WD 03/ 086639 CENTRI FUGE PCT/ GB03/ 01502 The present invention relates to
centrifuge apparatus. Al though it has been sone tine since the introduction
of count ewomafos@nt chromat ography instrunments, these sti [PCTrGBMIons2N their
i nfancy. One of the major factors restricting the use of counter current

chromat ography as an anal yti cal tool ii iag épeed at 5 which a separation
may be conducted. Anot her problemi | opnrent of such instrunents

has been the inability to interface directly to a mass spectroneter
detector wthout using a splitter. For exanple, a prior art instrunent
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15  internal diameter of 0.8 mm while retaining the same linear fluid flow by having a fluid
flow rate of 0.5 ml per minute. Separation time can be reduced by reducing the length of
the coil but so doing has led to the loss of resolution. For example, reducing the coil length
by a factor of four to reduce capacity to 22.5 ml and separation time down to 45 minutes
has only been achievable with a halving of resolution, which is not acceptable.
20 In addition, centrifuges for counter current chromatography typically have one or
more coils of tubing of substantial length (many metres) wound onto one or more bobbins.
The bobbins are rotated at high speeds, typically over 1,000 rpm. The sample to be
separated is passed through the tubing during centrifuging, that is during rotation of the
coils, which rotation causes the separation. A detector, typically UV but preferably a mass
25  spectrometer, is provided to analyse the outlet fluid stream.
The conventional coil structures present several difficulties in the design and
operation of such centrifuges. For example, the tubing tends to move and to unwind
during operation of the machine. Although fixing mechanisms such as channels for
holding each winding of tubing individually and the use of potting compounds to hold the
30  coils have been used, these do not always prevent the problems and also add complexity

and in some cases weight to the machine. Furthermore, the design of the coil winding

tends to be limited to a simple helix arrangement.



operation of such centrifuges. For exanple, the tubing tends to nove and to
unwi nd during operation of the machine. Although fixing nmechanisnms such as
channel s Woro3/o8@Beli ng each wi ndi ng of tubing individuallypPamGRod®193e of
potting conpounds to hold the 30 coils have been used, these do not al ways
prevent the problens and al so add conplexity and in sonme cases weight to
the machi ne. Furthernore, the design of the coil wnding tends to be
limted to a sinple helix arrangenent. WO 03/086639 PCT/ GB03/ 01502 2 The
present invention seeks to provide an inproved new centrifuge, preferably
of a type which can be used to conduct counter current chromatography.
According to an_aspect .of the Lnhvention, there
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15  provided with a sheath within which a portion of the inlet and outlet leads is located.

According to another aspect of the present invention, there is provided a centrifuge
bobbin assembly including a bobbin for supporting at least one coil; a rotor component for
imparting rotation to the bobbin and including at least one bearing; and attachment means
operable removably to attach the bobbin to the rotor component, the attachment means

20  enabling removal of the bobbin from the rotor without removal of the or any bearing of the
rotor component.

According to another aspect of the present invention, there is provided a centrifuge
bobbin assembly including a bobbin for supporting at least one coil; a rotor component for
imparting rotation to the bobbin; and attachment means operable removably to attach the

25  bobbin to an end of the rotor component.

According to another aspect of the present invention, there is provided a centrifuge
assembly including coil rotation means operable to impart rotation to a coil and a housing
substantially enveloping the coil rotation means.

According to another aspect of the present invention, there is provided a

30  chromatography coil assembly including a substantially rigid substrate and at least one
conduit formed by a plurality of walls, at least one of which walls being formed in the

substrate. Preferably, there is provided a plurality of substrates in overlying relation to one



bobbi n assenbly including a bobbin for supporting at |east one coil; a
rotor conponent for inparting rotation to the bobbin; and attachnent neans
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I npart rotation to a coil and a housing” substantially envel oping the coil
rotation neans. According to another aspect of the present invention, there
is provided a 30 chromat ography coil assenbly including a substantially

ri gi d subsdotiedr cadpeitlingtsubstensds pwxedingtaﬂdhﬂ Wa]ﬂmﬁmczbnﬂyit aughl thatahe tondoft inval | s,

at |l east one of which walls being rned int substrate. Preferably,
there is W@?@Bé&leambftiﬁ:‘%ﬁé? S%Yessaﬂ opt by @y erd%?é(}olew ng relation to one WD
03/ 086639 PCT/ Suligter &fidal | the
wal I's of a con?@}t}! g%‘%ﬁ%“ﬁ’ %rgg%agr%ﬁlgé?lscaﬂforne @g&?ﬁg{égﬁ%ﬁrat es

t hensel vesnahhidg thetcollyto ha yotaﬂe& at veltyahlghespeiﬂsemmhafl eKeasy Oémm@ﬁﬂho% gisk
provi de a il struc id.and,.solid e coil.. to be
r ot at et a?g ‘&5‘?‘?%"6 ﬁ%gl‘?é’@\é@ 'Iﬁ lg()’( alias the Psyption Bﬂ‘mj Ftiagtkaﬂ}% of

def or mat i piyePEoil b@luﬁﬁ'tharﬁvft}ﬂ%ﬁ'&feﬁuoﬁdl t1HeTRilf ! or @¥8s Wit ndich \highePBoiblolarie! S
with substantially |lower coil volume than w ‘th conventional tube coils, or

coil's wi t i desicsd. ﬁli“hgrae$ennhiy alsqgllmfor‘the pregisioach! differeriwoddpms adso al | ows

i ch 1 TOr weBav gt SERIsa Rrsenlid T Ak vl PR SPGLIAR, PREPPT

person wi kiili@Ppéresi wiltagpeviaté fomf the Felluwigg desseipligi thantht h%nﬂaty&ﬁq&&mﬁéy can
provi de 10 many ot her benefits relative to prior art systenms. In arriving

at t he0 enpedy et bengisrelabiue torpriasiart SYSI§BIS| nvent or s sought to devi se an

