient soft so that they wll
break down into primary particles when they are expelled fromthe inhal at or

during inhal at H’Qéﬂ'a SafkY after 6Fec SQ” Snb3sh Oh /Bt i%‘_ﬁ\ﬁ%ﬁolét}{érﬂﬁélded a
gl o I C

met hod for the manutacture of ag rates, conprises subjecting the
finely dividedsifingiinlths sigvet22’.nedi canent, which could be in adm xture
with any other ingredient desired to be incorporated into the aggl onerates,
to mechani cal unit operations under certain conditions. Mire specifically

there is provi gedigas 4 third embodiment of the agglomerating sieve is shown. The net
5 208 of the sieve is formed as a truncated cone and is provided with a

scraper device 212. The scraper device could have any form but is
preferably formed a horisontal element mounted on a shaft. At least two
arms extends outwardly form the horisontal element in the angle of the net
208, e.g. the truncated cone. The shaft is connected to a motor 204 which

10  gives the scraper device 212 a rotating movement. During the
agglomeration process the rotation of the scrapers will force the finely
divided particles of the powder to pass through the apertures in the net 208
thereby forming well defined agglomerates having the required
characteristics.

15
After agglomeration the agglomerates are treated as described in relation to

embodiment one and two of the present invention.

The agglomeration process according to the invention will now be
20  described by experiments which are intended to illustrate but not limit the

scope of the invention as described in the appended claims.

The agglomerates obtained from the process according to the invention are
to be used in a dry-powder inhalator, preferably in a dry-powder breath-

25  actuated inhalator. The hardness of the agglomerates are therefore of
utmost importancy. The required hardness of agglomerates which are
capable of breaking down into primary particles during inhalation has been
measured by a MHT-4 Microhardness tester, (A.Paar, Austria) and has been
found to vary between 0.5 to 20 mN for agglomerates having good

30 deagglomeration properties and which break down into the required
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5 met hod of treatnment of a finely divided powdered-nedi canent having a
particle size smaller than 10 [err]mand poor flow ng properties to form
in a controlled manner, aggl onerates or p Jets which are free flow ng and
whi ch are capabl e of breaking down to provide the finely divided

medi cament, conprising the steps of: a) aggloneration of the powdered

nmedi canent having a particle size being snmaller than 10 [err]m by feeding
the material tprimanepertidesin ay intledafarrdhnyng inhalation. With values above 20

mN the deagglomeration of the agglomerates will be less and above 100

mN very little deagglomeration of the agglomerates will occur.

5 Example 1

Properties of agglomerates of three different powders have been determined
and is to be seen in the table below. The powder consisted of finely divided
particles which was passed through the steps of the method according to

10 the invention:

SUBSTANCE MASS MEDIUM  SURFACE AREA BULKDENSITY

DIAMETER (um) __(m?/g) (g/ml)
Terbutaline 1.7 9 0.25
15  Budesonide 2.0 6 0.24
Lactose 3.0 6 0.32

Typically the bulk density for agglomerated powders consisting of finely
divided particles can be determined to vary between 0.2 mg to 0.4 g/ml for
20  particles having a particle size of less than 10 pm. The surface area varies
between substances but there is no difference between micronised and
micronised and agglomerated (and spheronised) powder. The area is

between 2 - 20 m?/ g, preferably 3 - 12 m?2/ g

25 Example 2

Micronized (mass medium diameter (MMD)) 3.2 ym lactose was slowly
added on the oscillating device consisting of a U-shaped sieve net mounted
on an Erweka AR 400. By the action of the bars of the oscillating device the

30 lactose was pushed through the sieve net. The mesh size of the sieve net
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di vi ded powder ed nedi canent to pass through the appertures of the sieve
thereby obtaining agglonerates, b) spheronizing the resulting aggl onerates
in order to provide agglonerates which arg4nore spherical, nore dense and
nore conpact than the agglonerates obtained fromthe aggl oneration process
in the sieve, and c¢) sizing the agglonerates to obtain an uniformsize of
the final product. According to the invention there is also provided an

apparatus for erfornmng the ne e | i1\

powdered rmedi BQ%WSH& ge?%gbgﬁg?'gg?ﬁé‘e%ﬁ%ggheaa%p%hﬁggrliﬁmﬂgﬂd poor
flowing propeThe Q}%ﬂ'ﬂ]@ﬁf\grfﬁéqdémcﬁl wanin eddrechseedinetrns Agdn. oTter agglomerates
pellets which are free

provide the fforaned weve dleﬁgm n iag\gw%dcg@);{ﬁ%igﬁgg%gg%‘ﬁg&r(ﬁgamgﬁfi(r)es
obtain agl ondiaieified i P dn ARUECE AR uuibrRR PR o SrRERS, |
the 5 for growth of the spheres to occur. Tumbling of the agglomerates was
performed at 50 rpm for 8 minutes. The spheres were collected and
analyzed for size distribution in a Retsch sieve with a mesh size up to 2
mm. For comparison micronized lactose was spheronized without prior
treatment in the oscillating sieve. The result is shown in the diagram in Fig.

10 7.

Example 3

15  Agglomeration starts with particle-particle contact and adhesion
(nucleation). These bodies act as nuclei for further growth of the
agglomerates. The agglomeration step according to the present invention
will create small spheres of relatively uniform size in the tumbling process,
while direct tumbling of the fine cohesive powder will give large spheres

20  with a wide size distribution. The difference in sphere size is thus due to
different growth occuring during the tumbling. Since sieving through an
oscillating device with a small sieve mesh produced nuclei of controlled
size, less unagglomerated fine particles were left to increase the size of the
agglomerates. The existence of a lot of non-agglomerated fine particles will

25  give an uncontrolled sphere growth during tumbling and to larger
variations in size distributions and a larger average sphere diameter and
average sphere volume. This is shown in the diagram below, where the
average sphere diameter (msd) and weight average sphere volume (msv)
for spheres obtained after eight minutes of growth in a stainless granulator

30  has been calculated as well as the relative standard deviation (RSD).

This Sheet Has Been Replaced

R




aggl onerates to obtain a uniformsize of the final product. Furt her
preferred steps of the nethod are clear fromthe appended dependent cl ains
2 - 14 and preferred enbodi nents of the apptdatus are clear fromthe
appended dependent clains 15 - 25. There is also provided a use of the
apparatus to carry out the nethod according to the invention.

MSD RSD MSV RSD
Nucleation step mm % mm?3 %
Sieve 0.63 0.813 1.4 0.335 3
Sieve 1.0 0.851 74 0.433 9.8
5 No sieve 3.18 13.3 73.2 92.1

The experiments clearly show the narrow distribution of the sphere sizes
obtained in a U-shaped sieve compared with a direct spheronization
proceedure of the primary finely divided powder. A more uniform size of

10  the spheres with the smaller size aperture, preferably a size of 0.3 to 1.2 is
therefore recommended. Large agglomerates/spheres may eventually break
up and thereby giving a wide range of agglomerate/sphere size

distribution, which gives less accurate doses.

15 - As a consequence the described process according to the present invention
gives an agglomerated powder with acceptable batch to batch variations of
the final product. Small variations is of utmost importance for accuracy of a

dose from an inhalation device.

20 Possible modifications

The method according to the invention could of course be modified within

the scope of the appended claims as well as the apparatus.

Thus the shape of the sieve or the extrusion device where the controlled
25  agglomeration takes place could be varied as well as the size of the
apertures. This size must be chosen in regard to the characteristics of the
finely divided powdered medicament to be agglomerated. The apertures of
the sieve could for example have different shape, e.g. being round or
having any other preferred shape.
30
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6 It is also an object of the invention to provide a use of the

aggl onerates manufactured in accordance with the nethod in a breath
actuated dry powder inhaler, such as Turbugal er. Brief description of the
dr awi ngs The net hod according to the present invention will now be

descri bed by way of exanple with reference to the appended draw ngs,
wher ei n:

The oscillating and/or rotating device or mechanical scraper device which
forces the powder throught the apertures of the net could have any suitable
form. For example in the first embodiment with the U-formed trough the
device could be formed as a tape being provided with wings arranged on

5 the tape perpendicular to the net. Other forms are also possible within the

scope of the claims.

