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Chromatography column frame and maintenance and packing method

TECHNICAL FIELD

The present invention relates to a chromatography column frame according to claim 1
and a method of conducting maintenance on and packing of a chromatography column

according to the preamble of claim 10.

Performing maintenance on chromatography columns, especially columns in industrial-
scale chromatography, is necessary for cleaning and replacing bed supports, distributor
plates and sliding rings. Heavy lifting equipment such as hoists or cranes to dismantle
the columns has an influence on safety and time efficiency when performing mainte-
nance. Also, when packing chromatography columns heavy lifting equipment such as
hoists or cranes are often necessary. The invention is concerned with efficient and saf-

er methods for performing maintenance on and packing of such columns.

BACKGROUND ART

The chromatography technique is widely used in different forms for separating chemical
and biological substances and there are many applications in compound preparation,
purification and analysis. Liquid chromatography is of particular importance in the
pharmaceutical and biological industries for the preparation, purification and analysis of

proteins, peptides and nucleic acids.

A typical liquid chromatography apparatus has an upright housing in which a bed of
packing material, which is usually particulate in nature and consists of a porous medi-
um, rests against a permeable retaining layer. A liquid mobile phase enters through an
inlet, for example at the end of an adaptor rod which has an elongated extension within
the column. The liquid mobile phase thereafter enters a distributor plate which distrib-
utes the liquid mobile phase through a porous, perforated filter, mesh, frit or net, which
together with the distributor plate is arranged on an adaptor. The liquid mobile phase
thereafter moves through the bed of packing material and is finally removed via an out-

let, typically through a second filter, mesh, frit or net and a second distributor plate.
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Columns used in liquid chromatography typically comprise a tubular body enclosing the
porous chromatography medium through which the carrier liquid or mobile phase flows,
with separation of substances or analytes taking place between the mobile phase and
solid phase of the porous medium. Typically, the porous medium is enclosed in the col-
umn as a packed bed, generally formed by consolidating a suspension of discrete par-
ticles, known as slurry that is pumped or poured into the column when the uppermost,
first end unit and the adaptor assembly have been removed. The production of a sta-

ble, even bed is often critical to the final separation process.

Conventional distribution systems for use in liquid chromatography comprise a distribu-
tor plate attached to the net. The distributor plate comprises channels arranged in a

pattern to substantially uniform distribute the fluid over the plate. The distributor plate is
perforated with holes or openings which lead the fluid from the channels and uniformly

into the packed bed.

During the chromatography process the packed bed may be damaged and fines may
occur in the column. After several chromatography cycles the fines may clog the net or
nets in the column, which may result in higher back pressure and lower process effi-
ciency. Therefore, maintenance of the chromatography columns must be conducted

frequently and the nets or filters must be replaced after a number of cycles.

The backing plate or the lowermost, second end unit of the chromatography columns
generally acts as a support for the column, being itself supported on legs or some other
base arrangement positioned on the floor which allows clearance for outlet pipe work

projecting beneath the column.

When such a column should be packed with a packing material and/or requires
maintenance to, or cleaning of, internal components, such as the valves, seals, mesh-
es/screens/filters, distribution systems etc., heavy lifting gear such as a crane or hoist is
necessary to lift the uppermost, first end unit and the adaptor assembly away from the
column tube and also the column tube away from the lowermost, second end unit as
these assemblies can have e considerably weigh. The use of heavy overhead lifting
equipment to disassemble the column in order to carry out internal maintenance is not
desirable. Operator safety is obviously a concern when heavy equipment is lifted over-

head and technicians exposed below. Furthermore, alignment structures are required
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to keep the column and its base/adaptor assemblies axially aligned as they are sepa-

rated from each other, to avoid damage to the precision components.

The presence of such alignment and lifting structures imposes significant obstructions
around the tube and need to be carefully laid out to provide sufficient clearance at
some point of the circumference for insertion/removal of the internal components. Fur-
thermore, the requirement to use heavy lifting equipment imposes constraints on hous-
ing such columns, sufficient overhead space and support being required to accommo-
date hoists or cranes. As many chromatography columns are now run in "clean" envi-
ronments under GMP, to avoid microbiological contamination, where it is extremely dif-
ficult to accommodate overhead equipment, the requirement of moving the column to
another room for disassembly, maintenance and/or packing is problematic. This prob-
lem is exacerbated by the need to clean and verify the column before returning it for
use to the clean environment. The presence of hoists or cranes in GMP facilities used
for biopharmaceutical manufacturing is thus highly undesirable for the above men-
tioned reasons, together with the fact that these machines shed particulate matter, in

the form of dirt, during their operation and maintenance.

