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Process 1 94-09-22

Background of invention

5  The invention relates to a method and an apparatus for making a powder
consisting of particles having a particle size smaller than 10um free-flowing
by forcing the particles to create agglomerates. '

Powders consisting of very small particles are commonly used in the

10  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.

15  Most finely divided powdered medicament, 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 the material is cohesive. The particles tend to adhere to each

20  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
25  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 powdered
medicament is handled, for instance during storage, conveying, sieving,
sifting, mixing or grinding.
30
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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 is fine
enoﬁgh, ¢an be granulated or pelletized without a binder by systematic
agitation or rolling of the particulate material.

15  The common principle of performing this agglomeration is to let the
individual particles be exposed to a systematic movement of a powder bed,
without changing the physical and chemical properties of the primary
particles.

20  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 ends up in another part of the body,
30 e.g the gastrointestinal tract or the oro-laryngeal fract.
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One possible net hod of maki ng these powders free-flowi ng or at |east

i nprove their “f 1 oW ng properties is to force, in a controlled manner, the

primary particles to formlarger particles, agglonerates. Non-defined
aggl onerates are formed at random when this finely divided powdered
medi canent i s handl ed, for instance duri ngist orage, conveying, sieving,
sifting, mxing or grinding.

REPLACEMENT SHEET : 2

Prior art

Methods of controlled agglomeration are known in the prior art. For
example, Claussen and Petzow (Journal of Materials Technology, vol 4(3),
5  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
10  natural agglomerates that function as nuclei. They also conclude that
agglomerates from commonly used devices such as a rotating drum ora
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-1 569 611 describes a process for agglomeration of a drug into ;off
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.

25 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 obtained agglomerates can also be passed through an
extruder plate affixed to the end of the extruder.

30

—

-This Shee‘r”Has Been Replaced

i




It is conmmon know edge that spherical agglonerates flow freely, packs
easily and unfforrﬂy have an ideal formfor coatings and are therefore

commonly used in drug fornulations. The fl ow of very cohesive powders
can be inproved by vibration-induced agglgneration. Depending on the type
.of powder, liquid (often water) or solid Dinders are added during the

aggl oneration, but it is also possible to agglonerate w thout binders.

The net hod of aggloneration is applicable in principle to all materials,
i ncl uding m xtures of vyarious powders. Any powder, provided it is fine

enough, can beIReJRMERHAN or pelletized without a binder by systematic

agitation or rolling of the particulate material.

It is an object of the present invention to provide a method of controlled
agglomeration of finely divided powdered medicament having a primary
5  particle size smaller than 10 um, preferably smaller than 5 pm, for example

such as micronized powders, in which no binders are needed and in which
the obtained 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

10  break up, within an inhalation device, such as a dry powder inhalator, into
particles of medicament of a therapeutically effective size, e.g. having a
particle size which is smaller than 10 pm.

—

The method according to the invention provides a process for facilitating
15  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 sufficiently soft so that
they will break down into primary particles when they are expelled from an
20  inhalator during inhalation therapy.

According to the present 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
25  ingredient desired to be incorporated into the agglomerates, to mechanical
unit operations under certain conditions. More specifically 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
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The common principle of performng this aggloneration is to let the

i ndi vi dual pafticles be exposed to a systematic novenent of a powder bed,

wi t hout changi ng the physical and chenmical properties of the primry
particles. The aggl oner at ed powders cq?sist of relatively large, nore
dense and conpact spheres which exhibit tThe normal flow properties, but at
the sane tinme the spheres should have sufficient |ow internal coherence to
break up into snmall primry particles of nedicanment of a therapeutically
effective size durlng i nhal ation in_an inhal ati on device, The inhal ed

route of adm ale; capa Mbrgahmdmemdvrwdsethemebﬂdmdeéct|y to the
ai rways. t I's possible to give a snmall dose
and thereby M&ﬁ% %ﬂﬁﬁ%@gﬁﬁggepgﬁfects whi ch for exanple could occur
i f the subst agicggdofierating theapehvtieiednabdic@inehb habidg@yparticles sizes being

gastrointestinal_tract or the oro-laryngeal tract.
smaller than 10pm by feeding the material to a screw feeder, letting the

5  material pass through the screw feeder 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 screw feeder,
c) sizing the agglomerates to obtain a uniform size of the final product.

10 _

( 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

15  are free flowing and which are capable of breaking down to provide the
finely divided medicament, wherein the apparatus comprises a screw feeder
with at least two co-operating screws which are rotating, 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.

20
Further preferred steps of the method are clear from the appended
dependent claims 2 - 10 and preferred embodiments of the apparatus are
clear from the appended dependent claims 11 - 16.

25  There is also provided a use of the apparatus to carry out the method |
according to the invention.

It is also an object of the invention to provide a use of the agglomeratés |
manufactured in accordance with the method in a breath actuated dry
30  powder inhaler, such as Turbuhaler®.




3 Prior arj Met hods of controll ed aggl oneration are known in the prior

Fa

art, For exanple, d aussen and Petzow (Journal of Materials Technol ogy, vol

4(3), .

10

15

, 20

6

Brief description of the drawings

The agglomeration of the powder is now described with reference to the
drawings which show a prefered embodiment of the apparatus as well as
diagrams from the results of experiments made in accordance with the
invention, wherein |

Fig. 1 shows a schematic view of a first embodiment of an apparatus

according to the invention,
Fig. 2a shows a schematic view of the screws in the screw feeder,
Fig. 2b shows a schematic view of the screws mounted within the housing,

Fig. 3 shows a schematic view of a second embodiment of an apparatus

according to the invention,

Fig. 4a and 4b show the differences in agglomerates obtained from a screw

feeder having long-pitch screws and short-pitch screws respectively,

Fig. 5 is a diagram showing a comparison of the size of the agglomerated

particles as a function of different screws,

Fig. 6 is a diagram showing size distribution of spheres as a function of

different screws,

Fig. 7 is a diagram of a sieving analysis of micronised terbutaline sulphate

processed in an apparatus according to the invention, and

This Slieet Has Been Replaced

g



148-156 (1973)) have described a dry aggl oneration nmethod where no binders
are |ntent|onally added for preparation of spheres in the size range 0.1- 3
nm by tunbling in a cylinder tilted at an angle to the horizontal axis of
rotation. According to the authors a dry gl oneration process for snal
particles requires nuclei in order to steufl but al nost all powders consi st
of natural agglonerates that function as nuclel They al so concl ude t hat
-aggl onerates from comonly used devices such as a rotating drumor a

granul ating pan forma w de size distribution of the aggl onerates that

makes frequentDétailed of the duct forned often exhibit bad
sphericity an ow density. US-A-5 143 126 describes a vibratory conveyor

for form ng flowabl e aggl onerates from previously poorly flowabl e
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shown in fig.1. The apparatus includes an agglomerator in the form of a

5  screw feeder apparatus 2 comprising a receiving vessel 4 and a screw
feeder device 6. The screw feeder device 6 comprises at least two screws 8a,
8b being surrounded by a housing 9. The finely divided powdered
medicament is supplied to the screw feeder device 6 through the vessel 4.
The vessel 4 is provided with a mechanical stirring device (not shown) to

10 facilitate the feeding of the cohesive powder to the screws. The stirring
device could be of any known type, for example having L-shaped arms
extending form a shaft provided perpendicular to the vertical axis of the

container.

15  The powder is transported through the screw feeder device 6 and due to
the pressure which is created between the at least two screws 8a, 8b by the
twisting movement of the screws 8a, 8b, which is created by a motor 14, the
powder particles will be pressed together and form soft agglomerates of
different sizes. The agglomerated particles which are obtained from the

{ 20 agglomeration process in the screws 8a, 8b of the screw feeder 6 have a size
between 0.1 mm - 2 mm, are flowable, due to their size, and comparatively

soft in their structure.

