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Description

[0001] This invention is concerned with a process and
an apparatus for mixing according to claims 1 and 8. Flow
systems are used for the transfer by the continuous
movement or flow of liquids, slurries, gas/liquid mixtures,
super critical fluids, gases, immiscible fluids (or mixtures
of these materials) in channels under dynamically mixed
conditions. Examples of applications include (but are not
limited to) continuous flow systems which are chemical
reactors, extractors, mixers, crystallisers, bio reactors,
heaters and coolers. Examples also include fluid transfer
systems where orderly flow is required and there is a
need to prevent phase separation, thickening or setting.
This invention is particularly concerned with continuous
flow systems which involve orderly flow with mixing in a
direction substantially transverse to the direction of flow.
[0002] Ideal plug flow refers to a flow condition where
the velocity of a flowing fluid is uniform across the face
of the channel and no back mixing occurs. It should be
recognised however that ideal plug flow is neither desir-
able for larger tubes (some lateral movement in larger
channels is necessary for mixing) nor possible (e.g. wall
friction affects the velocity profile). In this document, plug
flow refers to a condition which approximates to ideal
plug flow. In this context, plug flow means orderly flow
such that fluid elements travel through and leave a chan-
nel in substantially the same order that they enter the
channel. It also applies to systems where two phases are
travelling in opposite directions (counter current flow) but
each phase approximately obeying the rules for plug flow
in its respective direction (other than components which
may transfer between phases). The invention therefore
minimises the degree of back mixing of the material within
the channels, furthermore the radial mixing can reduce
the effect of stagnant zones or surface drag and in so
doing improve the quality of plug flow.
[0003] This invention relates to flow in channels. The
term axial refers to the long axis of the channel. The net
direction of fluid through the channel is axial. The term
radial refers to the plane which is substantially at 90° to
the axial axis.
[0004] The term static mixing in this document refers
to systems where the flow direction of fluid within a chan-
nel is changed without moving mixer elements. Examples
include turbulent flow, channel bends, baffles and static
mixers. This invention relates to dynamic mixing in flow-
ing channels. Most conventional dynamic mixers involve
the use of rotating stirrers. The mixing process of this
invention is achieved by shaking the channel. The chan-
nel contains agitators to enhance mixing and in this in-
stance the preferred agitator movement is limited to the
radial plane.
[0005] The term channel used in this patent describes
the channel through which process material flows. It may
be a tube or pipe. References to ratios such as channel
diameter to length assume that the channel is circular.
Where the channel is non circular, estimates of these or

other parameters can be applied by reasonable judge-
ment using the rationale and sizing criteria described
herein.
[0006] Channel in the context of this patent refers to a
tube or pipe which is mixed by shaking. A series of chan-
nels may be employed in series in which case each chan-
nel may be separated from another channel by a con-
necting pipe. The diameter of any connecting pipe is pref-
erably smaller than the channel so as to maintain orderly
flow in the absence of dynamic mixing within the con-
necting pipe. A series of channels may also be employed
in parallel.
[0007] A system is referred to as an agitated tube sys-
tem (ATS) or agitated tube reactor (ATR).
[0008] PCT Publication WO 2008/068019 describes
an agitated cell reactor. It comprises two or more contin-
uous stirred cells (CSTs) whereby mixing is achieved by
shaking the cells. Providing materials of two different
densities are present within the cells, the effect of shaking
is to generate mixing. Fluid movement within individual
stages within the agitated cell reactor do not follow a plug
flow pattern. When multiple stages are used in series
however, plug flow characteristics are achieved. The lim-
itation of this design relates to scale up. In the agitated
cell reactor, the fluid composition within a mixed cell must
be substantially uniform to prevent bypassing or hold up.
For this reason, the length of the cell should be similar
to the diameter. This results in large diameter stages
when the stage volumes are increased. Large diameter
stages are less efficient than small diameter channels as
they require greater shaker travel (which limits shaking
frequency). Large diameter channels also increase
weight and height of the system which affects stability
and requires greater shaker power.
[0009] The present invention concerns a tubular sys-
tem which uses a shaking mixing technique. Unlike WO
2008/068019, this is a tubular system which does not
require multiple stages for plug flow (although stage sep-
aration may be used for reasons of compactness). In this
design, channel length (not multiple discrete stages)
forms the basis for maintaining plug flow of product
through the channel. The inlet and outlet to the channel
in this design are separated by the furthest practical dis-
tance on the axial path. The agitated tube system has
the following benefits.

