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The present invention relates to conponent s grevi ces for
i nhal i ng medi canent, especially those pofient s which can af f ect
airborne particles or come into 5 contactt with nedica /SE97/00470
I nhal ation deW&¥84$Ac| ude dry powder inhalers, intended to dispense
medi canment which is in the formjpf a dry powder, and pressurised
net ered dose inhal ers, which generally contain a nedi canent

di ssol ved or Suspended in a liquefied propellant gas, optionally:
COMPONENTS FOR INHALATION DEVICES

Technical field of the invention

s The present invention relates to components for devices for inhaling medicament, especially
those components which can affect airborne particles or come into contact with

medicament.

Background

10
Inhalation devices include dry powder inhalers, intended to dispense medicament which is in
the form of a dry powder, and pressurised metered dose inhalers, which generally contain a
‘medicament dissolved or suspended in a liqueﬁed- propellant gas, optionally together with
surfactants and other excipients. The mechanism for dispensing the medicament varies

is  between inhalers, but in general the medicament must exit the body of the inhaler and pass
through a channel to a mouthpiece from where it exits. The mouthpiece may connect witha

spacer, that is, a dispérsion chamber designed to facilitate inhalation.

A metered dose inhaler releases a metered dose of medicine upon each actuation, and for
20 maximum benefit with direct inhalation a degree of co-ordination between activation and
inhalation is required. Powder inhalers are activated by the air flow generated at inhalation
and for maximum benefit a certain air ﬂoﬁ is requﬁed. With a spacer, the medicament is
- dispensed into the spacer chamber from where it can be inhaled simply by breathing
normally. The residence time of the medicament in the spacer can be from a few seconds to

25  several minutes, for example.

An example of a dry powder inhaler is the Turbuhaler ® inhaler. Examples of spacer
devices include the Nebuhaler ® and Nebuchamber ® spacers.
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Not all of a nominal dose of medicament from an inhaler will reach its intended target,
which may be, for example, the lungs. The medicament which does not reach the target,
e.8., the lungs, is lost, for example in the apparatus, mouth and respiratory tract. Clearly,

10 the'amount of wastage should be as little as possible.

WO 91/19524 describes an inhaler for inhaling pulverulent 'mgdicament from within a
capsule, including a capsule chamber which may be formed of components made of a
polymer with low surface resistivity in order to minimise the extent to which released

15 powdered medicament can agglomerate on the surface of the air passage through the
inhaler. The surface resistivity desired is preferably less than 10'? Ohms or more preferably
less than 10° Ohms. The polymer may incorporate carbon or steel filler, for example in the
form of fibres, or non-fibrous chénxical additives. As examples of the polymer are
mentioned a polyether block amide product with chemical additives and a range of

20  polypropylenes with chemical additives. The inhaler also comprises a mouthpiece, which
may be integral with the chamber, preferably having at least its inner wall formed from such
a polymer of low surface resistivity.

WO 95/204 14 describes a spacer for children, primarily intended to be used in conjunction
2s  with a metered dose inhaler. The spacef is made from stainless steel, which has a surface

resistivity such that electrostatic attraction between the respirable particles and spacer walls

is minimised. The surface resistivity is lower than 10° Ohm, preferably lower than 10° Ohm

and most preferably lower than 1.
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The present invention is concerned with polymeric materials in components for inhalation
devices. We have found that the amount of medicament which is retained in a device
comprising components made of polymeric material can be significantly reduced by
incorporating carbon black or another appropriate material in,t;) the polymer. Components
according to the invention have anti-static properties which minimise the amount of

medicament retained on the component walls.

Carbon blacks are obtainable for example from Degussa AG, Frankfurt, Germany. They are
chemically and physically well-defined products, which are manufactured by incomplete
combustion of oils or gases, and are composed of more than 96% finely dispersed carbon
with small amounts of oxygen, hydrogen, nitrogen and sulphur. They may be produced for
example as dispersions, pastes; chips or pellets. Today the most important method for the |
manufacture of carbon blacks is the so-called “furnace black” process. This process can
produce ; large variety of carbon blacks, for example with particular particle sizes and
specific surface areas. It also permits the control of particle aggregation, i.e., the carbon
black structure. Carbon blacks consist of chained branched aggregates of approximately
spherical “primary” particles. Extensive branching, or interlinking, produces carbon black
having a “high structure”, while less extensive interlinking produces a “low structure™
carbon black. One method for the determination of structure is the “DBP absorption™ test,
which is described in ISO 4656 and ASTM D-2414. In this method, dibutylphthalate
(DBP) is added dropwise to a certain amount of carbon black that has been placed in a
calibrated kneading machine and the torque exerted by the kneading machine is measured.
A change in the torque indicates that all of the voids between .the carbon black aggregates
have been filled with DBP and the surface has been wetted. The consumption of DBP thus
allows determination of the degree of aggregation of the carbon black. In general, the
higher the DBP absorption in mi/100g (the “DBP number”™), the higher the carbon black
structure. Carbon blacks with a low structure have a DBP number of less than 70 ml/100 g
of carbon black; those with 2 medium structure have DBP numbers of between 70 and 100
ml/100 g, and those with a high structure have a DBP number of above 110 ml/100 g of
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In one aspect of the present invention there is provided a component for use in an inhalation

10 apparétus, said component bein_g made of or coated with a pol_ymeric material, characterised
in that the polymeric material is loaded with carbon black in an amount sufficient to impart
to the polymeric material a specific volume resistivity of less than 10° Ohmem.

