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Process and aratus for mixi =) e

1' of the i tio

The invention relates to a method for mixing cohesive

-finely divided powders, such as finely divided powdered

medicaments having a particle size less than about 10 Hm,
and consisting of more than one substance in order to
obtain a homogeneous mixture.

Background o e inventio

Powder mixing or blending is an operation to make two or
more powdered substances to form a homogeneous mixture.

‘The operation of mixing finely divided powders consisting

of two or more substances is extremely difficult as'the_
particles are subjected to various interparticle forces
and such powder can not be set in motion without an

" external force such as mechanical agltation, ultra sound,
_ 'electr:l.cal forces or similar._ ' '
25

Finely-divided powders are commonly used in inhalation
therapy where the size of the particles and the
homogeneity of mixtures of substances are of utmost
importance. Due to the fact that inhalation therapy is
becoming a more and more important therapy not only in
the therapy for diseases in the bronchial area but also
in therapy against other diseases, the mixing of
interacting powders, where aifine,-qohesive ingredient
may adhere to coarser carrier particles, has become a
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subject of increased interest during recent years.

.~ However, little work has been done regarding the

situation where all the ingredients are finely divideq,

" e.g. have a particle size smaller than 10 um.

For.finely-divided pdwdérs haﬁing a high proportion of

particles with particle size smaller than about 10 um,
interparticle adhesive forces, such as van der Waal
forces, make the powders cohesive, leading to the
formation of irregular aggregates. This formation of
aggregates makes the mixing of two or more such cohesive
powders much more complicated and difficult than the '
mixing of powders with a particle size greater than 10

pm. Therefore, if a homogeneous mixture is required, a

| breakdown of the aggregates must be achieved'during the

mixing process.

-

In solid/solid mixing one of the most important

- requirements is to ensure uniformity of the content,

which is particularly relevant for clinical effectiveness

' when using low dosage cohesive powder miktures, such as

for example those containing 1 - 2 § of the active
ingredient. The major problem encountered in powder
mixing of finely divided powders is the inability of the

“commonly used mixers to break down the aggregates formed
- in the powder. The so-called low-power mixers are not

able to breakdown the aggregates formed in the cohesive
powders into their primary particles, which means that
the aggregates are still present and do not permit the

relative movement between particles to occur, something

which is necessary if a homogeneous mixture is to be

‘achieved. The critical step of the mixing of low dosage

cohesive powder mixtures is the breakdown of the
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aggregates. Thus, in order to obtain a homogeneous
mixture naturally formed aggregates must be repeatedly
broken down. To enable the aggregates to breakdown into

“its primary particles a sufficiently high energy must be

applied to the system.

Prior art

Among the vast number of references on mixing only a few
discuss the problems involving cohesive powder mixtures
(particularly those with all the components being
cohesive).

The following main'references are of special interest:

- "powder Mixing - A Literature Survey" by M.H. Cooke et

" al., Powder Technology'ls (1976), 1-20, which gives a

general background to the special problems involved in
the technical area of mixing powders.

- "Mixing in the Process Ihduétries“, edited by N.
Harnby, M.F. Edwards and A.W. Nienow, Butterworths,

London (1990), 375 p.

- "Recent Developments in Solids Mixing" by L.T. Fan et

‘al., Powder Technology, 61 (1990), 255-287.

- JP 62,124,201 (priority date 1985) describes a process
where a cohesive fine powder is sieved and mixed with a
noncohesive powder in a V-type mixer. However, the fine
powder was added externally to the coarse materizl.
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Some work has also been done using rotatory and vibratory
ball mills as an efficient method of mixing fine powders
(I. Krycer et al., Int. J. Pharmaceutics, 6 (1980), 119~

129; Powder Techn. 27 (1980), 137-141). The high energy

épplied in this type of milling will disrupt the crystal
lattice of the particles thereby influencing the chemical
and physical stability of the crystals and making the

-crystals more sensitive to humidity. On prolonged

miliing, aggregation of the minor constituent with the
diluent occurs leading to cohesion'and formation of an
ordered mixture. Further comminution results in a
fragmentation and reaggregation without loss of mixture
homogeneity. However, nothing is said about the stability
of the product mixture obtained.

