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DESCRIPTION

Field of the Invention

[0001] The present invention relates to a method for transferring chromatography media slurry
from a slurry tank to a chromatography column, to a slurry tank system and to a control system
in said slurry tank system.

Background of the Invention

[0002] Columns used in liquid chromatography typically comprise a tubular body enclosing a
packed bed of porous chromatography medium through which a carrier liquid flows, with
separation taking place by material collection between the carrier liquid and solid phase of the
porous medium. Typically, the medium is enclosed in the column as a packed bed formed by
consolidating a suspension of discrete particles, known as slurry that is pumped, poured, or
sucked into the column. Consolidation of the slurry into a consolidated packed bed is achieved
by compressing the slurry so that it is packed into a volume, which is less than the volume that
it would have occupied if it had been allowed to settle under the influence of gravity to form a
sedimented bed. The efficiency of subsequent chromatographic separation relies strongly on
1) the liquid distribution and collection system at the fluid inlet and outlet of the packed bed, 2)
on the spatial orientation (also know as the packing geometry) of the media particles in the
packed bed, and 3) on the compression of the packed bed. If the compression of the packed
bed is too low then chromatographic separations performed on that bed suffer from "tailing"
and, generally, such insufficiently compressed beds are unstable. If the compression of the
packed bed is too high then chromatographic separations performed by the bed suffer from
"leading” and such over-compressed beds can affect throughput and binding capacity, and, in
general, give much higher operating pressures. If the compression is optimum, then the
separation peaks formed during use exhibit much less leading or tailing and are substantially
symmetrical. The optimum degree of compression required for a column is determined
experimentally for each column size (width or diameter), bed height, and media type.

[0003] Prior to any separation process, the bed has to be prepared by starting from the slurry
of particles that has to be introduced into the column. The process of bed formation is called
'the packing procedure' and a correctly packed bed is a critical factor influencing the
performance of a packed bed. One of the primary goals of the packing procedure is to provide
a bed, which is compressed by the optimum amount of compression, i.e. the optimum
compression factor. The height of the bed which often is user defined when it is optimally
compressed is called the target compressed bed height.

[0004] Large-scale columns can be prepared by suctioning or injecting into the column a
predetermined volume of slurry having a specified concentration of media particles. Once the
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predetermined volume of slurry has been delivered into the column it needs to be consolidated
and compressed. This can be accomplished for example by moving a movable adapter down
the longitudinal axis of the column towards the bottom of the column, normally at a constant
speed push both liquid and particles towards the bottom of the column. The excess liquid
during this procedure is expelled at the column outlet, while the media particles are retained by
means of a filter material, a so-called "bed support', with pores too small to allow the media
particles to pass through. The packing process is complete once the packed bed has been
compressed by the optimum degree of compression. There are alternative ways of packing.
For example a flow can be applied to force the particles in the slurry to move towards the outlet
of the column instead of moving an adapter downwards. A further alternative is to use spray
nozzles spraying in slurry until a packed bed is achieved. The packing process is considered
successful if the compressed bed allows for a good and robust chromatographic performance.
However, packing such an optimally compressed bed of chromatography media in a
chromatography column by manual means is not easy to accomplish in practice due to the fact
that the quality of the final packed bed depends to a great extent on the skill of the operator.
During filling and subsequent packing of the column, the operator manually selects and adjusts
all packing parameters such as valve positions, pump speed, adapter's speed of movement,
etc. The operator has to measure the slurry concentration in order to decide how much slurry
that should be filled into the column. If the measure of the slurry concentration is not exact
(which is often the case because it is hard to measure the slurry concentration exactly) the
volume of the slurry filled into the column is not optimal and the consolidated bed will settle at a
bed height that was not expected (as calculated from the measured slurry concentration) and
hereby the target packing factor can not be achieved at target bed height. Furthermore, the
operator also has to judge the point when the adapter starts compressing the bed. This point is
used to calculate how much further the adapter must move in order to obtain the required
amount of compression. Mistakes in the selection of any of the packing parameters normally
lead to an under performing column. Further, in columns equipped with a transparent tube it
may be difficult, and in columns equipped with a non-transparent tube such as stainless steel it
is impossible, to judge by eye when compression of the bed actually starts and a significant
error at this point makes it impossible to obtain an optimally compressed bed.

[0005] There is also a risk of damaging the media and the column if the user takes wrong
decisions.

[0006] The chromatography media slurry is provided to the chromatography column from a
slurry tank. The chromatography media is expensive and it would be advantageous if all the
slurry present in the tank could be transferred to the column. However, the introduction of air
into the column needs to be avoided. Air in the column could adversely affect the
chromatography performance.

