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ROTARY DRUM FOR USE IN A VACUUM FREEZE-DRYER 

Technical Field 

10 The invention relates to the general field of freeze-drying of, for example, pharmaceuticals, 
biopharmaceuticals, and vaccines, and other high-valued goods. More specifically, the in­
vention relates to a rotary drum for use in a vacuum freeze-dryer for the bulkware produc­
tion of freeze-dried particles. 

15 Background of the Invention 

Freeze-drying, also known as lyophilization, is a process for drying high-quality products 
such as, for example, pharmaceuticals, biological materials such as proteins, enzymes, mi­
croorganisms, and in general any thermo- and/or hydrolysis-sensitive materials. Freeze-

20 drying provides for drying of the target product via sublimation of ice crystals into water 
vapor, i.e., via the direct transition of at least a portion of the water content of the product 
from the solid phase into the gas phase. 

Freeze-drying processes in the pharmaceutical area may be employed, for example, for the 
25 drying of drugs, drug formulations, Active Pharmaceutical Ingredients ("APIs"), hor­

mones, peptide-based hormones, carbohydrates, monoclonal antibodies, blood plasma 
products or derivatives thereof, immunological compositions including vaccines, therapeu­
tics, other injectables, and in general substances which otherwise would not be stable over 
a desired time span. In order for a freeze-dried product to be stored and shipped, the water 

30 (or other solvent) has to be removed prior to sealing the product in vials or containers for 
preserving sterility and/or containment. In the case of pharmaceutical and biological prod­
ucts, the lyophilized product may be re-constituted later by dissolving the product in a suit­
able reconstituting medium (e.g., pharmaceutical grade diluent) prior to administration, 
e.g., injection. 

35 

A freeze-dryer is generally understood as a process device employed in a process line for 
the production of freeze-dried particles such as granules or pellets with sizes ranging typi­
cally ranging from several micrometers to several millimeters. Freeze-drying may be per­
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formed under arbitrary pressure conditions, e.g., atmospheric pressure conditions, but may 
efficiently (in terms of drying time scales) be performed under vacuum conditions (i.e., 
defined low-pressure conditions). 

5 Drying the particles as bulkware may generally provide for a higher drying efficiency than 
drying the particles after filling into vials or containers. Various approaches for (bulk) 
freeze-dryer designs comprise employing a rotary drum for receiving the particles. The 
effective product surface may be increased by the rotating drum which may lead, in turn, to 
an accelerated mass and heat transfer as compared to drying the particles in vials or as 

10 bulkware dried in stationary trays. Generally, bulk drum-based drying can lead to homoge­
neous drying conditions for the entire batch. 

DE 196 54 134 C2 describes a device for freeze-drying products in a rotatable drum. The 
drum is filled with the bulk product and is slowly rotated in order to achieve a steady heat 

15 transfer between product and inner wall of the drum. The inner wall of the drum can be 
heated by a heating means provided in the annular space between the drum and a chamber 
housing the drum. Cooling can be achieved by a cryogenic medium inserted into the annu­
lar space. The vapor released by sublimation from the product is drawn off the drum. In 
this approach a vacuum is provided inside the drum, which leads to a complex mechanical 

20 configuration wherein, for example, a vacuum pump has to be connected in a vacuum-tight 
manner (vacuum-sealed) to the interior of the rotating drum. Further, any equipment (or 
supply lines thereto) related to cooling, heating, sensing of process conditions, cleaning, 
and sterilization has to be adapted to preserve the vacuum-tight property of the rotary 
drum. 

25 
For efficient freeze-drying under vacuum conditions, sublimation of vapor from the parti­
cles may include maximizing effective product surface area by rotation of a drum and be 
further promoted by providing, for example, optimized process conditions for the particles. 
For example, a heating mechanism may be provided in the chamber and/or drum to keep 

30 the temperature near an optimum value during freeze-drying. 

One of the problems that can occur during efficiently driven freeze-drying processes is that 
the escaping vapor when drawn out of the drum / process chamber can attain detrimentally 
high velocities. In fact, the flow of escaping sublimation vapor may cause "choked flow 

35 conditions" (also sometimes referred to as "choke flow conditions"), wherein the velocity 
of the escaping vapor approaches a physically determined fixed maximum value, i.e., be­
comes choked, as it leaves the drum. However, in many instances the interaction between 
the vapor flow and the particles in the drum gets stronger as the particles become smaller. 
As a consequence, for pellets or granules in the sub-millimeter size range the interaction 
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becomes powerful enough that the escaping vapor at or near choked flow conditions can 
sweep an undesirably large fraction of the productout of the drum. Besides negatively af­
fecting production efficiency in terms of lost product, problems associated with bulk dry­
ness may occur such as insufficiently dried particles carried out of the drum subsequently 

5 mixed during discharging with the sufficiently dried particles. Problems with cleaning 
and/or sterilization can also occur. 

Some of these problems can be ameliorated by decreasing the velocity (or mass) of the 
vapor flow, and thereby the momentum which is transferred to particles crossing the flow 

10 inside the rotating drum. However, such approachs generally come at the cost of substan­
tially decreasing drying efficiency in terms of drying times. For example, measures such as 
adapting the vacuum conditions to reduce the escape velocities of the vapor, controlling a 
lower temperature within the process volume, and/or reducing the effective product surface 
by slowing down the rotation of the drum, all tend to lengthen the time required to obtain 

15 the desired level of product dryness. 

Summary of the Invention 

It is one object of the present invention to provide a freeze-dryer design wherein at least 
20 one open rotary drum is housed inside at least one vacuum chamber. The present invention 

contemplates that this design approach provides efficient freeze-drying of sub-millimeter 
sized particles in terms of decreased drying times while minimizing the loss of particles 
from the drum due to momentum transfer of the escaping sublimation vapor. 

25 According to one embodiment of the invention, a rotary drum for use in a vacuum freeze-
dryer for the bulkware production of freeze-dried particles is provided. The drum is in 
open communication with the vacuum chamber and optionally comprises a main section 
terminated by front and rear plates. In preferred embodiments, the rear plate is adapted for 
connection with a rotary supporting shaft for rotary support of the drum. Further, the rear 

30 plate is permeable for sublimation vapor from freeze-drying the particles. 

As used herein, the term "production" includes, but is not limited to, the production or pro­
cessing of freeze-dried particles for commercial purposes, but also includes production for 
development purposes, test purposes, research purposes, and for the submission of data to 

35 any regulatory body or organization and the like. In particular embodiments, the processing 
of particles in the drum comprises at least the steps of loading the particles to be dried into 
the drum, freeze-drying the particles in the drum, and unloading the dried particles from 
the drum. The particles can comprise granules or pellets, wherein the term "pellets" prefer­
ably refers to particles with a tendency to be round, while the term "granules" preferably 
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refers to irregularly formed particles. In one example, the particles may comprise micropel­
lets, i.e., pellets with sizes in the micrometer range. According to one specific example, a 
freeze-dryer is adapted for the production of essentially round freeze-dried micropellets 
with a mean value for the diameters thereof selected from within a range of about 200 to 

5 800 micrometers (|im), and preferably with a narrow particle size distribution of about, for 
example, ± 50 jxm around the selected value. 

The term "bulkware" as used herein, can be broadly understood as referring to a system or 
ensemble of particles which contact each other, i.e. the system comprises multiple parti-

10 cles, microparticles, pellets, and/or micropellets. For example, the term "bulkware" may 
refer to a loose amount of pellets constituting at least a part of a product flow, for example, 
a batch of a product to be processed in a process device such as a freeze-dryer or a process 
line including the freeze-dryer, wherein the bulkware is loose in the sense that it is not 
filled in vials, containers, or other recipients for carrying or conveying the particles / pel-

15 lets within the process device or process line. A similar meaning holds true for the term 
"bulk". 

The bulkware described herein will normally refer to a quantity of particles (pellets, etc.) 
exceeding a (secondary or final) packaging or dose intended for a single patient. The quan-

20 tity of bulkware may relate to a primary packaging,for example, a production run may 
comprise production of bulkware sufficient to fill one or more Intermediate Bulk Contain­
ers (IBCs). 

A freeze-dryer is generally understood as a process device which in turn is a device provid-
25 ing a process volume, within which process conditions such as pressure, temperature, hu­

midity (i.e., vapor-content, often water vapor, more generally vapor of any sublimating 
solvent) etc., are controlled to achieve desired values for a freeze-drying process over a 
prescribed time span (e.g., a production run). Specifically, the term "process conditions" is 
intended to refer to temperature, pressure, humidity, etc., in the process volume, wherein a 

30 process control may comprise controlling or driving such process conditions inside the 
process volume according to a desired process regime, for example, according to a time 
sequence of a desired temperature profile and/or pressure profile. While the "closed condi­
tions" (sterile conditions and/or containment conditions) also are subject to process control, 
these conditions are discussed herein in many cases explicitly and separately from the oth-

35 er process conditions indicated above. 

The desired process conditions can be achieved by controlling process parameters by 
means of implementing heating and/or cooling equipment, vacuum pumps, condensers, 
and the like. In some embodiment, the freeze-dryer can further be adapted to provide oper­
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ation under closed conditions (sterility and/or containment). Generally, a production under 
sterile conditions means that no contaminants from the environment can reach the product. 
Production under conditions of containment means that neither the product, nor elements 
thereof including, but not limited to, excipients and the like, leave the process volume and 

5 reach the environment. 

As used in certain of these embodiments, the conditions of containment and/or sterility are 
understand to include conditions of relative containment and/or sterility; such that a rela­
tive measure of product sterility is achieved, as determined by routine assays and testing 

10 procedures in view of the final product specifications for minimum and maximum contam­
inant levels. Moreover, for any specific device / process line, the terms "sterility" ("sterile 
conditions") and "containment" ("contained conditions") are to be understood as required 
by the applicable regulatory requirement for that specific case. For example, "sterility" 
and/or "containment" may be understood as defined according to Good Manufacturing 

15 Practice ("GMP") requirements and the like. 

According to various embodiments, the drum is adapted for use within a vacuum chamber 
of the freeze-dryer. The vacuum chamber may comprise a confining wall which provides 
hermetic enclosure, i.e., hermetic separation or isolation, of the confined process volume 

20 from an environment (thereby defining the process volume). The drum can be arranged 
entirely inside the process volume. 

