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Description

TECHNICAL FIELD OF INVENTION

[0001] The invention relates to a method for preparing
a tablet involving dry granulation.

BACKGROUND OF THE INVENTION

[0002] Tablets are one of the most frequently em-
ployed delivery forms for most medicinal preparations.
This situation can be explained by the fact that this dos-
age form allows for accurate dosage of the active com-
ponent of the medicinal formulation. Furthermore, han-
dling and packaging are easier and shelf life and stability
of these preparations are generally better than those of
other formulations.
[0003] These same arguments also explain the reason
why tablets are often used as media for other applications
such as food, including confectionery products, aromas
or sweeteners, detergents, dyes or phytosanitary prod-
ucts.
[0004] A solid bulk of granulate mass, which is neces-
sary for manufacturing tablets, can be manufactured us-
ing two main processes, wet granulation or dry granula-
tion. Tablets may also be manufactured using direct com-
pression. Direct compression relates to the tableting
process itself rather than preparation of the starting ma-
terial.
[0005] In wet granulation, components are typically
mixed and granulated using a wet binder. The wet gran-
ulates are then sieved, dried and optionally ground prior
to compressing into tablets. Wet granulation is used ex-
tensively in the pharmaceutical industry although it has
proven to be a difficult method, mainly because the liquids
needed in the granule and tablet manufacturing process
often have an adverse effect on the characteristics of the
active pharmaceutical ingredients (APIs) and/or on the
end product such as a tablet.
[0006] Dry granulation is usually described as a meth-
od of controlled crushing of precompacted powders den-
sified by either slugging or passing the material between
two counter-rotating rolls. More specifically, powdered
components that may contain very fine particles are typ-
ically mixed prior to being compacted to yield hard slugs
which are then ground and sieved before the addition of
other ingredients and final compression to form tablets.
Because substantially no liquids are used in the dry gran-
ulation process, the issues related to wet granulation are
avoided. Although dry granulation would in many cases
appear to be the best way to produce products such as
tablets containing APIs, it has been relatively little used
because of the challenges in producing the desired kind
of granules as well as managing the granulated material
in the manufacturing process. Known dry granulation
methods, as well as the known issues related to them
are well described in scientific articles, such as the review
article "Roll compaction / dry granulation: pharmaceutical

applications" written by Peter Kleinebudde and published
in European Journal of Pharmaceutics and Biopharma-
ceutics 58 (2004) at pages 317-326.
[0007] Direct compression is generally considered to
be the simplest and the most economical process for
producing tablets. However, it may only be applied to
materials that do not need to be granulated before tab-
leting. Direct compression requires only two principal
steps; i.e., the mixing of all the ingredients and the com-
pression of this mixture. However, direct compression is
applicable to only a relatively small number of substances
as the ingredients of the tablets often need to be proc-
essed by some granulation technique to make them com-
pressible and/or for improving their homogeneity and
flow-ability.
[0008] A component of a tablet is usually described as
being either an excipient or an active ingredient. Active
ingredients are normally those that trigger a pharmaceu-
tical, chemical or nutritive effect and they are present in
the tablet only in the amount necessary to provide the
desired effect. Excipients are inert ingredients that are
included to facilitate the preparation of the dosage forms
or to adapt the release characteristics of the active in-
gredients, or for other purposes ancillary to those of the
active ingredients.
[0009] Excipients can be characterized according to
their function in the formulation as, for instance, lubri-
cants, glidants, fillers (or diluents), disintegrants, binders,
flavors, sweeteners and dyes.
[0010] Lubricants are intended to improve the ejection
of the compressed tablet from the die of the tablet-making
equipment and to prevent sticking in the punches.
[0011] Glidants are added to improve the powder flow.
They are typically used to help the component mixture
to fill the die evenly and uniformly prior to compression.
[0012] Fillers are inert ingredients sometimes used as
bulking agents in order to decrease the concentration of
the active ingredient in the final formulation. Binders in
many cases also function as fillers.
[0013] Disintegrants may be added to formulations in
order to help the tablets disintegrate when they are
placed in a liquid environment and so release the active
ingredient. The disintegration properties usually are
based upon the ability of the disintegrant to swell in the
presence of a liquid, such as water or gastric juice. This
swelling disrupts the continuity of the tablet structure and
thus allows the different components to enter into solution
or into suspension
[0014] Binders are used to hold together the structure
of the tablets. They have the ability to bind together the
other ingredients after sufficient compression forces
have been applied and they contribute to the integrity of
the tablets.
[0015] Finding the proper excipients for particular APIs
and determining the proper manufacturing process for
the combination of excipients and APIs can be a time-
consuming job that may lengthen the design process of
a pharmaceutical product, such as a tablet significantly,
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even by years.
[0016] Both the dry and wet granulation methods of
the prior art may produce solid bridges between particles
within granules that may be undesirable for example in
that they lead to unsatisfactory subsequent tablet char-
acteristics. The solid bridges may be caused by partial
melting, hardening binders or crystallization of dissolved
substances. Partial melting may for example occur when
high compaction force is used in dry granulation meth-
ods. When the pressure in the compaction process is
released, crystallization of particles may take place and
bind the particles together. Introduction of hardening
binders is common in pharmaceutical wet granulations
when a binder is included in the granulating solvent. The
solvent forms liquid bridges, and the binder will harden
or crystallize on drying to form solid bridges between the
particles. Examples of binders which can function in this
way are polyvinylpyrrolidone, cellulose derivatives (e.g.
carboxymethylcellulose) and pregelatinized starch. Sub-
stances, e.g. lactose, which can dissolve during a wet
granulation process may subsequently crystallize on dry-
ing acting as a hardening binder.
[0017] Electrostatic forces may also be important in
causing powder cohesion and the initial formation of ag-
glomerates, e.g. during mixing. In general they do not
contribute significantly to the final strength of the granule.
Van der Waals forces, however, may be about four orders
of magnitude greater than electrostatic forces and can
contribute significantly to the strength of granules, e.g.
those produced by dry granulation. The magnitude of
these forces increases as the distance between particle
surfaces decreases.
[0018] In addition to finding a practical manufacturing
process for a pharmaceutical product, validation of the
manufacturing process is essential. Validation means
that the process must be able to reliably produce a con-
sistently acceptable and predictable outcome each time
the process is used. Wet granulation methods are quite
challenging to manage in this respect. The wet granula-
tion process is often quite vulnerable to small changes
in manufacturing conditions. For example, variations in
the moisture content of starch in the manufacturing proc-
ess after drying may produce a tablet that is too hygro-
scopic or which has a reduced shelf life. When a phar-
maceutical product is being developed in laboratory con-
ditions, the conditions can be controlled relatively easily.
However, the conditions available in mass production en-
vironments are typically less accurately controllable thus
making validation of the manufacturing process a difficult
and time consuming task. The same can be said about
direct compression methods where the quality of the final
product depends on the physical properties of the API
and excipients. A small change in such properties can
result, for example, in segregation and flow-ability prob-
lems.
[0019] Because of the manufacturing and process val-
idation issues related to wet granulation and direct com-
pression methods, it is desirable, particularly in the phar-

maceutical industry, to use dry granulation techniques
whenever possible. However, the dry granulation meth-
ods known in the prior art produce granules that are sel-
dom usable in a tablet manufacturing process. Conflicting
process design parameters often lead to compromises
where some qualities of the resulting granule product
may be good, but other desirable qualities are lacking or
absent. For example, the flow characteristics of the gran-
ules may be insufficient, the non-homogeneity of the
granules may cause segregation in the manufacturing
process or capping in tablets, or some of the granules
may exhibit excessive hardness, all of which can make
the tableting process very difficult, slow and sometimes
impossible. Furthermore, the bulk granules may be diffi-
cult to compress into tablets. Alternatively or additionally,
the disintegration characteristics of the resulting tablets
may be sub-optimal. Such problems commonly relate to
the non-homogeneity and granule structure of the gran-
ulate mass produced by the compactor. For instance, the
mass may have too high a percentage of fine particles
or some granules produced by the compactor may be
too dense for effective tableting.
[0020] It is also well known in the art that in order to
get uniform tablets the bulk to be tableted should be ho-
mogeneous and should have good flow characteristics.
[0021] In prior art dry granulation processes such as
roll compaction, the resulting bulk is not generally homo-
geneously flowing, for example because of the presence
of relatively large (1-3 mm) and dense granules together
with very small (e.g. 1-30 mm) particles. This can cause
segregation as the large, typically dense and/or hard
granules of the prior art flow in a different way to the fine
particles when the granulate mass is conveyed in the
manufacturing process, e.g. during tableting. Because
of the segregation, it is often difficult to ensure production
of acceptable tablets. For this reason, in the art there are
some known devices in which the small particles and
sometimes also the biggest particles are separated from
the rest of the granules with the help of a fractionating
device such as (a set of) vibrating screen(s). This process
is generally complicated and noisy and the result is a
relatively homogeneously flowing bulk where the gran-
ules are hard and difficult to compress into tablets. Fur-
thermore, the process of separating small particles from
granules becomes very difficult if the material is sticky
and the screen-size is not big enough. Generally in this
process the apertures of the screen must have a mini-
mum dimension of at least 500 mm.
[0022] Another problem which occurs in dry granula-
tion methods of the prior art is the difficulty of preparing,
in the development stage, a pilot bulk which is represent-
ative of the production bulk. Thus, the compaction forces
and the other compaction parameters used at the labo-
ratory scale can be very different from those used at the
production scale. As a result the properties, e.g. flow-
ability of the production bulk can be very different from
that which has been prepared in a pilot facility. One siev-
ing method applicable in laboratory scale is air sieving.
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One conventional air sieve involves passing a powder
through a mesh of defined size in order to exclude par-
ticles below the specified size (the desired granules are
retained above the mesh and the rejected particles pass
below). Air is passed through the mesh to carry away the
fine particles. The problem with the air sieves of the prior
art is that their capacity is not sufficient for industrial pro-
duction of granulate mass. Furthermore, the air sieves
that rely on mesh size in the separation of rejected ma-
terial often exclude desirable small granules from the ac-
ceptable granulate mass when separating out the fine
particles from the mass. Yet further, fragile granules may
break in the sieving process where undersize particles
are sucked through the apertures of the sieve.
[0023] Patent application WO 99/11261 discloses dry-
granulated granules that may comprise API only. In the
method disclosed in the application, an air sieve known
in the prior art is used for separating fine particles (par-
ticles and granules smaller than 150 or 125 mm) from
granules comprising up to 100% of API. The sieving uti-
lizes a sieve whose mesh size is about the maximum
size of rejectable particles, e.g. 150 mm. It seems that
the granules of the disclosure have been created using
relatively high compaction forces since the proportion of
fine particles (smaller than 125 mm) after compaction is
at most around 26 per cent (see table 1). The method
results, following sieving, in a flowing homogeneous
granulate mass that would be expected to comprise gen-
erally hard granules and that substantially is lacking gran-
ules and particles smaller than 150 or 125 mm.
[0024] U.S. patent US 4,161,516 teaches a composi-
tion for treating airway disease using soft tablets or gran-
ules for inhalation administration. The method of the pat-
ent is suitable for producing granules that are soft enough
to break apart in an airstream.
[0025] U.S. Patent 6,752,939 teaches a method and
an apparatus for predicting the suitability of a substance
for dry granulation by roller compaction using small sam-
ple sizes.
[0026] U.K. Patent 1,558,153 discloses a method for
producing organic dye material from finely divided parti-
cles by compressing said finely divided particles to pro-
duce a coherent mass of material, comminuting said co-
herent mass of material, and recovering granular material
in the particle size range of 100-1000 microns from said
comminuted material. The finest particles are removed
by air flow.
[0027] WO 00/08092 discloses methods for producing
granules comprising polyacrylic acid.
[0028] J High drug load in combination with good ten-
sile strength and suitable disintegration profile is often
difficult to achieve in a tablet using traditional formulation
techniques.
[0029] Some binder excipients are known to maintain
their tablettability the better, the less the material is com-
pacted in the granulation process. However, lightly com-
pacted granules may be very fragile and the bulk may
contain a large proportion of fine particles. Sieving tech-

niques used in traditional dry granulation processes are
not generally suitable for producing well-flowing granular
mass from such material as the sieves may clog and the
fragile granules may be destroyed in the sieving process.
[0030] Metformin is a widely used API for treatment of
diabetes. It has proven to be a quite challenging API to
formulate, especially if a high drug load together with
suitable disintegration is needed. Further, combining
metformin with other APIs into a single high drug load
tablet is also regarded as a difficult task.
[0031] We have now found an improved method and
apparatus for dry granulation which is highly suitable for
preparing tablets comprising metformin and at least one
second active ingredient. The tablets may have a high
API content, high tensile strength and a suitable disinte-
gration profile.

