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Description

[0001] The present invention relates to a freeze dryer
shelf, and to a method of manufacturing a freeze dryer
shelf.
[0002] Freeze dryer shelves are located within a freeze
drying chamber of a freeze dryer for receiving a plurality
of containers or vials containing the product to be freeze
dried. The chamber usually includes a number of
shelves, each of which can be raised and lowered within
the chamber. To load the shelves, the shelves are initially
collapsed in the lower portion of the chamber, and the
uppermost shelf is first moved into a loading position.
After that shelf has been loaded, the mechanism auto-
matically raises the loaded shelf to enable the next shelf
to be moved to the loading position. This moving se-
quence continues until the chamber loading has been
completed. To unload the chamber, the loading se-
quence is reversed, with the lowermost shelf being un-
loaded first.
[0003] The shelves also serve to transfer heat between
a diathermic fluid such as alcohol, glycol, or silicone oil,
and the products to be freeze-dried. During the freeze
drying process, moisture present within the products is
frozen. An external refrigeration circuit cools diathermic
fluid circulating within the freeze dryer shelves in order
to cause heat to be transferred from the products to the
diathermic fluid and thereby cause the freezing of the
moisture contained within the products. After freezing,
the chamber is evacuated to a pressure typically below
1 mbar, and the diathermic fluid is heated by an external
heater to cause the ice within the samples to sublimate
into water vapour.
[0004] The shelves of a freeze dryer are also common-
ly used to press stoppers into the containers. During the
freeze drying process, the stoppers are loosely located
on the mouths of the containers to enable the water va-
pour to sublimate from the samples. Upon completion of
the freeze drying process, the shelves are moved relative
to each other so that the upper surfaces of the stoppers
of the containers located on one shelf contact the lower
surface of the shelf thereabove. Continued relative move-
ment of the shelves depresses the stoppers into the con-
tainers to form air-tight seals. This has the advantage of
sealing the containers within a controlled environment.
[0005] Freeze dryer shelves are typically formed by
two opposed, stainless steel plates having stainless steel
ribs located between the plates in order to form both a
space, typically between 10 and 20 mm in height, be-
tween the plates and flow channels for the diathermic
fluid. The ribs serve to provide the necessary strength
for the shelf to support its own weight and the weight of
the containers placed thereupon. In addition, the ribs
must enable the shelf to withstand the forces placed upon
the plates during the depression of the stoppers, which
can be up to 1.5 kg/cm2.
[0006] The documents US 5 689 898 and US-A-3 448
556 show examples of freeze dryer shelves. The stop-