According to N. Harnby et al. in "Hiking in the Process
Industries" p. 90 a mixer for mixing cohesive powders is
likely to need high shearing or impaction characteristics
and could well be a particle comminuter rather than a
conventional mixer. Bulk c1rcu1ation of powder can be
effected in fluidized beds, ‘tumbler mixers or convective

mixers and is useful when powders, which are not too

coheszve, are to be mixed. The break-down of aggregates

is ‘usually accomplished by a stirring device, such as for

example an impeller, which rotates at a high speed.
Therefore, runner mills have been recommended where

shearing mixing occurs.

The equipment employed by Orr and Shotton (Chem, Eng. No
269 (1973), 12-19 (Mixing of cohesive powders) was a
L8dige Morton M4E mixer and a Y-cone mixer. The Y-cone
was mounted on an Eureka rotatory machine so as to rotate
about a horizontal axis.

—_—
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The comprehensive review by Fan et al., referred to
above, on recent developments in solids mixing covers the
classification of mixing equipment, the characterisation

~of mixtures and the rates and mechanisms of mixing E

processes as:well-as_the design and scale-up of mixers.
Herein is also given a comprehensive list of references
of prior work. '

The commonly used equipment is further described in
“"Chemical Engineers' Handbook" (5th ed.) by R.H. Perry
and C.H. Chilton, Tokyo, p. 21-30.

Many investigations using different methods of mixing
have been performed e.g. fluidized-bed mixers. As pointed
out by Fan et al. the design of mixers or blenders for

~ particulate solids has mainly been carried out by trial

and error due to the complexity of the behavior of solids
when mixing and particularly with very cohesive powders.

The breakdown of aggregates and attrition are well-known

'phendmena-and are performed by impaction (pefipherical

speed of the rotating internal device) or a shearing and

.compressing action. The attrition may produce other
‘disturbances (size reduction etc) on batch ingredients.

The most common type of equipment for mixing in which
aggregate breakers are used is the tumbler. Several
different types of tumblers are available in which
separate internal rotating devices for breaking down the
aggregates are provided in order to minimize segregation.
The form and shape of such rotating devices vary, but no
reference has been found describing the use of a net in
association with the use of stirring devices. The tumbler
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itself can not be used if an effective breakdown of the .
aggregates is required.

The present invention relates to another form of mixing
equipment and method for the breakdown of aggregates
during the mixing of cohesive particles.

The formulations in inhalation therapy require substances

having a particle size being less than 10 pm. When two or
more substances having this particle size are to be used

" in an inhalation formulation a mixing step is required.

Due to the inherent properties such as for example
cohesivness and aggregate formation of these powders,
conventional mixing equipment is not applicabie. The
present invention provides a simple and effective method
and apparatus for mixing finely-divided powders.

It is therefore an object of the present invention to
provide a method of mixing at least two cohesive finely

- divided powders such:as finely divided powdered
‘medicaments having a particle size less than about

10 pm, which method comprises subjecting the powders to a

. rotating movement using a container with at least two

compartments separated by at least one perforated
partition wherein periodically the rotating movement of
the container is stopped, and powder is forced from one
compartment through the at least one perforated partion
into at least one other compartment, as described in
claim 1.