A screw feeder device suitable to be used for the agglomeration according
25  to the invention is a device having so-called Twin-concave screws whereby

the screws have identical pitches. The agglomeration procedure of the finely

divided powdered medicament is obtained as the poWder is mechanical

forced into the grooves 10a, 10b between the pitches 12a, 12b of the co-

operating screws 8a, 8b as they rotate. As the screws rotate the pitches 12a
30  of one screw 8a will move into the groove 10b of the other screw 8b and
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GB-A-1 569 611 describes a process for aggloneration of a drug 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 describes a nethod in which crystglline I buprofen is conpacted by
krreading as it is conveyed by conveying sCrews through an extruder. The
obt ai ned aggl onerates can al so be passed through an extruder plate affixed
to the end of the extruder.

thereby removing attached powder on the screw and forcing the powder
forward at the same time in a form of cleaning process. In this manner the
cleaning process of the screws will create agglomerates of the powder
which is forced into the distance between the screws, see especially fig.2a.

Tests have shown that Twin-concave screws having a short pitch will give
the most uniform agglomerates having the best properties for meeting the -
requirements for powders for inhalation. The tests have also shown that the
length and the rotation speed of the screws are of minor importance for the
10  result of the agglomeration procedure and that mainly the interval of the
{ pitch of the screws and the groove between the pitches are of importance.
More dense and uniform agglomerates are obtained from screws where the
distance between the pitches of the two screws is as small as possible. The
measure between the outer diameter and the inner diameter of the screws
15  should be between 1 - 10 mm, preferably between 1 - 5 mm. If this distance
is too big the agglomerates will not have the well defined dimensions
which are required. In a preferred embodiment the outer diameter of the
screws is 20 mm and the inner diameter of the screws is between 10 - 19
mm, preferably between 15 - 19 mm. It is also important for the
20  characteristics of the obtained agglomerates that the housing 9 around the
screws in the screw feeder fits around the screws in a tight manner leaving
only a minimal groove between the walls of the housing and the screws,
see fig. 2b. If there is a distance between the wall and the screws finely
divided powdered medicament will be compacted in this area during the
25 rotation of the screws and the agglomeration procedure will result in a less

uniform product.

In a preferred embodiment of the invention the pitches of the screws are
between 2 - 20 mm, preferably between 5 - 15 mm. Suitable screw feeders
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4  The invention It is an object of the present invention to provide a
met hod of controll'ed aggl oneration of finely divided powdered medi canent
having a primary particle size smaller than 10 [err]m preferably snaller
than 5 pm for exanple such as mcronized gowders, in which no binders are
needed and in which the obtained aggl onerates are of a uniform size having
a structure which provides sufficient flowability for the transport and
met ering of such powders and whi ch neverthel ess have sufficient |ow

i nt ernal coherenge b in nhal Vi C, such as a dry
powder i nhal at 8Pt flﬁg’b Eﬁ?ﬁpﬁ@ﬁ#ﬁ 5‘3@\’{?" a#‘aé?? Aytagitafor -
ef fective sizeanf the BiabirtbrawdRiskictd fee%&%yﬁ@mﬁsnﬁzo?m' ler than 10
[err]m
After the agglomeration procedure the agglomerates can be transported to a
5  sieving device in order to obtain agglomerates within a certain range of size
if desired.

The agglomerates obtained from the screw feeders have different sizes and
are comparatively soft and need to be further treated to obtain the desired
10  characteristics. The agglomerates are therefore collected in a spheronizing
L device, preferably a rotating container, such as a pan or drum 16 and which
is preferably provided with one or more scrapers 18 (only shown
schematically in the drawings). The container 16 is tilted and rotating. The
rotating movement of the container 16 will make the agglomerates rotate
15  and tumble due to the tilting of the container. During the rotation the
agglomerates will obtain a stronger, more spherical, dense, compact and
uniform form and a smoother outer surface. The characteristics achieved in
the rotating container will further improve the flowability and the resistans
against breaking during handling and storage. The speed of the container
20  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 after 3 - 10 min the
agglomerates often have obtained required optimal size, capability of
25  breaking down to provide the finely divided medicament and density for
their future use. These characteristics are, as alrea@y mentioned above, of
utmost importancy when the agglomerates are to be used in the inhalation
therapy.

PRy
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The nethod 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 nmethod produces aggl onerates having
excel l ent handling properties, which have, sufficient strength to wthstand
packagi ng and storage, but which are:mﬁf*iiently soft so that they wll
break down into primary particles when they are expelled from an inhal ator
-during inhalation therapy. According to the present invention there is
provided a nmethod for the manufacture of aggl onerates, which conprises

subj ecti ng t h&ests have showrythat the mqslt@y;imate tidting anglerefrthe cantainercHuisd bﬁ

. dri . ) . ; e : i . "
aggl oner at cs, DEOVGRLIOS: &8 ebRE(ysERtal, BRREEERYL Peceh i R SR ARIE o
speci fically thesen hérebéthderiafives il bt d@ﬁsiryiﬂgtm 'n% difedeto/endl vi ded
powder ed nedi cament having a particle size smalll er Than IO [err]mand poor

fl ow ng prope{iggbm&féteﬁor m in a controlled manner, aggl onerates or pellets
whi ch are5f ree flowi ng and

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.

10 _

( After the spheronization in the tilted container 16 the agglomerates are

supplied to a sieve 20 having an aperture size which is between 0.2 - 2.0
mm, preferably between 0.3 - 1.0 mm. The sieving is used in order to obtain
a uniform size of the agglomerates. The requirements for the use of this

15  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 or in a metered dose
inhaler. During inhalation it is of utmost importance that agglomerates are

20 broken up into a high amount of primary particles having a particle size
smaller than 10 pm.

To utilize the process according to the invention in the most efficient and
economic manner and to minimize the amount of agglomerates which are

25  too big and therefore have to be recycled into the process it would be
advantageous to incorporate further steps of sieving and spheronization
into the process. Tests have shown that the most efficient manner to carry
out the agglomeration process according to this invention is to incorporate
two further steps of sieving and one further step of spheronization. A

30  further sieving step is hereby incorporated into the process directly after the
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5 which are capable of breaking down to provide the finely divided

medi canent conpr|5|ng the steps of: a) agglonerating the powdered .

medi canment having particles sizes being snaller than 10[err] m by feeding
the material to a screw feeder, letting tgg material pass through the
screw feeder thereby obtaining aggl onerat b) spheronizing the resulting
aggl onerates in order to provide agglonerates which are nore spherical,
‘nmore dense and nore conpact than the

agglomeration process in the screw feeder. After this sieving the
agglomerates are spheronized in the granulating container and a second
further sieving step is carried out after this spheronization. A second
spheronization step is then carried out and the whole process is ended by

5 the final sieving step. These further steps of sieving and spheronization will
provide a more effective process and the agglomerates obtained after the
second spheronization are uniform and have the required characteristics.

An apparatus according to this embodiment of the invention is shown in
10 fig. 3.

According to this figure the finely divided powdered medicament is
agglomerated in the screw feeder device 6’ and the resulting agglomerates
are supplied to a sieve 22. The sifted agglomerates are thereafter supplied

15  to the tilted granulating container 16’. After the spheronization in the
container 16’ the agglomerates are supplied to a second sieve 24 to. obtain a
more uniform size. After this second sieving the agglomerates are
spheronized a second time in a second tilted granulating container 26. This
second granulating container 26 is of the same type as the first container

20  and the periphery speed and the spheronization time are defined above for
the first step of spheronization. After this second spheronization the
agglomerates are sifted through the final sieve 20’ to obtain a uniform size
of the final product. The sieving after the spheronization is necessary as in
some case the agglomerates might grow too much during the spheroniza- |

25  tion 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 -1
mm.

