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particles _such as cereal dough particles, %I[or chi ps%me

deugh particles in a fluid bed, said nethod ses appllcatiB”

pul sing gas onto the sticky partlcles whil e dgy air is BTBﬁﬁ"hp t hr ough
the sticky particles. The invention 10 relate well to an apparatus for

carrying out such a method. Drying of sticky particles is well known in the

production of el AND ATSNRATUS' TORC PREVENDENG eAGELOMERAFIOMY first 15 be
extruded, rolled out to the appropriate thickness and cut into pieces or
particles. The particles are then dried before they are puffed at a
high tenperature and subsequently coated etc. At the drying step

described her E;I'l'liehe %%retsle%ltes fﬁvé%foatk(edigr V\gt %%Ltgl%dw | kope Sﬂfe@@hting
5 agglomeration while drying sticky particles such as cereal
dough particles, dough for chips products, pasta dough
particles in a fluid bed, said method comprises application
of pulsing gas onto the sticky particles while drying air
is blown up through the sticky particles. The invention
10 relates as well to an apparatus for K carrying out such a
method.

Drying of sticky particles is well known in the production
of cereal. In such a production the cereal dough may first
15 be extruded, rolled out to the appropriate thickness and
cut into pieces or particles. The particles are then dried
before they "~are puffed at a high temperature and
subsequently coated etc. At the drying step described here
the particles of un-baked or wet dough will be sticky.
20
Drying sticky particles such as the pieces of cereal dough
mentioned above or other products e.g. dough for chips
products, pasta dough etc. is difficult as the particles
tend to stick together and form agglomerates, i.e. bigger
25 lumps of dough. Once an agglomerate is formed, a non-
uniform drying of the dough will take place. Furthermore,
the shape of particles or chips will be ruined if dough
particles are allowed to stick together during the drying
process. This is unsatisfactory in the production of
30 quality products. '

Difficulties are experienced when dough particles or chips
having a high moisture content, e.g. 15 to 20% H;0, are
dried at a high temperature, e.g. about 180°C, and contact
35 is allowed between the particles while the drying takes
place. In order to avoid this and to prevent cracks in the
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2Q Drying sticky particles such as the pieces of cereal dough nentioned
above or other products e.g. dough for chips products, pasta dough etc. is
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5
Different processes are known for carrying out the drying
of sticky particles. The first drying step may for example
be drying in a tumbler dryer where the temperature is kept
relatively low, e.g. about 100°C. The particles or chips are
10 only partly dried in this first drying step. Additional
drying steps at higher'temperatures may then be performed
v in tumbler dryers, fluid beds, etc.

The tumble drying required for drying of cereal dough in a

15 production line usually is of 1large dimensions. For
example, the dryer drum can be from 5 to 6 m long and about
2,5 m in diameter.

In the fluid bed only a thin layer, for example about 5 cm,
20 of particles can be advanced and dried at a time. If the
layer is too thick the sticky particles will tend to. form
agglomerates and will not be uniformly dried. The
agglomeration of the particles hence limits the capacity of
the fluid bed.
25
The above described multi-step drying processes,
consequently are disadvantageous as they are both time and
energy consuming.

30 An attempt at having a number of different drying processes
in one apparatus.is disclosed in US Patent 4,910,880. The
apparatus described therein employs drying gases flowing up
and down and which pass through a foraminous conveyor
advancing the product to be dried. However, this patent

35 does not describe any attempt to prevent agglomeration of
sticky particles and breaking of the same by "punching” the
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the particles with opposite directed drying air.

The aim of the present invention is to provide a one step

method for drying sticky particles or chips and to prevent

agglomeration thereof. Furthérmore, it is possible with the

present invention' to dry a large quantity of sticky

particles while retaining good surface properties.

Surprisingly, drying of a 10 to 20 cm thick layer of sticky

particles has been carried out substantially without
agglomeration of the particles. The thickness which can be

dried satisfactorily depends on the particles’ moisture

content. Tests have shown, that the throughput of a

conventional fluid bed providing about 80 kg per hour can

be raised from 150 to 180 kg per hour when the fluid bed is

adapted in accordance with the invention. It has also,

surprisingly, been observed that it is possible to avoid
aggiomeration and obtain a good product finish by exposing
the sticky particles to a pulsing air flow from above while
blowing drying air from below through a perforated conveyor
in a fluid bed.

The present invention further provides a compact and well
balanced apparatus. Though the apparatus 'employs pulsing
air and optionally also other means of vibration of the
sticky ©particles, ' the invention provides means for
ninimising the vibrations transmitted to the surroundings.