I nstrument whi r ery
limted back %{r]%rgiggl etgr?e%@ﬂﬁ%ﬁ%ﬁ%&g@éﬂrﬂéﬁg%ﬂ%ﬁ%ﬂ%nsI gﬁgﬁe gfr%éa%/{ver e to
mai ntai n fisetuinenanlyiclp baslé perferine sdpanitiomtn nénites] privirde rooor vevylimited back

shortening coil_ length but mai ntai ni ng a higher 15 linear velocity b
i ncr easi nBrepEe Q‘ﬁi&ﬂp apd geRdzesIpiIQHy Q%ld@lﬁﬁtllonf Yer R SRRy %ﬁé‘}s/e

flowrate,d t%%‘ﬁ TEARSE dhe b ??gshér&ﬁ]ﬁlg;@? 1&?@%@&%&%&@%& gf easi ng

the speed o " frelds produced
dur i ngs optnesr Ivekocmy by ecregsinartht speed of rotation of the 0011 to allow the mobile phase

flow rate to be increased. In effect, this has been achieved by increasing the speed of
rotation of the coil(s), the higher “g” fields produced during operation of the apparatus
giving better retention of the stationary phase allowing a significant increase in flow
without loss of retention. Furthermore, the preferred embodiments provide a smaller rotor
20  which gives more mixing and settling steps per minute, leading to even better mass transfer
between the phases and hence resolution.
An additional benefit found in the embodiments described herein is that coil and
flying lead back pressure can be significantly reduced so that they can now accommodate
the back pressure generated by, for example, a mass spectrometer detector nebuliser. A
25  tested embodiment of the present invention had a coil capacity of 25 ml with 0.8 mm
internal diameter coil tubing. It is possible to maintain a flow rate of 2 to 4 ml per minute,
thereby achieving separation in 6 to 12 minutes. The coil capacity was reduced even
further to 5 ml to reduce separation time to 1 to 2 minutes while maintaining good
resolution. Thus, it is possible to provide true rapid analytical scale counter current
30  chromatography.
In one embodiment, a coil with 0.8 mm internal diameter tubing around 10 metres

long was used in the machine able to rotate at high rotational speeds, in excess of 2000
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and hencegtfifed to the outlet lead. Furthermore, the simple design of flying lead section can

15  substantially reduce wear and tear thereof and therefore substantially increase the
reliability of this component.

In prior art counter current chromatography instruments, the gear sets have been
open, necessarily so by the design of the instruments. This has caused difficulties in
lubrication of the gear sets because of the loss of lubricant during use of the machine, the

20  spoiling of the internal casing of centrifuge, making the centrifuge difficult to operate, and
also has caused such centrifuges to be noisy in operation. The design of the enclosed gear
set taught herein can substantially reduce the above-mentioned problems and can provide
for carefully controlled lubrication of the rotor mechanism for a bobbin, thereby providing
much more reliable rotation of the bobbin.

25 The bobbin structure taught herein enables easy removal of the bobbin, even by the
user. Previously, any change of the coils had to be carried out by a service engineer and
not by the instrument user. Now, it will be possible for a user to change bobbins, for
example to replace an old bobbin with an equivalent new bobbin, and also for a user to
have several different designs of bobbin with different coil configurations, thereby

30  enabling a user for the first time to use a single centrifuge for different experimentation.

Moreover, the preferred design of bobbin taught herein enables an end user to see

the ends of the coils, where the stationary phases occur. Such viewing can either be done
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equi pnent all owm ng automated detection and analysis from Viewi ng the coil
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advantage in such i strurrent
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whi ch becegg il irkheciRofidfoehdhl RpatRSr at i on process. Such markers coul d be
detected either by the naked eye or, Tor exanple, by a CCD canera and

sui t abbe procedigung?2 $04 sahamatié mewrﬂn@a:@swwtgm émuemi)@élment of coil assembly;
Figure 3 is a plan view of a part of the coil assembly of Figure 2;

Figure 4 is a plan view of a part of another embodiment of coil assembly;

Figures 5a and 5b are two plan views of coil windings and coupling conduits for
coupling the two windings together; and

20 Figures 6a to 6d show different examples of possible internal coil cross-sectional
shapes.

Referring to Figure 1, there is shown a preferred embodiment of a “J” type coil
planet centrifuge 10 for counter current chromatography (CCC). The centrifuge 10 is
intended to be suitable for use with small diameter coils, for example of 1 millimetre

25  internal diameter or less, rotated at high speeds, for example in excess of 2000 rpm. Of
course, the size of coil and rotational speeds can be chosen on the basis of the desired
application.

The centrifuge 10 is typically kept in a casing (not shown) for protection purposes
and for allowing control of environmental conditions such as temperature. Furthermore, in

30  addition to the components shown in the Figure, the centrifuge 10 is provided with the

other elements typical in apparatus of this type, such as power supplies, couplings to mass
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corresponding pulley 34 of the rotor 26 in conventional manner.

At a frontal portion of the rotor 26 there is provided a set of cooling fins 36
extending into the rotor 26.

15 It will be seen from Figure 1 that the rotor 26 is formed in two parts secured
together by bolts or other suitable fastening means 38 for assembly purposes.

The rotor 26 houses, in this embodiment, two enclosed gear sets 40, 42. Different
embodiments may be provided with a different number of gear sets and/or with gear sets of
different configuration.

20 Gear set 40. provides a bobbin rotor, as is described below, while gear set 42 is
coupled to a counter-weight. Gear set 40 includes a planetary shaft 44 and rotatingly
meshes with teeth 48 integral with shaft 18. First and second sets of bearings 50, 52 locate
the planetary shaft 44 rotatably in the rotor 26. A seal 54 seals the gear set 40 in such a
manner as to provide a chamber 56 within which the first gear set 40 and within which the

25  planetary shaft 44 and bearings 50, 52 are located. As explained below, this chamber 56 is
at least partially filled with lubricant such as oil or grease.