The agglomerates obtained from the process according to the invention are
30  to be used in a dry-powder inhalator, and preferably in a dry-powder
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aggl oner at es ,obtained fromthe aggl oneration process in the screw feeder,
c) sizing the agglonerates to obtain a uniformsize of the final product.
According to the invention there is also provided an apparatus for
perform ng the method of treatnent of a figely divided powdered nedicament
having a particle size smaller than 10 [eri] mand poor flowi ng properties
to form in a controlled manner, agglonerates or pellets which are free

fl ow ng and which are capable of breaki ng down to provide the finely

di vi ded nedi c nt., where', p aratus conprises_a screw feeder wth at
| east two co- g%ﬂéh'ﬁ e-hardnessofi the agglomeratesareithereforavafc e

for spheroni zi B RiRfhe s r sizing
t he aggl oner at {eign{)%ﬁg al nk'gnglrln ?&* m sl fz)(e ?s?ﬁfe%élbg\ef%erz%%@?a;eo Furt her
preferred st epeapzble bébrmkhrgckiawa mtoégrmiary Iparticlesdpringdrhalddpaiaebeesil ai N5
2 - 10 and preferre Wi@of ht apptgtrtat L(ZPare Adeti;_tr)f r(cinﬁt hbe

5 found to vary between 0.5 to 20 mN for agglomerates having good

deagglomeration properties and which break down into the required
primary particles in an inhalator during inhalation. With values above 20 -

f mN the deagglomeration of the agglomerates will be less and above 100
mN very little deagglomeration of the agglomerates will occur.

10 .

"' 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.

15 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

20  the invention:

SUBSTANCE MASS MEDIUM  SURFACE AREA BULKDENSITY

DIAMETER (um)  (m [ g) (g/ml)

Terbutaline 1.7 0.25
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
30  particles having a particle size of less than 10 pm. The surface area varies
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There is alsq proyided a use of the apparatus to carry out the nmethod

according-to the invention. It is also an object of the invention to
provi de a use of the aggl omerates manufactured in accordance with the

method in a breath actuated dry powder iqgaler, such as Turbuhal er.

10

15

20

30

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 m2/ 8

Example 2

In order to examine the form of the agglomerates obtained from the method
according to the invention a high-speed video camera was installed at the
end of the screws. It was then possible to visualize the resulting product
from the screw feeder and compare the formed agglomerates with non-
treated powder under different experimental conditions. Samples was taken

and was further examined under a microscope.

In the experiment micronised terbutaline sulphate with a mass medium
diameter (MMD) of 1.2 ym was added to a K-tron Soder twin-shaft feeder
(speed 15 gram/min) using long-pitch twin concave-profile screws. The
resulting agglomerates were collected and examined under a microscope.
Fig. 4a shows a picture of the irregular and soft agglomerates which was
obtained. |

In a further experiment the long-pitch screws were changed to short-pitch
twin concave-profile screws of the same type and the same substance was
added to the same equpiment and under the same experimental conditions.
Fig 4b shows a picture of the agglomerates which are more regular.

Example 3

The importance of the dimensioh of the screws was further established in
order to examine the size of the agglomerates and especially the uniformity

of the agglomerates - an important parameter for dosing accuracy. The
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6 Brief description of the draw ngs The aggl oneration of the powder is
now described with reference to the draw ngs which show a prefered

enbodi ment of the apparatus as well as diagrans fromthe results of
experinments nmade in accordance with the inpvention, wherein Fig. 1 shows a
schematic view of a first enbodi nent of an apparatus according to the
}nvgntion, Fig. 2a shows a schematic view of the screws in the screw

-f eeder,

results clearly indicate the necessity of using well-controlled agglomerating

procedures.

In the experiments a Brabender twin-screw feeder type DDSR/20 was used.
5  Micronised lactose (MMD < 4 nm) was added to the feeder with different
twin-screw sizes (20/11, 20/12, 20/20; (length of pitch according to
Brabender technical data sheet)). The soft agglomerates from the feeder was
i added to a gyro-vibrating sieve with a net size of 0.5 mm. The velocity of
feeding on the sieve was adjusted so as the powder passed the sieve at
10  once, ie. no agglomeration was to occur on the sieve. Two experiments for
each screw were performed. The result shows that screws with longer pitch
(e.g. 20/20) results in less defined and larger agglomerates. As a
comparative experiment micronised powder was slowly added by a spoon
directely on the sieve, i.e. without passing the screw feeder. Great variation
15  of the size of the agglomerates was obtained, which indicates the necessity
of using a screw feeder to obtain more regular agglomerates and a

satisfactory yield.

A summary of these experiments is to be seen in fig. 5. The reproducibility
20  of the formation of the agglomerates and their properties like size, bulk
density and distribution is thereby obtained by the present invention, which
is of utmost importance for the accuracy of a dose, something which is
especially important when the agglomerated and spheronized powder is to

be used in a volume dosing inhalation device.

Example 4

In order fo determine the size of the agglomerates as a function of the
screw dimension the following measures were taken. The agglomerates
30 obtained in a Brabender twin-screw feeder type DDSR/20 were rotated at

This Sheet Has Been Replaced

A



Fig. 2b shows a schematic view of the screws nounted within the housing,
Fig. 3 shows ‘a schematic view of a second enbodi ment of an apparatus
according to the invention, Fig. 4a and 4b show the differences in

aggl onerates obtained froma screM/feederspaving | ong-pitch screws and
short-pitch screws respectively, Fi g. § Is a diagram showi ng a conpari son
of the size of the agglonerated particles as a function of different
-SCrews, Fig. 6 is a diagram showi ng size distribution of spheres as a

function of different screws,
35 rpm in a pan (diameter 320 mm) for 5 min. The agglomerates formed

were sized in different fractions (< 0.315, 0.315-0.5, 0.5-071, 0.71-1 and >1

mm) by passing a gyro-vibrating sieve (Russel Finex). This sieving shows

that the size of the spheres is strongly depending on the size and form of
5 the screws. The final hardness of the agglomerates is determined by the

spheronization procedure. The results are shown in fig. 6.

Example 5

10  In a further experiment it was determined that the size of the agglomerates
( depends less on the speed of the screws than the size of the screws.
Micronised terbutaline sulphate (MMD 1.2 um) was fed to a K-Tron twin-
screw feeder with different screws and speeds. The feeding speed 30 for the
short pitch screws is equal to 10 for the long pitch screws (15 gram/min).
15  The agglomerates were sized through 3 net dimensions (0.3, 0.5, 0.7 mm).
The result is shown in fig. 7.

Example 6

20  In a further experiment it was shown that by getting a uniform size of the
agglomerates resulting from the agglomeration process in the screw feeder,
the yield will increase in the subsequent steps as well as a more narrow
distribution range of spheres will be obtained. This is further improved by
using the multistep procedure as shown in fig. 3. In the experiment

25 micronised terbutaline sulphate was agglomerated and spheronized. The
resulting agglomerates were thereafter sized into different fraction and each
fraction was filled into a powder inhaler. The metered dose was therafter
determined for each fraction. The results shown in the diagram below
which shows the relationship between different fractions of the substance

30  and the metered dose give about 20% difference in dose when using
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Fig. 7 is a diagramof a sieving analysis of mcronised terbutaline
sul phat e processed in an apparatus according to the invention, and
7 Det ai | ed description of the draw ngs

10

15

20

30

16

different agglomerate sizes which clearly indicates the necessity of using a
uniform size of the agglomerates in order to obtain a constant dose and
small batch to batch variations.

SIZE FRACTION METERED DOSE (mg/dose

<014 0.65
0.14-0.3 0.62
03-05 0.59
> 05 0.55

The agglomeration process described in the present invention gives a high
yield of the total operation and acceptable batch to batch variations to the
final product.

Possible modifications

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

Thus the construction and the size of the screw feeders as well as the speed
and the length of the screws could be modified. The size of the apertures in
the sieves which have been used could of course also be modified.
Additional screws may also be used in the same manner.

