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Bead production with JetCutting and rotating disc/nozzle technologies

UIf Priiie!, Ulrich Jahnz?, Peter Wittlich?, Jirgen Breford', and Klaus-Dieter Vorlop'

Abstract

Different technologies for the production of solid
beads from liquids via a single droplet state are com-
pared. The mentioned technologies include simple
dropping, electrostatic-enhanced dropping, vibration,
rotating disc, rotating nozzle and especially the Jet-
Cutter, which is discussed more in detail. The JetCut-
ter is a simple and efficient technology for the produc-
tion of monodisperse spherical beads from solutions,
melts and dispersions. Currently, it is the only tech-
nology which is also able to satisfactorily process
fluids with a viscosity up to several thousands mPa-s.
The cutting process and the reduction of the losses are
presented in detail. New developments in JetCutter
technology like a pre-gelation line, a heating device
and a two-fluid nozzle for simultaneous coating are
discussed. Finally, manifold applications in various
industrial fields are presented.

Keywords: JetCutter, rotating disc, rotating nozzle,
beads, spherical particles, encapsulation

1 Introduction

Solid particles (pellets, beads) in the size range be-
tween um and mm play an important role in various
industries like agriculture, biotechnology, chemical,
pharmaceuticals and the food industry. Thus, plenty
of particle production technologies exist and their
further development is of major interest both from an
economic and scientific point of view.

Generally, single and discrete solid particles may
be produced with three different approaches:

1. from larger solid entities by grinding,

2.from smaller solid entities by agglomeration,
granulation, pressing or tabletting - small fluid
entities may also be used if in-situ drying is ap-
plied -, or

3. from fluid entities in the same size range with an
immediate physical or chemical solidification
step.

Although it is necessary to produce solid particles
in industrial quantities, in recent years, solid particles
are required more and more to have an ideal spherical
shape. Such beads are much easier to dose, and pose

less danger to humans and equipment during manu-
facturing (less respirable abrasion and lower explo-
sion risk). Last but not least, they look much nicer
from an aesthetic point of view, which is very impor-
tant if the beads are part of a final product.

From the three different approaches named above,
the third is, in principle, best suited for the production
of ideal spherical beads. Only with this approach can
the solid bead be a more or less equally sized liquid
droplet — which is perfectly round due to the surface
tension — directly prior to its solidification. Corre-
spondingly, numerous different techniques exist
which use the principle of generating a droplet which
immediately afterwards is solidified to a spherical
bead by physical means, e.g. cooling or heating, or
chemical means, e.g. gelation, precipitation or polym-
erisation. This paper will give a short overview of
these techniques with the focus on high-throughput
techniques, like the rotating nozzle and rotating disc
technique and particularly the JetCutter.

2 Technologies for bead production
2.1 Dropping technologies

Three different methodologies are considered
dropping technologies: simple dropping, electrostatic
enhanced dropping and vibrational jet-breakup. In this
order the technologies become more and more com-
plicated but also more sophisticated. A scheme of
these technologies is shown in Figure 1, the literature
about these technologies is summarised by Kuncova
2002, Nedovi¢ 2002 and Lacik 2002.

Bead production by simple dropping (Figure 1,
left) is by far the easiest method. When a liquid flows
out of a nozzle or a cannula, a droplet begins to form
at the end of the nozzle. The “growing droplet” first
adheres to the nozzle. When the gravity force of the
growing droplet exceeds the adhesion force at the
nozzle, the droplet will be pulled off the nozzle and
will fall down. During falling the droplet will assume
a spherical shape due to the surface tension of the
liquid. Afterwards the generated single droplets may
be collected, e.g., in a gelation bath.

