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(57) ABSTRACT 
Method and apparatus for producing dry particles. TWo 
liquid components are combined in a static miXer, atomized 
into droplets, and the droplets dried to form dry particles. 
Use of the static miXer enables incompatible liquid compo 
nents to be rapidly and homogeneously combined. The 
present invention optimizes process conditions for increas 
ing and controlling particle porosity. The present invention 
also alloWs for optimization of particle size in real-time 
during particle production. 
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METHOD AND APPARATUS FOR PRODUCING 
DRY PARTICLES 

CROSS-REFERENCE To RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. 
§120 to US. patent application Ser. No. 10/101,563, ?led 
Mar. 20, 2002, Which is hereby incorporated in its entirety 
in this patent application. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a method and 
apparatus for producing dry particles. More particularly, the 
present invention relates to a method and apparatus for 
producing dry particles that are suitable for inhalation into 
the lung, and Which contain an active agent. 

[0004] 2. Related Art 

[0005] Delivery of drugs and other active agents can be 
accomplished through the use of dry poWder compositions 
made from particles containing the drug or active agent. In 
producing such particles, it is often desirable to combine 
substances With signi?cantly different physical properties to 
achieve the desired pharmaceutical effect in patients. More 
over, it is often desirable to produce particles that are a 
combination of different substances. One Way to produce 
particles containing a combination of different substances is 
to dissolve the substances in suitable solvents, and then 
remove the solvents by, for example, evaporation or drying, 
to yield the desired particles. A major difficulty With this 
approach is that substances With differing physical proper 
ties often have very different solubilities in solvents. Con 
sequently, co-solvents, or a larger mixture of solvents, may 
be needed to form the solution from Which the particles are 
produced. HoWever, the use of co-solvents can cause deg 
radation of one of the components, through chemical or 
physical incompatibility of the components in solution. 

[0006] One example of the incompatibility of components 
is the production of particles that contain a hydrophobic 
component and a hydrophilic component. The production of 
such particles is described in US. Pat. No. 6,077,543 to 
Gordon et al. (“the Gordon patent”). As described in the 
Gordon patent, a hydrophobic drug solution and a hydro 
philic excipient solution are spray dried together to form dry 
poWders containing the drug and the excipient. To solve the 
incompatibility betWeen the hydrophobic and hydrophilic 
components, the hydrophilic and hydrophobic components 
are separately dissolved in different solvents, and separately 
directed simultaneously through a noZZle into a spray dryer. 
In this method, the tWo liquid components are separately 
delivered to the noZZle that atomiZes the tWo liquid compo 
nents into droplets that are dried in a spray dryer to form dry 
particles. 
[0007] One of the draWbacks of the method and apparatus 
of the Gordon patent is that there is no complete mixing of 
the tWo liquid components before being atomiZed into 
droplets. Thus, the droplets that are produced are unlikely to 
be a homogeneous mixture of the tWo liquid components, 
nor is there likely to be uniformity among the droplets. 
Consequently, the particles that are produced are unlikely to 
contain a homogeneous mixture of the drug and excipients, 
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and are unlikely to have uniformity among the particles 
themselves. Thus, there is a need in the art for an improved 
method and apparatus for producing dry particles that con 
tain a homogenous mixture of drug and excipient compo 
nents, With improved uniformity among the particles. There 
is a particular need in the art for such a method and apparatus 
Where the drug component and excipient component are 
physically or chemically incompatible in the liquid state. 

[0008] One important application for dry poWder compo 
sitions is pulmonary drug delivery. Several properties of the 
dry particles have been identi?ed that correlate With 
enhanced delivery to the pulmonary system. For example, it 
has been found that particles having a tap density less than 
0.4 g/cm3 and an aerodynamic diameter that is betWeen 
about 1 and about 3 microns are Well suited for 
delivery to the alveoli or the deep lung. If delivery to the 
central or upper airWays is desired, particles having larger 
aerodynamic diameters, ranging for example, from about 3 
to about 5 microns are preferred. Furthermore, particles 
having a geometric diameter greater than about 5 microns 
are believed to more successfully avoid phagocytic engulf 
ment by alveolar macrophages and clearance from the lungs. 

[0009] There is a need in the art for improved methods for 
producing particles having selected geometric and aerody 
namic siZes optimiZed for delivery to targeted sites of the 
pulmonary system. There is a particular need for an appa 
ratus and method that alloWs for optimiZation of particle siZe 
in real-time, during the particle production process. 