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
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The apparatus used to carry out the nethod according to the invention is
shown in fig.1l. The apparatus includes an agglonerator in the formof a
screw feeder apparatus 2 conprising a receiving vessel 4 and a screw
feeder device 6. The screw feeder device conprises at |east two screws
8a, 8b being surrounded by a housing 9. e finely divided powdered

medi canent is supplied to the screw feeder device 6 through the vessel 4.
‘The vessel 4 is provided with a nechanical stirring device (not shown) to
facilitate the feedin cohesive powder to the screws. The stirring

of fh € t
devi ce coul d Ftagen ﬁ%FI%FﬁBFa SPr eqniaines, whishepulddhesratated, sich
extendi ng for iREONdif 1 e vertical axis of the
cont ai ner. H§ﬁ2§3%§ﬁ%$ IS tggﬁgggggggbfﬁéé%hﬁ¢ﬁF%§'screM/feeder device 6
and due to the pressure which is created between the at | east two screws
8a, 8b by the tw sting novenent of the screws 8a, 8b, which is created by
a notor 14, the powder particles will be pressed together and form soft
aggl oner at es of
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different sizes. The agglonmerated particles which are obtained fromthe
aggloneratlon process in the screws 8a, 8b of the screw feeder 6 have a
size between 0.1 nm- 2 nm are flowable, due to their size, and
conparatively soft in their structure. 18 A screw feeder device suitable
to be used for the aggloneration according to the invention is a device
having so-called Twi n-concave screws whereby the screws have identical

pitches. The aggl onerati on procedure of the finely
medi cament |sg§bt ai ned as the powder is nmechani cal iﬂgr ooves
10a, 10b bet e pitches 12a, 12b of the co- a, 8b as

they rotate. As the screws rotate the pitches 12a of one screw 8a w |l nove

into the groove 10b of the other screw 8b and
1. Method of treatment of a finely divided powdered medicament having a

primary particle size smaller than 10 pm and poor flowing properties to

5 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) agglomerating the powdered medicament having particles sizes being
smaller than 10pm of the substance by feeding the material to a screw

10  feeder, letting the material pass through the screw feeder 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 screw feeder,
15 ) sizing the agglomerates to obtain a uniform size of the final product.

2. Method according to claim 1,

characterised in thata 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 thata sieve is used for the sizing of the resulting

agglomerates.
25
4. Method according to 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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8 t her eby. remmvi ng attached powder on the screw and forcing the powder
forward at the sane tinme in a formof cleaning process. In this manner the
cl eaning process of the screws will create agglonerates of the powder
which is forced into the distance between, the screws, see especially
fig. 2a. Tests have shown that Tw n-contave screws having a short pitch

will give the nost uniform agglonerates having the hest @ rtigsfor
neeting the requirenents for powders for inhal atj{j§ B@& ; i&lmave al so
shown that the Ilength and the rotation speed of c <l Lol m nor
i nportance f oiS. Method according to claim 1, ;
characterised in that the finely divided powdered medicament is

supplied to a screw feeder comprising twin concave screws having a pitch
of the screws of about 2 - 20 mm, preferably 5 - 15 mm.

5
6. Method according to any of claims 1 to 5,
characterised in that it after the agglomeration in the screw feeder
further comprises the step of sizing the agglomerated powder to give the
agglomerates an uniform size.
10

7. Method according to claim 6,
characterised in that it after the spheronization comprises a further

step of sizing and a further step of spheronizing.

15 8. Method according to claim 7,
characterised in that for the further sizing a further sieve is used
and for the spheronizing a further tilted granulating container, preferably

with one or more scrapers, is used.

20 9. 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.

10. Method according to any of the preceeding claims,
25 characterised in that the spheronization time preferebly is 2 - 20
min.

11. Apparatus for treatment of finely divided powdered medicament having
a particle size smaller than 10 ym and poor flowing properties to cause the
30 powdered medicament to, in a controlled manner, form small loose
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result of the aggl onmeration procedure and that mainly the interval of the
pitch of the screws and the groove between the pitches are of inportance.
More dense and uni form aggl onerates are obtained fromscrews where the

di stance between the pitches of the two rews is as small as possible. The

measure between the outer diameter and t gmumlﬂmlm,mﬂlm;e screws
shoul d be between 1 - 10 nm preferably betvve I s di stance

‘is too big the agglonerates will not have the wel I° d&fithed® di*mensi ons
which are required. In a preferred enbodi ment the outer dianmeter of the

screws is 20 Agglemerates oripelletsgwhichiase frge Aowingoandavhich pee capable of -

mar ggffe(ralr 2'?: %s&gﬁ{?ﬁgw}bpa"%%% Mﬁﬁﬁgﬁ?&%@%ﬁﬁ?{éﬂb%r ound t he

screws in theappamitad @&ﬁ?hséd aaaew&adeﬂtsesswatmsam@btoﬁ@m | eavi ng
only a m ni mal groove bet ween t he wal of the housj ng and the screws, see

fig. 2b. If tpaewsi(@aBh)iwhichnse wetamsna spbemaizmgd@mcnéos spheronizing| y

oratton o ¢ N Rl Aplbmiates B ATERE i liok dighnd S pbblbblifete T

l'ess uni f or m@obeis a.uniform size of the final product.

12. Appartus according to claim 11,

characterised in that a tilted granulating container (16, 16’),
10  preferably with one or more scrapers (18), is used to spheronize the

agglomerates resulting from the agglomeration.

13. Appartus according to claim 11 or 12,
characterised in thata sieve (20, 20') is used for the sizing of the

15  resulting agglomerates.

14. Apparatus according to claim 11,

characterised in that the screw feeder (6,6") comprises Twin-

concave screws (8a, 8b) having a pitch of the screws of about 2 - 20 mm,
, 20  preferably 5 - 15 mm.

15. Apparatus according to claim 11 or 12,
characterised in that it comprises a first further sieve (22), a second
further sieve (24) and a first further tilted granulating container (26),

25  preferably with one or more scrapers.

16. Apparatus according to any of claims 11 to 15,
characterised in that the apertures of the sieves have a size
between 0.2 - 2.0 mm, preferably between 0.3 - 1.0 mm.

30
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In a preferred enbodi nent of the invention the pitches of the screws are
between 2 - 20 mm preferably between 5 - 15 mm Suitable screw feeders
9 i nclude the K- TRON SODER standard twin shaft feeder w thout agitator
an‘d t he Brabender tw n-screw feeder type HDSR/ 20

I O O

17. Use of an apparatus according to any of claims 11 to 16, to carry out a

method according to any of claims 1 to 10.

18, Agglomerates manufactured according to the method as described in
5 claims 1 to 10 using an appartus as described in claims 11 to 16 for use in a
breath-actuated dry powder inhaler.

19. Agglomerates according to claim 18 wherein the inhaler is Turbuhaler®.
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After the aggl oneration procedure the aggl onerates can be transported to a
sieving device in order to obtain agglonerates within a certain range of
size if desired. The aggl onerates obtained fromthe screw feeders have
different sizes and are conparatively sofi and need to be further treated
to obtain the desired characteristics. Tﬁg-agglonerates are therefore
collected in a spheronizing device, preferably a rotating container, such
"as a pan or drum 16 and which is preferably provided with one or nore
scrapers 18 (only shown schematically in the drawings). The container 16 is
tilted and roAbstract. The rotating novenent of the container 16 will nake
the aggl onerates rotate and tunble due to the tilting of the container.
During the rotation the agglonerates will obtain a stronger, nore

spherical, degg d?ﬁ’g;gﬁl ev&g@nﬂahftﬁéx@ﬁ roviiKd 2 Bafb?rtréh‘t'ﬁ@ht 8faf ace.

The characterlstlcs In the rot t|ng contalner wi Il further inprove

t he flowabi | i figelyrdivides pewdeteﬂmedg:ammt Havingk arparticdeisize smaber thanalti

st or age. ;he speed,of the containe

and poor flowing properhes 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 agglomeration of the finely divided powdered medicament by
feeding the material to a screw feeder, letting the material pass through the
10  screw feeder thereby obtaining agglomerates, spheronizing the resulting

agglomerates in order to obtain agglomerates which are more spherical,
more dense and more compact than the agglomerates obtained from the
agglomeration process in the screw feeder, and sizing the agglomerates to

obtain a uniform size of the final product.