_
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According to the invention there is also provided an
apparatus for mixing cohesive finely divided powders such

‘as finely divided powdered medicaments having a particle

size less than about 10 um in order to obtain a
homogeneous mixture, which apparatus.cbnprises a
container having at least two compartments separated by
at least one perforated partition, at least one of the
compartments being provided with means for.mixing the
powders, rotation means for rotating the container from
one position to a second position through an angle of
rotation of 180° and by vibration means for vibrating the
container before, during or after rotation whereby in use
powder in one compartment is forced through the at least
one perforated partition into the at least one other
compartment, as claimed in claim 8. '

Further preferred embodiments of the method are defined

'in the dependent claims 2 to 7 and preferred embodiments

of the apparatus are defined in the dependent claims 9 to
17. '

~ There is also provided an use of the apparatus for mixing
._cohesive finely divided powders as well as the use of a
breath-actuated inhalator containing a mixture of powder

produced according to the invention.

The method and apparatus of the invention have many
advantages compared to prior art such as simple and cheap
construction of the equipment, a totally closed system
eliminating environmental and health problems (dust,
allergy problems), short mixing times and a homogeneous

'~ end product. The energy input into the system is low,

which eliminates any changes in crystal structure
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compared to diminition methods or similar methods using
vibrating mills and other known processes.

rie es tio f t

The method and apparatus according to the present
invention will now be described by way of example with
reference to the appended drawings, wherein:

Fig. 1 shows a schematic side view of the apparatus
according to the invention in the closed position,

Fig. 2 shows a schematic perspective view of the
apparatus in Fig. 1 with a first embodiment of the

stirring device according to the invention,

Fig. 3a shows a schematic perspective view of the

‘apparatus in fig. 1 with a second embodiment of the

stirring device according to the invention.

Fig. 3b shows a schematic side view of the second

" embodiment of the stirring device according to the '

invention.

Detailed description of the drawings

The apparatus and method are now described in relation to
the preferred embodiment of the device according to the
invention which is schematically shown in figs 1 and 2.

The finely divided powder consisting of two or more

substances is added to a container 2 which is divided
into two compartments 2a and 2b by a partition 4. The
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compartments 2a, 2b are preferably of equal size but not
necessarily. The partition 4 is perforated by apertures
6 (cf fig.2) so as to allow particles of the powder
mixture to pass through the perforations after the break-

down of aggregates that have been created.in the powder

mixture. This perforated partition 4 is preferably a net

- screen but any other suitable perforated wall or membrane

can be used.

The perforated partition 4 is preferably a net screen
made of a wire mesh having a size of the apertures 6 of
less than 2 mm, preferably less than 1 mm. The size of
the apertures of the wire mesh screen or the like must be
fine enough to ensure that after breakdown of the
aggregates the particles pass through the screen to form
the finely-divided powder mixture. This breakdown of the
aggregates is a requirement for ensurlng homogeneous
mixing.

Each compartment 2a, 2b is provided with an opening at

‘the end remote from the partition 4. The opening is

provided with a cover, such as a 1id 8a and 8b, -
respectively, so that the compartments can be opened to
add the powder to the containers and to empty them after
the mixing procedure is completed. In the prefered
embodiment a stirring device 10 is provided inside at
least one of the compartments. :

It is also possible to provide vibrations or ultra sound
on the perforated partition, i.e. the net, to force the

powder mixture through the perforated partition. In this
case a stirring device is not necessary.

i
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The stirring device 10 is preferebly provided in a freely
movable manner inside the container and during mixing
the stirring device is moved within the powder mixture in

‘one compartment as well as over the perforated partition

4_in:the other compartment in order to break down the
aggregates and force the powder particles through the
apertures 6. The stirring device can be of any suitable
type, such as for example pieces of metal or any other
material, such as rings 10a, 10b, as shown in Figure 2.
The rings 10a and 10b are loose inside at least one of
the compartments. - '

The stirring device 10' can also be formed as scrapers or
the like 10a', 10b', such as rotor blades, which are
slidably or fixedly provided on an axis 11 mounted in a
position corresponding to longitudinal axis of the
container as can be seen in figs. 3a and 3b.