The bead size depends mainly on the viscosity of
the liquid and the diameter of the nozzle. Generally,
only large beads (¥ > 2 mm) are accessible by simple
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dropping, smaller beads will only be generated if an
additional annular air flow around the nozzle is ap-
plied. This air flow often leads to a significant broad-
ening of the size distribution, which otherwise is usu-
ally very narrow. Other disadvantages are the low
throughput of this technology, which limits its appli-
cations to the lab-scale, and the fact that only low-
viscous fluids can be processed without problems
(usually below 200 mPa-s).
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Figure 1:

Scheme of different dropping technologies for bead produc-
tion

The electrostatic enhanced dropping (Figure 1,
middle) is a quite similar technique. In this case, a
growing bead will be pulled off the nozzle, if the sum
of the gravity force and the electrostatic force exceeds
the adhesion at the nozzle. This technique allows the
production of very narrowly distributed beads in a
broad accessible size range (approx. 0.3-5 mm). Ne-
vertheless, the limitations concerning the low viscos-
ity of processible fluids and the low throughput are
still present, so that this technique is restricted to lab-
scale. Further details about this technique can be
found in this issue (Nedovi¢ et al. 2002).

The vibrational jet-breakup, or simply vibration
technique (Figure 1, right), is the most sophisticated
dropping technique. Bead production is achieved by
superposing a oscillation on a fluid jet coming out of
a nozzle. This vibration leads to a definite constriction
of the jet which finally disintegrates into discrete
beads which can be collected afterwards. The vibra-
tion technique also enables the production of very
narrowly distributed beads in a broadly accessible size
range (approx. 0.3-5 mm), but again, the low viscosity
of the processible fluids limits its applications. A
scale-up of this technology by multi-nozzle systems
has already been done, so that this technology might
also be used on a technical scale. Detailed information
about this technology can also be found in this issue
(Heinzen et al. 2002).

2.2 Rotating disc and rotating nozzle atomizer

Quite different from the dropping technologies are
the rotating disc and nozzle technologies (Figure 2,
for a literature overview see PriilBe and Vorlop
2002a). In these cases, the bead generation is achieved
by a spinning device which is either a disc (Figure 3)
or a multi-nozzle device (Figure 4) not too different
from a drum screen or the drum inside a washing
machine. The fluid is either fed onto the spinning disc
or into the spinning nozzle system and will flow over
the perimeter of the disc or through the nozzles. If the
disc/nozzle rotates, the flowing fluid disintegrates,
driven by the centrifugal force and its own inertia.
Depending on the rotation speed, three different disin-
tegration regimes might be distinguished:

1.slow rotation: single beads are formed directly at
the disc perimeter or the nozzle

2. medium rotation: ligaments are formed at the disc
perimeter or the nozzle which disintegrate after a
certain ligament length

3. fast rotation: a fluid film is formed which disinte-
grates in a irreproducible manner

rotating disc
atomizer

| )

rotating nozzle
atomizer

Figure 2:
Scheme of the rotating disc and nozzle technology for bead
production

Figure 3:
Photo of bead formation (ligament regime) by a rotating
disc device (Koch and Walzel 2001)
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Figure 4:
Photo of bead formation by a rotating nozzle device (Walzel
2001)

The bead size accessible with these technologies
ranges from between a few hundred microns up to
several millimetres. The size is mainly influenced by
the viscosity of the fluid and the rotation speed of the
disc/nozzles. The throughput has to be adjusted to the
spinning speed in order to be within the desired disin-
tegration regime.

In any case, the bead formation with these tech-
nologies is not as well defined as for the dropping
technologies, so that generally the particles are quite
broadly distributed. Another, very severe problem is
the occurrence of satellite beads (Champagne et al.
2000). Satellite beads are beads which are signifi-
cantly smaller than the beads which were produced.
They are generated by a non-ideal disintegration of
the ligaments. Although satellite beads might also be
generated by dropping technologies if the device is
not run correctly, they can almost entirely be elimi-
nated for the dropping technologies. In contrast, for
the two rotating technologies, the avoidance of satel-
lite beads is more the exception than the rule. Another
disadvantage is again a severe limitation in the fluid’s
viscosity, which usually has to be below a value of
approximately 200 mPa-s. Nevertheless, as these two
classical technologies possess a very high throughput,
they both are widely used for industrial processes.
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Figure 5:
Scheme of the JetCutter technology for bead production

2.3 JetCutter

The JetCutter technology is based on a completely
different principle from bead generation and is
achieved by a mechanical cut of a solid liquid jet
(Figure 5). The JetCutter is described in detail in the
next chapter. For a literature overview see Priile and
Vorlop 2002b.