In some embodiments, the drum is generally open, i.e., the portion of the process volume 
internal to the drum is in open communication with that portion of the process volume ex-

25 ternal to the drum. Process conditions such as pressure, temperature, and/or humidity tend 
to equalize between the internal and external process volume portions. In particular, any 
pressure differences between the internal and external volumes will be limited. Therefore, 
the drum is not limited to particular forms or shapes typically known for example for pres­
sure vessels. Therefore, the front plate and/or rear plate can be of generally conical or 

30 dome-like form, e.g., may be formed as a dished dome or cone, or can be of any other form 
appropriate for a particular employment scenario. The drum main section can be of a gen­
eral shape appropriate for carrying the particles, for example, a generally cylindrical shape. 

With regard to a bulk product flow into and out of the drum and freeze-dryer, generally the 
35 following notation is adhered to "charging / discharging" relates to a flow of particles into / 

out of a freeze-dryer, while "loading / unloading" relates to a flow of particles into/ out of 
the drum. However, in some embodiments and in some Figures an opening at/on the drum 
provided for loading / unloading is also referred to as a "charging / discharging opening". 
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In some embodiments, the rotary supporting shaft and a driving mechanism for the shaft 
are arranged entirely inside the freeze-dryer, e.g., the vacuum chamber. This configuration 
avoids the shaft traversing through the confining wall of the vacuum chamber. This is con­
templated to avoid much of the complexity and problems with sealing the driving mecha-

5 nism against the process volume such as the potential for pollution due to attrition, etc. 
Alternatively, the rotary supporting shaft traverses the confining wall, such that the driving 
mechanism is arranged outside the process volume (vacuum chamber). In the latter ap­
proach, the traversal of the supporting shaft is sealed, for example, by means of one or 
more vacuum traps in order for maintaining closed conditions inside the process volume 

10 (vacuum chamber). 

"Permeability" may be understood as being permeable for sublimation vapor (in general 
water vapor, and/or any other vapor of solvent), wherein the smallest opening allowing the 
traversal of vapor and therefore providing "permeability" may be seen as an opening of a 

15 size at or above the sizes of the molecules or other constituents of the vapor. For practical 
reasons one may consider the smallest reasonable opening (in a mesh, fabric, or similar 
material) of a size where a viscosity of the vapor does not play a considerable role in pre­
venting traversal of the vapor. In order to provide suitable particle-retaining capability of 
the chosen material, the openings in the material should be smaller than the minimum size 

20 range of the (desired or theoretical size) particle distribution. 

According to various embodiments, both rear and front plates are permeable for sublima­
tion vapor. In some embodiments, the front plate, for example, comprises one or more 
charging opening(s) for charging and optionally discharging the particles. In these or other 

25 embodiments, the rear plate is additionally, or alternatively, involved in charging and/or 
discharging. For example, charging (loading) can be achieved via one or more openings in 
the front plate, and discharging (unloading) can be achieved via one or more openings in 
the back plate. While in some other embodiments, such charging / discharging opening(s) 
can be designed to be impermeable to sublimation vapor, in other embodiments the perme-

30 ability of the front (and/or rear) plate to sublimation vapor is achieved at least in part via 
the actual aperture of the charging / discharging opening. 

In preferred embodiments, the permeability of at least one of the rear plate and front plate 
is adapted so as to avoid choked flow limitations during a freeze-drying process. If condi-

35 tions of choked flow limitation (or "choke flow limitation") occur, this means that a veloci­
ty (or mass flow rate) of sublimation vapor drawn out of the drum by a vacuum pump ap­
proaches its physically allowed maximum value. For particles in the micrometer range, 
when vapor velocities approach choke flow conditions (i.e., choke flow conditions have 
not yet or not yet fully been established), generally the velocities are large enough to carry 
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the some microparticles out of the drum. In other words, the effect becomes increasingly 
important with decreasing size of the particles. Therefore, production of small particles 
(approaching, e.g., scales below 100 (im or even nanoscales) should be avoided and a nar­
row particle size distribution with a lower size limit is typically advantageous in this re-

5 spect. In order to avoid reducing the efficiency of the freeze-drying process, in preferred 
embodiments, the permeability of one or both of the rear plate and front plate of the drum 
is designed such that choke flow conditions can be avoided for the planned process re­
gimes. 

10 Generally, the permeability of the front and/or rear plate is chosen to maximize the open­
ing / permeable area for venting vapor from the drum and to substantially keep the parti­
cles reliably inside the drum during loading and drying including substantially keeping the 
particles inside the drum while rotating. In embodiments comprising a permeable rear 
plate, the rear plate can serve two functions: first, the plate provides for connecting to the 

15 rotary supporting shaft, and second, the plate is permeable to sublimation vapor. When 
considering how to provide a given drum with the desired permeability properties to thus 
avoid choke flow conditions, the front and rear plates of the drum are the primary struc­
tures that can be adapted in this regard, since the main section of the drum (at least in the 
case of an essentially horizontally aligned and rotating drum) is covered by product. The 

20 desired permeability of the terminating plates(front and/or rear plates) can in some embod­
iments be achieved by simply providing one or more appropriate venting holes in one or 
both of the plates. 

In cases where both the front and rear plates are permeable to sublimation vapor, in some 
25 embodiments, the permeability of the rear plate and the permeability of the front plate are 

adapted relative to each other according to the respective flow path lengths of sublimation 
vapor to a vacuum pump and/or condenser provided for maintaining the vacuum inside the 
vacuum chamber. While there are several design options for setting the relative flow path 
lengths extending through the vacuum chamber and/or condenser, e.g., the placing of an 

30 opening towards the vacuum pump, the relative permeability of the rear and front plates 
should also be considered in this respect. This feature / design option is contemplated to 
contribute to general design flexibility. For example, in the case where one of the path 
lengths is shorter than the other, the permeability of the corresponding plate can be de­
signed to be higher (more permeable) in order to avoid choke flow limitations that other-

35 wise could occur along this shorter path. 

According to various embodiments, the rear plate may comprise at least one venting hole 
for removing sublimation vapor from the rotary drum, thereby, at least in part, providing 
the desired level of permeability of the rear plate. The rear plate may, for example, com­
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prise a concentric venting hole. According to some embodiments, the permeability of the 
front and rear plates are designed to be identical. For example, in some embodiments, one 
or more venting holes as provided in the rear and front plates are identical in position and 
size. For example, the drum may be designed symmetrically, e.g., with a purely cylindrical 

5 main section. The venting hole of the front plate can at the same time serve as a charging 
and/or discharging opening. In particular embodiments, therefore, the rear plate has two 
assigned functions, namely to provide for connection to the supporting shaft, and to pro­
vide the desired permeability for escape of sublimation vapor, while the front plate has the 
two assigned functions, to provide for a charging/discharging functionality, and also to 

10 provide for a desired permeability of the vapor. Such functions can be assigned differently 
to the front and rear plates in other embodiments. For example, it is possible to assign to 
one plate only any of the functions of connecting to the supporting shaft, provide for dis­
charging, and provide for vapor permeability. In cases where all these functions are as­
signed to the rear plate, for example, the drum would form with its front plate an entirely 

15 closed and unconnected free end. Other design options are possible. 

Referring back to embodiments comprising a venting hole on the rear plate and a charging 
opening also serving as a venting hole on the front plate, the size of these openings / holes 
may be correlated according to respective flow paths to the condenser and/or vacuum 

20 pump. 

According to various embodiments, the rear plate (and/or the front plate) may comprise a 
plurality of venting holes. For example, in some embodiments, the venting holes are pro­
vided in the form of a regular pattern of, for example, cut-outs, recesses, and/or slots. Ad-

25 ditionally, or alternatively, the rear plate (and/or the front plate) may comprise a mesh 
which is permeable to the sublimation vapor. Preferably, the mesh is adapted to retain the 
particles inside the drum. A mesh with openings sized at or below, for example, around 
100 |im, is contemplated to provide for high vapor permeability while at the same time 
reliably retaining the particles in the rotating drum. 

30 
According to various embodiments of the invention, the rear plate is adapted for centrally 
connecting with the supporting shaft. For example, the rear plate may comprise a central 
connection unit for connecting with the supporting shaft. Vapor permeable areas can still 
be provided centrally, as will be described below in the examples, or can be provided in a 

35 concentric, but decentralized fashion. For example, two, three, four, or more, concentric, 
e.g., ring- or annular-shaped openings or venting holes may be provided around a central 
connection unit. 
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Additionally, or alternatively, the rear plate can be adapted for connecting with the sup­
porting shaft via one or more laterally extending supporting bars. These bars may extend 
from an annular section of the rear plate and/or a connection unit. In one embodiment, the 
laterally extending supporting bars carry the central connection unit, such that the area be-

5 tween the bars which is not covered by the connection unit can be adapted for a desired 
permeability, i.e., such area(s) may comprise openings, venting holes, meshes, etc., as de­
sired. In one embodiment, the rear plate comprises a circumferential collar for retaining the 
particles within the rotary drum during loading and/or freeze-drying, i.e., rotation of the 
drum. The supporting bars can extend from the circumferential collar for carrying the cen-

10 tral connection unit. According to this or other configurations, a central opening encom­
passed by the circumferential collar is covered in part by the connection unit, wherein ac­
cording to the desired permeability of the rear plate a covering size of the connection unit 
is appropriately selected and the connection unit can optionally be offset to some degree 
with respect to the collar along an axis perpendicular to the rear plate. 

15 
The connection unit can comprise one or more connectors provided for connecting with at 
least one or more of the following: temperature control circuitry, tubes for carrying liquid 
and/or gases/vapor, such as tubes for carrying cleaning / sterilization medium(s), and sens­
ing circuitry. Sensing circuitry, tubing or piping (the terms "tube" and "pipe" are used gen-

20 erally interchangeably herein, can generally be referred to as "connection lines") are pref­
erably guided along the supporting shaft. For example, the connection lines can optionally 
be guided inside a hollow shaft traversing via confining walls of a freeze-dryer, such that 
the connection lines enter / leave the process volume via the connection unit. 

25 In some embodiments, connectors provide a connection of the connection lines to corre­
sponding circuitry or tubing associated with the drum. For example, temperature control 
circuitry may comprise tubing / piping for a heating and/or cooling medium, and/or may 
comprise electrical circuitry for electrical heating or cooling, such as via Peltier elements, 
microwave heating, etc. The corresponding heating/cooling equipment can be provided in 

30 association with the rear plate, main section, and/or front plate. 

Similarly, in still further embodiments, tubes for cleaning and/or sterilization mediums can 
be provided at the drum and connected to external reservoirs via the connection unit. For 
example, the rotary drum can be adapted for "Cleaning in Place" ("CiP"), and/or "Sterili-

35 zation in Place" ("SiP"). Additionally, or alternatively, the drum can be equipped with 
sensing circuitry such as sensor elements connected with external power supply and exter­
nal control circuitry via corresponding lines. In particular embodiments, the main section 
of the drum comprises double walls, wherein connection lines for heating, cooling, sens­
ing, cleaning, sterilization, etc., can be guided within the walls. For example, heating / 
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cooling tubes can be provided inside the walls for heating and/or cooling an inner wall of 
the drum. 