• The preferred direction of mixing in the ATS is in the
radial plane whereas the direction of mixing in the
agitated cell reactor is preferably random. This
means that the flow pattern within a single stage with-
in the ATS is substantially plug flow. This results in
plug flow through a single channel.

• The position of the inlet pipe in relation to the outlet
pipe is immaterial in an ideal agitated cell reactor. In
the ATS, the inlet and outlet pipes are separated by
the maximum practical distance on the axial plane.

• In the agitated cell design, the composition of mate-
rial in the discharge pipe is substantially the same
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as any point in the cell. In the ATS, the composition
of material in the discharge pipe is only the same as
material within the ATS channel which is in immedi-
ate proximity to the discharge pipe.

[0010] United States Patent 5628562 describes a dos-
ing apparatus comprising a tube which can be fed with
two materials and can be moved from left to right to cause
mixing. Wires are attached to the inner walls of the tube
and extend longitudinally through the tube to enhance
the mixing. Although no dimensions are quoted, the de-
sign is not a plug flow system and the mixing elements
as shown are specifically aimed to promote mixing in
both the axial and radial planes.
[0011] JP 2004-195 384 discloses a process and an
apparatus according to the preambles of claim 1 and 8.
[0012] The ATS design permits the use of long chan-
nels and it also can permit to the use of channels with
comparatively small diameters. Long small diameter
tubes contribute to lower weight, lower build cost, and
inherently better mixing characteristics than the agitated
cell design for capacities over 200 millilitres. ATS sys-
tems of less than 200 millilitres can also be used. ATS
systems of less than 200 millilitres can also be used.
Depending upon the use to which the ATS is to be put,
it may be convenient to provide it with a temperature con-
trol jacket. This provides the means to regulate the proc-
ess temperature and add or remove heat where required.
[0013] One or more of the channels of the ATS is
mounted on a shaking platform and mixing is generated
by shaking the channels. As with the agitated cell design,
materials of more than one density must be present within
the channel for mixing to occur. The design is illustrated
by reference to the accompanying Figures. Figure 1
shows an ATS channel. Product flows in at the inlet (1)
and through the channel (9) to the outlet (2). Heating or
cooling fluid (where required) is pumped through the
heating/cooling jacket (10) via inlet (3) and outlet (4) con-
nections. A variety of cooling/heating jacket designs can
be used. Free moving agitator elements of a different
density to other fluid components are located within the
channel. In this example, a spring shaped mixer (5) is
shown. Figure 1 shows a series of separate mixers (5
and 7). Alternatively, different kinds of mixers can be used
in a single channel. A mixer ring (6) can be used as shown
in Figure 1. Optional expansion bellows for the heat-
ing/cooling jacket (8) are shown. These accommodate
differential expansion between the shell and jacket. The
channel or channels are mounted on a moving platform
(not shown in Figure 1). The channel may also be con-
nected to other channels to increase capacity as shown
in Figure 2. Figure 2 shows multiple channels (11) such
as that shown in Figure 1 mounted on an agitating plat-
form (12) which moves the assembly to and fro in a di-
rection transverse to the long axes of the channels. The
direction of movement may also be orbital or some other
pattern in a direction transverse to the long axes of the
channels. Details of the platform agitating mechanism