3 The JetCutter
3.1 Principle and device

In bead production by the JetCutter, the fluid is
pressed with a high velocity out of a nozzle as a solid
jet. Directly underneath the nozzle the jet is cut into
cylindrical segments by a rotating cutting tool made
of small wires fixed in a holder. Driven by the surface
tension, the cut cylindrical segments form spherical
beads while falling further down to an area where
they finally can be gathered.

Bead generation with JetCutting is based on the
mechanical impact of the cutting wire on the liquid
jet. This impact leads to the cut together with a cutting
loss, which in a first approach can be regarded as a
cylindrical segment with the height of the diameter of
the cutting wire. This segment is pushed out of the jet
and slung aside where it can be gathered and recycled
(Figure 6). As only a mechanical cut and the subse-
quent bead shaping driven by the surface tension are
responsible for bead generation, the viscosity of the
fluid has no direct influence on the bead formation
itself. Thus, the JetCutter technology is capable of
processing fluids with viscosities up to several thou-
sand mPas.

liquid
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wire cuting
\ / loss

>
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Figure 6:
Scheme of the cutting process, simplified model

The size of the beads can be adjusted within a
range of between approx. 200 um up to several milli-
metres. The main parameters are the nozzle diameter,
the flow rate through the nozzle, the number of cut-
ting wires and the rotation speed of the cutting tool. In
order to get narrowly distributed beads one has to
maintain a steady flow through the nozzle which may



achieved with a pressure vessel or a pulsation-free
pump and a uniform rotation speed of the cutting tool.

The cutting tool itself also has to fulfil one major
requirement. In order to produce beads of the same
size, the wires have to have equal distances. This is
best achieved by a circular stabilisation of the wires
on the outer perimeter as is shown in Figure 7.

Figure 7:
Photo of a cutting tool with 48 stainless steel wires (0 = 50
pum) and circular stabilisation

This circular stabilisation is essential even if the
wire diameter is reduced in order to decrease the cut-
ting losses (see also Figure 6). The diameter of the
cutting wire may be decreased down to 30 pm. Usu-
ally, stainless steel wires are used, but the application
of polymer fibres is also practicable.

Another requirement for the JetCutter is that a
solid jet is formed. Therefore, special solid jet nozzles
have to be applied. Even with these solid jet nozzles
the liquid jet disintegrates after a certain length. This
length depends on the viscosity and velocity of the
fluid. In order to ensure a perfectly shaped jet at the
point where it is cut by the wires, the cutting tool
should not be too far away from the nozzle outlet, e.g.
only a few millimetres (Figure 8).

Figure 8:
Arrangement of nozzle (left, in the white holder) and cutting
tool

3.2 Detailed description of the cutting process

At first glance, the principle of the JetCutter is
very simple. Nevertheless, at second glance, it is
much more complicated. The cutting process as
shown in Figure 6 is idealised and only holds true if
the velocity of the cutting wire is much higher than
the velocity of the liquid jet. Actually, these two ve-
locities are in the same range so that the progressive
movement of the liquid jet has to be taken into ac-
count for a proper description of the cutting process
(Figure 9, see also Priile, Bruske et al. 1998 and

Priifle, Fox et al. 1998a).
ts t ts

Locally and temporally resolved schematic representation of

™ ]

Figure 9:

the cutting process for a horizontal cutting plane (top) and
an inclined cutting plane (bottom), actual position of the
cutting wire: black circles, former and future positions of
the cutting wires: blank circles, cutting loss: dark grey,
liquid jet: bright grey, t = time

Figure 9 shows both a locally and temporally re-
solved scheme of the cutting process. On the very left
hand side, the liquid jet and the positions of the cut-
ting wires at the different times t; to ts (cutting plane)
in relation to the liquid jet are shown. Further to the
right, the progressive movement of the jet is shown at
each time (t; - t5) as well as the actual position of the
cutting wire at that time (black circle). Prior and sub-
sequent positions of the wire are indicated by blank
circles. The cutting loss which is pushed out of the jet
is also displayed.