In another aspect, the present invention provides a polymeric cofnponent for use in an
s inhalation apparatus, said component having a specific volume resistivity of less than 10°
Ohmcem. ' .

In another aspect, the present invention provides an inhalation apparatus comprising a
component according to the invention. -
20
. Preferably the specific volume resistivity is less than about 10° Ohmcm, more preferably less
than about 10* Ohmem. In an especially preferred embodiment, the present invention
provides a component for use in an inhalation apparatus, said component being made of or
coated with a polymeric material, characterised in that the polymeric material is loaded with
25 carbon black in an amount sufficient to impart to the polymeric material a specific volume

resistivity of less than about 10* Ohmem.

Specific volume resistivity may be measured using commercially available apparatuses for
measuring conductivity.

30
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The use a of carbon black dispersion is particularly advantageous as good dispersion of the
carbon black in the polymer can be achieved. Preferably, the carbon black-loaded polymeric

‘material comprises a homogeneous mixture of the carbon blaék_ and the polymer.

The very low specific volume resistivity values which may be achieved in accordance with
the present invention are particularly valuable when the inhaler component is a spacer
device. In a spacer device, a comparatively long medicament residence time is necessary,
and the longer the residence time, the more opportunity there is for the medicament to

“attach” to the spacer walls.

However the component of an inhalation apparatus according to the present invention may
alternatively be another component, for example the body of an inhaler device, the channel,
or the mouthpiece, for example. The term “apparatus” includes all components and devices

which together or separately may be used in the course of inhalation.

The amount of carbon black to be employed may vary according to the quality of the carbon
black employed. Lowland medium structured carbon blacks may be included in amounts of
up to 40% of the carbon black loaded polymeric material, whereas highly conductive, or
highly.r structured, carbon blacks preférably constitute for example up to 25%, or up to 20%,
or up to 15%, or up to 12%, or around 10%, or around 9%, or around 8%, or around 7%,
or around 6%, or around 5%, or around 4%, of the carbon-black loaded polymeric material.
For a highly conductive carbon black, a content of between about 3% and about 15%,
preferably between 6% and 10% and especially between 8% and 10%, for example around

9%, is currently thought to give optimum surface volume resistivity values.

Preferably, the carbon black for use in the present invention has a DBP number of at least
50 ml/100 g. More preferably the carbon black is highly structured or is an extra
conductive carbon black, and has a DBP value of at least 110 ml/100 g
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Suitable polymers may be obtained for example from Hoechst AG, Frankfurt, Germany. As
10 specific examples of polymers may be mentioned the polyethylenes Hostalen®, Hostalen
GURG®; the polypropylenes Hostalen i’P@ and Hostacen®; as well as Topas®,
Hostaform®, Kemetal®, Celanex®, Vandar®, Impet®, Celstram®, Fortron®, Vectra®
and Hostaflon®, all available from Hoechst AG.

15 Preferably, the polymeric material is a polypropylene or a polyethylene.

The carbon black loaded polymer, and the homogeneous mixture, may be manufactured by
conventional methods, for example by extrusion of the polymer together with the carbon
black. The mixing parameters, flow conditions and cooling down conditions may be

20  optimised easily by methods well known to aperson skilled in the art, according to the
particular polymer and carbon black used.

Carbon biack loaded polymeric materials are also commercially available, for example from
Premix Oy of Rajaméki, Finland.

23
The components according to the present invention may be made by conventional moulding
techniques, for example by injection moulding or by blow moulding. The moulding
parameters may be optimised easily by a person skilled in the art, according to the particular
materials used. The preferred method of manufacture is injection moulding. Typical

30 injection moulding parameters might be for example a cylihder nozzle temperature of 200-

——— ——
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;E?.? I8:5I9$a} 68 %dmatéﬁlj&ﬁ&ﬁj siebd VBrefrdbiy 2 low mouldisispeed is ubSdiftiSialiykad slowly
increased during the moulding process. Preferably, the back pressure is as low as
technically possible. Preferably, the material for injection moul&ing is pre-dried, for

s example at 75-80°C for up to 4 hours, for example 2-4 hours.

Thus, in a further aspect the present invention provides a method of constructing a
component for use in an inhalation apparatus comprising moulding a component from 2
carbon black loaded polymeric material.

10
When the carbon black loaded polymeric material is a coating on another polymer, it may be
co-moulded with the other polymeric material, for example using two extruders, to produce

~ amoulded component in which the carbon black loaded polymeric material is surrounded by

the other material; i.e., the “inner” surface of the component is of the carbon black loaded

15 polymeric material and the “outer” surface of the component is of the other polymer. The
outer material may be provided with any desired pigmentation, to mask the black colour of

the carbon black in circumstances where this would be considered undesirable.

The thickness of the component or carbon black loaded polymeric layer may vary
20  according to the nature of the moulded component. Where the component is a spacer
device, for example, the thickness of the carbon black loaded polymeric material might be

for example up to about 10 mm, for example between 1 mm and 5 mm thick.

The invention further described in the following non-limiting Examples.

