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CONTROLLED HUMIDITY DRYING

The present invention relates to a process for preparation of
spray dried particles, wherein the humidity is controlled during the proc-
ess.

During the process of spray drying a liquid feedstock is atomized
into a spray of droplets, which are contacted with hot air in a drying
chamber. Evaporation of moisture from the droplets and formation of
the desired product as dry particles proceed under controlled tempera-
ture and airflow conditions. A powder of the product is continuously dis-
charged from the drying chamber and/or recovered from the exhaust
gases using a cyclone or a bag filter. Generally, the entire spray drying
process only endures for a few seconds.

In a conventional drying process a source of heat and a low rel-
ative humidity for solvents in the drying gas is all that is required for
producing a product. The presence of vapours in the drying gas in a
spray dryer or fluid bed dryer is inevitable. In a spray dryer the vapour
pressure in the drying gas results from a combination of the vapour
pressure in the inlet gas and that of the evaporated solvent(s) from the
product. In a dryer that operates with absolute dry inlet drying gas (e.g.
nitrogen) the vapour content and composition is given by the solvent
evaporated from the product.

The inlet drying gas humidity is typically kept as low as econom-
ically feasible to obtain a high drying capacity. Drying plants using air as
drying gas are frequently equipped with dehumidifiers to control the inlet
drying gas humidity. However, few have explored the possibilities of ge-
nerating special product characteristics by increasing the solvent vapors
in the drying gas above the optimal level from the perspective of drying
economy.

To obtain a certain morphology US 7,469,488 discloses spray
dried particles having specified aerodynamic characteristics. The par-
ticles are produced by atomizing a liquid feed in a drying gas having a
controlled humidity. By controlling the humidity of the inlet drying gas to
a certain dew point between -39°C and 8°C particles with a specified de-
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termined tap density or aerodynamic diameter is produced.

In view of the above, the object of the present invention is to
provide a spray drying process, wherein a detailed vapor control is made
possible, thereby generating product characteristics different from prod-
uct characteristics produced using the most economic method.

To meet this object a process is provided for the preparation of
spray dried particles, said process comprising the steps of spraying in a
chamber a liquid feed comprising one or more solvents and suspended
and/or dissolved component(s), and supplying a drying gas to the
chamber, said drying gas comprising one or more solvent vapours, each
having a certain dew point, thereby producing spray dried particles;
wherein the dew point is selected to provide a desired property of the
spray dried particles.

The drying gas may comprise any amount of solvent vapours up
to an amount corresponding to 100% relative humidity. Typically, the
amount of humidity in the inlet drying gas(ses) is above the level cor-
responding to 10% relative humidity if calculated at the temperatures
and pressures at the outlet of the drying chamber, such as above 20%.

In this text the word solvent is used for any volatile component
in the product or drying gas supplied to the drying chamber, whether the
solvent is organic, non-organic or water. Similar the term vapour refers
to this phase for any solvent. The same applies for the term humidity
and relative humidity. The word gas is used for all components that ap-
pear in their gaseous form, e.g. nitrogen, carbon dioxide, air etc.
throughout the process.

For stability reasons the maximum water content in most pro-
ducts from spray drying have to be limited, typically to below 2-5% w/w.
For common organic solvents like ethanol the maximum level is usually
lower (typically <0.5% w/w), e.g. due to health reasons. For problemat-
ic solvents like methylenchloride the maximum level is much lower (typ-
ically <0.05% w/w). Sometimes there is also a minimum requirement
for the content of solvent (often water), e.g. to maintain the correct
crystalline state or functionality. The required residual solvent levels are
frequently achieved through a post drying stage.
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By increasing the drying temperature, the end point of drying
can be driven closer towards zero content of residual solvent in the
product and/or the drying time can be reduced. This can also be
achieved by lowering the vapour pressure in the drying gas. The last op-
tion of lowering the vapour pressure in the drying gas is especially used
whenever there is an upper limit to the drying temperature (e.g. due to
temperature related product deterioration) preventing the residual sol-
vent goal to be reached simply by increasing the drying temperature.