It is also possible to modify the size, shape, speed and tilting angle of the

granulating container thereby changing the size of the final agglomerates.
10

The spheronization could also be done in a so called marumerizer which is

a commercially available apparatus for spheronization or granulation. The

spheronization could also be done in any other suitable way using a

rotation symmetrical receptacle or container, which could be rotated, such

15  as any container being cylindrical or barrel formed.
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Fig. 1 shows a schematic view of a first enbodi nent of the apparatus and

process according to the invention, Fig. 2 is a secti I ne
A- Ain fig. 1, Fig. 3 shows a schematigy view of an mﬂl m;ﬁﬁm "\
apparatus and process shown in fig. 1, Fig. 4 shows a e view of a
second enbodi nent of the apparatus and process according to the invention,

Claims

1. Method of treatment of a finely divided powdered medicament having a
particle size smaller than 10 pm and poor flowing properties to form, in a
5  controlled manner, agglomerates or pellets which are free flowing and

which are capable of breaking down to provided the finely divided
medicament, comprising the steps of
a) agglomerating the powdered medicament having a particle size being
smaller than 10um by feeding the material to a sieve, causing the finely

10  divided powdered medicament to pass through the appertures of the sieve
thereby obtaining agglomerates,
b) spheronizing the resulting agglomerates in order to provide agglomerates
which are more spherical, more dense and more compact than the
agglomerates obtained from the agglomeration process in the sieve, and

15 ¢} sizing the agglomerates to obtain an uniform size of the final product.

2. Method according to claim 1,
characterised in that a tilted granulating container, preferably with
one or more scrapers, is used to spheronize the agglomerates resulting from

20  the agglomeration.

3. Method according to claim 1 or 2,

characterised in that a sieve is used for the sizing of the resulting

agglomerates.
25
4. Method according to any of claim 1,
characterised in that the particle size of the finely divided
powdered medicament is smaller than 10pm and in that the size of the
agglomerates after the agglomeration process is less than or equal to 2 mm.
30
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Fig. 5 shows a schematic view of an alternative of the apparatus and
process shown in fig. 4, Fig. 6 shows a schematic view of the apparatus

according to the invention having a third ggbodi nent OU"I ”ﬁml”) hng
si eve, Fig. 7 is a diagranmshow ng size distribution 0f MIE"I
s *

function of different sizes of the apertures in the used sieve. "

5. Method according to claim 1,
characterised in that the finely divided powdered medicament is
mechanically forced through the apertures of a sieve in the form of a

substantially U-shaped trough.

6. Method according to claim 5,
characterised in that the apertures of the sieve in the form of a U-
shaped trough have a size between 0.2 - 2.0 mm, preferably between 0.3 -
1.0 mm.

10

7. Method according to claim 5 or 6,

characterised in that the finely divided powdered medicament is
mechanically forced through the apertures of the sieve having the form of a
U-shaped trough using a mechanical rotor device thereby obtaining

15  agglomerates.

8. Method according to claim 1,
characterised in that the powder is mechanically forced through
the apertures of a plane sieve thereby obtaining agglomerates.
20
9. Method according to claim 8,

characterised in that the plane sieve is substantially horisontal.

10. Method according to claim 8 or 9,
25 characterised in that the apertures of the plane sieve have a size

between 0.2 - 2.0 mm, preferably between 0.3 - 1.0 mm.

11. Method according to claim 9 or 10,
characterised in that the finely divided powdered medicament is
30  mechanically forced through the apertures of the substantially horisontal
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7 Det ai | ed description of the draw ngs According to the invention the
finely divided powdered nedi canent is supplied to a sieve 2, 102, 202

through which apertures the powder is forcgd. Mechani sed
to press the powder through the apertures. Dur| ng thllml"lgmmmlmmw
soft agglonerates or pellets are fornmed which are capabl & ot breaki rg down
to provide the finely divided medi canent and which coul d be spheronized to
obtain a nore sgherl cal,

ve using a mechanical scraper device describing a reciprocating

movement.

12. Method according to one or more of claims 1 to 11,
5 <characterised in that the method comprises further steps of sizing
and spheronizing after the initial steps of agglomeration and

spheronization.

13. Method according to claim 10,
10 characterised in that for the further sizing a furhter sieve is used
and for the further spheronizing a further granulating container, preferably

with one or more scrapers, is used.

14, Method according to claim 12,
15 <characterised in that the apertures of the further sieve has a size

between 0.2 - 2.0 mm, preferably 0.3 - 1.0 mm.

15. Method according to any of the preceeding claims,
characterised in that the periphery speed of the granulating
20  container preferably is 0.5 - 1.0 m/s.

16. Apparatus for forming a powdered medicament having a particle size
smaller than 10 pm and poor flowing properties into agglomerates or
pellets which are free flowing and which are capable of breaking down to

25  provide the finely divided medicament, comprising a sieve (2, 2, 102, 102,
202) having apertures through which the finely divided powdered
medicament is mechanically caused to pass to obtain agglomerates, a
spheronizing device for spheronizing the resulting agglomerates and a
sizing device for sizing the agglomerates to obtain a uniform size of the

30 final product.
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dense and stable form The aggl onerates resulting fromthe spheroni zi ng

process are harder than the aggl onerates resulting f orreratlon
process but are still capable of breaki ng to p ,m
di vi ded nedi canent whi ch, as al ready mantloned above* 18 0

| nportancy when the agglonerates are to be used in the inhalation therapy.
A first embodi ment of the apparatus for carrying out the method according
to the invention can be seen in fig. 1. The sieve 2 which is used for the
aggl oneration i¥- H’ﬁ?l@é’?h#so?%lﬁlag t& daigudf 6 having a subst antially U

shaped form T t.he

rigid materi al qu\(,:%} 85 ﬁétrélhs Hah@ng%% Eg#%%r suﬂ?‘%? 8plgaalg§amdfﬁﬂg
si ze of the resiontaingr aggnenana; t18’), prefurablyi withoond hlenmraescrﬁ per§€20,120).
apertures in the net 8. To obtain aggl onerates which have a si ze and form

5  18. Apparatus according to claim 16 or 17,

characterised in that the sizing device is a sieve (22, 22/, 122, 122').

19. Apparatus according to any of claims 16 to 18,
characterised in that the sieving device used to obtain

10  agglomerates is a sieve in the form of a U-shaped trough (6, ¢).

20. Apparatus according to claim 19,
characterisedin that the U-shaped trough (6, 6’) is provided with
a oscillating and/or rotating device (10) mounted inside the U-shaped

15  trough.

21. Apparatus according to claim 20,

characterised in that the oscllating and/or rotating device (10)

comprises a shaft (14) provided along the longitudinal axis of the U-shaped
20  trough (6, 6') and having at least one arm (12) extending perpendicular to

the shaft (14), the arm being provided with a plate-like extrusion (16)

arranged perpendicular to the arm (12) and in contact with the surface of

the net.

25 22, Apparatus according to claim 16,
characterised in that the sieving deévice is a plane sieve (106, 106’)
which is provided with a mechanical scraper device (110) describing a

reciprocal movement.

30

rlll Snbe

.



whi ch make them suitable for the foll ow ng spheronization treatnment, which
Is described in nore details below, the size of the apertures shoul d be

between 0.2 - 2.0 nm preferably between O -
U-shaped trough an oscillating and/ or rota ng deVI q&“mml mﬂm m\ Thi s
oscillating device 10 is preferably provided with at 4easttont arm”l

nmounted on a shaft 14 which is arranged al ong the | ongitudinal axis of t he

U shaped trough 6 as shown in fig. 1 and 2. In the preferred
3. Apparatus according to claim 22,

characterisedin that the plane sieve (106,106") is substantially

horisontal.

5  24. Apparatus according to claim 22,
characterised in that the mechanical scraper device (110) is a plate
(112) arranged vertically and perpendicular to the horisontal plane of the

sieve and in contact with the surface of the net.

10 25. Apparatus according to any of claims 19 or 22,
characterisedin that it comprises a further sieve (24, 124) for
sieving the agglomerates and a further tilted granulating container (26, 126),

preferably with one or more scrapers.

15  26. Apparatus according to claims 19 and 25 or 22 and 25,
characterised in that the apertures of the sieves have a size

between 0.2 - 2.0 mm, preferably between 0.3 - 1.0 mm.

