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SYSTEM AND METHOD FOR THE STERILE FILLING OF CONTAINERS

DESCRIPTION

The present application relates to a system and a method for the sterile filling of

containers.

For a drug or product to be properly sterilised, it is important that the containers of
these sterile products are also sterilised in order to minimise the risks of
contamination by microbes or particles in the products. Accordingly, containers of
products that are ultimately subject to sterilisation should be filled in clean zones.
These clean zones have a suitable level of cleanliness for sterilising containers. Only
the minimum number of people should be present in said zones, particularly during
aseptic production.

Systems for the sterile filling of containers are known. In said systems, the containers
pass first through a device for cleaning by washing. Next, the containers are sentto a
sterilisation device where they are sterilised. The containers are then transported to a
filling machine where they are filled aseptically. The sterilisation device in said

systems is a depyrogenation oven or tunnel.

A depyrogenation tunnel is a sterilisation device which produces sterilisation by dry
heat. The sterilisation and depyrogenation tunnel comprises an endless variable-
speed conveyor; variable air modules which include preheating, sterilisation, cooling
and stabilisation modules; electrical systems, instrumentation and control, and allows
a reduction in pyrogen levels of at least 3 log. The container flow in the
depyrogenation tunnel is unidirectional and laminar. One advantage of
depyrogenation tunnels is that the container flow is continuous. Owing to the
characteristics of this type of oven, the processes should normally be carried out at
high temperatures of approximately 250°C. One drawback of depyrogenation tunnels
is that the containers must be closed before sterilisation, and the high process

temperatures may cause structural damage to the containers.

Another known sterilisation device is the autoclave. In an autoclave, the processes
are carried out discontinuously, and sterilisation takes place in cycles, with a specific
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number of containers at one time, in batches. The main cycle of the autoclave
operates at approximately 122°C for one hour at 1.1 bar, and also has prior
heating/cooling cycles and a final cooling cycle.

Autoclaves have a door through which the operator loads the containers and another
door through which the operator unloads said containers. Both doors lead into rooms
with different ISO classifications. Normally, the operators collect the containers from
the cleaning device and place them in carts of different heights or other moveable
supports in order to transport the containers into the autoclave. Said containers are
sterilised once the operators have loaded the autoclave. After sterilisation, the
operators unload the containers—now sterilised—through the other door of the
autoclave, and take said containers to a line of the container-filling system. Next,
capping is carried out to close the containers. The presence of this human interaction
entails a risk of contamination by microbes and by particles from the protective
clothing of the people involved in the operation, contaminating the containers in the
process of loading and unloading said containers in the autoclave. All staff (including
cleaning and maintenance staff) employed in these clean zones must receive special
training in the correct manufacture of sterile products and must perform strict personal
hygiene and cleanliness controls, as well as wearing high-quality clothing in order to
minimise contamination by microbes and by particles from the protective clothing.

Sterilising containers in an autoclave is therefore a discontinuous process, since the
autoclaves must be completely closed during sterilisation. This means that the
container-filling machine has a discontinuous input flow of containers, which results in
idle times when said machine is not working, and times when said machine has a load
higher than its nominal operating load, and the filling machine cannot absorb these
peak workloads. This is particularly problematic for a machine for filing medical
substances, since owing to the properties of said substances, the machine nozzles
dry out, and have a negative impact on the substance to be injected into the
containers. The use of an autoclave as a sterilisation device in a system for the sterile
filling of containers is therefore not optimal.

The autoclave has several advantages over the depyrogenation tunnel, since it is less
harsh on the containers, and allows the containers to be open during the process,
avoiding the need to close said containers beforehand and, as already stated, it
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allows batch operation. This discontinuous operation minimises risk should a fault
occur in the sterilisation, as only one batch of containers would be affected. The use
of an autoclave with automatic transport means and, preferably, an accumulation
device allows the drawbacks of discontinuous operation to be circumvented while

maintaining all its advantages.

One object of the present invention is to disclose a system for the sterile filling of
containers that comprises an autoclave as a sterilisation device, but without the
drawback of a discontinuous input of containers to the filling machine.

Moreover, another object of the present invention is to automate the entire system in
order to minimise human presence and thus the risk of contamination. However,
automation of the process is complicated owing to the different natures of the
sterilisation process (which is intermittent) and the cleaning and filling processes

(which are continuous).