In some embodiment, at least one of the rear plate, front plate, and main section of the 
5 drum comprise one or more baffles for at least one of mixing within the rotary drum and 

conveying the particles into the drum (loading) or out of the drum (unloading), or within 
the drum (e.g., for distributing the particles within the drum). For example, baffles can be 
provided which act as retaining baffles in order to keep the particles inside the drum, 
and/or to achieve mixing and thus an optimized "effective" product surface (the product 

10 surface in fact exposed and therefore available for heat and mass transfer, wherein the 
mass transfer may in particular include an evaporation of sublimation vapor), and product 
homogeneity. Additionally, or alternatively, these or other baffles can be provided for re­
taining the particles in the drum if the drum is rotated in a particular sense of rotation, 
while the baffles support an unloading of the particles when the drum is rotated in another 

15 sense of rotation. 

According to various embodiments, at least one of the front plate and/or the rear plates is 
equipped with cooling/heating means, sterilization/cleaning means, and/or sensing means. 
According to one of these embodiments, the rear plate is adapted to implement one or more 

20 of the above objectives. The drum may comprise a main section terminated on a rear end 
by the rear plate. The rear plate is optionally adapted for connection with a rotary support­
ing shaft for rotary support of the drum. At the same time, the rear plate is permeable for 
sublimation vapor from freeze-drying the particles in the rotary drum. Specific embodi­
ments of such rear plates are discussed herein. 

25 
According to still further embodiments of the invention, a device is provided that compris­
es a rotary drum according to any of the embodiments outlined herein, and a rotary sup­
porting shaft mounted to the drum. According to various embodiments of this device, the 
supporting shaft can be a hollow rotary shaft. In some embodiments, the supporting shaft 

30 carries means (connection lines) along and/or inside thereof for transporting at least one of 
a temperature control medium, a cleaning medium and a sterilization medium. Such means 
can comprise, for example, tubing or piping. Additionally, or alternatively, the supporting 
shaft may carry for example power supply circuitry and/or signal lines such as control cir­
cuitry for controlling equipment of the drum or sensing circuitry connecting to sensing 

35 elements on the shaft and/or the drum. 

In cases where the hollow shaft is sealably connected with a connection unit of the drum 
(and/or other elements of the rear plate), the inside of the hollow shaft can be separated 
from the process volume within the freeze-dryer, which simplifies the provision of a tem­
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perature control medium, power supply, etc., to the rotary drum inside the process volume, 
but preferably requires that the connectors at the connection unit be adapted to reliably seal 
the process volume from the interior of the hollow shaft. In such configurations, the rotary 
shaft traversing a process volume confinement of the freeze-dryer is sealed, and the con-

5 nectors for traversing the connection lines via the connection unit are sealed wherein, how­
ever, the connection lines and the connection unit are at rest with respect to each other 
therefore simplifying the sealing requirement. 

According to a still further embodiment of the invention, a freeze-dryer for the bulkware 
10 production of freeze-dried particles under vacuum is provided to achieve one or more of 

the above-indicated objectives. The freeze-dryer can comprise a rotary drum for receiving 
the frozen particles and a stationary vacuum chamber housing the rotary drum. The drum 
comprises a main section terminated by a front plate and a rear plate. The rear plate is con­
nected with a rotary supporting shaft for rotary support of the drum. Further, the rear plate 

15 is permeable for sublimation vapor from freeze-drying the particles. The rotary drum can 
be designed according to one or more of the various embodiments described herein. The 
vacuum chamber is preferably adapted for closed operation. 

According to various embodiments, the freeze-dryer comprises at least one vacuum trap 
20 for sealing a passage of the rotary shaft extending from external into the inside of the vac­

uum chamber (the process volume) for supporting the drum. The freeze-dryer can com­
prise a vacuum pump, which is provided in a second chamber in communication with the 
vacuum chamber via a communication tube. The communication tube can be equipped 
with a sealing valve. The second chamber can also comprise a condenser. 

25 
According to particular embodiments of the freeze-dryer, a flow path of sublimation vapor 
from a permeable front plate of the drum to the communication tube and a flow path of 
sublimation vapor from the permeable rear plate to the communication tube are about 
equal in length. This particular design feature can, in one regard, be achieved by providing 

30 an opening of the tube in a wall of the vacuum chamber at an appropriate position in rela­
tion to the drum. In these cases, the permeability of the front and the rear plate can also be 
adapted to be about equal. This feature does not however require the identical configura­
tion of openings, venting holes, meshes, etc., on rear and front plates. According to one 
example, the front plate comprises a single opening or venting hole employed also as a dis-

35 /charge opening, while the rear plate comprises a plurality of venting holes providing in 
total a similar permeability. 
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According to other embodiments of the freeze-dryer, the flow paths from the front and rear 
plate, respectively, to the condenser and/or vacuum pump differ in length and the permea­
bility of the front and rear plate, respectively. 

5 An axis of symmetry and/or rotation of the drum can be essentially horizontally aligned, at 
least during a freeze-drying process. Such configuration may be advantageous for improv­
ing choke flow limitations as a design solution for athe desired permeability at the front 
and/or rear plates. According to particular embodiments of drums prepared for horizontal 
alignment, one or more openings or venting holes can be provided per plate, preferably in a 

10 concentric fashion and optionally in a similar way for both the front and rear plate. On the 
other hand, in some embodiments a drum can be prepared for a permanent or temporary 
inclination, which can require depending, e.g., on desired maximum filling level and de­
gree of inclination, provisions for keeping the particles inside the rotating drum while at 
the same time achieving high vapor permeability. Meshes and/or fabrics or similar means 

15 can be used. 

The horizontal alignment of the rotation / symmetry axis of the drum during, e.g., freeze-
drying, does not prevent the drum from being inclined during other processes or process 
phases, for example, during loading, unloading, cleaning and/or sterilization processes. For 

20 example, the drum can be arranged to be inclined or inclinable for at least one process such 
as draining of a cleaning liquid in the cleaning process, draining of a condensate in the 
sterilization process, and/or discharge of the product in the discharging process. According 
to specific embodiments, the freeze-dryer can be adapted for CiP and/or SiP. Generally, the 
drum can be adapted for a permanent (slight) inclination from about, e.g., 1.0 - 5.0 degrees. 

25 A slight inclination is contemplated to not hinder or prevent employing drums with, e.g., 
identical front and rear plates, depending on the desired filling level of the drum. 

According to still further embodiments of the invention, a process line for the production 
of freeze-dried particles under closed conditions is provided in order to achieve one or 

30 more of the above-indicated objectives. The process line can comprise a transfer section 
that is provided for a product transfer between a separate process device and the freeze-
dryer under closed conditions. Each of the freeze-dryer and the transfer section can sepa­
rately be adapted for closed operation such that a common isolator is unnecessary. The 
transfer section can comprise a charging funnel protruding into the rotary drum without 

35 engagement therewith. For example, the protrusion can extend via a charging opening in 
the front plate of the drum. 

According to another embodiment of the invention, a process for the bulkware production 
of freeze-dried particles in a vacuum is provided in order to achieve one or more of the 
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above objectives, wherein the process is performed using an embodiment of a freeze-dryer 
as described herein. The step of freeze-drying the particles in the rotating drum of the 
freeze-dryer comprises controlling the flow of sublimation vapor out of the rotating drum 
via the permeable rear plate and, optionally, a permeable front plate such that the particles 

5 are retained inside the drum. In particular, the process can preferably be controlled in order 
to avoid choke flow conditions that may lead to particles being carried out of the drum. In 
some embodiments, the process is controlled strictly to avoid choke flow conditions. For 
example, the process can be controlled such that the velocities of the escaping sublimation 
vapor are kept below a threshold value that is chosen to be at or below the known, calcu-

10 lated, or observed choke flow velocities. 

In order to control the process at or below choke flow conditions, for example, one or more 
of the following process conditions can be accordingly controlled: the temperature within 
the process volume, the pressure within the process volume, and/or the rotation of the 

15 drum. The latter option influences the effective product surface area which is available for 
sublimation. The process can be accordingly controlled by controlling appropriate process 
parameters associated with process equipment such as, e.g., heating/cooling equipment, the 
activity of the vacuum pump(s), the drive of (the supporting shaft of) the drum. For exam­
ple, a feedback control system including automatic evaluation of sensor equipment within 

20 the process volume can be established. 

Controlling a process regime to proceed at or below choke flow conditions opens the pos­
sibility of minimizing drying times for optimum product properties such as a desired de­
gree of dryness (residual moisture level). In the cases where a drum with optimized perme-

25 ability according to the invention is employed, choke flow conditions occur only at higher 
levels of intensity of the freeze-drying compared to employing conventional drums. There­
fore the process can be controlled (optimized) in certain embodiments to provide for a 
more intense sublimation and shorter drying times. 

30 In some embodiments, the process is performed under closed conditions, i.e., under sterile 
conditions and/or containment. For example, for the production or processing of the parti­
cles under closed conditions the vacuum chamber can be adapted for closed operation dur­
ing processing of the particles while the drum is in open communication with the vacuum 
chamber. 

35 
The vacuum chamber may comprise a confining wall, wherein the confining wall is her­
metically separating or isolating the process volume from an environment, thereby defining 
the process volume. The vacuum chamber can be adapted for closed operation during load­
ing of the drum with the particles, freeze-drying of the particles, cleaning of the freeze-
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dryer, and/or sterilization of the freeze-dryer. Furthermore, the drum can be confined with­
in the process volume, i.e., the rotary drum can be arranged entirely inside the process vol­
ume. 

5 According to various embodiments, the confining wall of the vacuum chamber may at least 
contribute to establishing and/or maintaining desired process conditions in the process vol­
ume during, e.g., a production run and/or other operational phases (process steps) such as a 
cleaning and/or sterilization operation. 

10 Both the vacuum chamber and the drum can contribute to providing desired process condi­
tions in the process volume. For example, the drum can be adapted to assist in establishing 
and/or maintaining desired process conditions. In this regard, one or more cooling and/or 
heating means can be provided in and/or in association with the drum for the heating 
and/or cooling of the process volume. 