27. Apparatus according to one or more of claims 16 to 26,
20 characterisedin that the periphery speed of the granulating

container referably is 0.5 - 1.0 m/s.

28. Apparatus according to claim 27,
characterised in that the spheronization time preferebly is2-20
25  min.

29. Use of an apparatus according to any of claims 16 to 28 to carry out a
method according to any of claims 1 to 14.
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8 enbodi nent the oscillating device 10 is provided with four arnms 12

nmount ed perpendi cul ar to each other. In the end of eachgm IS
nmounted in a right angle to the arm 12, seg fig. 2. The "”m’ n“ﬂll ,wiue
to the oscillating novement of the oscillating device 107 whert o%cikl ail ng

and/or rotating, force the finely divided powder supplied to the U shaped
trough 6 through the apertures of the net 8 thereby formng the

aggl oner at es. The shaft 14 of the oscillati,ng devi,ce 10,is nted to a

Totor 4 or s A0 AEBIAMERAES TSR] o groudenca MU AARECR Fdebdibe

oscillating angd/ Q4imP13b114%y using an apparatus as described in claims 16 to 28 for
use in a breath-actuated dry powder inhaler.

5  31. Agglomerates according to claim 30, wherein the breath-actuated dry
powder inhaler is Turbuhaler®.

This Sheat Has B

U



novenent to the device. The aggl onerates obtained fromthe sieve after

t he aggl onerati on process have different sizes and are conparatively soft,
they need to be further treated to obtain 2%e desired characteristics. The
aggl onerates are therefore collected in a spheronizing device, preferably a
rotating container, such as a pan or drum 18 which preferably is provided
with one or nore scrapers 20 (only shown schematically in the draw ngs).
The cont ai ner A&&gcttilted and is rotating. The rotating novenent of the
cont ai ner 18 Wi ke the aggl onerates rotate and tunble due to the
tilting of the container. The scrapers will give the agglonerates a further

rotation and Z‘ga iag}t her eby 1 nproving the spheronization. During the
rotation the 31%6 gt the jnvengph gharesproyidas a methedrffgeatmentpdfa  and

o oo P R e HLASE  AIRENRE Gt e

i nprove tie flumearnd pbyr fodingeroperties to form, in a controlled manner,
agglomerates or pellets which are free flowing and which are capable of
breaking down to provided the finely divided medicament, comprising the
steps of agglomerating the powdered medicament having particle a size
being smaller than 10 um by feeding the material to a sieve, causing the

10 finely divided powdered medicament to pass through the appertures of the

sieve thereby obtaining agglomerates, spheronizing the resulting
agglomerates in order to provide agglomerates which are more spherical,
more dense and more compact than the agglomerates resulting from the
agglomeration process in the sieve, and sizing the agglomerates to obtain an

15  uniform size of the final product.

According to the invention there is also provided an apparatus for carrying
out the method.

20

25



resi stance agai nst breaking during handling and storage. The speed of the
contai ner determ nes the characteristics of the agglonerates after this
spheroni zati on. Tests have shown that the optimal periphery speed of the
container is between 0.2 - 2.0, preferably between 0.4 - 1.0 mi's. The
spheroni zation tinme is preferably between 1 - 20 mn. Tests have shown that
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after 3 - 10 mn the aggl onerates often have obtained the required optinal
size, capability of breaking down to provide the finely divided nedi canent
and density for their future use. Tests have shown that the nost optimte
tilting angle of the container 18 is between 10- 80[err] fromthe vertical,
preferably between 30- 60[err] as an angl e chosen herebetween gives the
best densifying and growi ng effect to the aggl onerates. The granul ating
container is made of a material which is inert and do not contam nate the
powder, such as for exanple netal, pIéSéﬁc or any other suitable materi al
In order to avoid electrostatic forces to build up during the

spheroni zati on process the contai ner could be grounded.

110 .
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After the spheronization in the tilted;container 18 the aggl onerates are
supplied to a sizing device, preferabf& ® sieve 22 having an aperture size
which is between 0.2 - 2.0 mm preferably between 0.3 - 1.0 mm This final
sieving is used in order to obtain a uniformsize of the agglonerates. The
requi renents for the usEphere: Diski tion is strongly depending on the

type of inhalation device to be used. The requirenents of uniform size
and proper ?@r_}sity is higher if the agglonerates are to be used in a dry
powder inhaler. During inhalation it is of utnost_inportance that
aggl oner at e 4re broken upp nto a high anount of jprimary particles havipg a
particle si2@tsmaller thanf,JO [err]m To utilize the process in the npst
ef fici entgaggl jeconom c ma r and to —0— Nucleation sieve 0,63
§50 L mm
4¢% ——— Nucleation sieve 1,0
gso L mm
[V
20 1 —<—— No sieving
0 ¥ + + o M M—F—
E £E E € E E € E € € €&
E E £E E E E E E E & E
o v Q@ @ g - N ¥~ & ¥
o © o o© -7
Sleve size
S
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m nimze the amount of aggl onmerates which are too big and therefore have to
be recycled into the process the nethod could conprise furthersteps of

sieving and spheroni zation. The final agglonerates will also be nore
10 uniformwhich will inprove the break down of the agglonerates into
Applicant:
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primary particles during inhalation. A further step of sieving is incor-
porated hereby into the process after the spheroni zation and a second
spheroni zation is incorporated after this extra sieving. An apparatus

according to this enbodi nent of the invention is-shoewn in-fig.3.._The finely
di vi ded powder ed nedi cament is aggl onerated in tR@P@QQ&P‘@ﬁNﬂa@H“@F shaped
trough 6' and the resulting aggl onerates are sugp to~the-granul ati ng
container 18 . After the spheronization t'he agglio r&a

uppliied to a
sieve 24' to obtain a nore uniformsize. After t ?é@%ﬁ% _
aggl onerates are spheronized a second tinme in a ﬁ.ond__gr.anul_am ng
container 26'. This second granul ating contai ner|26' Is of the sane type as
the first comosessed 18 and the peri phery speed ‘and-the-spheronizdtion tine
as defined above for the first step of spheronization. After this second
spheroni zati on the aggl onerates are sifted through the final sieve 22' to
obtain a uni Bk SuEE® oPfin{&etidh nal product. The sifting is necessary as in
sonme case the agglonmerates mght grow too nmuch during the spheronization
and therefore the final product could contain aggl onerates

The invention relates to a method and an apparatus for making a powder
consisting of particles having a particle size smaller than 10 pum free-flowing

by forcing the particles to create agglomerates.

Powders consisting of very small particles are commonly used in the
inhalation therapy where the size of the particles are of utmost importance.
The diameter of particles which are to be inhaled must be less than 10 pm
to ensure the adequate penetration of the particles into the bronchial area of

the lungs.

Most finely divided powders, such as micronized powders, are light, dusty
and fluffy and they often create problems during handling, processing and
storing. For particles having a diameter less than 10 pm the van der Wahls
forces are generally greater than the force of gravity and consequently thé
material is cohesive. The particles tend to adhere to each other forming
non-defined agglomerates. Such powders have very poor free-flowing

properties which often make handling and precise metering problematic.

One possible method of making these powders free-flowing or at least
improve their flowing properties is to force, in a controlled manner, the
primary particles to form larger particles, agglomerates. Non-defined
agglomerates are formed at random when this finely divided material is
handled, for instance during storage, conveying, sieving, sifting, mixing or

grinding.



havi ng a size being bigger than the requirgd ﬁLze, e.g. 0.2 - 2 nn]t f
referably 0.3 - 1 mm In fig. 4 a second enbogj 1 10y paratus for
Earrying gut t he nethod according to the inventi REﬁLAg- J_jzgggﬁq;s o
enbodi nent the finely divided powdered nedi canent iis supplied tofatplain,
substantially horisontal sieve 106 which ixs provided mtdrpirchan| ca
device 110 which forces the finely divided powdef fhrough the apertures of
the net 108 in the sieve 106. During this extrusijonrof—ttrepowde hrough
the apertures small, soft agglonerates or pelletg will be forned whi ch have

ired | sti th || owi densifying.treatmept in the
;P:nlrj?g?: :13 égﬁa‘é&ﬁé‘?&{ Eplggﬁ#]gormaé% Il?%f)l&?ir@gﬁcw 4 19%{5*‘?%\?9“8(@6&3@% process
| nol udes asieayily andfuidfermg hareraal Rfval SordR 8} Rodtitgh U st retbrckbe f1nal
pr oduct . .

el

commonly used in drug formulations.