More specifically, the present invention discloses a novel system wherein the
containers are sterilised by the combination of an autoclave and automatic transport
means. Said configuration allows the container-filling machine to operate with a
continuous input of containers. Preferably, this continuous flow of containers is
achieved by the use of parallel autoclaves, a container-accumulation device, a system
for automatic transport of containers and/or a combination thereof.

More specifically, the present invention discloses a system for the sterile filling of
containers for pharmaceutical products, which comprises a device for sterilising
containers and a sterilised-containers filling machine, with the special feature that the
device for sterilising containers comprises at least a first autoclave, and that the
system comprises an automated container-accumulation device and means for
automatically transporting the containers sterilised in the autoclave from said
autoclave to the container-filling machine via said container-accumulation device.

Preferably, the accumulation device comprises an accumulation plate.

More preferably, the accumulation device comprises a buffer.

Alternatively, the system also comprises a second autoclave, said second autoclave
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being positioned parallel to said first autoclave. Preferably, the system comprises said
second autoclave and a third autoclave parallel to said at least one autoclave. More
preferably, the system comprises an automated autoclave-emptying device, said
autoclave-emptying device and the container-filling machine being connected via the
accumulation device. Still more preferably, the system comprises an accumulator for
filling the autoclaves, said accumulator comprising an automatic container-diverting
device and control means configured to direct the containers to a second autoclave

when the first autoclave is in operation.

The system described, which comprises a system of parallel autoclaves and an
accumulation device, makes it possible to obtain a continuous input flow of vials to the
machine for filling sterilised containers even when the output from the autoclaves is
discontinuous. This allows the autoclave process to be separated from the filling
process. In this way, if a fault occurs in the autoclave, which without the parallel
configuration would result in the metered-feeding process being halted, which in turn
would result in a deterioration of the nozzles of the filling machine, the system can
continue to operate using the other autoclave, thanks to the parallel configuration.

Parallel working also allows the system for sterile filling of said containers to be
carried out more rapidly, more safely and without human intervention, allowing greater

reliability when sterilising the containers.

This configuration makes it possible to do away with the idle times during which the
autoclave is not operating that would occur in the prior art, said idle times
corresponding to the times during which a first set of sterilised containers is being
removed from the autoclave and a new set of containers to be sterilised is being fed
into said autoclave. Thus, the system according to the present invention allows the
speed of the overall container-filling process to be increased. In addition, the present
invention also allows the sterilisation system to be automated, avoiding human
contact during the container-sterilisation step. This automation allows the risk of

contamination by microbes or particles in the products or materials to be minimised.

Preferably, the system comprises a buffer and a second autoclave, the second
autoclave being positioned parallel to a first autoclave as described above.
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More preferably, the buffer is positioned between the automated emptying device of
the first and second autoclaves and the accumulation plate.

Preferably, the system comprises a buffer at an output of each autoclave.

Preferably, the system comprises a container-cleaning device and means for
automatically transporting the cleaned containers to the at least one autoclave. More
preferably, the filling machine is a metered-feeding device. Still more preferably, the
system comprises a device for capping containers after the filling machine.

Preferably, the containers are jars. More preferably, the containers are vials.

The present invention also discloses a method for the sterile filling of containers for
pharmaceutical products, which comprises:

e a step of cleaning containers,
* a step of sterilising the clean containers,

* a step of filling the sterilised containers in a clean zone,

with the special feature that the step of sterilising the clean containers is carried out in
at least one autoclave, and that the clean containers are directed by automatic
transport means from the cleaning step to the sterilisation step and from the
sterilisation step to the filling step, said containers being directed from the sterilisation
step to the filling step via an accumulation device that comprises an accumulation
plate. Preferably, the containers are directed from the sterilisation step to the filling

step via an accumulation device which comprises a buffer.

More preferably, the method comprises a step of arranging a second autoclave
parallel to a first autoclave so that, while the clean containers are being sterilised in
the first autoclave, the second autoclave is being loaded with new clean containers.
Still more preferably, the method comprises an additional step of capping the filled

containers.

Preferably, the containers are jars. More preferably, the containers are vials.
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For a better understanding, the accompanying drawings show an explanatory but non-

limiting example of an embodiment of the present invention.

Fig. 1 is a diagram of a first embodiment of a system for the sterile filling of containers
for pharmaceutical products, with two parallel autoclaves.

Fig. 2 is a diagram of a second embodiment of a system for the sterile filling of
containers for pharmaceutical products, with two parallel autoclaves.

Fig. 3 is a diagram of a third embodiment of a system for the sterile filling of
containers for pharmaceutical products, with two parallel autoclaves.