15
According to the invention there is also provided an apparatus for carrying
out the method.
(Fig. 1)

20
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determ nes thge characteristics of the agglonerates after this

spheroni zation. Tests have shown that the optinal periphery speed of the
container is between 0.2 - 2.0, preferably between 0.4 - 1.0 m's. The
spheroni zation tinme is preferably between 1 - 20 mn. Tests have shown that
after 3 - 10 mn the aggl onerates often have obtained required opti nal
size, capability of breaking down to prigde the finely divided nedi canent
and density for their futurgepuse. These characteristics are, as already

menti oned above, i nportancy when the agglo 2% 0 be used
in the inhal ation herapy.k 10
Ab g
9 \ 7 \
. (\nnAnt
Bu Bb
18 /22
16
/20 '
/16

FIG.1 g%

26
8b J2b (10b

8a12a 40a ¢
FIG. 2A

FIG.3
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Tests have shown {hat the nost optimate tilting angle of the container 16
I's between 10[err] - 80[err] fromthe vertical, preferably between 30 - 60
as an angl e chosen herebetween gives the best densifying and grow ng effect
to the aggl oner at es. The granul ating container is made of a nmateri al
which is inert and do not contam nate the powder, such as for exanple
netal, plastic or any other suitable material. In order to avoid

el ectrostatic forces to build up 2yfigng the spheroni zati on process the
cont ai ner coul d be grounded. After the spheronization in the tilted
container 16 the agglonerates are supplied to a sieve 20 having an aperture
size which is between 0.2 - 2.0 nm preferably between 0.3 - 1.0 mm The
sieving is used in order to obtain a uniformsize of the aggl onerates. The
requirenents for the use of this

_/‘-/_:'77 v,
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operation is_ strongly depending on the type of inhalation device to be
used. The requirenents of uniformsize and proper density is higher if
the aggl onerates are to be used in a dry powder inhaler or in a netered
dose inhaler. During inhalation it is of utnost inportance that

aggl onerates are broken up into a high anmount of primary particles having a
particle size smaller than 10 [err]m To utilize the process according to
the invention in the nost efficient gng gconom c nmanner and to mnimze the
anount of aggl onmerates which are too big and therefore have to be recycled
into the process it wouSIEOEFHRAGELOMERATEDPARTIGLES ASer st eps of
si eving and spher dtiiNETION Of DIRFERENT SCREWS (BRABENDERWDDSR20)he nost
ef ficient manner AGGLORMBRATESKIS m;gl(%rBfYaWEj@[—prpcess according to this

i nvention is 10Q o porate-two—ur-trer—steps-ot—srevrg—ant—one fur=-=ner

step of spheronifzati%n. further sievin [ i h i ncor poratedjinto
p p 2 #8 e _g/E?% ?.gby p

the process dirdct

L}
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11 aggl oprerati on process in the screw feeder. After this sieving
the aggl onerates are spheronized in the granulating container and a second
further sieving step is carried out after this spheronization. A second
spheroni zation step is then carried out and the whol e process is ended by
the final sieving step. These further steps of ,sieving and spheronization
wll provide a nore effective process and the aggl onerates obtained after

the 4/ 4

o7

SIEVING ANALYSIS OF MICRONIZED TERBUTALINE SULPHATE
PROCESSED IN A K-TRON SCREWFEEDER

% BY WEIGHT OF
i. 100 POWDER PASSING THROUGH THE SIEVE
i
75k
]
sof
F SCREW : SPEED
i FEEDING SPEED
o5 SHORT 30 = LONG 10
- @ SHORT PITCH:30
i A SHORT PITCH:10
L , , 28 LONG PITCH:10
0
0.3 0,5 0.7
SIEVE (mm)
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second spheroni zation are uniform and have the required charaggﬁA@MEm SHEET
An apparatus according to this enbodi nent of the invention iis g
3. According to this figure the finely divided powdered nddilc
agglonerated in the screw feeder device 6' and the resulting 499 6@@»@%@‘
are supplied to a sieve 22. The S|fted agilonerates are thedeg
to the tilted granul ati ng cont ai ner fter the spheronization in the
contai ner 16' the agglonerates are supplled to a second sie\ '
a nore uniformsize. After this second sieving the agglonerates are
spheroni zed a second tine in a second tilted granul ating container 26. This
second granul Pigdegs Eontai ner 26 is of the sane type as the first contai ner
and the periphery speed and the spheronization tine are defined above for
the first step of spheronization. After this second spheronization the

aggl oner at es ﬁ&&ﬁb{,ﬁ&‘?ﬁﬂ@&{%the final sieve 20" to obtain a uniform

Sl ze

The invention relates to a method and an apparatus for making a powder
consisting of parhcles having a particle size smaller than 10pm free-ﬂowmg
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 powdered medicament, 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 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 powdered
medicament is handled, for instance during storage, conveying, sieving,

sifﬁné, mixing or grinding.



of the final

product. The sieving after the spheroni zation%-ﬂe'ees-s-_&rg—as—*
i.n some case the aggl omerates night grow too nuch during thRESPAGEMENTZSHEET

tion and therefore the final product could contain aggl onef
size being bigger than the required size, e.g. 0. 2 - 2 Mm
- 1 mm The aggl onerates obtained fromthe process accorgdi
I nvention are to be used in a dry-powder iq?alator, and prgef

dry- powder

SNaving a

e |

4

It is common knowledge that spherical agglomerates flow freely, packs
easily and uniformly, have an ideal form for coatings and are therefore

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,

incduding mixtures of various powders. Any powder, provided it is fine
enough, can be granulated or pelletized without a binder by systematic
agitation or rolling of the particulate material.

The common principle of performing this agglomeration is to let the
individual particles be exposed to a systematic movement of a powder bed,
without changing the physical and chemical properties of the primary
particles.

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 ends up in another part of the body,
e.g. the gastrointestinal tract or the oro-laryngeal tract.



12 ° breath-actuated inhalator. The hardness of the agglo N
therefore of utnost inportancy. The required hardness of adgl MTM%R

are capabl e of breaking down into primary particles duringijirhalation has
been neasured by a MHT-4 M crohardness tester. (A Paar, Augtrii aj6NOV 9%
been found to vary between 0.5 to 20 nmN for aggl onerates hgvijng good

deaggl onerati on properties and whi ch break down into the rqqurredTprimary
particles in an inhalator during inhalatioh. Wth val ues aove 20 nN t he

deaggl onerati on of the agglonerates will be |less and above 100 nN very
littl e deaggl oneration of the agglonerates will occur. The aggl onerati on
process according to the invention will now be described by experinments
whi ch are intdrigg@rto illustrate but not limt the scope of the invention
as described in the appended cl ai ns.

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 tited 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 commonly 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 obtained agglomerates can also be passed through an
extruder plate affixed to the end of the extruder.



Exanple 1 Properties of agglonerates of three different OREEIASEMW'ESEEETn
determned and is to be seen in the table bel ow. The powdel| gomststed-of

finely divideg particles which was passed through the step egf d
according to the invention: SUBSTANCE  MASS MEDI UM SU F/\Cét&w%g

BULKDENSI TY DI AMETER ([err]m (merr]/g) (glod)
Ter butal i ne 1.7 9 4 0125 Budesoni de
2.0 6 - 0. 24 Lactose 20

6 0.32

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 pm, preferably smaller than 5 pm, for example
such as micronized powders, in which no binders are needed and in which
the obtained 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 of a therapeutically effective size, e.g. having a

particle size which is 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 sufficiently soft so that
they will break down into primary particles when they are expelled from an
inhalator during inhalation. therapy.

According to the present 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 method of treatment of a finely divided powdered medicament having a
particle size smaller than 10 ym and poor flowing properties to form, in a
controlled manner, agglomerates or pellets which are free flowing and



Typi&ally the bul k density for aggl onerated powders consi sti
dirvi ded particles can be determned to vary between 0.2 ng tp
particles having a particle size of less than 10 [err]m The

vari es

substances but there is no difference between m croni sed and
aggl onerated (and spheroni sed) powder. Thge area is

13 bet
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which are capable of breaking down to provide the finely divided
medicament, comprising the steps of:

a) agglomerating the powdered medicament having particles sizes being
smaller than 10pm by feeding the material to a screw feeder, letting the
material pass through the screw feeder 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 screw feeder,
c) sizing the agglomerates to obtain a 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, wherein the apparatus comprises a screw feeder
with at least two co-operating screws which are rotating, a spheronizing
device for spheronizing the resulting agglomerates and a sizing device for
sizing the agglomerates to obtain a uniform size of the final producf.