The flow of very cohesive powders can be improved by vibration-induced
agglomeration. Depending on the type of powder, liquid (often water) or
solid binders are added during the agglomeration, but it is also possible to

agglomerate without binders.

The method of agglomeration is applicable in principle to all materials,
including mixtures of various powders. Any powder, provided it contains a
sufficient amount of fine particles having a size smaller than 10 um, can be
granulated or pelletized without a binder by systematic agitation or rolling
of the particulate material.

The agglomerated powders consist of relatively large, more dense and
compact spheres which exhibit the normal flow properties, but at the same
time the spheres should have sufficient low internal coherence to break up
into small primary particles of medicament of a therapeutically effective

size during inhalation in an inhalation device.

The inhaled route of administration enables the dose to be delivered
directly to the airways. By this type of administration it is possible to give a
small dose and thereby minimizing unwanted side effects, which for
example could occur if the substance is deposited in another part of the

body, e.g. the gastrointestinal tract or the oro-laryngeal tract.



11 The mechani cal device which forces the powderthrough-t-he—apertures
of the sieve could preferably be forned as a scrapé{rﬁlgfr\Mﬁ 'tthﬂﬂfésml bes a
reci procati ng novenent over the net 108 of the sigvg-t66—and-whith during
this nmovenent forces the finely divided powdered nedi car&eehdgwg tthjough
the apertures of the sieve 106. 3 - L A

Prior art

Methods of controlled agglomeration are known in the prior art. For
example, Claussen and Petzow (Journal of Materials Technology, vol 4(3),
148-156 (1973)) have described a dry agglomeration method where no
binders are intentionally added for preparation of spheres in the size range
0.1 - 3 mm by tumbling in a cylinder tilted at an angle to the horizontal axis
of rotation. According to the authors a dry agglomeration process for small
particles requires nuclei in order to start, but almost all powders consist of
natural agglomerates that function as nuclei. They also conclude that
agglomerates from common used devices such as a rotating drum or a
granulating pan form a wide size distribution of the agglomerates that
makes frequent sieving necessary. The product formed often exhibit bad

sphericity and low density.

US-A-5 143 126 describes a vibratory conveyor for forming flowable
agglomerates from previously poorly flowable fine-grained powder by
using a method wherein the poorly flowable powder is subjected to a

mechanical vibration step prior to transport and metering.

GB-A-1 569 611 describes a process for agglomeration of a drug into soft
pellets. In this process moist is used as a binder to provide a doe which by

extrusion is pressed through a sieve to create agglomerates.

GB-A-2 187 952 describes a method in which crystalline ibuprofen is
compacted by kneading as it is conveyed by conveying screws through an
extruder. The resulting agglomerates can also be passed through an
extruder plate affixed to an end of the extruder.

EP-A-0 490 649 a laboratory process for obtaining soft pellets is described.

In this process a sieve was used having an aperture size between 210 to 500



The size of the apertures of the sieve is relat 511‘“';'0"'“;‘1*@; ‘:.';‘%ued: si ze of
the aggl onerates. As al ready nentioned above thgt s_{_g_& jets Weeni 0.2 - 2.0
mm preferably between 0.3 - 1.0 nm The prefertefl size “of theNiap'ertures
will give the agglonerates a size which nmakes t_1e' _ ?T{gﬂoﬁ @gfsor the

fol |l owi ng spheroni zati on. Also in this dgrbodi e the i nventgl on the
aggl onerates resulting fromthe aggl oneration pto 'ess“ “tm-rheprain,
substantially horisontal sieve 106 need to be fyrther treated to bbtal n the
desired characteristics. The agglonerates are therefore coI Tected in a
rotating cont 1 [ r s of
he sams fype oSty bare s Ared® ExRUaNRL Joteler HHOUERThFL IRk

i nvention as Tied bxtasdatecfospeedwas pldvedciond glaser)axawrhhd}heraspp*ledf@hbﬂawe@n time
and angl e.

of rollers in order to further treat the extrudate.

The inventon

It is an object of the present invention to provide a method of controlled
agglomeration of finely divided powdered medicament having a primary
particle size smaller than 10 pm, preferably smaller than 5 pm, for example
micronized powders, in which no binders are needed and in which the
resulting agglomerates are of a uniform size having a structure which
provides sufficient flowability for the transport and metering of such
powders and which nevertheless have sufficient low internal coherence to
break up, within an inhalation device, such as a dry powder inhalator, into
particles of medicament having a therapeutically effective size, e.g. having a

particle size smaller than 10 pm.

The method according to the invention provides a process for facilitating
the technical handling and significantly increase the medical value of the
substance. It has been found that this method produces agglomerates
having excellent handling properties, which have sufficient strength to
withstand packaging and storage, but which are sufficient soft so that they
will break down into primary particles when they are expelled from the
inhalator during inhalation therapy.

According to the invention there is provided a method for the manufacture
of agglomerates, which comprises subjecting the finely divided particles of
the medicament, which could be in admixture with any other ingredient
desired to be incorporated into the agglomerates, to mechanical unit

operations under certain conditions. More specifically there is provided a



The process is thereafter finished by a final sifting in a_ WLeuewizg as
described in relation to the first enbodi nent. hf‘Te u;ﬁ@ﬁjtha ﬁrpcess
according to this second enbodi rent can al so be cg*=le Ed-ﬁh%h*fﬁ? further
steps of sieving and spheronization as de crlbed bgve in relatlo to the
first enbodi nent of the nethod accordlng o the inyv ntpamO"T

alternative of the second enbodinent is shown in fgg\ 5 mhergmaﬂséc nd
sieve 124 and a second granul ati ng contai ner 126 |s Tncoporated i nt

,__._..-_.-a
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method of treatment of a finely divided powdered Tedicament havmg a
particle size smaller than 10 pm and poor flowing properties to form, in a
controlled manner, agglomerates or pellets which are free flowing and
which are capable of breaking down to provide the finely divided
medicament, comprising the steps of:

a) agglomeration of the powdered medicament having a particle size being
smaller than 10 pm by feeding the material to a sieve, causing the finely
divided powdered medicament to pass through the appertures of the sieve
thereby obtaining agglomerates,

b) spheronizing the resulting agglomerates in order to provide agglomerates
which are more spherical, more dense and more compact than the
agglomerates obtained from the agglomeration process in the sieve, and

¢) sizing the agglomerates to obtain an uniform size of the final product.

According to the invention there is also provided an apparatus for
performing the method of treatment of a finely divided powdered
medicament having a particle size smaller than 10 pm and poor flowing
properties to form, in a controlled manner, agglomerates or pellets which
are free flowing and which are capable of breaking down to provide the
finely divided medicament, comprising a sieve having apertures through
which the finely divided powder is mechanically caused to pass to obtain
agglomerates, a spheronizing device and a sizing device for sizing the

agglomerates to obtain a uniform size of the final product.

Further preferred steps of the method are clear from the appended
dependent claims 2 - 14 and preferred embodiments of the apparatus are

clear from the appended dependent claims 15 - 25.

There is also provided a use of the apparatus to carry out the method
according to the invention.
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It is also an object of the invention to provide a use of the agglomerates
manufactured in accordance with the method in a breath actuated dry
powder inhaler, such as Turbuhaler®.

Brief description of the drawings

The method according to the present invention will now be described by

way of example with reference to the appended drawings, wherein:

Fig. 1 shows a schematic view of a first embodiment of the apparatus and

process according to the invention,
Fig. 2 is a sectional view along line A - A in fig. 1,

Fig. 3 shows a schematic view of an alternative of the apparatus and

process shown in fig. 1,

Fig. 4 shows a schematic view of a second embodiment of the apparatus .

and process according to the invention,

Fig. 5 shows a schematic view of an alternative of the apparatus and

process shown in fig. 4,

Fig. 6 shows a schematic view of the apparatus according to the invention

having a third embodiment of the agglomerating sieve,

Fig. 7 is a diagramshowing size distribution of spheres as a function of

different sizes of the apertures in the used sieve.
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According to the invention the finely divided powdered medicament is
supplied to a sieve 2, 102, 202 through which apertures the powder is
forced. Mechanical devices are used to press the powder through the
apertures. During this treatment small, soft agglomerates or pellets are
formed which are capable of breaking down to provide the finely divided
medicament and which could be spheronized to obtain a more spherical,
dense and stable form. The agglomerates resulting from the spheronizing
process are harder than the agglomerates resulting from the agglomeration
process but are still capable of breaking down to provide the finely divided
medicament which, as already mentioned above, is of utmost importancy

when the agglomerates are to be used in the inhalation therapy.