Document US 2004/0164012 A1 discloses a chromatography column that removes the
longitudinal load from the column tube altogether and transfer it to a yoke and stan-
chion arrangement situated around but external to the column tube. By using the yoke
and stanchion system a central adjuster can be used to move the top and end into and
out of the housing. When internal pressure is applied to the column, the tube experi-
ences no longitudinal load. The yoke and stanchion allow for complete removal of the
end from the tube and provides a place to retain the end while the tube is being filed

emptied, cleaned or repaired.

However, the chromatography column in US 2004/0164012 A1 has significant disad-
vantages associated with it by virtue of its design. As can be seen from US
2004/0164012 A1 the end is always connected to the yoke and the rest of the column
and may therefore not be handled on separate places. Also, in order to remove the end
from the interior of the column, the operator must lift the yoke and the end part to the
retained state. As industrial columns typically have diameters ranging from about 200

mm to 2000 millimeters, this means that heavy lifts sometimes have to be performed.
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Therefore, maintenance and packing of the column disclosed in US 2004/0164012 A1

may thus be complicated and imposes a significant safety risk for the operator.

There are known chromatography columns provided with welded or heat shrinked nets
on the distributor plate, which distributor plate in turn is removably connected by fas-
tening elements on the adaptor. Time and cost consuming operations are necessary in
order to remove the clogged net from the distributor plate. Especially, when the chro-
matography column is of a large size the removal of the net from the distributor plate by
using milling or turning machines is complicated. The replaced net must be welded or
heat shrinked on the distributor plate before remounting on the adaptor. The chroma-
tography column may not be used under a substantially period of time during the re-
placement of the nets. This may lead to production losses in the pharmaceutical and

biological industries.

Notwithstanding the existence of such prior art chromatography columns, there is a
need to improve the maintenance and packing methods available for chromatography
columns by providing columns which are safer and easier for operators to use. Also,
there is a need to reduce cost and time when conducting maintenance on and packing
of chromatography columns. Also, there is a need to reduce complexity and to reduce
needed floor space when conducting maintenance on and packing of chromatography

columns.

SUMMARY OF THE INVENTION

An objective problem to be solved by the present invention is to reduce cost when con-

ducting maintenance on and packing of chromatography columns.

Another objective problem to be solved by the present invention is to reduce time when

conducting maintenance on and packing of chromatography columns.

Still another objective problem to be solved by the present invention is to increase safe-

ty when conducting maintenance on and packing of chromatography columns.

Still another objective problem to be solved by the present invention is to reduce com-

plexity when conducting maintenance and packing of on chromatography columns.
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Still another objective problem to be solved by the present invention is to reduce need-
ed floor space when conducting maintenance on and packing of chromatography col-

umns.

These objects above are achieved by a chromatography column frame according to
claim 1 and a method of conducting maintenance on and packing of a chromatography

column according to claim 10.

The chromatography column frame and the method according to the invention elimi-
nates the need for heavy lifting gear such as a crane or hoist with surrounding equip-
ment which increases the cost when conducting maintenance on and packing of chro-
matography columns. Also, the frame and the method provides for easier and less time
consuming maintenance on chromatography columns because a number operation
steps can be eliminated in comparison with known maintenance methods. Therefore,
the efficiency when conducting maintenance on and packing of such column increases.
The demand for a large floor space when dismantle the column is also eliminated by
the frame and the method. The elimination of heavy lifting equipment, such as separate
hoists or cranes to dismantle the column, increase safety to equipment and mainte-

nance personnel when conducting maintenance on and packing of such columns.

The invention accordingly comprises the method of maintenance, the method of pack-
ing, the features of construction, combination of elements, and arrangement of parts
that will be exemplified in the description set forth hereinafter and the scope of the in-

vention will be indicated in the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

Further aspects, advantages and features of the invention can be derived from the fol-
lowing detailed description of exemplary embodiments of the invention, with reference

to the drawings.