Fig. 4 is a diagram of a fourth embodiment of a system for the sterile filling of
containers for pharmaceutical products, with a buffer at the output of the autoclave.

Fig. 5 is a diagram of a fifth embodiment of a system for the sterile filling of containers
for pharmaceutical products, with a buffer at the output of the autoclave.

Fig. 6 is a diagram of a sixth embodiment of a system for the sterile filling of
containers for pharmaceutical products, with two parallel autoclaves and a single
buffer.

Fig. 7 is a diagram of a seventh embodiment of a system for the sterile filling of
containers for pharmaceutical products, with two parallel autoclaves and a single
buffer.

Fig. 8 is a diagram of an eighth embodiment of a system for the sterile filling of
containers for pharmaceutical products, with two parallel autoclaves and a buffer at
the output of each autoclave.

Fig. 9 is a diagram of a ninth embodiment of a system for the sterile filling of
containers for pharmaceutical products, with two parallel autoclaves and a buffer at
the output of each autoclave.
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Fig. 1, 2 and 3 disclose a system for the sterile filling of containers for pharmaceutical
products.

The system of Fig. 1 and 2 shows a first and a second embodiment of systems for the
sterile filing of containers, wherein the containers are filed with a liquid
pharmaceutical substance, product or drug. In the examples shown, the containers
are vials. The system of Fig. 3 shows a system for the sterile filling of containers,
wherein the containers are filled with liquid substances, products or drugs which are to
be lyophilised subsequently. The lyophilisation process may be of any known type and
is not detailed in this patent. In the figures, the same or similar reference numerals

refer to analogous elements in each embodiment.

The system for the sterile filling of containers of Fig. 1 comprises a device for
sterilising containers, which is a first autoclave 3a, and a machine 6 for filling sterilised
containers. In addition, the system comprises a second autoclave 3b arranged or
installed parallel to the first autoclave 3a. The system may also comprise at least one
additional autoclave connected parallel to the first and second autoclaves (not shown
in the figures).

In the system of Fig. 1 and 2, the containers are transported by automatic transport
means, which may be a conveyor belt or another transport device, through a cleaning
station positioned in at least one cleaning device prior to sterilisation in the
autoclaves 3a, 3b. In this container-cleaning station, the containers are cleaned and
dried so as to remove any substance or particle that may be found thereon. The
cleaning station may comprise several cleaning and/or drying devices 1, as shown in
Fig. 1, or may comprise a single cleaning and drying device 10, as shown in Fig. 2.
Depending on the size of the vials, it is advisable to have a station with several
cleaning and drying devices. Normally, when the substances to be placed in the vials
are liquid substances, the vials used are larger than for powdery substances, and
therefore the presence of several cleaning devices is recommended.

The automatic transport means carry the containers to the autoclaves 3a, 3b. These
automatic transport means are configured to direct the vials to a second autoclave 3b
when a first autoclave 3a is in operation. In addition, the system may comprise an
accumulator. This accumulator facilitates the automatic feeding of the vials into the
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autoclaves 3a, 3b. Preferably, the accumulator comprises an automatic container-
diverting device and control means configured to facilitate the vials being directed to a
second autoclave 3b when a first autoclave 3a is in operation.

Automating the process of feeding the vials into the autoclaves makes it possible to
do away with the idle times that occur when the autoclaves are being loaded/unloaded
manually. Thus, once the vials are loaded in the first autoclave 3a, the sterilisation
thereof begins. While the first autoclave 3a is in operation, the accumulator 2 fills the
second autoclave 3b, allowing the second autoclave 3b to be in operation whilst the
first autoclave 3a is being unloaded. Since there are two autoclaves in parallel, the
vial sterilisation process is faster, and there are no idle times during which none of the
autoclaves is operating. This alternating of autoclaves may be carried out at regular

intervals.

This automation also does away with the need for operators to have to constantly
load/unload the vials in the autoclaves. This minimises the risk of contaminating
containers inside the autoclave with microbes and particles from the protective
clothing.

The system may have more additional autoclaves positioned parallel to the first and
second autoclaves 3a, 3b. The presence of additional autoclaves allows the process

to be even more streamlined.

Once the vials have been sterilised in the autoclaves, an automated autoclave-
emptying device 4 directs the vials from both autoclaves to a container-accumulation
device, which is an accumulation plate 5. This accumulation plate 5 receives the
sterilised vials from both autoclaves and directs said vials to the container-filling
machine 6 by automatic transport means. Said automatic transport means may be a
conveyor belt or another transport device.