As can be seen in Figure 1, the frontal bearings 52 are larger than the rear bearings
50 since the bearings 52 will take the load of the bobbin 62 or counter-weight 70, both of
which are described below.

30 The second gear set 42 is substantially the same as the first gear set 40 although in
this embodiment is not driven by the shaft 18 into rotation. The reason is that in this

embodiment the second gear set 42 acts as or supports a counter-weight. There could be



person and thus not described herein in detail. The centrifuge 10 incl udes
a support wall 12, in practice integral with the casing, to which is

at t ached wormmwosisBng bush 14 by bolts or other suitabl e fa®rCemiBigonwans 16.
The 5 mounting bush holds a cantilever shaft 18 which in the described
enbodi mrent cannot rotate. The shaft 18.is provided with a central bore 20
for purposes described bel ow. Coupl ed fo the cantilever shaft 18 by first
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15 below in connection with Figures 2 to 6. These Figures disclose a coil system in which at

least a part of a conduit wall forming the coil is produced in a solid substrate, such as being
machined as a recess in a disc of solid material. A plurality of such discs forms the coil
assembly.
At the other side of the rotor 26, the counter weight 70 has a similar structure to the
20  bobbin 62 and is designed to provide a balancing weight when the bobbin is in full use, as
is known in the art. In this embodiment the counter-weight is free to rotate, although could
be driven to rotate in the same manner as is the bobbin 62.
As can be seen in Figure 1, the bobbin 62 is open at its centre, which opening
provides for the placement of a flying lead section 72. A first end 74 of the flying lead
25  section 72 is held in the bobbing 62 by mutually co-operating shoulders 76, 78. A second
end 80 of the flying lead section 72 is coupled to the cantilever shaft 18 by a suitable
non-rotatable bush 82, or a continuation of the cantilever shaft 18.
Located in the flying lead section 72 there are provided the inlet and outlet leads
84, 86 of conventional type. One end of each flying lead 84, 86 is coupled to the coil
30  assembly 68 by a suitable coupling 90 (only one coupling 90 being visible in the Figure).
The flying leads 84, 86 pass through the central bore 20 of the stationary cantilevered shaft

18 and in use are coupled to a mass spectrometer (not shown).



this enbodinment is not driven by the shaft 18 into rotation. The reason is
that in this enbodinent the second gear set 42 acts as or supports a
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enbodi ments of the counter-weight. In enbodinents where it supports a
second bobbin, it would be arranged to sh with the teeth 48 of the shaft
18 to be rotated thereby. The planetary “shaft 44 of each gear set 40, 42 is
provided with a bobbin or counter-weight nounting 58 fixed thereto by
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flying | eadrggction 72. A first end 74 of the flying |ead 25 section 72 is

held in the bobbing 62 by nmutual |y co-operating shoul ders 76, 78. A second
15 In the preferred embodiment, the inlet and outlet leads 84, 86 are of reduced
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diameter, typically 1 millimetre or less.

In one experimental embodiment, the centrifuge was provided with one driven
planetary shaft 44 rotated about a 50 mm radius up to a maximum speed of 2,100 rpm.

The coil 64 had a beta value range of 0.68 to 0.79, a volume of 4.6 ml using 0.76 mm bore
20  tubing 10.15 metres long. The coil was serviced by a single pair of 0.5 mm bore PTFE

inlet and outlet leads 84, 86 embedded in the flying lead section 72 in a simple 180° turn

aligned with the “g” field produced on rotation of the rotor 26 and consequentially induced

motion of the planetary shaft 44. This set up, with a mobile flow rate of up to 2 ml/min

could achieve separation in 3 to 20 minutes, substantially faster than prior art systems and
25  with a substantially reduced back pressure.

In use, the rotor 26 is rotated by the driving of drive belt 32 by the motor of the coil
planet centrifuge. Such rotation is principally achieved as with prior art centrifuges but at
the higher speeds disclosed herein.

The rotor 26 rotates around shaft 18 by virtue of the roller bearings 22, 24.

30 Engagement of the teeth 48 of the shaft 18 with those of the rotor shaft 44 cause

rotation of this shaft 44 about its own axis and also, of course, about the axis of



end 80 of the flying | ead section 72 is coupled to the cantilever shaft 18
by a suitable non-rotatable bush 82, or a continuation of the cantilever
shaft 18.wbhesas@a in the flying | ead section 72 there arePpr@Bodetoehe
inlet and outlet |eads 84, 86 of conventional type. One end of each flying
| ead 84, 86 is coupled to the coil 30 assenbly 68 by a suitable coupling 90
(only one coupling 90 being visible in ?he Figure). The flying | eads 84,
86 pass through the central bore 20 of the stationary cantil evered shaft
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15  thicker than the end 74. This profile minimises potential blockage and disturbance of fluid

passing through the outlet lead 86. The twisting or braiding of the inlet and outlet leads 84,
86 ensures that each lead follows substantially a similar or the same profile as the other
leads, to obtain reproducible results.

As with any moving component, heat is generated during use of the centrifuge and

20  in particular at the bearings 52 at the frontal end of the shaft 44, caused by the load of
bobbin 62. This heat is effectively managed in the described embodiment by the provision
of lubricant in the chamber 56 which is retained at a level sufficient to contact and at least
partially cover the bearings 52. Heat is thus transferred from the bearings 52 into the
lubricant and therefrom into the casing of the rotor 26.

25 The cooling fins 36 in the rotor casing 26 assist in expelling heat from the rotor 26.
As will be apparent from the Figure, the cooling fins 36 are located at a distance from the
front face of the rotor 26 and thus at a certain distance from the bobbin 62. In this manner,
heat is in effect directed away from the bobbin 62 and away from the fluid being
centrifuged within the coils 68, thus having a stabilising effect on the fluid temperature.