[0010] The apparatus and method of the present invention, 
a description of Which is fully set forth beloW, solve the 
aforementioned problems and dif?culties With conventional 
approaches to producing dry poWder compositions. 

SUMMARY OF THE INVENTION 

[0011] The present invention is directed to a method and 
apparatus for producing dry particles. The dry particles are 
advantageously formed into dry poWder compositions that 
can be administered to a patient, such as a human patient, for 
therapeutic purposes. In a preferred aspect of the present 
invention, the dry poWder compositions are formulated for 
inhalation by a patient for delivery of an active agent 
through the pulmonary system. 

[0012] In one aspect of the present invention, a method for 
preparing a dry poWder composition is provided. An 
embodiment of the method of the present invention com 
prises combining a ?rst ?uid component and a second ?uid 
component in a mixer to form a mixed ?uid, Wherein the ?rst 
?uid component comprises an active agent that is incom 
patible With the second ?uid component, atomiZing the 
mixed ?uid to produce droplets, and drying the droplets to 
form dry particles. In some embodiments, the ?rst ?uid 
component is hydrophilic and the second ?uid component is 
hydrophobic and the combining step comprises adding the 
?rst ?uid component to the second ?uid component. In other 
embodiments, the second ?uid component is an organic 
solution comprising approximately 60-70% Water by vol 
ume, and the mixed ?uid comprises approximately 20% 
organic phase by volume. In yet other embodiments, the 
method produces dry particles With less than about 6%, and 
preferably less than about 3%, high molecular Weight pro 
tein (“HMWP”) and more than about 90% readily extract 
able protein product (“RE”). 
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[0013] In alternative embodiments of the method of the 
present invention, the method comprises atomizing the 
mixed ?uid With an internal mixing nozzle, e.g., a single 
hole nozzle or a six-hole nozzle. In other embodiments, 
other types of nozzles may be used. 

[0014] In some embodiments of the method of the present 
invention, the method further comprises adding a surfactant, 
for example, a non-ionic surfactant or DPPC or TWeen 80, 
to the ?rst ?uid component, the second ?uid component, or 
the mixed ?uid. In some embodiments, at least 0.2 Wt % of 
TWeen 80 is added. In other embodiments, 0.2-2.8 Wt % of 
TWeen 80 is added. 

[0015] In yet other embodiments of the method of the 
present invention, the method comprises using a total solids 
concentration for the mixed ?uid of about 1-60 g/L. 

[0016] In yet other embodiments of the method of the 
present invention, the method comprises adding about 5-40 
g/L ammonium bicarbonate to the ?rst ?uid component, the 
second ?uid component, or the mixed ?uid. 

[0017] In another embodiment of the method of the 
present invention, the method comprises performing the 
drying step in a dryer With an outlet temperature of 35-70° 
C. In alternative embodiments, a drying gas rate of approxi 
mately 80-125 kg/hr is used. 

[0018] Alternative embodiments of the method of the 
present invention comprise ascertaining the amount of solid 
and liquid ingredients necessary to achieve the ?rst solution 
concentration and combining the liquid and solid ingredients 
together to form the ?rst ?uid component. 

[0019] In yet other alternative embodiments of the method 
of the present invention, the method comprises using an 
atomization gas rate of approximately 35-120 g/min. 

[0020] In other embodiments of the method of the present 
invention, the method comprises using a liquid feed rate of 
approximately 10-75 mL/min during the atomization step. 

[0021] In an aspect of the apparatus of the present inven 
tion, an apparatus for preparing a dry poWder composition is 
provided. An embodiment of the apparatus of the present 
invention comprises a static mixer operative to combine a 
?rst ?uid component With a second ?uid component to form 
a mixed ?uid, Wherein the ?rst ?uid component comprises 
an active agent that is incompatible With the second ?uid 
component. The apparatus further comprises an atomizer in 
?uid communication With the static mixer, Whereby the 
mixed ?uid is atomized to form droplets, and a dryer 
Wherein the droplets are dried to form dry particles. In some 
embodiments of the apparatus of the present invention, the 
atomizer comprises an internal mixing nozzle, e.g., a single 
hole nozzle or a six-hole nozzle. In other aspects of the 
invention, a sheeting action nozzle or a pressure nozzle may 
also be used. 