[0007] Therefore, there is a need for a system and method for the improved transferring of
slurry from the slurry tank to the chromatography column. Prior art is: W02008/109192 and
KR101015284 and WO02009/1457, which disclose systems and methods for transferring a
slurry from one container to another container.
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Summary of the Invention

[0008] An object of the invention is to provide a slurry transferring method and system where
as much as possible of the slurry in the slurry tank is used when packing a chromatography
column and the risk of introducing air into the column is minimized.

[0009] A further object of the invention is to provide a fully automated method for the
transferring of slurry into the chromatography column that ensures good use of the slurry and
no risk of introducing air into the column.

[0010] This is achieved in a method according to claim 1, in a slurry tank system according to
claim 8 and in a control system according to claim 12.

[0011] Hereby the transferring of slurry is made dependent of the content of slurry in the tank.
Therefore it will be possible to use more of the slurry without the risk of introducing air into the
column.

[0012] In one embodiment of the invention the transferring of slurry to a column and the
monitoring of the content in the slurry tank is performed automatically by a control system.

[0013] In one embodiment of the invention the controlling of the transfer of the slurry to the
column comprises stopping the transferring of slurry, when the slurry content is below a
predefined threshold level. Hereby the risk that air will be introduced into the column is very
small.

[0014] In one embodiment of the invention inside walls of the slurry tank are rinsed by spraying
a liquid or a gas into the slurry tank when the slurry content is below a predefined threshold
level. Hereby any remaining media on the inside walls of the slurry tank can also be used and
no media is wasted.

[0015] In one embodiment of the invention the monitoring comprises measuring slurry level in
the slurry tank or measuring weight of the slurry tank.

[0016] In another embodiment the monitoring comprises measuring air content in a
transferring tube used for the transferring of the slurry from the slurry tank to the
chromatography column.

[0017] In one embodiment of the invention transferring slurry from the slurry tank to the
chromatography column is performed by raising an adaptor in the chromatography column.

Brief Description of the Drawings
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[0018] These and other advantages of the present invention will become more apparent as the
following description is read in conjunction with the accompanying drawings, wherein:

FIG. 1 is a schematic diagram of a slurry tank system connected to a chromatography column
according to one embodiment of the invention;

FIG. 2 is a flow chart describing a slurry transferring method according to one embodiment of
the invention.

Detailed Description of the Invention

[0019] The presently preferred embodiments of the invention are described with reference to
the drawings. The descriptions of the preferred embodiments are exemplary and are not
intended to limit the scope of the invention.

[0020] Figure 1 is a schematic view of a slurry tank system 1 connected to a chromatography
column 9 according to one embodiment of the invention. The slurry tank system 1 comprises a
slurry tank 3 which comprises a chromatography media slurry. The slurry tank system 1
comprises further a monitoring means 5, 5'. In this schematic view two different possible
positions for the monitoring means 5, 5' is shown. The monitoring means 5 could be for
example a weight measuring means 5. A weight measuring means would typically be
positioned in connection with and below the slurry tank 3 in order to be able to measure the
weight of the slurry tank. The monitoring means 5 could in another embodiment be an air
sensor 5. This air sensor would suitably be positioned at the outlet from the slurry tank for
measuring when air is starting to come with the slurry, i.e. when the slurry tank 3 is almost
empty. In another embodiment the monitoring means 5' could be a level sensor 5' for example
using ultrasonic or spectroscopic measuring for detecting the slurry level in the slurry tank 3.

[0021] The slurry tank system 1 further comprises a transferring tube 7a adapted to transfer
slurry from the slurry tank 3 to the chromatography column 9. The transferring tube 7a is
connected to an outlet of the slurry tank 3 and to a slurry inlet of the column 9. The transferring
tube 7a is controlled by a transferring control means 7b. This could be a motor that controls
the adaptor in the column. Slurry is in this example sucked into the column through a bottom
valve when the adaptor is raised inside the column. A transferring control means 7b could in
another embodiment be a pump provided along the transferring tube 7a or a means for
providing a pressure into the slurry tank in order to push out slurry through the transferring
tube 7a and into the column 9.

[0022] Furthermore the slurry tank system comprises a control system 11. This control system
11 is connected to both the monitoring means 5,5' and to the transferring control means 7b.
The control system 11 is arranged to control the transferring of the slurry to the column in
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dependence of the content of slurry in the slurry tank 3. The control system 11 receives
information from the monitoring means 5,5' about the content of slurry in the slurry tank 3. The
control system 11 is preprogramed with for example different threshold levels for the content of
slurry and programs for the transferring between these different threshold levels. For example
the transferring speed can in one embodiment be lower after one specific threshold level has
been reached. Or the transferring speed can be decreasing according to a predefined formula,
for example linearly, starting from a predefined threshold level of the slurry content, i.e. when
the slurry content is measured to decrease below the threshold level the transferring speed will
decrease according to the formula. Further threshold levels could also be provided. One
threshold level should trigger the transferring to stop completely.