25

Example 1

A carbon black loaded polymeric material, “PP 1381” (formerly “Pre-Elec TP 4474”),
Premix Oy, Finland, comprising polypropylene “Hostalen PPU 173451, Hoechst, and 9%

30 “Printex XE2”, Degussa, was used to manufacture a spacer device for use with a dry
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to the pol yne 5 material a specific vqurrereS|st|!7Ff Gfo
than 10[err] Chntm The preseB8t invention also extends to an
i nhal ati on device, in particular a spacer, i ncorporating the
conponent as descri bed above. 10 Preferably, the specific vol une

resistivity o nNer | mite.r | ess than aboyt. .10l err]
Chnem | or & Presiatafes 45ce, Sy Fieriian Sioulding e e BRRORRS oigsHop esbides pish
preferred g cylinder nozzle temperature of 240°C, a mould cavity temperature of 30°C, an injection

pressure of 1700 bar, a back pressure of 1600 bar and a moderate injection speed.

s  The specific volume resistivity obtained was 100 Ohmcm. (Surface resistance 1300 Ohm.)

Example 2

A carbon black loaded polymeric material, “Pre-Elec TP 4479”, Premix Oy, Finland,

10 comprising polypropylene “Hostalen PPU 173481”, Hdechst, and 22% “Black Pearis
4750”, Cabot Plastics, was used to manufacture a spacer device for use with a dry powder
inhaler device, by injection moulding as in Example 1.

The specific volume resistivity obtained was 30 Ohmem. (Surface resistance 800 Ohm.)

15

Example 3

A carbon black loaded polymeric material, “Pre-Elec TP 4480”, Premix Oy, Finland,
comprising polypropylene “Hostalen PPU 1734817, Hoechst, and 37% “Channel Black
20  MPC”, was used to manufacture a spacer device for use with a dry powder inhaler device,

by injection moulding as in Example 1.

The specific volume resistivity obtained was 10000 Ohmem. (Surface resistance 100000
Ohm.)
25 '

Example 4

Doses of budesonide from a dry powder inhaler (Pulmicort Turbuhaler ®) containing 200

unit doses each comprising 400 pg of budesonide were expelled by means of a suction flow

Has Been Re‘laced

\\I\\\\\\\\\\\\\\l\\\\ |



enbodi nent the specific volunme resistivity of the pol yneri g—fat-ett

| ess than about 10[err] Chntm . 15 Specif HHiﬁ)SHE&T HA§ BEEN
resistivity may be neasured using conmercially avail abl e appar atREREACERr
measuri ng conduct|V|ty The use of a carbon bl atk—drspersion Is

partlcul arly advant %eous as good di spersion of the gﬁgﬂg{a ofhack
I n the pol yrre rial can be achieved. Preferably, the car ack-

20 | oaded pol yrrerl c material conprises a $honogeneous distribution of the

car bon bl ack. The very |l ow specific volune resistivity val ues
whi ch may be achieved in accordance wth the present invention
are particularly val uabl e when the corrp ne ncorporat in a

spacer. |n a 1Bi9RIpacer fevigherspEdin Fcéﬁéﬁf second Selay, spetipn flow
necessary, $71) ﬁ"Sﬁﬂtﬂ@ rtde% hidca flRr€ opportunity
there is forqgﬁ&ggledpma%éﬁtd&%&gﬁeache Sace eo spacér wal | s.

The experiment was repeated using a spacer device constructed of polypropylene only. The
s means of manufacture of the polypropylene-only spacer was as in Example 1, but with an

injection pressure of 900 bar and a back pressure of 600 bar.

The amount of budesonide on the filter after expulsion from the carbon black loaded
polypropylene spacer of Example 1 was 2.4 times greater than the amount resulting from

10 expulsion from the conventional polypropylene spacer. This was taken as an indication of
the greatly reduced amount of medicament which had been retained in the spacer according

to the present invention as compared withi a conventional spacer.

Example

13
Doses of budesonide from a dry powder inhaler (Pulmicort Turbuhaler ®) containing 200
unit doses each comprising 400 ng of budesonide were expelled by means of a suction flow
into a spacer device according to Example 1 above. After a 30 second delay, suction flow
means were employed to expel the dose from the spacer device onto a filter.

20

The experiment was repeated using a spacer device constructed of polypropylene only.

The amount of budesonide on the filter -aﬁer expulsion from the carbon black loaded

polypropylene spacer of Example 1 was 2.8 times greater than the amount resulting from
25 expulsion from the conventional polypropylene spacer. This was taken as an indication of

the greatly reduced amount of medicament which had been retained in the spacer according

to the present invention as compared with a conventional spacer.
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Claims

1. A component for use in an inhalation apparatus, said compc;.cnent being made of or
coated with a polymeric material, characterised in that the polymeric material is loaded with
carbon black in an amount sufficient to impart to the polymeric material a specific volume
resistivity of less than 10° Ohmem. |

2. A component as claimed in claim 1, wherein the specific volume resistivity is less than

10° Ohmem.

3. A component as claimed in claim 1, wherein the specific volume resistivity is less than
10? Ohmem.

4. A component as claimed in any one of the preceding claims, wherein the carbon black
is a carbon black dispersion.

5. A component as claimed in any one of the preceding claims, wherein the carbon black-

loaded polymeric material comprises a homogeneous mixture of the carbon black and the

polymer.

6. A component as claimed in any one of the preceding claims, wherein the said
component is selected from the body of an inhaler, the mouthpiece of an inhaler and the
channel of an inhaler. '

7. A component as claimed in any one of claims 1-5, wherein the said component is a

spacer device.