The morphology as well as the chemical composition of the final
product will depend on the drying gas temperature, the rate of drying as
well as the ratio between the different solvents, if more than one is
present.

For some properties of particles to be obtained there may be a
minimum residual solvent requirement of one of the solvents. If this
amount is not present the process may not lead to the desired result.
Likewise, if the presence of one solvent facilitates better evaporation of
another solvent, applying more drying power may not lead to optimum
results, both with regard to drying time as well as final residual solvent
content in the product. The present invention suggests a method for ob-
taining the desired characteristics of the dried particles.

If the presence of one solvent facilitates better drying of another
solvent, drying at low temperature may encourage drying off one more
problematic solvent (e.g. an organic solvent) at the expense of the dry-
ing of a less problematic one (e.g. water). Drying at low temperature at
the outlet of the drying chamber, e.g. below 40 °C or more preferred be-
low 20 °C, will result in high relative humidities in the drying gas due to
evaporation of liquid. The same will happen when drying at elevated
pressure. In any event, some sort of post drying after spray drying may
be considered due to the short residence time in the spray dryer.

A high drying gas temperature may have negative effects on
spray dried powders, e.g. the density of the powder, by promoting the
formation of unwanted hollow particles. Increasing the drying gas hu-
midity has the opposite effect on the drying rate of the particles and will
allow the particles to shrink more during drying. In this way, more fa-
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vourable properties of the particles are achieved as expressed by com-
mon parameters within the art such as tap density, volume median
geometric diameter (VMGD), and mass median aerodynamic diameter
(MMAD).

Through control of the one or more solvent vapours it is made
possible to accurately control the particle temperature, the particle dry-
ing rate and the particle drying end point, so that desired properties of
the final product can be achieved.

The vapour phase composition of the drying gas can be con-
trolled by selective removal of vapours from the drying gas prior to its
entering the dryer and/or by addition of vapours to the drying gas prior
to its entering the dryer or even in the dryer itself. The effects can be
general if vapours are added to the drying gas prior to entering the dryer
or localized if vapours with or without gas are added inside the dryer.
Further, to effect a desired vapour phase composition of the drying gas,
the content of one or more solvents in the liquid feed may be adjusted.

The selected dew point may conveniently be adjusted prior to
the addition of an optional auxiliary gas. The auxiliary gas may be added
in some types of close-cycled system to compensate for the escape of
gas and evaporation of volatile compounds. By the addition of the aux-
iliary gas the predetermined dew point may be decreased slightly, how-
ever, usually not severely.

In one embodiment of the invention, the drying gas being sup-
plied to the drying chamber comprises one or more solvent vapours be-
ing provided with a predetermined dew point before an optional auxiliary
gas is added. In some designs two or more solvent vapours are used,
said two or more solvent vapours being provided with a common dew
point prior to the optional addition of the auxiliary gas.

Advantageously, the common dew point is provided by process-
ing the drying gas in a condenser. The condensing may take place in one
or more stages.

According to a preferred embodiment, the condenser is pre-
ceded by, combined with or replaced by a scrubber capable of adjusting

the concentration of one or more solvent vapours. The scrubbing may
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happen in one or more stages at controlled temperature conditions. The
scrubber may be a dry scrubber or a wet scrubber, the latter optionally
operating in a condensing scrubber mode.

In one embodiment of the invention, the dew point of the sol-
vent vapour is 20°C or more, preferably 30 °C or more. In another em-
bodiment the dew point of the solvent vapour is 40°C or more, prefera-
bly 50 °C or more. Operating at a high relative humidity makes it possi-
ble to extensively affect the processing of particles. In preferred aspect
water is used as the solvent vapour to form the above mentioned rela-
tive humidities.

According to a specific embodiment, the drying is delayed by in-
creasing the solvent vapour content to allow chosen properties of the
particles to be developed. By controlling the content of one or more of
the volatile components in the inlet drying gas the rate of evaporation of
said volatile component can be reduced, whereby evaporation of other
volatile components in the feed may be facilitated. Further, the liquid
temperature can be raised during the evaporation, whereby liquid phase
reactions can be accelerated and potentially be completed before the lig-
uid is evaporated. Additionally and as previously suggested particle mor-
phology can be influenced. For example, the powder and particle density
can be affected as well as the ratio between crystalline and amorphous
material in the final product.