15 
Advantages of the Invention 

The invention provides design concepts for rotary drums in freeze-dryers. Employment of 
rotary drums in freeze-dryers significantly reduces drying times compared to vial- and/or 

20 tray-based drying techniques. The present invention is not intended to be limited to any 
particular mechanism or action, however, it is contemplated that mass and heat transfer is 
accelerated due to the increased effective product surface achieved during rotation of the 
drum. Heat transfer needs not take place through the frozen product, and the layers for dif­
fusion of water vapor are smaller compared to, e.g., drying in vials. Homogenous drying 

25 conditions can be provided for the entire batch. 

However, certain potential problems and design complexities can arise from employing a 
rotary drum in freeze-drying, including, providing a suitable (driving) support for the 
drum, providing heating and/or cooling means, providing sensing equipment for sensing 

30 the process volume conditions inside the rotating drum, providing equipment for cleaning 
and/or sterilization processes of the rotary drum, and the like. Additionally, the potential 
for occurrence of choke flow conditions can limit process efficiency in the case where a 
drum is housed within a process volume of a vacuum chamber. The invention provides 
embodiments and generally applicable design concepts for drums and freeze-dryers that 

35 provide advantageous solutions to one or more of these problems while reducing overall 
design complexity. 

Choke flow limitations occur in a freeze-drying process because increasingly smaller parti­
cles (e.g., particles in the sub-millimeter range) become more prone to being drawn out of 
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the drum by the escaping sublimation vapor when the process is performed under vacuum 
(i.e., low pressure) conditions. The invention provides drum design options allowing for 
increased permeability of the drum in relation to escaping sublimation vapor, such that 
choke flow limitations of typical freeze-drying processes are minimized or even entirely 

5 avoided. Thus, in certain embodiments, the drying process can be driven to more intense 
levels until just before the point where choke flow limitation occurs or until, more general­
ly, particles are carried with the escaping sublimation vapor out of the drum. As a result, in 
particularly preferred embodiments, drying times are reduced as compared to certain 
freeze-drying techniques. 

10 
According to one aspect of the invention, in order to address choke flow limitations, it is 
proposed to consider the permeability of the drum for sublimation vapor with regard to not 
only one of the terminating (front and rear) plates or flanges of the drum, but to consider 
both plates in this respect; in other words, it is proposed to consider designing both, the 

15 front and rear plates, specifically with a view on sufficient permeability to address choke 
flow limitations. In contrast, conventional drum designs often have only one opening at the 
front plate for charging / discharging. Mere modifications of conventional design concepts 
do not adaquetly overcome choke flow limitations. 

20 The present invention contemplates that optimizing the permeability of one or both of the 
rear and front plates will minimize the risk of choke flow by locally reducing the maxi­
mum velocity of the sublimation vapor drawn out of the drum. In one exemplary configu­
ration, a charging opening in the front plate is provided and optionally an additional open­
ing is provided in the rear plate, that work to reduce vapor velocity at the charging opening 

25 and thereby the risk of choke flow conditions. 

The drum designs described herein are contemplated to contribute to the usefulness and 
applicability of the general approach of arranging an open drum within a process volume, 
i.e., under vacuum conditions. A corresponding design in turn allows one to avoid many of 

30 the complexities that are typically involved in confining vacuum process conditions within 
a rotating drum. For example, in preferred embodiments, complex sealing equipment for 
isolating the process volume inside the drum from the outside for purposes of load­
ing/unloading while protecting the sterility and/or containment of the product, is not re­
quired. Such complex sealing equipment often includes either a means for reliably sealing 

35 a permanent arrangement such as a (non-rotating) charging tube protruding into the (rotat­
ing) drum, or a means for reliably sealing a temporary arrangement for loading / unloading 
via a sealable opening of the drum. The present invention contemplates that providing a 
rotary drum within a vacuum chamber yields a configuration wherein the drum can simply 
remain open, i.e. no sealing of the rotary drum is required during charging or discharging. 

15 
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The invention additionally provides greater flexibility in terms of design solutions with 
regard to a vapor flow path from the front and/or rear plate via the process volume exterior 
to the drum to the vacuum pump, as the permeability of the plates can be designed, 

5 adapted, and controlled accordingly. 

Additionally, or alternatively, still further embodiments of the invention provide a "canti­
lever" design for the drum, where the drum is supported by a single rotary supporting 
shaft. In certain of these embodiments, providing a single support minimizes potential 

10 problems such as sealing problems or problems with potential attrition seen in cases 
wherein two or more support engagements are provided for a rotating drum. In particular, 
configurations are described according to embodiments of the invention wherein an open­
ing for loading / unloading the drum is arranged on the front plate, opposite of the single 
drum support on the rear plate, such that a potential source of pollution near to the product 

15 flow is avoided. Further, a single support implemented as a rotary shaft carrying the drum 
generally allows avoiding driving mechanisms based on, for example, chains or belts, 
which can be prone to attrition and subsequent introduction of pollution into the process 
volume and/or product. Embodiments that avoid these and other such mechanisms, which 
would require inclusion of complex features to minimize pollution inside the process vol-

20 ume, are further examples of the reduced complexity and lower design costs which can be 
achieved according to the present invention. 

The present invention contemplates that the cantilever design discussed here simplifies 
cleaning and sterilization as compared to complex drum arrangements with multipoint 

25 support, e.g. a drum supported by multiple roller block bearings with chain drive, wherein 
for example attrition may negatively affect a quality of the product. Further, the present 
invention contemplates that the cantilever design discussed herein allows for the optimiza­
tion of the front (plate) side of the drum, for example, for dis-/charging, a vapor permeabil­
ity, etc. Still further, the cantilever design allows to provide for inclining/declining the 

30 drum with one or more simple means (as compared to any kind of multipoint support), 
wherein only the rotary supporting shaft needs to be arranged such that the drum is either 
permanently inclined, or temporarily inclinable. The inclination may, for example, be ad­
justable through various continuous / discrete inclination / declination positions to better 
facilitate various exemplary processes including, but not limited to, charging, freeze-

35 drying, discharging, cleaning, and/or sterilization. 

Furthermore, the cantilever design offers a favorable means of supplying cooling and 
cleaning media or cabling to the rotating drum. Specifically, various devices can be pro­
vided in association with the drum, which may be related to, for example, sensing, heating, 
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cooling, cleaning, and/or sterilization. Connection lines for equipment such as power sup­
plies, signaling lines, and/or tubes or pipes can be routed along, or even through, the sup­
porting shaft and may thus enter and leave the process volume via the rotary shaft. In cases 
where the inside of the shaft is exterior to, i.e. outside of the process volume, a (vacuum-

5 tight) seal is required at the shaft for protection of sterility and/or containment of the pro­
cess volume, including concern for any traversing connection line. A static sealing only is 
required for the connection lines when entering / leaving the process volume insofar as 
shaft and drum are mounted in fixed mechanical relationship to each other. The connection 
lines need to be adapted to the rotary property of the shaft and drum, which can however 

10 be attended to separately (and in particular outside the process volume, which can mean 
that any coupling to stationary equipment via connectors and the like can be performed, for 
example, under normal atmospheric conditions). 

The embodiments described herein and other exemplary embodiments exemplifying these 
15 approaches thus provide considerable flexibility in terms of available design options for 

employing rotary drum devices in freeze-drying devices and process lines, in which these 
devices can be employed. Depending on the process goals related to an optimized combi­
nation of one or more of, for example, the desired dryness (residual moisture level) of the 
product, drying times, and the batch volumes to be processed, etc., the permeability of the 

20 drum can be controlled by providing for the appropriate permeability of one or both the 
rear and front plates. Other functions, such as loading and unloading the drum, connecting 
with a support, etc., can be assigned to the front and rear plates depending on the desired 
specific application. The drum can also be designed/optimized in view of the requirements 
related to other parts of a freeze-dryer, for example, the position of the vacuum pump, a 

25 charging / discharging mechanism employed in conjunction with the freeze dryer, a desired 
inclination of one or both of vacuum chamber and drum for different process phases, etc. 

Generally, the inventive design approaches also allow full enablement for CiP/SiP for the 
drum and the freeze-dryer integrating the drum. Therefore, insofar as no manual interaction 

30 is required, the freeze-dryer can be permanently hermetically closed, for example, the 
drum can be permanently integrated within the freeze-dryer, e.g., in a vacuum chamber, 
and the rotary supporting shaft can be designed to permanently traverse the wall(s) of the 
vacuum chamber. Consequently, relatively simple means such as bolt connections can be 
used for reliably closing up (sealing) the vacuum chamber (the process volume) which in 

35 turn contributes to the cost-efficient design and production capabilities of devices / process 
lines designed according to the invention as compared to devices requiring manual inter­
vention, e.g., disassembly for cleaning and/or sterilization, and thus are correspondingly 
restricted in the design. 
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Short Description of the Figures 

Further aspects and advantages of the invention will become apparent from the following 
description of particular embodiments as illustrated in the figures, in which: 

Fig. 1 is a schematic illustration of a first embodiment of a rotary drum according 
to the invention; 

Fig. 2 is a schematic illustration of an embodiment of a process line including a 
freeze-dryer in a side-view; 

Fig. 3 is a schematic cross-sectional view illustrating the rotary drum supported 
inside the freeze-dryer of Fig. 2; 

Fig. 4 illustrates in more detail the drum of Fig. 3; 

Fig. 5 illustrates in detail the rear plate of the drum of Fig. 4; 

Fig. 6 schematically illustrates various rear plate profiles for a rotary drum accord­
ing to the invention; and 

Fig. 7 is a flow diagram illustrating an operation of a freeze-dryer comprising a 
rotary drum according to the invention. 

Detailed Description of Preferred Embodiments 

Fig. 1 is a high-level schematic illustration of an embodiment 100 of a rotary drum which 
is intended for use in a vacuum freeze-dryer for the bulkware production of freeze-dried 
particles, for example microparticles such as micropellets. The drum 100 comprises as ge­
neric components a main section 102, front plate 104 on a front end and rear plate (back 
plate) 106 on a rear end of the drum 100. The terms "front" and "rear" are assigned more 
or less arbitrarily to the end sections (terminating sections) 104 and 106. Sections 102 and 
104 may be connected via joint 105 and sections 102 and 106 may be connected via joint 
107, wherein joints 105 and 107 may comprise welds, flanges, bolts, etc., which can con­
nect the sections permanently (or removably) to each other. 
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Drum 100 is essentially horizontally aligned along an axis 114 of symmetry / rotation. 
Along this general orientation, main section 102 has a pure cylinder form as illustrated in 
Fig. 1. Other drum embodiments may have a generally cylindrical structure or may com­
prise, for example, (axially symmetric) a diamond or rhombus-shaped profile, or a cone-

5 shaped profile with a decreasing diameter towards one or more of the terminating sections 
104 or 106, or may comprise a sawtooth-profile, etc. 