When finely-divided powders are to be mixed, the powders
are placed on the partition 4 in one compartment, e.g. 2a
of the container 2. If a loose stirring'device such as

‘rings 10a, 10b, are used they are put into place and the

container is closed.

The container is placed in a device which rotates the
container in a vertical direction 180° thereby turning it
upside down. After each rotation the container is
vibrated in at least the vertical direction, but
preferably also in the horizontal direction in order to
force the particles through the perforated partition 4
and facilitate the break-~down of aggregates in the
powder. These movements are schematically shown by the
arrows in fig. 1 arrow A indicating the rotation of the
container in the vertical direction, arrow B the

<% This Sheet Has
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vibration in the vertical direction and arrow C the
vibration in the horizontal direction. The device to be
used_for'givinq the container these rotating and
vibrating movements could for example be a Retsch motor
or any other similar device. During the turning of the

container 180° the powder will be forced to pass from
container 2a to container 2b through the apertures 6 of
the perforated partition 4. The stirring device (10,
10'), will thereby cause a mixing of the powders and
break-down of formed agggregates and force the particles
through the apertures of the partition. |

Rotation in a mixer, such as a cone mixer, will often
cause compaction of powder in certain areas of the powder
mass and due to electro-static charges, which are created
in cohesive powders, powder particles adhere to the
walls of the container. The stirring device must
therefore be such as to'avoid these problems. Tests have
shown that the most effective form of the stirring device
is a metal ring provided in each compartment as described
above, but other forms of the stirring device are also

possible. During the vibration of the device after each

rotation, the ring in the uppermost compartment will

- force the powder down through the apertures of the

partition and the ring in the lowermost compartment will
be positioned at the lowermost part of the compartment
and will keep the powder in motion thereby preventing the
powder from sticking to the walls as well as improving
the mixing effect.

Because of the creation of electro-static forces in the
powder mixture between the particles and between the

particles and the walls of the container, the container
and the stirring device as well as the partition should

S
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12

preferably be made of an electrically conducting material
such as metal, for example stainless steel, or be
provided with an electrically conducting layer, such as a
layer of metal or other similar material such as e.g.

.Teflon®. It is also possible to provide scrapers or the
“1ike acting on the walls when the container is rotated

and/or vibrated.

The procedure of turning is then repeated by rotating the
container 180° in the vertical direction back again. In

-this manner both sides of the net will be used causing an

efficient breaking of the aggregates. During the process
of repeated turnings in intervals the container is
vibrated vertically and/or horisontally between the

turning intervals.

In order to obtain a homogeneous mixture the procedure
will have to be repeated several times. Tests have been
carried out in order to determine the optimum mixing
time, and number Qf'turns necessary. The tests are
described below and a summary of the results is shown in

_theftable.

a t e _ap c) a

The container may be constructed in different ways. A
prerequisite for a container to be used in the apparatus
according to the invention is that it is totally closed
and rotable around'anfaxis, such as a tumbler mixer. The
container may thereby have any suitable form such as
cylinder-, cube-, double-cone-, drum-, V- or U~-forms.
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The stirring device which is mounted in at least one,

' preferably all, of the compartments of the container may

have any suitable form. The stirring device may be either
loose, i.e. not fixed, in at least one of the
compartments; it may have a ring form, or any other form
such as triangular, rectangular, quadratic or elliptical.
The stirring device may also be as a rotating scraper
mounted on an axis provided inside at least one of the
compartments. In this case the rotating scraper, such as
a flat, pitched or multiple paddle, helical ribbon,

“anchor impeller, helical screw or any other similar form

is preferably arranged to press gently against the net of
the partition. The stirring devices may be either
stationary or slidably/pivotably mounted on the axis.

The operation forcing the powder mixture through the
apertures of the net may also be accomplished by using a
stirring device with for example rotating scrapers, which
are rotating and simultaneously vibrating.

The rotating and/or vibrating means could be provided
with means rotating the contazner around its longitudinal

axis.