Fig. 1 shows a view in perspective of a chromatography column frame according to the

present invention,

Fig. 2 shows a side view of the chromatography column with parts demounted and ar-

ranged at a distance from each others,

Fig. 3 shows a schematic section view of a chromatography column,

Fig. 4 shows a side view of the chromatography column in fig. 2 positioned in the frame

according to fig. 1,

Fig. 5 shows a view in perspective of the chromatography column in fig. 2 positioned in

the frame according to fig. 1,

Fig. 6 shows a view in perspective of the chromatography column in fig. 2 positioned in
the frame according to fig. 1, in which the first end unit and the adaptor assembly have

been lifted from the tubular housing,

Fig. 7 shows a view in perspective of the frame in fig. 1 in which the first end unit and

the adaptor assembly are suspended in a holder means of the frame,

Fig. 8 shows a view in perspective of the tubular housing and the second end unit rest-

ing on wheels,

Fig. 9 shows a view in perspective of the frame in fig. 1 in which the first end unit, the
adaptor assembly and the tubular housing are suspended in the holder means of the

frame, and
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Fig. 10 shows a view in perspective of the second end unit resting on the wheels.

DETAILED DESCRIPTION

Fig. 1 shows a chromatography column frame 101 comprising least two legs 102, which
are substantially vertically and arranged in parallel. A support arrangement 104 is con-
nected to the legs 102 and a holder means 106 is connected to the support arrange-
ment 104. The disclosed embodiment of the frame 101 in fig. 1 is constructed of elon-
gated steel tubes which have a square cross section. It is however also possible to de-
sign the frame 101 in other materials having other cross sections, for example a circular
cross section. The support arrangement 104 comprises two substantially identical
brackets 108 provided with a first and second connection means 112. The first connec-
tion means 110 is arranged to connect the bracket 108 with one of the legs 102 of the
frame 101, and the second connection means 112 is arranged to be connected to the
holder means 106. The support arrangement 104 is adjustable along said legs 102, so
that the frame 101 may be adapted for chromatography columns of different sizes.
Therefore, the first connection means 110 of the support arrangement 104 is releasably
connected to the leg 102 by means of fastening elements 114. Wheels 116 are ar-
ranged on the frame 101, so that the frame 101 may be easily moved to and from the
position of the chromatography column 128. The wheels 116 are lockable, so that the
frame 101 is prohibited from moving on the floor surface when the wheels 116 are
locked. A cross bar 118 is arranged between the legs 102 in order to increase the sta-

bilisation of the frame 101.

The holder means 106 comprises at least one support plate 120 provided with a recess
122 and a bearing surface 124. Preferably, as disclosed in the embodiment in fig. 1,
two support plates 120 are arranged on the support arrangement 104, each plate is
provided with a recess 122, which recesses 122 together define a substantially circular
opening and a circular bearing surface 124 around the opening. At least one of the
support plates 120 is removably connected to the second connection means 112 of the

support arrangement 104 by means of fasteners 126, such as bolts or the like.

Fig. 2 shows a side view of a chromatography column 128 with parts demounted and
arranged at a distance from each others. The chromatography column 128 comprises a

tubular housing 130, a first end unit 132 and a second end unit 134, when secured to-
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gether to form a fluid tight seal by means of tension bolts 136. The first and second end
units 132, 134 are removably connected to the tubular housing 130 by means of the
tension bolts 136. The tubular housing 130 and end units 132, 134 are typically com-
posed of stainless steel or a high-strength plastic material such as polypropylene. In a
preferred embodiment, where the column 128 is to be used for the separation of biolog-
ically active substances, the material is biologically inert such that it does not elicit an
immune response in humans in accordance with United States Pharmacopia (USP)
<88> class VI. An adaptor rod 138 extends through an opening 140 in the first end unit
132 and into the tubular housing 130. The column 128 is arranged on supporting
wheels 142, so that the column 128 may be easily moved to a suitable position on a
floor. Instead of arranging the supporting wheels 142 directly on the second end unit
134 it is possible to provide a support trolley (not disclosed) with wheels in a position

under the column 128.