are not shown. The process channel may have a variety
of connections at different points such as for instruments,
sampling or addition.
[0014] Figure 3 shows a spring shaped agitator (14)
within the reaction channel (13). At each end of the agi-
tator is an optional agitator ring (15). Agitator rings (15)
prevent the ends of adjacent agitators from clashing or
binding. They can also provide a soft contact surface for
the agitator elements when touching the sides of the
channel. This can reduce wear and product damage. The
agitator ring may have holes or cut outs to improve flow
along the channel. The agitator ring may be made of a
soft material like plastic or a hard material like metal. It
may also use a rubber or plastic layers to cushion impact
and generate recoil. The agitator ring can also be used
to reduce back mixing or to trap one phase of fluid.
[0015] It is preferable that the combined effect of the
agitators is to sweep 50% or more of the channel diam-
eter. To achieve this, agitators containing mixing ele-
ments of more than one diameter can be used as shown
in figure 4. This uses 4 outer mixing rods (16) and an
inner rod (17). Alternatively concentric rings or springs
within springs can be used as mixers. Figure 5 shows a
static agitator guide within a process channel (21). The
agitator (18) has a hollow centre to permit free movement.
The agitator guides (19) prevent adjacent agitators from
touching. The agitator guide spacer (20) is a rod that
connects the agitator guides. So as to permit the free
movement of the agitator, it is preferable that the long
axes of the agitator guide spacers are within the middle
1/3rd of the channel diameter. It can be located at the
perimeter but this will reduce heat transfer capacity or
can obstruct movement of the agitator. The agitator
guides and the agitator guide spacers may be designed
to be inserted by sliding in from one end of the tube. The
agitator guides can be solid discs with holes in the centre
or cut outs at the perimeter to allow the passage of proc-
ess material along the channel. They can also be spider
shaped guides. The agitator guides can also be used to
control axial movement of a mixing element when this is
a fluid or gas of different density. In these cases it is
preferable that the agitator guides provide a solid ring at
the outer perimeter to act as weirs to retain gases or
denser materials. In these cases, process materials pass
across the guide through holes which are not at the pe-
rimeter.
[0016] In a further embodiment the systems employ
temperature control although systems without tempera-
ture control may also be used. Where temperature con-
trol is employed, an external cooling/heating jacket may
be used in the form of an outer sleeve or coils. Alterna-
tively it may be an electrical heater. Temperature control
may be achieved by means of a temperature sensor
which monitors the temperature of the process fluid. The
signal from the temperature sensor can be used to vary
the flow rate or temperature of the heating or cooling
medium where said medium is a heat transfer fluid or to
vary electrical power in the case of an electrical heater.
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Different temperature control strategies can be employed
as different points along the tube.
[0017] Because the ATS uses dynamic mixing which
is primarily in the radial plane; mixing efficiency is not
dependent on linear velocity of fluid through the channel
and plug flow is less dependent on linear velocity of the
fluid through the channel compared to systems which do
not use dynamic mixing in the radial plane. This means
that, if required, different diameter channels can be used
at different stages of the reactor (with substantially the
same mixing and plug flow characteristics) to suit chang-
ing requirements such as heat transfer requirements.
[0018] The direction of shaking is in the radial plane
and the agitator movement may be rotational, transverse
or a variety of trajectories within the radial plane. Where
there is movement of the agitator in the axial plane, it is
preferable that this is limited to less than 10% of the chan-
nel length.
[0019] The frequency of shaking is linked to the level
of mixing required. As a minimum however, the average
velocity of the agitator in the radial direction should be
greater than the axial velocity of the process material
travelling through the channel and preferably 5 times
greater than the axial velocity and even more preferably
10 times greater than the axial velocity. The average ve-
locity of the agitator can also be up to 50 times greater
than the axial velocity of the process flow or higher (high
mixing velocities are particularly important for mass
transfer limited processes). For processes which require
fast or efficient mixing, shaking speeds of between 1 and
10 cycles per second (or higher) can be used but mixing
times of up to 100 cycles per second can be used.
[0020] The diameter of the channel may be less than
1 mm or larger than 1 m. The constraint with small diam-
eter channels however is that they use smaller agitators
which result in increased surface drag per unit mass. This
results in reduced mixing efficiency (especially with more
viscous fluids). Although systems with channel diameters
of greater than 100 mm diameter can be used, these are
subject to increased cost and are more difficult to mix by
shaking. The preferred channel diameter is therefore
from 10 mm to 100 mm and more preferably 25 mm to
80 mm.
[0021] Increasing the length of the reactor channel in-
creases volumetric capacity. There is no limit to the length
that can be used. However, for practical reasons, channel
lengths of 2 metres or less are preferred since they have
to be mounted on a shaking platform (where rigidity is
desirable for good transmission of shaking energy).
Where longer channels are necessary, it is preferable to
break the channel up into a series of shorter channels of
2 metres or less in length and more preferably 1 metre
or less in length. Where multiple channels are used, these
are preferably linked by channels with reduced diameter
(to ensure good plug flow and minimum transfer delay
between mixed channels ). We have found that the use
of a system according to the present invention enables
the use of substantially shorter and larger diameter chan-