In one embodiment, of the one or more solvents one is water.

According to a specific embodiment, a second solvent, which is
miscible with water, is also present.

In a specific embodiment, the solvent, which is miscible with
water, is an alcohol, such as methanol, ethanol, propanol, isopropanol,
t-butanol, and n-butanol, most preferred ethanol. Further water miscible
solvents include acetone, diethylether, ethyl acetate, acetonitrile and
methylethylketone.

According to an alternative embodiment, none of the solvent
vapours are aqueous.

Preferably, one or more of said non-aqueous solvents is se-

lected among perfluorocarbons, dichloromethane, chloroform, ether,
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ethyl acetate, methyl-tert-butyl ether, hexane, heptane, n-dodecane,
m-xylene, isopentene isooctane, tetrahydrofuran, dimethyl sulfoxide,
dimethylformamide, toluene, glacial acetic acid, and acetonitrile.

According to a specific embodiment, the drying gas being sup-
plied to the chamber comprises two or more solvent vapours having dif-
ferent dew points.

In this case, preferably a dew point is selected to promote the
evaporation of a solvent component from the particles being formed or
to suppress the evaporation of a solvent component from the particles
being formed. Alternatively, or in addition a dew point of a solvent va-
pour is selected to suppress the evaporation of a solvent component
from the particles being formed.

According to one embodiment, the liquid feed, which is intro-
duced into the drying chamber, comprises a solution or suspension of
biomolecules, such as proteins, monoclonal antibodies, vaccines, syn-
thetic peptides or oligonucleotides, in an organic solvent such as ace-
tonitrile or acetone, and furthermore water in an amount of 1-10%
(vol/vol), preferably 3% (vol/vol), is added to the liquid feed. The pro-
teins may be industrial enzymes like

In the following, a preferred embodiment of the invention will be
illustrated by reference to the non-limiting figure.

Figure 1 shows an embodiment of a plant for carrying out the
process according to the invention.

Referring now to the figure, the main features of the illustrated
plant are referenced by numbers as follows: 1 is feed for feeding to the
chamber 2 of a spray dryer; 3 is a cyclone for recovering a main powder
fraction 4 from the product stream leaving the spray dryer; 5 is a bag fil-
ter for recovering fines 6 from the exhaust gases received from the cy-
clone; 7 and 15 are high efficiency particulate air (HEPA) filters for re-
moving a substantial part of residual airborne particles; 8 is a con-
denser; 9 is discharged condensate of solvent; 10 is a scrubber, 14 is a
heaters; 11 is an inlet and/or discharge for auxiliary gas; 13 is a fan; 16
is a pipe for addition of solvent and/or solvent vapour to the stream of
drying gas prior to its entrance into the chamber of the spray dryer; 17
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is a pipe for addition of solvent and/or solvent vapour/gas to a specific
location within the spray dryer; 18 is a pipe for supplying additional dry-
ing gas.

An overall description of a preferred embodiment of the process
according to the invention will now be given.

A feed stream 1 to be processed is received in the drying cham-
ber 2 of a closed cycle spray dryer using an inert drying gas. Upon sepa-
ration of the main powder fraction 4 and the fraction of fines 6 in the cy-
clone 3 and the bag filter 5, respectively, the stream of drying gas is
passed through the HEPA filter 7 such as to arrive at the condenser 8,
from which condensed solvent 9 may be removed. After passing through
the condenser 8 the gas stream is treated in the scrubber 10, wherein its
content of solvents is adjusted by selective removal or addition of gas
stream components. In the alternative the scrubber 10 may be posi-
tioned prior or the condenser 8.

In the present embodiment a first solvent originates from the
feed material, while a second solvent is added as a co-solvent to pro-
mote evaporation of the first solvent. Thus, the scrubber is operated
such as to selectively trap vapour of the first solvent. The pressure in the
cyclic drying system is maintained by additional supply of the auxiliary
gas at the inlet 11 as required. With the aid of pipe 16 additional quanti-
ties of the second solvent is added to the stream of drying gas prior to
its entrance into the chamber of the spray dryer, aiming for a pre-
established optimum dew point, at which the net effect of the second
solvent as an aid-solvent to promote the evaporation of the first solvent
is most pronounced.