In the first. aspect, the present invention relates to a
method for preventing agglomeration while drying sticky
particles in a fluid bed. This method distinguishes itself
by comprising

supplying sticky particles to an upper surface of a
perforated conveyor and advancing said sticky particles
through the fluid bed,
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The tunble drying required for drying of cereal dough in a 15 production
line wusually is of large dinensions. jfor exanple, the dryer drum can
be from5 to 6 mlong and about 2,5 min dianeter. In the fluid bed only a

thin layer, for exanple about 5 cm 20 of particles capi tvanced—anc
dried at a tine. If the layer is too thick the sticky o&gﬁi@ﬁéﬁ &F§ﬁﬁggnd
to formagglonerates and wll not be wuniformy dfied. REPIAGED

aggl oneration.of the particles hence limts the capacity of the fluid bed.
25 The above descri bed mul ti-step drying processes, consequently

are di sadvant ageous as_the re, both, ti and .ener qy. cansum ng. ., 30, .An
attenpt at havi ng BUPRHHERY o r¥ﬂqge?%%tgiﬁwﬂ?Epﬁﬁ?ﬁgééi;yiqPYék9§uﬁﬁﬁ%ng
i s disclosed in USihatesat e Dddd Shvelioe to the sticky particle on it,

5 exposing substantially from above the sticky particles
to a pulsing air flow so that they are caused to move
and to break up agglomerates of sticky particles , and

controlling the supply of the drying and pulsing air
10 flow, the pulsation, and the drying air temperature.

The sticky particles may be dried with hot air or other hot
gases allowed in food production. The temperature of the
drying air preferably ranges from 100°C to 180°C,

15 advantageously about 120°C. The pulsation may be generated
by a pulsing gas or air flow having room temperature or
alternatively heated or cooled.

It is preferred that the velocity of the pulsing air is

20 from 10 to 15 times as high as the velocity of the drying
air, preferably about 13 times as high. Beneficially, the
velocity of the drying air is about 1,5 m/s while the
velocity of the pulsing air is about 20 m/s.

25 The method may conveniently be carried out with sticky
particles having a bulk density in the range from 350 g/1
to 450 g/l1, preferably about 400 g/l. Especially, a cereal
dough comprising wheat, sugar, malt and water; or rice,
sugar and water.

30
The bigger particles require a longer drying time, and the
risk that they will agglomerate is higher. With the method
according to the invention sticky particles of the
following size may advantageously be dried: length in the

35 range of 10 mm to 20 mm, preferably from 12 mm to 17 mm,
width in the range of 10 mm to 20 mm, preferably of 12 mm
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appar atus described therein enploys drying gases flowi ng up and down and

whi ch pass through a foram nous conveyor advancing the pr
However, this patent 35 does not describe any attenpt to gﬁg%ﬂs‘tf’ % g&l‘f\?

aggl oneration of sticky particles and breaking of the sane
t he 3 sticky particles by neans of pulsing air flow while drying the
particles with opposite directed drying air. The ai mof the present
inventionr is to provide a one step 5 nethod for drying sticky particles or
chips and . to RiceVent I@gglgﬁ@r atniennlelker end . thyr thgwref it ms fgoss bimm,

with the presen on a large quantity of sticky partlcles
while retai rﬁ’ff’g}l %@@b oéﬁrﬂa)cge propertles

In order to prevent agglomeration, the sticky particles
5 should preferably be moved at short intervals so that they
do not have enough time to stick together. The perforated

conveyor is therefore preferably a vibrating tray or table
which conveyor adds to the relative movement between the
sticky particles.

10
The pulsing air flow may conveniently comprise a plurality
of substantially parallel pulsing air jets. Additionally, a
plurality of pulsing air Jets may be provided, the
direction of which is adapted to the configuration of the

15 fluid bed in order to optimise the configuration of the
pulsing air flow, and hence provide substantial turbulence
of the sticky particles while they are being dried. The
pulsing air jets may advantageously be positioned in a
matrix having a plurality of parallel rows of air Jjets, and

20 wherein the ©pulsing air Jjets in one column pulse
synchronically. To simplify the supply system the pulsing
air jets in one row are preferably connected to a common
air supply pipe.

25 To create sufficient "punch" and thus turbulence between
the sticky particles which can Dbreak up starting
agglomerates it is preferred that the high pressure period
of the pulsing air jet lasts for an approximately 5 sec.
period. Between a higher and a lower air pressure a time

30 sequence of approximately 1 sec. is allowed in order to
allow the air supply equipment to recharge and distribute
the pressurised air.

In order to obtain a substantially similar disruption of

35 the sticky particles all across the conveyor, the rows of
pulsing air jets are preferably displaced parallel relative
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Syrpri'singly, drying of a 10 to 20 cmthick layer of sticky 10 particles

has, been <carried out substantially w téout aggloneration of the
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Many different pulsation sequences may be applied to the
sticky particles, but particularly advantageous is a
sequence where the air pulsation from the air jets in the
matrix follows a sequence wherein the high pressure period
of the jets in the first row is followed by a high pressure
period in the last row, followed by a high pressure period

‘of the second row, followed by a high pressure period in
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the second last row, and so on until all the rows have been
activated and the sequence is repeated. In this way, in
each segquence pulsation "punches" are applied and shifted
from one end of the conveyor to the other, and stepwise
moved towards the centre of the conveyor. This gives an
equated displacement of the sticky particles on top of the
conveyor.