BRIEF DESCRIPTION OF THE INVENTION

[0032] Specifically, we have now found a method for
making tablets having a drug load of at least 50% and
less than 90% utilizing a dry granulation method accord-
ing to the claims that produces well-flowing granules from
various materials, including APIs and excipients and their
combinations.
[0033] A compaction force is used to produce granules
from material that comprises binder excipient and option-
ally at least one active ingredient and one or more other
excipients. The compaction force for compacting binder
excipient is suitably adapted to be low to preserve a high
level of binding capabilities of the binder for the tableting
phase.
[0034] An aspect of the invention is a dry granulation
method according to the claims for producing a tablet
consisting of (a) metformin and at least one second active
pharmaceutical ingredient in a combined amount of
50-90% w/w e.g. at least 50%, 60% or 70% and less than
90% or 80% w/w and (b) one or more excipients in an
amount of 10-50% w/w e.g. at least 10% or 20% and less
than 50%, 40% or 30% w/w including at least a binder.
The method comprises steps of (i) preparing granules
from a powder comprising a binder and optionally one or
more other excipients or active ingredients by a process
characterized in that a compaction force is applied to the
powder to produce a compacted mass comprising a mix-
ture of fine particles and granules and separating and
removing fine particles and/or small granules from the
granules by entraining the fine particles and/or small
granules in a gas stream in which the compacted mass
flows, wherein the direction of flow of the gas stream has
a component which is contrary to that of the direction of
flow of the compacted mass, and collecting the accepted
granules (ii) optionally blending the accepted granules
with other components of the tablet in granular or fine
powder form; and (iii) compressing the granules or blend
to form a tablet.
[0035] As used herein "metformin" includes metformin
and pharmaceutically acceptable salts thereof. Most suit-
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ably metformin is employed as its HCI salt.
[0036] The at least one second active pharmaceutical
ingredient may be selected e.g. from any meglitinide, e.g.
repaglinide or nateglinide, any intestinal alpha-glucosi-
dase inhibitor, e.g. acarbose, sibutramine, any cannab-
inoid receptor antagonist, and bupropion. Said active in-
gredients may be employed in the from of pharmaceuti-
cally acceotable salts.
[0037] Metformin and the second active pharmaceuti-
cal ingredient may be granulated separately or together.
[0038] The granules of step (i) may be prepared from
a powder also comprising a disintegrant.
[0039] The granules of step (i) may also be prepared
from a powder also containing an active ingredient. For
example said active ingredient may be metformin. Alter-
natively it may be the second active ingredient.
[0040] In some embodiments, granules may be pre-
pared in step (i) from a powder comprising all the com-
ponents of the tablet formulation except lubricant and in
step (ii) the accepted granules are blended with lubricant.
[0041] In some embodiments, at least one other com-
ponent of the tablet formulation may be in granular form
in step (ii) and is prepared from a powder comprising
another component by a process characterized in that a
compaction force is applied to the powder to produce a
compacted mass comprising a mixture of fine particles
and granules and separating and removing fine particles
and/or small granules from the granules by entraining
the fine particles and/or small granules in a gas stream.
The other component of the tablet formulation may also
comprise an active ingredient.
[0042] The ratio of binder to disintegrant may be e.g.
between 10:1 and 1:1 w/w, suitably around 4:1 w/w.
[0043] In some embodiments, the active ingredient
may be e.g. moisture sensitive, heat sensitive or insolu-
ble in water.
[0044] Yet another aspect of the invention is a method
for preparing granules from a powder consisting of (a)
metformin and at least one second active pharmaceutical
ingredient in a combined amount of 50-90% w/w e.g. at
least 50%, 60% or 70% and less than 90% or 80% w/w
and (b) one or more excipients in an amount of 10-50%
w/w e.g. at least 10% or 20% and less than 50%, 40%
or 30% w/w including at least a binder by a process char-
acterized in that a compaction force is applied to the pow-
der to produce a compacted mass comprising a mixture
of fine particles and granules and separating and remov-
ing fine particles and/or small granules from the granules
by entraining the fine particles and/or small granules in
a gas stream in which the compacted mass flows, where-
in the direction of flow of the gas stream has a component
which is contrary to that of the direction of flow of the
compacted mass.
[0045] The binder may for example be selected from
synthetic polymers such as crospovidone, saccharides
such as sucrose, glucose, lactose and fructose, sugar
alcohols such as mannitol, xylitol, maltitol, erythritol,
sorbitol, water-soluble polysaccharides such as cellulos-

es such as crystalline cellulose, microcrystalline cellu-
lose, powdered cellulose, hydroxypropylcellulose and
methyl cellulose, starches, synthetic polymers such as
polyvinylpyrrolidone, inorganic compounds such as cal-
cium carbonate and others classified as binders in Arthur
H. Kibbe: Handbook of Pharmaceutical Excipients, 3rd
Edition, and one, two or more of them in combination.
[0046] Suitably, the binder is microcrystalline cellu-
lose.
[0047] The disintegrant may for example be selected
from carboxymethyl cellulose, Nymcel™, sodium car-
boxymethyl cellulose, croscarmellose sodium, cellulose
such as low substitution degree hydroxypropylcellulose,
starch such as sodium carboxymethyl starch, hydroxy-
propyl starch, rice starch, wheat starch, potato starch,
maize starch, partly pregelatinized starch and others
classified as disintegrants in Arthur H. Kibbe: Handbook
of Pharmaceutical Excipients, 3rd Edition, and one, two
or more of them in combination.
[0048] Suitably, the disintegrant is starch (e.g. maize
starch) or carboxymethylcellulose.
[0049] The ratio of binder to distintegrant may be e.g.
between 10:1 and 1:1 w/w, suitably around 4:1.
[0050] In some embodiments, the granules of step (i)
or step (ii) may comprise more than 1, 2 or 5 per cent
and up to 30, 20 or 10 per cent (weight) of e.g. metholose
or hypromellose (hydroxypropyl methylcellulose) to con-
trol the disintegration and dissolution time of the tablet.
The dissolution time of such tablet may be e.g. at least
0.5, 1, 4 or 8 hours in the gastric system.
[0051] A lubricant may, for example, be selected from
magnesium stearate and hydrogenated plant or vegeta-
ble oil eg hydrogenated cottonseed oil or any other suit-
able lubricant known to a person skilled in the art.
[0052] In tablets of the invention a relatively low
amount of lubricant eg 0.1-5% eg 0.1-0.5% w/w may be
employed.
[0053] The active ingredient(s) may be sensitive to
moisture (e.g. ambient humidity), heat or compression
forces. Alternatively or additionally, the active ingredient
may be insoluble in water.
[0054] As explained below, the method may typically
be run as a continuous process.
[0055] Suitably the process is carried out in the sub-
stantial absence of liquid.
[0056] The powder, e.g. the APIs and/or excipients us-
able in pharmaceutical industry, to be used in the gran-
ulation process of the invention, generally comprises fine
particles. Further, the powder may typically have a mean
particle size of less than 100, 50 or 20 mm. The fine par-
ticles in the powder may typically have a minimum particle
size of 2, 5 or 10 mm and maximum size of 150, 100 or
75 mm. The inventors believe that the inventive ideas of
the method disclosed herein may be applicable to form
granules also from powder whose minimum particle size
is smaller than the typical minimum size mentioned
above, e.g. 0.001, 0.01 or 1 mm.
[0057] The mean particle size may be measured for
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example using a set of sieves. In case of very fine pow-
ders, also microscopy may be used for analyzing the par-
ticle sizes. The flowability of such powders is generally
insufficient for e.g. tableting purposes. An exemplary
method for determining sufficient flowability of a mass is
disclosed in the detailed description of figure 9.
[0058] Hence "fine particles" or "fines" are individual
particles typically having a mean particle size of less than
100, 50 or 20 mm and a maximum size of 150, 100 or 75
mm.
[0059] When several fine particles (e.g. 3, 5, 10 or
more) agglomerate to form granules of maximum size of
150, 100 or 75 mm, they are referred to as small granules.
Granules larger than the maximum size are referred to
as "acceptable granules". Those granules that remain
after fine particles and/or small granules have been en-
trained by the gas stream, are called "accepted gran-
ules".
[0060] The method will typically further comprise the
step of collecting the accepted granules.
[0061] The applied compaction force may produce e.g.
a compacted ribbon or slug, typically a ribbon. In some
embodiments, the thickness of the ribbon or slug may be
e.g. at least 1.5, 2 or 3 times the mean diameter of ac-
cepted granules. In some embodiments, the thickness
of the ribbon may be at least 1, 1.5, 2 or 3 millimeters.
The ribbon or slug may then be comminuted into gran-
ules. The thickness of the ribbon or slug may have an
effect on the properties of the granules produced by the
method of the present invention.
[0062] The ribbon may comprise strongly compacted
and weakly compacted powder. In some embodiments,
separate compacting means may be used for producing
strongly compacted and weakly compacted powder.
[0063] The minimum, optimal and maximum compac-
tion force applicable to the powder may be dependent
on the powder material.
[0064] The minimum compaction force may be adjust-
ed to a level high enough to prevent degradation of gran-
ule properties, e.g. flowability, during storage.
[0065] Suitably the compaction force may be provided
using a roller compactor. Alternatively it may be provided
using a slugging device. Other compaction methods will
be known to a skilled person. The roller compactor or
slugging device may be accompanied by an optional
flake crushing screen or other device, e.g. oscillating or
rotating mill, suitable for producing granules from the
compacted material. The optional step of employing a
flake crushing screen or other device, will, if necessary,
prepare the material for separation of fine particles and/or
small granules from other granules.
[0066] Thus typically the compaction force is applied
to the powder by a process comprising use of a roller
compactor to generate a ribbon of compacted powder
which is broken up to produce granules e.g. by means
of a flake crusher. The flake crusher or similar device
may permit the upper size of granules to be controlled
e.g. by passing them through a screen. The aperture size

of the flake crushing screen may be e.g. 0.5mm, 1.0mm
or 1.2mm.
[0067] The compaction force may be adjusted to be at
minimum such that at least one, five, ten or fifteen per
cent of the powder substance becomes acceptable gran-
ules during compaction and/or fractionating steps, while
the rest of the material remains fine particles and/or small
granules.
[0068] Suitably the compaction force is a low compac-
tion force.
[0069] If the compaction force used is too low, inven-
tors have observed that the granules accepted by the
process may be too fragile for e.g. tableting purposes.
Such granules may also be too large, e.g. larger than 3
mm. Fragile granules may not flow well enough or be
strong enough to be handled e.g. in a tableting process.
Too fragile granules may also lose at least some of their
flowability over time.
[0070] The maximum compaction force may be adjust-
ed so that 75 per cent or less, 70 per cent or less, 65 per
cent or less, 50 per cent or less or 40 per cent or less of
the powder is compacted into acceptable granules and
the rest remains as fine particles and/or small granules.
The maximum compaction force is typically up to 500%,
250% or 150% of a minimum compaction force.
[0071] For example the mean particle size of the pow-
der may be less than Y mm and the compaction force
may be sufficiently low that 75% or less by weight of the
powder is compacted into acceptable granules having
particle size larger than 1.5 x Y mm and at least 150 mm
and the rest remains as fine particles and/or small gran-
ules. For instance the average particle size of the powder
may be between 1 and 100 mm and the compaction force
is sufficiently low that 75% or less by weight of the powder
is compacted into acceptable granules having particle
size larger than 150mm (and/or a mean size of 100mm
or greater) and the rest remains as fine particles and/or
small granules.
[0072] The mean particle size may be determined e.g.
by dividing the bulk into a plurality of fractions using a set
of sieves and weighing each of the fractions. Such meas-
uring methods are well known to a person skilled in the
art.
[0073] When the compaction force is applied by a roller
compactor, the compaction force may be such that the
ribbon produced by the roller compactor has a tensile
strength of around 40-250N i.e. at least 40N, 50N or 60N
and less than 250N, 200N or 150N when the thickness
of the ribbon is about 4mm. The area of the measured
ribbon may be e.g. 3cm x 3cm. The tensile strength of
the ribbon may be measured e.g. using device of make
MECMESIN™ (Mecmesin Limited, West Sussex, UK)
and model BFG200N.
[0074] The compaction force may also be such that
the bulk volume of the powder is reduced by around
7-40% i.e. at least 7%, 10% or 13% and less than 40%,
35% or 30% following compaction.
[0075] The maximum and minimum compaction forces
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will of course depend on the particular compactor and
powder used. Thus, for example the minimum compac-
tion force may be adjusted so that it is the minimum pos-
sible compaction force, 15 kN, 20 kN or 30 kN in a Hoso-
kawa™ (Osaka, Japan) Bepex Pharmapaktor L200/50P
roller compactor. The maximum compaction force may
also be adjusted so that it is 80kN or less, 70kN or less,
60 kN or less or 45 kN or less in a Hosokawa™ Bepex
Pharmapaktor L200/50P roller compactor.
[0076] Typically a suitable compaction force is 60kN
or less e.g. 45kN or less. Typically, a suitable compaction
force is 12kN or more eg 16kN or more in a Hosokawa™
Bepex Pharmapaktor L200/50P compactor or equiva-
lent.
[0077] The maximum compaction force may also be
adjusted so that substantially no solid bridges are formed
in the granules of the resulting mass e.g. due to heating
of the mass. Some compactors known in the art provide
means for cooling the compacted material to alleviate
the heating issues introduced by use of high compaction
forces. With the method and system of the present in-
vention, this precaution is unnecessary.
[0078] The compaction force may be adjusted using a
method appropriate for the compactor employed, for ex-
ample by control of the rate of feed into the compactor.
[0079] The above mentioned compaction forces are
low and, as explained elsewhere herein, granulate mass
compacted using such low forces and processed accord-
ing to the invention appears to retain good properties of
compressibility into tablets. This remark appears to be
especially true when the granulate mass comprises a
binder.
[0080] The gas stream may be provided by any suita-
ble means, e.g. a generator of negative pressure i.e. a
vacuum pump such as a suction fan. The gas stream,
e.g. air, may be directed through a fractionating chamber.
The gas stream separates at least some fine particles
and/or small granules from the mass comprising accept-
able granules, small granules and fine particles. The sep-
arated fine particles and/or small granules entrained in
the gas stream may be transferred from the fractionating
chamber to a separating device, e.g. a cyclone where
the carrier gas is separated from the fine particles and/or
small granules. The fine particles and/or small granules
may then be returned to the system for immediate re-
processing (i.e. they are re-circulated for compaction) or
they may be placed into a container for later re-process-
ing.
[0081] For suitable protection of the system and envi-
ronment, suitably the gas inlet of the vacuum pump is
provided with a receiver filter to trap any particles that, if
unfiltered, may pass through the pump. Most suitably the
gas inlet of the vacuum pump is provided with a second
filter (safety filter) in series with the receiver filter.
[0082] Thus, conveniently, fine particles and/or small
granules are separated from the acceptable granules by
means of an apparatus comprising fractionating means.
Desirably, the fractionating means comprises a fraction-