[0022] In yet another aspect of the present invention, a 
method for preparing a dry poWder composition is provided. 
In such a method, a hydrophilic component and a hydro 
phobic component are prepared, one of Which comprises an 
active agent. The hydrophobic and hydrophilic components 
are combined in a static mixer to form a combination. The 
combination is atomized to produce droplets, Which are 
dried to form dry particles. In a preferred aspect of this 
method, the atomizing step is performed immediately after 
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the components are combined in the static mixer. In another 
preferred aspect of this method, the hydrophilic component 
comprises an active agent that may include, for example, 
insulin, albuterol sulfate, L-DOPA, humanized monoclonal 
antibody (for example, IgG1), human groWth hormone 
(hGH), epinephrine, and ipatropium bromide monohydrate. 

[0023] In a further aspect of the present invention, a 
method for preparing a dry poWder composition is provided. 
In such a method, ?rst and second components are prepared, 
one of Which comprises an active agent. The ?rst and second 
components are combined in a static mixer to form a 
combination. The ?rst and second components are such that 
combining them causes degradation in one of the compo 
nents. In a preferred aspect, the active agent is incompatible 
With the other component. The combination is atomized to 
produce droplets that are dried to form dry particles. In a 
preferred aspect of such a method, the ?rst component 
comprises an active agent dissolved in an aqueous solvent, 
and the second component comprises an excipient dissolved 
in an organic solvent. 

[0024] In yet a further aspect of the present invention, a 
method for preparing a dry poWder composition is provided. 
In such a method, a ?rst phase is prepared that comprises 
human groWth hormone, sodium phosphate, and ammonium 
bicarbonate. A second phase is prepared that comprises 
ethanol. The ?rst and second phases are combined in a static 
mixer to form a combination. The combination is atomized 
to produce droplets that are dried to form dry particles. In 
another aspect of such a method, the second phase further 
comprises 1,2-dipalmitoyl-sn-glycero-3-phosphatidylcho 
line (DPPC). In a further aspect of such a method, the 
resulting dry particles consist essentially of about 93% 
human groWth hormone and about 7% sodium phosphate by 
Weight of total human groWth hormone and sodium phos 
phate. In still a further aspect of such a method, the resulting 
particles consist essentially of about 79% human groWth 
hormone, about 7% sodium phosphate, and about 14% 
DPPC by Weight of total human groWth hormone, sodium 
phosphate, and DPPC. 

[0025] In still a further aspect of the present invention, a 
method for preparing a dry poWder composition is provided. 
In such a method, a hydrophilic component is combined 
With an organic solvent in a static mixer to form a combi 
nation. The combination is atomized to produce droplets that 
are dried to form dry particles. In a preferred aspect of such 
a method, the hydrophilic component comprises an active 
agent. In a further aspect of such a method, the hydrophilic 
component further comprises an excipient. 

[0026] In yet a further aspect of the present invention, an 
apparatus for preparing a dry poWder composition is pro 
vided. The apparatus includes a static mixer having an inlet 
end and an outlet end. The static mixer is operative to 
combine an aqueous component With an organic component 
to form a combination. Means are provided for transporting 
the aqueous component and the organic component to the 
inlet end of the static mixer. An atomizer is in ?uid com 
munication With the outlet end of the static mixer to atomize 
the combination into droplets. The droplets are dried in a 
dryer to form dry particles. In one aspect of the present 
invention, the atomizer is a rotary atomizer. Such a rotary 
atomizer may be vaneless, or may contain a plurality of 
vanes. In a further aspect of the present invention, the 
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atomizer is a tWo-?uid mixing nozzle. Such a tWo-?uid 
mixing nozzle may be an internal mixing nozzle or an 
external mixing nozzle. In one aspect of the present inven 
tion, the means for transporting the aqueous and organic 
components are tWo separate pumps. Alternatively, a single 
pump could be used. In a further aspect, the apparatus also 
includes a geometric particle sizer that determines a geo 
metric diameter of the dry particles, and an aerodynamic 
particle sizer that determines an aerodynamic diameter of 
the dry particles. 

[0027] In still a further aspect of the present invention, a 
method for preparing dry particles having a selected volume 
median geometric diameter is provided. Such a method 
comprises: 

[0028] drying atomized liquid droplets to form dry 
particles; 

[0029] 
[0030] measuring a measured mass median aerody 

namic diameter (dam) of the dry particles; 

selecting a particle density (p); 

[0031] measuring a measured volume median geo 
metric diameter (dgm) of the dry particles; 

[0032] calculating a calculated volume median geo 
metric diameter (dgc) from the particle density and 
the measured mass median aerodynamic diameter 
from the equation dam=dg°V5; and 

[0033] adjusting the particle density until the calcu 
lated volume median geometric diameter is substan 
tially equal to the measured volume median geomet 
ric diameter. 