In another aspect the invention relates to a fluid bed
preventing agglomeration while drying sticky particles,
said fluid bed comprises

inlet means for introducing sticky particles to an
upper surface of a perforated conveyor which advances
the sticky particles through the fluid bed, and outlet
means for discharging the sticky particles from the
fluid bed, drying air supply means supplying drying air
substantially upwards through the perforated conveyor
to the sticky particles on it,

pulsing air supply means exposing the sticky particles
substantially from above to a pulsing air flow so that
they are caused to move and agglomerates of sticky
particles are broken up, and .
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sticky - particles, t he i nvention provides neans for mnimsing the
vibrations transmtted to the surroundings.s In the first _aspect, the
present invention relates to a 30 nethod for preventing 0 ti whi. e
dr.ying sticky particles in a fluid bed. This nethod disttggﬁigﬁgﬁgg§§£¥?&4y
conprising supplying sticky particles to an upper surface-of E
perforated conveyor and advancing said sticky particles through the fluid
bed, 4 supplying drying air flow substantially upwards through the
perforated conveyor to the sticky particle onit, 5 exposi ng

substantiall'y from above the stick rtijcl \
Y control means cogkégﬁl{ﬁae%he supply of the drying and

pulsing air flow, the pulsation, and the drying air
temperature. '

The sticky particle supply means may e.g. be fluid valves
transporting recently cut-out sticky particles such as
dough pieces, by blowing the particles through supply pipes
and onto the conveyor. The pulsing air is supplied by
10 supplying means such as a capacity air supply. The capacity
air supply builds up an air pressure, which is discharged,
after which the capacity is recharged. The pulsing air
supply means comprises a plurality of discharge nozzles
supplying a plurality of substantially parallel air jets
15 which are directed towards the upper surface of the
perforatedh conveyor. The Jjet discharge nozzles may
conveniently be positioned in a plane above substantially
the whole of the perforated conveyor, and they may for
example be from a matrix providing a pulsation with the
20 pulsation sequence characteristics as described above in
connection with the method according to the invention.

In a preferred embodiment of the present invention the
common air supply pipes are connected to a manifold wherein
25 the supply of pressurised air 1is controlled by the
operation of said manifold. For example, each of the common
air supplies may be connected to the manifold via valves,
respectively. The operation of the manifold allows
pressurised air to be introduced into the supply pipes or
30 cuts off the air supply. Subsequently one or more valves
may be opened at a time. However, when a capacity air
supply is .employed it is necessary to keep all the valves
closed during recharging of the capacity. To ease the
operation of the manifold it may conveniently be operated
33 by means of a computer »running a computer program
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tQ a pulsing air flow so that they are caused to nove and to break up

aggl omerates of sticky particles , and contgolling the supply—of-the drying
and pul sing air 10 flow, the pulsation, and the dryi ngHé SHEET hAad bein |
tenperature. The sticky particles may be dried with hot aijr or Btfh@rCFiot
gases allowed in food production. The tenperature of the dryrng—art
preferably ranges from 100C to 180[err] C, 15 advantageously about
120[err] C. The pul sation may be generated by a pulsing gas or air flow

havi ng room t egpes Rt $1:% Or t19 t ef it byl dorieatief Upetpolead |dldse prefaresed

that the velocity:-of, the uIS|Q9 air rom10 to 15 tines as high as

the vel ocity oRCERE H??ng %ﬁ%ﬁ%ﬁwﬂﬁiﬁaﬁﬁ8ﬁtngu?Pﬁﬁs as high.

Beneficially, the velocity of t he drying air is about 1,5 m's while the

velocity of the_pul in ir S 0 T o]

convenient |y bgn gai}l %g eéﬁi&ﬂg&%ﬁgﬁébofﬁingr@b”?hg qnﬁ%ﬁtlon, the
.5 sticky partlcles are advanced on a perforated conveyor in

the form of a vibrating tray or table advancing the sticky
particles by means of its vibrations. Alternatively, a belt
conveyor with openings in the belt may be used.

10 In a preferred embodiment of the fluid bed according to the
invention the velocity of the pulsing air is 10 to 15 times
as high as the velocity of the drying air. Advantageously,
the velocity of the pulsing air is about 20 m/sec. and the
velocity of the drying air is about 1,5 m/sec.

15
The invention will now be described in greater detail with
reference to the accompanying drawings given by way of
example showing an embodiment of the invention and in
which:

20
Fig. 1 is a schematic illustration of a side view of the
apparatus according to the invention, and
Fig. 2 is a schematic illustration of an end view of the
apparatus according to the invention.

25 .

Fig. 1 and 2 show a fluid bed 8 according to the invention.
Said fluid bed 8 <comprises an inlet means 13 for
introducing sticky particles to an upper surface 14 of a
perforated conveyor 11 advancing the sticky particles
30 through the fluid bed 8. The dough for the sticky particles
originates from aﬁ extrudate from e.g. a dough cooker or an
extruder. The extrudate is cut wup into particles.
Conveniently, the cut out sticky particles have a length
and width in the range of 10 to 20 mm, and a thickness
35 corresponding to that of the extrudate e.g. in the range of
1 to 2 mm. From the cutting zone to the fluid bed 8, the
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particles having a bulk density in the range from350 g/l to 450 g/l,
preferably about 400 g/l. Especially, a cergal dough conprising wheat,
sugar, malt and water; or rice, sugar and water. 30 The Hi T trches
require a longer drying tine, and the risk that they wll @’g%%ﬁgfé{f% PEEN
hi gher. Wth the nethod according to the invention stick ar t RERLAGERT t he
follow ng size may advantageously be dried: length in the 35 range of 1
mmto 20 nm preferably from12 mto 17 mm width in the range of 10 mmto

20 tmﬂ'zprefera@iycw Karflicled el tFahspBEtell CkigssEiuid hevalangs aind
mmto -2 mm

tubes, not shown in the drawings.