————
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materi al s maythb@mdlmammbd for exarrple from Hoechst AG Frankfurt,
Ger many. As speci fic exanples of polyneric materials may be ment i oned t he
20 polyethyl enes Hostal en and Hostal en GUR, the pol ypropyl enes Hostal en PP

and s 9. A component as claimed in claim 8, wherein the carbon black loaded polymeric material
comprises carbon black in an amount of between 3% and 15% by weight of the said

material.

10. A component as claimed in claim 9, wherein the carbon black loaded polymeric material
10 comprises carbon black in an amount of between 8% and 10% by weight of the said

material.

11. A component as claimed in claim 1 1, wherein the carbon black has a DBP number of at
least 50 ml/100 g.

15 . _
12. A component as claimed in any one of the preceding claims, wherein the carbon black
has a DBP value of at least 116 ml/100 g.

13. A component as claimed in any one of the preceding claims, wherein the polymeric
20 matenal is 2 polypropylene, a polyethylene, a polyester, a polycarbonate, a polystyrene, or a
copolymer.

14. A component as claimed in claim 13, wherein the polymeric material is a polypropylene
or a polyethylene.

25
15. A polymeric compdnent for use in an inhalation apparatus, said component having a

specific volume resistivity of less than 10° Ohmem.

16. A polymeric component as claimed in claim 15, wherein said polymeric component is a

30 spacer device.
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skilled in the art, according to the particular polyneric -

mat eri al and carbon bl ack used. 30 D1548- 1WO

PCT/ SE97 /00470
17. A polymeric component as claimed in claim 15 or claim 16, wherein the specific volume

resistivity is less than 10° Ohmem.

s 18. A polymeric component as claimed in claim 15 or claim 16, wherein the specific volume
resistivity is less than 10? Ohmem.

19. An inhalation apparatus comprising a component as claimed in any one of the preceding
claims.

10
20. An inhalation apparatus as claimed in claim 19, wherein the inhalation apparatus

comprises a spacer device.

21. A method of constructing a component for use in an inhalation apparatus comprising

1s  moulding a component from 2 carbon black loaded polymeric material,

22. A method of constructing an inhalation apparatus from at least the component of claim
21. )

20
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6" . Car bon bl ack-1 oaded” pol yneric materials ar I
confBr&EI™P 1y available, for exanpl e, from Premepﬁb?,gglza{ 00440

Fi nl and. The conponents according to the present i rgyentd y
be made by conventi onal 5 noul ding techni ques, for exan{yg, %nlg%
i njection noulding or by blow nmoul di ng. The moul di ng paraneters

may be optimised easily by a person skillled in the art, according to
the particular materials used. The preferred nmethod of manufacture is
i nj ection noul di ng. Typi cal injection noulding paraneters may be

for exanpl ¢ j of from200 to 250 [err]C, a
nmoul d tenpgrcgwlgérjlgi% F@?%ﬁﬁg‘%@ﬁpﬁ@@gn I njectionm pressure of

10 from 600 to 1800 bar and a noderate injection speed. Preferably, a | ow
noul ding speed is used initially-and slowly increased during the
nmoul di ng piThe peesentinednticalrtlates tdrcomponents for inhalation dewisssfoeirhaligg | ow as

techni cal | pssible. Preferably, the material for injection nouldingis
pre-dried, &B}ca@i&hﬁfﬁ,‘“a&y ‘L?%?rﬁWQ“S“tBO"P{‘@? ¢ancaffest aithome parti¢les orecome into

typically LoQmtiltPméaiioest.

Inhalation devices include dry powder inhalers, intended to dispense medicament which is
in the form of a dry powder, and pressurised metered dose inhalers, which generally |
contain a medicament dissolved or suspended in a liquefied propellant gas, optionally

10 together with surfactants and other excipients. The mechanism for dispensing the .
medicament varies between inhalers, but in general the medicament must exit the body of
the inhaler and pass through a channel to a mouthpiece. The mouthpiece may connect with

a spacer, that is, a dispersion chamber designed to facilitate inhalation.

15 Pressurised metered dose inhalers release a metered dose of medicament upon each
actuation, and for maximum benefit with direct inhalation a degree of co-ordination
between actuation émd inhalation is requirej Powder inhalers are actuated by the air flow

genefated at inhalation and for maximum benefit a certain air flow is required. With a
spacer, the medicament is dispensed into the spacer chamber from where it can be inhaled

- 20 simply by breathing normally. The residence time of the medicament in the spacer can be

from a few seconds to several minutes, for example.

An example of a dry powder inhaler is the Turbuhaler® inhaler. Examples of spacers
include the Nebuhaler® and Nebuchamber® spacers. |

25
In the course of inhalation, medicament will come into contact with various parts of an
inhalation device, including for example the body, channel and mouthpiece of an inhaler,
and a spacer. Such components are generally (but not essentially) made of a polymeric
material, for example, a polypropylene or é polyethylene, which is moulded into the