[0023] In one embodiment of the invention the slurry tank system 1 further comprises a rinsing
control means 13 connected to the control system 11 and adapted to control a rinsing of the
slurry tank 3. The rinsing is primarily in purpose to rinse the inside walls of the slurry tank 3 in
order to be able to use and transfer all the slurry efficiently to the column. The rinsing control
means 13 is in one embodiment connected to a spray ball 15 provided inside the slurry tank 3.
The spray ball can spray liquid or gas to the inside walls of the slurry tank 3 such that the slurry
remaining on the walls will come down to the bottom of the slurry tank 3. The liquid could be for
example water or packing buffer and the gas could be for example air or helium. Another
alternative for rinsing the slurry tank would be to shake the whole tank. i.e. the rinsing control
means 13 could be connected to some kind of vibrating means adapted to vibrate the slurry
tank such that slurry remaining on the inside walls of the slurry tank will come down to the
bottom of the tank. Suitably this rinsing of the slurry tank 3 will be provided when the content of
slurry in the slurry tank 3 has been detected by the monitoring means 5, 5' to be below a
predefined threshold level.

[0024] In one embodiment of the invention the added liquid will be measured such that any
slurry dilution can be kept in mind. An alternative when liquid is added is to continually measure
the slurry concentration. VWWhen a threshold concentration is reached the transferring of slurry to
the chromatography column is terminated. The concentration measurement method could be
Raman spectrometer or ultrasound.

[0025] FIG. 2 is a flow chart describing a slurry transferring method according to one
embodiment of the invention. The steps of the method will be described in order below:

S 1: Monitoring the content in a slurry tank 3. In one embodiment the monitoring is done by
measuring the weight of the tank. Another alternative is to measure the level in the tank by for
example ultrasonic or resistance.

S3: Controlling the transferring of the slurry to the column in dependence of the content of
slurry in the slurry tank. This can in one embodiment be provided by using predefined
threshold levels whereby the transferring speed is decreased or stopped or varied when a
specific threshold level has been reached, i.e. when the slurry content in the slurry tank is
below a specific threshold level.
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S5: Possibly rinsing the inside walls of the slurry tank 3 when the content of slurry in the slurry
tank has been measured to be below a specific threshold level. The rinsing can be
accomplished by for example spraying a liquid or a gas onto the inside walls or alternatively the
slurry tank could be vibrated such that remaining slurry on the walls will come down to the
bottom of the tank.
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Patentkrav

1. Fremgangsmade til overfgrsel af kromatografimedieopsleemning fra en
opsleemningstank (3) til en kromatografisgjle (9) i et opsleamningstanksystem (1),
hvor opsleemningstanksystemet (1) omfatter en opslamningstank (3) omfattende
en kromatografimedieopslamning, et overvagningsorgan (5, 5'), der er indrettet
til at overvdge opsleemningsindholdet i opsleemningstanken (3), et overfgrselsrar
(7a) og et overfgrselsstyreorgan (7b), der er indrettet til at overfgre opslaeemning
fra opsleemningstanken (3) til en kromatografisgjle (9) og et styresystem (11)
forbundet til overvagningsorganet (5, 5') og overfgrselsstyreorganet (7b), hvilken
fremgangsmade omfatter:
overvagning, ved hjzelp af overvagningsorganet (5, 5'), af
opsleemningsindholdet i opsleemningstanken (3) i Igbet af overfgrslen, og
styring af overfgrslen af opsla&eamningen til sgjlen (9) athaengigt af det
overvagede opslaemningsindhold i opsla&amningstanken (3), hvor styring af
overfgrslen af opsleemningen til sgjlen omfatter reduktion, ved styring af
overfgrselsstyreorganet (7b), af overfgrselshastigheden, nar det
overvagede opslaemningsindhold i opslaamningstanken (3) er under et
foruddefineret taerskelniveau.

2. Fremgangsmade ifglge krav 1, yderligere omfattende at modtage information
om det overvdgede opslaemningsindhold i styresystemet (11) og styre overfgrslen
af opslaamningen til sgjlen fra styresystemet (11).

3. Fremgangsmade ifalge krav 1 eller 2, hvor styringen af overfgrslen af
opslaemningen til sgjlen omfatter at standse overfgrslen af opslaemning, nar det
overvagede opslaemningsindhold er under et foruddefineret taerskelniveau.

4. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, yderligere
omfattende at skylle opslaamningstankens indvendige vaegge.