The perforated conveyor 11 is preferably a vibrating tray.
5 The movements of the tray advance the sticky particles on
upper surface 14 thereof. In the present embodiment of the
fluid bed 8, the piate is vibrated by means of vibrators 5.
In order to avoid transmission of the vibrations to the
surroundings, the fluid bed 8 is positioned on damping
10 members 12. When the sticky particles have been passed the
whole way through the fluid bed they are discharged through
outlet means 15. The fluid bed further comprises a gate or
barrier the adjustment of which causes a regulation of the
thickness of the layer of the sticky particles due to the
15 mechanical stopping effect.

During the transportation through the fluid bed 8 the
sticky particles are subjected to drying air supplied by
20 drying air supply means 10 substantially upwards through
the perforated conveyor 11. The drying air supplying means
may comprise fan and heating means. The heated air is
advantageously circulated in order to save energy. There is
no requirement to the drying air being pressurised air. The
25 sticky particles are further exposed to pulsing air
supplied by pulsing air supply means 3 in a direction
substantially from above. This combination of the drying
with ascending drying air and “punching” pulsing air flow
results in a-drying of the initiaily sticky particles and
30 prevents agglomerates of particles in the final product.
Agglomeration occurring during the passage in the fluid bed
8 will be broken up again by the air flows. In general the

air supplied to the sticky particles should be food
acceptable.

35
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preferably about 1.5 nm In order to prevent aggloneration, the sticky

particleés 5 should preferably be noved at sfgort intervals so th

not have enough time to stick together. The perforated conveyor S SHEET HAS BEEN

therefore preferably a vibrating tray or table which conveyor §
rel ati ve novenent between the sticky particles.
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conveniently conprise a plurality of substantially parallel pulsing air

jets. Additionally, a plurality of pulsing air jets may ~be provided,

the direction of Whigh gre eI EriddibRneot At irdrerfide dife f bl dikgd
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supplying -a plurality of substantially parallel air Jets
which are directed towards the upper surface 14 of the
perforated conveyor 11. The jet discharge nozzles 16 are
positioned in a plane above .substantially the whole width
of the perforated conveyor 11. The capacity air supply 2
builds up a capacity of pressurised air, which, through
valves. 6, 1is passed via distribution pipes 7 to the
discharge nozzles 16. Each distribution pipe 7 1is
conveniently connected to a row of discharge nozzles 16.
After discharge of the pressurised air, the air pressure
builds up again for a subsequent outlet. In order to
optimise the configuration of the pulsing air flow and
provide substantial turbulence of the sticky particles
while they are being dried, a further plurality of pulsing
air jets 1 may be provided, the direction of which is
adapted to the configuration of the fluid bed.

For an appropriate distribution of the pulsing air the
pulsing air supply means further comprises a manifold 4
wherein the supply of pressurised air is controlled by the
operation of said manifold 4. For example, each of the
distribution pipes 7 is connected to the manifold 4 wvia the
valves 6. Control means are provided for controlling
pulsation and supply of air. The control is enabled by
operation of the manifold 4 which allows pressurised air to
be introduced into the supply distribution pipes 7 or cuts
off the air supply. One or more valves 6 may be opened at a
time. However, when a capacity air supply is employed, it
is necessary to keep all the valves closed during
recharging of the capacity. To ease the operation of the
manifold 4, it may conveniently be operated by means of a
computer running a computer program comprising the
instructions to open and close valves according to the
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matrix having a plurality of parallel rows of air jets, and 20 wherein

the .pulsing air jets in one colum pyl se synchronically. To sinplify
the supply systemthe pulsing air jets in one row are preferably connec
to.a common air supply pipe. 25 To create sufficient "punc 18 detySHAS BEEN
t ur bul ence between the sticky particles whi ch can br Lk

starting agglonerates it is preferred that the high pressure

pul sing air jet lasts for an approximtely 5 sec. period. Between a higher

and a | over ai HeRBi@sgUr Budshti®n 3GeqiRGitaNCceTef QPP OXddrat@lderkteed tBat
allowed in order.to alJow the_ air igpglg eqflpnent to recharge
3R%r geRtE

and,
distribute the95PEZs #t%edURPLY | ol olSYSA™S A%t QRt i%ﬂr};)lesq m-P&r
di sruption of 3Jartlensgt bakythar ihekssiahl across the conveyor, the rows of
pulsing air jets are preferably displaced parallel relative

5 For the control of the temperature of the drying air and
the femperature within the fluid bed, sensors are provided,
not shown in the drawings. The pulsing air may be heated,
however, this is not a requirement. Tests have shown that

the influence of the pulsing air on the temperature is not
10 substantial.

With the embodiment of the fluid bed according to the
invention illustrated in Fig. 1 and 2 the moisture level of
the sticky particle will e.g. be reduced to from 8 to 20%
15 H;0. The drying times are e.g. in the range of 30 to 100 min
depending on the throughput, tyéically about 30 min.