ating chamber.
[0083] As discussed in greater detail in the examples,
the largest acceptable granules exiting from the fraction-
ating chamber are usually larger in size than the largest
granules entering the fractionating chamber. The inven-
tors believe that a process whereby small granules
and/or fine particles agglomerate with larger granules
takes place during the conveyance of the material
through the fractionating chamber.
[0084] The direction of the flow of the gas stream has
a component which is contrary to that of the direction of
flow of the compacted mass in general and accepted
granules especially. Typically the direction of the flow of
the gas stream is substantially contrary to (e.g. around
150-180° to), and preferably contrary to that of the direc-
tion of flow of the compacted mass. The gas may, for
example, be air (suitably dry air). In some embodiments,
the gas may contain a reduced proportion of oxygen. In
some embodiments, the gas may be e.g. nitrogen.
[0085] The carrier gas may suitably be re-circulated in
the process. This is especially beneficial for economic
reasons when the carrier gas is not air.
[0086] The fractionating means may be static, i.e. it
comprises no moving parts. The fractionating means may
also be dynamic, i.e. the fractionating means comprises
some moving parts.
[0087] In an method according to the invention fine par-
ticles and/or small granules may be separated and re-
moved from the granules by means of an apparatus com-
prising two or more (eg two) fractionating means in series.
In some embodiments, the arrangement may comprise
a plurality of static and/or dynamic fractionating means
that may be arranged in parallel or in series. In one em-
bodiment, a dynamic fractionating means may be con-
nected in series to a static fractionating means.
[0088] The fractionating means may comprise means
to guide a gas stream into the fractionating means,
means to put the compacted mass into motion and means
to guide removed fine particles and/or small granules en-
trained in the gas stream from the fractionating means,
e.g. for re-processing. The compacted mass may be put
into motion simply by the effect of gravitation and/or by
mechanical means.
[0089] Advantageously the fractionating means does
not require passage of the compacted mass through any
sieve (such as a mesh screen). Sieves have a tendency
to break up lightly compacted granules, therefore avoid-
ance of use of a sieve permits lightly compacted granules,
with their favorable properties, to be preserved e.g. for
tableting. Moreover sieves are easily clogged, which dis-
rupts the process, especially when run in continuous op-
eration. Additionally, the eye size of a sieve may vary
during the period of operation due to transient clogging.
[0090] A number of fractionating means are known
which may be suitable for use in performance of the in-
vention. The fractionating means may for example com-
prise a device for example a moving device e.g. a rotating
device, such as a cylinder (or cone), along the axis of
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which the compacted mass is moved in the gas stream.
Movement of the compacted mass may be by gravita-
tional means or it may be facilitated by mechanical
means, or by features of the device (e.g. cylinder). The
rotating device may comprise at least one structure for
guiding the compacted mass inside the rotating device,
such as by provision of a spiral structure. The spiral struc-
ture may be formed of channels or baffles which guide
the movement of the compacted mass. A component of
gravitational assistance or resistance may be provided
by tilting the axis of the rotating device. Suitably the com-
pacted mass moves along a helical path within the de-
vice. This is advantageous since it increases the path
length of the compacted mass and thereby the residence
time in the device, and this is expected to increase the
efficiency of fractionation. Suitably the length of the hel-
ical path is at least twice the linear length of travel along
the axis of the device, e.g. at least 2, 3 or 5 times. Suitably
there is also at least some movement of the compacted
mass relative to the device itself which may thereby cre-
ate some friction between the mass and the wall of the
device. The friction may contribute to the triboelectrifica-
tion phenomenon that may occur in the fractionating de-
vice.
[0091] The fractionating means may contain one or
more apertures through which fine particles and/or small
granules are entrained. In one specific embodiment of
the invention the gas stream enters the rotating device
along its axis (in the opposite sense to movement of the
compacted mass) and exits the rotating device through
one or more apertures (perforations) in the side walls of
the rotating device. One aperture is the minimum, how-
ever two or more (eg 4, 8, 12 or more) may be suitable.
[0092] As noted above, the fractionating means may
comprise a device for example a moving device, e.g. a
rotating device to move the compacted mass in the frac-
tionating means. The device may comprise one or more
apertures through which the gas stream flows into and
out of the device and through which the fine particles
and/or small granules are entrained. The apertures
through which gas flows out of the device may be sub-
stantially larger than rejectable fine particles, e.g. at least
50%, 100% or 150% of the average diameter of accepted
granules. In absolute terms, the apertures may for ex-
ample have a minimum dimension of around 250 mm,
500 mm or 750 mm or more. This helps prevent the ap-
ertures from clogging even when relatively high volumes
of fine particles of possibly sticky material need to be
separated from the compacted mass. In this sense, the
device significantly differs from an air sieve of the prior
art where the sieve mesh size must be of about the same
size as the largest rejected particle. Instead of relying on
the mesh size in the sieving, the fractionating device of
the invention relies on the gas stream’s ability to entrain
fine particles from the moving compacted mass. The de-
termination of the size of acceptable granules is achieved
by balancing their gravitational force (together with other
forces, e.g. mechanical and centrifugal forces) against

the force of the gas stream.
[0093] In another embodiment, the fractionating
means may comprise a cylindrical device having a first
orifice at the top of the device for entry of material from
the compactor, a second orifice at the bottom of the de-
vice for exit of accepted granules as well as entry of car-
rier gas and a third orifice for exit of carrier gas located
at or near the top of the device and above the first orifice.
In use the compacted powder enters the device through
the first orifice and passes through the device under the
influence of gravitation and the carrier gas enters and
exits the device through the second and third orifices
respectively. The accepted granules leave the device
through the second orifice. The rejected fine particles
and/or small granules are carried by the carrier gas
through the third orifice. The third orifice is orientated
above the first orifice so that no component of the com-
pacted mass may leave the device through the third or-
ifice without having been entrained contrary to the influ-
ence of gravitation (i.e. the compacted mass does not
just pass from the first orifice to the third orifice without
residing in the device for any significant length of time).
Suitably the first orifice is provided with valves (e.g. flaps)
so that carrier gas does not exit through it.
[0094] In another embodiment, the fractionating
means may comprise a device having a frustoconical
lower section and optionally a cylindrical upper section
and having a first orifice at the top of the device for entry
of material from the compactor, a second orifice at the
apex of the frustoconical section for exit of accepted gran-
ules as well as entry of carrier gas and a third orifice for
exit of carrier gas orientated tangentially to the perimeter
of the device and above the first orifice. In use the com-
pacted powder enters the device through the first orifice
and passes through the device under the influence of
gravitation and the carrier gas enters and exits the device
through the second and third orifices respectively caus-
ing a vortex effect to be created within the device. Such
a device may be referred to as a vortex device. The ac-
cepted granules leave the device through the second or-
ifice. The rejected fine particles and/or small granules
are carried by the carrier gas through the third orifice.
The third orifice is orientated above the first orifice so that
no component of the compacted mass may leave the
device through the third orifice without having been en-
trained contrary to the influence of gravitation (i.e. the
compacted mass does not just pass from the first orifice
to the third orifice without residing in the device for any
significant length of time). In this embodiment, the com-
pacted mass (or at least components of it) follows a hel-
ical path through the device due to creation of the vortex.
Suitably the length of the helical path is at least twice the
linear length of travel along the axis of the device, e.g.
at least 2, 3 or 5 times. There may also be friction between
the mass moving in the vortex and the stationary wall of
the device. The friction may contribute to the triboelec-
trification phenomenon possibly occurring in the fraction-
ating device. Suitably the first orifice is provided with
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valves (e.g. flaps) so that carrier gas does not exit through
it.
[0095] In some embodiments, the compacted mass
may flow during the fractionation e.g. against a wall of a
rotating cylinder, a conveyor belt or a vortex device and
in particular against a conveyor belt. For example, at least
some granules of the compacted mass may be put into
a motion e.g. by making the compacted mass flow in the
fractionating device against gravitation e.g. at a suitable
angle such as against an inclined conveyor belt which
moves against gravitation. Because of the flow, the
movement of an individual acceptable granule of the
mass may have a spinning component.
[0096] Hence, according to this embodiment, there is
provided a fractionating device adapted to separate and
remove fine particles and/or small granules from a com-
pacted mass by entraining the fine particles and/or small
granules in a gas stream which comprises an enclosed
chamber, typically of square or rectangular cross-sec-
tion, containing an inclined conveyor belt which moves
against gravitation such that compacted mass entering
the fractionating device is separated into an accepted
fraction which flows with the force of gravitation against
the movement of the conveyor belt and a rejected fraction
of fine particles and/or small granules which is entrained
in the gas stream and flows against the force of gravita-
tion with the movement of the conveyor belt.
[0097] Suitably the fractionating means is provided
with means to prevent clogging or build-up. For example
it may be provided with a vibrating or ultrasound emitting
means. Alternatively when the fractionating means con-
tains apertures (eg in the case of a rotating cylinder with
one or more apertures) said apertures may be unclogged
by blowing pressurized gas eg air through or across the
apertures.
[0098] Some of the fine particles and/or small granules
may be agglomerated to other granules in the fraction-
ating means by means of the individual or combined in-
fluence of the carrier gas stream, mechanical forces, at-
tractive forces and electrostatic forces, for example.
Thus, the process may produce granules that are larger
than what is produced by the flake crushing screen of
the system. In some embodiments, the degree of ag-
glomeration of the compacted mass in the fractionating
phase may be significant.
[0099] The movement of the mass in the gas stream
may be achieved by applying, for example, a mechanical
force, gravitational force, centrifugal force or a combina-
tion of these. In some embodiments, a mechanically mov-
ing component in the fractionating means may not be
needed at all to realize the benefits of the present inven-
tion. In some embodiments, the acceptable granules fall
in a gas stream e.g. by effect of gravitation force and
unacceptable particles and granules are moved to at
least partially opposite direction by the gas stream. Suit-
ably, however, the compacted mass is moved in the gas
stream by means including mechanical means.
[0100] Typically the average residence time of the

compacted mass within the fractionating means is at
least 2 seconds, perhaps even at least 5 seconds, al-
though the desired fractionating effect (including any ag-
glomerating effect) may be achievable also in a time
frame shorter than that. Residence time may be extended
e.g. by providing a helical path.
[0101] It should also be noted that the rejected fraction
of the mass may also contain acceptable granules. By
allowing some recycling of acceptable granules the over-
all apparatus may be made more efficient and easier to
maintain as clogging of fractionating device may be more
easily avoided. These rejected acceptable granules may
be conveyed to the beginning of the granulating process
along with the other rejected material for reprocessing.
For efficiency, we prefer that at maximum 30, 45, 60 or
75 per cent of acceptable granules are re-cycled with the
fines. The inventors have not observed any detrimental
effect on the granulate mass caused by recycling. This
is attributable to the use of low compaction force.
[0102] The apparatus for use in a method according
to the invention may also comprise process monitoring
and/or controlling means. For example, the amount of
material (typically the weight of material) being in circu-
lation in various components of the apparatus may be
monitored and/or controlled by such means.
[0103] In order to keep the device in balance for con-
tinuous operation, suitably the amount (weight) of powder
being conveyed to the compaction means will be meas-
ured and controlled as will the amount (weight) of accept-
ed granules being collected and optionally also the
amount (weight) of compacted mass leaving the com-
pactor prior to entering the fractionating device. Means
of measurement and control include provision of scales
to measure weight at various points in the system (eg at
the reservoir of powder, the collector of accepted gran-
ules and optionally after the compactor and prior to the
fractionating device).
[0104] In general terms it is desirable: (a) to control the
amount of material in the apparatus, (b) to measure flow-
ability of accepted granules, (c) to measure output rate
of accepted granules and/or (d) to monitor progress of
material in the fractionating means (e.g. by means of pro-
vision of a window therein).
[0105] Suitably control means are provided to keep the
gas flow as steady as possible, especially when one and
the same gas stream is used for fractionating as for pneu-
matic transport.
[0106] In some embodiments, the gas flow in the frac-
tionating chamber may be arranged to be an at least par-
tially turbulent flow. In some other embodiments, the gas
flow in the fractionating chamber may be arranged to
form a laminar flow, e.g. a vortex. In some embodiments,
some of the gas flow may be turbulent and some may be
laminar.
[0107] In the method and apparatus according to the
invention, pneumatic transport may be used. Suitably,
the gas used to entrain the fine particles in the compacted
mass is in fluid communication with the carrier gas used
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to convey materials in continuous operation. In some em-
bodiments, different gas streams may be used for frac-
tionation and conveying. Suitably the gas stream em-
ployed in the pneumatic conveyor is the same gas stream
as is used to entrain the fine particles and/or small gran-
ules. In yet further embodiments, conveying of the ma-
terial may be implemented using some mechanical con-
veying means , e.g. screw or belt conveyor while frac-
tionation means utilize some suitable gas stream. Con-
struction of such embodiments following teachings of this
disclosure is obvious to a person skilled in the art.
[0108] Thus, suitably the powder for compaction is
conveyed from a reservoir to the means to apply com-
paction force by means comprising use of a pneumatic
conveyor.
[0109] The pneumatic transport may use a device, e.g.
a cyclone, for separating carrier gas from fine particles.
The device may be for example capable of continuous
operation at an about even gas flow rate, in the sense
that the carrier gas stream used in the fractionating proc-
ess is not disturbed by pressure changes, e.g. by pres-
sure shocks, such as are required to keep filters of var-
ious types open.
[0110] "Continuous operation" in this context means
ability to operate without maintenance or other interrup-
tions for at least one hour, eight hours or 24 hours.
[0111] The carrier gas stream(s) used in the fraction-
ating process and/or the pneumatic conveyance (which
suitably are one and the same gas stream) are suitably
created by a generator of negative pressure (e.g. a vac-
uum pump) which draws gas in from another part of the
system, typically at the outlet to the fractionating means.
A suction fan is a typical example of a vacuum pump.
The vacuum pump is suitably provided with at least one
filter to capture any particles that may be drawn through
the pump. Most suitably two filters are provided in series
(i.e. a receiver filter and a safety filter).
[0112] Without being limited by theory, the inventors
believe that the granulate mass product produced ac-
cording to the invention is influenced by triboelectric ef-
fects caused by passage of powder through the system.
It is suggested in prior art that small particles may have
a tendency to develop a negative charge whereas larger
particles develop a positive charge (or at least a less
negative charge) (see e.g. article "Generation of bipolar
electric fields during industrial handling of powders" by
Ion. I. Inculet et al, Chemical Engineering Science 61
(2006), pages 2249-2253) e.g. when conveyed by a gas
stream or otherwise moved in a gas stream. Hence at
least some and possibly most of the granules of the dry
granule mass appear to comprise a compressed core
containing fine particles of material associated by Van
der Waals forces and a coating layer containing fine par-
ticles and/or small granules of said material associated
with said compressed core by electrostatic forces. The
inventors have also discovered that, at least in some cas-
es, e.g. with powder containing binder excipient, if gran-
ules obtained by the process of the invention are taken