pers of the containers are generally formed from a rubber
material, for example a butyl rubber, and may contain an
amount of silicone oil applied to the stopper to aid the
insertion of the stopper into the container. The pressure
placed on a stopper during the depression of the stopper
into a container can drive small molecules of silicone oil
to the external surface of the stopper, creating a quasi-
viscous layer at the interface between the stopper and
the freeze dryer surface. Furthermore, a number of stop-
per designs, especially those for containers containing
pharmaceutical samples, have a centrally located, raised
target ring, or "bulls-eye", defining a target area for needle
insertion. When such a stopper is depressed into a con-
tainer by the lower surface of a freeze dryer shelf, the
force acting on the target ring causes the target area to
bend downwardly, creating a vacuum cavity between the
stopper and the freeze dryer shelf.
These effects, either alone or in combination, can cause
a stopper to "stick" to the lower surface of a freeze dryer
shelf during a container closure procedure, particularly
when the pressure is applied to the stopper for a relatively
long time, or when the closure pressure is relatively high.
Consequently, when the pressure is subsequently re-
lieved from the stoppers by the relative movement be-
tween the freeze dryer shelves, any stoppers that have
stuck to the upper shelf during the closure procedure can
remain attached to the upper shelf, causing the contain-
ers within which those stoppers are located to become
physically separated from the lower shelf. As the adhe-
sion between these stoppers and the lower surface of
the upper shelf weakens with time, these containers can
fall from the upper shelf, causing the container to break
upon impact with the lower shelf and/or to knock over
some of the other containers located on the lower shelf.
Alternatively, these containers can be dislodged from the
upper shelf during the unloading procedure, which can
also cause the container to break and/or to knock over
some of the other containers. Any fallen containers or
broken glass can block the unloading system, thereby
requiring operators to clear the system, incurring costly
downtime and loss of material.
[0007] Document WO 2006/013360 A mentions this
problem. In a first aspect the present invention provides
a method of manufacturing a freeze dryer shelf having
opposed, parallel first and second plates, the method
comprising the step of treating a surface of one of the
plates to inhibit the sticking thereto of a rubber stopper
pressed against that surface during the application of
pressure to the stopper to push the stopper into a con-
tainer.
By treating a surface of the shelf in this manner so that,
when the shelf is located in a freeze dryer, the surface
of the shelf faces the stoppers of the containers located
on another shelf, the sticking of the stoppers to the shelf
when the shelf is used to press the stoppers into the
containers can be inhibited. This is advantageous to the
individual treatment of the upper surfaces of the stoppers
for the containers, as it can enable the freeze dryer to be
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used with a wide range of different stoppers. The surface
may be treated by the formation thereon of a coating that
inhibits the sticking to the shelf of a rubber stopper
pressed against that surface during the application of
pressure to the stopper to push the stopper into a con-
tainer. This coating preferably comprises a hydrophobic
or non-wetting material to inhibit the sticking of a stopper
to the shelf through any quasi-viscous layer formed be-
tween the coating and a stopper when the shelf is pressed
against the stopper. An example of a suitable non-wetting
material is Teflon®.
[0008] The coating may be sprayed on to the surface.
This can enable the coating to be retro-fitted to existing
freeze dryer shelves by removing the shelves from the
chamber of the freeze dryer in which they are located,
and applying the coating to a surface of the shelves. Al-
ternatively, the coating may be applied to the shelves in
situ.
[0009] The coating may be a composite coating of at
least two materials. For example, a first layer of ceramic
material may be applied to the surface, a second layer
of non-wetting material applied to the first layer, and the
first and second layers subsequently baked, for example
to a temperature in the range from 150 to 350°C, prefer-
ably in the range from 200 to 250°C, to form the coating.
The first layer may be sprayed on to the surface using
one of a thermal spraying and a plasma spraying tech-
nique. The ceramic material may comprise one of carbon,
tungsten carbide and silicon carbide. During this spraying
technique, the temperature of the surface can locally
reach temperatures as high as 700°C. In order to avoid
warping of the shelf due to material strain relief, a dia-
thermal fluid can be conveyed between the plates during
the spraying technique to ensure appropriate cooling.
[0010] Alternatively, or additionally, the coating may
have a roughness which is greater than that of the surface
to which it is applied. Increasing the roughness of the
surface of the shelf decreases the contact area between
the shelf and the stopper when the stopper is pressed
into the container, and thereby reduce the adhesion be-
tween the stopper and the container. Furthermore, de-
pending on the degree of roughness, the formation of
any vacuum cavities between the shelf and the stopper
can be inhibited. Rather than applying a coating to the
surface to increase the roughness of the surface, the
surface itself is roughened to inhibit the sticking to the
shelf of a rubber stopper pressed against that surface
during the application of pressure to the stopper to push
the stopper into a container. The surface may be treated
using one of a laser beam, electron beam and chemical
etching to remove material from the surface to increase
its roughness. Alternatively, material may be deposited
or otherwise attached to the surface to increase its rough-
ness. This surface treatment can form a regular surface
pattern on the surface in order to provide greater control
over the size and/or spacing of the "peaks" in the surface
that come into contact with the stopper during the closure
procedure. The surface pattern may comprise one of