The combination of the automatic transport means and the accumulation device
allows a constant flow of containers from the plate to the container-filling machine 6,

optimising the efficiency of said filling machine 6.

The filling machine 6 may be a metered-feeding device of a known type, which fills the



WO 2021/228661 PCT/EP2021/061885

10

15

20

25

30

35

vials aseptically. In the example of Fig. 1 and 2, following the filling step the vials are
duly capped in a capping device 7. In the example of Fig. 3, the vials are placed on
trays in a tray-placement device 70, said vials then being capped outside the system
described in this patent. The capping of the vials may be carried out as an aseptic
process using sterilised caps, or as a clean process outside the aseptic zone. To
ensure the required conditions and minimise direct human intervention in the capping

process, restricted access barriers and isolators may be beneficial.

Fig. 2 shows a container-filling system similar to that of Fig. 1, with only one container-
cleaning device 10.

Fig. 3 shows a container-filling system similar to that of Fig. 2 and 3, with a tray-
placement device 70. Said tray-placement device 70 is used as a transition stage
before the lyophilisation process and after capping vials of powdery substances, such
as those that are lyophilised, for example. In this case capping is carried out in several
steps, this capping being of a known type and not an object of this patent. Normally,
the vials to be lyophilised subsequently are smaller than the vials that do not need to
be lyophilised, and therefore the system of Fig. 3 comprises a single container-
cleaning device 10.

Fig. 4 and 5 show a system for the sterile filling of containers for pharmaceutical
products, which comprises a single autoclave 3, and wherein the accumulation device
comprises an intermediate store or buffer 8. As shown in Fig. 4 and 5, the
accumulation device comprises a buffer 8 in addition to an accumulation plate 5. In
these figures, elements analogous to those shown in Fig. 1, 2 and 3 are shown with

the same or similar reference numerals.

As in the previous figures, the containers are transported by automatic transport
means, which may be a conveyor belt or another transport device, through a cleaning
station positioned in at least one cleaning device prior to sterilisation in the
autoclave 3. The cleaning station may comprise several cleaning and/or drying
devices 1, as shown in Fig. 4, or may comprise a single cleaning and drying
device 10, as shown in Fig. 5. The automatic transport means carry the containers to
the autoclave 3.



WO 2021/228661 PCT/EP2021/061885

10

15

20

25

30

35

10

Once the vials have been sterilised in the autoclave 3, the containers pass through an
accumulator or buffer 8 and an accumulation plate 5 before being directed to the
container-filling machine 6. The accumulator 8 unloads the entire group or batch of
sterilised containers and directs said containers in a more continuous flow to an
accumulation plate 5. This accumulation plate 5 receives the vials from both
autoclaves and directs said vials to the container-filling machine 6 by means of a
conveyor belt or another transport device.

The accumulator or buffer 8 is positioned at the output of the autoclave 3, and allows
the containers to be unloaded automatically from the autoclave with no human
interaction. The combination of the buffer 8 and the accumulation plate 5 allows the
sterilised containers to be fed constantly into the filling machine 6. This emptying also
allows for faster unloading of containers from the autoclave, and therefore allows the
autoclave to be loaded again more quickly with a new batch, streamlining the sterile

filling of containers.

Unlike the system of Fig. 1, 2 and 3, the system does not comprise an accumulator at
the input to the autoclave or a diverting device at the output thereof.

Fig. 4 shows a container-filling system with several cleaning and/or drying devices 1
and a capping device 7, while Fig. 5 shows a configuration of a container-filling
system with a single cleaning and drying device 10 and with a tray-placement
device 70 positioned at the output of the filling machine 6. Other configurations that
have not been shown may be possible.

Fig. 6 and 7 show a system for the sterile filling of containers for pharmaceutical
products, which comprises two autoclaves 3a and 3b, the second autoclave 3b being
positioned parallel to the first autoclave 3a. The system also comprises an
accumulation device which comprises a buffer 8 and an accumulation plate 5. In these
figures, elements analogous to those shown in the previous figures are shown with

the same or similar reference numerals.

As in the previous figures, the containers are transported by automatic transport
means, which may be a conveyor belt or another transport device, through a cleaning
station positioned in at least one cleaning device prior to sterilisation in the
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autoclave 3. The cleaning station may comprise several cleaning and/or drying
devices 1, as shown in Fig. 6, or may comprise a single cleaning and drying
device 10, as shown in Fig. 7. The automatic transport means carry the containers to
the autoclaves 3a, 3b, preferably via an input accumulator which facilitates the
automatic feeding of the vials into the autoclaves 3a, 3b and which comprises an
automatic container-diverting device and control means configured to facilitate the
vials being directed to a second autoclave 3b when a first autoclave 3a is in operation.
The system may have more additional autoclaves positioned parallel to the first and
second autoclave 3a, 3b.