Further preferred steps of the method are clear from the appended
dependent claims 2 - 10 and preferred embodiments of the apparatus are
clear from the appended dependent claims 11 - 16.

There is also provided a use of the apparatus to carry out the method

according to the invention.

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®.



between 2 20 nR/g, preferably 3 - 12 n2/g.

Exanple 2

Ip order to exam ne the form of the aggl onerates obtained frfo

according to the invention a high-speed video canera was i ngt

end of the screws. It was then possible to visualize the regquljti

fromthe screw feeder and conpare the forned aggl onerates wijt

powder under different experinmental conditions. Sanpl es was jt gken _and was

emmn
gg Q\?dUCt

further exam ned under a m croscope. n & he experiment m qironi sed

terbutaline sul phate with'a nmass nedi umd| aneter (MVD) of 1.

to a K-tron Soder tw n-shaft feeder (speed 15 gram mn) using Iong pitch
tw n concave-profile screws. The resulting aggl onerates were collected and

exam ned underBrefrdescription@f the drawings

The agglomeration of the powder is now described with reference to the
drawings which show a prefered embodiment of the apparatus as well as
diagrams from the results of experiments made in accordance with the

invention, wherein

Fig. 1 shows a schematic view of a first embodiment of an apparatus

according to the invention,

Fig. 2a shows a schematic view of the screws in the screw feeder,

Fig. 2b shows a schematic view of the screws mounted within the housing,

Fig. 3 shows a schematic view of a second embodiment of an apparatus

- according to the invention,

Fig. 4a and 4b show the differences in agglomerates obtained from a screw

feeder having long-pitch screws and short-pitch screws respectively,

Fig. 5 is a diagram showing a comparison of the size of the agglomerated

particles as a function of different screws,

Fig. 6 is a diagram showing size distribution of spheres as a function of

different screws,

Fig. 7 is a diagram of a sieving analysis of micronised terbutaline sulphate

processed in an apparatus according to the invention, and




Fig: 4a shows a picture of the irregular and soft aggl onerat esggpb@ggﬂmssﬂgﬂ

obt ai ned. In a further experinent the |ong-pitch screws re
short-pitch twin concave-profile screws of the sane type and tlhe S%RSﬁ
substance was added to the same equpi mrent and under the sa exh@ [ {1996
conditions. Fig 4b shows a picture of the aggl onerates whic re npre

f the di nension

ZQ nf thn

regul ar. Exanpl e % The i nportance

of the screws was further established in‘order to exam ne t
aggl onerates and especially the uniformty of the agglonmerates - an
| nportant paraneter for dosing accuracy. The

Detailed description of the drawings

The apparatus used to carry out the method according to the invention is
shown in fig.1. The apparatus includes an agglomerator in the form of a
screw feeder apparatus 2 comprising a receiving vessel 4 and a screw
feeder device 6. The screw feeder device 6 comprises at least two screws 8a,
8b being surrounded by a housing 9. The finely divided powdered
medicament is supplied to the screw feeder device 6 through the vessel 4.
The vessel 4 is provided with a mechanical stirring device (not shown) to
facilitate the feeding of the cohesive powder to the screws. The stirring
device could be of any known type, for example having L-shaped arms
extending form a shaft provided perpendicular to the vertical axis of the

container.

The powder is transported through the screw feeder device 6 and due to
the pressure which is created between the at least two screws 8a, 8b by the
twisting movement of the screws 8a, 8b, which is created by a motor 14, the
powder particles will be pressed together and form soft agglomerates of
different sizes. The agglomerated particles which are obtained from the
agglomeration process in the screws 8a, 8b of the screw feeder 6 have a size
between 0.1 mm - 2 mm, are flowable, due to their size, and comparatively

soft in their structure.

A screw feeder device suitable to be used for the agglomeration according
to the invention is a device having so-called Twin-concave screws whereby
the screws have identical pitches. The agglomeration procedure of the finely
divided powdered medicament is obtained as the powder is mechanical
forced into the grooves 10a, 10b between the pitches 12a, 12b of the co-
operating screws 8a, 8b as they rotate. As the screws rotate the pitches 12a

of one screw 8a will move into the groove 10b of the other screw 8b and
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clearly indicate the necessity of using well-controlled aggl{o

pr ocedur es. In the experinents a Brabender tw n-screw fedddr type
DDSR/ 20 was used. M cronised |actose (MWD < 4 [err]m was gddedts&Nov 998
feeder with different tw n-screw sizes (20/11, 20/12, 20/2Q; k(! ength of

pitch according to Brabender technical gata sheet)). The sqi‘

fromthe feeder was —

thereby removing attached powder on the screw and forcing the powder
forward at the same time in a form of cleaning process. In this manner the
cleaning process of the screws will create agglomerates of the powder
which is forced into the distance between the screws, see especially fig.2a.

Tests have shown that Twin-concave screws having a short pitch will give
the most uniform agglomerates having the best properties for meeting the -
requirements for powders for inhalation. The tests have also shown that the
length and the rotation speed of the screws are of minor importance for the
result of the agglomeration procedure and that mainly the interval of the
pitch of the screws and the groove between the pitches are of importance.
More dense and uniform agglomerates are obtained from screws where the
distance between the pitches of the two screws is as small as possible. The
measure between the outer diameter and the inner diameter of the screws
should be between 1 - 10 mm, preferably between 1 - 5 mm. If this distance
is too big the agglomerates will not have the well defined dimensions
which are required. In a preferred embodiment the outer diameter of the
screws is 20 mm and the inner diameter of the screws is between 10 - 19
mm, preferably between 15 - 19 mm. It is also important for the
characteristics of the obtained agglomerates that the housing 9 around the
screws in the screw feeder fits around the screws in a tight manner leaving
only a minimal groove between the walls of the housing and the screws,
see fig. 2b. If there is a distance between the wall and the screws finely
divided powdered medicament will be compacted in this area during the
rotation of the screws and the agglomeration procedure will result in a less

uniform product.

In a preferred embodiment of the invention the pitches of the screws are
between 2 - 20 mm, preferably between 5 - 15 mm. Suitable screw feeders



added to a gyro-vibrating sieve with a net size of 0.5 mMm T ' —of
feeding on the sieve was adjusted so as the powder passed th EL&&ME&T éHEET

once, i.e. no aggloneration was to occur on the sieve. Two exXpdri nents for
each screw were perfornmed. The result shows that screws with Icngﬁbm\!@%
(e.g. 20/20) results in less defined and | arger aggl onerates.] As
conparative experinent mcroni sed powder was sl owy added by }a SpUUn
directely on the sieve, i.e. without passidng the screw feeded._ G eat

variation of the size of the aggl onerates was obtai ned, which indicates
the necessity of using a screw feeder to obtain nore regul ar aggl oner at es
and a satisfactory vyield. A summary of these experinents is to be seen

in fig. 5 Thindede¢ e KFTRON SODER stadaod wwin shaftffe¢der withputragitaters and
their prOpertIES |i ke size, bulk den%f¢ and d [ butlon i's thereby

obt ai ned by tABdgR é%ﬁl?eﬂwm'éﬁre%ﬁﬁ r type IDSR Akt i nportance for the
accuracy of a dose, sonething which is especially inportant when the
aggl oner at ed and spheroni zed powder is to be used in a volunme dosing

i nhal ati on dewifeee the agglomeration procedure the agglomerates can be transported to a

sieving device in order to obtain agglomerates within a certain range of size
if desired.