30 The feature of enclosing the gear sets 40, 42 within the rotor 26 substantially
reduces the noise of the instrument. Furthermore, it provides a closed chamber for the

lubricant, ensuring efficient use of lubricant and thus more reliable operation of the rotor



inlet and outlet | eads 84, 86 enbedded in the flying | ead section 72 in a
sinple 180 turn aligned with the "g" field produced on rotation of the
rotor 26 wod3oswsequentially induced notion of the pl aneramGmhaiin2s44.
This set up, with a nobile flowrate of up to 2 mM/mn could achieve
separation in 3 to 20 m nutes, substant 'b(@lly faster than prior art systens
and 25 with a substantially reduced back”pressure. In use, the rotor 26 is
rotated by the driving of drive belt 32 by the notor of the coil planet
centrifuge. Such rotation is principally achieved as with prior art
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m ni m ses (Hatetind iRl ke gatanty fhakys 82068 withih ke @il 68. Tt is possible with
15  this arrangement also to provide for automatic viewing such as by a CCD camera linked to
analysis equipment able to analyse the progress of chromatography within the coils 68. A
suitable mechanism will be apparent to the skilled person.
A user is also able to replace the bobbin 62 relatively easily, for example to replace
the bobbin 62 with a new equivalent bobbin or with a bobbin having a different coil
20  structure. In order to achieve this, the user need only withdraw the end 80 of flying lead
section 72, which is typically a push fit within the bore 20 of shaft 18, and unscrew the
radial screws 66 (of which four are preferably provided) to remove the coil housing 64 of
bobbin 62. The flying lead section 72 can then be fed through the central aperture in the
bobbin 62, withdrawing its end 80 and bushing 82 last (these will pass through the central
25  bore of the bobbin 62) for use with a new bobbin; alternatively a new set of flying leads
can be supplied with each new bobbin. A pair of removable connectors 90 (for example,
screw threaded) are provided to connect the leads 84, 86 to the ends of the coil 68. A new
bobbin is then attached to flying leads 84, 86 and then attached to the mounting 58 by the
fixing bolts 66.
30 In the preferred embodiment, the bolts 66 are replaced by quick release catches to

make replacement of the bobbin 62 even faster.



passi ng through the outlet |ead 86. The twisting or braiding of the inlet
and outlet |leads 84, 86 ensures that each lead follows substantially a
simlar owotlhesaade profile as the other |eads, to obtai RCraBabORbl
results. As with any novi ng conponent, heat is generated during use of the
centrifuge and 20 in particular at the ﬁeari ngs 52 at the frontal end of
the shaft 44, caused by the | oad of bobbin 62. This heat is effectively
managed i n the described enbodi nent by the provision of lubricant in the
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15 from a plurality of rigid substrates 110, 112 which are typically disc-shaped in plan view.
The substrates 110, 112 can be made from a variety of materials, such as glass,
ceramic, PTFE, FEP or other such machinable or mouldable material.
Produced within each substrate 110, 112, in this embodiment, there is a channel
114, 116 which is closed by the lower surface of a substrate lying thereon, as shown in
20  relation to channel 114. Not shown in Figure 2 is a coupling conduit for coupling the two
channels 114, 116 together to form a unitary coil. However, as described below, the
structure can provide for a plurality of separate coils within the substrates 110, 112.
Although only two substrates 110, 112 are shown, there are typically provided
more to provide several or many substrate layers and one or more coils having several
25  windings provided by the channels 114, 116. As with the two substrate layer example
shown in Figure 1, the winding of each substrate layer 110, 112 is coupled to the
winding(s) of the immediately adjacent layer(s) by one or more suitable conduits to form a
single coil. Nevertheless, in some applications a single coil winding provided by a single
channel 114, 116, may be desired. In practice, the number of coil windings provided is
30  dependant upon the total length of coil desired.
In some embodiments, there may be provided in each substrate 110, 112 a plurality

of channels 114, 116 which couple separately to an equivalent number of channels 114,



transparent or translucent material such that novenent of fluid within the
coil 68 can be seen |ooking at the bobbin 62 face on (looking fromthe

| eft hanoweiod®sdesd t he Figure). As the coil 68 is typical lpgTadBogfpiF02l
configuration, the ends of each coil winding will be visible to a user and
t hereby the stationary phase is secured yithi n the coil 68. It is possible
with 15 this arrangenent also to provi dé for automatic view ng such as by a
CCD canera linked to analysis equipnent able to anal yse the progress of
chromat ography within the coils 68. A suitable nechanismw || be apparent
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shaft in a cantilevered fashion. ) _ ]
15  from its head end H to its tail end T and suitable for clockwise rotation of the substrate

118. Figure 3 provides a mirror image of the winding 20 by having a channel 24 formed in
a substrate 122 which provides a spiral winding inwardly in a clockwise direction from its
head end H' to its tail end T'.
The substrates 118, 122 are designed to be placed one on top of the other and for
20  their channels to be connected together by a short conduit (not shown). It will be apparent
to the skilled person that this conduit will be much shorter that the conduit which would be
necessary in conventional coil systems, providing significant operational advantages.
Figures 5a and 5b show an alternative substrate 126, 132 and channel 128, 134
arrangement in which the channels 128, 134 are identical to one another and are provided
25  with coupling conduits 130, 136 respectively. In the example shown, the coupling conduit
30 couples the two channels 128, 134 together while the coupling conduit 136 is provided
to coupled the channel 34 to a channel of an overlying substrate or, if at the end of the coil,
to an inlet/outlet lead.
The coupling conduits 130, 136 can easily be formed in the substrates 126, 132, for
30  example in the side opposite that in which the channels 128, 134 are formed, with a

suitable bore connecting the coupling conduits to their channels.



Furthernore, the ability to see the flying | ead section 72 enabl es an
operator to see the state of this section of the inlet and outlet | eads
and repl awe B8s@39 and when necessary. The section 72 is @®cwgBRIBeI302
unsupported and has no surface which touches the bobbin or 10 other
conponent, adding to the section's dura i3l ity. The section 72 in effect
provi des potting of the inlet and outl et™l eads 84, 86, reducing back
pressure | evels conpared to prior art nmachines and al so prevents tw sting
of the leads in a manner which could cause mal function of the instrunent.
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pl ur al 5t y iflugnep dhehehagiont ef thynbromatography phases, to promote mixing and so on. For
these purposes, there may be provided surface roughness, baffles and the like.