and a proportion of the starting material composed of fine
particles is added back (eg up to 15% fine particles is
added back to a granulate mass that may already have
e.g. 20% of fine particles and/or small granules, e.g. mass
of "flowability example 3") then the homogeneity, flowa-
bility and tabletability of the granulate mass is not ad-
versely affected in a significant manner. The added fines
are, perhaps, taken into the porous surface of granules
formed by the process of the invention. Inventors thus
believe that in some embodiments, it may be possible to
use granules of some embodiments of the invention as
"carrier granules" that may absorb e.g. into the pores of
the granules up to 10%, 20%, 30% or more of fine parti-
cles and/or small granules comprising same or different
material as the carrier granules. The flowability of such
mixture may be at an excellent, very good or good level.
[0113] Granulate mass produced according to the in-
vention is believed to have good compressibility because
at least the surface of the granules is porous. The com-
pressibility of the granulate mass of the invention may
be good, i.e. it may have a Hausner ratio of greater than
1.15, 1.20 or 1.25. The compaction force of the present
invention may be adjusted so that the compressibility as
indicated by the Hausner ratio stays at good level.
[0114] The Hausner ratio may be calculated using for-
mula ptap/pbulk where ptap represents tapped bulk density
of the granulate mass and pbulk represents the loose bulk
density of the granulate mass. The bulk densities may
be measured by pouring 50 mg of granulate mass into a
glass cylinder (e.g. make FORTUNA, model 250:2 ml)
having an inner diameter of 3.8mm. After pouring the
mass into the cylinder, the volume of the mass is ob-
served from the scale of the glass cylinder and loose bulk
density of the mass is calculated. To measure the tapped
bulk density, the glass cylinder is tapped 100 times
against a table top using a force comparable to a drop
from the height of 5 cm. The volume of the tapped mass
is observed from the scale of the glass cylinder and
tapped bulk density of the mass is calculated.
[0115] Surprisingly, and contrary to what is taught in
the prior art, e.g. in WO99/11261, the compressibility of
the granulate mass of the invention does not generally
exhibit any negative influence on the flowability of the
granulate mass. For example, a granulate mass of an
embodiment of the invention with Hausner ratio above
1.25 generally exhibits very good or excellent flow char-
acteristics.
[0116] Porous, well-flowing granules are generally de-
sired in the pharmaceutical industry for example because
it is possible to produce enhanced tablets from porous
granules. Such tablets may for example disintegrate sub-
stantially quicker than tablets manufactured from dense
granules. Further, tablets compressed from porous gran-
ules often show higher tensile strength than tablets com-
pressed from dense granules. High tensile strength is
often desirable for tablets as such tablets are easier to
package and transport than fragile tablets.
[0117] The granulate mass may be tabletable so that
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using standard tableting techniques, e.g. using tableting
forces available in widely used tableting machines, it is
possible to form it into tablets having tensile strength of
at least 5N, 10N or 15N. Tensile strength may be meas-
ured for example using a measuring device of make
MECMESIN™ (Mecmesin Limited, West Sussex, UK)
and model BFG200N.
[0118] The granules of the invention may be especially
useful in preparing multilayer tablets. In multilayer tablets
it seems that it is advantageous to use porous granules,
as may be prepared according to the process of the in-
vention, to prepare the layers, especially the inner layers.
This may facilitate adherence of the layers to each other
and particularly adherence of the outer layers to the inner
layers. Use of larger size granules, e.g. of size greater
than 200 micron or even greater than 400 or 500 micron
can also facilitate adherence of layers to each other since
it results in a less smooth surface after compression. Mul-
tilayer tablets may typically be prepared by first com-
pressing the layers individually and then compressing
the layers together. Granules of the invention could be
used in all the layers or just some of the layers (e.g. the
outer layers).
[0119] The granulation method of the invention can be
applied for many purposes in the pharmaceutical indus-
try. The method and apparatus use compaction force,
suitably low compaction force, and gas stream to form
granules of desired properties. The compaction force
may be adjusted so that introduction of solid bridges is
substantially avoided in the compaction step. The meth-
od and apparatus are adapted to treat the product gran-
ules gently to avoid breaking them, to separate fine par-
ticles and/or small granules from the acceptable gran-
ules, and optionally to re-circulate the rejected material
for re-processing in the system. The apparatus and meth-
od can be made easily adjustable, controllable and more
or less continuously operable.
[0120] The size distribution and/or flowability of the
granules produced by the apparatus may be analyzed in
real-time and the size distribution of the granules may be
adjusted based on the analysis. For example, the flake
crushing screen (see figures 1 a and 1 b below) may be
such that the aperture size of the mesh used for flake
crushing can be varied by using some adjustment means.
Another adjustable parameter typically is the gas flow
rate of the fractionating device.
[0121] The method can be made economic as it allows
re-processing of rejected material with practically no
waste, and can be adapted to provide fast treatment of
large amounts of material. The apparatus of the present
invention may be adapted to be easy to clean and as-
semble and the process may be adapted to be stable
and predictable thus making it easy to control.
[0122] Because of, for example, the homogeneity
and/or flowability of the resulting granules, issues related
to segregation can be avoided. The method of the present
invention can be used in both small and large scale ap-
plications. Thus, when a product, e.g. granules or a tablet

containing API(s) has been successfully developed un-
der laboratory conditions, the time required to set up a
validated large-scale manufacturing process can be
short.
[0123] We have found that the method of the present
invention may be used for producing granules of large
variety of powder substances usable in pharmaceutical
industry.
[0124] The method of the present invention may also
be applicable to producing tablets of the invention from
material comprising excipients or other ingredients usa-
ble in e.g. pharmaceutical industry, such as for example
2,6-dibutyl-4-methylphenol, 2-pyrrolidone, acacia pow-
der, acesulfame potassium, acetyltributyl citrate, agar,
albumin, alfa-starch, alginate, alginic acid, aliphatic pol-
yesters, alitame, alpha tocopherol, aluminum hydroxide
adjuvant, aluminum monostearate, aluminum oxide, alu-
minum phosphate adjuvant, aluminum stearate, ammo-
nia solution, ammonium alginate, anhydrous calcium hy-
drogenphosphate, anhydrous calcium phosphate, anhy-
drous lactose, ascorbic acid, ascorbyl palmitate, aspar-
tame, attapulgite, bentonite, benzalkonium chloride, ben-
zoic acid, benzyl benzoate, boric acid, bronopol, butylat-
ed hydroxyanisole, butylparaben, calcium alginate, cal-
cium carbonate, calcium lactate, calcium silicate, calcium
stearate, calcium sulfate, carbomer, carboxymethyl cel-
lulose, carboxymethylcellulose calcium, carboxymethyl-
cellulose sodium, carrageenan, casein, cellulose ace-
tate, cellulose acetate phthalate, ceratonia, cetrimide,
cetylpyridinium chloride, chitosan, chlorhexidine, chloro-
cresol, chloroxylenol, cholesterol, cinnamon powder, cit-
ric acid monohydrate, citric acid, clay, colloidal silicon
dioxide, coloring agents, copovidone, cresol, croscar-
mellose sodium, crospovidone, crystalline cellulose,
crystalline cellulose-carmellose sodium, cyclodextrins,
cyclomethicone, denatonium benzoate, dextrates, dex-
trin, dextrose, dibasic anhydrous calcium phosphate, di-
basic dihydrate calcium phosphate, dibasic sodium
phosphate, dibutyl phthalate, dibutyl sebacate, dieth-
anolamine, diethyl phthalate, dihydroxyaluminum ami-
noacetate, dimethicone, dimethyl phthalate, dimethyl
sulfoxide, dimethylacetamide, dimethylpolysiloxane, dis-
odium edta, dl-malic acid, d-mannitol, docusate sodium,
dry yeast, d-sorbitol, edetic acid, erythorbic acid, eryth-
ritol, ethyl acetate, ethyl lactate, ethyl maltol, ethyl oleate,
ethyl vanillin, ethylcellulose, ethylene glycol palmitostea-
rate, ethylene vinyl acetate copolymer,ethylparaben,
fructose, fumaric acid, gelatin, glacial acetic acid, glu-
cose, glycerin, glyceryl behenate, glyceryl monooleate,
glyceryl monostearate, glyceryl palmitostearate, glyco-
furol, hectorite, hexetidine, hydrogenated castor oil, hy-
drogenated vegetable oil, hydrogenated cottonseed oil,
hydrous lanolin, hydroxyethyl cellulose, hydroxyethylme-
thyl cellulose, hydroxypropyl cellulose, hydroxypropyl
starch, hypromellose, hypromellose acetate succinate,
hypromellose phthalate, imidurea, inulin, iron oxides, iso-
malt, kaolin, lactic acid, lactitol, lactose, lactose anhy-
drous, lactose monohydrate, lanolin, I-asparagic acid,
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lauric acid, lecithin, leucine, I-glutamine, linoleic acid,
lowsubstituted hydroxypropyl cellulose, macrogol 15 hy-
droxystearate, magnesium aluminometasilicate, magne-
sium aluminum silicate, magnesium carbonate, magne-
sium hydroxide, magnesium oxide, magnesium silicate,
magnesium stearate, magnesium trisilicate, maize
starch, malic acid, maltitol, maltodextrin, maltol, maltose,
mannitol, medicinal carbon, mediumchain triglycerides,
meglumine, menthol, methylcellulose, methylcellulose
phthalate, methylparaben, microcrystalline cellulose,
monobasic sodium phosphate, monoethanolamine,
monosodium glutamate, monothioglycerol, myristic acid,
neohesperidin dc, nitrogen, nitrous oxide, nymcel™, oc-
tyldodecanol, paraffin, partially pregelatinized starch,
pectin, petrolatum, petrolatum and lanolin alcohols, phe-
nol, phenoxyethanol, phenylethyl alcohol, phenylmercu-
ric acetate, phenylmercuric borate, phenylmercuric ni-
trate, phosphoric acid, polacrilin potassium, poloxamer,
polycarbophil, polydextrose, polyethylene oxide,
polymethacrylates, polymethyl vinyl ether maleic anhy-
dride, polyoxyethylene stearates, polyvinyl acetate
phthalate, polyvinylpyrrolidone, potassium acetate, po-
tassium alginate, potassium benzoate, potassium bicar-
bonate, potassium chloride, potassium citrate, potassi-
um hydrogen tartrate, potassium hydroxide, potassium
metabisulfite, potassium sorbate, potato starch, pow-
dered cellulose, powdered tragacanth, povidone, prege-
latinized starch, propionic acid, propyl gallate, propylene
carbonate, propylene glycol, propylene glycol alginate,
propylparaben, pullulan, purified shellac, purified su-
crose, raffinose, rice starch, saccharin, saccharin sodi-
um, saponite, shellac, silicified microcrystalline cellulose,
simethicone, skim milk powder, sodium acetate, sodium
alginate, sodium ascorbate, sodium benzoate, sodium
bicarbonate, sodium borate, sodium carboxymethyl cel-
lulose, sodium carboxymethyl starch, sodium chloride,
sodium citrate dihydrate, sodium cyclamate, sodium glu-
conate, sodium hyaluronate, sodium hydroxide, sodium
lactate, sodium lauryl sulfate, sodium metabisulfite, so-
dium propionate, sodium starch glycolate, sodium stearyl
fumarate, sodium sulfite, sorbic acid, sorbitan monostea-
rate, sorbitol, spray dried lactose, starch, stearic acid,
sterilizable maize starch, sucralose, sucrose, sugar
spheres, sulfobutyl ether betacyclodextrin, sulfuric acid,
synthetic aluminum silicate, talc, tartaric acid, thaumatin,
thimerosal,thymol, titanium dioxide, tragacanth, treha-
lose, triacetin, tribasic calcium phosphate, tributyl citrate,
triethanolamine, triethyl citrate, vanillin, wheat gluten
powder, wheat starch, xylitol, zinc acetate and zinc stea-
rate and possibly other such others classified as excipient
in Arthur H. Kibbe: Handbook of Pharmaceutical Excip-
ients, 3rd Edition, and one, two or more of them in com-
bination.
[0125] Examples of fluidizing agents include silicon
compounds such as silicon dioxide hydrate, light silicic
anhydride and others classified as fluidizing agents in
Arthur H. Kibbe: Handbook of Pharmaceutical Excipi-
ents, 3rd Edition, and one, two or more of them in com-

bination.
[0126] Granulate mass produced according to the
method of the invention may have one or more of the
following desirable properties: substantial absence of
solid bridged between particles, good homogeneity,
good flowability, good compressibility, good tabletability.
[0127] Granulate mass prepared according to the in-
vention from a mixture of materials (eg with different par-
ticle sizes) surprisingly tends to be very homogeneous
suggesting that the method of the invention is effective
at countering any tendency for the materials to segregate
(by contrast with what would be expected if fractionation
were performed using sieves or other classifying means
whose operation is based on fractionating material on
the basis of particle size, for example).
[0128] Tablets produced according to the method of
the invention may have one or more of the following de-
sirable properties: good homogeneity, high tensile
strength, fast disintegration time, need for only a low
amount of lubricant.
[0129] Some embodiments of the invention are de-
scribed herein, and further applications and adaptations
of the invention will be apparent to those of ordinary skill
in the art.

BRIEF DESCRIPTION OF DRAWINGS

[0130] In the following, the invention is illustrated, but
in no way limited by reference to the accompanying draw-
ings in which

Fig. 1 a and Fig. 1b show exemplary apparatus ac-
cording to an embodiment of the invention,

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

Fig. 2b shows use of roller compactor producing both
avoidable dense (according to prior art) and desira-
ble porous granules,

Fig. 2c shows an example of a granule produced by
a method of prior art.

Fig. 2d shows an example of a granule prepared
according to the method of the invention.