[0034] In another aspect of such a method, the adjusting 
step comprises: 

0035 com arin the calculatedvolume median eo P g g 
metric diameter to the measured volume median 
geometric diameter to determine a differential; and 

[0036] responsive to the differential, changing a par 
ticle density value in an aerodynamic particle sizer. 

[0037] In still another aspect of such a method, a liquid 
feed is atomized to form the atomized liquid droplets. In a 
preferred aspect, a ?rst liquid component and a second liquid 
component are combined in a static mixer to form the liquid 
feed. 

[0038] In yet a further aspect of the present invention, a 
system for preparing dry particles having a selected geo 
metric diameter is provided. The system includes a dryer 
that dries liquid droplets to form dry particles. The system 
also includes a geometric particle sizer coupled to the dryer 
that determines a measured geometric diameter (dgm) of the 
dry particles. The system also includes an aerodynamic 
particle sizer coupled to the dryer that determines a mea 
sured aerodynamic diameter (dam) of the dry particles 
responsive to a density (p) of the dry particles. A further 
component of the system is a processor coupled to the 
aerodynamic particle sizer. The processor is responsive to a 
program con?gured for calculating a calculated geometric 
diameter (dgc) from the density and the measured aerody 
namic diameter from the equation dam=dg°\/p, and adjusting 
the density until the calculated geometric diameter is sub 
stantially equal to the measured geometric diameter. In a 
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further aspect of such a system, the program is con?gured to 
carry out the adjusting by comparing the calculated geomet 
ric diameter to the measured geometric diameter to deter 
mine a differential, and, responsive to the differential, chang 
ing the density used by the aerodynamic particle sizer. In a 
further aspect of such a system, an atomizer is coupled to the 
dryer to atomize a liquid feed to form the liquid droplets. In 
still a further aspect of such a system, a static mixer is in 
?uid communication With the atomizer, the static mixer 
combining a ?rst liquid component and a second liquid 
component to form the liquid feed. 

[0039] Features and Advantages 

[0040] It is a feature of the present invention that a static 
mixer is used to combine tWo liquid components to form a 
combination that is atomized into droplets that are dried to 
form particles. The static mixer advantageously provides 
rapid and homogeneous mixing of the tWo liquid compo 
nents. This is particularly advantageous When the tWo liquid 
components are physically and/or chemically incompatible 
With each other. Because of the homogeneous mixing pro 
vided by the static mixer, the particles resulting from use of 
the apparatus and method of the present invention advanta 
geously have substantially the same composition at the 
particle scale. Amixer other than a static mixer may be used 
to achieve similar results. When the tWo liquid components 
are physically and/or chemically incompatible With each 
other, the mixture should be removed from the nonstatic 
mixer as quickly as possible in order to minimize degrada 
tion of product and then immediately atomized. 

[0041] It is a further feature of the present invention that 
the liquid feed solution to be atomized is fully mixed prior 
to atomization. The present invention also advantageously 
minimizes the time that the liquid feed solution to be 
atomized remains in its combined state prior to atomization. 

[0042] Another feature of the present invention is that it 
can be used to produce particles that contain a hydrophilic 
active agent, and hydrophilic or hydrophobic excipients. 

[0043] Another feature of the present invention is that it 
can be used to produce dry particles that are particularly Well 
adapted for inhalation into the lung, particularly the deep 
lung. As one example, the present invention advantageously 
optimizes process conditions for increasing and controlling 
particle porosity. As another example, the formulations of 
the present invention advantageously include ammonium 
bicarbonate that increases particle porosity. As yet another 
example, the present invention provides a method and 
apparatus that can be used to optimize particle size in 
real-time during the particle production process. In this 
manner, process conditions for particles of selected geomet 
ric and/or aerodynamic size can advantageously be opti 
mized using a minimal amount of material. 

BRIEF DESCRIPTION OF THE FIGURES 

[0044] The present invention is described With reference 
to the accompanying draWings. In the draWings, like refer 
ence numbers indicate identical or functionally similar ele 
ments. The left most digit(s) of a reference number indicates 
the ?gure in Which the reference number ?rst appears. 