30  required shape.
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15 The present invention also prOV|des a met hod of forn1ng g?/gg onent

f 0iD1348€WON an i nhal ati on device as described abov %M%Mgo
the step of noul ding the conponent at | east in part,f

carbon bl ack-1oaded pol yneric material . When t he Qgitd311993

bl ack-1 oaded polyneric material is a coating.on another polyneric 20
material, it may be co-noulded with the 2ther polyneric material, for
exanpl e, using two extruders, to produce a noul ded conponent in
whi ch the carbon bl ack-1 oaded pol yneric material is surrounded

by the other material; that is, the "inher" surface of the corrponent IS
of the carbon bl ack-1oaded pol yneric nateri aI and the outer" surface of

t he conpo ric. out er

mat er al :g‘g ageO%Srr{?\W’%lad%e °ﬁir§ﬁ‘§&%8§§pf‘8ﬂ’o %Hgleﬁgllgﬁ éﬁéhﬁ? éﬁt‘?"ﬁ{‘]ﬁr‘att@'gﬁtas k the
bl-ack col GHiclpmalybe, forleRApld! ﬁfé"luhgk %&H@&E&H&ﬁ%%ﬂ?&@estd& ?each (I'he target is
woul d be consi dered undesirabl e. he thickness of

conponent lost, foaekample) incke irdatba'mnpnﬂhwdrrespltasqtg tractyClearly, the amount of
according to the nq % ?f t he Li| ded conponent. Where the conponent is

i ncor pdr attagtage should w as possible :

WO-A-91/19524 describes an inhaler for inhaling pulverulent medicament from within a
capsule, including a capsule chamber which may be formed of components made of a
polymeric material with low surface resistivity in order to minimise the extent to which

10 released powdered medicament can agglomerate on the surface of the air passage through
the inhalér. The surface resistivity desired is preferably less than 10*> Ohms and more
preferably less than 108 Ohms. The polymeric material may incorporate carbon or steel
filler, for example, in the form of fibres or non—fibrous chemical additives. As examples of
the polymeric material are mentioned a polyether block amide product with chemical

15 additives and a range of polypropylenes with chemical additives. The inhaler also includes
a mouthpiece, which may be integral with the chamber, preferably having at least its inner

- wall formed from such a polymeric material of low surface resistivity.

WO-A-95/20414 describes a spacer for children, primarily intended to be used in

"20 conjunction with a pressurised metered dose inhaler. The spacer is made from stainless
steel, which has a surface resistivity such that electrostatic attraction between the respirable
particles and spacer walls is minimised. The surface resistivity is less than 10’ Ohm,

preferably less than 10° ©hm and most preferably less than 1 Ohm.

2s  The present invention is concerned with polymeric materials in components for inhalation
devices. It has been found that the amount of medicament which is retained in a device
comprising components made of a polymeric material can be significantly reduced by
incorporating carbon black into the polymeric material. Components according to the
present invention have anti-static properties which minimise the amount of medicament

30 retained on component surfaces.
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! 7
in a spacer, for exanple, the thickness of the carbon bl ack-pgim 1998

polynmeric material may be, for exanple, up to abou 0 mMm
preferably between 1 and 5 nmthick. The present invention wll
be further described with reference to tBBe followi ng non-limiting 5
Exanpl es. - Exanpl e |

Carbon blacks are obtainable, for example, fl;Otll‘ Degussa AG, Frankfurt, Germany. They
are chemically and physically well-defined l;roducts, which are manufactured by
incomplete combustion of oils or gases, and are composed of more than 96 percent by
s weight of finely dispersed carbon with small amounts of oxygen, hydrogen, nitrogen and

sulphur. They may be produce'd,. for example, as dispersions, pastes, chips or pellets.
Today, the most important method for the manufacture of carbon blacks is the so-called
“furnace black” process. This process can produce a large variety of carbon blacks, for
eXample, with particular particle sizes and specific surface areas. It also permits the

10 control of particle aggregation, that is, the carbon black structure. Carbon blacks consist of
chained-branched aggregates of approximately spherical “primary” particles. Extensive
branching or interlinking produces carbon black having a “high siructure”, while less
extensive interlinking produces a “low S_tructure” carbon black. One method for the
determination of structure is the “DBP abso'rption” test, which is described in ISO 4656

15 and ASTM D-2414. In this method, dibutylphthalate (DBP) is added dropwise to a certain
amount of carbon black that has been placed in a calibrated kneading machine and the
torque exerted by the kneading machine is measured.: A change in the torque indicates that
all of the voids between the carbon black aggregates have been filled with DBP and the
surface has been wetted. The consumption of DBP thus allows determination of the degree

" 20  of aggregation of the carbon black. In general, the higher the DBP absorption inml/100 g

(the “DBP number™), the higher the carbon black structure. Carbon blacks with a low
structure have a DBP number of less than 70 m1/100 g of carbon black, those with a
medium structure have a DBP number of between 70 and 100 ml/100 g of carbon black,
and those with a high structure have a DBP number of above 1 ld ml/100 g of carbon black.

25 So-called “extra-conductive” carbon blacks typically have a DBP number in excess of 300

ml/100 g of carbon black.

The primary use of carbon blacks is in the reinforcement of rubber, for pigmentation, UV
stabilisation and as conductive blacks.