Fig. 2e shows yet another example of granules pre-
pared according to the method of the invention,

Fig. 2f illustrates an example about formation of
granular mass prepared according to the method of
the present invention,

Fig 2g shows particle size distribution diagrams of
materials shown in figure 2g,

Fig. 2h shows surface images of granules produced
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using different compaction forces according to the
method of the present invention,

Fig. 3a shows an exemplary fractionating device ac-
cording to an embodiment of the invention,

Fig. 3b shows another exemplary fractionating de-
vice contemplated by the inventors,

Fig. 3c shows yet another exemplary fractionating
device contemplated by the inventors,

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

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

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

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

Fig. 7 shows an exemplary arrangement for moni-
toring and adjusting the characteristics of the accept-
ed granules in real time,

Fig. 8 shows an exemplary arrangement for mixing
granulate masses from separately compacted sub-
stances, and

Fig. 9 shows an exemplary device for determining
flowability of a powder or granulate mass.

DETAILED DESCRIPTION OF DRAWINGS

[0131] The apparatus 100 (figures 1a and 1b) of an
embodiment of the invention comprises a compacting
device that compacts powder material into granules and
a fractionating device that fractionates at least some fine
particles and/or small granules away from acceptable
granules. Two different alternatives for a fractionating de-
vice are shown in figures 1a and 1b. The fractionating
device 112 in figure 1a is shown in more detail in figure
3a. The fractionating device 112 in figure 1b is shown in
more detail in figure 4. The apparatus shown in fig. 1a
and fig. 1b comprise a raw material feeding container
101, into which material to be granulated is fed. The feed-
ing container is connected to a pneumatic conveyor pipe-
line 102, to which the material is passed through a feeder
valve 103. The tubes of the pneumatic conveyor system
have a diameter of about 47mm and their material may
be for example some suitable plastic material, e.g. poly-

ethene. The feeder valve may be a so-called star-shape
flap valve. One such valve is manufactured by Italian
pharmaceutical device manufacturer CO.RA™ (Lucca,
Italy). In operation, the closing element of the valve may
be turned 180° alternately in either direction, whereby
buildup of the powder substance in the container can be
avoided. Other equipment intended for continuous
charging of powder substance, such as compartment
feeders, may also be used.
[0132] The pressure of the air flowing within the con-
veyor 102 may be adjusted to be lower than that of the
surroundings. This may be achieved for example using
an extractor suction fan 104. The suction fan is of make
BUSCH™ (Maulburg, Germany) and model Mink MM
1202 AV. The fan may be operated for example at 1860
RPM. Makeup carrier gas may be supplied through a
connection 105. The material fed from the feeding con-
tainer is transported through the conveyor 102 into a sep-
arating device 106, wherein fine rejected particles and
new feed from container 101 are separated from the car-
rier gas. The fan can be provided with filters (shown in
figure 6) situated beside the separating device. The de-
vice may be capable of continuous operation. One such
device is a cyclone. After the separating step, the sepa-
rated powder falls into an intermediate vessel 107.
[0133] The container 107 can be mounted on load cells
108 to measure the weight of the material. The interme-
diate vessel 107 is provided with valves 109a and 109b
which may be of the same type as the feeding container
valve 103. From the intermediate vessel 107, the powder
is transferred to a compacting device, e.g. roller compac-
tor 110 to produce a ribbon of compacted material which
is then passed to a flake crushing screen 111 where gran-
ules are created by crushing the ribbon. In the context of
this invention, compacting is considered as the step of
the process that produces granules to be fractionated,
regardless of whether a separate screen or milling device
111 is used or not. The compaction force of the compac-
tor 110 may be adjusted by e.g. altering the feed rate of
the powder substance, the rotating speed of the rolls of
the roller compactor, the pressure applied to the rolls of
the compactor device and/or the thickness of the result-
ing ribbon. The compaction force applied by the compac-
tor may be adjusted to a low level to achieve the desired
properties of the compacted mass, e.g. the porosity of
the resulting granules and/or proportion of fine particles
and/or small granules. The compactor and the flake
crushing screen are devices well known to a person
skilled in the art. After passing the compacting and flake
crushing devices, the material is partially in the form of
granules, but part of the material will still be in the form
of fine particles and/or small granules. The maximum size
of the granules as well as the mean size of the granules
may be affected by, for example, the mesh size of the
flake crushing screen. It should be noted, however, that
size of a granule may increase as result of agglomeration
in the fractionating and/or conveying steps of the proc-
ess.
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[0134] In some embodiments (not shown in figure), the
apparatus 100 may comprise more than one compacting
device, e.g. roller compactor, to improve e.g. capacity
and/or continuous processing capabilities of the appara-
tus. The compacting devices may require some periodic
service breaks e.g. for cleaning up. The apparatus 100
may continue operation even if one of the compacting
devices is being serviced.
[0135] The product from the above steps that contains
fine particles and porous granules and that may be stat-
ically charged (e.g. by triboelectrification) is conveyed to
a fractionating chamber 112. There may be one or two
e.g. star-shaped flap valves between compacting device
and fractionating device to control the flow of compacted
material to the fractionating device. The fractionating de-
vice divides the granulate mass into an accepted fraction
and a rejected fraction on the basis of how different par-
ticles of the mass are affected by the carrier gas stream
that flows in the fractionating device. The rejected fraction
passes with the fed carrier gas stream to the feed con-
veyor 102, for re-processing, and the accepted fraction
is led into a product container 113. By this means the
product granules are treated gently and a relatively large
volume of material comprising mostly fine particles
and/or small granules is removed from the mass.
[0136] The operation of the fractionating chamber 112
is described in more detail with reference to Figures 3-6.
There are many possible alternative fractionating devic-
es.
[0137] In the embodiments shown in Figure 1 a and
Figure 1b, load cells 108 are fitted to the container 107.
Such sensors and other instrumentation can also be ar-
ranged in other containers and components of the sys-
tem. Not all of the possible instrumentation is shown in
the figures. For example the pneumatic conveyor, if re-
quired, may be provided with at least one pressure dif-
ference sensor 114, the information from which can be
used to control the operation of the apparatus.
[0138] The present invention may also be carried out
as a batch process where the reject fraction is not imme-
diately returned to the system using the conveyor 102,
but fed into a container of reject material. Such a system
is not described in detail, but its construction and use will
be readily apparent to those of skilled in the art.
[0139] The apparatus can be automated by transfer-
ring information received from the various sensors e.g.
the pressure difference sensors 114, the load cells 108
and the valves 103 as well as information regarding the
speed of rotation and the loads of the motors to a control
unit and by applying appropriate control means 119. In
some embodiments, the control means may monitor and
control the amount of material currently in circulation in
various components of the apparatus. For example, the
control means may receive information from at least one
of the load cells (scales) 108, 117, 118 of the apparatus
and control operation of any of the valves 103, 109a and
109b according to the information received from the load
cells. Further, the operation of suction fan 104 may be

controlled e.g. according to information received from
e.g. pressure difference sensor 114, from an instrument
measuring gas flow rate or from any instrument measur-
ing the properties, e.g. flowability, and/or amount of ac-
cepted granules.
[0140] In some embodiments where e.g. there is no
control means 119, the valves of the process, e.g. 103,
109a and 109b, may be operated using timers that actu-
ate a valve according e.g. to some suitable fixed or var-
ying time interval.
[0141] Valves 109a and 109b may be operated so that
flow of gas from the container 107 through the valves to
the compacting device 110 is essentially prevented. For
example, the valves 109a and 109b may be operated in
an alternating manner so that at least one of the valves
is kept closed at any given point of time during the oper-
ation of the apparatus 100. This way, the gas flow in the
fractionating and conveying parts of the process is not
disturbed.
[0142] For enhancing flow of powder material in the
process, some vibrating or ultrasound emitting devices
or other suitable means may be included e.g. in the com-
ponents of the process where pneumatic conveying is
not used. Such components may be e.g. the container
107, various parts of the compacting device 110 and flake
crushing (granulator) device 111.
[0143] Control of the compaction force of the compact-
ing device, e.g. roller compactor 110 is also useful, as
granule structure as well as the proportion of fine particles
and/or small granules is significantly affected by the com-
paction force used. The compaction force depends on a
number of parameters, such as the rotating speed of the
rolls and the feed rate of the powder substance. For ex-
ample, the higher the feed rate of the powder substance
for a given roller rotation rate, the higher the compaction
force will be.
[0144] The exemplary apparatuses of figures 1a and
1b also comprise a receiver filter 115 and a safety filter
116. The receiver filter is the primary means of filtering
any particles away from the gas that exits the system.
However, as the materials processed by the system may
be e.g. toxic or otherwise hazardous, a separate safety
filter arrangement is required in many cases. There are
multiple solutions known to a person skilled in the art that
may be possible for the filtering arrangement 115 and
116. One receiver filter arrangement 115 suitable for e.g.
an embodiment capable of continuous processing of
powder material is described in figure 6.
[0145] The material of the conveyor 102 may be e.g.
PVC, e.g. FDA PVC. Various components of the system
may be connected together with electric wires for ground-
ing purposes. Suitably the entire system is grounded.
[0146] In figure 2a the roller compactor 200 compacts
the mass 203 containing raw material and optionally par-
ticles recycled from the fractionating device into a ribbon
204, 205, 206 using rolls 201,202 that apply mechanical
force to the mass to be compacted. Depending on the
compaction force applied to the mass and the thickness
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of the ribbon, the amount of mass that gets compacted
into granules 204, 205 varies. The remaining mass 206
may remain non-compacted or weakly compacted fine
particles and/or weakly compacted small granules for ex-
ample in the middle of the ribbon. The small granules
and/or fine particles may not be capable of forming ac-
ceptable granules alone. However, the presence of such
mass may have a positively contributing role in forming
of acceptable granules in the fractionating and/or con-
veying steps of the process e.g. through triboelectrifica-
tion and electrostatic forces. Depending on the feed ma-
terial and compacting parameters, such as thickness of
the ribbon, the proportion of fine particles and/or small
granules may vary.
[0147] A convenient way to adjust operating parame-
ters of the system is to set the compaction force of the
roller compactor to the minimum that produces at least
some well-flowing granules and set the rotating speed
(see the description related to figure 4) of the fractionating
device to the maximum available (e.g. about 100 RPM)
in the device of make ROTAB™ (Donsmark Process
Technology A/S, Denmark) and model 400EC/200 and
then adjust the carrier gas flow rate so that acceptable
granules with desired flow characteristics start flowing
out the system. Too little gas flow in the fractionating
device causes the proportion of fine particles and/or small
granules to increase in the mass of accepted granules
whereas use of too high a gas flow causes a large pro-
portion of acceptable granules to be unnecessarily re-
processed. Setup of the optimal gas flow may be done
manually or automatically for example using real-time
measurement of flow of accepted granules and charac-
teristics of those granules. One such measurement ar-
rangement is shown in figure 7.
[0148] Figure 2b illustrates an example of the creation
of unwanted dense granules and/or granules having solid
bridges 210, 211 when a high compaction force as in the
prior art is used. The more dense granules there are in
the mass, the lower the quality of the mass may be for
tableting. Although the flow characteristics of the mass
resulting from using prior art high compaction forces (or
repeated compaction with lower forces) may be accept-
able even without fractionating, the compressibility
and/or tabletability of the mass may with some materials
be significantly lower, or some other characteristics of
the tablet such as disintegration time may be undesirable.
Moreover, significant heating of the material in the com-
paction step of prior art granulation process may be ob-
served leading for example to formation of solid bridges
through crystallization and/or degradation of compo-
nents of the granules or undesirable characteristics of
the granulate mass. Yet further, use of high compaction
force typically reduces the proportion of small granules
and/or fine particles 206 in the resulting granulate mass.
Too low a percentage of such small granules and/or fine
particles in the fractionating and/or conveying steps of
the process may adversely affect the quality of the re-
sulting accepted granules.