In the case of a vertical nozzle and a horizontal
cutting plane (Figure 9, top) it can be seen that the
progressive movement of the liquid jet during the
cutting process leads to a diagonal cut through the
liquid jet. Accordingly, a proper inclination of the
cutting tool should lead to a straight cut through the
jet (Figure 9, bottom).

Figure 9 displayed that the progressive movement
of the jet during cutting leads to a diagonal cut
through the liquid jet. Thus, the cutting loss has a
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somewhat ellipsoidal shape — and is therefore larger
than it is in the idealised model in Figure 6 — and the
cut cylinders are distorted (Figure 10). Further, it is
conceivable that the ends of the distorted cylinders
might be torn off from the rest of the cylinder and
form additional spraying losses. In that case the over-
all losses generated by the mechanical cut through the
liquid jet would be quite high. Nevertheless, it is also
shown that a proper inclination either of the cutting
tool (Figure 10, middle) or the nozzle (Figure 10,
bottom) lead to straight cut through the jet with the
“normal” cutting loss and no additional spraying
losses.

On the basis of this more sophisticated geometri-
cal model a set of equations displayed in Table 1 has
been derived which is capable of describing the cut-
ting process both for a perpendicular arrangement of
nozzle and cutting plane (horizontal cutting plane) as
well as for an inclined arrangement (inclined cutting
plane). Table 2 shows the check-up of the model.
Here, the experimental values of the overall losses
during the production of PVA beads in dependence on
the diameter of the cutting wires used are displayed.
Two sets of experiments are shown, one with a hori-
zontal cutting plane (cutting losses and additional
spraying losses) and one with a properly inclined
cutting plane (only cutting losses). For comparison,
the theoretical values are also given. Table 2 offers
three important pieces of information:

1. The losses decrease if a proper inclination is ap-
plied.

2.Experimental and theoretical values are in good
agreement, so that the model is suited to describe
the cutting process.

3.By using small cutting wires and an inclined cut-
ting plane, the losses can be decreased down to
less than 2 %. Such low losses are tolerable, no
loss recycling has to be applied.

Table 1:
Mathematical model of the JetCutter

parameter

horizontal cutting plane

liquid
jet liquid jet

cutting loss

additional
spraying loss

e bead-building
cutting volume

additional

spraying loss

liquid
jet
liquid jet

8 cutting loss

bead-building

volume

liquid jet
inclination
angle

- " - 8 cutting loss
cutting
wire

N bead-building

N volume

Figure 10:

Possible arrangements of nozzle and cutting tool and result-
ing losses, from top to bottom: perpendicular arrangement,
inclined cutting tool, inclined nozzle
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u., .
angle B =arctan[%}

wire

| U pia
a=arcsin| -~
u

wire

zD* d_ z-D?
tt. l l0ss — — V = d i
cutting 10SS 1 4 cos ﬂ loss 4 wire
. DUy (d,, +Dsing) . D’
overall loss s = V.= e
4 L nz cosf o 4

bead diameter 2

nz cosf

dbggd :3\/ 3 D2’|:uﬂuid (dwire+D'S1nﬂ):| dbead :3\/%'D2 _|:uﬂ“id _dwire:|
nz



Table 2:

Overall losses for horizontal (horiz.) and inclined (incl.)
cutting plane in dependence on the diameter of the cutting
wire, exp: experimental, calc: calculation

Wire Overall losses, %

diameter, horiz. cutting plane incl. cutting plane
mm exp calc exp calc
0.1 8.8 7.9 2.4 2.0

0.2 10.4 10.1 4.0 3.9

0.3 10.2 12.5 6.6 5.8

But, although the model is able to describe the
process in terms of losses and also the resulting bead
diameter, it is still a model. Thus, it is not really sur-
prising that the reality still looks different (Figure 11).

Lar:
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Figure 11:

High speed images of the cutting process during the produc-
tion of alginate beads, left: high wire velocity and low fluid
velocity = small beads, right: low wire velocity and high
fluid velocity = large beads

In Figure 11, two photos of the cutting process
taken with a high speed camera are shown. In both
cases a horizontal cutting plane has been applied. It is
obvious that the cut segments do not really have a
cylindrical shape. Nevertheless, these segments are
able to form spherical beads after a short period (Fig-
ure 11, left). With regard to losses, a bent end of the
cut segment is on top, but it remains almost in con-
tact with the cutting wire, which pulls it from the cut
segment as if it were molten cheese (Figure 11, right).
But in this case beads are still formed after a short
period of time. The photos clearly indicate that there
is still a lot of work to do in order to fully understand
the process of bead formation by JetCutting.