30
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A car.bon bl ack-| oaded pol yneric material, "PP 1381" (forrrg{ Pre-El ec_ TP
Ihsp

44 Dlsa3-)wo 10 Prem x Oy, conprising polypropyl ene "Host T 19949 Q-
Hoechst AG and 9 percent by wei ght of "Printex XE 2" carg n
bl ack, Degussa AG was used to manufacture a spadk§ 06r 19& with

a dry powder inhaler, by injection nmoulding using a "Ferromatic"”
injection noulder, with a cylinder nozzl4 tenperature of 240 [err]C, a

noul d cavity tenperature of 30 [err]C, an injection pressure of
1700dbar a back pressure of 1600 bar and a 15 noderate injection
spee The specific, volung resistivity obtai ned 100
(Surface rAsspedingly;the pgq;gnrgqﬁ;x)uon prov es a com| {Oé uyﬁ: an in at?on eviccej,1 m:?

car bon bl 4 y s @I :
conpri si ng% Jo%%%gn rQ g%gf&t %?%Féﬁryggﬁgfﬁﬁéz&ﬁ%gféﬁg&% and
22 per centplfek H’é@h%hi DfBP' rﬁth'fber of more thanBEAMISI 007HEF caftiontiackunddf an GRlooht
Pl astics, was used to manufacture a spacer for use with a dr

powder i nmilbetweeb)B andj kScperesnt by mmht@fd@ polymraerpiaterial to impartag the polymer¥c

The specific val
.800 Gqﬁ'l ) matel}ﬁ ausggmrﬁ?:sirlo &rilrle\:“rés Sthl gH?:ss thaniOBBhlggm:m (SUI‘ face resistivity

The present invention also extends to an inhalation device, in particular a spacer,

incorporating the component as described above.

10 Preferably, the specific volume resistivity of the polymeric material is less than about 10
Ohmcem, more preferably less than about 10* Ohmem. In an especially preferred
embodiment the specific volume resistivity of the polymeric material is less than about 10?

Ohmcm.

15 Specific volume resistivity may be measured using commercially available apparatuses for

measuring conductivity.

The use of a carbon black dispersion is particularly advantageous as good dispersion of the
carbon black in the polymeric material can be achieved. Preferably, the carbon black-

20 loaded polymeric material comprises a homogeneous distribution of the carbon black.

“The very low specific volume resistivity values which may be achieved in accordance with

the present invention are particularly valuable when the component is incorporated in a

spacer. In a spacer, a comparatively long medicament residence time is necessary, and the
25 longer the residence time, the more opportunity there is for the medican}g:nt to “attach” to

the spacer walls.

It will be understood that the component of the present invention may be other than that
incorporated in a spacer. For example, the com;ionent may comprise the body, a channel,

30  or the mouthpiece of an inhaler.
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Exanple 3 D1548- 1D ' '

PCHS8EW? / 00470 °CT/SE97 /00470 g
A carbon bl ack-1oaded polyneric material, "Pre-El ec TP 4480" . 3@5:‘499&,
conpri sing pol ypr opyl ene "Hostal en PPU 1734S 1", Hoechst AG and
37 percent by weight "Channel Bl ack MPC' carbon bl ack, Cabot

Pl astics, was used to manufacture a spacér for use with a dry
powder inhaler by injection nmoulding as in Exanple 1.

14

Preferably, carbon black is included in an amount of between 6 and 10 percent and.
especially between 8 and 10 percent by weight of the carbon black-loaded polymeric

material.

More preferably, carbon black is included in an amount of around 10 percent, or around 9
percent, or around 8 percent, or around 7 percent, or around 6 percent, or around 5 percent,

or around 4 percent by weight of the carbon black-loaded polymeric material.

10  Suitable carbon blacks are commercially available, for example, from Degussa AG, or
from Cabot Plastics, Belgium. Examples of Degussa AG carbon blacks are the range of
carbon blacks known as Printex®, for example “Printex L”, “Printex L 6", and the extra-

conductive “Printex XE 2”.

15 The polymeric material can be any which can be moulded into the desired shape. For
example, the polymeric material may be a polypropylene, a polyethylene, a polyester, a
polycarbonate, a polystyrene, a polyoxyethylene, a fluoropolymer, or a copolymer thereof.
Suitable polymeric materials may be obtained, for example, from Hoechst AG, Frankfurt,
Germany. As specific examples of polymeric materials may be mentioned the

" 20 polyethylenes Hostalen® and Hostalen GUR®; the polypropylenes Hostalen PP® and
Hostacen®; as well as Topas®, Hostaform®, Kemetal®, Celanex®, Vandar®, Impet®,
Celstram®, Fortron®, Vectra® and Hostaflon®, all available from Hoechst AG.

Preferably, the polymeric material is a polypropylene or a polyethylene.

2s  The carbon black-loaded polymeric material, and the homogeneous mixture, may be
manufactured by conventional methods, for example, by extrusion of the polymeric
material together with the carbon black. The mixing parameters, flow conditions and
cooling conditions may be optimised easily by methods well known to a person skilled in
the art, according to the particular polymeric material and carbon black used.

30
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5 . The specific volune reéesistivity obtained was 10000 Chntm

( Sonfsacwor esi stivity 100000 ohm ) BEAWSES 7/0047010
Doses of budesonide froma dry powder inhaler (Pulmcort Turbuhal er)

cont ai ni ng 200 unit doses each conprising 400 [err Bgd o06- 1998
budesoni de were expelled by neans of a suction flow into a
"spacer according to Exanple 1 above. Aft@&r a 2 second del ay, suction flow
nmeans were enpl oyed to expel the dose fromthe spacer onto a
filter. .d f15 I I The experinent was repeated using. a spacer
constructed o 0 ropyl ene only. The ‘means . of . manuf acture of
the pol yp r%wfé&'éc%'gﬂaﬁeé pab'@}euﬁa%atagalﬁ arec3lsgparamercigiy avgilableqfer example,

i njection Lre reurrrxﬁ8§, ﬁé’%u&‘ﬁfr-ﬁfl‘&d‘?‘ back pr‘esg_ure of 600 bar.