[0045] FIG. 1A illustrates ?oW through a static mixer 

[0046] FIG. 1B shoWs a static mixer suitable for use With 
the present invention; 
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[0047] FIG. 2 illustrates one embodiment of a system of 
the present invention for producing dry particles; 

[0048] FIG. 3 shoWs a vaned rotary atomizer suitable for 
use With the present invention; 

[0049] FIG. 4A illustrates one embodiment of an internal 
mixing noZZle suitable for use With the present invention; 

[0050] FIG. 4B illustrates another embodiment of an 
internal mixing noZZle suitable for use With the present 
invention; 
[0051] FIG. 4C illustrates yet another embodiment of an 
internal mixing noZZle suitable for use With the present 
invention; 
[0052] FIG. 4D illustrates still another embodiment of an 
internal mixing noZZle suitable for use With the present 
invention; 
[0053] FIG. 4E illustrates another embodiment of a 
noZZle suitable for use With the present invention; 

[0054] FIG. 5 illustrates one embodiment of an external 
mixing noZZle suitable for use With the present invention; 

[0055] FIG. 6 illustrates an alternate embodiment of a 
system of the present invention for producing dry particles; 

[0056] FIG. 7 shoWs a How chart of one embodiment of 
a process of the present invention for optimiZing particle 
siZe; 
[0057] FIG. 8 illustrates one embodiment of a computer 
system suitable for use With the present invention; 

[0058] FIG. 9 shoWs a graph of mass median aerodynamic 
diameter (MMAD) as measured using the system and 
method of the present invention versus MMAD measured 
using a multi-stage liquid impinger (MSLI); and 

[0059] FIG. 10. shoWs a graph that illustrates the effect of 
the order of addition on soluble aggregate (dimer) levels as 
a function of ethanol concentration. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0060] OvervieW 

[0061] The present invention is directed to apparatus and 
methods for preparing dry particles. The present invention 
has particular applicability for preparing dry particles, and 
dry poWder compositions, for inhalation into the lung for 
therapeutic purposes. Particularly, preferred dry particles 
include those described and disclosed in the folloWing 
eleven applications: “Inhalable Sustained Therapeutic For 
mulations,” Appl. No. 60/366,479 (?led Mar. 20, 2002); 
“Inhalable Salmeterol and Ipratropium Compositions,” 
Appl. No. 60/366,449 (?led Mar. 20, 2002); “Inhalable 
Salmeterol and Ipratropium Compositions,” Appl. No. 
60/366,354 (?led Mar. 20, 2002); “Inhalable Salmeterol and 
Ipratropium Compositions,” Appl. No. 60/366,470 (?led 
Mar. 20, 2002); “Inhalable Salmeterol and Ipratropium 
Compositions,” Appl. No. 60/366,487 (?led Mar. 20, 2002); 
“Inhalable Salmeterol and Ipratropium Compositions,” 
Appl. No. 60/366,440 (?led Mar. 20, 2002); “hGH (Human 
GroWth Hormone) Formulations for Pulmonary Administra 
tion,” Appl. No. 60/366,488 (?led Mar. 20, 2002); “Pulmo 
nary Delivery for LevoDOPA,” Appl. No. 60/366,471 (?led 
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Mar. 20, 2002); “Inhalable Sustained Therapeutic Formula 
tions,” Appl. No. , Attorney Docket No. 2685.2034 
001 US (?led Mar. 19, 2003); “hGH (Human GroWth 
Hormone) Formulations for Pulmonary Administration,” 
Appl. No. , Attorney Docket No. 2685 .2040-001 US 
(?led Mar. 19, 2003); and “Pulmonary Delivery for 
LevoDOPA,” Appl. No. , Attorney Docket No. 
2685.2044-001 US (?led Mar. 19, 2003), the entirety of each 
of Which is incorporated herein by reference. The descrip 
tion that folloWs Will provide examples of preparing such 
dry particles. HoWever, it should be understood by one 
skilled in the art that the present invention is not limited to 
preparing dry particles, or dry poWder compositions, suit 
able for inhalation into the lung, and that dry particles for 
other purposes can be prepared. As used herein, the term 
“dry” refers to particles that have a moisture and/or residual 
solvent content such that the poWder is physically and 
chemically stable in storage at room temperature, and is 
readily dispersible in an inhalation device to form an aero 
sol. The moisture and residual solvent content of the par 
ticles can be beloW 10 Wt %, can be beloW 7 Wt %, or can 
be loWer. 