Tests have shown, that the throughput of the same type of
. sticky particles with a conventional fluid bed, having a
20 capacity of about 80 kg per hour, could be raised from 150
to 180 kg per hour when the fluid bed is adapted in
accordance with the invention.
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6.to each other and transverse to the forward direction of the conveyor. As
aresult of this, the stlcky particles alonﬁ t he substantially whol e wi dt h
of the conyj fWH@ llﬁu to pulsing air "punches". 5 ny different. -
pul sation $EEEEMmEl | applied to the sticky part i cl esTHISUBHEET HAS BEEN
particularly advantageous Is a sequence where the air pul sati orgdpy araft he
air jets in the matrix follows a sequence wherein the high-pt+esstreperTod
10 of the jets in the first rowis followed by a high pressure period in
the last row, f9gaed by a high pressure period of the second row,

foll owed by a high pressure period in

1. A method for preventing adglomeration while drying
sticky particles in a fluid bed, said method comprising

supplying sticky particles to an upper surface of a
perforated conveyor and advancing said sticky particles
through the fluid bed,

10 supplying drying air flow substantially upwards through
the perforated conveyor to the sticky particles on it,

exposing substantially from above the sticky particles
to a pulsing air flow so that they are caused toc move
15 and to break up agglomerates of sticky particles, and

controlling the supply of the drying and pulsing air
flow, the pulsation, and the drying air temperature.

20

2. A method according to claim 1, wherein the fluid bed is
vibrated.

3. A method according to claims 1 and 2, wherein the
25 perforated conveyor is vibrated while the sticky particles
are advanced.

‘4., A method according to claims 1 to 3, wherein the pulsing
air flow comprises a plurality of substantially parallel
30 pulsing air jets.

5. A method according to claims 1 to 4, wherein the pulsing
air flow further comprises a plurality of pulsing air jets

the direction of which is adapted to the configuration of

35 the fluid bed. === ————
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the second last row, and so on until all the rows have been activated and
the .sequence s repeated. Tn rhls way, in 143 each sequence pul sation

punches arf 1suiuﬁﬂul.ﬂ fted fromone end of the conveyer—to—t-he
other, and s " rds the centre of the conveyofH!STﬁiETdﬂAﬁeﬁt%

equated dlspléceheﬁt 8f the* sticky particles on top of the Conve¥BrAGERO In

anot her aspect the invention relates to a fluid bed preventtTg
aggl oneration while drying sticky particles, said fluid bed conprises 25

inlet. neans f{orp Izﬁ@ﬁmcaeeoréiwkxo laahtmel as aftd 5anmaermswafcapeof)f
a perforated conveﬁ whi ch adyances artl es thro ? the fluid
bed, and out | etPfe H%sFﬁg 8LichEFgi RY ?ﬁe %% ?%saqé PeeF ¥t

bed, dryi ng ai presppky HeaﬁsmGUQ@¢wem¢pskgmruppﬂdx1mately 1 sec.

5 7. A method according to claim 6, wherein the high pressure
of the pulsing air jet lasts for approximately a 5 sec.
period.

8. A method according to any of claims 4 to 7, wherein the

10 plurality of pulsing air jets form a matrix having a
plurality of parallel rows of air jets, and wherein the
pulsing air jets synchronically pulse in one column.

9. A method according to claim 8, wherein the pulsing air
15 Jets in one .row are connected to a common air supply pipe.

10, A method according to claims 8 to 9, wherein the rows
of pulsing air jets are displaced parallel relative to each
other and transverse to the advancing direction of the

20 conveyor so that the sticky particles along substantially
the whole width of the conveyor are exposed to the pulsing
air.

11. A method according to claims 8 to 10, wherein the air

25 pulsation from the air Jjets in the matrix follows a

sequence wherein the high pressure period of the Jjets in

the first row is followed by a high pressure period in the

last row, followed by a high pressure period of the second

row, followed by a high pressure period in the second last

.30 row, and so on until all the rows have been activated and
the sequence is repeated.

12. A method according to any of claims 1 to 11, wherein
the temperature of the drying air is in the range of 100°C
35 to 180°C, preferably about 120°C.
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7 control nean
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y- upwards through the perforated conveyor to the sticky
t, pul air supply means epgposing the sticky particles

from ahq air flow so that 35 they are
and aﬂﬂ“]mg“\“um sticky particles ar eyHipg SHERT WAS m
s controtlitng'th& st pp y of the drying andeu Si B D ow,
and the drying air tenperature. 5 The sti

be fluid valves transporting recently cut-out sticky

138 A method according to any of claims 1 to 12, wherein

the'sticky particles have a bulk density in the range of
350 g/1 to 450 g/1, preferably about 400 g/l.

14. A method according to any of claims 1 to 13, wherein
the sticky particles have a length in the range of 10 mm to
20 mm, preferably from 12 mm to 17 mm, a width in the range
of 10 mm to 20 mm, preferably from 12 mm to 17 mm, and a
thickness in the range of 1 mm to 2 mm, preferably about
1.5 mm.

15. A method according to any of claims 1 to 14, wherein
the wvelocity of the pulsing air is from 10 to 15 times as
high as the velocity of the drying air, preferably about 13
times as high.

16. A method according to any of claims 1 to 15, wherein
the wvelocity of the pulsing air is 10 to 15 times as high
as the velocity of the drying air.