Alternatively, the steps of condensing and scrubbing might have
been interchanged by making use of a wet scrubber operating in a con-
densing scrubber mode, or the scrubber 12 might have been interposed
in an alternative position between the HEPA filter 7 and the condenser 8.
Moreover, if operating the plant in a non-cyclic mode, drying gas would
have been supplied to the plant at an immediately upstream position
relative to the condenser 8 and possibly the scrubber 12 in said alterna-

tive position, whereas gas exhaust from the plant would take place at a
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position just downstream the HEPA filter 7.

In another operation, the drying system might have been run
with a feed and drying gas presenting a single predominant solvent. The
dew point of the solvent vapour is managed by condensation and/or
scrubbing and/or addition of further solvent in order to attain optimum
properties of the resultant particles, e.g. with regard to density, mor-
phology and residual solvent content. The addition of further solvent
might happen through the pipe 17, so that the solvent vapour is re-
leased directly into the spraying chamber, possibly to a confined area
around the spray nozzle with a view to enhanced suppression of drying
in this zone. The choice of an appropriate dew point and solvent is in-
formed by preceding drying trials, e.g. drying kinetics simulation with
the computerized drying model DRYNETICS™ (GEA Niro) assisted by the
DRYING KINETICS ANALYZER™ (GEA Niro), where a droplet of the feed
in question is suspended in an ultrasonic field and dried under well-

defined conditions.

According to a further aspect of the present invention, the proc-
ess for the preparation of spray dried particles comprises the steps of:

a. spraying in a chamber a liquid feed comprising a solvent mix-
ture and suspended and/or dissolved component(s),

b. supplying a drying gas to the chamber

c. allowing the sprayed liquid feed to interact with the drying

gas,

d. collecting the at least partly dried particles, and

e. discarding or recycling the spend drying gas,

wherein the solvent mixture comprises a main solvent and a co-
solvent.

Embodiments, wherein a second solvent is added as a co-
solvent to promote evaporation of a first solvent have important applica-
tion in the processing of biomolecules, e.g. for biopharmaceutical appli-
cations. For instance, when spray drying a feed of proteins in acetone
with a small amount of water, it is possible to preferentially remove the

more volatile organic solvents by varying the amount of water in the
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feed and processing at low temperature, e.g. with an outlet temperature
in the range of -10 to 40 °C. For other products it may be possible to
operate in the range of -10 to 80°C, especially when the biomolecules is
less sensitive. A key point in this situation is that polar organic solvents
can bind to the same hydrophilic sites on the protein as the polar water
molecules, and once they are bound they cannot be removed. To avoid
this, adding water as a co-solvent to the feed allows the organic solvents
to be driven off faster as they are more volatile, while the water mole-
cules protect the hydrophilic sites from having an organic solvent mole-
cule bind to them. Thus, the residual contents of water and organic sol-
vent in the powders may be tuned by varying both the relative amount
of water in the feed suspension and the outlet temperature of the spray
drying process.

Within the biomolecule area, the process may e.g. be relevant
for solutions of recombinant proteins, monoclonal antibodies, vaccines,
synthetic peptides and oligonucleotides in organic solvents such as ace-
tonitrile or acetone which are both polar solvents and miscible with wa-
ter, which is an important point in this context. Conventional spray dry-
ing of these temperature-sensitive macromolecules typically results in 2
or 3% residual solvent in the powders, until a sufficiently high outlet
temperature of 70°C or higher is reached, at which temperature the mo-
lecules are typically denatured. This means that the acceptable limit for
residual organic solvent cannot be met using conventional spray drying,
because the organic solvents bind to the hydrophilic sites on the mole-
cule, and increasing heat does not drive off additional solvent.