3.3 Throughput and scale-up

A necessary requirement for bead production in
JetCutting is that a really solid jet be pressed out of

the nozzle and that this solid jet be maintained until it
is cut by the wires. This can be achieved with a com-
bination of special solid jet nozzles and a high fluid
velocity (up to 30 m/s), the latter with corresponding
high flow rates. Due to the solid jet requirement, the
flow rate per nozzle is considerably higher for the
JetCutter than for any other bead production technol-
ogy. Nevertheless, since the two rotating techniques
both contain multi nozzles or multi bead generation
sites, the bead production rate from the rotating disc
in each device is higher for these two technologies as
compared with a single nozzle JetCutter. For the Jet-
Cutter technology two methods of scaling-up are
possible.

First, a multi-nozzle JetCutting device can be ap-
plied, in which the nozzles are staggered near the
perimeter of the cutting tool. In this case, special
attention has to be paid to avoid additional spraying
losses. If a horizontal cutting tool is used with verti-
cally arranged nozzles, considerable additional spray-
ing losses will be occur, which, of course, is undesir-
able. The application of an inclined cutting tool, al-
though perfectly suited for a single-nozzle system, is
not much better since the additional spraying losses
can only be avoided at one single site on the circuit,
whereas on the opposite side of the circuit these losses
would be even higher than usual. The problem can be
solved only if properly inclined nozzles are used to-
gether with a horizontal cutting tool. With this ar-
rangement, the additional spraying losses can be
avoided at any site on the cutting tool‘s circuit (Figure
12).

The second possibility for a JetCutter scale-up is
the increase of the cutting frequency. The cutting
frequency determines how often the jet is cut in a
definite time period and, thus, how many beads are
generated in that time. The cutting frequency is given
by the number of cutting wires in the cutting tool and
its rotation speed. Usually, the JetCutter is used with
cutting frequencies between 5000 and 10000 Hertz
(Hz) (maximum 14400 Hz), which means that from
5000 to 10000 beads per second are generated. A
further enhancement of the cutting frequency will be
achieved when a motor drive with a higher rotation
speed and a cutting tool with more wires are applied.
With this approach, for special applications cutting
frequencies of up to 25000 Hz might be realised.

The production rates of a single nozzle JetCutter
device for three common cutting frequencies are
shown in Table 3. The rates are given in terms of
L/(h-nozzle). Table 3 indicates that — depending on
the desired particle size — even with the single nozzle
JetCutter device and common cutting frequencies, the
production rate per day can range between one kilo-
gram and several tons of beads.
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Figure 12:
Scheme of a multi nozzle JetCutter operating without addi-
tional spraying losses

Table 3:

Theoretical throughput of the JetCutter in L/(h-nozzle) for
different bead diameters and a cutting frequency of 5000,
7500 and 10000 Hertz (Hz), respectively

Bead diameter,  Theoretical throughput, L/(h-nozzle)

mm 5000 Hz 7500 Hz 10000 Hz
0.2 0.08 0.11 0.15
0.4 0.60 0.91 1.2
0.6 2.1 3.1 4.1
0.8 4.8 7.2 9.7
1.0 9.4 14.1 18.8
1.5 31.8 47.7 63.6
2.0 75.4 113 151
2.5 147 221 295
3.0 254 382 509
4.0 603 905 1206
5.0 1178 1767 2356

3.4 New developments

Currently, three major developments concerning
the JetCutter are in process:

1. spraying tunnel for larger beads
2.heating device for melt processing
3.2-fluid nozzle for simultaneous coating

The high fluid, and therefore bead, velocity is one
of the advantages of the JetCutter, as high throughputs
are easily realised. Nevertheless, this high droplet
velocity is a problem for the collection of beads with
a spherical shape, especially for larger beads. If the
droplets were collected in a collection bath, e.g. a
CaCl, bath for alginate beads, the droplets may be
deformed at the liquid surface when entering the bath.
For small droplets, the problems are minor even at
speeds of up to 30 m/s. However, larger droplets
which have such high speeds will be deformed at the
collection bath surface due to their higher weight.