[0062] The present invention solves the problems associ 
ated With preparing dry particles that contain incompatible 
components by providing a method and apparatus that 
ensures a homogeneous mixture of the components in the 
?nished dry particle product, and improves uniformity 
among the particles themselves. As used herein, “incompat 
ible components” refers to components that may be chemi 
cally or physically incompatible With each other When in 
contact. One example of incompatible components is a 
protein in aqueous solution in Which the protein is stable, 
and an organic solution containing hydrophobic substances. 
The aqueous protein solution is incompatible With the 
hydrophobic organic solution since the organic solution Will 
cause degradation of the protein. In the method of the 
present invention, the incompatible components, such as a 
hydrophilic component and a hydrophobic component, are 
prepared and maintained separately from each other until 
just prior to the particle production process. The term 
“hydrophobic component” refers to materials that are 
insoluble or sparingly or poorly soluble in Water. Such 
compositions typically have a solubility beloW 5 mg/ml, 
usually beloW 1 mg/ml, in Water. The term “hydrophilic 
component” refers to materials that are highly soluble in 
Water. Typical aqueous solubilities of hydrophilic compo 
nents Will be greater than 5 mg/ml, usually greater than 50 
mg/ml, and can be greater than 100 mg/ml. The incompat 
ible hydrophobic and hydrophilic components are combined 
in a static mixer to form a combination that is a homoge 
neous mixture of the incompatible components. Immedi 
ately thereafter, the combination is atomiZed into droplets 
that are dried to form the dry particles. Through the use of 
the static mixer, the incompatible components can be very 
rapidly combined into a homogeneous mixture. The use of 
the static mixer signi?cantly reduces the amount of time the 
incompatible components are in contact With each other, 
thereby minimiZing or eliminating the degradation effects 
resulting from such contact. The use of the static mixer also 
ensures a complete mixing of the incompatible components 
before atomiZation so that each droplet, and thus each 
?nished dry particle, has substantially the same composition. 
Uniformity in the composition of the particles at the particle 
scale is a signi?cant factor in the ef?cacy of the dry particles 
When used for therapeutic purposes. 
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[0063] When preparing dry particles and dry powder com 
positions for inhalation, it is desirable to increase the poros 
ity of the particles so that the particles can be inhaled into the 
lung, preferably into the deep lung. The present invention 
advantageously optimiZes process conditions for increasing 
and controlling particle porosity. In a preferred embodiment 
of the present invention, an internal mixing tWo-?uid noZZle 
is used to atomiZe a liquid feed stream to form atomiZed 
droplets. In an internal miXing tWo-?uid noZZle, one or more 
gas streams impinge upon a liquid feed stream to atomiZe the 
liquid feed stream into atomiZed droplets that eXit the 
noZZle. Such a noZZle alloWs for intimate contact betWeen 
the gas (such as nitrogen) and the liquid feed stream. This 
increases the amount of gas in the liquid feed stream and the 
resulting droplets. When the droplets are dried, the exiting 
gas contributes to the porosity of the ?nished dry particles. 
Increased gas in the droplets can also be achieved through 
the use of ammonium bicarbonate, or other volatile salts, in 
the liquid feed stream. In alternative embodiments of the 
present invention, a variety of noZZle types may be used, 
including but not limited to a single-hole noZZle, a siX-hole 
noZZle, and a pressure noZZle. 

[0064] If dry particles are being produced for inhalation 
into the lung, then it is important to control the siZe of the 
particles during the production process. The particles can be 
characteriZed by aerodynamic diameter (d,) and geometric 
diameter Aerodynamic diameter can be determined 
using a “time-of-?ight” measurement system that acceler 
ates the particles being measured past tWo points. The time 
of travel is measured, and correlated to an aerodynamic siZe 
through the folloWing relationship: da=dg\/5, Where p is the 
density of the particles. A suitable device for determining 
aerodynamic diameter is an aerodynamic particle siZer, such 
as the APS Model 3321, available from TSI, Inc., St. Paul, 
Minn. Such a device measures the mass median aerody 
namic diameter (MMAD) of the particles, as Well as com 
plete particle siZe distributions (PSD). 