A first embodiment of the apparatus for carrying out the method according
to the invention can be seen in fig. 1. The sieve 2 which is used for the
agglomeration is hereby formed as a trough 6 having a substantially U-
shaped form. The walls of the U-shaped trough are made of a net 8 of any

rigid material such as metal, plastic or other suitable material.

The size of the resulting agglomerates is depending on the size of the
apertures in the net 8. To obtain agglomerates which have a size and form
which make them suitable for the following spheronization treatment,
which is described in more details below, the size of the apertures should

be between 0.2 - 2.0 mm, preferably between 0.3 - 1.0 mm.

Inside the U-shaped trough an oscillating and/or rotating device 10 is
provided. This oscillating device 10 is preferably provided with at least one
arm 12 mounted on a shaft 14 which is arranged along the longitudinal axis
of the U-shaped trough 6 as shown in fig. 1 and 2. In the preferred
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aggl oner at es obtai ned fromthe process according to tiilf&é’.‘uf»nveﬁt--rﬁﬂ-—are_ to be
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a MHT-4 M crohardness tester, (A Paar, Austria) and:.has.been-found-to vary
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[ i ch break down ipto the required
properties grr;l%o\g]ulnent the osdﬂating ev?ce 10 is prqovided with four arms 12

mounted perpendicular to each other. In the end of each arm a plate 16 is

mounted in a right angle to the arm 12, see fig. 2. These plates will, due to
the oscillating movement of the oscillating device 10, when oscillating
and/or rotating, force the finely divided powder supplied to the U-shaped
trough 6 through the apertures of the net 8 thereby forming the

agglomerates.

The shaft 14 of the oscillating device 10 is mounted to a motor 4 or similar
which is provided to produce and transmit the oscillating and/or rotating

movement to the device.

The agglomerates obtained from the sieve after the agglomeration process
have different sizes and are comparatively soft, they need to be further
treated to obtain the desired characteristics. The agglomerates are therefore
collected in a spheronizing device, preferably a rotating container, such as a
pan or drum 18 which preferably is provided with one or more scrapers 20
(only shown schematically in the drawings). The container 18 is tilted and is
rotating. The rotating movement of the container 18 will make the
agglomerates rotate and tumble due to the tilting of the container. The
scrapers will give the agglomerates a further rotation and shaping thereby
improving the spheronization. During the rotation the agglbmerates will
obtain a stronger, more dense, compact and uniform form and a smoother
outer surface. These improvements in form, hardness and density achieved
in the rotating container 18 will further improve the flowability and the
resistance against breaking during handling and storage. The speed of the
container determines the characteristics of the agglomerates after this
spheronization. Tests have shown that the optimal periphery speed of the
container is between 0.2 - 2.0, preferably between 0.4 - 1.0 m/s. The
spheronization time is preferably between 1 - 20 min. Tests have shown that
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after 3 - 10 min the agglomerates often have obtained the required optimal
size, capability of breaking down to provide the finely divided medicament

and density for their future use.

Tests have shown that the most optimate tilting angle of the container 18 is
between 10°- 80° from the vertical, preferably between 30°- 60° as an angle
chosen herebetween gives the best densifying and growing effect to the

agglomerates.

The granulating container is made of a material which is inert and do not
contaminate the powder, such as for example metal, plastic or any other
suitable material. In order to avoid electrostatic forces to build up during

the spheronization process the container could be grounded.

After the spheronization in the tilted container 18 the agglomerates are
supplied to a sizing device, preferably a sieve 22 having an aperture size
which is between 0.2 - 2.0 mm, preferably between 0.3 - 1.0 mm. This final
sieving is used in order to obtain a uniform size of the agglomerates. The
requirements for the use of this operation is strongly depending on the type
of inhalation device to be used.

The requirements of uniform size and proper density is higher if the
agglomerates are to be used in a dry powder inhaler. During inhalation it is
of utmost importance that agglomerates are broken up into a high amount

of primary particles having a particle size smaller than 10 pm.

To utilize the process in the most efficient and economic manner and to
minimize the amount of agglomerates which are too big and therefore have
to be recycled into the process the method could comprise further steps of
sieving and spheronization. The final agglomerates will also be more
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di vi ded particles which was passed through the stepsforiid herhad:
according to the invention: SUBSTANCE MASS MEQI UM SURFACE AR
BULKDENSI TY DI AVETER ([err]m)  (n e"rr_]zl%bgf-@g%g/!rﬂg)
Ter butal i ne 1.7 9 10 1o . 25 Budesoni de
2.0 6 0.24 Lactose | —————370

6 0.32 Typically the bulk densitly for agglonerated

powders consisting of finely divided particles can be determned to vary
R S LN S
di fference bptimeep partichsidedngimhalation. A further step of sieving is incor-
porated hereby into the process after the spheronization and a second
spheronization is incorporated after this extra sieving. An apparatus
according to this embodiment of the invention is shown in fig 3. The finely
divided powdered medicament is agglomerated in the substantally U-
shaped trough 6’ and the resulting agglomerates are supplied to the
granulating container 18'. After the spheronization the agglomerates are
supplied to a sieve 24’ to obtain a more uniform size. After this sieving the
agglomerates are spheronized a second time in a second granulating
container 26’. This second granulating container 26’ is of the same type as
the first container 18’ and the periphery speed and the spheronization time
as defined above for the first step of spheronization. After this second
spheronization the agglomerates are sifted through the final sieve 22’ to
obtain a uniform size of the final product. The sifting is necessary as in
some case the agglomerates might grow too much during the
spheronization and therefore the final product could contain agglomerates -
having a size being bigger than the required size, e.g. 0.2 - 2 mm, preferably

0.3-1mm.

In fig. 4 a second embodiment of an apparatus for carrying out the method
according to the invention is shown. In this embodiment the finely divided
powdered medicament is supplied to a plain, substantially horisontal sieve
106 which is provided with a mechanical device 110 which forces the finely
divided powder through the apertures of the net 108 in the sieve 106.
During this extrusion of the powder through the apertures small, soft
agglomerates or pellets will be formed which have the required
characteristics for the following densifying treatment in the granulating
container. Also in this embodiment the last step of the process includes a

sieving of the agglomerates to obtain uniform size of the final product.
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The mechanical device which forces the powder through the apertures of
the sieve could preferably be formed as a scraper 112 which describes a
reciprocating movement over the net 108 of the sieve 106 and which during
this movement forces the finely divided powdered medicament down
through the apertures of the sieve 106.

The size of the apertures of the sieve is related to the required size of the
agglomerates. As already mentioned above the size is between 0.2 - 2.0 mm,
preferably between 0.3 - 1.0 mm. The preferred size of the apertures will
give the agglomerates a size which makes them suitable for the following

spheronization.

Also in this embodiment of the invention the agglomerates resulting from
the agglomeration process in the plain, substantially horisontal sieve 106
need to be further treated to obtain the desired characteristics. The
agglomerates are therefore collected in a rotating container 118 having one
or more scrapers 120. The container is of the same type as described in
relation to the first embodiment of the invention as well as the speed of the

container and the spheronization time and angle.

The process is thereafter finished by a final sifting in a sieve 122 as

" described in relation to the first embodiment.

If required the process according to this second embodiment can also be
completed with the further steps of sieving and spheronization as described
above in relation to the first embodiment of the method according to the

inventon.