17. A method according to any of claims 1 to 16, wherein
the velocity of the pulsing air is about 20 m/sec. and the
velocity of the drying air is about 1.5 m/sec.

18. A fluid bed preventing agglomeration while drying
sticky particles, said fluid bed comprising

inlet means for introducing sticky particles to an
upper surface of a perforated conveyor which advances
the sticky particles through the fluid bed, and outlet
means for diécharging the sticky particles from the
fluid bed,

drying air supply means supplying drying air
substantially upwards through the perforated conveyor
to the sticky particles on it,

Sheet Has Been Replaced
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dqugh'pieces, by blowing the particles through supply pipes and onto the
conveyor. The pulsing air is supplied by 10 supplying ch.as-a--
capacity air supply._The capaC|ty air supply builds up an &iTHISSEEEUHAS BrLN
which is di schargedmmﬁml“ Ium capacity is rechargéd. Tﬂ@amgml ng
air supply means co ty of discharge nozzl es—supptyrnyg =
plurality of substantiafly*p aIIe air jets 15 which are directed towards

t he upper surface of the perforated conveyor. The jet discharge
nozzl es may conveniently be positioned in a plane above substantially the

whol e -of the perfo opyey | & ; I X
providing a pulsat#g%sg?ghggg %%gpaglsatlonquqﬁgﬁgeﬁgﬁgracteﬁ$s ?%glggéé
descri bed above i nssbahastiahlyi fromhabaeehtd acevdeing ©drt Hedawhemt Faat
In a preferred embedigent, of c%aﬁ%gﬁr e@@ntmddéveahaorhégﬁom abk SHPDEWy

pi pes are connected t0O, a_mani
5 particles are broken up, and

control means éontrolling the supply of the drying and
pulsing air flow, the pulsation, and the drying air
temperature.
10
19. A fluid bed according to claim 18, further comprising a
vibrator for vibrating the fluid bed.

20. A fluid bed according to claims 18 and 19, further
15 comprising a vibrator for vibrating the perforated
conveyor.

21. A fluid bed according to claims 18 to 20, wherein the
pulsing air supply means comprises a plurality of discharge

20 nozzles supplying a plurality of substantially parallel
pulsing air jets.

22, A fluid bed according to claims 18 and 21, wherein air
supply means comprises a plurality of discharge nozzles

25 supplying pulsing air Jjets the direction of which is
adapted to the configuration of the fluid bed.

23. A fluid bed according to claims 21 and 22, wherein the

discharge ndzzles form a matrix having a plurality of
30 parallel rows, and wherein the pulsing air jets of the

discharge nozzles in one column pulse synchronically.

24, A fluid bed according to claim 23, wherein the
discharge nozzles in a row are connected to a common air
35 supply pipe.
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25 the supply of pressurised air is controlled by the operation of
said mani fold. For exa each of the comeon air supplies may he

connected to the if ﬁﬁ ul wm respectively.  The dpRH&tIHERT HASS REEN
the manifold aI air to be introduced intq the KEPRICYD

pi pes or 30 cuts of f the alr supply Subsequently one or nore—veat-ves—may-be
opened at a tinme. However, when a capacity air supply is enployed it is
necessary to keep all the valves closed during recharging of the capacity.
To ease the op@bat Rorflafid Hedremcdatdiziy tmyctaimmenléntby 2fe opweraidd BEe by

means of a Con?g&gr @“%H%%hf&%@nﬂg%giegrQgéaglspf%daynﬁdfﬁﬂﬁbltP@latlve

I nstructions open an e va
to each other and transverse to the advancing direction of

the <conveyor so that the sticky particles along
5 substantially the whole width of the conveyor are exposed
to the pulsing air.

26. A fluid bed according to any of claims 24 to 25,

wherein the common air supply pipes are connected to a
10 manifold and wherein the supply of air is controlled by the

operation of said manifold.

27. A fluid bed according to c¢laim 26, wherein the
operation of the manifold is carried out by running a
15 computer program by means of a computer.

28. A fluid bed according to claims 18 to 27, wherein the
pulsing air supply is a capacity air pressure supply.

20 29. A fluid bed according to any of claims 18 to 28,
wherein the conveyor is a vibrating table.

30. A fluid bed according to any of claims 18 to 28,
wherein the conveyor is a belt conveyor.

25 '
31, A fluid bed according to any of claims 18 to 30,
wherein the wvelocity of the pulsing air is 10 to 15 times
as high as the velocity of the drying air.