In order to overcome this problem, the droplets
have to be pre-gelled prior to entering the collection
bath. This pre-gelation is achieved by letting the drop-
lets fall through a tunnel (5 m length) equipped with
several spraying nozzles (Figure 13). The collection
bath is permanently pumped through the spraying
nozzles, which generate a fine mist (aerosol) from the
collection bath inside the tunnel. While falling, the
spherical droplets are covered with the mist and, thus,
are pre-gelled, maintaining their spherical shape. The
pre-gelation hardens the droplets — in fact they are not
droplets anymore but capsules — so that they maintain
their spherical shape when they enter the collection

bath.
% JetCutter
spraying
nozzle
\ ‘ s
°

°
5] o
spraying tunnel

collection bath

Figure 13:
Scheme (left) and photo (right) of the 5 m spraying tunnel
for pre-gelation

The second new development covers the process-
ing of all kinds of hot material, which might be melts,
e.g. waxes, or hot solutions, e.g. gelatin solutions. In
order to process such materials both the nozzle and
the cutting tool have to be heated to avoid clogging.
Therefore, the JetCutter has to be surrounded by a
heating chamber (Figure 14).

Figure 14:
Heating chamber surrounding the JetCutter sitting on top of
the 5 m tunnel



The heated JetCutter sits on top of the 5 m tunnel,
which in this case acts as cooling line. This cooling
line is sufficient to harden small beads, which have
high velocities. In order to harden larger beads as
well, the top of tunnel might be additionally equipped
with a device to distribute cold gas in the tunnel.

The third new development is devoted to the si-
multaneous coating of beads by a 2-fluid nozzle (Fig-
ure 15). For details about this procedure see Priifie et
al. 2000.

Figure 15:
2-fluid nozzle for the JetCutter

3.5 Applications

Since spherical beads are intermediates or pro-
ducts in different industrial sectors, e.g. agriculture,
biotechnology, pharmaceutical, chemical or food
industry, many applications exist for the JetCutter
technology. Generally, each application field has its
own requirements and restrictions concerning the
materials to be encapsulated, the type and viscosity of
the fluid, the desired particle size or the medium in

Figure 16:

which the beads should be gathered. In this connec-
tion it is advantageous that the JetCutter is capable of
processing all kinds of liquid material covering

e solutions,
e melts and
e dispersions.

A tabular summary — not necessarily complete —
of fluids tested so far or assumed to work with the
JetCutter, as well as substances and materials to be
encapsulated is given in Table 4.

Table 4:
Summary of fluids and materials applicable for bead pro-
duction/encapsulation with the JetCutter

Fluids Materials

o Alginate o Pharmaceuticals, pesticides
e Pectinate e Vitamins, amino acids

e Chitosan o Fragrances

o Gelatin e Bacteria, fungi, enzymes

o Cellulose derivatives e Dyes

o Waxes e Pigments

o Polymer melts e Magnetite

o Inorganic sols o Metal catalysts

Many of these substances can be connected to life
sciences. Indeed, life sciences is the application field
with the most diverse and challenging tasks for the
JetCutter technology. For example, formulations of
active agents or fragrances, controlled release systems
or functional foods (e.g. vitamins, amino acids, probi-
otics) are generally made by encapsulation in spheri-

Photos of different types of beads prepared by Jet Cutting (not in true scale). From top left to bottom right: Ca-alginate (@
= 0.6 mm), Ca-alginate, freeze-dried (@ = 0.3 mm), Ca-pectinate (@ = 0.53 mm), chitosan (@ = 0.5 mm), gelatin (& = 0.8

mm), wax (@ = 0.7 mm)
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cal beads. In these fields, special legal requirements
may exist which affect the encapsulation materials or
special substances, for example sensitive biological
matter, may need to be treated in a special manner.