Although the examples described above, and shown in the drawings, provide
uniform coils, the system can provide for different coil forms. For example, a channel in
one substrate can be wound at a first pitch while a channel in an adjoining substrate can be

20 wound at a different pitch. Similarly, the pitch of any one channel winding can be varied.
It is also possible to provide uneven curvature of a channel to generate pockets for
stationary phases. Furthermore, this type of coil structure can provide constant helix
spirals, double or treble start parallel spirals for multiple coils (indeed even more than three
starts if desired) and variable and enhanced helix angle coils. The specific set-up is at the

25  choice of the designer.

Once the various substrate layers are bonded or welded together, they provide a coil
structure which is very rigid and very solid. Furthermore, it is possible to produce coils
with substantially lower coil volume than with conventional tube coils, as it is possible to
produce coils with much higher coil volume. The structure is very stable and can be

30  rotated at very high speeds much in excess of 2000 rpm without risk of deformation of the
coil structure.



coils my have the sane formbut may also be different, as will be apparent
fromthe disclosure below. The substrates 110, 112 are secured together to
ensur e t D oBlogs6dhannel s 110, 112 5 are seal ed, apart fr@craiBodloeioe ends.
Any suitable sealing nethod nay be used, typically being dependant upon
the material chosen for the substrates éﬁo, 112. Exanpl es include bonding
by a bondi ng agent, friction welding ana heat wel ding. The channels 114,
116 nmaybe forned in any suitable nmanner and simlarly this is dependant
upon the material of the substrate 110, 112 and the manner of their

formati on. 10 Honrthexaome) i@, the pezfertmirmﬁiodimam thd subSiratesul I, bHe2 amrfnnnbmyf

e oL 1 YR R R, St i BB ot BL e o

net hod. Retgh bu&mertﬁaﬂlaés@mayg UIs éhn etnaﬁe a sér 9 @emelemfe@d &ﬂhé/ée%wﬁﬁgu@waol e
of substrate 118 wth a channel 120 which provides a srlra W n

out war dl y flwd WI&lnmthk\méeThﬁy dlgo lend thanselvsaia aomatigionival deteddiont ®rtai|l end T
and SU|tabIe f cIo K rotation of the substrate 118. Figure 3 provides
a m rror eﬁ%mg g \%@glcﬁme@(} by having a channel 24 formed in a
Substrate 122 mhlch provides a spiral winding inwardly in a cl ockw se
direction fromits head end H to its tail end T'. The substrates 118, 122
are designed to be placed one on top of the other and for 20 their
channel s to be connected together by a short conduit (not shown). It wll
be apparent to the skilled person that this conduit will be nuch shorter
that the conduit which would be necessary in conventional coil systens,
provi di ng significant operational advantages. Figures 5a and 5b show an
alternative substrate 126, 132 and channel 128, 134 arrangenent in which
the channels 128, 134 are identical to one another and are provided 25
with coupling conduits 130, 136 respectively. In the exanple shown, the
coupling conduit 30 couples the two channels 128, 134 together while the
coupling conduit 136 is provided to coupled the channel 34 to a channel of
an overlying substrate or, if at the end of the coil, to an inlet/outlet

| ead. The coupling conduits 130, 136 can easily be forned in the substrates
126, 132, for 30 exanple in the side opposite that in which the channels
128, 134 are forned, with a



sui tabl e bore connecting the coupling conduits to their channels. WO

03/ 086639 PCT/ GB03/01502 13 Wth conventional coils fornmed fromtubing, the
i nternal wbhapes@Bsthe tubing is typically limted to bei RgTrGROAM150RIoWeVeEr ,
with this invention, it is possible to provide any suitable
cross-sectional shape for the internal |1 (s) of the channels. Figures 6a
to 6d show various exanples of cross-sectional shape. O course, these
shapes may be provided 5 by recesses on one or both of the abutting faces
of adj oi ning substrates. Figure 6a shows a conventional circular shape
whil e Figure 6b shows a square shapeCLRAIMS e 6¢c shows a channel
cross-sectional shape which is rectangular and oriented at an angle of
around 45 to the horizontal. This shape provides a relatively w de surface
for supporting fhe SA@&ﬁtﬁn@greynaﬁtﬁﬁgﬁdnwr&bﬁf&an mat@d@& neR%IP| e of
channel cross-section. The cross-séctional shape o the channels and their
ori ent at i dhe eenrifuge ends eamntilevereibroiarctiedyive heoshding moupied so thegrdtilavetedbe
relatively,easy to manufacture. Furthernore, the internal channel shape
need not Sﬁ'ﬁnlforn1throughout a channel. In sonme applications, for
exanple, it may be advantageous to provide changing internal channel shapes
to 15 influence the behavi our of the chromatography phases, to pronote

M xi ng and so &h. Foh centrifigs ageprdinede claim dy whersin the crdevemrsshefirSace
roughness, {&ﬁg and the like. Although the exanpl es described above, and
shown in t raw ngs, provide wuniformcoils, the system can provide for
different coil fornms. For exanple, a channel in one substrate can be wound
at a first pitch whi]e a .channel _in an adjoining substrate can be 20 wound

at a di%ferent it cH cetfyggepgordingdo ﬁ]ia%ﬂoéfz sreghibe eadHaeredyiofithg can
be varied tﬁedﬁtﬁ'a%%ré)&ﬁ)%ﬂa%ﬁl aﬁ ;Pé’énﬂﬁl Mﬁﬁl%;bo@urvature of a channel to

ro
generate p? stati1 onar urthernore, this type of coil
structure can provi de constant hellx splrals, doubl e or treble start

parallel spirals for, multiple coils (indeed even e than t starts if
desired) and vd |abﬂécgﬁﬂh&ﬁﬁ&ﬁg@&gﬁ Pl An ﬁ@ﬁgﬁgngmﬁfﬁgméﬁgglflc set - up
is at the su3§a1ﬁih‘1’l;yQﬁlelolkhéh &f @B 8stor, ONCe the various substrate layers are

bonded or wel ded foget her ey provide a coil
15

%

5. A centrifuge according to any preceding claim, wherein the drive rotor is

provided with coupling means operable to couple the rotor to a drive motor.