A great deal of linear peptide synthesis, for example, is either
carried out in organic solvents or may include a final rinsing step with an
organic solvent cocktail, which may then be lyophilized. In the lyophili-
zation process, it is possible to reduce the organic solvent to a sufficient-
ly low level using vacuum, but in conventional spray drying the same
low level cannot be achieved as this is normally performed near atmos-
pheric pressure. Accordingly, where conventional spray drying is failing
as the organic solvents bind to the macromolecules, and higher temper-
atures denature the macromolecules, operating according to a specific
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embodiment of the invention by adding a co-solvent, such as water to
the feed and instead spray drying at a relatively low temperature results
in much lower and acceptable residual organic solvent levels, and resi-
dual water levels in the range of 1-4%.

This technique is relevant to the synthetic peptide industry but
also when it comes to traditional biotech proteins and emerging oligo-
nucleotides and SiRNA molecules, which are very large macromolecules
with various hydrophilic/hydrophobic domains. As these are typically
very unstable in the liquid organic solvent mixture, the solution can ra-
pidly be spray dried by adding tunable small amounts of water which will
attach to the hydrophilic domains allowing the spray drying process to
preferentially drive off the more volatile polar organic solvents at tem-
peratures low enough that the macromolecule is not denatured.

The invention may be applied on microorganisms, which is se-
lected from the group comprising bacteria, virus, yeast, fungus and al-
gae to obtain dried particles including these microorganisms.

The present invention is also useful in the formulation of a solid
dispersion comprising a hydrophilic polymer and a bioactive compound
having low aqueous solubility and dissolution rate. The solid dispersion
improves the solubility and dissolution rate of the bioactive compound
having low aqueous solubility and dissolution rate, such as BCS Class II
or Class IV drug compounds. BCS (Biopharmaceutics Classification Sys-
tem) is a guide for predicting the intestinal drug absorption provided by
the U.S. Food and Drug Administration. BCS restricts the prediction us-
ing the parameters solubility (high/low) and intestinal permeability
(high/low). BCS Class II compounds have high permeability and low so-
lubility, whereas BCS Class IV compounds have low permeability and low
solubility.

In a certain aspect of the invention the bioactive compound is
dissolved or suspended in a liquid feed together with a hydrophilic poly-
mer, which includes polymers well known in pharmaceutical composi-
tions e.g. a polymer selected among the group consisting of hydroxy-
propyl methylcellulose (HPMC), hydroxypropylmethylcellulose acetate
succinate (HPMCAS), polyvinylpyrrolidone (PVP), and vinylpyrrolidone-
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vinyl acetate copolymers. The spray dried dispersion formulation may
also contain surfactants (e.g. poloxamer or polyethylene glycol) and flow
aiding agents (e.g. fumed silica). The solvent of the liquid feed may be
an organic solvent containing a minor amount of water, such as 1-10%
(vol/vol) water.

The spray dried particles resulting from any of the processes
disclosed herein may be post-processed, including post-drying, post-
cooling, post-crystallisating, and any combination thereof. The post-
drying may be performed in a fluid bed.

The particles produced according to the process described above
may be useful within various industries including the pharmaceutical,

food, diary, and chemical industry.

Examples
Polymerisation of para-formaldehyde

In the process of spray congealing/drying of para-formaldehyde
a final polymerization takes place after the atomization of the feed into
droplets. Here, it is very important to control the temperature of the
droplets before they dry out to allow for the final polymerization to take
place. If the air humidity is too low, it turns out that the molecular chain
length becomes inadequate. Conversely, by controlling the inlet and out-
let humidity of the process air so that the relative humidity of the outlet

air is around 50% a fully satisfactory polymerization is attained.

Co-solvent-aided drying

The presence of certain second solvents is observed to promote
the drying of certain first solvents. Accordingly, the residual level of the
first solvent in the dried product is lower if a suitable second solvent is
present during otherwise identical drying conditions. However, prema-
ture drying off of the solvent meant to aid the drying may prevent the
desired result. If the vapour composition in the drying gas is optimized
(most frequently impossible in traditional dehumidifiers and condensers)
to retain a specific level of second aid-solvent(s) in the product, while at
the same time good conditions are provided for the evaporation of the
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more persistent first solvent(s), optimum results are achieved.