The agglomerates obtained from the screw feeders have different sizes and
are comparatively soft and 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 16 and which
is preferably provided with one or more scrapers 18 (only shown
schematically in the drawings). The container 16 is tilted and rotating. The
rotating movement of the container 16 will make the agglomerates rotate
and tumble due to the tilting of the container. During the rotation the
agglomerates will obtain a stronger, more spherical, dense, compact and
uniform form and a smoother outer surface. The characteristics achieved in
the rotating container will further improve the flowability and the resistans
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 after 3 - 10 min the
agglomerates often have obtained required optimal size, capability of
breaking down to provide the finely divided medicament and density for
their future use. These characteristics are, as already mentioned above, of
utmost importancy when the agglomerates are to be used in the inhalation
therapy.
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aggl onerates obtained in a Brabender tw n-screw feeder type IR/ 20 were

rotated at 15 16 NOV 1996
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Tests have shown that the most optimate tilting angle of the container 16 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 16 the agglomerates are
supplied to a sieve 20 having an aperture size which is between 0.2 - 2.0
mm, preferably between 0.3 - 1.0 mm. The 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 or in a metered dose
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 according to the invention 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 it would be
advantageous to incorporate further steps of sieving and spheronization
into the process. Tests have shown that the most efficient manner to carry
out the agglomeration process according to this invention is to incorporate
two further steps of sieving and one further step of spheronization. A

further sieving step is hereby incorporated into the process directly after the
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sized in different fractions (< 0.315, 0.315-0.5, 0.5-071, O ’;E-l arrd>t

nm) by passing a gyro-vibrating sieve (Russel Finex). This s} epvi
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that the size of" the spheres is strongly depending on the si
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the screws. The final hardness of the agglonerates is deter
spheroni zation procedure. The results arqlshomn infig. 6.
Exanpl e 5 In a further experinent it was determ ned that t
aggl oner at es depends | ess on the speed of the screws than the size of the
screws. M cronised terbutaline sul phate (MMD 1.2 [err]n) was fed to a

K-Tron twi n- screw feeder with different scre and speeds.. The feedin
speed 30 for a(ggg.omerau%n process in the screw feeder. After this s ev?ng the J

agglomerates are spheronized in the granulating container and a second

further sieving step is carried out after this spheronization. A second
spheronization step is then carried out and the whole process is ended by
the final sieving step. These further steps of sieving and spheronization will
provide a more effective process and the agglomerates obtained after the
second spheronization are uniform and have the required characteristics. -

An apparatus according to this embodiment of the invention is shown in

fig. 3.

According to this figure the finely divided powdered medicament is
agglomerated in the screw feeder device 6’ and the resulting agglomerates
are supplied to a sieve 22. The sifted agglomerates are thereafter supplied
to the tilted granulating container 16’. After the spheronization in the
container 16’ the agglomerates are supplied to a second sieve 24 to obtain a
more uniform size. After this second sieving the agglomerates are
spheronized a second time in a second tilted granulating container 26. This
second granulating container 26 is of the same type as the first container
and the periphery speed and the spheronization time are defined above for
the first step of spheronization. After this second spheronization the
agglomerates are sifted through the final sieve 20’ to obtain a uniform size
of the final product. The sieving after the spheronization is necessary as in
some case the agglomerates might grow too much during the spheroniza-
tion 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 - 1

mm.

The agglomerates obtained from the process according to the invention are

to be used in a dry-powder inhalator, and preferably in a dry-powder
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short pitch screws is equal to 10 for the long pitch screws [ IHEPYAGEMIENTNSHEET
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result is shown in fig. 7. Exampl e 6] 1§ nmu%r
experinment it was shown that by getting a uniformsize of th agé Y

resulting fromthe aggl oneration process in the screw feeder} fkhe vield

will increase in the subsequent steps asl2ell as a nore narrjow distribution
range of spheres will be obtained. This is further inproved
mul tistep procedure as shown in fig. 3. In the experinment m cronised
terbutaline sul phate was aggl oner at ed and spheroni zed. The resulting
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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
primary particles in an inhalator during 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.

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.

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 20 6 0.24
Lactose 3.0 6 0.32

Typically the butk 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



and the netered dose give about 20% difference in dose when
16 different aggl onerate sizes which clearly indicates the

and snal |
(nmg/ dose)
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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

In order to examine the form of the agglomerates obtained from the method
according to the invention a high-speed video camera was installed at the
end of the screws. It was then possible to visualize the resulting product
from the screw feeder and compare the formed agglomerates with non-
treated powder under different experimental conditions. Samples was taken

and was further examined under a microscope.

In the experiment micronised terbutaline sulphate with a mass medium
diameter (MMD) of 1.2 pm was added to a K-tron Soder twin-shaft feeder
(speed 15 gram/min) using long-pitch twin concave-profile screws. The
resulting agglomerates were collected and examined under a microscope.
Fig. 4a shows a picture of the irregular and soft agglomerates which was
obtained.

In a further experiment the long-pitch screws were changed to short-pitch
twin concave-profile screws of the same type and the same substance was
added to the same equpiment and under the same experimental conditions.
Fig 4b shows a picture of the agglomerates which are more regular.

Example 3

The importance of the dimension of the screws was further established in
order to examine the size of the agglomerates and especially the uniformity

of the agglomerates - an important parameter for dosing accuracy. The
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results clearly indicate the necessity of using well-controlled agglomerating

procedures.

In the experiments a Brabender twin-screw feeder type DDSR/20 was used.
Micronised lactose (MMD < 4 pm) was added to the feeder with different
twin-screw sizes (20/11, 20/12, 20/20; (length of pitch according to
Brabender technical data sheet)). The soft agglomerates from the feeder was
added to a gyro-vibrating sieve with a net size of 0.5 mm. The velocity of
feeding on the sieve was adjusted so as the powder passed the sieve at
once, i.e. no agglomeration was to occur on the sieve. Two experiments for
each screw were performed. The result shows that screws with longer pitch
(e.g. 20/20} results in less defined and larger agglomerates. As a
comparative experiment micronised powder was slowly added by a spoon
directely on the sieve, i.e. without passing the screw feeder. Great variation
of the size of the agglomerates was obtained, which indicates the necessity
of uéing a screw feeder to obtain more regular agglomerates and a

satisfactory yield.

A summary of these experiments is to be seen in fig. 5. The reproducibility
of the formation of the agglomerates and their properties like size, bulk
density and distribution is thereby obtained by the present invention, which
is of utmost importance for the accuracy of a dose, something which is
especially important when the agglomerated and spheronized powder is to

be used in a volume dosing inhalation device.

Example 4

In order to determine the size of the agglomerates as a function of the
screw dimension the following measures were taken. The agglomerates
obtained in a Brabender twin-screw feeder type DDSR/20 were rotated at
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commercially avail abl e apparatus for spheronization or granulation. The
spheroni zati on could al so be done in any other suitable way using a

35 rpm in a pan (diameter 320 mum) for 5 min. The agglomerates formed
were sized in different fractions (< 0.315, 0.315-0.5, 0.5-071, 0.71-1 and >1
mm) by passing a gyro-vibrating sieve (Russel Finex). This sieving shows
that the size of the spheres is strongly depending on the size and form of
the screws. The final hardness of the agglomerates is determined by the

spheronization procedure. The results are shown in fig. 6.

Example 5

In a further experiment it was determined that the size of the agglomerates
depends less on the speed of the screws than the size of the screws.
Micronised terbutaline sulphate (MMD 1.2 pm) was fed to a K-Tron twin-
screw feeder with different screws and speeds. The feeding speed 30 for the
short pitch screws is equal to 10 for the long pitch screws (15 gram/min).
The agglomerates were sized through 3 net dimensions (0.3, 0.5, 0.7 mm).

The result is shown in fig. 7.

Example 6

In a further experiment it was shown that by getting a uniform size of the
agglomerates resulting from the agglomeration process in the screw feeder,

the yield will increase in the subsequent steps as well as a more narrow
distribution range of spheres will be obtained. This is further improved by
using the multistep procedure as shown in fig. 3. In the experiment

micronised terbutaline sulphate was agglomerated and spheronized. The
resulting agglomerates were thereafter sized into different fraction and each

fraction was filled into a powder inhaler. The metered dose was therafter
determined for each fraction. The results shown in the diagram below
which shows the relationship between different fractions of the substance

and the metered dose give about 20% difference in dose when using
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different agglomerate sizes which clearly indicates the necessity of using a
uniform size of the agglomerates in order to obtain a constant dose and

small batch to batch variations.