In the embodiment described in Fig. 1, a freeze-dryer housing the drum 100 provides a 
process volume 108 wherein process conditions such as pressure, temperature, and/or hu-

10 midity can be controlled to achieve desired values. The process volume comprises the sub-
volume 110 internal to drum 100 and the sub-volume 112 external to drum 100. The pro­
cess volume 108 may be confined within a schematically indicated vacuum chamber 114. 

The following tasks are assigned to the device housing the drum 100 (i.e., in this example, 
15 to the vacuum chamber 114) instead of to the drum 100. First, the task of providing her­

metically closed conditions. This can include providing sterility, i.e.no contamination may 
enter into the product, wherein "contamination" can be defined to include at least microbial 
contamination, and can generally be defined according to regulatory requirements such as 
the GMP. This can additionally or alternatively include providing containment, i.e. neither 

20 the product, elements thereof nor any auxiliary or supplementary material may leave the 
process volume 108 and/or enter an environment of the freeze-dryer. Second, the task of 
providing process volume 108 and therefore the tasks of providing process conditions ac­
cording to a desired process regime within volume 108. As a result of the vacuum chamber 
114 having assigned tasks 1) and 2), the drum 100 itself does not need to be hermetically 

25 closed, but is designed to be open. This, amongst others features, provides that process 
conditions may be (cost-) efficiently controlled by the stationary vacuum chamber 114 or 
equipment associated therewith and may be communicated (mediated, conveyed) from 
external process volume 112 into the internal process volume 110, which can contribute to 
simplifying a design of drum 100. 

30 

In a preferred embodiment, main section 102 of drum 100 is assigned the task 116 of car­
rying particles, wherein task 116 preferably includes (comprises) that section 102 is appro­
priately sized and designed for receiving and keeping a desired batch amount of particles. 
Task 116 may also include that a permanent or adjustable (i.e., to be actively controlled) 

35 inclination of drum 100 / main section 102 is provided to enable one or more of the pro­
cesses or process phases (operations, operational modes) of loading, drying, and/or unload­
ing the particles. Task 116 may further include sensing bulk properties of the particles, 
which in turn may include sensing / detection of a loading level, a degree of agglomeration 
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of particles during loading and/or drying, and sensing particle properties such as tempera­
ture, humidity / dryness, etc. 

The drum rotational velocity during freeze-drying can be expected to have an indirect in-
5 fluence on the choke flow effect due to a potential increase in effective product surface and 

resulting sublimation of vapor. Task 116 of carrying particles may further comprise con­
trolling (in the sense of optimizing) an effective product surface of the bulk product (i.e., 
the product surface exposed to be available for heat and mass transfer) that may in turn 
include controlling a rotation of the drum in terms of rotation frequency and 

10 (re-)orientation. 

In some embodiments, maximizing the effective product surface during freeze-drying 
comprises controlling the appropriate rotation velocity of the drum during freeze-drying. It 
may also comprise controlling the appropriate rotation velocity of the drum during loading, 

15 in order to prevent agglomeration of the particles during loading. Consequently, different 
rotational schemes can be substituted in different processes or process phases. For exam­
ple, while loading the drum 100 with particles, task 116 may impart a (comparatively slow) 
rotation of drum 100 in order to prevent agglomeration of the frozen particles to be dried, 
while during a freeze-drying process, task 116 may impart a (comparatively fast) rotation 

20 of the drum 100 in order to provide for an efficient mixing of the bulk particles. Other 
measures for maximizing effective product surface area include changes in rotational di­
rection, and/or optimizing mixture of the particles by providing one or more appropriate 
mixing means such as mixing baffles and the like. The various measures to achieve task 
116 as described here may also apply to front and /or rear plates. 

25 

Turning now to front 104 and rear 106 plates, both plates preferably being designed to ful­
fill the general tasks 118 and 120 of terminating the drum 100 and thus keeping (retaining) 
the particles inside. In particular, tasks 118 and 120 include, but are not limited to, keeping 
the particles in drum 100 during a loading of the drum with the particles and during a 

30 freeze-drying of the particles, taking into account that the drum may be in a different con­
figuration in different processes / process phases with regard to, for example, rotation in­
cluding rotational velocity, an inclination angle, etc. 

In some embodiments, the front 104 and rear 106 plates are optimized for tasks 118 and 
35 120 by, for example, providing a collar, flange, or similar structural adaptation to retain the 

bulk product in drum 100 up to the desired filling level thereof. Such adaptations can be 
symmetrical with respect to axis 114 of symmetry, which does not exclude collars with 
alternating sections of different structures such as solid sections alternating with openings 
or mesh. The width and angle of the collar(s) with respect to axis 114 and further design 
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details of the one or more collars may be selected depending on desired maximum escape 
velocities of the sublimation vapor, rotation velocities of the drum, tendency of the frozen 
particles to stick to each other and the drum walls, and/or tendency of the particles to move 
towards a terminating side of the drum during rotation due to conveying baffles, etc. Ex-

5 amples for collar-type front/rear plates are known. 

Task 124 of providing rotary support for drum 100 is implemented with / assigned to rota­
ry supporting shaft 122. Task 124 may also include providing for a permanent or adjusta­
ble inclination of the drum 100. Rear plate 106 has assigned task 126 of providing a con-

10 nection to supporting shaft 122. Any mounting of plate 106 with shaft 122 needs to carry a 
maximum weight including the weight of the empty drum 100 plus, for example, the 
weight of cleaning liquid and/or sterilization condensates which may fill the drum during 
cleaning/sterilization (wherein the drum may or may not comprise a draining facility). The 
weight of the particles may often be negligible in this respect, i.e., it will in most cases be 

15 smaller than the weight of a liquid filling the drum. In preferred embodiments, the connec­
tion or mounting also has to achieve a transfer of rotation from the shaft to the drum. As an 
example, shaft 122 may be fixedly (rigidly) connected to plate 106. In other embodiments, 
a flexible connection may be implemented by providing a gear mechanism and/or driving 
mechanism such as a motor for driving a rotation of the drum, wherein one or more gears 

20 and/or motors may be provided on a fixed supporting shaft. A flexible connection may also 
include a pivot providing for a permanent or adjustable inclination of drum 100. 

Front plate 104 has been assigned task 128 of providing for the loading and unloading of 
drum 100 with particles. As drum 100 is entirely housed within process volume 108, no 

25 sealing or isolation is required along the product flow into and out of the drum. Therefore, 
as an example, the front plate 104 may be provided with a simple opening sufficient for 
allowing entry of the product flow which may be guided by product guiding means (e.g., 
charging funnels) in order to achieve a free flow into the drum 100 or which may itself 
protrude into drum 100. 

30 

Unloading may also be achieved by relatively simple means such as a means for achieving 
a sufficient inclination of the drum, an extra discharge opening (which may also be provid­
ed in a closable way at the main section 102), conveying baffles, discharge baffles, or fun­
nels, and the like. One or more product guiding means for loading and/or unloading can be 

35 arranged in a stationary fashion at the vacuum chamber 114 instead of at the rotary drum 
100 (e.g., dis/charge funnels), wherein such stationary means may avoid engagement with 
the rotary drum 100. Additionally, or alternatively, dis-/charge guiding means (such as 
baffles or funnels) can also be provided with drum 100 or rotary shaft 122, i.e., in a rotary 
fashion. This may however somewhat increase the weight supported by shaft 122. The task 
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of charging / discharging the particles into and out of the process volume 108, which in­
cludes maintaining closed conditions during charging and discharging, is assigned to vacu­
um chamber 114. It is noted that separation of this task from the rotary drum generally 
contributes to simplifying a construction of not only the rotary drum, but also of the overall 

5 design of the drum-based freeze-dryer. 

Each of front and rear plates 104 and 106 has been assigned respective tasks 130 and 132 
of allowing a passage of sublimation vapor. While efficient vapor withdrawal is a general 
requirement for minimizing drying times, further boundary conditions should be consid-

10 ered such as reliably carrying the particles in the drum and avoiding the occurrence of 
choke flow conditions or more generally conditions which might lead to particles being 
carried out of the drum with the escaping vapor. 

Therefore, it is generally not sufficient to keep rear plate 106 closed and provide front plate 
15 104 with an arbitrarily sized charging opening which is then also used for withdrawing the 

sublimation vapor. Depending on the details of the planned processes, designs implement­
ing a single charging opening can cause a "bottleneck" for the escaping vapor, resulting in 
high(er) vapor velocities in the area near the opening. For illustration purposes, an area 
which would be "near to" a charging opening in front plate 104 is schematically indicated 

20 with arrow 134 in Fig. 1. Particles in movement induced by a rotation of the drum during a 
freeze-drying process may happen to cross area 134 and may then experience a momentum 
transfer from the vapor which results in those particles being carried out of the drum 
through the charging opening. It is to be noted that the effect of the escaping vapor carry­
ing particles out of the drum during freeze-drying is called choked flow. Nevertheless, the 

25 effect may also already occur at vapor velocities below choke flow conditions. 

The choke flow effect may adversely affect not only product throughput in cases where an 
essential fraction of particles is drawn out of the drum during a production run but may 
additionally, or alternatively, lead to lengthening of drying times in cases where drying 

30 efficiency has to be reduced in order to avoid this effect. 

In yet another exemplary embodiment, rear plate 106 is entirely impermeable to sublima­
tion vapor (i.e., plate 106 would not have assigned task 132) and front plate 104 comprises 
an opening for loading particles into the drum (task 128). This opening would also be re-

35 sponsible for task 130, i.e., wherein sublimation vapor is drawn out of drum 100 through 
the opening. Providing an opening in front plate 104 large enough to avoid the bottleneck 
effect (choke flow conditions), can pose other problems such as keeping a desirable batch 
size inside the drum, which may be complicated when considering a possible inclination of 
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the drum and a possible accumulation of particles near to the (large) opening mediated by 
conveying baffles required for later discharging, etc. 

In preferred embodiments, the flexibility of design approaches is increased by providing 
5 suitable permeability for sublimation vapor on one or both of front plate 104 and/or rear 

plate 106. Maximizing the permeability of the front and/or back plates can be achieved by 
covering, for example, a portion of the opening in the front and/or back plate with a mesh 
permeable for the vapor but with openings small enough to retain the particles (e.g., mi-
croparticles) in the drum however still large enough so that viscosity effects of the vapor 

10 are minimal or absent. 