Bovine serum albumine or salmon calcitonin in a solution of
acetone or acetonitrile together with water in an amount of 3 % (vol/vol)
is fed into a drying chamber. Due to this procedure, a sufficiently low
level of organic solvent in the final product can be attained while still op-
erating at a modest temperature, which is harmless to the protein in
question. In addition, a fully acceptable residual water content in the

range of 1-4% is also accomplished.
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PATENT CLAIMS

1. A process for the preparation of spray dried particles, com-
prising the steps of:

a. spraying in a chamber a liquid feed comprising one or more
solvents and suspended and/or dissolved component(s),

b. supplying a drying gas to the chamber, said drying gas com-
prising one or more solvent vapours having a certain dew point,

c. allowing the sprayed liquid feed to interact with the drying
gas,

d. collecting at least partly dried particles, and

e. discarding or recycling spend drying gas,

wherein the dew point(s) of the one or more solvent vapours is
selected to provide a desired property of the spray dried particles.

2. The process according to claim 1, wherein the drying gas be-
ing supplied to the drying chamber comprises one or more solvent va-
pours being provided with a predetermined dew point before an optional
auxiliary gas (11) is added.

3. The process according to claim 1 or 2, wherein the drying
gas being supplied to the drying chamber comprises two or more sol-
vent vapours being provided with a predetermined common dew point
before an optional auxiliary gas is added.

4. The process according to claim 3, wherein the common dew
point is provided by processing the drying gas in a condenser.

5. The process according to claim 4, wherein the condenser is
combined with or replaced by a scrubber capable of adjusting the con-
centration of one or more solvent vapours.

6. The process according to any one of the preceding claims,
wherein the dew point of the solvent vapour is 20 °C or more, prefera-
bly 30°C or more.

7. The process according to any one of the preceding claims,
wherein the dew point of the solvent vapour is 40 °C or more, prefera-
bly 50°C or more.

8. The process according to any one of the preceding claims,
wherein the drying rate is reduced by increasing the solvent vapour con-
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tent to allow chosen properties of the particles to be developed.

9. The process according to any one of the preceding claims,
wherein one of the solvents is water.

10. The process according to any one of the preceding claims,
wherein a second solvent is miscible with water.

11. The process according to claim 10, wherein the solvent mis-
cible with water is selected from the group consisting of an alcohol, such
as methanol, ethanol, propanol, isopropanol, t-butanol, and n-butanol;
acetone; diethylether; ethyl acetate; acetonitrile; and methylethylketon.

12. The process according to any one of the preceding claims,
wherein a second solvent is immiscible with water.

13. The process according to any one of claims 1 to 8, wherein
none of the solvent vapours are aqueous.

14. The process according to claim 13, wherein one or more of
the non-aqueous solvents is selected from the group consisting of per-
fluorocarbons, dichloromethane, chloroform, ether, ethyl acetate,
methyl-tert-butyl ether, hexane, heptane, n-dodecane, m-xylene,
isopentene isooctane, tetrahydrofuran, dimethyl sulfoxide, dimethylfor-
mamide, toluene, glacial acetic acid, and acetonitrile.

15. The process according to any one of claims 1 to 14, wherein
the drying gas being supplied to the chamber comprises two or more
solvent vapours having different predetermined dew points.

16. The process according to claim 15, wherein a dew point is
selected to promote the evaporation of a solvent component from the
particles being formed.

17. The process according to claim 15, wherein a dew point is
selected to suppress the evaporation of a solvent component from the
particles being formed.

18. The process according to any of claims 1 to 17, wherein the
liquid feed comprises a bioactive compound having a low aqueous solu-
bility and dissolution rate, and a hydrophilic polymer.

19. The process according to claim 18, wherein the liquid feed
contains a mixture of organic solvent and 1-10 %(vol/vol) of water.

20. The process according to claims 18 or 19, wherein the bio-
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active compound is selected among the group consisting of BCS Class II
and Class IV drug compounds.

21. The process according to claim 18, wherein the hydrophilic
polymer is selected among the group consisting of
hydroxypropylmethylcelluloses and polyvinylpyrrolidones.