cross hatching, parallel lines and an array of dots. For
example, the addition of material to the surface may be
performed by attaching a wire mesh to the surface of the
shelf to provide a regular pattern of peaks for contacting
the stopper. The stopper may be inserted into the con-
tainer through the application of pressure from only a
relatively small, for example two or three peaks, and so
in one example the peaks have a period in the range from
2 to 3 mm.
[0011] The manufacture of the shelf preferably com-
prises the steps of locating spacers between the plates
to define at least one flow channel for conveying a dia-
thermic fluid between the plates, and attaching the spac-
ers to the plates, wherein the surface treatment is per-
formed following the attachment of the spacers to the
plate. The spacers are preferably attached to the plates
using an adhesive or using a vacuum brazing technique.
In a second aspect the present invention provides a
freeze dryer shelf comprising opposed, parallel first and
second plates having at least one flow channel located
therebetween for conveying a diathermic fluid between
the plates, one of the plates having a surface treated to
inhibit the sticking to the shelf of a rubber stopper pressed
against that surface during the application of pressure to
the stopper to push the stopper into a container.
[0012] As discussed above, the surface may have a
coating thereon that inhibits the sticking to the shelf of a
rubber stopper pressed against that surface during the
application of pressure to the stopper to push the stopper
into a container. The surface may be roughened to inhibit
the sticking to the shelf of a rubber stopper pressed
against that surface during the application of pressure to
the stopper to push the stopper into a container.
In a third aspect, the present invention provides a freeze
dryer comprising chamber housing a plurality of shelves
each comprising opposed, parallel first and second
plates having at least one flow channel located therebe-
tween for conveying a diathermic fluid between the
plates, each shelf having a surface treated to inhibit the
sticking to the shelf of a rubber stopper pressed against
that surface during the application of pressure to the stop-
per to push the stopper into a container.
Features described above in relation to method aspects
of the invention are equally applicable to any of the ap-
paratus (shelf or dryer) aspects, and vice versa.
Preferred features of the present invention will now be
described with reference to the accompanying drawings,
in which:

Figure 1 is a top plan view of a freeze dryer shelf
with one plate broken away;

Figure 2 is a perspective view of part of the shelf of
Figure 1;

Figure 3 is a close-up of part of Figure 2;

Figure 4 is a close-up of part of Figure 2;
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Figure 5 is a plan view of the exposed surface of
plate 12 of the shelf of Figure 4; and

Figure 6 is a close-up of part of Figure 2 to illustrate
the invention.

With reference to Figures 1 and 2, a freeze dryer shelf
10 comprises a pair of first and second plates 12, 14.
Both plates are flat, parallel and spaced apart from one
another. A plurality of ribs 16 are provided within the
space formed between first and second plates 12, 14.
The ribs 16 are spaced apart to define at least one flow
channel 18 for diathermic fluid conveyed between the
first and second plates 12, 14. In this regard, the ribs 16
are substantially parallel and staggered relative to one
are another in order to produce a serpentine flow path
through the shelf 10, and thereby minimize pressure
drop. The ribs 16 are preferably hollow rectangular tubes,
although they may take any form having elongated flat
surfaces 20, 22 in contact with the first and second plates
12, 14 respectively.
The shelf 10 is peripherally sealed by a frame 24 com-
prising bars or rods 26, 28, 30, 32 each having a sub-
stantially square or rectangular transverse cross-section.
The rods are connected end-to-end, and secured to the
first and second plates 12, 14. Diathermic fluid flows into
and is discharged from the shelf 10 by fluid inlet and outlet
ports formed by inlet and outlet pipes 34, 36 connected
to inlet and outlet tab portions 38, 40 provided with inter-
nal drillings. Diathermic fluid enters into and is discharged
from the flow channels 18 through apertures defined in
rods 26, 28 and in communication with each of the inter-
nal drillings of tab portions 38, 40. Inlet and outlet pipes
34, 36 are connected to hoses which are, in turn, con-
nected to an external circuit for the diathermic fluid which
conventionally includes a pump to circulate the diather-
mic fluid, a refrigerant circuit for cooling the diathermic
fluid during the freezing phase of the freeze drying proc-
ess, and an electrical heater for heating the diathermic
fluid during the sublimation phase of the freeze drying
process. Support blocks may be provided on the outer
periphery of the shelf 10 for receiving support rods for
connecting the shelf 10 to other shelves within a chamber
of a freeze dryer.
[0013] All of the aforementioned components of the
freeze dryer shelf 10 are preferably fabricated from stain-
less steel. To manufacture the shelf 10, the plates 12, 14
may be attached to the ribs 16 using an adhesive, or by
brazing. In order to assemble the shelf 10 using a brazing
process, a nickel or copper-based powder on a self-ad-
hesive backing or brazing tape is sandwiched between
first plate 12 and the lower surfaces 22 of the ribs 16,
and between the second plate 14 and the upper surfaces
20 of the ribs 16. The assemblage is sandwiched be-
tween graphite blocks or any heat conductive material
and placed within a vacuum induction furnace. The as-
semblage is heated in the furnace at a temperature that
ramps from room temperature to within approximately