The common polymers applied as an encapsula-
tion matrix in the life sciences (e.g. alginate, pecti-
nate, gelatin, cellulose derivatives, waxes) have al-
ready been used for bead production by the JetCutter.
Some examples of these beads are displayed in Fig.
16.

As already mentioned, one of the major advan-
tages of the JetCutter is that the viscosity of the fluid
does not limit bead generation. That means that not
only the formulation recipes used at the moment can
be applied to bead production by JetCutting, but also
those whose transformation into products failed due to
a too high viscosity. For the same reason biological
matter can be treated at lower temperatures, i.e. more
carefully, with the JetCutter since heating for viscos-
ity reduction is not needed.

In biotechnology the JetCutter was used for the
preparation of immobilised/encapsulated biocatalysts,
i.e., enzymes, bacteria or fungi (Muscat et al. 1996,
Priile, Fox et al. 1998b, Leidig et al. 1999, Jahnz et
al. 2001). In this field, the independence of the fluid
viscosity also was proven to be advantageous since
encapsulation matrices with high polymer contents
and corresponding high viscosities can be used (e.g.
polyvinyl alcohol) to form mechanically very stable,
abrasion-free beads. Such beads were also used for
the encapsulation of metal catalysts (Priile, Moraws-
ky et al. 1998).

As far as dispersions are concerned, sols, suspen-
sions and emulsions may be processed with the Jet-
Cutter. Two examples of processed suspensions are
shown in the Figures 17 and 18.

Figure 17:
20 % magnetite (in initial suspension) encapsulated in chi-
tosan beads (@ = 0.8 mm)

Figure 18:
40 % TiO, (in initial suspension) encapsulated in alginate
beads (0 = 1.3 mm)

4 Summary and prospect

Different bead production technologies based on
the generation of droplets prior to their solidification
were compared. Simple dropping and electrostatic-
enhanced dropping are well suited for lab-scale appli-
cations. Vibrational bead production is further used in
technical scale applications. The rotating disc and
rotating nozzle technology suffer from the broad par-
ticle size distribution. But as real high throughput
technologies they are widely used in industry. All
these technologies are limited due to the viscosity of
the fluids to be processed.

So far, the JetCutter is the only technology for
which bead generation is not limited by the fluid vis-
cosity. Thus, highly viscous fluids also can be trans-
formed into beads. Furthermore, the JetCutter is a
simple and efficient technology for the production of
spherical beads. Monodisperse beads in the particle
size ranging from approximately 200 um up to several
millimetres can be prepared with high production
rates. In addition, scaling-up the JetCutter will be
easily achievable. Losses can be regarded as negligi-
ble. None of the other technologies for beads produc-
tion shows this combination of advantages. Further,
the JetCutter may also be used to produce coated
beads in a one-step process.

The JetCutter technology can be applied in differ-
ent industrial sectors and for various applications such
as solutions, melts and dispersions are processible. In
the life sciences it might be used for the encapsulation
of active agents or fragrances, as well as for the pro-
duction of some functional foods (e.g. encapsulated
vitamins or probiotics). In the chemical industry,
applications such as the production of catalysts sup-
ports, packages for chromatographic columns or
polymer pellets are possible. Many other applications
are also imaginable.
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The JetCutter is a very promising technology for
the production of spherical beads with manifold ap-
plication possibilities. According to the sum of its
advantages, the JetCutter can be regarded as a supe-
rior technology for bead production. Accordingly, the
first technical scale application of bead production
with the JetCutter technology (capacity of about 1.2
tons/day for 1 mm beads with a density of 1 kg/L)
started in summer 2002.

Symbols and abbreviations

calc calculation

dyire diameter of the cutting wire
dpead bead diameter

D nozzle diameter

exp experimental

h hour

horiz. horizontal

Hz Hertz

incl. inclined

L litre

m meter, milli

mm millimetre

n number of rotations

p pressure

Pa Pascal

s second

t time

Uftuid velocity of the liquid jet
Uwire velocity of the cutting wire
Viess volume of the cutting loss
Vloss volume of the overall loss
z number of cutting wires

inclination angle

B cutting angle
pm micrometer
(%] diameter
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