Tasks 130 and/or 132 each include providing one or more openings in the front 104 or rear 
106 plate to allow passage of the vapor from internal volume 110 towards external volume 
112 and further to the vacuum pump. The assignment of task 132 to rear plate 106 relates 

15 to the particular degree of permeability required of the rear plate under one or more desired 
process regimes. The specific design of the rear plate can be optimized according to the 
various additional tasks 120 and 126 assigned to the rear plate 106 and according to gen­
eral requirements such as cost-efficiency. 

20 Regarding the general shape and design of the front 104 and rear 106 plates, as drum 100 is 
entirely included within process volume 108 (i.e., there is a comparatively small pressure 
differences between the interior 110 and exterior 112 volume) in some embodiments, there 
is no practical need for pressure-resistant shapes such as "dished-end" (or "dished dome") 
solutions for the respective pressure vessels. Therefore, while plates 104 and 106 can gen-

25 erally be shaped as cones or domes other shapes can also be selected including, but not 
limited to, flat ended shapes and the like. 

Fig. 2 is an exemplary schematic illustration of a process line 200 for the production of 
freeze-dried particles (which may comprise, e.g., microparticles) under closed conditions. 

30 The process line 200 comprises a particle generator 202, a freeze-dryer 204, and a filling 
station 206. A transfer section 208 is provided for product transfer between generator 202 
and freeze-dryer 204 under closed conditions. A further transfer section 210 (only sche­
matically indicated) is optionally provided for product flow from dryer 204 to filling sta­
tion 206 under closed conditions. At filling station 206, the product is filled under closed 

35 conditions into final recipients such as vials or intermediate containers. 

In some embodiments each of process devices 202, 204, and 206 and transfer sections 208 
and 210 are separately adapted for closed operation, i.e., protection of sterility and/or con­
tainment. Therefore, in preferred embodiments, there is no need to provide one or more 

23 



WO 2013/050157 PCT/EP2012/004163 

additional isolator(s) around theses devices and/or transfer sections. And process line 200 
can be operated for the production of a sterile product in an otherwise unsterile environ­
ment. 

5 Referring in more detail to freeze-dryer 204, the device comprises a vacuum chamber 212 
and a condenser 214 interconnected with a tube 216 equipped with valve 217 for controlla-
bly separating chamber 212 and condenser 214 from each other. In some of these embodi­
ments, a vacuum pump is optionally provided in association with condenser 214 and/or 
tube 216. In still further embodiments, both vacuum chamber 212 and condenser 214 are 

10 generally cylindrical in shape. Specifically, the vacuum chamber 212 comprises a cylindri­
cal main section 218 terminated by end sections 220 and 222 which are formed as cones, 
as seen in the example illustrated in Fig. 2. The terminating sections can be permanently 
mounted with main section 218, as exemplarily shown for cone 220, or may be fixedly, but 
removably mounted as exemplarily shown for cone 222 mounted with a plurality of bolt 

15 fastenings 224 to main section 218. 

Transfer section 208 is permanently connected in some embodiments to cone 222 for guid­
ing the product flow from generator 202 into vacuum chamber 212 under closed condi­
tions. Further, each of main section 218 and cone 222 comprise a port 220 and 222, respec-

20 tively, for guiding the product from vacuum chamber 212 via transfer section 210 towards 
discharge station 206. 

Fig. 3 is an exemplary cross-sectional cut-out of freeze-dryer 200 of Fig. 2 showing the 
interior of the vacuum chamber 212. Specifically, chamber 212 houses a rotary drum 302 

25 adapted for receiving and carrying frozen particles for freeze-drying. Drum 302 is of gen­
erally cylindrical shape with a cylindrical main section 304 terminated by front and rear 
plates 306 and 308, respectively. Transfer section 208 comprises a charging funnel 310 
which traverses inside outer shell 311 of transfer section 208 in a hermetically closed man­
ner through front cone 222 into vacuum chamber 212 and protrudes via front plate 306 into 

30 the interior of drum 302 for guiding the product flow into the drum. 

Fig. 4 is a further cross-sectional isolated exemplary illustration of drum 302 of Fig. 3 
showing main section 304 and front and rear plates 306 and 308 in more detail. Sections 
304, 306, and 308 can be permanently connected or mounted to each other via bolted con-

35 nections 402. Front plate 306 is designed in the form of a cone comprising central opening 
404, i.e., front plate 306 comprises outwardly angled collar 406 the concentrical inner 
flange 408 thereof being offset from the outer flange 410 (connecting to main section 304) 
with the offset being projected along an axis 412 of symmetry of drum 302. 
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Main section 304 of drum 302 can be implemented as a single wall, as shown in Fig. 4, or 
at least in part as a double wall with a solid (inner) wall for carrying the particles during 
loading and freeze-drying. The various aspects which may be related to carrying particles 
have been discussed at length for task 116 in Fig. 1. 

5 

Referring to Figs. 3 and 4, opening 404 enables protrusion of charging funnel 310 from 
transfer section 208 into drum 302 without engagement therewith. With regard to at least 
the size of opening 404, front plate 306 is adapted to allow loading of drum 302 according 
to task 128 as described with reference to Fig. 1. 

10 

In certain embodiments, rear plate 308 is formed similar to front plate 306 as an open cone 
with collar 414 comprising outwardly angled inner flange 416 offset to outer flange 418 
along symmetry axis 412. Rear plate 308 is further illustrated in Fig. 5 in the form of a top 
view onto plate 308 along axis 412 indicated in Figs 3 and 4. Inner flange 416 of plate 308 

15 encompasses opening 420 which (as can be seen in Fig. 4) may be similar in size to open­
ing 404 of front plate 306. In fact, in cases where a maximum opening for providing vapor 
permeability is required according to tasks 130 and 132 (Fig. 1) the maximum size of a 
single central opening 404 and 420 in front 304 and rear 306 plates, respectively, is limited 
only by the desired loading capacity of drum 302. 

20 

In order to keep the particles inside drum 302, the size of openings 404 and 420 in front 
and rear plates 306 and 308 is sufficiently limited. In some embodiments, each of front and 
rear plates 306 and 308 is provided with a collar 406 and 414, respectively, wherein the 
collars have a width 426 which is measured perpendicular to horizontal rotational axis 412 

25 as illustrated in Fig. 4. Width 426 is to be understood as the depth of the essentially hori­
zontally oriented rotary drum 302 in the sense of determining a maximum filling level of 
the bulk product. Therefore, width or depth 426 has to be selected as discussed with regard 
to tasks 118 and/or 120 of Fig. 1, in order to provide for a desired batch size, and in regard 
to tasks 130 and/or 132 so that openings 404 and 420 provide for a desired permeability 

30 sufficiently to avoid choke flow limitations. 

Rear plate 308, as shown in Figs. 4 and 5, can optionally be manufactured as a separate 
structure for permanent or removable mounting to other components of drum 302 such as 
main section 304. For example, a drum can be equipped with one plate taken from a set of 

35 differently designed rear plates according to a desired support, number and types of con­
nectors, permeability for sublimation vapor, particle filling level, etc. Additionally, or al­
ternatively, front plate 306 can be provided as a separate entity. 
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Rear 306 and/or front 308 plates can comprise means such as baffles, guiding funnels, etc., 
for contributing to mixing and/or conveying particles within the drum, and/or to the un­
loading particles from the drum, etc. 

5 Referring generally to the embodiment of the freeze-dryer 212 housing rotary drum 302 
illustrated in Figs. 2-5, vacuum chamber 212 is generally operative to provide a process 
volume 314 during a freeze-drying process. Process volume 314 comprises a portion 316 
internal to drum 302 and a portion 318 external to the drum. As drum 302 is entirely in­
cluded within process volume 314, the task of providing vacuum conditions as well as 

10 providing closed conditions (sterility and/or containment) is assigned to vacuum chamber 
212 (and to connection unit 424 in case of a hollow shaft 312, discussed further below). 

In some embodiments, drum 302 is supported (solely) by shaft 312 within vacuum cham­
ber 212. Supporting shaft 312 is itself supported by bearing 226 (projected view in Fig. 2), 

15 320 (cross-sectional view of Fig. 3). Sealing is required for the rotary shaft traversing the 
vacuum chamber, wherein vacuum trap 228 and 322 is provided for keeping hermetic clo­
sure of process volume 314 with respect to an environment 230. The vacuum chamber 228 
and 322 is kept under low vacuum conditions (below those of process volume 314) in case 
of a leakage of the bearing 226 avoids a contamination of process volume 314. 

20 

A schematically indicated driving mechanism 324 provides for controllable rotation of 
shaft 312. By means of rigid mounting of shaft 312 with drum 302 via connection unit 424 
the rotation is conveyed to drum 302. Shaft 312 is hollow, wherein an interior volume 326 
of shaft 312 can be used for guiding connection lines such as circuitry, tubing, etc., for 

25 such exemplary purposes as, providing a heating medium, cooling medium, cleaning me­
dium, and/or sterilization medium to drum 302, providing power supply and/or signal lines 
for sensing equipment arranged in association with drum 302 (such as temperature probes, 
humidity probes, etc.). 

30 Connection unit 424 is prepared for rigid and permanent connection of drum 302 to shaft 
312 thereby constituting a simple means allowing general support of the drum, conveying 
rotation to the drum, and allowing a fixed or adjustable inclination of the drum (task 126 
discussed with reference to Fig. 1). Figs. 4 and 5 show connection unit 424 with four con­
nectors 428 and 502-508 wherein, for example, connectors 502 and 506 can be provided 

35 for connecting tubing for guiding a cooling and/or heating medium into and out of the 
drum. Connector 508 can be used for connecting a piping for feeding a cleaning / steriliza­
tion medium to drum 302, and connector 504 can be used for connecting sensor lines. The 
connectors 428 are adapted for connecting to corresponding connection lines on both sides, 
i.e., towards the interior 326 of shaft 312 and towards other components of drum 302. In 
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case interior 326 of shaft 312 is considered external to process volume 314, connection 
unit 424 when mounted to shaft 312 preferably provides a hermetic sealing which includes 
that connectors 428 provide for hermetic closure of process volume 314, in the sense of 
closed conditions including at least one of protection of sterility in process volume 314 and 

5 providing containment. The connectors optionally seal any/all traversing connecting lines 
such as piping, tubing, power supply circuitry and the like. 