nels than with previous tubular continuous flow systems
[0022] The preferred capacity of a single channel is
between 10 millilitres and 10 litres. More preferably, the
capacity is between 100 millilitres and 1 litre.
[0023] To maintain plug flow, the length of the channel
is at least 5 times the channel diameter and even more
preferably at least 10 times the channel diameter.
[0024] The agitating action can be applied to the whole
system or individual channels. The agitation action can
also be applied to banks of channels independently or
several banks working in opposition. Any suitable method
of agitation may be used. The channels may be mounted
on a sliding frame or alternatively on bushes, bearings
or springs to permit movement. The channel assembly
can be shaken by a variety of means such as electrical
motors, hydraulic power, electro magnets, or com-
pressed gas.
[0025] The process channels are preferably rigid so
that the shaking energy can be transmitted efficiently to
the channel contents. Examples of channel materials in-
clude (but are not limited to) metal, glass, plastic lined
metal, ceramic, glass lined metal or plastic. The channels
can be mounted vertically, horizontally or at a slope. The
orientation of the channel will depend on the nature of
process requirements.
[0026] Agitators in a variety of materials of construction
may be used. Agitator shapes include hollow cylinders,
springs, hollow baskets (for holding catalyst or other sol-
ids). Within a single reactor channel there may be one
agitator or many agitators. Solid agitators are used. It is
generally preferable to employ external profiles which
are round to promote a rolling action in the channel. The
length of the agitators can be the same as the channel
length. It is preferable however to use agitators which
are less than 300 mm in length. This reduces the problem
of unbalanced agitator movement (where the long axis
of the agitator deviates from the long axis of the channel).
Unbalanced agitator movement promotes axial mixing
which is undesirable. Agitators may also be tethered to
the channel to partially restrict their movement. The ag-
itator elements may be provided with end caps to guide
and control their movement within the channel.
[0027] It is preferred that the channels are designed
with no internal obstructions so that mixer elements (ag-
itators) and spacers can be inserted and removed at one
or either ends of the channels. This simplifies cleaning
and assembly.
[0028] It is preferred that the channels have removable
end caps so that the tubes and internal elements can be
accessed for inspection, cleaning or repair.
[0029] Process fluid is delivered to the channels by
means of a fluid transfer pump. Process fluid may also
be delivered to the channels by gravity transfer or a sup-
ply vessel with a pressurised head space. Where the
process fluid is a gas, this may be delivered to the channel
from a pressurised container.
[0030] The ATS can also be used for counter current
processes such as extraction or counter current reac-
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tions. In counter current flow, it is desirable (and usually
necessary) to have unmixed zones to allow for the sep-
aration of the light and heavy phases. The light and heavy
phases are added at opposite ends of the channels and
also taken off at opposite ends to their respective inlet
points.
[0031] Figure 6 illustrates such a counter current sys-
tem.
[0032] Figure 6 shows a tube (22) mounted on an ag-
itator platform (not shown) for mixing by shaking . The
tube is provided with a first inlet (23) for a light phase
material, a second inlet (24) for a heavy phase material.
Outlet pipes (25) and (26) respectively for the light phase
and the heavy phase. Agitator elements (27) are provided
along the tube optionally provided with agitator guides
(28) to provide separated zones (29) to aid separation of
the heavy and light phases following their mixing and
counter current extraction. Separating zones without
mixing are required at the respective inlets points for the
light and heavy phases. Additional separating zones may
be used as shown or not in some cases.
[0033] The ATS design can deliver efficient radial mix-
ing at low (or fast) velocities. The advantage of this is
flexibility and that good plug flow and good mixing can
be achieved in much shorter channels (for a given vol-
ume) compared to statically mixed devices. The benefits
of this design include:

1. Significantly improved mixing for a given axial ve-
locity when compared to statically mixed devices.
2. High volumetric capacity in short channels and
therefore significantly lower build cost compared to
statically mixed systems. For example, 1 litre of re-
actor capacity in a statically mixed channel of 1 mm
diameter would require over 1200 metres of pipe. In
the case of a statically mixed reactor, a 40 mm chan-
nel of 1 metre would only achieve fast mixing and
good plug flow at high flow rates with very short res-
idence times. A 1 litre system of this invention with
channel length of 1 metre length and with a channel
diameter of 40 mm can deliver good mixing and good
plug flow for reaction times from seconds to many
hours.
3. Short channels with large diameters of this design
have a low pressure drop by virtue of low axial ve-
locity and large channel diameter. They also have
good solids handling characteristics by virtue of good
mixing and large channel diameters.
4. Systems of this design are inherently simpler to
scale up as mixing is less dependent on channel
length, channel diameter or fluid velocity when com-
pared with statically mixed systems. The high ratio
of radial mixing to axial mixing ensures greater con-
sistency of plug flow during scale up.

[0034] Compared to rotational mixers in conventional
stirred tank designs, the advantages of this type of mixing
are:

1. No wetted drive shafts or magnetic couplings are
required to generate movement of the agitator.
2. No mechanical seals are required
3. The agitator elements can move in a transverse
action (as opposed to rotational) which is effectively
self baffling. This is an efficient mixing method which
eliminates the need for baffles (which are difficult to
install in channels where agitator drive shafts are
present).
4. Good scale up characteristics. Mixing and plug
flow are substantially unaffected by scale up, and
pressure drop reduces with scale up.

[0035] The advantages of flow systems over batch sys-
tems have been widely reported and include improved
safety, improved yield, faster reaction rates and higher
quality. The commercial benefits of the ATS design relate
to the fact that it is a flow system which can handle a
wide range of processes that would be impossible or pro-
hibitively expensive in other types of flow systems. It is
also substantially easier and cheaper to build than multi
stage systems which use rotating stirrers.
[0036] The ATS can be used as (but not limited to):

• Continuous chemical reactors for chemical reactions
with homogenous fluids, chemical reactions with
slurries, chemical reactions with gas/liquid mixtures,
chemical reactions with immiscible liquids, chemical
reactions with solid catalysts, chemical reactions
with immobilised solid catalyst, counter current
chemical reactions and mixtures of these. It is also
ideal for reaction times of greater than 30 seconds.

• Continuous bio reactors for bio catalysis with live or
dead cells, enzyme treatment processes and growth
of live cells

• Continuous flow systems for mixing or fluid transfer
including homogenous and non homogenous fluids.

• Continuous flow systems for co current extraction,
counter current extraction, crystallisation, dissolving
gases or solids or super critical processes

[0037] The use of an ATS is illustrated by the following
example involving the reaction for the oxidation of D-ami-
no acid to give a mixture of L-amino acid and α-keto acid
was carried out in the Agitated Tube Reactor (ATR). The
results were compared to a 1 litre batch vessel with an
agitation speed of 400 rpm. The reaction is multiphase
with solids, gas and liquid involved. Oxygen is bubbled
through the reaction mixture which contains the D-amino
acid, non-immobilized enzymes on whole cells and the
substrate alanine.
[0038] Figure 7 below shows the residence time
(hours) against conversion (%) for the reaction carried
out in a 1 litre ATR and a 1 litre batch vessel. In both
reactors, the same amount of oxygen per unit volume
was used.
[0039] The results show that the ATR achieves a sim-
ilar conversion to the batch reactor but completes the
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reaction in 9 hours as against 24 hours in the 1 litre batch
reactor. The reaction rate is determined by the dissolution
rate of oxygen in the liquid (mass transfer limited). The
improved reaction time in the ATR can be attributed to
improved mixing efficiency and hence faster mass trans-
fer. This performance difference becomes even more sig-
nificant with scale up. When a batch reactor is scaled up
(by increaseding diameter and length), the mixing effi-
ciency declines. When the ATR is scaled up (by increas-
ing tube length) mixing efficiency remains unchanged.
[0040] These results illustrate the benefits of efficient
mixing for accelerated reaction rate. Good mixing is not
only important for mass transfer limited reactions how-
ever, it is also important for orderly flow. Figure 8 below
shows the number of reactor volumes processed by the
ATR 1 litre vessel against the conversion achieved. This
test was performed to assess the orderly flow capabilities
of the ATR.
[0041] The graph shows that the ATR reaches a steady
rate after 1.7 reactor volumes have been processed
which is indicated by the constant conversion after this
point. This steady conversion that is achieved indicates
that the process fluid is being processed with a constant
reaction time i.e. fluid moving through the reactor has a
substantially uniform residence time This indicates or-
derly flow.
[0042] Orderly flow is important for controlling reaction
time and maximising reaction rate, yield and quality for
many types of reaction. In a conventional tubular reactor
orderly flow relies on high velocities. In this experiment,
the tube diameter was 42 mm. To maintain orderly flow
in a tube of this diameter without dynamic mixing would
require turbulent flow with a minimum linear velocity of
0.03 m/s. As these results illustrate, the ATR can maintain
orderly flow at velocities of 0.00002 metres per second.
The commercial implications of this result are substantial.
The ATR is more flexible since its performance is not
dependent on fluid velocity. It can also deliver good per-
formance in short large diameter tubes with lower pres-
sure drops. Both tube length and pressure drop have a
major impact on cost.
[0043] The ATS may be used for (but not limited to)
scale up studies and manufacturing process in fine chem-
icals, foods, polymers, bulk chemicals, pharmaceuticals
and minerals processing.
[0044] The ATS delivers good plug flow and good mix-
ing in short large tubes. Depending on reaction type,
these capabilities variously contribute to faster reaction
times, smaller equipment, higher yields, higher purity,
improved safety and the ability to handle reaction types
that would not be possible in a large batch reactor.