This alternative of the second embodiment is shown in fig. 5 where a

second sieve 124 and a second granulating container 126 is incoporated into
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treatnment in the oscillating sieve. The result is shown in the diagramin
Fig. 7. the apparatus after the first granulating container 118" and before the final

sifting in the sieve 122’

In fig. 6 a third embodiment of the agglomerating sieve is shown. The net
208 of the sieve is formed as a truncated cone and is provided with a
scraper device 212. The scraper device could have any form but is
preferably formed a horisontal element mounted on a shaft. At least two
arms extends outwardly form the horisontal element in the angle of the net
208, e.g. the truncated cone. The shaft is connected to a motor 204 which
gives the scraper device 212 a rotating movement. During the
agglomeration process the rotation of the scrapers will force the finely
divided particles of the powder to pass through the apertures in the net 208
thereby forming well defined agglomerates having the required

characteristics.

After agglomeration the agglomerates are treated as described in relation to

embodiment one and two of the present invention.

The agglomeration process according to the invention will now be
described by experiments which are intended to illustrate but not limit the

scope of the invention as described in the appended claims.

The agglomerates obtained from the process according to the invention are
to be used in a dry-powder inhalator, preferably in a dry-powder breath-
actuated inhalator. The hardness of the agglomerates are therefore of
utmost importancy. The required hardness of agglomerates which are
capable of breaking down into primary particles during inhalation has been
measured by a MHT-4 Microhardness tester, (A.Paar, Austria) and has been
found to vary between 0.5 to 20 mN for agglomerates having good

deagglomeration properties and which break down into the required
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aggl omerates. The aggl oneration step accordi ng to } hg—-present: invantli on
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di amet er andmN very little deagglomeration of the agglomerates will occur.

Example 1

Properties of agglomerates of three different powders have been determined
and is to be seen in the table below. The powder consisted of finely divided
particles which was passed through the steps of the method according to

the invention:

SUBSTANCE MASS MEDIUM  SURFACE AREA BULKDENSITY

DIAMETER (um) _ (m?/g) (g/ml)
Terbutaline 1.7 9 0.25
Budesonide 2.0 6 0.24
Lactose 3.0 6 0.32

Typically the bulk density for agglomerated powders consisting of finely
divided particles can be determined to vary between 0.2 mg to 0.4 g/ml for
particles having a particle size of less than 10 pm. The surface area varies
between substances but there is no difference between micronised and
micronised and agglomerated (and spheronised) powder. The area is

between 2 - 20 m2/ g preferably 3 - 12 m?2/ g

Example 2

Micronized (mass medium diameter (MMD)) 3.2 pm lactose was slowly
added on the oscillating device consisting of a U-shaped sieve net mounted
on an Erweka AR 400. By the action of the bars of the oscillating device the
lactose was pushed through the sieve net. The mesh size of the sieve net
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used was in one experiment 0.63 mm and in another experiment 1.0 mm.
The osdillating frequency was in each case 90 turns/min. The agglomerates
formed were collected and added to a stainless granulator (Eirisch type, 240
mm diameter), fixed at an angle of about 45° and equipped with a scraper,
for growth of the spheres to occur. Tumbling of the agglomerates was
performed at 50 rpm for 8 minutes. The spheres were collected and
analyzed for size distribution in a Retsch sieve with a mesh size up to 2
mm. For comparison micronized lactose was spheronized without prior
treatment in the oscillating sieve. The result is shown in the diagram in Fig.
7.

Example 3

Agglomeration starts with particle-particle contact and adhesion
(nucleation). These bodies act as nuclei for further growth of the
agglomerates. The agglomeration step according to the present invention
will create small spheres of relatively uniform size in the tumbling process,
while direct tumbling of the fine cohesive powder will give large spheres
with a wide size distribution. The difference in sphere size is thus due to
different growth occuring during the tumbling. Since sieving through an
oscillating device with a small sieve mesh produced nuclei of controlled
size, less unagglomerated fine particles were left to increase the size of the
agglomerates. The existence of a lot of non-agglomerated fine particles will
give an uncontrolled sphere growth during tumbling and to larger
variations in size distributions and a larger average sphere diameter and
average sphere volume. This is shown in the diagram below, where the
average sphere diameter (msd) and weight average sphere volume (msv)
for spheres obtained after eight minutes of growth in a stainless granulator

has been calculated as well as the relative standard deviation (RSD).
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doses. Nucleation step mm % mm3 %o
Sieve 0.63 0.813 1.4 0.335 3
Sieve 1.0 0.851 7.4 0.433 9.8
No sieve 3.18 13.3 73.2 92.1

The experiments clearly show the narrow distribution of the sphere sizes
obtained in a U-shaped sieve compared with a direct spheronization
proceedure of the primary finely divided powder. A more uniform size of
the spheres with the smaller size aperture, preferably a size of 0.3 to 1.2 is
therefore recommended. Large agglomerates/spheres may eventually break
up and thereby giving a wide range of agglomerate/sphere size

distribution, which gives less accurate doses.

As a consequence the described process according to the present invention
gives an agglomerated powder with acceptable batch to batch variations of
the final product. Small variations is of utmost importance for accuracy of a

dose from an inhalation device.

Possible modifications

The method according to the invention could of course be modified within
the scope of the appended claims as well as the apparatus.

Thus the shape of the sieve or the extrusion device where the controlled
agglomeration takes place could be varied as well as the size of the
apertures. This size must be chosen in regard to the characteristics of the
finely divided powdered medicament to be agglomerated. The apertures of
the sieve could for example have different shape, e.g. being round or

having any other preferred shape.
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have differ eﬁwtcesf‘thpqaovedg‘. ﬂbeuggt theuaplerdures of the net could have any suitable

form. For example in the first embodiment with the U-formed trough the

device could be formed as a tape being provided with wings arranged on

the tape perpendicular to the net. Other forms are also possible within the

scope of the claims.

It is also possible to modify the size, shape, speed and tilting angle of the
granulating container thereby changing the size of the final agglomerates.

The spheronization could also be done in a so called marumerizer which is
a commercially available apparatus for spheronization or granulation. The
spheronization could also be done in any other suitable way using a
rotation symmetrical receptacle or container, which could be rotated, such

as any container being cylindrical or barrel formed.
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Claims

1. Method of treatment of a finely divided powdered medicament having a
particle size smaller than 10 um and poor flowing properties to form, in a
confrolled manner, agglomerates or pellets which are free flowing and
which are capable of breaking down to provided the finely divided
medicament, comprising the steps of

a) agglomerating the powdered medicament having a particle size being
smaller than 10pm by feeding the material tq a sieve, causing the finely
divided powdered medicament to pass through the appertures of the sieve
thereby obtaining agglomerates,

b) spheronizing the resulting agglomerates in order to provide agglomerates
which are more spherical, more dense and more compact than the
agglomerates obtained from the agglomeration process in the sieve, and

¢) sizing the agglomerates to obtain an uniform size of the final product.

2. Method according to claim 1,
characterised in that a tilted granulating container, preferably with
one or more scrapers, is used to spheronize the agglomerates resulting from

the agglomeration.

3. Method according to claim 1 or 2,
characterised inthata sieve is used for the sizing of the resulting

agglomerates.

4. Method according to any of claim 1,
characterised in that the particle size of the finely divided
powdered medicament is smaller than 10pm and in that the size of the

agglomerates after the agglomeration process is less than or equal to 2 mm.

is Sheet Has Been Replaced
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5. Method according to claim 1,
characterised in that the finely divided powdered medicament is
mechanically forced through the apertures of a sieve in the form of a
substantially U-shaped trough.

6. Method according to claim 5,
characterised in that the apertures of the sieve in the form of a U-
shaped trough have a size between 0.2 - 2.0 mm, preferably between 0.3 -

1.0 mm.

7. Method according to claim 5 or 6,

characterised in that the finely divided powdered medicament is
mechanically forced through the apertures of the sieve having the form of a
U-shaped trough using a mechanical rotor device thereby obtaining

agglomerates.

8. Method according to claim 1,
characterised in that the powder is mechanically forced through

the apertures of a plane sieve thereby obtaining agglomerates.

9. Method according to claim 8,

characterised in that the plane sieve is substantally horisontal.

10. Method according to claim 8 or 9,
characterised in that the apertures of the plane sieve have a size

between 0.2 - 2.0 mm, preferably between 0.3 - 1.0 mum.

11. Method according to claim 9 or 10,
characterised in that the finely divided powdered medicament is

mechanically forced through the apertures of the substantially horisontal
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sieve using a mechanical scraper device describing a reciprocating

movement.