SIZE FRACTION  METERED DOSE (mg/dose)

<0.14 0.65
0.14-03 0.62
03-05 0.59
> 05 0.55

The agglomeration process described in the present invention gives a high
yield of the total operation and acceptable batch to batch variations to the

final product.
Possible modifications

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

Thus the construction and the size of the screw feeders as well as the speed
and the length of the screws could be modified. The size of the apertures in
the sieves which have been used could of course also be modified.

Additional screws may also be used in the same manner.

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
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rotation symmetrical receptacle or container, which could be rotated, such
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as any container being cylindrical or barrel formed.
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granul ating container, preferably with one or nore scrapersj L qud 1.0
spheroni ze the aggl onerates resulting fromthe aggl omeration. 3. Met hod
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1. Method of treatment of a finely divided powdered medicament having a

primary 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) agglomerating the powdered medicament having particles sizes being
smaller than 10pm of the substance by feeding the material to a screw
feeder, letting the material pass through the screw feeder 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 screw feeder,

c) sizing the agglomerates to obtain a uniform size of the final product.

2. Method according to claim 1,
characterised in thata 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 in that a sieve is used for the sizing of the resulting

agglomerates.

4. Method according to 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.
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aggl onerates after the aggloneration process is |ess than or}cREFANCEENE QHEET
5. Method according to claiml, char acter i s ejde

finely divided powdered nmedi canent is supplied to a screw fe
twi n concave sCrews havinga pirtch of the screws of about 2
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5. Method according to claim 1,

characterised in that the finely divided powdered medicament is
supplied to a screw feeder comprising twin concave screws having a pitch
of the screws of about 2 - 20 mm, preferably 5 - 15 mm.

6. Method according to any of claims 1 to 5,
characterisedin that it after the agglomeration in the screw feeder
further comprises the step of sizing the agglomerated powder to give the

agglomerates an uniform size.

7. Method according to claim 6,
characterised in that it after the spheronization comprises a further

step of sizing and a further step of spheronizing.

8. Method according to claim 7,
characterised in that for the further sizing a further sieve is used

and for the spheronizing a further tilted granulating container, preferably

with one or more scrapers, is used.

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

10. Method according to any of the preceeding claims,
characterisedin that the spheronization time preferebly is 2 - 20

min.

11. Apparatus for treatment of finely divided powdered medicament having
a particle size smaller than 10 um and poor flowing properties to cause the
powdered medicament to, in a controlled manner, form small loose
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for the spheroni zing a further tilted granul ati ng contai ner,

with one or nore scrapers, is used. 9. Method according to any of the
preceeding cl ajgf¥omerates or pellets which are free flowing and which are capable of

breaking down fo provide the finely divided medicament, wherein the
apparatus comprises a screw feeder (6, 6') with at least two co-operating
screws (8a, 8b) which are rotating, 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.

12. Appartus according to claim 11,

characterised in that a tilted granulating container (16, 16'),
preferably with one or more scrapers (18), is used to spheronize the

agglomerates resulting from the agglomeration.

13. Appartus according to claim 11 or 12,

characterised in that a sieve (20, 20") is used for the sizing of the

resulting agglomerates.

14. Apparatus according to claim 11,

characterised in that the screw feeder (6,6) comprises Twin-
concave screws (8a, 8b) having a pitch of the screws of about 2 - 20 mm,

preferably 5 - 15 mm.

15. Apparatus according to claim 11 or 12,

characterised in that it comprises a first further sieve (22), a second
further sieve (24) and a first further tilted granulating container (26),

preferably with one or more scrapers.

16. Apparatus according to any of claims 11 to 15,

characterised in that the apertures of the sieves have a size

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




ch'aracteri sedinthat the periphery speed of th QMEMENT\@HEH
container preferably is 0.5 - 1.0 nis. 10. Met hod accordi g

preceeding claims, c har act er i s edinthat the sphefo

time preferebly is 2 - 20 mn. 11 Apparatus for treatnen %W&"

di vi ded powder ed ﬂ l a particle size smaller th

and poor flow ng | se t he p2lwdered nedi canent§y to, in a
control |l ed manner, “form'smal | I oose '

17. Use of an apparatus according to any of claims 11 to 16, to carry out a
method according to any of claims 1 to 10.

18. Agglomerates manufactured according to the method as described in
claims 1 to 10 using an appartus as described in claims 11 to 16 for use in a
breath-actuated dry powder inhaler.

19. Agglomerates according to claim 18 wherein the inhaler is Turbuhaler®.
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20 aggl onerates or pellets which are free flow ng and whi | RCEMEN SEREY
of breaking down to provide the finely divided nedi canent, vl v e o S M
apparatus conprises a screw feeder (6, 6') with at |east two}cp-operatin
screws (8a, 8b) which are rotating, a spheronizing device fo .pﬂéiNGNiﬁﬁh
the resulting aggl onerates and a sizing device for sizing thg fggl onerates
to obtain a uniformsize of the final pgeduct. 12. Apparths according to
claiml1ll, char acteri sedinthat atilted granul gt 2
(16, 16'), preferably with one or nore scrapers (18), is used to
spheroni ze the aggl onerates resultipgpdragni he aggl onerati on.

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 provide the finely divided medicament, comprising the -
steps of agglomeration of the finely divided powdered medicament by
feeding the material to a screw feeder, letting the material pass through the
screw feeder thereby obtaining agglomerates, spheronizing the resulting
agglomerates in order to obtain agglomerates which are more spherical,
more dense and more compact than the agglomerates obtained from the
agglomeration process in the screw feeder, and sizing the agglomerates to
obtain a uniform size of the final product.

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

(Fig. 1)
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aggl oner at es. 14. Apparatus according to claim1ll, <c¢ h aqub

s edin that the screw feeder (6,6') conprises Twin- concave Screws Eg
8b) having a pitch of the screws of about 2 - 20 nm prefefa
15. Apparatus according to claim1ll orq412, c har act efri sedin

that it conprises a first fyrther sieve (22), a second further sieve (Z24)

and a first furth ' granul ati ng contai ner (26) ra@ly w th one
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met hod according to any of clainms 1 to 10. 18. Aggl oner at saﬂﬂﬁﬁgﬂgﬂhﬁﬁﬁff
according to the nethod as described in clains 1 to 10 usin n appartus as
described in clainms 11 to 16 for use in a breath-actuated dfy pqup

i nhal er. 19. Agglonerates according to claim 18 wherein thefinhaler |s
Tur buhal er[err]. Aggl onmer at ed powders consisting of f{n
powders having a surface area of between 2 to 20 nferr]/g. {21
Aggl orrer at ed powders according to cl®im20 having a surface area o et wee
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having a bul k density of between 0.2 to 0.4 g/m. 23. A ngdg w T HEETi
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17. Use of an apparatus according to any of claims 11 to 16, to carry out a
method according to any of claims 1 to 10.

18. Agglomerates manufactured according to the method as described in
claims 1 to 10 using an appartus as described in claims 11 to 16 for use in a
breath-actuated dry powder inhaler.

19. Agglomerates according to claim 18 wherein the inhaler is Turbuhaler®.

20. Agglomerated powders consisting of finely divided
powders having a surface area of between 2 to 20 m /g.

21. Agglomerated powders accordmg to claim 20 having a
surface area of between 3 to 12 m /g

22. Agglomerated powders according to claim 20 or 22
having a2 bulk density of between 0.2 to 0.4 g/ml.

23. A medicament comprising agglomerated powders
- accoxrding to any one of claims 20 to 22.
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17. Use of an apparatus according to any of claims 11 to 16, to carry out a
method according to any of claims 1 to 10.

18. Agglomerates manufactured according to the method as described in
claims 1 to 10 using an appartus as described in claims 11 to 16 for use in a

breath-actuated dry powder inhaler.

19. Agglomerates according to claim 18 wherein the inhaler is Turbuhaler®.

Agglomerated powders consisting of finely divided
aving a surface area of between 2 to 20 mzlg.

22. Agglomerated powders according
having a bulk density of between 0.2 to

23. A medicament comprising agglomerated powders
according to any cne of claims 20 to 22.