The components according to the present invention may be made by conventional

s moulding techniques, for éxample, by injection moulding or by blow moulding. The
moulding parameters may be optimised easily by a person skilled in the art, according to
the particular materials used. The preferred method of manufacture is injection moulding.
Typical injection moulding parameters may be for example a cylinder nozzle temperature
of from 200 to 250 OC, a mould temperature of from 30 to 80 %C, an injection pressure of

10 from 600 to 1800 bar and a moderate injection speed. Preferably, a low moulding speed is
used initially and slowly increased during the mouiding process. Preferably, the back
pressure is as low as technically possible. Preferably, the material for injection moulding is

pre-dried, for example, at from 75 to 80 %C for up to 4 hours, typically from 2 to 4 hours.

15 The present invention also provides a method of forming the component for use in an
inhalation device as described above, comprising the step of moulding the component at

least in part from a carbon black-loaded polymeric material.

When the carbon black-loaded polymeric material is a coating on another polymeric
" 20 material, it may be co-moulded with the other polymeric material, for éxample, using two
extruders, to produce a moulded component in which the carbon black-loaded polymeric
material is surrounded by the other material; that is, the “inner” surface of the component is
of the carbon black-loaded polymeric material and the “outer” surface of the component is |
of the ofher polymeric material. The outer material may be provided with any desired
25 pigmentation to mask the black colour of the carbon black in circumstances where this

would be considered undesirable.

The thickness of the component or carbon black-loaded polymeric layer may vary

according to the nature of the moulded component. Where the component is incorporated
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20 . The anount of budesonide on the filter after expul sion e, carbon
bl kst &ded pol ypr opyl ene spacer of Exanple 1 vvgéf%é?i/rﬂa@470
greater than the anmount resulting from expul sion fr J:‘E_ 1998

conventional polypropyl ene spacer. This was taken as an indication of

the greatly reduced anount of nedi cament _which had been retained in the
spacer accordi ng to the presen? I nvention as conpared with a
conventi onal spacer. 25 Exanpl e 5 Doses of
budesoni de froma dry powder inhaler (Pulmcort Turbuhal er) containing 200

unit doses, each | Si ] ' _
of a suctiitHf q?gag%? F&’r%&%@ﬁ%@%ﬁﬁ}%ﬁﬁé& O e c%r%o%sbqgékqﬁa%t{ gol§r)ﬁgglc rfater mr;rl?ans
PCT/ SE97 Qézfgloexample, up to about 10 mm, preferably between 1 and 5 mm thick. 9 '

The present invention will be further described with reference to the following non-limiting

s Examples.

Example 1

A carbon black-loaded polymeric material, “PP 1381” (forme.rly “Pre-Elec TP 4474”)3
10 Premix Oy, comprising polypropylene “Hostalen PPU 1734S1”, Hoechst AG, and 9
percent by weight of “Printex XE 2” carbon black, Degussa AG, was used to manufacture a
spacer for use with a dry powder inhaler, by injection moulding using a “Ferromatic™
injection moulder, with a cylinder nozzle temperature of 240 OC, a mould cavity
. temperature of 30 %C, an injection pressure :)f 1700 bar, a back pressure of 1600 bar and a

15 moderate injection speed.
The specific volume resistivity obtained was 100 Qhrﬁcm. (Surface resistivity 1300 Ohm.)

Example 2

A carbon black-loaded polymeric material, “Pre-Elec TP 4479”, Premix Oy, comprising
polypropylene “Hostalen PPU 1734S1”, Hoechst AG, and 22 percent by weight “Black
Pearls 4750 carbon blaek, Cabot Plastics, was used to manufacture a spacer for use with a

dry powder inhaler, by injection moulding as in Example 1.

The specific volume resistivity obtained was 30 Ohmem. (Surface resistivity 800 Ohm.)

Example 3
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i Nto .2 Spacer according to Exarrple 1 above. After a.30 SeCPWSFEeé?VUOHU

sueﬂfi‘% | ow means - were enployed to expel the dose fromth
spacer onto a filter."- The experinent was repeat UakRN
spacer constructed of polypropyl ene only. The neans -ﬁrﬁ-ﬂggecture

of the pol ypropyl ene-only spacer was as én Exanpl e 1, but W|th an

I njection pressure of 900 bar and a back®pressure of 600 bar. -
The amount of budesonide-on the filter after expul sion fromthe carbon
bl ack-1 oaded pol ypropyl ene spacer of Exanple 1 was 2.8 tines

greater than,gh bmqafdédgyﬂ%ﬁg%tg?mfaféi’m “Pre-Elee TPA4B0P SPethik DY dchiftising

conventional polypropyle This was taken as an |nd| Ccation of
t he great Ipolygﬁdpgdenh ‘“Hostaien Wummaﬁmecm AG, i3 Toparcent by aieightl “Chanrieb
spacer accor to_the_present i"nvention_as conpared wth
convent i orBlrck MR carbon black, Cabot Plastics, was used to manufacture aspacer or use with a

dry powder inhaler, by injection moulding as in Example 1.

The specific volume resistivity obtained was 10000 Ohmem. (Surface resistivity 100000
Ohm.)

Example 4

10
Doses of budesonide from a dry powder inhaler (Pulmicort Turbuhaler®) containing 200
unit doses each comprising 400 pug of budesonide were expelled by means of a suction flow
into a spacer accord.'mg to Example 1 above. After a 2 second delay, suction flow means
were employed to expel the dose from the siaacer onto a filter.

s
The experiment was repeated using a spacer constructed-of polypropylene only. The means
of manufacture of the polypropylene—only spacer was as in Example 1, but with an

injection pressure of 900 bar and a back pressure of 600 bar.