10°C of the melting of nickel, approximately 482°C. The
temperature is then stabilized and then again ramped up
to the melting point of nickel and the crystallization tem-
perature of the stainless steel. This temperature is sta-
bilized for between 15 and 20 minutes in order to stress
relieve the assemblage of components. Thereafter, the
furnace is cooled down for about 12 hours to 204°C, at
which point the entire assemblage is quenched with an
inert gas, such as nitrogen. Thereafter, the assemblage
is allowed to cool to room temperature. The end plates
30, 32 are then welded to the plates 12, 14, and preferably
ground, smoothed, and polished.
[0014] Following the assembly of these components
of the shelf 10, the exposed (lower as illustrated) surface
50 of the first plate 12 is treated to inhibit the sticking
thereto of a rubber stopper pressed against that surface
50 during the application of pressure to the stopper to
push the stopper into a container. As described below
with reference to Figures 3 to 6, the surface 50 of the
shelf 10 may be treated in a number of different ways to
prevent rubber stoppers from sticking to the shelf 10 dur-
ing a container closure procedure.
[0015] In Figure 3, the surface 50 is treated by the for-
mation thereon of a coating 60 that prevents rubber stop-
pers from sticking to the shelf 10 during a container clo-
sure procedure. In this embodiment, the coating is a com-
posite coating of two different materials. A first layer of
ceramic material, for example, carbon, tungsten carbide
and silicon carbide, is applied to the surface 50 using a
thermal spraying and a plasma spraying technique. Dur-
ing this spraying technique, the temperature of the sur-
face 50 can locally reach temperatures as high as 700°C,
and so diathermic fluid is preferably conveyed through
the shelf 10 during spraying to remove heat from the sur-
face 50 and thereby prevent warping of the shelf. Follow-
ing completion of this spraying of ceramic material on to
the surface 50, a second layer of a hydrophobic or non-
wetting material, for example Teflon® is applied to the
first layer, and the first and second layers are subse-
quently baked at a temperature in the range from 150 to
350°C, preferably in the range from 200 to 250°C, to form
the coating 60.
The coating 60 may perform two functions. Firstly, this
coating can provide a hydrophobic interface that prevents
a stopper from sticking to the shelf 10 through any quasi-
viscous layer formed between the coating 60 and a stop-
per when the shelf 10 is pressed against the stopper.
Secondly, the coating 60 may have a roughness which
is greater than that of the stainless steel surface 50 to
which it is applied. Increasing the roughness of the sur-
face of the shelf 10 that comes into contact with stoppers
during a container closure procedure can decrease the
contact area between the shelf 10 and the stopper when
the stopper is pressed into the container, and thereby
reduce the adhesion between the stopper and the con-
tainer. Furthermore, depending on the degree of rough-
ness, the formation of any vacuum cavities between the
shelf 10 and the stopper can be inhibited.
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[0016] Figures 4 and 5 illustrate a shelf in which the
surface 50 is treated using one of a laser beam, electron
beam and chemical etching to remove material from the
surface 50, as illustrated by pits 70 in Figure 4, to increase
its roughness and thereby inhibit the sticking to the shelf
10 of a rubber stopper pressed against that surface 50
during a container closure procedure. This surface treat-
ment can form a regular surface pattern 70 on the surface
50 in order to provide control over the size and/or spacing
of the "peaks" in the surface 50 that come into contact
with the stopper during the closure procedure. The sur-
face pattern may comprise one of cross hatching (as il-
lustrated in Figure 5), parallel lines and an array of dots.
In the example illustrated in Figure 5, the peaks have a
period in the range from 2 to 3 mm.
[0017] Figure 6 illustrates an embodiment in which the
surface 50 is roughened by the application thereto of a
wire mesh 80, also to increase the roughness of surface
50 and provide control over the size and/or spacing of
the peaks in the surface 50 that come into contact with
the stopper during the closure procedure.