An adaptor 141, which is connected to the adaptor rod 138, has a substantially circular
shape provided with a sealing ring 144 on a peripheral outer surface 146, which is ar-
ranged to seal against the inner surface of the tubular housing 130 of the chromatog-
raphy column 128. When lowering the adaptor 141 by means of an operating means
148, the packing material within the tubular housing 130 will be compressed and
packed. In the disclosed embodiment the adaptor rod 138 is provided with an external
thread 150 and the operating means 148 is a threaded collar 152 provided with handles
154 for manually pivoting of the collar 152. When pivoting the collar 152 the adaptor
rod 138 will be displaced by means of the external thread 150 on the rod 138 and the
internal thread 153 of the collar 152. The compression force and downward movement
of the adaptor 141 in the tubular housing 130 is thus achieved by forcing the adaptor
rod 138 downward by pivoting the collar 152.

A distributor plate 158 and a chromatography column filter 160 are mounted on the
adaptor 141 and on the second end unit 134. The chromatography column filter 160
comprising, a porous, perforated net element through which fluid and particles up to a
predetermined size are allowed to pass. Maintenance and cleaning of the filter 160 and
the distributor plate 158 are necessary and therefore the filter 160 and the distributor
plate 158 are preferably removably fixated to the adaptor 141 and to the second end
unit 134.
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Fig. 3 shows a schematic section view of the chromatography column 128 in fig. 1. The
tubular housing 130, the second end unit 134 and the adaptor 141 form a bed space
162, which space is fluid tight and capable of withstanding high operating pressures. A
wide range of column capacities is possible, typically ranging from 0.1 to 2000 liters.
The bed space 162 is filled with a bed 164 of packing material, which is usually particu-
late in nature and consists of a porous medium. A liquid mobile phase is arranged to
enter through an inlet 166 at the end of the adaptor rod 138 and flows through a central
channel 168 in the adaptor rod 138 and further to the adaptor 141. The liquid mobile
phase thereafter moves through the bed 164 of packing material and is finally removed
via an outlet 170 in the second end unit 134. Typically, the porous medium enclosed in
the column 128 as a packed bed 164 is generally formed by consolidating a suspen-
sion of discrete particles, known as slurry that is pumped or poured into the column 128
when the first end unit 132 and the adaptor have been removed from the tubular hous-
ing 130.

The bed 164 of packed particulate medium is obtained by the downward movement of
the adaptor 141 to compress the bed 164 between the adaptor 141 and the second end
unit 134. The compression force and downward movement of the adaptor 141 is
achieved by forcing the adaptor rod 138 downward by using an operating means 148,

which may be manually, electrically, hydraulically or pneumatically operated.

Fig. 4 shows a side view of a chromatography column 128 arranged in the frame 101
according to the invention. The holder means 106 is arranged to releasably hold the
adaptor rod 138 of the chromatography column 128, so that the adaptor rod 138 is pre-
vented to move in a horizontal direction and so the adaptor rod 138 is allowed to move
in a vertical direction. This is achieved by the circular recess 122 formed by the two
support plates 120 of the holder means 106. The recess 122 defines an opening for the
adaptor rod 138 and the opening therefore has a larger dimension than the dimension
of the adaptor rod 138. At least one of the support plates 120 is removably connected
to the support arrangement 104 by means of fasteners 126, such as bolts or the like.
Therefore, one of the support plates 120 is dismounted from the brackets 108 of the
support arrangement 104 when positioning the column 128 into the frame 101. When
the column 128 is in position the support plate 120 is mounted on the brackets 108 of
the support arrangement 104 and the adaptor rod 138 of the column 128 is horizontally

fixed by means of the support plates 120. The support plates 120 are provided with a
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bearing surface 124 for a driving means 172 arranged on the adaptor rod 138. The
driving means 172 is a threaded sleeve 174 provided with handles 176 arranged to in-
teract with the threads 150 on the adaptor rod 138, so that the adaptor rod 138 moves

in the vertical direction when pivoting the sleeve 174.