[0149] Figure 2c shows a scanning electronic micro-
scope (SEM) picture of an exemplary dense maize starch
granule that is produced using high compaction force
(e.g. more than 80 kN using Hosokawa Bepex Phar-
mapaktor L200/50P roll compactor) for maize starch
(CERESTAR™ product code C*Gel 03401, batch
number SB4944) typical of the dry granulation methods
of the prior art.
[0150] Figure 2d shows a picture of an exemplary po-
rous starch granule of the same starch that is produced
using low compaction force (in this case, 30-35 kN using
the same Hosokawa roll compactor) and subsequent
fractionation using gas stream according to an embodi-
ment of the method of the present invention. For different
materials, the "low compaction force" that produces po-
rous granules and "high compaction force" that produces
unacceptable amount of dense granules and/or granules
with solid bridges may vary. We have observed that the
surface of the granule of Figure 2c is less porous (i.e
more dense) than the granule of Figure 2d. There is more
free space (i.e. pores) between the individual particles in
the porous granule of Figure 2d than in the dense granule
of Figure 2c. There also seems to be larger proportion
of loosely attached particles on the surface of the porous
granule of figure 2d than in the dense granule of figure
2d. Further, the granule of Figure 2c has more edges
than the granule of figure 2d. The round shape of the
porous granule may contribute to the good flow charac-
teristics of the granulate mass containing such granules.
The pores between particles on the surface of the porous
granule as shown in Figure 2d may enhance the com-
pressibility of the granule.
[0151] Figure 2e shows yet another embodiment of
granules prepared according to the method of the present
invention. Image 260 shows a plurality of excipient gran-
ules 261 comprising 70% of microcrystalline cellulose
and 30% of maize starch. A compaction force of 16kN
was used in the granulation process. Typical size of a
granule 261 in this sample is between 500 and 1000 mm.
Image 262 shows a magnified picture of the surface of
one of such granules. It may be observed from image
262 that the compacted surface of the granule is covered
by small granules and/or fine particles 263 (e.g. in the
range of ca 5 mm - 100 mm). Such individual small gran-
ules 265 and individual fine particles 266 are also shown
in image 264. Small granules 265 and fine particles 266
are relatively loosely attached to the granule 261 forming
a porous surface for the granule. The proportion of small
granules (in this example, granules smaller than 106 mm)
was approximately 20%. The flowability of the mass was
observed to be excellent.
[0152] Figure 2f illustrates formation of granules from
raw material comprising 50% microcrystalline cellulose
and 50% of maize starch. Image 270 shows a SEM-im-
age of unprocessed raw material. Image 271 shows a
SEM-image of compacted but not yet fractionated gran-
ular mass. Compaction force of 25kN was used in the
experiment. Image 272 shows a SEM-image of granular
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mass accepted by the fractionating device of an embod-
iment of the present invention. The magnification of im-
ages 270 and 271 is essentially similar and image 272
has 0.1x magnification in comparison to images 270 and
271. Image 270 shows practically no granules. In image
271, attention is drawn to the relatively small size of the
granules produced in the compacting step. Granules in
the compacted mass 271 created by the roller compactor
and flake crusher (110 and 111 in figures 1a and 1b) are
generally smaller than 500 mm whereas majority of the
granules 272 accepted by the fractionating device (see
figure 4) are larger than 500 mm. This surprising obser-
vation makes inventors believe that new acceptable
granules may be created and/or granules may further
agglomerate during the fractionating phase of the method
of an embodiment of the present invention.
[0153] Figure 2g shows particle size distribution charts
of materials depicted in images 271 and 272 of figure 2g.
According to the product certification data of raw mate-
rials used, the size distribution of particles of the raw ma-
terial (not shown in figures) is such that practically all
particles of the mass are smaller than 106 mm. When the
mass is compacted, the proportion of granules of accept-
able size increases slightly as shown in image 280 but
the majority (approximately 73%) of particles are still
smaller than 106mm. Image 281 shows that after frac-
tionation, the proportion of granules larger than 106mm
increases significantly. The accepted fraction still con-
tains about 10% of small granules and/or fine particles
smaller than 106mm. Despite the relatively large propor-
tion of small granules and/or fine particles, the mass ex-
hibits excellent flowability. The total proportion of gran-
ules accepted from the compacted mass in the fraction-
ating step was approximately 10%. Thus, approximately
90% of the mass was rejected by the fractionating device.
[0154] Figure 2h shows SEM-images of surfaces of
granules manufactured using embodiments of the meth-
od of the present invention. Different compaction forces
have been used in the granulating process. The material
shown comprises 50% of microcrystalline cellulose and
50% of maize starch. Images 290, 291, 292 depict gran-
ules produced using compaction force of 25kN, 40kN and
60kN, respectively. Attention is drawn to the decreasing
surface porosity when the compaction force is increased.
Numerous pores are easily detectable in granules of im-
ages 290 and 291 whereas there are large dense areas
in granule of image 292. Lack of pores on the surface of
the granule may deteriorate at least some of the proper-
ties of the granular mass, e.g. flowability of the mass,
tablettability of the mass and/or disintegration time of re-
sulting tablet. Thus it is suggested that the optimal com-
paction force for producing granules from this raw mate-
rial is probably below 60kN. Although the SEM images
290, 291 do not show significant differences in the struc-
ture of the surface of the granule, the granular mass pro-
duced using compaction force of 25kN form tablets with
higher tensile strength and quicker disintegration time
than the mass produced with compaction force of 40kN.

[0155] An exemplary fractionating device that may be
suitable for use in the present apparatus is shown in fig-
ure 3a. The device 300 made of stainless steel comprises
an aperture of input material 301 through which the pow-
der 306 comprising at least some granules e.g. larger
than 150 mm is lead to the device. In addition to the gran-
ules, the input material typically comprises a substantial
proportion of fine particles and/or granules e.g. smaller
than 150 mm. The powder falls e.g. by effect of gravitation
into the device that comprises an open-ended cone 304
and an optional cylindrical section 305. In other embod-
iments, also other shapes different than a cone may be
used as long as the shape enables creation of at least
one, advantageously downward narrowing, vertical vor-
tex. The input material travels in the device along a helical
path of the vortex.
[0156] The passage of powder into the device 300 may
be controlled e.g. using a pair of valves (not shown in
figure), e.g. a pair of star-shaped flap valves. The same
controlling means may also be used for blocking flow of
replacement air through the aperture of input material
301. In one exemplary embodiment, the height of the
cone is 200 mm, the height of the cylinder is 100 mm,
the diameter of the cylinder 305 is 170 mm, the diameter
of the aperture of the accepted material 303 is 50 mm
and the inner diameter of the carrier gas outlet tube 302
is 40 mm. In this embodiment, an inner cylinder 310 is
partially (e.g. 80mm in the embodiment described here)
inside the cylindrical component 305. The diameter of
the inner cylinder in this embodiment is 90 mm. Flow of
any significant volume of replacement air through the in-
ner cylinder 310 is essentially blocked. In different em-
bodiments, also different measurements may be used.
[0157] The carrier gas outlet tube 302 is suitably ar-
ranged so that it causes a vortex inside the device 300.
Replacement carrier gas 308 is led into the device
through the aperture of the accepted material 303. For
example, the tube may be attached tangentially to the
cylindrical section 305. The inventors have made a sur-
prising observation that when a vortex is induced inside
the vertically positioned device by sucking carrier gas
through tube 302, the device produces acceptable gran-
ules 307 and fractionates unacceptable material quite
efficiently. The acceptable granules fall downwards in
the vortex by effect of gravitation whereas the fine parti-
cles and small granules are entrained by the gas stream
sucked out of the device through aperture 302. Some
proportion (e.g. up to 20, 40, 60 or 80%) of acceptable
granules may also be sucked out of the device through
the tube 302. During their residence in the device, fine
particles and/or small granules may agglomerate with
other granules, thus making the granules grow further.
[0158] At least with some materials, the resulting gran-
ules have been observed to have high charge of static
electricity. When necessary, a fractionating device may
also comprise means 311, e.g. a vibrating or an ultra-
sound emitting device for preventing buildup of material
in various structures of the device.
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[0159] In an alternative embodiment to that shown in
Figure 3a, the cylindrical upper section of the device
could be omitted and the carrier gas out tube 302 could
be attached to the frustoconical section 304.
[0160] Figure 3b depicts operating principle of another
fractionating device that according to inventors’ contem-
plation may be applicable in some embodiments of the
present invention. The device 320 comprises a cylinder
321 that may be e.g. vertically oriented. An inner cylinder
322 is attached to the cylinder 321. Input material 324
falls to the device through the inner cylinder against the
gas stream 325. The gas stream is effected by sucking
carrier gas through the tube 328. While falling in the cyl-
inder 321, fine particles and/or small granules are en-
trained in the gas stream. The acceptable granules 326
fall out of the cylinder and rejected fraction 327 is sucked
out of the device through tube 328. Although the embod-
iment shows only one tube 328, any suitable way of ar-
ranging the suction of carrier gas may be used. Suitably,
the tube(s) 328 is (are) attached to the device at least
partially above the level of the bottom of the inner cylinder
322. It is noteworthy to observe that in this embodiment,
carrier gas does not necessarily form any vortex and pow-
der material does not thus follow a helical path inside the
device. The possible fractionating effect may thus be
achieved at least partially using turbulent gas flow.
[0161] Figure 3c illustrates yet another fractionating
device that, according to contemplation of the inventors,
may be applicable for use in some embodiments of the
method and apparatus of the present invention. The ma-
terial comprising at least some granules e.g. larger than
150 mm falls into the fractionating device through an ap-
erture of input material 331. The feed of material to the
device may be controlled using at least one valve that
may also block flow of gas through the aperture 331. In
addition to the granules, the input material typically com-
prises a substantial proportion, e.g. at least 25%, of fine
particles and/or granules e.g. smaller than 150 mm. The
powder falls e.g. by effect of gravitation into the device
that comprises a belt conveyor that conveys the material
against gravitation in an elevation angle 332. The angle
is chosen so that the acceptable fraction of the material
falling onto the belt 338 may flow downwards towards
the aperture of accepted material 337 against the belt
movement 333. The belt movement may be achieved
e.g. by rollers 334a, 334b and 334c. A gas stream 336
may be arranged to flow above the conveyor belt 338.
Conveniently, replacement gas is led into the device
through the aperture of accepted material 337. Material
that is able to flow downwards on the belt against the
movement of belt and against the gas flow towards the
aperture 337 may comprise acceptable granules. The
rejectable material that does not properly flow down-
wards against the conveyor 338 movement 333 and the
gas stream 336 is conveyed away from the device by the
gas stream 336 and/or by the conveyor through aperture
339 of rejected material. The movement of at least the
downward flowing acceptable granules on the belt may

have a spinning component. The spinning of the individ-
ual acceptable granules may contribute to the separation
of fine particles and/or small granules from the accepta-
ble granules.
[0162] The device may also comprise conveyor (belt)
cleaning means 335a and 335b. Advantageously, to
keep the material flows and gas stream inside a closed
device, the belt conveyor is enclosed in a closed chamber
comprising an aperture for input material, accepted gran-
ules and rejected granules.
[0163] This embodiment illustrates how the flowability
of the material may contribute to the fractionation of the
material. The fraction of the material that flows well, flows
downwards (at an angle 332) by gravitation on the con-
veyor belt whereas the fraction of the material that does
not flow properly, is entrained in gas stream and/or is
conveyed out of the device using a conveyor.
[0164] Figure 4 illustrates an example of an enhanced
fractionating device. In the figure, components and struc-
tures residing inside the device are drawn using dotted
lines. The device 400 comprises a fractionating chamber
and, mounted inside the chamber, an open ended cylin-
der (or cone-shaped device, not illustrated) 401 rotatably
supported on rollers 410. The rotating speed of the cyl-
inder can be adjusted to be for example the maximum
available in the device of make ROTAB™ (Donsmark
Process Technology A/S, Frederiksberg, Denmark) and
model 400EC/200. The jacket of the cylinder or cone may
be perforated. There are no restrictions with regard to
the number and shape of the possible apertures or their
edges except for that the apertures should be construct-
ed so that the gas (air) together with entrained fine par-
ticles is able to leave the cylinder through them. The ap-
ertures may be, for instance, round, oval or slots. In one
embodiment, the apertures are round and they have
been cut using laser cutting techniques. In one embodi-
ment, the diameter of the round apertures is 1.5mm. A
drive motor 402 is arranged to rotate the cylinder at a
suitable speed, e.g. at 100 RPM. A spiral structure 403
is provided inside the cylinder for transporting the solid
material from the feed end 411 to the outlet 404 as the
cylinder rotates. Instead of a spiral, various kinds of fins
or other structures can be provided internally within the
cylinder to obtain movement of the compacted material,
and its interaction with the gas stream. The angle of in-
clination of the cylinder may be adjusted as required by,
for instance, changing the position of the whole fraction-
ating device 400 in its suspension structure 413, 414.
[0165] The powder 405 leaving the compacting device
falls through a charge connection 412 into the feed end
411 of the cylinder and is transported by the spiral 403
towards an outlet tube 404. The carrier gas 406 flowing
through the outlet 404 moves in the opposite direction to
the accepted granules 407. Acceptable granules pass
along in the cylinder 401, and fall through the outlet 404
to a product container (not shown) by effect of gravitation.
Unacceptable fine particles and/or small granules that
may be accompanying the acceptable granules to the
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tube 404 are generally conveyed back from the tube 404
to the cylinder 401 by the gas stream 406. In the present
device, the outlet 404 is a downward pointing tube whose
length is 70 mm and diameter is 40 mm. The rejected
fraction of fine particles and/or small granules 408 to-
gether with the carrier gas stream flows to the feeding
conveyor (see 102 in figure 1), through connection 409
for reprocessing. The granules may grow in size in the
fractionating device 400 (or 300 in figure 3a). This ag-
glomeration may be caused e.g. by triboelectrification
and electrostatic forces.
[0166] It is also noteworthy to observe that the cylinder
401 may act not only as a fractionating means but also
as a buffer and conveyor of input material. Thus, this
embodiment may provide benefits over the other frac-
tionating means described herein. One such benefit is
for example the ability to absorb bursts of input material
405 coming from the compacting device.
[0167] The embodiment shown in figure 4 comprises
also means 416 for keeping the rotating cylinder clean.
One such means blows pressurized gas (e.g. air) through
a plurality of holes towards the cylinder 401. The pressure
used may be e.g. 1-4 bar.
[0168] The fractionating means may also comprise
means 417 for monitoring the progress of material in the
fractionating device. Such means may be e.g. a sensor
measuring the rotating speed of the cylinder or any other
suitable means known to a person skilled in the art.
[0169] The properties of the accepted fraction may be
influenced e.g. by changing the rotation speed of the cyl-
inder, the angle of inclination of the cylinder, the pitch of
the spiral, and the size, number and location and the
shape of the apertures in the cylinder as well as by varying
the flow rate of the carrier gas.
[0170] Figures 5a and 5b show two different forms of
the cylinder-shaped device residing inside the fraction-
ating device (see 400 in figure 4). A cylinder 500 has
apertures 501 that in the figure 5a are situated throughout
the jacket of the cylinder whereas in figure 5b there are
apertures only in one end of the cylinder. The input ma-
terial 502 that contains both granules and fine particles
is fed to the rotating cylinder from one end of the cylinder.
The rotating movement 503 of the cylinder 500 and the
spiral (see 403 in figure 4) inside the cylinder push the
input material towards the other end of the cylinder. While
the material is moving in the cylinder, carrier gas flow
504 separates the acceptable granules from the rejected
fine particles and/or small granules 505 which are con-
veyed out of the cylinder through apertures 501 with the
carrier gas flow. The accepted granules 506 are eventu-
ally pushed out of the cylinder by the spiral structure that
resides inside the cylinder.
[0171] In the shown embodiment, the rotating device
is a cylinder of diameter of 190 mm and length of 516
mm and comprises apertures each having a diameter of
1.5 mm and the apertures reside on average 6 mm from
each other. The air stream that enters the fractionating
device through aperture 404 (figure 4) is further led out