Claims

1. A freeze dryer shelf (10) comprising opposed, par-
allel first and second plates (12, 14) having at least
one flow channel located therebetween for convey-
ing a diathermic fluid between the plates, one of the
plates having a surface (50) treated to inhibit the
sticking to the shelf of a rubber stopper pressed
against that surface (50) during the application of
pressure to the stopper to push the stopper into a
container, characterized in that the surface (50) is
roughened by the application thereto of a wire mesh
(80) for increasing the roughness of said surface (50)
and for providing control over the size and/or spacing
of the peaks in said surface (50) that come into con-
tact with the stopper during a closure procedure.

2. A shelf according to claim 1 comprising a plurality of
spacers located between the plates to define said at
least one flow channel for conveying a diathermic
fluid between the plates

3. A shelf according to Claim 2, wherein the spacers
are attached to the plates using an adhesive or are
brazed to the plates.

4. A freeze dryer comprising chamber housing a plu-
rality of shelves each according to any of Claims from
1 to 3, said surfaces of each of the shelves facing
downwards.

5. A method of manufacturing a freeze dryer according
to any of the previous claims, comprising the step of
treating a surface of one of the plates to inhibit the
sticking thereto of a rubber stopper pressed against

that surface during the application of pressure to the
stopper to push the stopper into a container, the step
of treating comprising the step of roughening the sur-
face (50) by the application thereto of a wire mesh
(80) for increasing the roughness of said surface (50)
and for providing control over the size and/or spacing
of the peaks in said surface (50) that come into con-
tact with the stopper during a closure procedure.

6. A method according to the previous claim, compris-
ing the steps of locating spacers between the plates
to define at least one flow channel for conveying a
diathermic fluid between the plates, and attaching
the spacers to the plates, wherein the surface treat-
ment of said one of the plates is performed following
the attachment of the spacers to the plate.

7. A method according to claim 6, wherein the spacers
are attached to the plates using an adhesive or using
a vacuum brazing technique.

Patentansprüche

1. Gefriertrockner-Regal (10), aufweisend gegenüber-
liegende, parallele erste und zweite Platten (12, 14)
mit zumindest einem dazwischen angeordneten
Strömungskanal zur Beförderung einer diathermi-
schen Flüssigkeit zwischen den Platten, wobei eine
der Platten eine behandelte Oberfläche (50) auf-
weist, die haftmindernd gegenüber dem Regal wirkt,
wenn ein Gummistopfen, während einer Druckbe-
aufschlagung auf den Stopfen, um den Stopfen in
einen Behälter zu schieben, gegen die Oberfläche
(50) gedrückt wird, dadurch gekennzeichnet, dass
die Oberfläche (50) durch Aufbringen eines Draht-
gitters (80) zur Erhöhung der Rauheit der Oberfläche
(50) und zur Erlangung der Kontrolle über die Größe
und / oder die Abstände der Spitzen auf der Ober-
fläche (50), die während eines Schließvorgangs mit
dem Stopfen in Kontakt kommen, aufgeraut ist.

2. Regal gemäß Anspruch 1, aufweisend eine Vielzahl
von Abstandhaltern zwischen den Platten, um den
zumindest einen Strömungskanal zur Beförderung
einer diathermischen Flüssigkeit zwischen den Plat-
ten zu definieren.

3. Regal gemäß Anspruch 2, wobei die Abstandhalter
mittels eines Klebers an den Platten angebracht oder
an den Platten angelötet sind.

4. Eine einen Gefriertrockner aufweisende Kammer,
die eine Vielzahl von Regalen gemäß einem der An-
sprüche 1 bis 3 aufnimmt, wobei die Oberflächen
eines jeden Regals nach unten zeigen.