A stopper means 178 is arranged on the support arrangement 104, which stopper
means 178 is adapted to interact with an axial groove 180 in the adaptor rod 138, so
that the adaptor rod 138 is prevented from pivoting in said holder means 106 when the
sleeve 174 is pivoted. Preferably, the stopper means 178 is arranged on one of the

support plates 120.

The method of conducting maintenance on and packing of a chromatography column
128 according to the invention comprises the steps of providing a chromatography col-
umn 128 and the frame 101 according to the invention. Thereafter, the first end unit
132 or the second end unit 134 is disconnected from the tubular housing 130 depend-
ing on the type of maintenance which should be performed or if the column 128 should
be filed with packing material. The disconnection is achieved by removing the tension
bolts 160 which connect the end units 132, 134 to the tubular housing 130.

As disclosed in fig. 4 and also in a view of perspective in fig. 5 the adaptor rod 138 is
positioned in the holder means 106, so that the adaptor rod 138 is prevented from mov-
ing in a horizontal direction and so the adaptor rod 138 is allowed to move in a vertical
direction. Thereafter the driving means 172 is arranged on the adaptor rod 138 and the
driving means 172 is activated, so that the adaptor rod 138 together with the first end
unit 132 and the adaptor assembly 141 move vertically upwards separating the first end
unit 132 and the adaptor assembly 141 from the tubular housing 130 or also separating
the tubular housing 130 from the second end unit 134 depending on the type of
maintenance which should be performed or if the column 128 should be filed with pack-

ing material.

In fig. 6 the first end unit 132 and the adaptor assembly 141 have been lifted vertically
upwards from the tubular housing 130 by means of the threaded sleeve 174. Since the
tubular housing 130 together with the second end unit 134 rest on supporting wheels
142 it is easy to withdraw the tubular housing 130 and the second end unit 134 from

the frame 101. Alternatively, the frame 101 may be withdrawn from the tubular housing
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130 and the second end unit 134 by means of the wheels 116 on the frame 101. The
tubular housing 130 and the second end unit 134 may thereafter be displaced to a
maintenance area for replacing or cleaning the filter. Alternatively, the first end unit 132
and the adaptor assembly 141 may be displaced to a maintenance area for replacing or

cleaning the filter.

In fig. 7 the frame 101 is disclosed in which the first end unit 132 and the adaptor as-
sembly 141 are suspended. The tubular housing 130 has been removed, and it is easy
to perform maintenance and service on the first end unit 132 and the adaptor assembly
141.

In fig. 8 the tubular housing 130 together with the second end unit 134 resting on sup-
porting wheels 142 are disclosed. In this position packing material may be supplied into
the tubular housing 130. When packing material has been pumped or poured into the
tubular housing 130, the tubular housing 130 together with the second end unit 134 rest
are moved on the supporting wheels 142 back to the frame 101 and the driving means
172 is activated, so that the adaptor rod 138 together with the first end unit 132 and the
adaptor assembly 141 move vertically downwards for positioning the first end unit 132
and the adaptor assembly 141 to and into the tubular housing 130. Thereafter, the first
end unit 132 is connected to the tubular housing 130 and the packing material is com-
pressed in the column 128 by means of the operating means 148 on the adaptor as-

sembly 141.

Fig. 9 shows how the first end unit 132, the adaptor assembly 141 and also the tubular
housing 130 have been lifted vertically upwards from the second end unit 134. Since
the second end unit rests on supporting wheels 142 it is easy to withdraw the second
end unit 134 from the frame 101. The second end unit 134 may thereafter be displaced
to a maintenance area for replacing or cleaning the filter. Before the tubular housing
130 have been lifted vertically upwards from the second end unit 134, the tension bolts

160 which connect the second end 134 unit to the tubular housing 130 are removed.

In fig. 10 the second end unit 134 resting on supporting wheels 142 is disclosed. In this
position it is easy to perform maintenance on the second end unit 134, such as replac-

ing or cleaning the filter.
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In all embodiments described above parts and surfaces being in contact with a process
fluid are suitably selected from materials that are in accordance with typical material
requirements in (bio- )pharmaceutical manufacturing or food grade quality.

For example, materials are suitably in compliance with USP Class VI and 21 CFR 177.

Furthermore they are suitably of animal-free origin and compliance to EMEA/410/01.