After sterilisation in one of the autoclaves, the containers are unloaded from the
autoclaves, preferably by means of an automated autoclave-emptying device, to a
container-accumulation device which comprises a buffer 8 and an accumulation
plate 5. Alternatively, the buffer 8 is positioned between the emptying device of the
first and second autoclaves and the accumulation plate (see Fig. 6 and 7). In this
case, the combination of the buffer 8, which has greater capacity than that of the
accumulation plate 5, with said plate 5, allows for a more fluid flow of containers from
the autoclaves to the filling machine 6 than that shown in Fig. 1, 2 and 3. As in the
previous embodiments, the accumulation plate 5 directs the sterilised vials to the
container-filling machine 6 by automatic transport means. These automatic transport
means may be a conveyor belt or another transport device.

Fig. 6 shows a container-illing system with several cleaning and/or drying devices 1
and a capping device 7, while Fig. 7 shows a configuration of a container-filling
system with a single cleaning and drying device 10 and with a tray-placement
device 70 positioned at the output of the filling machine 6. Other configurations that
have not been shown may be possible.

Fig. 8 and 9 show a system for the sterile filling of containers for pharmaceutical
products, which comprises two autoclaves 3a and 3b, similar to the systems of Fig. 6
and 7. In this case, the accumulation device comprises a buffer 8a, 8b positioned at
the output of each of the autoclaves 3a, 3b. In this case, the automated autoclave-
emptying device unloads the containers from the buffers 8a, 8b and directs said
containers to an accumulation plate 5.
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One of the advantages of having a buffer 8a, 8b in each autoclave is that it allows
autoclaves to be emptied with a smaller number of containers per batch, which also
allows one of the sets of autoclave and buffer to operate if a second one is

undergoing maintenance.

In these figures, elements analogous to those shown in the previous figures are

shown with the same or similar reference numerals.

The present invention also discloses a method for the sterile filling of containers for
pharmaceutical products. The method according to the present invention is carried out
using any of the systems described above and shown in the embodiments of the
figures.

The method comprises a step of cleaning containers in a container-cleaning station
(which may be carried out in one step using a single device 10 or in two steps using a
system with two devices 1); the transport of said containers via automatic transport
means to at least one autoclave 3, preferably to at least two autoclaves 3a, 3b
positioned parallel to one another; a step of sterilising containers in the
autoclaves 3, 3a, 3b; an accumulation step in an accumulation device, said
accumulation device comprising an accumulation plate 5, and preferably at least one
buffer 8, 8a, 8b; a preferred step of emptying the autoclaves by means of an
automated autoclave-emptying device 4, which directs the containers to an
accumulation plate 5; the transport of the containers via automatic transport means
from the accumulation plate 5 to a container-filling machine 6 which is a metered-
feeding device and which fills the vials aseptically; a step of filling containers in said
container-filling machine 6; and a step of capping the containers. The filling step is
carried out in a similar way both when the injected substance, product or drug is a
liquid which is to be lyophilised subsequently and when said substance, product or
drug does not need to be lyophilised.

The transport of the containers using a conveyor belt from the filling step to the at
least one autoclave may be carried out via an accumulation device. If there is more
than one autoclave, the accumulation device may also comprise an automatic
diverting device with control means configured to direct the containers to one of the
two autoclaves 3a, 3b positioned parallel to one another.
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The sterilisation step may be carried out in any number of autoclaves positioned in
parallel. The use of an additional autoclave to the autoclaves 3a, 3b mentioned above

brings an additional improvement to the overall container-sterilisation time.

The problem with the autoclave 3 is that the container input/output in same is carried
out in batches, or lots, and the filing machine 6 cannot absorb peak workloads.
Automation of the process allows containers to arrive at the filing machine 6
constantly.

Moreover, quality control may be carried out during the container-sterilisation step. In
this quality control, the operators visually or automatically inspect the sterilisation
process in the autoclaves and the quality of the containers already sterilised.

Although the invention has been described and shown based on several
representative examples, it will be understood that said embodiments are an example
and in no way limit the present invention, and therefore any variations that are
included directly or by equivalence in the content of the accompanying claims shall be
deemed to fall within the scope of the present invention.