30 32. A fluid bed according to any of claims 18 to 31,
wherein the velocity of the pulsing air is about 20 m/sec.
and the velocity of the drying air is about 1.5 m/sec.
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according to the desired pul sation sequence. In a preferred enbodi nent
according to the invention, the 5 sticky pa{;icles are advanced on a
perforated conveyor in the formof a vibrating tray or table advancing the

sticky particles by neans of its vibrations. Alternativel a.bel t: ig %ﬁg
with openings in the belt may be used. 10 In a preferred whﬁﬂsﬁﬁﬂt§ ? e
ul si NREPACER

fluid bed according to the invention the velocity of the

to 15 tines as high as the velocity of the drying air. Ad

vel ocity of th%gﬁ%b%tﬁg air is about 20 nsec. and the velocity of the

drying air is about 1,5 msec. 15 The invention wll now be described in

greater detail with reference to the acconpanyi ng draw ngs gi ven by way of

exanpl e showi ng anregbodiseuuntof theehtyent i Gelandsi n whi Ca’ method for
preventing agglomeration while drying sticky particles

5 in a fluid bed. The method comprises supplying §ticky
particles to an upper surface of a perforated conveyor
and advancing said sticky particles through the fluid
bed, supplying drying air flow substantially upwards
through the perforated conveyor to the sticky particles

10 on it. While drying the particles exposing them
substantially, from above, to a pulsing air flow so
that they are <caused to move and to break up
agglomerates of sticky particles. This is done while
controlling drying and pulsing air flow, pulsation, and

15 drying air temperature. The invention also relates to a
fluid bed preventing agglomeration while drying sticky
particles.

Figure 1
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20 Fig.- 1 is a schematic illustration of a side view of the apparatus
according to the invention, and Fig. 2 is a schematic illustration of an
end view of the apparatus according to the invention. 25 Fig. 1 and 2 show
a fluid bed 8 according to the invention. Said fluid bed 8 conprises an
inlet means 13 for introducing sticky particles to an upper surface 14 of a
perforated conveyor 11 advancing the sticky particles 30 through the fluid
bed 8. The dough for the sticky partﬂiﬁ%s originateg froman extrudate from

e.g. a dough cooker or an extruder. . e extrudaft S dut. up into
particles. Conveniently, the cut out sticky partic ave jia |l ength and
width in the range of 10 to 20 mm and a .t hi ckness 'spondi ng to that
of the extrudate e.g. in the range of o piﬁ ~
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1to2 M Fromthe cutting zone to the fluid bed 8, the sticky
particles are transported via fluid valves and tubes, not shown in

t he drawi ngs. The perforated conveyor 11 is preferably a vibrating tray. 5
The novenents of the tray advance the sticky particles on upper surface 14
thereof. In the present enbodi ment of the fluid bed 8 the plate is

vi brated by neans of vibrators 5. In order to avoid transm ssion of the
vibrations to the surroundings, the fluid bed 8 is positioned on danpi ng 10
menbers 12. When the sticky particles have been passed t he whol e way
through the fluid bed they are discharged through outlet neans 15. The
fluid bed further conprises a gate or barrier the adjustnent of which
causes a regulation of the 2/2 :




y | . | o e dueht 15 .
thi ckness of the layer of the sticky pa?§%5¢%r%§ud9to th:ﬁﬁﬁisgﬁﬁgﬁrﬁgﬁET

stopping-effect. During the transport at i
sticky particles are subjected to drying air supplied byi2G dr iqg 3$é?
supply neans 10 substantially upwards through the perforatéddft nif % 11{
The drying air supplying means nmay conpdi se fan and heatiing nea

gh the f

heated air is advantageously circulated in order to saveienergy. There is
no requirenment.to the drying air being pressurised air. The 25 sticky

ticl f Sy ' | | Pith-si ' I
Toans 3 i n a iAo aeny R SRR RE AL AR SO0 0t the”

drying with ascending drying air and "punching"

pulsing air flowresults in

a drying of the initially sticky particles and 30 prevents aggl onerates of

particles in the final product, Aggloneration occurring during the passage
in the fluid befhe present invention is a method for preventing

5
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agglomeration while drying sticky particles such as cereal
dough particles, dough for chips products, pasta dough
particles in a fluid bed, said method comprises application
of pulsing gas onto the sticky particles while drying air
is blown up through the sticky particles. The invention
relates as well to an apparatus for carrying out such a
method. '

Drying of sticky particles is well known in the production

of cereal. In such a production the cereal dough may first
be extruded, rolled out to the appropriate thickness and
cut into pieces or particles. The particles are then dried
before they are puffed at a high temperature and
subsequently coated etc. At the drying step described here
the particles of un-baked or wet dough will be sticky.

Drying sticky particles such as the pieces of cereal dough
mentioned above or other products e.g. dough for chips’
products, pasta dough etc. is difficult as the particles

tend to stick together and form agglomerates, i.e. bigger
lumps of dough. Once an agglomerate is formed, a non-

uniform drying of the dough will take place. Furthermore,

the shape of particles or chips will be ruined if dough
particles are allowed to stick together during the drying
process. This is wunsatisfactory in the production of
quality products. '

Difficulties are experienced when dough particles or chips
having a high moisture content, e.g. 15 to 20% H;0, are
dried at a high temperature, e.g. about 180°C, and contact
is allowed between the particles while the drying takes
place. In order to avoid this and to prevent cracks in the




8 will be broken up again by the air flows. In general the air supplied to
the sticky particles should be food acceptable. 35 10 In this preferred
enbodi ment of the invention, the pulsing air supply neans 3 conprises a
capacity air supply 2 comunicating with a plurality of discharge nozzles
16 supplying a plurality of substantial?y parallel air jets 5 which are
directed towards the upper surface 14 of the perforated conveyor 11. The

j et discharge nozzles 16 are positioned in a plane above substantially the

whol e width of sherpesf ymt edeCopyeyF1dd, thRyCapastt Yosli drierpl ¥t2 lower
temperatures. Conventionally, the drying operation of such
particles has therefore been carried out in a number of
steps.