6. A centrifuge according to claim 5, wherein the coupling means includes a

20  toothed profile.

7. A centrifuge according to any preceding claim, wherein the drive rotor

includes support means for supporting at least one centrifuge bobbin.

25 8. A centrifuge according to claim 7, wherein the support means is operable to

support a bobbin in cantilevered manner on the drive rotor.

9. A centrifuge according to any preceding claim, including a flying lead
section located along the radial axis produced by rotation of the drive rotor.
30
10. A centrifuge according to claim 9, wherein the flying lead section extends

out from the cantilevered end of the cantilevered rotor.



structure which is very rigid and very solid. Furthernore, it is possible
to produce coils wth substantially Iower coil volunme than with
convent i owalo3isdsas coils, as it is possible to produce coiPCs/GBoBlo15eRCh
hi gher coil volune. The structure is very stable and can be 30 rotated at
very high speeds nuch in excess of 2000 rpmw thout risk of deformation of
the coil structure. WO 03/086639 PCT/ 3/01502 14 Furthernore, in the
preferred enbodi nent the substrates 110, 112 are formed of transparent or
translucent material so that the interior of the channels 114, 116 is
visible fromoutside the assenbly. This can enable a user to see the
effect of the centrifuging on a fluid within the coil. They also.lend
t hensel ves to a 'oma{%icgm gec%For&ét[gle{(Q,tc}agH?h‘?r ’ g’%SIS?H‘n%‘F élyfrfér/%?fgwcgom
carer a. V\Gneﬁaeﬁ&ﬁgﬁngﬁﬁmsé&i&ﬁ% and endCthld¥Btolthe Or & BB hftkOGntitsbredi Ng a
drive rotor for driving the rotated conponents of the centrifuge and a
cantil ever®PIrotor, the drive rotor being mounted on the cantilevered 5
shaft .. 2. A centrifuge according to claim1, wherein the cantilevered
shaft is non-rotatable. 10 3. A centrifuge according to claim1l or 2,
wherein the cantd.| evArcentrifigdeciccordingtd @it 1 0ot 1 avikesia tidddpihanadabdtional ong
a central axis thereof. 4. A centrifu e according to claim3, wherein the
bore ext enddentdhroughga prgpfisgbstantially 1§Aol e | ength of the rotor. 15 5. A
centrifuge according to any preceding claim wherein the drive rotor is
provi ded with coupling neans operable to couple the rotor to a drive notor.
6. A centri fugeldccoAdengfige acbaidingdo anhenedfcliine Toupl ivhgreiretha flyingdeades a
20 toof hed
0 s

eBtring {nlcl%'des a sheath within which inlet and outlet leads are located.

14. A centrifuge according to claim 13, wherein the inlet and outlet leads are
embedded in the sheath.

15 15. A centrifuge according to claims 13 or 14, wherein the inlet and outlet leads

are twisted or braided within the flying lead section.

16. A centrifuge according to any one of claims 9 to 15, wherein the flying lead
section is provided with stiffening means operable to stiffen the part against deformation

20  bias occurring during rotation of the drive rotor.

17. A centrifuge according to claim 16, wherein the stiffening means are

provided in the or a sheath.

25 18. A centrifuge according to claim 17, wherein the stiffening means is

provided as a sheath portion of increased thickness.

19. A centrifuge according to any one of claims 9 to 18, wherein inlet and outlet
leads extend though the or a bore in the cantilevered rotor.

30



7. A centrifuge according to any preceding claim wherein the drive rotor

i ncl udes support neans for supporting at |east one centrifuge bobbin. 25 8.
A centri fwoasmaewey ding to claim7, wherein the support nea&e3I/GB3pop®eabl e to
support a bobbin in cantilevered manner on the drive rotor. 9. A centrifuge
according to any preceding claim incluqhng a flying lead section |ocated
al ong the radial axis produced by rotation of the drive rotor. 30 10. A
centrifuge according to claim9, wherein the flying | ead section extends
out fromthe cantilevered end of the cantilevered rotor. WO 03/086639

PCT/ GB03/ 01502 A& 11A canfeidvgainelydins ackiyedotor far glriying the sotaled compewestseifn t he

flyi I y ' J ] | i t f
tothe or e BEHAR apll AT ReE SR OO HRER Sl M FRABLGF HheE Yededi g
t o cl ai m 9gxidproduceliby rotueiogiofitieligivelrytong | ead section is bent through an

arc of substantially 180. 13. A centrifuge according to any one of clains 9
to 12, wherein the flying lead 10 section includes a sheath within which

i nl et d outlejyle i - 9 ? aim 13,
wherei i the i & andonecurefikEbmablapRalthi ARACEOLE AT bRy B ",
cent ri f ugetoanypratedigg ctriml ai ns 13 or 14, wherein the inlet and outlet |eads
are twisted or braided within the flying | ead section. 16. A centrifuge
according to any one of clainms 9 to 15, wherein the flying lead section is
provi ded with s3j ffegi RN i ; |

def ormati on 20 2bgjl as ‘gé;(e:%? ri ngé%jcﬁ%i%hrgﬁp g?%f?%ltrt\ﬁ% gt ng?ﬁ}%[)@gt ra %ﬁggl?ﬂb?%e%d SA
cent ri f ugeandoclying tegd sectongirovid@] with esheath whithinswhich e portipnrd insindat end

provi ded in r. a sheath. 25 18. A centrifuge according to claim17,
wher ei th%ut%Fﬁala&Seﬁ?%C&?%eans IS

24. A centrifuge lead assembly according to claim 23, wherein the sheath is
provided with stiffening means operable to stiffen the flying lead section against
deformation bias occurring during use thereof.