12. Method according to one or more of claims 1 to 11,
characterised in that the method comprises further steps of sizing
and spheronizing after the initial steps of agglomeration and

spheronization.

13. Method according to claim 10,
characterised in that for the further sizing a furhter sieve is used

and for the further spheronizing a further granulatmg container, preferably

with one or more scrapers, is used.

14. Method according to claim 12,
characterised in that the apertures of the further sieve has a size

between 0.2 - 2.0 mm, preferably 0.3 - 1.0 mm.

15. Method according to any of the preceeding claims,
characterised in that the periphery speed of the granulating

container preferably is 0.5 - 1.0 m/s.

16. Apparatus for forming a powdered medicament having a particle size
smaller than 10 pm and poor flowing properties into agglomerates or
pellets which are free flowing and which are capable of breaking down to
provide the finely divided medicament, comprising a sieve (2, 2/, 102, 102,
202) having apertures through which the ﬁnély divided powdered
medicament is mechanically caused to pass to obtain agglomerates, a
spheronizing device for spheronizing the resulting agglomerates and a
sizing device for sizing the agglomerates to obtain a uniform size of the

final product.
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characterisedin that the spheronizing device is a tilted granulating
container (18, 18, 118, 118’), preferably with one or more scrapers (20,120).

18. Apparatus according to claim 16 or 17,

characterised in that the sizing device is a sieve (22, 22/, 122, 122').

19. Apparatus according to any of claims 16 to 18,
characterised in that the sieving device used to obtain

agglomerates is a sieve in the form of a U-shaped trough (6, 6).

20. Apparatus according to claim 19,

characterised in that the U-shaped trough (6, 6') is provided with
a oscillating and/or rotating device (10) mounted inside the U-shaped
trough.

21. Apparatus according to claim 20,

characterised in that the osdllating and/or rotating device (10)
comprises a shaft (14) provided along the longitudinal axis of the U-shaped
trough (6, 6’} and having at least one arm (12) extending perpendicular to
the shaft (14), the arm being provided with a plate-like extrusion (16)
arranged perpendicular to the arm (12) and in contact with the surface of
the net.

22. Apparatus according to claim 16,
characterised in that the sieving device is a plane sieve (106, 106’)
which is provided with a mechanical scraper device (110} describing a

reciprocal movement.

This Sheet Has Been Rep

U



and nore conpact than the aggl omerates obtained fromthe

process in the sieve, and c¢) sizing the aggl onerates to obt ai n an uni form
si ze of the final product. 2. Method accordi ng to-e ar ac
i s edinthat atilted granulating cont aj RERLAC x%ifse& Cfb ,;Snlcheroni ze
the aggM” Fﬂl’uﬂmﬂlnl ng from t he aggl onerati on. 37 NVETHoW jadeor di ng
to clai t eri sedinthat sajd a%w ng —’ccntainer
havi ng one or nor'e &criapers. 4 Met hod adcor di ng t 1k ’ 3,
i

aggl oner ati on

et st T v e 8 s e v ]

23. Apparatus according to claim 22,
characterised in that the plane sieve (106,106") is substantially

horisontal.

24. Apparatus according to claim 22,
characterised in that the mechanical scraper device (110) is a plate
(112) arranged vertically and perpendicular to the horisontal plane of the

sieve and in contact with the surface of the net.

25. Apparatus according to any of claims 19 or 22,
characterised in thatit comprises a further sieve (24, 124) for
sieving the agglomerates and a further tilted granulating container (26, 126),

preferably with one or more scrapers.

26. Apparatus according to claims 19 and 25 or 22 and 25,
characterised in that the apertures of the sieves have a size

between 0.2 - 2.0 mm, preferably between 0.3 - 1.0 mm.

27. Apparatus according to one or more of claims 16 to 26,
characterised in that the periphery speed of the granulating

container referably is 0.5 - 1.0 m/s.

28. Apparatus according to claim 27, .
characterised in that the spheronization time preferebly is 2 - 20

min.

29. Use of an apparatus according to any of claims 16 to 28 to carry out a
method according to any of claims 1 to 14.
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30. Agglomerates manufactured in accordance with a method as described
in claims 1 to 14 by using an apparatus as described in claims 16 to 28 for

use in a breath-actuated dry powder inhaler.

. 31. Agglomerates according to claim 30, wherein the breath-actuated dry
powder inhaler is Turbuhaler®.
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characterisedinthat a sieve is used for the sizing of the
resul ting agglonerates. 5. Method according to any of claiml, c har ac

t eri sedinthat the particle size of the finely divided povvdered

nmedi cament

aggl onerates after the aggloneration process is |ess tlﬁ:rﬁ.m&* i
6. Method according to claim1, charzmcterisedlnthatthe )
apertures of the sieve in the formof a U shaped trough jhageé &CJi Pes be?t :
0.2 - 2.0 nmm preferably between 0.3 - 1.0 nm

is smaller than 10[err]mand in that the si Hfm-»
e A
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[
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Abstract

According to the inventon there is provided a method of treatment of a
finely divided powdered medicament having a particle size smaller than 10
pm and poor flowing properties to form, in a controlled manner,
agglomerates or pellets which are free flowing and which are capable of
breaking down to provided the finely divided medicament, comprising the
steps of agglomerating the powdered medicament having particle a size
being smaller than 10 pm by feeding the material to a sieve, causing the
finely divided powdered medicament to pass through the appertures of the
sieve thereby obtaining agglomerates, spheronizing the resulting
agglomerates in order to provide agglomerates which are more spherical,
more dense and more compact than the agglomerates resulting from the
agglomeration process in the sieve, and sizing the agglomerates to obtain an

uniform size of the final product.

According to the invention there is also provided an apparatus for carrying
out the method.
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7. Method according toclaim6, char acter i sedinthat the

apertures of the sieve have a size between 0.3 -
according to one or nore of clains 1 to 6 or 7, @"b artr &y GHel
in that the nmethod conprises further steps of S|z?ng~and~sﬁ%
the initial steps of aggloneration and spheroni zatji
toclaim8 characteri se dlmthatforthBGQQM@f

1.0 mm

MELD

further sieve is used and for the further spher0n|2|nq a furthe

granul ating container, preferably with one or

Met hod according to claim9,
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nore scrapers is provided in said
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further sieve has a size between 0.2 - 2.0 nm 12. Method according to
claiml1l, char acteri sedinthat the apertures of the further
sieve has a size between 0.3 - 1.0 mm 13. Method according to any of the
preceding clains, c har act er i sedinthat the periphery speed of
the granul ating container is 0.5 - 1.0 ms. 14. Apparatus for formng a
powder ed nedi canent having a particle sPze snaller than 10[err] m and poor
flow ng properties into agglonmerates or pellets which are free fl ow ng and
whi ch are capabl e of breaking down to provide the finely divided

medi canment, conprising a sieve in the formof a U shaped trough (2, 2',
102, 102', 202, 6, 6),
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thé si eve having apertures through which the finely divided powdered

medi canent is nechanically caused to pass to obtain aggl onerates,,,2,
rotating device (10) being mounted inside the U shaped trough; a

A<

speroni si ng..devi-ee- #gi”spheron|3|ng the resulting agglonerates; and a
si zi ngy iy, @é”fhﬁ‘gh y the spheronised aggl onerates to obtain a uniform
si ze T? Lﬁem‘rnar“pf"1 bt. 15, Apparajys_according to “P u'“ﬂ! a
ct eijrtii S..e.d,iast hatjthe spheronizing device is a ti ﬂnwu ﬂ“hﬂ
contadn% (18”“18”’ k8 118') 16. Apparatus according tocclaint15 ¢ h
raci er i.s—e-d—A that one or nore scrapers (20,120) are provided in
sai d gtanulatlng contal4er.

SRS Lol s s

Redrafted Claj E 1 iginall

Filed claj 27 ; w clai

1. Method of treatment of a finely divided powdered

medicament having a particle size smaller than 10 mm and

poor flowing properties to form, in a controlled manner,

agglomerates or pellets which are free flowing and which

are capable of breaking down to provided the finely

divided medicament, comprising the steps of

a) agglomerating the powdered medicament by feeding the

material to a sieve having a U-shaped form, mechanically

causing the finely divided powdered medicament to pass

through the apertures of the sieve by using a

mechanically driven rotor device thereby obtalnlng

agglomerates,

b) spheronizing the resulting agglomerates in order to

provide agglomerates which are more spherical, more dense

and more compact than the agglomerates obtained from the

agglomeration process in the sieve, and

¢) sizing the agglomerates to obtain an uniform size of

the final product.