5. Fremgangsmade ifalge krav 4, omfattende at sprgjte en vaeske eller en gas ind
i opsleemningstanken (3), nar det overvdgede opsleemningsindhold er under et
foruddefineret taerskelniveau.
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6. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor
overvagningen omfatter at méle opslaemningsniveauet i opsleemningstanken eller
maéle vaegten af opsleemningstanken og/eller omfatter at male luftindhold i et
overfgrselsrgr (7a), der anvendes til overfgrsel af opsleemningstanken (3) til
kromatografisgijlen (9).

7. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, yderligere
omfattende at overfgre opslaamning fra opsleemningstanken til kromatografisgjlen
ved at haeve en adapter i kromatografisgjlen.

8. Opslaamningstanksystem (1) omfattende en opsleemningstank (3) omfattende
en kromatografimedieopslaamning, et overvagningsorgan (5, 5'), der overvager
opsleemningsindholdet i opsleemningstanken (3), et overfgrselsrgr (7a) og et
overfgrselsstyreorgan (7b) indrettet til at overfgre opsleemning fra
opsleemningstanken (3) til en kromatografisgjle (9) og et styresystem (11)
forbundet med overvagningsorganet (5, 5') og overfgrselsstyreorganet (7b), hvor
styresystemet (11) styrer overfgrslen af opslaeamningen til sgjlen (9) ved
anvendelse af overfgrselsstyreorganet (7b), afhaengigt af det overvagede
opslaamningsindhold i opsleemningstanken (3), hvor opsla&amningstanksystemet
er kendetegnet ved, at styresystemet (11) reducerer overfgrselshastigheden
ved anvendelse af overfgrselsstyreorganet (7b), nar det overvdgede
opsleemningsindhold er under et foruddefineret teerskelniveau.

9. Opslaamningstanksystem ifglge krav 8, yderligere omfattende et
skyllestyreorgan (13), der er forbundet med styresystemet (11) og indrettet til at
skylle opsleemningstankens (3) indvendige vaegge, sdledes at resterende
opsleemning vil komme ned til bunden af tanken.

10. Opsleemningstanksystem ifglge krav 9, hvor styreorganet (11) er indrettet til
at styre skylningen af opslaamningstanken til at starte, nar det overvagede
opsleemningsindhold er under et foruddefineret teerskelniveau; og/eller
styreorganet (11) yderligere er indrettet til at stoppe overfgrslen af opsleemning,
nar det overvagede opslaemningsindhold er under et foruddefineret indhold;
og/eller skyllestyreorganet (13) er forbundet med en sprgjtekugle (15), der er



10

15

20

25

30

DK/EP 3052931 T3

3

indrettet til at spragjte vaeske eller gas til opsleemningstankens indvendige veegge.

11. Opsleemningstanksystem ifglge et hvilket som helst af kravene 8, 9 eller 10,
hvor overvagningsorganet (5, 5') er indrettet til at male opsleemningsniveau i
opslaemningstanken eller vaegten af opslaamningstanken og/eller er indrettet til at
male luftindhold i overfarselsrgret (7a).

12. Styresystem inkluderet i et opslaamningstanksystem ifglge et hvilket som
helst af kravene 8-11, hvor styresystemet er forbundet med overvagningsorganet
(5, 5'), hvor overvagningsorganet overvager opslaemningsindholdet i
opsleemningstanken (3), hvor styresystemet er yderligere forbundet med
overfgrselsstyreorgan (7b), der er indrettet til at styre overfgrslen i et
overfgrselsrgr (7a) mellem opsleemningstank (3) og kromatografisgjle (9),
hvorved styresystemet er indrettet til at styre overfgrslen af opsleemningen til
sgjlen (9) afhaengigt af det overvagede opsleemningsindhold i opslaamningstanken
(3), hvor styresystemet er kendetegnet ved, at styresystemet (11) yderligere
er: indrettet til at reducere overfgrselshastigheden, ndr det overvagede
opsleemningsindhold er under et foruddefineret teerskelniveau.

13. Styresystem (11) ifglge krav 12, hvor styresystemet stopper overfgrslen af
opslaemning, ndr det overvdgede opslaemningsindhold er under et foruddefineret

taerskelniveau.

14. Styresystem (11) ifglge krav 12 eller 13, hvor styresystemet yderligere er
forbundet med et skyllestyreorgan (13), der er indrettet til at skylle
opslaemningstankens (3) indvendige vaegge, saledes at resterende opslaamning vil
komme ned til bunden af tanken, hvor styreorganet (11) er indrettet til at styre
skylningen af opsleemningstanken til at starte, ndr det overvagede
opsleemningsindhold er under et foruddefineret teerskelniveau.
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DRAWINGS
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