As shown in the exemplary embodiment illustrated in Fig. 3, by angle 328 of axis 412 of 
drum 302 with respect to a horizontal line 329, drum 302 can be permanently inclined (or 

10 inclinable), which may for example be provided in order to implement the properties of 
self-cleaning (CiP) and/or self-sterilization (SiP) for drum 302. Other potential benefits 
resulting from the inclination 328 include, but are not limited to, the tendency for the load­
ed particles to collect near opening 404 of plate 306 for unloading, etc. Inclination of drum 
302, if present during loading and/or freeze-drying, tends to somewhat limit loading capac-

15 ity of drum 302. This may direct the design of opening 404 of front plate 306 to be smaller 
than opening 420 in rear plate 308. 

Openings 404 and 420 serve as venting holes for achieving the tasks 130 and 132 (see Fig. 
1) of allowing passage of sublimation vapor out of drum 302. Compared to a conventional 

20 drum with only a single charging opening of same (or nearly the same) size in a front plate, 
drum 302 can be configured to provide twice the opening available for venting vapor for 
the same maximum filling level 426. 

For rear plate 308 illustrated in the figures, the requirements of providing vapor permeabil-
25 ity while connecting to shaft 312 and at the same time provide sufficient mechanical stabil­

ity to the drum, have been achieved by appropriately designed bars 422 and connection 
unit 424 being offset from opening 420 such that opening 420 is fully available for allow­
ing passage of sublimation vapor. With regard to the requirement to achieve a reliable con­
nection to supporting shaft 312, bars 422 and connection unit 424 are adapted to design 

30 relevant parameters such as the weight of drum 302 and desired rotational velocities and 
the like. Thus, instead of four bars 422 as illustrated in Fig. 5, more or less bars can be 
provided in other embodiments. Similarly, connection unit 424 can be designed larger or 
smaller in size (also, for example, in response to a desired number of connectors), and also 
the offset thereof may be adjusted according to support requirements versus permeability 

35 requirements. 

While openings 404 and 420 are illustrated to be of similar size in Fig. 4, in other embodi­
ments single central venting holes are provided in the front and rear plates, respectively, 
that differ in size. For example, opening 420 may be designed smaller or larger than open­
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ing 404. According to specific embodiments, the size of opening 420 can be designed de­
pending on the desired maximum filling level 426, a required mechanical stability of rear 
plate 308, etc. The requirement of vapor permeability also has to be considered. In this 
regard, the relative flow paths of the sublimation vapor from each of the openings 420 and 

5 404, respectively, to the vacuum pump (i.e., via process volume 318 towards opening 332 
of tube 216) should to be considered. For example, for the freeze-dryer configuration illus­
trated in Figs. 2 and 3, the flow path of water vapor from venting holes 420 and 404 to­
wards opening 332 is unequal in length. This is illustrated for sake of clarity in Fig. 4 with 
arrow 430 indicating a flow path from venting hole 420 towards opening 332 and arrow 

10 432 indicating a flow path from venting hole 404 towards opening 332. 

While the present invention is not intended to be limited to any particular mechanism(s), it 
is contemplated that the unequal length of flow paths 430 and 432 can result in a tendency 
for opening 420, being situated nearer to the vacuum pump compared to opening 404, to be 

15 more prone to choke flow conditions than opening 404. In view of this potential observa­
tion, drum 302 can optionally be adapted by increasing the size of opening 420 as com­
pared to the size of opening 404. In preferred embodiments, increasing the size of opening 
420 does not reduce the maximum filling level 426 in view of the inclination 328 of drum 
302 as exemplified in Fig. 3. 

20 
In other embodiments, where equally sized venting hole are desired, one exemplary con­
figuration is indicated in Fig. 4 by dashed line arrows 431 and 433. In this embodiment, the 
connection to the vacuum pump is arranged such that the flow path lengths (and curvatures 
thereof) from openings 420 and 404 are more or less equal. Referring to the configuration 

25 illustrated in Fig. 3, the tube 216 would for example connect to vacuum chamber 212 cen­
trally from below or above as appropriate. 

According to other exemplary embodiments, one or more sections of the collar 414 can be 
made permeable. In order to keep with the desired maximum filling level a mesh or fabric 

30 material can be provided in the corresponding collar sections in this respect. Generally, 
openings in the mesh or fabric should be no larger than required to keep at least particles 
with a desired minimum size (e.g., microparticles) within the drum, which may be easier to 
achieve for essentially round micropellets in contrast to irregularly formed microgranules. 

35 In some embodiments, one or more stability elements similar to bars 422 are provided that 
extend to flange 418 of rear plate 308. One or more sections of collar(s) 414 are replaced 
with a mesh or fabric as discussed above. The mesh or fabric can be stretched or spanned 
between the respective bars. Even though the mesh/fabric may not provide much mechani­
cal stability it operates to keep particles inside the drum. 

28 



WO 2013/050157 PCT/EP2012/004163 

In other embodiments, mechanical stability is provided by (rear) plates comprise an ar­
rangement of openings, for example a pattern of openings (with sizes larger than the parti­
cles, i.e., not a mesh) in addition to or as an alterative to a central venting hole. The open-

5 ings can comprise holes, slots, or cut-outs. In one example, the slots may be constituted by 
the free spaces between a plurality of bars from a central point similar to the spaces be­
tween the spokes of a bicycle wheel attached to a central hub. The figures show the drum 
302 being equipped with the central connection unit 424 for connecting with supporting 
shaft 312. Other embodiments comprises two or more such connection units for connecting 

10 with, for example, a corresponding multiple number of bars extending from a supporting 
shaft or forming such supporting shaft. 

Openings 404 and 420 in front and rear plates 306 and 308, respectively, are described as 
being of fixed size / diameter. In other embodiments, front and/or rear plates comprise 

15 openings such as central venting holes having an adjustable size / diameter. For example, 
in certain embodiments, a drum is provided with fixed openings, which may be temporari­
ly covered by a membrane, lid, mesh, or fabric, etc., wherein the level of coverage may 
vary between full coverage, partial coverage, and no coverage. For example, a flexible or 
resilient fabric can be employed and accordingly stretched or spanned as required accord-

20 ing to the desired filling level, drum inclination, and/or as required for avoiding choke flow 
conditions (e.g., in cases where the fabric is not or only partially permeable to sublimation 
vapor). Generally, permeable areas such as venting holes are preferably automatically con­
trollable, and/or may manually prepared for various production runs. A drum with adjusta­
ble and optionally controllable permeability would provide improved flexibility with re-

25 gard to applicability of the drum, for example for different batch sizes, etc. 

Each of front 404 and rear 420 plates can be configured as being single-walled, as illustrat­
ed, or as being double-walled or in any combination of configurations, for example, while 
an area of one plate may be single-walled another area of a plate may be double-walled. In 

30 one exemplary embodiment, a first circumferential collar with larger radius with reference 
to a central axis of symmetry comprises a double-walled structure including heating and/or 
cooling equipment and cleaning/sterilization equipment, while a second circumferential 
collar is arranged at smaller radii and comprises a single-walled structure without any fur­
ther equipment for heating etc. The inner collar then comprises a mesh or other vapor per-

35 meable structure adapted to retain particles inside the drum while the outer collar may be 
impermeable. 

Fig. 6 provides a schematic illustration of various design options that are contemplated for 
the connecting arrangement between a drum 600 and a supporting shaft 602, wherein drum 
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600 is shown comprising a rear plate 604 and main section 606, and connects to shaft 602 
via rear plate 604. In one embodiment, the upper part of Fig. 6 shows bars 608 forming 
part of and extending from shaft 602 for connecting with multiple connection units 610 and 
611 arranged on rear plate 604, wherein rear plate 604 is shown here extending laterally 

5 perpendicularly from rotation / symmetry axis 616, but may also extend laterally in a sharp 
or obtuse angles. Depending on an arrangement of the connection units 610 in a circle or 
circles and/or in another pattern over the outside surface of rear plate 604, permeable areas 
can be distributed over the rear plate 604 taking into account the desired filling level. 

10 In one example, connection units 610 are provided arranged circumferentially along the 
periphery of rear plate 604, i.e., the connection units 610 are arranged on a solid collar, 
while the inner part of rear plate comprises one or more recesses or openings functioning 
as venting holes. Any kind of connection lines 612 such as power supply, signal lines, tub­
ing, piping etc., may extend along (inside) bars 608 towards drum 600. 

15 

In the lower half of Fig. 6 various design options are illustrated for shapes of bars of a rear 
plate or of a main body of a rear plate itself. Supporting shaft 602 is mounted to a central 
connection unit 614. Profiles 622-632 extending between connection unit 614 and flange 
618/619/620 are intended to illustrate possible shapes of corresponding rear plates, wherein 

20 the shapes may also vary according to offset of flange 618, 619, and 620 along axis 616 
with respect to connection unit 614. In cases where the drum 600 is employed within a 
vacuum, i.e., in the absence of substantial pressure differences between inside and outside 
of the drum, there is no particular related requirement for mechanical stability of the drum. 

25 Straight bar / rear plate profile 628 coincides with the embodiment shown in Figs. 3-5. 
Other configurations, such as 622 and 624, may also comprise a straight profile, but differ 
in offset. Profile 624 shows no offset, while profile 622 has a negative offset, i.e., shaft 602 
extends into drum 600 with respect to main section 606. This latter design option offers 
potentially large vapor permeability due to the large area available for providing permea-

30 bility, while a loading capacity of the drum is essentially undisturbed by the shaft 602 pro­
truding into the drum 600. This design offers for example the possibility of enhancing me­
chanical stability by providing additional support bars between shaft 602 and main section 
606. 

35 Keeping offset 618 fixed, besides straight profile 628 other, e.g., curved profiles may be 
considered as exemplarily indicated in Fig. 6 with concave 626 or convex 630, 632 pro­
files. Curved profiles allow for larger opening areas permeable for sublimation vapor and 
thereby may act to reduce vapor outflow velocities, wherein the vapor flows not necessari­
ly parallel to axis 616, but in arbitrary directions. 
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It is to be noted that two or more of the various design options, for example those depicted 
with profiles 626-632, can also be combined which allows further flexibility with regard to 
a large opening while providing sufficient mechanical stability as well as reliable support 

5 of the drum by the supporting shaft. 

Fig. 7 is a flow diagram illustrating an operation 700 of freeze-dryer 204 including 
drum 302 of Figs. 2-5. Generally, the freeze-dryer 204 can be employed in a process for 
the bulkware production of freeze-dried particles under vacuum (702). In step 704, the 

10 freeze-dryer 204 is charged with particles. Specifically, the particles are loaded via transfer 
section 208 to drum 302. The particles being freez-dried are loaded into to the drum and 
the loading process continues until a desired filling level such as maximum filling level 
426 is reached. In order to prevent agglomeration of the loaded frozen particles, drum 302 
is preferably being rotated during the loading procedure. 