Features and components of the different embodiments above may be combined within

the scope of the invention.
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CLAIMS

1. A chromatography column frame comprising:

at least two legs (102);

a support arrangement (104) connected to said at least two legs (102);

a holder means (106) connected to said support arrangement (104);

characterised in that said holder means (106) is arranged to releasably hold an adap-
tor rod (138) of a chromatography column (128), so that the adaptor rod (138) is pre-
vented to move in a horizontal direction and so the adaptor rod (138) is allowed to

move in a vertical direction.

2. The frame 101 according to claim 1, characterised in that the holder means (106)
comprises at least one support plate (120) provided with a recess (122) for the adaptor
rod (138).

3. The frame according to any of the preceding claims, characterised in that the at
least one support plate (120) is provided with a bearing surface (124) for a driving

means (172) arranged on the adaptor rod (138).

4. The frame according to claim 3, characterised in that the driving means (172) is a
threaded sleeve (174) arranged to interact with threads (150) on the adaptor rod (138),
so that the adaptor rod (138) moves in the vertical direction when pivoting the sleeve
(174).

5. The frame according to any of claims 2 - 4, characterised in that two support plates
(120) are arranged on the support arrangement (104), each plate (120) is provided with
a recess (122), which recesses (122) together define an opening for the adaptor rod
(138).

6. The frame according to claim 5, characterised in that at least one of the support

plates (120) are removably connected to the support arrangement (104).

7. The frame according to any of the preceding claims, characterised in that a stopper

means (178) is arranged on the support arrangement (104), which stopper means
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(178) is adapted to interact with an axial groove (180) in the adaptor rod (138), so that

the adaptor rod (138) is prevented from pivoting in said holder means (106).

8. The frame according to any of the preceding claims, characterised in that the sup-
port arrangement (104) is adjustable along said legs (102), so that the frame (101) may

be adapted for chromatography columns (128) of different sizes.

9. The frame according to any of the preceding claims, characterised in that wheels
(116) are arranged on the frame (101), so that the frame (101) may be moved to and

from the position of the chromatography column (128).

10. A method of conducting maintenance on and packing of a chromatography column
(128) comprising the steps of:

a) providing a chromatography column (128) comprising;

a tubular housing (130);

a first end unit (132) removably connected to a first end of the tubular housing (130);
a second end unit (134) removably connected to a second end of the tubular housing
(130);

an adaptor assembly (141) moveable within said tubular housing (130);

an adaptor rod (138) connected to said adaptor assembly (141), which adaptor rod
(138) is arranged to extend through an opening (140) in the first end unit (132);

b) providing a frame (101) comprising;

at least two legs (102);

a support arrangement (104) connected to said at least two legs (102); and

a holder means (106) connected to said support arrangement (104);

characterised in the following steps of:

c) disconnecting the first end unit (132) or the second end unit (134) from the tubular
housing (130);

d) positioning of the adaptor rod (138) in said holder means (106), so that the adaptor
rod (138) is prevented from moving in a horizontal direction and so the adaptor rod
(138) is allowed to move in a vertical direction;

e) arranging a driving means (172) on the adaptor rod (138);

f) activating the driving means (172), so that the adaptor rod (138) together with the first

end unit (132) and the adaptor assembly (141) move vertically upwards separating the
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first end unit (132) and the adaptor assembly (141) from the tubular housing (130) or

also separating the tubular housing (130) from the second end unit (134).

11. The method according to claim 10, characterised in the further step of:

g) performing maintenance on the chromatography column (128).

12. The method according to any of claims 10 - 11, characterised in the further step
of:
h) supplying a packing material into the tubular housing (130), when the tubular hous-

ing (130) is connected to the second end unit (134).

13. The method according to claim 12, characterised in the further step of:

1) activating the driving means (172), so that the adaptor rod (138) together with the first
end unit (132) and the adaptor assembly (141) move vertically downwards for position-
ing the first end unit (132) and the adaptor assembly (141) to and into the tubular
housing (130);

j) connecting the first end unit (132) to the tubular housing (130);

k) compressing the packing material in the column (128) by means of the adaptor as-
sembly (141).

14. The method according to any of claims 10 - 13, characterised in the further step
of:

) providing at least one support wheel (170) in a position under the column (128).
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