[0065] Laser diffraction techniques can be used to deter 
mine particle geometric diameter. One such device is the 
Insitec online particle siZer, available from Malvern Instru 
ments Ltd. The Insitec device consists of an optical sensor 
head, a signal processing unit, and a computer for instrument 
control and data collection and analysis. The Insitec device 
measures volume median geometric diameter (VMGD) of 
the particles in real-time as they are produced. In addition to 
VMGD, the Insitec device generates complete particle siZe 
distributions (PSD), Which alloWs an operator to visually 
determine the polydispersity of the particles being gener 
ated. 

[0066] Through the apparatus and method of the present 
invention, optimiZation of particle siZe is accomplished in 
real-time during particle production. In the process of the 
present invention, the density (p) of the particles is used as 
an optimiZation variable. The density of the particles is 
adjusted until the measured geometric diameter is equal to 
the geometric diameter calculated from the equation da=dg 
V5. One signi?cant advantage of this method is that the 
liquid stream to be atomiZed and dried into particles needs 
to be sprayed for only about three minutes to collect suf? 
cient data to optimiZe the process variables. This alloWs for 
the rapid screening of multiple process conditions using a 
minimal amount of material. Moreover, the total length of 
spraying time and material required is signi?cantly reduced. 
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[0067] The siZe distribution of airborne particles can be 
measured through gravimetric analysis through the use of, 
for eXample, an Andersen Cascade Impactor (ACI), Ander 
son Instruments, Smyrna, Ga. The ACI is a multi-stage 
device that separates aerosols into distinct fractions based on 
aerodynamic siZe. The siZe cutoffs of each stage are depen 
dent upon the ?oW rate at Which the ACI is operated. For the 
eXamples and discussion herein, a How rate of 60 L/min is 
used, unless indicated otherWise. 

[0068] At each stage of the ACI, an aerosol stream passes 
through a series of noZZles, and impinges upon an impaction 
plate. Particles With suf?cient inertia impact the plate, While 
those With insuf?cient inertia to impact the plate remain in 
the aerosol stream, and are carried to the neXt stage. Each 
successive stage has a higher aerosol velocity in the noZZle 
so that smaller diameter particles are collected at each 
successive stage. Particles too small to be collected on the 
last stage are collected on a collection ?lter. 

[0069] A tWo-stage ACI (ACI-2) is particularly advanta 
geous for characteriZing and optimiZing dry particles for 
inhalation. The ?rst fraction is referred to as “FPF (5 .6)”, or 
Fine Particle Fraction (5.6). This fraction corresponds to the 
percentage of particles having an aerodynamic diameter of 
less than 5.6 pm. The fraction of the particles that passes this 
stage and is deposited on the collection ?lter is referred to as 
“FPF (3.4)”, or Fine Particle Fraction (3.4). This fraction 
corresponds to the percentage of particles having an aero 
dynamic diameter of less than 3.4 pm. FPF (5.6) has been 
demonstrated to correlate to the fraction of the dry particles 
that is capable of inhalation into the lung of a patient. FPF 
(3.4) has been demonstrated to correlate to that fraction that 
is capable of reaching the deep lung of a patient. The 
foregoing correlations provide a quantitative indicator that 
can be used With the process of the present invention to 
optimiZe the production process and the resulting ?nished 
dry particles for inhalation into the lung. 

[0070] In a further embodiment, a three-stage ACI (ACI 
3) is used for particle characteriZation and optimiZation. The 
ACI-3 consists of only the top three stages of the eight-stage 
ACI and alloWs for the collection of three separate poWder 
fractions. For eXample, the ACI-3 con?guration can consist 
of 20 pm pore (stages —1 and 1) and 150 pm pore (stage 2) 
stainless steel screens Which can be saturated With methanol. 
The fraction of the poWder that passes the ?nal stage of 
ACI-3 is referred to as FPF (3.3) 

[0071] Apparatus and Methods of the Present Invention 

[0072] The apparatus and methods of the present invention 
Will noW be described With reference to the accompanying 
?gures. As Will be described beloW in more detail With 
respect to FIG. 2, a static miXer is used to combine tWo 
liquid components to form a combination. The combination 
is atomiZed to produce droplets that are dried to form dry 
particles. In one embodiment of the present invention, the 
tWo liquid components are a hydrophilic component and a 
hydrophobic component. In another embodiment, the tWo 
components are such that combining the tWo causes degra 
dation in one of the components. In yet another embodiment, 
one component is a hydrophilic component and the other 
component is an organic solvent. 


















