Claims

1. A process for mixing a stream of a fluid continuously
flowing in a channel (9) having a ratio of length to
diameter greater than 5 containing one or more loose

agitating elements which are of a different density to
other material in the channel and said channel has
one or more inlets (1) for material and one or more
outlets (2) for material and material passing through
the channel is subject to orderly flow and movement
of the one or more agitating elements (5, 14) is gen-
erated by shaking the channel whereby the direction
of mixing is substantially transverse to the direction
of material flow through the channel, characterized
in the one or more agitating elements comprising a
hollow cylinder, a spring or a hollow basket (5, 14).

2. A process according to Claim 1 wherein the direction
of movement of the one or more agitating elements
(5), (14) is limited to the radial plane.

3. A process according to Claim 1 or Claim 2 wherein
the channel (9) comprises one or more tubes (11)
mounted on a shaking platform (12) and mixing is
generated by shaking the tube(s).

4. A process according to any of the preceding claims
wherein the shaking speed of the agitation is be-
tween 1 and 100 cycles per second.

5. A process according to any of the preceding claims
wherein the channel diameter is from 10 mm to 100
mm.

6. A process according to any of the preceding claims
comprising chemical, biological or physical reactions
or combinations thereof.

7. A process according to any of the preceding claims
wherein the average velocity of the one or more, ag-
itating element in the radial direction is 5 times great-
er than the axial velocity of the process material trav-
elling through the channel.

8. An apparatus for mixing a continuously orderly flow-
ing stream comprising a channel (9) containing one
or more agitating elements (5, 14) which are of a
different density to other material in the channel and
said channel has one or more inlets (1) for material
and one or more outlets (2) for material, a means for
shaking the channel and to generate movement of
the one or more agitating elements (5, 14) whereby
the direction of mixing due to the movement of the
one or more agitating elements is primarily in the
radial plane substantially transverse to the direction
of material flow through the channel wherein the
channel has a ratio of length to diameter greater than
5 characterized in that the one or more agitating
comprise a hollow cylinder, a spring or a hollow bas-
ket.

9. An apparatus according to Claim 8 which uses agi-
tator rings (15).
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10. An apparatus according to Claim 8 or Claim 9 where-
in the direction of movement of the one or more ag-
itating elements (5, 14) is limited to the radial plane.

11. An apparatus according to any of Claims 8 to 10 that
uses agitator guide spacers (20).

12. An apparatus according to any of Claims 8 to 11
wherein the channel (9) comprises one or more
tubes (11) mounted on a shaking platform (12) and
mixing is generated by shaking the tube(s).

13. An apparatus according to any of Claims 8 to 12
wherein the agitating element comprises a loose sol-
id mechanical part.