15

25. A centrifuge bobbin assembly including a bobbin for supporting at least one
coil; a rotor component for imparting rotation to the bobbin and including at least one
bearing; and attachment means operable removably to attach the bobbin to the rotor
component, the attachment means enabling removal of the bobbin from the rotor without

20  removal of the or any bearing of the rotor component.

26. A centrifuge bobbin assembly including a bobbin for supporting at least one
coil; a rotor component for imparting rotation to the bobbin; and attachment means

operable removably to attach the bobbin to an end of the rotor component.

25
27.  An assembly according to claim 25 or 26, wherein the rotor component
includes a rotor shaft and the attachment means is operable to attach the bobbin to an end
of the rotor shaft.
30 28.  An assembly according to claim 27, wherein the attachment means includes

a first member attachable to the rotor shaft and providing coupling points for coupling a

bobbin holding to the first member.



provi ded as a sheath portion of increased thickness. 19. A centrifuge
according to any one of clains 9 to 18, wherein inlet and outlet |eads
extend t wWO@h/08ds89 or a bore in the cantilevered rotor. 30PADERSEO08G839

PCT/ GB03/ 01502 17 20. A centrifuge including a drive rotor for driving the
rotated conponents of the centrifuge aq% a flying | ead section extending
out fromthe drive rotor along the radi a axi s produced by rotation of the
drive rotor. 5 22. Counter current chromatograph apparatus including a
centrifuge according to any preceding claim 23. A centrifuge |ead
assenbly for a centrifuge including inlet and outlet leads and a flying

| ead section prgyide i . W thi Lch.a.porti,on of the inlet and
10 outl et Ieadsﬁi{s I%%%%&b%%pgﬁl%tﬁtcﬁ?%hgggl (0 COHRIE RRIS PERYEF 1t o
clai m 23, lakediienghgrabkhedhds fosfixpavd idbinhdRingtts ifeMisngiemBans operable to

stiffen the flying | ead section against deformation bias occurring during
use thereof. 15 25. A centrifuge bobbin assenbly including a bobbin for

supports ng at |gpast i . : r.1.6 t . i rotation to
he bobbi n and Jacl iAoy sl S gRIRANEA. whelord FRILHRY el

oper abl e rproudaighigk rdeast tfixdipstfefitiap lierbobbint singtt@the fisrmmOnB&Htandtdae
attachnent _neans enabl.i n% re vg{. otiy{%rhe ﬁogbi n fromthe rotor w thout 20
removal of TWHeelAsGReCanRn Wkediteply Framdhe bofie rothe plapgtaryneqas shaft.f uge
bobbi n assenbly including a bobbin for supporting at |east one <coil; a
rotor conponent for inparting rotation to the bobbin; and attachnment neans
oper abl e rermovally t4n assembly acherdingtoicteim®8aR9 endl,dficluding fiyinprleabsspurient .

25 27.. . An |y accordi.ng.tq claim?25 af.26, rein . the rotor conponent
i ncl udds arg‘?%?ggr %ﬁlg‘flfgaa gngll%a%ép?ty@%ﬂtmmﬁ@ b\FA’g&Bg’@P%%Bg'e to attach the
bobbin to an end

32.  Anassembly according to claim 31, wherein the flying lead securing means

is located at a central position of the bobbin housing.

15 33.  Anassembly according to claim 31 or 32, wherein the flying lead securing

means provides an annular shoulder.

34.  Anassembly according to any one of claims 25 to 33, wherein the bobbin is
designed to support a coil at an outer radial perimeter thereof.
20
35.  An assembly according to claim 34, including a transparent or translucent

coil.

36. A counter current chromatography centrifuge provided with a centrifuge

25 bobbin assembly according to any one of claims 25 to 35.

37. A counter current chromatography centrifuge provided with a plurality of
bobbins of different design.

30 38. A centrifuge assembly including coil rotation means operable to impart

rotation to a coil and a housing substantially enveloping the coil rotation means.



of the rotor shaft. 30 28. An assenbly according to claim 27, wherein the
attachnment nmeans includes a first nenber attachable to the rotor shaft and
provi di ngvomajpsdesy poi nts for coupling a bobbin holding PoTdBRS3NLIF0SE
menber. WO 03/ 086639 18 PCT/ GB03/ 01502 29. An assenbly according to claim
28, wherein the coupling points provi de1 | ateral |l y engageabl e fixings for
fixing the bobbin housing to the first mgnber. 5 30. An assenbly according
to claim28 or 29, wherein the coupling points provide quick rel ease
fixings for fixing the bobbin housing to the first nmenber and/or a quick
rel ease nmechani®m | i Akawembbeaccpiding torplainel Souibiiein the colleotpliomeeansy gear

shaft. 31.; i claim.28,.29 or. .30, includi f.lying
| ead securllnér?gd@si%%%%mhes a%t(r)a[ngiea uﬁaﬁg% AURERfof @gantélé%ﬁegﬂagf ’fog?f?n@i?'t“ﬁ t he
bobbi n houmiusigg. 32. An assenbly according to claim 31, wherein the flying

| ead securing neans is located at a central position of the bobbin
housing. 15 33. An assenbly according to claim31 or 32, wherein the flying

| ead sgcuring ggeans j AR
according to any oneA%?%g#gﬁsn%ca% 1o f?,lm\?\%gwglg%{q%gég%%cﬁﬁﬁgﬁyﬁégegaﬁ%d to
support a foofikingta cantrifugesfobbadthedetqper i net er thereof. 20 35. An assenbly

according to claim34, including a transparent or translucent coil. 36. A
counter current chromatography centrifuge provided with a centrifuge 25

bobbi n assenbl yyjaccogglhd | : : . -
current chromat ography cgrrﬁl%lr?yi %gag{rgﬂgﬁg\%%gg@%@ﬁ&gs Stﬁjtﬁflgf }Ntﬁgregﬁhgggg%%ws of

di f f er ent iodudesra luBicapschambze fortioldige lubsisantpihy coil cotardommeasi Heitteaihabhtant

means .qperahl e tq inmpart .rotation to a coil and a housing substantially
envel ol(gi nﬁ?h%’eé'?ﬁr}c SPAPEPEh neans.