Another modification is to provide a vibrating perforated
net in order to facilitate the passage of the powder
through the net, in which a stirring device is not
necessary.

Possible types of container configurations include a
variety of tumbling mixers, such as a cube mixer,
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cylinder mixers or modified cone mixers, with preferably
planar ends. The size of the container could be varied
from at least 100 1, down to less than 1 1. The limiting
factor concerning the size is the technical handling of

' the powder and the rotating and/or vibrating egquipment as

large volumes of cohesive powders are very difficult to
handle. Tests have shown that mixing will take place in

‘an appropriate manner even if the container is large.

The volumetric £ill of the containers is preferably less
than 30 % to 40 % of the total volume of the container.
The final result will further depend on the geometry and
design of the mixer, rotating frequency, time of mixing
and nature of the substances to be mixed. The total error
in powder mixing experiments observed could also be due
to the analytical method, sampling, mixing and
impurities. The deviation from homogeneity of the mixing
of powders can by use of the present invention be less
than 5 %, and is more preferably less than 3 %.

- Description of a method of mixing in accordance with the

invention

The operation was performéd by placing 40 g of powders,
consisting of 0.80 g (2.0 %) finely divided active drug
substance, e.g. salbutamol and 39.20 g finely-divided
filler or carrier, e.g. lactose, both powders having a

particle size < 10 um, in one of the chambers of the

container (total volume 860 ml) as shown in figure 1. The
chamber was closed and the équibment placed on a
vibrating device (a Retsch motbr)'providing vibrational
movement in both vertical and horisontal directions. The
mixer was rotated manually nine (9) times during the

mixing time (20 min). _ —_—
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After the procedure.was completed 1d'samples were
withdrawn from different locations of the powder bed. The

samples were analyzed and gave a deviation from

”_homogeneity of 2.0 §. The sample volumes were small (< 10

mg) so as to avoid affecting significantly the total
volume of the powder bed. o

A further experiment under the same conditions but with a
mixing time of 40 min and eighteen (18) manually '

‘'rotations gave a deviation of homogeneity of 0.96%.

Tests have also shown that when mixing cohesive finely
divided powders of active components in concentration 0.1
$ to 50 % with another component a homogeneous mixture
will be reached within 60 minutes. The selection of
mixing parameters, that is the number of turns amplitude
of vibration and mixing time, depends on the batch size.
The table below shows a summary of results from tests

which have been carried out to determine the homogeneity

of the resulting mixture with various mixing times.

_—\H%_
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Mixing container 860 ml
Mixing container 4400 ml

Test | Batch vol. | Num- |Mix- |Num~ |%- RSD %
no. size of ber ing ber Active
' (9) nix- | of time |of - sub~
ing | turns | (min) | sam~ | stance
con~ ples -
tai- taken
ner

1 18 A 9 16 3 31.30 | 2.90

2 20 A -9 12 3 27.60 ] 0.90

3 20 A 9 20 3 6.70 | 0.10

4a . 24 N 3 5 4 1.65 | 0.70

4b 24 A 9 20 4 1.69 | 0.40

40 A 9 16 3 2.21]0.74

6 570 B 16 30 10 1.90}11.80

(2x285)

7 300 B 9 20 5 0.95 | 1.70
ls 500 C 11 30 10 1.98 | 1.49
A
B
c

Mixing container 5500 ml

The method according to the invention prdvides efficient
mixing of cohesive finely~-divided ingredients on a large
as well as a small scale and thereby facilitates the use
of mixtures of powders in inhalation therapy, where the
simultaneous inhalation of several drug

'substances/fillers/di1uents/additives are necessary.

Fillers, carriers, diluents and additives are often
necessary for dosing accuracy when using very potent drug
substances which have to be administered in very small
doses. Other kinds of additives, such as absorption
promoters may be required, in the powder mixture in order

for the inhalation route of therapy to be used for
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substances which penetrate the tissue within the
bronchial area with difficulty.