22. The process according to any of the claims 1 to 21, wherein
the liquid feed comprises a solution of biomolecules in an organic sol-
vent, and wherein water in an amount of 1-10% (vol/vol) is furthermore
added to the liquid feed.

23. The process according to claim 22, wherein the biomolecule
is selected among the group consisting of proteins, monoclonal antibod-
ies, vaccines, peptides and oligonucleotides.

24. The process according to any of the claims 18 to 23,
wherein the organic solvent is acetonitrile, ethanol, or acetone.

25. The process according to any of the claims 18 to 24,
wherein the amount of water is 1.5 to 5 %(vol/vol).

26. A process for the preparation of spray dried particles, com-
prising the steps of:

a. spraying in a chamber a liquid feed comprising a solvent
mixture and suspended and/or dissolved component(s),

b. supplying a drying gas to the chamber

c. allowing the sprayed liquid feed to interact with the drying
gas,

d. collecting the at least partly dried particles, and

e. discarding or recycling the spend drying gas,

wherein the solvent mixture comprises a main solvent and a co-
solvent.

27. The process according to claim 26, wherein the co-solvent
is water.

28. The process according to claim 26 or 27, wherein the co-
solvent is present in an amount of 0.5-30% (vol/vol).

29. The process according to claim 28, wherein the co-solvent
is present in an amount of 1-10% (vol/vol).

30. The process according to any of the claims 26 to 29,
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wherein the amount of water is 1.5 to 5 %{(vol/vol).

31. The process according to any of the claims 26 to 30,
wherein the main solvent is more volatile than the co-solvent.

32. The process according to any of the claims 26 to 31, where-
in the main solvent is acetonitrile, ethanol, or acetone.

33. The process according to any of the claims 26 to 32,
wherein the temperature of the spent drying gas is in the range of
-10°C to 80°C.

34. The process according to any of the claims 26 to 33,
wherein the temperature of the spent drying gas is in the range of
-10°C to 40°cC.

35. The process according to any of the claims 26 to 34,
wherein the spray dried particles include a bioactive compound having a
low aqueous solubility and dissolution rate, and a hydrophilic polymer.

36. The process according to any of the claims 26 to 35,
wherein the spray dried particles include a biomolecule selected among
the group consisting of proteins, peptides, mono- or polyclonal antibod-
ies, nucleotides, microorganims, and biopharmaceutical macromolecules
in general.

37. The process according to claim 36, wherein microorganism
is selected from the group comprising bacteria, virus, yeast, fungus and
algae.

38. The process according to claim 36, wherein the biomolecule
comprises a protein selected from the group comprising enzymes and
hormones.

39. The process according to claim 36, wherein the biomolecule
is a nucleotide selected from the group consisting of synthetic oligonu-
cleotides and SiRNA molecules.

40. The process according to any of the claims 1 to 39, wherein
the residual water level of the spray dried particles is in the range of 1-
4%.

41. The process according to any of the claims 1 to 40, wherein
the spray dried particles are post-dried.

42. The process according to claim 41, wherein the post-drying
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-25

A process for the preparation of spray dried particles,
comprising the steps of:

a) spraying in a chamber a liquid feed comprising one or
more solvents and suspended and/or dissolved component(s),
b) supplying a drying gas to the chamber, said drying gas
comprising one or more solvent vapours having a certain dew
point,

c) allowing the sprayed liquid feed to interact with the
drying gas,

d) collecting at least partly dried particles, and

e) discarding or recycling spend drying gas,

wherein the dew point(s) of the one or more solvent vapours
is selected to provide a desired property of the spray dried
particles.

2. claims: 26-42

A process for the preparation of spray dried particles,
comprising the steps of:

a) spraying in a chamber a Tiquid feed comprising a solvent
mixture and suspended and/or dissolved component(s),

b) supplying a drying gas to the chamber

c) allowing the sprayed liquid feed to interact with the
drying gas,

d) collecting the at least partly dried particles, and

e) discarding or recycling the spend drying gas, wherein the
solvent mixture comprises a main solvent and a cosolvent.
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