42.  An assembly according to claim 41, wherein the lubricant chamber is in

contact with bearings of the coil rotation means.

15 43.  An assembly according to claim 41 or 42, including a port for admitting

lubricant into and/or extracting lubricant from the lubricant chamber.

44.  An assembly according to claim 41, 42 or 43, including a window in the
housing allowing viewing of the interior of the lubrication chamber.
20
45.  An assembly according to any one of claims 38 to 44, including heat

transfer means operable to transfer heat from the coil rotation means.

46.  An assembly according to claim 45, wherein the heat transfer means

25  includes a heat sink fitted to or integral with the housing,

47.  An assembly according to any one of claims 38 to 46, wherein the housing

forms part of a rotor of a centrifuge, the coil rotation means rotating eccentrically.

30 48.  An assembly according to claim 47, wherein the rotor is mounted on a shaft

t

said shaft engaging said coil rotation means to impart rotation thereto upon rotation of the

rotor.



WO 03/ 086639 PCT/ GB03/01502 19 39. An assenbly according to clai m 38,
wherein the coil rotation nmeans includes a rotatable shaft and a plurality
of beari ng® oBoseeaoUNti ng the shaft rotatably in the housiPeg/GEI34CR02AN
assenbly according to claim39, wherein the shaft includes fixing neans
for fixing a centrifuge bobbin thereto.,41. An assenbly according to any
one of clains 38 to 40, wherein the housing includes a |ubricant chanber
for holding lubricant, the coil rotation neans being in contact 10 with

t he | ubricant chanber. 42. An assenbly according to claim4l, wherein the
| ubricant chanber is in contact with bearings of the coil rotation neans.
15 43. An assenbly C j i ] i j r
admitting | ub%rlg'can'%% %tg %hlglﬂél} gorr iél%ttgg%gl? %é ?ﬁ%ﬁngg%lt rg%actaﬁt(éﬂ%%elf%(?i cant
chanber. 4ator.An assenbly according to claim4l, 42 or 43, including a

wi ndow in the housing allowing viewng of the interior of the |ubrication
chanber. 20 45. An assenbly according to any one of clains 38 to 44,

i ncl udi ng heat sptrans HRARS : beat i
rotati %)n neans.50'46. E}XA(]EII%E)I?Serrbl 35192?{&%?;5?1%}%%{@@%%5, m%lfe}{lggﬁ%?%g%%eat
transf er medadeasPbné clduddermaedimas pleiatity 6f whlds] at lsasione of sdichl wallstbieinghe
housing. 47. An sseHbIE}{ according to any one of clains 38 to 46, wherein
the housi FF™IR HE I FSf a rotor of a centrifuge, the coil rotation means
rotating eccentrically. 30 48. An assenbly according to claim47, wherein
the rotor is mounted on a shaft, said shaft engaging said coil rotation
means to inpar &1y ot &0 assemblyraecardimgde claon &0; wherein seiveat l¢ast ome walDisF8yd86639
PCT/ G?g?»/ngOé 20149ﬂ Anb %S§enbl y according to claim48, wherein the shaft
is a ntlyg\? %}? 1m the subsirate.

52.  An assembly according to claim 50 or 51, wherein there is provided a
plurality of substrates in overlying arrangement, the walls of the conduit or conduits being
formed by or in adjoining substrates.

15
53.  An assembly according to claim 52, wherein said plurality of substrates

provides a plurality of conduits.

54.  An assembly according to claim 53, wherein the conduits are coupled to one

20  another.
55.  An assembly according to claim 54, wherein the conduits form a coil.

56.  An assembly according to claim 53, wherein the conduits provide a plurality

25  ofcoils.

57.  An assembly according to any one of claims 50 to 56, wherein the conduit

is in the form of a spiral.

30 58. An assembly according to any one of claims 50 to 57, wherein the or each

conduit has a circular, square, rectangular or triangular cross-sectional shape.



rotor. 5 50. A chromatography coil assenbly including a substantially rigid
substrate and at |east one conduit fornmed by a plurality of walls, at

| east onewofosmbdiesh wal | s being forned in the substrate. PCT/GBV3as®enbly
according to claimb50, wherein said at |least one wall is forned 10 by a
channel in the substrate. 52. An assenbby according to claimb50 or 51,
wherein there is provided a plurality of substrates in overlying
arrangenent, the walls of the conduit or conduits being forned by or in
adj oining substrates. 15 53. An gssenbly according to _¢clajmb52 erein

sai d plurality-df sdBSIFHPRY aCHirgEdeaniko %ﬁﬂmscyloa SEoN %}mnsthegﬁﬁ.st%
assenbl y I i ' i tSi.are coupled to one 20
anot her. gggﬁﬁﬁmggg%ﬁ%ﬁéégggggﬁ?%%ﬁéghg?g?ﬁ?%%%g a&?@?n the conduits forma
coil. 56. An assenbly according to claimb53, wherein the conduits provide a
plurality 25 of coils. 57. An assenbly according to any one of clainms 50 to
56, wherein the conduit 1is inthe formof a spiral. 30 58. An assenbly
according to any one of clainms 50 to 57, wherein the or each conduit has a
circular, square, rectangular or triangular cross-sectional shape. WO

03/ 086639 PCT/ GB03/01502 21 59. An assenbly according to any one of clains
50 to 58, wherein the substrate or substrates are forned froma
transparent or translucent material. 5