of the fractioning chamber for reprocessing through an
aperture (409 in figure 4) of 50 mm in diameter. Inside
the cylinder there is a screw-shaped guiding structure
that advances 80 mm per revolution towards the aperture
of accepted material 506. The height of the guiding struc-
ture is 25 millimeters. Figure 5c shows a drawing of an
exemplary perforated 511 stainless steel sheet 510 that
may be used to build a suitable cylinder. The thickness
of the sheet is about 0.8mm. In this example sheet, di-
mension 512a is 51cm, dimensions 512b and 512c are
8 cm, dimensions 512d and 512e are 1 cm and dimension
512f is 48cm. The ROTAB™ device described above has
been modified by changing the cylinder to one assembled
from the steel sheet of figure 5c and the fractionating
chamber has been changed to one having the shape
similar to one shown in 400 of Figure 4.
[0172] Although the devices shown in Figures 5a and
5b are open-ended and cylinder shaped, and the move-
ment involved is a rotating movement, conveyor devices
of other shapes and utilizing other kinds of movements
may also be used to convey the mass in the fractionating
air stream.
[0173] The device may optionally be adapted to im-
prove its continuous processing capabilities. One such
adaptation is disclosed in figure 6 where a dual filter as-
sembly is illustrated. The majority of fine particles and/or
small granules is separated from carrier gas, e.g. air, in
cyclone 602 (see also 106 in figure 1a or 1b), but some
fine particles and/or small granules may be sucked out
of the cyclone with the carrier gas. Those particles may
need to be filtered out before the carrier gas leaves the
system. The filters 607a, 607b collect the fine particles
and/or small granules until the filter is cleaned. One filter
607a, 607b may be active while the other is being cleaned
e.g. by vibrating it. The valves 605, 612 may be used for
guiding the gas flow through the active filter and for iso-
lating the filter being cleaned from the gas stream. The
powder resulting from the filter cleaning falls below the
filter and further to a tube 609a, 609b when the valve
608a, 608b respectively is opened. In the other end of
the tube, there may be a lower valve 610a, 610b that is
opened after the upper valve 608a, 608b has been
closed. Opening the lower valve causes the powder to
fall back into the circulation for re-processing. This ar-
rangement makes it possible to clean one of the filters
while the apparatus is operational and the cleaning op-
eration doesn’t result in undesirable pressure shocks of
carrier gas in the apparatus.
[0174] The apparatus may also optionally be equipped
for example with sensors that measure e.g. the output
rate of accepted material and/or size of accepted gran-
ules in real-time. An example about such an arrangement
is shown in figure 7. Accepted granules leave the frac-
tionating device 700 through tube 701. Light emitting de-
vices 702 as well as light sensitive sensors 703 have
been installed in the tube to observe the size of the pass-
ing accepted granules. Based on the information created
by the sensors, the control logic of the system may adjust
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the operating parameters of the apparatus. One such
adjustable parameter may be for example the size of
granules produced by the flake crushing screen 704. An-
other such adjustable parameter may be the gas flow
rate of the system. Yet further adjustable parameter is
operation of any of the valves of the arrangement.
[0175] It may also be possible to equip the arrange-
ment with a bulk flowability analyzer device that collects
samples of accepted granules and tests their flowability,
using e.g. a funnel illustrated in figure 9. Any operating
parameter, e.g. gas flow rate, compaction force or rotat-
ing speed of the cylinder of the fractionating means may
be adjusted if the accepted granules do not pass the flow-
ability test.
[0176] Figure 8 illustrates an exemplary optional ar-
rangement for granulating powders separately and then
mixing the granules together. The properties, e.g. disin-
tegration time, of the end product, e.g. tablet, may be
affected by granulating components of a formulation in
multiple granulation processes vs. together in one proc-
ess.
[0177] Granulation systems 801, 802 each produce
granules from different substances (or from the same
substance but with different granulation parameters such
as compaction force or size of accepted granules). Each
system has its own means 811, 812 of adjusting the gran-
ulation parameters. The accepted granules from each
granulation system are led through a conveyor 803, 804
to a granule mixing device that has means 806, 807 to
control the amount of each of the granules in the final
mix. The mixing device may also have granule mixing
means 808 to mix the granules together before the gran-
ulate mass flows to the container of final product 810 or
directly to a tableting machine (not shown). The conveyor
803, 804 in figure 8 is a tube that leads to the mixing
device, but the conveyor may also lead the granules into
an intermediary storage container from which the mass
may conveyed to the mixing device.
[0178] Figure 9 illustrates a simple device for measur-
ing flowability of powder or granulate mass. Devices of
different sizes are used for determining different degrees
of flowability. The degree of flowability may be sufficient,
good, very good or excellent.
[0179] The device for determining sufficient flowability
has a smooth plastic surface cone 900 with a height 901
of 45 millimeters and with cone angle 902 of approxi-
mately 59 degrees and a round aperture 903 whose di-
ameter is 12 millimeters. The length of tube 904 is 23mm.
In a flowability test procedure, the cone is filled with pow-
der or granulate mass while the round aperture 903 is
kept closed. The aperture is opened, cone is knocked
lightly to start the flow and the flow of the powder through
the aperture by mere gravitation force is observed. Ad-
ditional shaking or other kind of movement of the cone
during the test is not allowed. The material passes the
flowability test if the cone substantially empties. "Sub-
stantial" here means that at least 85%, 90% or 95% of
the powder leaves the cone.

[0180] The device for determining good flowability us-
ing the test procedure explained above has a smooth
glass surface cone 900 with a height 901 of 50 millimeters
and with cone diameter 905 of 70mm and a round aper-
ture 903 whose diameter is 7 millimeters. The length of
tube 904 is 70 mm.
[0181] The device for determining very good flowability
has a smooth plastic surface cone 900 with a height 901
of 35 millimeters and with cone diameter 905 of 48 mm
and a round aperture 903 whose diameter is 4 millime-
ters. The length of tube 904 is 50 mm.
[0182] The device for determining excellent flowability
has a smooth plastic surface cone 900 with a height 901
of 40 millimeters and with cone diameter 905 of 55 mm
and a round aperture 903 whose diameter is 3 millime-
ters. The length of tube 904 is 60 mm.
[0183] Using the above mentioned or other embodi-
ments of the present invention, it is possible to produce
granules that have one or multiple of some desirable gen-
eral characteristics, e.g. good flowability, good com-
pressibility, good tablettability and quick disintegration
time of a tablet. We have observed that those character-
istics are applicable to many APIs and excipients. Thus,
some potentially time-consuming and expensive parts of
the drug formulation design process of prior art may be
avoided with many APIs. The embodiments shown are
also relatively cost-efficient to build and use. For exam-
ple, it is possible to build an arrangement that is capable
of producing several kilograms or tens of kilograms of
granules per hour. The process is also relatively simple
and easy to control in comparison to e.g. wet granulation
methods of prior art. In the shown embodiments, there
are few parameters that may need to be adjusted.
[0184] Percentage (%) values given herein are by
weight unless otherwise stated.
[0185] Mean values are geometric mean values unless
otherwise stated. Mean values of particle size are based
on weight.
[0186] The examples below describe characteristics
of some typical granules and tablets achievable using
the embodiments of the present invention.

EXAMPLES

[0187] To observe the characteristics of the granulate
mass of various embodiments of the invention and their
tabletability, a granulation and tableting test has been
conducted. In both tests, method and apparatus de-
scribed in this document (e.g. figure 1b and figure 4) has
been used. The gas flow rate of the apparatus was ad-
justed so that the fractionating effect of the gas flow re-
sulted in a granulate mass that had good, very good or
excellent flowability. The gas flow rate in the tests was
achieved operating the suction fan (BUSCH™ Mink MM
1202 AV) of the system at a default speed of approxi-
mately 1860 RPM. With some materials, the speed was
altered from the default to achieve desired quality of the
granulate mass. The compaction force of the roller com-
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pactor was adjusted to produce granules with optimal
tableting characteristics. The force used was recorded
as kilonewtons as indicated by the roller compactor
(HOSOKAWA Bepex Pharmapaktor L200/50P) used in
the tests. The diameter of the rolls of the compactor is
200mm and the working width of the rolls is 50mm. The
thickness of the ribbon produced by the compactor is
about 4mm. The rotating speed of the rolls is typically
between 10 and 12 RPM. The exact rotating speed is
adjusted by the roller compactor to achieve the desired
compaction force. The default mesh size of the flake
crushing screen is 1.00mm. In some experiments, the
mesh size of the flake crushing screen was altered from
the default.
[0188] Unless specified differently, a rotating device
as shown in figure 4 operating at about 100 RPM was
used as the fractionating means of the apparatus of the
tests. The default size of apertures in the cylinder of the
rotating means was 1.5mm.
[0189] In tableting tests, 0.25% of magnesium stearate
was added to the granulate mass prior to tableting as a
lubricant.
[0190] Maize starch used in the tests was estimated
to have particle size between 5 and 30 mm.
[0191] The tensile strength of the tablets has been
measured using a measuring device of make MECMES-
IN™ (Mecmesin Limited, West Sussex, UK) and model
BFG200N.
[0192] The particle size distribution of granulate mass
was measured using stack of sieves. In the measure-
ments, the stack of four sieves was shaken for 5 minutes
using an Electromagnetic Sieve Shaker (manufacturer:
C.I.S.A Cedaceria Industrial, S.L, model: RP 08) with
power setting 6. The opening sizes of the sieves used
were 850mm, 500mm, 250mm and 106mm.

TABLETING EXAMPLE - 80% Metformin HCI

[0193] Approximately 4.0 kg of powder mass having
100% of metformin HCI (Supplier: SIMS trading (Firenze,
Italy), batch 21.039) was compacted using compaction
force of 35 kN to produce granules having mean size of
668 mm and standard deviation of 1.554. The mesh size
of the flake crushing screen was set to 1.00 mm. The
loose bulk density of the resulting mass was 0.694 g/ml
and the mass had good flowability. Separately, excipient
granules containing 70% of microcrystalline cellulose
(EMCOCEL CAS No. 9004-34-6, batch 5S3689) and
30% of maize starch (CERESTAR Mat. no. 03401, batch
01015757) was mixed and granulated using the same
compaction force. Then 80% of metformin granules were
mixed with 20% of excipient granules and compressed
into tablets. Round convex tablets of 12 mm diameter
and containing 500mg of metformin were created using
maximum tableting force that produced no capping. The
average tensile strength of the tablet was 59 N (N=3).
Tablet disintegration time was not measured.

FLOWABILITY EXAMPLE - 90% Metformin HCI

[0194] A powder mass having 90% (4.0 kg) of Met-
formin (METFORMIN HYDROCHLORIDE USP, BATCH
N. 17003742, USV LIMITED, B.S.D. Marg. Govandi,
Mumbay 400 088, INDIA), 8% (356 g) of microcrystalline
cellulose (EMCOCEL CAS No. 9004-34-6 Batch
5S3682) and 2% (88 g) of maize starch (CERESTAR
Mat. no. 03401, batch 01015757) was mixed. Compac-
tion force of 30 kN, flake crushing screen mesh size of
1.00mm and suction fan speed of 2100 RPM was used
to produce granules having mean size of 477 mm and
standard deviation of 2.030 after fractionation. 11.0% of
the granules of the mass had diameter of smaller than
106 mm. The loose bulk density of the resulting mass
was 0.581 g/ml and tapped bulk density was 0.714 g/ml.
The Hausner ratio of the mass was measured to be 1.23.
Despite the relatively high compressibility as indicated
by the Hausner ratio, the flowability of the mass was ob-
served to be excellent. When experimenting with met-
formin, the inventors have also made a surprising obser-
vation that although 100% metformin fine powder exhibits
heavy agglomeration (forming large, hard agglomerates)
when stored in room temperature and ambient humidity,
100% metformin granules made of such powder using a
method of the invention show practically no such agglom-
eration during storage time.
[0195] To a person skilled in the art, the foregoing ex-
emplary embodiments illustrate the model presented in
this application whereby it is possible to design different
granules and tablets, which in obvious ways utilize the
inventive idea presented in this application.
[0196] Throughout the specification and the claims
which follow, unless the context requires otherwise, the
word ’comprise’, and variations such as ’comprises’ and
’comprising’, will be understood to imply the inclusion of
a stated integer, step, group of integers or group of steps
but not to the exclusion of any other integer, step, group
of integers or group of steps.

Claims

1. A dry-granulation method for producing a tablet con-
sisting of (a) metformin and at least one second ac-
tive pharmaceutical ingredient in a combined
amount of 50-90% w/w and (b) one or more excipi-
ents in an amount of 10-50% w/w including at least
a binder which comprises (i) preparing granules from
a powder comprising a binder and optionally one or
more other excipients or active pharmaceutical in-
gredients by a process characterized in that a com-
paction force is applied to the powder to produce a
compacted mass comprising a mixture of fine parti-
cles and granules and separating and removing fine
particles and/or small granules from the granules by
entraining the fine particles and/or small granules in
a gas stream in which the compacted mass flows,
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wherein the direction of the flow of the gas stream
has a component which is contrary to that of the di-
rection of flow of the compacted mass and collecting
the accepted granules (ii) optionally blending the ac-
cepted granules with other components of the tablet
in granular or fine powder form; and (iii) compressing
the granules or blend to form a tablet.

2. A method according to claim 1 wherein in step (i)
granules are prepared from a powder also compris-
ing a disintegrant.

3. A method according to claim 1 or claim 2 wherein in
step (i) granules are prepared from a powder also
containing an active ingredient.

4. A method according to claim 1 comprising steps (i)
and (ii) and wherein in step (i) granules are prepared
from a powder comprising all the components of the
tablet formulation except lubricant and in step (ii) the
accepted granules are blended with lubricant.

5. A method according to claim 1 comprising steps (i)
and (ii) and wherein in step (ii) at least one other
component of the tablet formulation is in granular
form and is prepared from a powder comprising an-
other component by a process characterized in that
a compaction force is applied to the powder to pro-
duce a compacted mass comprising a mixture of fine
particles and granules and separating and removing
fine particles and/or small granules from the granules
by entraining the fine particles and/or small granules
in a gas stream.

6. A method according to claim 5 wherein said other
component of the tablet formulation comprises an
active ingredient.

7. A method according to any one of claims 1 to 6
wherein the binder is selected from saccharides such
as sucrose, glucose, lactose and fructose, sugar al-
cohols such as mannitol, xylitol, maltitol, erythritol,
sorbitol, water-soluble polysaccharides such as cel-
luloses such as crystalline cellulose, microcrystalline
cellulose, powdered cellulose, hydroxypropylcellu-
lose and methylcellulose, starches, synthetic poly-
mers such as polyvinylpyrrolidone and crosprovi-
done and inorganic compounds such as calcium car-
bonate.