15 

In step 706, the loaded particles are freeze-dried. In preferred embodiments, the freeze-
drying process is controlled (step 708) so as to maximize vapor sublimation and thereby 
minimize drying time, while avoiding particles being carried out of the drum. Drum 302 is 
provided with optimized openings 404 and 420 that act as vent holes sufficient to keep the 

20 flow velocities of sublimation vapor below a critical limit for particle loss, i.e., to avoid 
conditions referred to as choke flow limitations. Nevertheless, in still other batches the 
process may be driven near, but slightly below, choke flow conditions. The specific pro­
cess conditions (process regimes) depend on chosen product specifications. For example, a 
small loss of microparticles with sizes below a minimum threshold may be tolerated or 

25 even beneficial in some instances. Even if the process efficiency has to be reduced to avoid 
particle loss (excessive loss), employment of the optimized drum devices described herein 
nevertheless lead to process efficiencies above that which could be reached with conven­
tional drum designs 

30 In step 710, the drying process is finished ie., the product batch havs reached the desired 
level of dryness. The particles are then unloaded from drum 302 and discharged from 
freeze-dryer 204 via transfer section 210 to filling station 206 for filling into final recipi­
ents. In step 712, process 700 is finished, for example, by performing a cleaning and/or 
sterilization (e.g., CiP and/or SiP) of freeze-dryer 204 including vacuum chamber 218 and 

35 rotary drum 302. 

Embodiments of devices according to the invention can be employed for the generation of 
sterile, lyophilized and uniformly calibrated particles such as bulkware. The resulting 
product can be free-flowing, dust-free and homogeneous. Such product has good handling 
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properties and can be easily combined with other components, wherein the components 
might be incompatible in a liquid state or only stable for a short time, and thus otherwise 
unsuitable for conventional freeze-drying techniques. 

5 The products resulting from the freeze-dryers and process lines equipped according to the 
invention can comprise virtually any formulation in liquid or flowable paste state that is 
suitable also for conventional (e.g., shelf-type) freeze-drying processes, for example, mon­
oclonal antibodies, protein-based APIs, DNA-based APIs; cell/tissue substances; vaccines; 
APIs for oral solid dosage forms such as APIs with low solubility/bioavailability; fast dis-

10 persible oral solid dosage forms like ODTs, orally dispersible tablets, stick-filled adapta­
tions, etc., as well as various products in the fine chemicals and food products industries. 
In general, suitable flowable materials include compositions that are amenable to the bene­
fits of the freeze-drying process (e.g., increased stability once freeze-dried). 

15 While the current invention has been described in relation to various embodiments thereof, 
it is to be understood that this description is for illustrative purposes only. 

This application claims priority of European patent application EP 11 008 109.8-1266, the 

subject-matters of the claims of which are listed below for the sake of completeness: 

20 1. A rotary drum for use in a vacuum freeze-dryer for the bulkware production of freeze-
dried particles, 

the drum comprising a main section terminated by a front plate and a rear plate; 
wherein the rear plate is adapted for connection with a rotary supporting shaft for 

rotary support of the drum, and 
25 the rear plate is permeable for sublimation vapor from freeze-drying the particles. 

2. The drum according to item 1, wherein the drum is adapted for use within a vacuum 
chamber of the freeze-dryer. 

30 3. The drum according to item 1 or 2, wherein the front plate is permeable for sublimation 
vapor from freeze-drying the particles. 

4. The drum according to any one of the preceding items, wherein the permeability of at 
least one of the rear plate and the front plate are adapted so as to avoid choke flow limita-

35 tions during a freeze-drying process. 

5. The drum according to item 3 or 4, wherein the permeability of the rear plate and the 
permeability of the front plate are adapted relatively to each other according to respective 
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flow path lengths of sublimation vapor to a vacuum pump provided for maintaining the 
vacuum inside the vacuum chamber. 

6. The drum according to any one of the preceding items, wherein the rear plate compris-
5 es at least one venting hole for venting the sublimation vapor from the rotary drum. 

7. The drum according to any one of the preceding items, wherein the rear plate compris­
es a mesh which is permeable for the sublimation vapor. 

10 8. The drum according to any one of the preceding items, wherein the rear plate is 
adapted for connecting with the supporting shaft via laterally extending supporting bars. 

9. A rear plate for a rotary drum for use in a vacuum freeze-dryer for the bulkware pro­
duction of freeze-dried particles, 

15 wherein the drum comprises a main section terminated on a rear end by a rear plate; 
and wherein the rear plate is adapted for connection with a rotary supporting shaft 

for rotary support of the drum; and 
the rear plate is permeable for sublimation vapor from freeze-drying the particles in 

the rotary drum. 
20 

10. A device comprising a rotary drum according to any one of items 1 to 8 and a rotary 
supporting shaft mounted to the drum. 

11. The device according to item 10, wherein the supporting shaft is a hollow rotary shaft. 
25 

12. A freeze-dryer for the bulkware production of freeze-dried particles under vacuum, 
the freeze-dryer comprising 

- a rotary drum for receiving the frozen particles; and 
- a stationary vacuum chamber housing the rotary drum; 

30 the drum comprising a main section terminated by a front plate and a rear plate; 
wherein the rear plate is connected with a rotary supporting shaft for rotary support 

of the drum, and 
the rear plate is permeable for sublimation vapor from freeze-drying the particles. 

35 13. The freeze-dryer according to item 12, wherein the vacuum chamber is adapted for 
closed operation. 

14. A process line for the production of freeze-dried particles under closed conditions, the 
process line comprising a freeze-dryer according to item 12 or 13. 
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15. A process for the bulkware production of freeze-dried particles under vacuum per­
formed using a freeze-dryer according to item 12 or 13, wherein the step of freeze-drying 
the particles in a rotating drum of the freeze-dryer comprises controlling the flow of subli-

5 mation vapor out of the rotating drum via a permeable rear plate and optionally via a per­
meable front plate such that the particles are retained inside the drum. 
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 CLAIMS 

 

1.   A rotary drum for use within a vacuum chamber in a vacuum freeze-dryer for the 

bulkware production of freeze-dried particles, wherein the drum is adapted for unloading 

the freeze-dried particles after the drying process is finished, and wherein  

 the drum is in open communication with the vacuum chamber and comprises a 

main section terminated by a front plate and a rear plate;  5 

 the rear plate is adapted for connection with a rotary supporting shaft for rotary 

support of the drum, and  

 the rear plate is permeable for sublimation vapor from freeze-drying the particles.  

 

2. A rotary drum for use within a vacuum chamber in a vacuum freeze-dryer for the 10 

bulkware production of freeze-dried particles, wherein the drum is adapted for freeze-

drying particles, and wherein  

 the drum is in open communication with the vacuum chamber and comprises a 

main section terminated by a front plate and a rear plate;  

 the rear plate is adapted for connection with a rotary supporting shaft for rotary 15 

support of the drum, and  

 the rear plate is permeable for sublimation vapor from freeze-drying the particles.  

 

3. A rotary drum for use within a vacuum chamber in a vacuum freeze-dryer for the 

bulkware production of freeze-dried particles, wherein the drum is adapted to keep the 20 

particles in the drum during freeze-drying, and wherein  

 the drum is in open communication with the vacuum chamber and comprises a 

main section terminated by a front plate and a rear plate;  

 the rear plate is adapted for connection with a rotary supporting shaft for rotary 

support of the drum, and  25 

 the rear plate is permeable for sublimation vapor from freeze-drying the particles.  

 

4.   The drum according to any one of claims 1 to 3, wherein the drum is adapted for use 

within the vacuum chamber of the freeze-dryer.  

 30 

5.   The drum according to any one of claims 1 to 4, wherein the front plate is permeable 

for sublimation vapor from freeze-drying the particles. 

 

6.   The drum according to any one of the preceding claims, wherein the permeability of at 

least one of the rear plate and the front plate are adapted so as to avoid choke flow 35 

limitations during a freeze-drying process.  



36 

 

 

7.   The drum according to claim 5 or 6, wherein the permeability of one of the rear plate 

and the front plate is adapted relative to the permeability and the flow path length of the 

other one of the rear plate the front plate, which is the length of a flow path of sublimation 

vapor from the other one of the rear plate and the front plate to a vacuum pump provided 5 

for maintaining the vacuum inside the vacuum chamber.  

 

8.   The drum according to any one of the preceding claims, wherein the rear plate 

comprises at least one venting hole for venting the sublimation vapor from the rotary drum.  

 10 

9.   The drum according to any one of the preceding claims, wherein the rear plate 

comprises a mesh which is permeable for the sublimation vapor. 

 

10.   The drum according to any one of the preceding claims, wherein the rear plate is 

adapted for connecting with the supporting shaft via laterally extending supporting bars.  15 

 

11.   A rear plate for a rotary drum according to any one of claims 1 to 10 for use in a 

vacuum freeze-dryer for the bulkware production of freeze-dried particles, wherein the 

drum comprises a main section terminated on a rear end by the rear plate.  

 20 

12.   A device comprising a rotary drum according to any one of claims 1 to 10 and a 

rotary supporting shaft mounted to the drum.  

 

13.   The device according to claim 12, wherein the supporting shaft is a hollow rotary 

shaft.  25 

 

14.   A freeze-dryer for the bulkware production of freeze-dried particles under vacuum, 

the freeze-dryer comprising  

 a rotary drum according to any one of claims 1 to 10 for receiving the frozen 

particles; and 30 

a stationary vacuum chamber housing the rotary drum,   

 wherein the rear plate is connected with a rotary supporting shaft for rotary support 

of the drum.  

 

15.   The freeze-dryer according to claim 14, wherein the vacuum chamber is adapted for 35 

closed operation. 

 

16.   A process line for the production of freeze-dried particles under closed conditions, the 

process line comprising a freeze-dryer according to claim 14 or 15. 
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17.  A process for the bulkware production of freeze-dried particles under vacuum 

performed using a freeze-dryer according to claim 14 or 15 with a rotary drum according 

to an one of claims 5 to 10, wherein the step of freeze-drying the particles in a rotating 

drum of the freeze-dryer comprises controlling the flow of sublimation vapor out of the 5 

rotating drum via a permeable rear plate and via a permeable front plate by adapting the 

permeability of one of the rear plate and the front plate relative to the permeability and the 

flow path length of the other one of the rear plate and the front plate, which is the length of 

a flow path of sublimation vapor from the other one of the rear plate and the front plate to a 

vacuum pump provided for maintaining the vacuum inside the vacuum chamber, such that 10 

the particles are retained inside the drum. 