14. An apparatus according to any of Claims 8 to 13
wherein the channel diameter is from 10 mm to 100
mm.

Patentansprüche

1. Verfahren zur Mischung eines Stroms einer Flüssig-
keit, die kontinuierlich in einem Kanal (9) fließt, der
über ein Verhältnis von Länge zu Durchmesser ver-
fügt, das größer als 5 ist, und ein oder mehrere lose
Rührelemente umfasst, die über eine andere Dichte
als anderes Material in dem Kanal verfügt, wobei der
Kanal über einen oder mehrere Einlässe (1) für Ma-
terial und einen oder mehrere Auslässe (2) für Ma-
terial verfügt, wobei durch den Kanal passierendes
Material einem geordneten Fluss unterliegt und eine
Bewegung des einen oder der mehreren Rührele-
mente (5, 14) durch Schütteln des Kanals erzeugt
wird, wodurch die Mischrichtung im Wesentlichen
transversal zu der Richtung eines Materialflusses
durch den Kanal ist, dadurch gekennzeichnet,
dass das eine oder die mehreren Rührelemente ei-
nen Hohlzylinder, eine Feder oder einen Hohlkorb
umfassen (5, 14).

2. Verfahren gemäß Anspruch 1, wobei die Bewe-
gungsrichtung des einen oder der mehreren Rühre-
lemente (5, 14) auf die Radialebene begrenzt ist.

3. Verfahren gemäß Anspruch 1 oder Anspruch 2, wo-
bei der Kanal (9) ein oder mehrere Rohre (11) um-
fasst, die auf einem Schütteltisch (12) befestigt sind,
und ein Mischen durch Schütteln des Rohres oder
der Rohre erzeugt wird.

4. Verfahren gemäß einem der vorangehenden An-
sprüche, wobei die Schüttelgeschwindigkeit der Agi-
tation zwischen 1 und 100 Zyklen pro Sekunde be-
trägt.

5. Verfahren gemäß einem der vorangehenden An-

sprüche, wobei der Kanaldurchmesser 10 mm bis
100 mm beträgt.

6. Verfahren gemäß einem der vorangehenden An-
sprüche, das chemische, biologische oder physika-
lische Reaktionen oder Kombinationen davon um-
fasst.

7. Verfahren gemäß einem der vorangehenden An-
sprüche, wobei die Durchschnittsgeschwindigkeit
des einen oder der mehreren Rührelemente in der
radialen Richtung 5 mal größer als die axiale Ge-
schwindigkeit des Prozessmaterials ist, das durch
den Kanal fließt.

8. Vorrichtung zur Mischung eines kontinuierlichen ge-
ordneten Stroms, die umfasst: einen Kanal (9), der
ein oder mehrere Rührelemente (5, 14) enthält, die
über eine, gegenüber anderem Material in dem Ka-
nal, unterschiedliche Dichte verfügen, wobei der Ka-
nal über einen oder mehrere Einlässe (1) für Material
und über einen oder mehrere Auslässe (2) für Ma-
terial, ein Mittel zum Schütteln des Kanals und zur
Erzeugung einer Bewegung des einen oder der meh-
reren Rührelemente (5, 14) verfügt, wodurch die
Mischrichtung, aufgrund der Bewegung des einen
oder der mehreren Rührelemente, primär in Rich-
tung der Radialebene, im Wesentlichen transversal
zu der Richtung eines Materialflusses durch den Ka-
nal, zeigt, wobei der Kanal über ein Verhältnis von
Länge zu Durchmesser verfügt, das größter als 5 ist,
dadurch gekennzeichnet, dass das eine oder die
mehreren Rührelemente einen Hohlzylinder, eine
Feder oder einen Hohlkorb umfassen.

9. Vorrichtung gemäß Anspruch 8, die Rührringe (15)
verwendet.

10. Vorrichtung gemäß Anspruch 8 oder Anspruch 9,
wobei die Bewegungsrichtung des einen oder der
mehreren Rührelemente (5, 14) auf die Radialebene
begrenzt ist.