8. A method according to claim 6 wherein the binder is
microcrystalline cellulose.

9. A method according to any one of claims 1 to 8
wherein the disintegrant is selected from car-
boxymethylcellulose, sodium carboxymethylcellu-
lose, croscarmellose sodium, cellulose such as low
substitution degree hydroxypropylcellulose, starch

such as sodium carboxymethyl starch, hydroxypro-
pyl starch, rice starch, wheat starch, potato starch,
maize starch and partly pregelatinized starch.

10. A method according to any one of claims 1 to 9
wherein the tablet consists of (a) active ingredient in
an amount 70-90% w/w and (b) two or more excipi-
ents in an amount 10-30% w/w including at least a
binder and a disintegrant.

11. A method according to any one of claims 1 to 10
wherein the ratio of binder to disintegrant is between
10:1 and 1:1 w/w.

12. A method according to claim 11 wherein the ratio of
binder to disintegrant is around 4:1 w/w.

13. A method according to any one of claims 1 to 12
wherein metformin is employed as its HCl salt.

14. A method for preparing granules from a powder con-
sisting of (a) metformin and at least one second ac-
tive pharmaceutical ingredient in a combined
amount of 50-90% w/w and (b) one or more excipi-
ents in an amount of 10-50% w/w including at least
a binder by a process characterized in that a com-
paction force is applied to the powder to produce a
compacted mass comprising a mixture of fine parti-
cles and granules and separating and removing fine
particles and/or small granules from the granules by
entraining the fine particles and/or small granules in
a gas stream in which the compacted mass flows,
wherein the direction of the flow of the gas stream
has a component which is contrary to that of the di-
rection of flow of the compacted mass.

15. A method according to claim 14 wherein metformin
is employed as its HCl salt.

Patentansprüche

1. Trockengranulationsverfahren zum Herstellen einer
Tablette, die aus (a) Metformin und wenigstens ei-
nem zweiten pharmazeutischen Wirkstoff in einer
kombinierten Menge von 50-90 % w/w und (b) einem
oder mehreren Hilfsstoffen in einer Menge von 10-50
% w/w, einschließlich wenigstens eines Bindemit-
tels, besteht, umfassend (i) Herstellen von Granu-
latkörnern aus einem Pulver, das ein Bindemittel und
gegebenenfalls einen oder mehrere andere Hilfs-
stoffe oder pharmazeutische Wirkstoffe umfasst,
durch ein Verfahren, das dadurch gekennzeichnet
ist, dass eine Kompaktierungskraft auf das Pulver
angewendet wird, um eine kompaktierte Masse zu
erzeugen, die ein Gemisch von feinen Partikeln und
Granulatkörnern umfasst, und Abtrennen und Ent-
fernen von feinen Partikeln und/oder kleinen Granu-
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latkörnern von den Granulatkörnern durch Mitneh-
men der feinen Partikel und/oder kleinen Granulat-
körner in einem Gasstrom, in dem die kompaktierte
Masse fließt, wobei die Flussrichtung des Gas-
stroms eine Komponente aufweist, die jener der
Flussrichtung der kompaktierten Masse entgegen-
gesetzt ist, und Sammeln der angenommenen Gra-
nulatkörner; (ii) gegebenenfalls Mischen der ange-
nommenen Granulatkörner mit anderen Komponen-
ten der Tablette in Granulatform oder feiner Pulver-
form; und (iii) Komprimieren der Granulatkörner oder
des Gemischs, um eine Tablette zu bilden.

2. Verfahren gemäß Anspruch 1, wobei bei Schritt (i)
Granulatkörner aus einem Pulver hergestellt wer-
den, das auch ein Sprengmittel umfasst.

3. Verfahren gemäß Anspruch 1 oder Anspruch 2, wo-
bei bei Schritt (i) Granulatkörner aus einem Pulver
hergestellt werden, das auch einen Wirkstoff um-
fasst.

4. Verfahren gemäß Anspruch 1, umfassend Schritte
(i) und (ii), wobei bei Schritt (i) Granulatkörner aus
einem Pulver hergestellt werden, das alle Kompo-
nenten der Tablettenformulierung mit der Ausnahme
von Gleitmittel umfasst, und bei Schritt (ii) die ange-
nommenen Granulatkörner mit Gleitmittel gemischt
werden.

5. Verfahren gemäß Anspruch 1, umfassend Schritte
(i) und (ii), wobei bei Schritt (ii) wenigstens eine an-
dere Komponente der Tablettenformulierung in Gra-
nulatform vorliegt und aus einem Pulver, das eine
andere Komponenten umfasst, durch ein Verfahren
hergestellt ist, das dadurch gekennzeichnet ist,
dass eine Kompaktierungskraft auf das Pulver an-
gewendet wird, um eine kompaktierte Masse zu er-
zeugen, die ein Gemisch von feinen Partikeln und
Granulatkörnern enthält, und Abtrennen und Entfer-
nen von feinen Partikeln und/oder kleinen Granulat-
körnern von den Granulatkörnern durch Mitnehmen
der feinen Partikel und/oder kleine Granulatkörner
in einem Gasstrom.

6. Verfahren gemäß Anspruch 5, wobei die andere
Komponente der Tablettenformulierung einen Wirk-
stoff umfasst.

7. Verfahren gemäß einem der Ansprüche 1 bis 6, wo-
bei das Bindemittel ausgewählt ist aus Sacchariden,
wie z. B. Saccharose, Glucose, Lactose und Fruc-
tose, Zuckeralkoholen, wie z. B. Mannit, Xylit, Maltit,
Erythrit, Sorbit, wasserlöslichen Polysacchariden,
wie z. B. Cellulosen, wie z. B. kristalliner Cellulose,
mikrokristalliner Cellulose, pulverförmiger Cellulose,
Hydroxypropylcellulose und Methylcellulose, Stär-
ken, synthetischen Polymeren, wie z. B. Polyvinyl-

pyrrolidon und Crosprovidon, und anorganischen
Verbindungen, wie z. B. Calciumcarbonat.

8. Verfahren gemäß Anspruch 6, wobei das Bindemit-
tel mikrokristalline Cellulose ist.

9. Verfahren gemäß einem der Ansprüche 1 bis 8, wo-
bei das Sprengmittel ausgewählt ist aus Carboxy-
methylcellulose, Natriumcarboxymethylcellulose,
Croscarmellose-Natrium, Cellulose, wie z. B. Hydro-
xypropylcellulose mit niedrigem Substitutionsgrad,
Stärke, wie z. B. Natriumcarboxymethylstärke, Hy-
droxypropylstärke, Reisstärke, Weizenstärke, Kar-
toffelstärke, Maisstärke und teilgequollene Stärke.

10. Verfahren gemäß einem der Ansprüche 1 bis 9, wo-
bei die Tablette aus (a) Wirkstoff in einer Menge von
70-90 % w/w und (b) zwei oder mehr Hilfsstoffen in
einer Menge von 10-30 % w/w, einschließlich we-
nigstens eines Bindemittels und eines Sprengmit-
tels, besteht.

11. Verfahren gemäß einem der Ansprüche 1 bis 10,
wobei das Verhältnis von Bindemittel zu Sprengmit-
tel zwischen 10:1 und 1:1 w/w beträgt.

12. Verfahren gemäß Anspruch 11, wobei das Verhält-
nis von Bindemittel zu Sprengmittel etwa 4:1 w/w
beträgt.

13. Verfahren gemäß einem der Ansprüche 1 bis 12,
wobei Metformin als sein HCl-Salz eingesetzt wird.

14. Verfahren zum Herstellen von Granulatkörnern aus
einem Pulver, das aus (a) Metformin und wenigstens
einem zweiten pharmazeutischen Wirkstoff in einer
kombinierten Menge von 50-90 % w/w und (b) einem
oder mehreren Hilfsstoffen in einer Menge von 10-50
% w/w, einschließlich wenigstens eines Bindemit-
tels, besteht, durch ein Verfahren, das dadurch ge-
kennzeichnet ist, dass eine Kompaktierungskraft
auf das Pulver angewendet wird, um eine kompak-
tierte Masse zu erzeugen, die ein Gemisch von fei-
nen Partikeln und Granulatkörnern umfasst, und Ab-
trennen und Entfernen von feinen Partikeln und/oder
kleinen Granulatkörnern von den Granulatkörnern
durch Mitnehmen der feinen Partikel und/oder klei-
nen Granulatkörner in einem Gasstrom, in dem die
kompaktierte Masse fließt, wobei die Flussrichtung
des Gasstroms eine Komponente aufweist, die jener
der Flussrichtung der kompaktierten Masse entge-
gengesetzt ist.

15. Verfahren gemäß Anspruch 14, wobei Metformin als
sein HCl-Salz eingesetzt wird.

41 42 



EP 2 285 356 B1

23

5

10

15

20

25

30

35

40

45

50

55

Revendications

1. Procédé de granulation humide pour la production
d’un comprimé constitué de (a) metformine et d’au
moins un deuxième principe actif pharmaceutique à
une teneur combinée de 50 à 90 % en masse et de
(b) un ou plusieurs excipients à une teneur de 10 à
50 % en masse incluant au moins un agent liant qui
comprend (i) la préparation de granules à partir d’une
poudre comprenant un agent liant et éventuellement
un ou plusieurs autres excipients ou principes actifs
pharmaceutiques par un procédé caractérisé en ce
qu’une force de compactage est appliquée à la pou-
dre pour produire une masse compactée compre-
nant un mélange de particules fines et granules et
la séparation et l’élimination des particules fines
et/ou des petits granules d’avec les granules en en-
traînant les particules fines et/ou les petits granules
dans un flux de gaz où circule la masse compactée,
où la direction du débit du flux de gaz comporte une
composante qui est opposée à celle de la direction
du débit de la masse compactée et la récupération
des granules acceptés (ii) en mélangeant éventuel-
lement les granules acceptés avec les autres com-
posants du comprimé sous forme de granules ou de
poudre fine ; et (iii) la compression des granules ou
du mélange pour former un comprimé.

2. Procédé selon la revendication 1, où dans l’étape
(i), les granules sont préparés à partir d’une poudre
comprenant également un agent délitant.

3. Procédé selon la revendication 1 ou la revendication
2, où dans l’étape (i), les granules sont préparés à
partir d’une poudre comprenant également un prin-
cipe actif.

4. Procédé selon la revendication 1 comprenant les
étapes (i) et (ii) et où, dans l’étape (i), les granules
sont préparés à partir d’une poudre comprenant tous
les composants de la formule de comprimé à l’ex-
ception du lubrifiant et dans l’étape (ii), les granules
acceptés sont mélangés à un lubrifiant.

5. Procédé selon la revendication 1 comprenant les
étapes (i) et (ii) et où, dans l’étape (ii), au moins un
autre composant de la formule de comprimé se pré-
sente sous forme granulaire et est préparé à partir
d’une poudre comprenant un autre composant par
un procédé caractérisé en ce qu’une force de com-
pactage est appliquée à la poudre pour produire une
masse compactée comprenant un mélange de par-
ticules fines et de granules et la séparation et l’éli-
mination des particules fines et/ou des petits granu-
les d’avec les granules en entraînant les particules
fines et/ou les petits granules dans un flux de gaz.

6. Procédé selon la revendication 5, où ledit autre com-

posant de la formule de comprimé comprend un prin-
cipe actif.

7. Procédé selon l’une quelconque des revendications
1 à 6, où l’agent liant est choisi parmi les saccharides
comme le sucrose, le glucose, le lactose et le fruc-
tose, les alcools sucrés tels que mannitol, xylitol,
maltitol, érythritol, sorbitol, les polysaccharides hy-
drosolubles tels que les celluloses telles que cellu-
lose cristalline, cellulose microcristalline, cellulose
en poudre, hydroxypropylcellulose et méthylcellulo-
se, les amidons, les polymères synthétiques tels que
polyvinylpyrrolidone et crospovidone et les compo-
sés inorganiques tels que carbonate de calcium.

8. Procédé selon la revendication 6, où l’agent liant est
la cellulose microcristalline.

9. Procédé selon l’une quelconque des revendications
1 à 8, où l’agent délitant est choisi parmi la carboxy-
méthylcellulose, la carboxyméthylcellulose sodium,
le croscarmellose sodium, la cellulose telle que l’hy-
droxypropylcellulose de faible degré de substitution,
l’amidon tel que carboxyméthylamidon sodium, hy-
droxypropylamidon, amidon de riz, amidon de blé,
amidon de pomme de terre, amidon de maïs et ami-
don partiellement prégélifié.

10. Procédé selon l’une quelconque des revendications
1 à 9, où le comprimé est constitué de (a) principe
actif à une teneur de 70 à 90 % en masse et (b) deux
excipients ou plus à une teneur de 10 à 30 % en
masse, incluant au moins un agent liant et un agent
délitant.

11. Procédé selon l’une quelconque des revendications
1 à 10, où le rapport d’agent liant sur agent délitant
est compris entre 10:1 et 1:1 en masse.

12. Procédé selon la revendication 11, où le rapport
d’agent liant sur agent délitant est d’environ 4:1 en
masse.

13. Procédé selon l’une quelconque des revendications
1 à 12, où la metformine est employée sous forme
de son sel de HCl.

14. Procédé de préparation de granules à partir d’une
poudre constituée de (a) metformine et d’au moins
un deuxième principe actif pharmaceutique à une
teneur combinée de 50 à 90 % en masse et de (b)
un ou plusieurs excipients à une teneur de 10 à 50
% en masse incluant au moins un agent liant par un
procédé caractérisé en ce qu’une force de com-
pactage est appliquée à la poudre pour obtenir une
masse compactée comprenant un mélange de par-
ticules fines et de granules et la séparation et l’éli-
mination des particules fines et/ou des petits granu-
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les d’avec les granules en entraînant les particules
fines et/ou les petits granules dans un flux de gaz
où circule la masse compactée, où la direction du
débit du flux de gaz comporte une composante qui
est opposée à celle de la direction du débit de la
masse compactée.

15. Procédé selon la revendication 14, où la metformine
est employée sous forme de son sel de HCl.
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