" 20 The amount of budesonide on the filter after expulsion from the carbon black-loaded
polypropylene spacer of Example 1 was 2.4 times greater than the amount resulting from
expulsion from the conventional polypropylene spacer. This was taken as an indication of
the greatly reduced amount of medicament which had been retained in the spacer according
to the present invention as compared with a conventional spacer.

25

Example 5

Doses of budesonide from a dry powder inhaler (Pulmicort Turbuhaler®) containing 200

unit doses each comprising 400 g of budesonide were expelled by means of a suction flow
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7 | 00470 ' ' : _
CLC/&W%' % 1. A conponent for use in an inhal ation devi (?&T/§&i9cy /0014070

conmponent bei ng nmade of or coated with a pol ymerl Cc
| oaded with carbon black having a DBP nunber of nore gr?tgs.l %%B

m /100 g of carbon black and in an anoun{, of between 3 and 15 percent -by
wei ght of the polyneric material to inparft to the polyneric material a
speci fic vol unme resist|V|ty of less than 10[err] Chntm 2.
The conponent of claim1l, wherein the specific volume resistivity is |less

than 10[ erglo d&pacer accofdiiF 9 Example 1 above. After a 30 second delay, suction flow means

were employed to expel the dose from the spacer onto a filter.

The experiment was repeated using a spacer constructed of polypropylene only. The means
s of manufacture of the polypropylene-only spacer was as in Example 1, but with an

injection pressure of 900 bar and a back p;éssure of 600 bar.

The amount of budesonide on the filter after expulsion from the carbon black-loaded
polypropylene spacer of Example 1 was 2.8 times greater than the amount resulting frgm
10  expulsion from the conventional polypropylene spacer. This was taken as an indication of
- the greatly reduced amount of medicarhent which had been retained in the spacer according

to the present invention as compared with a conventional spacer.

»
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3. ' onent of claim2, wherein the specific volune resistivity is
-Ies'-%{'r}?&rilg‘g&EO[érrJ chmecmr 15 4. The conponent ¢6F/ %&197df0él4£i0rrs 1

to 3, wherein is a carbon bl ack di spersj o,
5. The _corrponemnmf’ﬂ!fm”‘,ﬁg ms 1 to 4, wherein the carbor %I e&ﬁz-{éggded
* als ¢
0

pol yneric erm rises a 2 nogeneous m xture of carbon bl ack
and polyneric material. 2 6. The c onent of any of clains 1 to 5,
wherein the carbon bl ack-1oaded pol yneric mat eri al conprises
carbon bl ack in an anount of between 8 and 10 percent by wei ght of
the pol ymeprongserial . 25 7. The conponent of any of clains 1 to 6,

wherein the polyneric material is a pol ypr opyl ene, a pol yet hyl ene,
a polyester, a polycarbonate, a palystyrene, ar a _

1. A component for use in an inhalation device, said component being made of or coated
with a polymeric material loaded with carbon black having a DBP number of more
5 than 300 ml/100 g of carbon black and in an amount of between 3 and 15 percent by
weight of the polymeric material to impart to the polymeric miaterial a specific volume

resistivity of less than 10° Ohmem.

2. The component of claim 1, wherein the specific volume resistivity is less than 10°

10 Ohmem.

3. The éomponent of claim 2, wherein the specific volume resistivity is less than 10?

Ohmcm.

.

15 4. The component of any of claims 1 to 3, wherein the carbon black is a carbon black

dispersion.

5. The component of any of claims 1 to 4, wherein the carbon black-loaded polymeric
material comprises a homogeneous mixture of carbon black and polymeric material.
" 20
6. The component of any of claims 1 to 5, wherein the carbon black-loaded polymeric
material comprises carbon black in an amount of between 8 and 10 percent by.weight

of the polymeric material.'
2s 7. The component of any of claims 1 to 6, wherein the polymeric material is a
polypropylene, a polyethylene, a polyester, a polycarbonate, a polystyrene, or a

copolymer thereof.

8. The component of any of claims 1 to 6, wherein the polymeric material is a

30 polypropylene or a polyethylene.
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eiayxmﬁ theMéonﬁénent of any of clai?@/3EQF g Gwhrey ei n

s M e
g.()014'he component of any of clains 1 to §) wherein the corrponen%li s one of

t he body of an i nhaler, the nouthpiece of an inhaler or a
channel of an inhaler. :

9. The component of any'of claims 1 to 8, wherein the component is one of the body of

an inhaler, the mouthpiece of an inhaler or a channel of an inhaler.
s 10. An inhalation device incorporating th;e component of any of claims 1 to 8.
11. A spacer incorporating the component of any of claims 1 to 8.
12. A method of forming the component of any of claims 1 to 8, comprising the step gf

10 moulding the component at least in part from a carbon black-loaded polymeric

material.
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5 10.™An inhal ation device I ncorporating the conponent of any of cl gtpﬁ‘f”f’q"’-

to 8. 11. A spacer incorporating the conponent of any of cljﬁp‘rgﬁ
1 to 8. 12. A method of forming the conponent of any of claimespy,
1 to 8 conprising the step of 10 moul di ng the conponeggaat | east
in part froma carbon bl ack-1oaded pol yneric mat e EadMe:
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