11. Vorrichtung gemäß einem der Ansprüche 8 bis 10,
die Rührwerkdistanzstücke (20) verwendet.

12. Vorrichtung gemäß einem der Ansprüche 8 bis 11,
wobei der Kanal (9) ein oder mehrere Rohre (11)
umfasst, die auf einem Schütteltisch (12) befestigt
sind, und ein Mischen durch Schütteln des Rohres
oder der Rohre erzeugt wird.

13. Vorrichtung gemäß einem der Ansprüche 8 bis 12,
wobei die Rührelemente ein loses solides mechani-
sches Teil umfassen.

14. Vorrichtung gemäß einem der Ansprüche 8 bis 13,
wobei der Kanaldurchmesser zwischen 10 mm und
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100 mm beträgt.

Revendications

1. Procédé pour mélanger un flux d’un fluide s’écoulant
continûment dans un conduit (9) ayant un rapport de
longueur sur diamètre supérieur à 5 contenant un
ou plusieurs éléments agitateurs libres, qui sont
d’une densité différente d’une autre matière dans le
conduit et ledit conduit a une ou plusieurs entrées
(1) pour matière et une ou plusieurs sorties (2) pour
matière et la matière passant dans le conduit est
sujette à s’écouler régulièrement et le mouvement
du/des élément(s) agitateurs (5, 14) est généré en
secouant le conduit, à la suite de quoi le sens de
mélange est sensiblement transversal au sens
d’écoulement de la matière dans le conduit, carac-
térisé en ce que le un ou plusieurs éléments agita-
teurs comprenant un cylindre creux, un ressort ou
un panier creux (5, 14).

2. Procédé selon la revendication 1, dans lequel la di-
rection du mouvement du/des élément(s) agitateurs
(5, 14) est limitée au plan radial.

3. Procédé selon la revendication 1 ou la revendication
2, dans lequel le conduit (9) comprend un ou plu-
sieurs tubes (11) montés sur une plate-forme à se-
cousses (12) et le mélange est généré en secouant
le/les tube(s).

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la vitesse de secouage de
l’agitation est de 1 à 100 cycles par seconde.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le diamètre du conduit est
de 10 mm à 100 mm.

6. Procédé selon l’une quelconque des revendications
précédentes, comportant des réactions chimiques,
biologiques ou physiques ou des combinaisons de
celles-ci.

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la vitesse moyenne du un
ou plusieurs élément agitateurs dans la direction ra-
diale est 5 fois plus grande que la vitesse axiale de
la matière à transformer voyageant dans le conduit.

8. Appareil pour mélanger un flux à écoulement régulier
continu comportant un conduit (9) contenant un ou
plusieurs éléments agitateurs (5, 14) qui sont d’une
densité différente d’une autre matière dans le con-
duit et ledit conduit a une ou plusieurs entrées (1)
pour matière et une ou plusieurs sorties (2) pour ma-
tière, un moyen pour secouer le conduit et pour gé-

nérer un mouvement de un ou plusieurs élément(s)
agitateurs (5, 14), à la suite de quoi le sens de mé-
lange du au mouvement du un ou plusieurs éléments
agitateurs est principalement dans le plan radial sen-
siblement transversal au sens d’écoulement de la
matière dans le conduit, dans lequel le conduit a un
rapport de la longueur sur le diamètre supérieur à 5
caractérisé en ce que le un ou plusieurs éléments
agitateurs comprennent un cylindre creux, un ressort
ou un panier creux.

9. Appareil selon la revendication 8, utilisant des an-
neaux agitateurs (15).

10. Appareil selon la revendication 8 ou la revendication
9, dans lequel le sens du mouvement du un ou plu-
sieurs élément(s) d’agitation (5, 14) est limité au plan
radial.

11. Appareil selon l’une quelconque des revendications
8 à 10 qui utilise des entretoises de guidage (20)
agitateurs.

12. Appareil selon l’une quelconque des revendications
8 à 11 dans lequel le conduit (9) comprend un ou
plusieurs tubes (11) montés sur une plate-forme à
secousses (12) et le mélange est généré en se-
couant le/les tube(s).

13. Appareil selon l’une quelconque des revendications
8 à 12, dans lequel l’élément agitateur comprend
une pièce mécanique solide libre.

14. Appareil selon l’une quelconque des revendications
8 à 13 dans lequel le diamètre du conduit est de 10
mm à 100 mm.
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