5. Verfahren zur Herstellung eines Gefriertrockners ge-
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mäß einem der vorigen Ansprüche, aufweisend den
folgenden Schritt des:

- Behandelns einer Oberfläche einer der Platten
zum Verhindern des Anhaftens eines Gummi-
stopfens daran, der während einer Druckbeauf-
schlagung auf den Stopfen, um den Stopfen in
einen Behälter zu schieben, gegen die Oberflä-
che (50) gedrückt wird,
- Behandelns zur Erhöhung der Rauheit der
Oberfläche (50) durch Aufbringen eines Draht-
gitters (80) und zur Erlangung der Kontrolle über
die Größe und / oder die Abstände der Spitzen
auf dieser Oberfläche (50), die während eines
Schließvorgangs mit dem Stopfen in Kontakt
kommen.

6. Verfahren gemäß einem der vorigen Ansprüche,
aufweisend den Schritt des Anordnens von Abstand-
haltern zwischen den Platten, um den zumindest ei-
nen Strömungskanal zur Beförderung einer diather-
mischen Flüssigkeit zwischen den Platten zu defi-
nieren und Anbringen der Abstandhalter an den Plat-
ten, wobei die Behandlung der Oberfläche der einen
Platte nach dem Anbringen der Abstandhalter an der
Platte erfolgt.

7. Verfahren gemäß Anspruch 6, wobei die Abstand-
halter mittels eines Klebers oder durch Verwendung
einer Vakuumlöttechnik an den Platten angebracht
sind.

Revendications

1. Etagère de lyophilisateur (10) comprenant des pre-
mière et deuxième plaques parallèles opposées (12,
14) comportant au moins un canal d’écoulement si-
tué entre elles pour transporter un fluide diathermi-
que entre les plaques, l’une des plaques comportant
une surface (50) traitée pour empêcher l’accrochage
à l’étagère d’une butée en caoutchouc pressée con-
tre cette surface (50) pendant l’application d’une
pression sur la butée pour pousser la butée dans un
récipient, caractérisée en ce que la surface (50) est
rendue rugueuse par l’application sur celle-ci d’un
treillis métallique (80) pour accroître la rugosité de
ladite surface (50) et pour assurer la maîtrise de la
taille et/ou de l’espacement des crêtes dans ladite
surface (50) venant en contact avec la butée au
cours d’une procédure de fermeture.

2. Etagère selon la revendication 1, comprenant une
pluralité d’entretoises situées entre les plaques pour
définir ledit au moins un canal d’écoulement pour
transporter un fluide diathermique entre les plaques.

3. Etagère selon la revendication 2, dans laquelle les

entretoises sont attachées aux plaques en utilisant
un adhésif ou sont brasées sur les plaques.

4. Lyophilisateur comprenant une chambre héber-
geant une pluralité d’étagères qui sont chacune se-
lon l’une quelconque des revendications 1 à 3, les-
dites surfaces de chacune des étagères faisant face
vers le bas.

5. Procédé de fabrication d’un lyophilisateur selon l’une
quelconque des revendications précédentes, com-
prenant l’étape du traitement d’une surface de l’une
des plaques pour empêcher l’accrochage à celle-ci
d’une butée en caoutchouc pressée contre cette sur-
face pendant l’application d’une pression sur la bu-
tée pour pousser la butée dans un récipient, l’étape
du traitement comprenant l’étape consistant à ren-
dre la surface (50) rugueuse par l’application sur cel-
le-ci d’un treillis métallique (80) pour accroître la ru-
gosité de ladite surface (50) et pour assurer la maî-
trise de la taille et/ou de l’espacement des crêtes
dans ladite surface (50) venant en contact avec la
butée au cours d’une procédure de fermeture.

6. Procédé selon la revendication précédente, compre-
nant les étapes du positionnement d’entretoises en-
tre les plaques pour définir ledit au moins un canal
d’écoulement pour transporter un fluide diathermi-
que entre les plaques, et de l’attachement des en-
tretoises aux plaques, dans lequel le traitement de
surface de ladite une des plaques est effectué à la
suite de l’attachement des entretoises à la plaque.

7. Procédé selon la revendication 6, dans lequel les
entretoises sont attachées aux plaques en utilisant
un adhésif ou en utilisant une technique de brasage
sous vide.
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