Some mixtures of powders having particles which are
extremely difficult tO'mix'ﬁay'require further mixing in
order to obtain a homogenous mixture. For this purpose
the method according to the invention can be repeated
several times. Between each mixing process the container
is emptied and the powder mixture is filled into either

the same or a new container,

————TT
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CLAIMS

1. A method of mixing at least two cohesive finely

divided powders such as finely divided powdered

- medicaments having a particle size less than about 10 um

which method comprises subjecting the powders to a
rotating movement using a container with at least two
compartments separated by at least one perforated
partition wherein periodically the rotating movement of
the container is stopped, and powder is forced from one
compartment through the at least one perforated partition
into the at least one other compartment.

2. A method according to claim 1, whefein the container
is rotated in a vertical direction through an angle of
substantially 180° and after each such rotation powder is
forced through the perforated partition.

3. A method according to claim 1 or 2, wherein in
addition to the rotating movement the container before,
during or after rotation is subjected also to a vibrating

‘movement.

4. A method according to any one of the preceding claims,
wherein the vibrating movement is in both the vertical
and horisontal directions. '

5. A method according to any of the preceding claims,
wherein at each stopping of rotation of the container
substantially all of the powder is forced through the at
least one perforated partition. |
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6. A method according to any of the preceding claims,
wherein a vibration or ultra-sound is applied to the at

least one perforated partition forcing the powder mixture
‘through the apertures of the at least one perforated

partition.

7. Method according to any of the preceding claims is
repeated at least once, wherein the container is emptied
before the steps of the method is repeated.

8. Apparatus for mixing éohesive finely-daivided powders
such as finely divided powdered medicaments having a

- particle size less than about 10 um in order to obtain a

homogeneous mixture, which apparatus comprises a
container (2) having at least two compartments (2a, 2b)
separated by at least one perforated partition (4), at

least one of the compartments being provided with means

for mixing the powders, rotation means for rotating the
container from one position to a second position through
an angle of rotation of 180° and by vibration means for
vibrating the container befbre, during or after rotation
whereby in use powder in one compartment is forced
through the at least One'pefforated partition (4) into
the at least one other compartment.

9. Apparatus adco:ding to claim 8, wherein the vibrating
means vibrates the container when in use in both the
vertical and horizontal directions.

10. Apparatus according to claim 8 or 9, wherein the
mixing means provided in at least one of the compartments
(2a, 2b) comprises at least one freely movable part which
preferably is in form of a ring (10a, 10b).
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11. Apparatus according to claim 8 or 9, wherein the
mixing means comprises rotating scrapers (10a‘', 10b')
provided on an axis (11) extending through the container
(2) in a longitudinal direction.

12. Apparatus according to any of claims 8 to 11,
wherein the compartments (2a, 2b) are provided with an
opening at the ends remote from the at least one
partition (4), and a lid (8a and 8b) is placed over the

openings.

13. Apparatus according to any of claims 8 to 12,
wherein the perforated partition is a net screen.

14. Apparatus according to any of claims 8 to 12,
wherein the perforated partition is in the form of a

sieve.

15. Apparatus according to claim 12, wherein the size of
the appertures in the net screen or the sieve are smaller
than 2 mm, preferably smaller than 1 mm.

16. Apparatus according to any of claims 8 to 15, wherein
vibration or ultra-sound is applied to the at least one
perforated partition.

17. Appartus according to any of claims 8 to 16, wherin
the container, the stirring device and the at least one
perforated partition are made of or provided with a
material avoiding the powder mixture to stick to the
walls of the container, the stirring device and/or the at
least one perforated partition.
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'18. Use of an apparatus according to any one of claims 8
to 17 for mixing cohesive finely divided powders.

19. A breath-actuated inhalator containing a mixture of

. 8 powder produced according to the method claimed in any

~ one of claims 1 to 7.
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