2. Method according to claim 1,

characterisedin that a tilted granulating

.container is used to spheronize the agglomerates

resulting from the agglomeration. This Sheet Has Been Replaced

[

3. Method according to claim 2,
characterisedin that said granulating
container having one or more scrapers.

4. Method according to claim 1, 2 or 3,
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17. Apparatus according to claimi14, 15 or 16, c har act er i sedin
that the sizing device is a sieve (22, 22', 122, 122'). - 20 -

18. Apparatus according to claim 14, '
AN

characterisedin that a sieve is used for the
sizing of the resulting agglomerates.

5. Method according to any of claim 1,
characterisedin that the particle size of
the finely divided powdered medicament is smaller than
10um and in that the size of the agglomerates after the
agglomeration process is less than or equal to 2 mm.

6. Method according to claim 1,
characterisedin that the apertures of the
sieve in the form of a U-shaped trough have a size
between 0.2 - 2.0 mm, preferably between 0.3 - 1.0 mm.

7. Method according to claim 6,
characterisedin that the apertures of the
sieve have a size between 0.3 - 1.0 mm.

8. Method according to one or more of claims 1 to 6 or 7,
characterisedin that the method comprises
further steps of sizing and spheronizing after the
initiad steps of agglomeration and spheronization.

9. Method according to claim 8,
characterisedin that for the further sizing
a further sieve is used and for the further spheronizing
a further granulating container, preferably with one or
more scrapers, 1s used.

10. Method according to claim 9,
characterisedin that one or more scrapers is
provided in said further granulating container.
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characteri sedinthat the OSciIiating and/or rotating device
(10) conprises a shaft (14) provided along the |ongitudinal axis of the
U-shaped trough (6, 6') and having at |east one arm (12

perpendicul ar to the shaft (14), the arm bei ng provid iﬂmnﬂn “ &H i ke
extrusion (16) arranged perpendicular to the arm (12)

the surface of the net. 19.. Apparatus,gccording to any of the precedlng
claims 14 to 18, char acter i s e dinthat it conprises a further
sieve (24, 124) for sieving the agglonerates and a further tilted

granul ating container (26, 126) 20. Apparatus according to claim 19

11. Method according to claim 9 or 10,
characterisedin that the apertures of the
further sieve has a size between 0.2 - 2.0 mm.

12. Method according to claim 11,
characterisedin that the apertures of the
further sieve has a size between 0.3 - 1.0 mm.

13. Method according to any of the preceding claims,
characterisedin that the periphery speed of
the granulating container is 0.5 - 1.0 m/s.

14 . Apparatus for forming a powdered medicament having a
particle size smaller than 10 mm and poor flowing
properties into agglomerates or pellets which are free
flowing and which are capable of breaking down to provide
the finely divided medicament, comprising a sieve (2, 2°',
102, 102', 202) having apertures through which the finely
divided powdered medicament is mechanically caused to
pass to obtain agglomerates, a spheronizing device for
spheronizing the resulting agglomerates and a sizing
device for sizing the agglomerates to obtain a uniform

. size of the final product.

15. Apparatus according to claim 14,
characterisedin that the spheronizing device
is a tilted granulating container (18, 18', 118, 118')

16. Apparatus according to claim 15,
characterisedin that one or more scrapers

(20,120) are provided in said granulating container.

17. Apparatus according to claim 14, 15 or 16,
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characteri sedinthat one or nore scrapers (20,120) are
provided in said further granulating container. 21. Apparatus accordlng to
claimsl4and19or20,characterisedlnumuwm s of
t he sieves have a size between 0.2 - 2.0 nm 22. App E"a Bm
claim2l1, char acter i sedinthat the apertufes®oftthe si

have a size between 0.3 - 1.0 nm 23, paratus according to clains 15 or

19, char acteri sedinthat the periphery speed of the
granul ating container is 0.5 - 1.0 m's.

characterisedin that the sizing device is a
sieve (22, 22', 122, 122').

18. Apparatus according to any of claims 14 to 17,
characterisedin that the sieving device used
to obtain agglomerates is a sieve in the form of a U-
shaped trough (6, 6').

19. Apparatus according to claim 18,
characterisedin that the U-shaped trough
(6, 6') is provided with a oscillating and/or rotating
device (10) mounted inside the U-shaped trough.

20. Apparatus according to claim 19,
characterisedin that the oscillating and/or
rotating device (10) comprises a shaft (14) provided
along the longitudinal axis of the U-shaped trough (6,
6') and having at least one arm (12) extending
perpendicular to the shaft (14), the arm being provided
with a plate-like extrusion (16) arranged perpendicular
to the arm (12) and in contact with the surface of the
net.

21. Apparatus according to any of the preceding claims 14
to 20,

characterisedin that it comprises a further
sieve (24, 124) for sieving the agglomerates and a
further tilted granulating container (26, 126)

22. Apparatus according to claim 21
Ccharactexrisedin that one or more scrapers
(20,120) are provided in said further granulating
container.
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24. Apparatus according to claim?23, ¢ h a racterisedinthat the
spheroni zation tine is 2 - 20 mn. 25. Use of an apparatus according to

to 13.

26. Aggl oner at ed powders manufactured in acc
as described in clainms 1 to 13 by using an apparatus

any of clainms 14 to 24 to carry out a nethod accordlnaﬂto an of cl

14 to 24 for use in a breath-actuated_dfy powder inhaler.

23. Apparatus according to claims 18 and 21 or 22,
characterisedin that the apertures of the
sieves have a size between 0.2 - 2.0 mm.

24. Apparatus according to claim 23,
characterisedin that the apertures of the
sieves have a size between 0.3 - 1.0 mm.

25. Apparatus according to claims 15 or 21,
characterisedin that the periphery speed of
the granulating container is 0.5 - 1.0 m/s.

26. Apparatus according to claim 25,
characterisedin that the spheronization time
is 2 - 20 min.

27. Use of an apparatus according to any of claims 14 to
26 to carry out a method according to any of claims 1 to
13.

28. Agglomerated powders manufactured in accordance with
a method as described in claims 1 to 13 by using an
apparatus as described in claims 14 to 26 for use in a

breath-actuated dry powder inhaler.

29. Agglomerated powders consisting of finely divided
powders having a particle size smaller than 10 um.

30. Agglomerated powders according to claim 29 having a
2
surface area of between 2 to 20 m /g.

31. Agglomerated powders according to claim 30 having a

2
surface area of between 3 to 12 m /g.
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-21- 27. An aggl onmerated powder consisting of a finely divided powder
having a particle size smaller than 10[err]mand having a surface area of 2

to 20m err]/g. 28. Agglonerated powders according to ﬂ’@”ﬂ havi ng a

surface .area of between 3 to 12 nferr]/g. 29. Aggl Mfm mﬂ‘d
according to claim 27 having a bul k density of between

- 22 -

32. Agglomerated powders according to claim 29 or 30
having a bulk density of between 0.2 to 0.4 g/ml.

33. A medicament comprising agglomerated powders
according to any one of claims 29 to 32.
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30. A nedi canent conprising aggl onerated powders according to any one of
clains 27 to 29.

- 22 -
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Abstract

According to the invention there is provided a method of treatment of a
finely divided powdered medicament having a particle size smaller than 10
pm and poor flowing properties to form, in a controlled manner,
agglomerates or pellets which are free flowing and which are capable of
breaking down to provided the finely divided medicament, comprising the
steps of agglomerating the powdered medicament having particle a size
being smaller than 10 um by feeding the material to a sieve, causing the
finely divided powdered medicament to pass through the appertures of the
sieve thereby obtaining agglomerates, sp.heronizing the resulting
agglomerates in order to provide agglomerates which are more spherical,
more dense and more compact than the agglomerates resulting from the
agglomeration process in the sieve, and sizing the agglomerates to obtain an

uniform size of the final product.

According to the invention there is also provided an apparatus for carrying
out the method.
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