Different processes are known for carrying out the drying
of sticky particles. The first drying step may for example
be drying in é tumbler dryef where the temperature is kept
relatively low, e.g. about 100°C. The particles or chips are

10 only partly dried in this first drying step. Additional
drying steps at higher temperatures may then be performed
in tumbler dryers, fluid beds, etc.

The tumble drying required for drying of cereal dough in a

15 production 1line wusually is of large dimensions. For
example, the dryer drum can be from 5 to 6 m long and about
2,5 m in diameter.

In the fluid bed oniy a thin layer, for example about 5 cm,
20 of particles can be advanced and dried at a time. If the
layer is too thick the sticky particles will tend to form
agglomerates and will not be uniformly dried. The’
agglomeration of the particles hence limits the capacity of
the fluid bed.
25
The above described multi-step drying processes,
consequently are disadvantageous as they are both time and
energy consuming.

30 An attempt at having a number of different drying processes
in one apparatus is disclosed in US Patent 4,910,880. The
apparatus described therein employs- drying gases flowing up
and down and which pass through a foraminous conveyor
advancing the product to be dried. However, this patent

35 does not describe any attempt to prevent agglomeration of
sticky particles and breaking of the same by "punching” the ™



builds up a capacity of pressurised air, which, through 10 s 6. _is

passed via distribution pipes 7 to the dlscharge nozzl es
distribution pipe 7 is conveniently connected to a row of
nozzl es 16. After discharge of the pressurised air, the air pregﬁg gg%éfs
up again for a subsequent outlet. In order to 15 opt|n1se t he @@

of the pulsing air flow and provi de substantial turbul ence ¢f t-he-—sti-cky.
particles while they are being dried, a further pIuraIity o pulsing air

jets 1 may be
configuration gﬂ?gﬁaﬁﬁ%&é@f%x@% an aﬁ&é%ggte di strl bution of *i
pul sing air th&hsuPsttdcaes §&§BI9PH@§h§ef@#¥¢ﬁﬁeQxﬁﬁﬁ%QQﬁ§¥§ mani fol d 4

wherein the supply of pressurised air |s controlled by the operation of

ni f ol For, h
said manifold 4, For, examplg, g%gsenL invention is to provide a one step

GEEP@%‘ER’!ENT HEET

scharge

5 method for drying sticky particles or chips and to prevent
agglomeration thereof. Furthermore, it is possible with the
present invention to dry a 1large quantity of sticky
particles while retaining good surface  properties.
Surprisingly, drying of a 10 to 20 cm thick layer of sticky

10 particles has been carried out substantially without
agglomeration of the particles. The thickness which can be
dried satisfactorily depends on the particles’ moisture
content. Tests have shown, that the throughput of a
conventional fluid bed providing about 80 kg per hour can

15 be raised from 150 to 180 kg per hour when the fluid bed is
adapted in accordance with the invention. It has also,
surprisingly, been observed that it is possible to avoid
agglomeration and obtain a good product finish by exposing
the sticky particles to a pulsing air flow from above while

20 blowing drying air from below through a perforated conveyor
in a fluid bed.

The present invention further provides a compact and well
‘balanced apparatus. Though the apparatus employs pulsing
25 air and optionally also other means of vibration of the
sticky particles, the invention provides means for
minimising the vibrations transmitted to the surroundings.

In the first aspect, the present invention relates to a

30 method for preventing agglomeration while drying sticky
particles in a fluid bed. This method distinguishes itself
by comprising

supplying sticky particles to an upper surface of a
35 perforated conveyor and advancing said sticky particles
through the fluid bed, : : %



25 distribution pipes 7 is connected to the manifold 4 y-a-t+he-vatves
Control nmeans are provided for controlling pulsation and EﬁﬂhﬁﬂﬁMENTéﬁﬁﬁﬁiTh
control is enabled by operation of the manifold 4 which{altews—pressurisef
air to be introduced into the supply distribution pipesi7 oqgguﬁggqgﬁbff
the air supply. One or i Ho

a capacity air supply is enployed, it is necessary to keep—att—tte varves
cl osed during recharging of the capacity. To ease the operation of the

nore val ves 6 may be opened at ajtijne. wever, En

mani fold 4, it may conveniently be operated by means of ‘a—35—TUOMmpUrer

runni ng- a- conputer program conpri sin

the instructions to open and

cl ose val ves accordSHQPlblm%edryl@@sa¥%dgbqwséﬁb%ﬁﬁn%%ahbhc%Pwaiﬁswﬁh¥0u%@
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the perforated conveyor to the sticky particle on it,

exposing substantially from above the sticky particles
to a pulsing air flow so that they are caused to move
. and to break up agglomerates of sticky particles , and

controlling the supply of the drying and pulsing air
flow, the pulsation, and the drying air temperature.

The sticky particles may be dried with hot air or other hot
gases allowed in food production. The temperature of the
drying air ©preferably ranges from 100°C to  180°C,
advantageously about 120°C. The pulsation may be generated
by a pulsing gas or air flow having room temperature or

~ alternatively heated or cooled.

It is preferred that the velocity of the pulsing air is
from 10 to 15 times as high as the velocity of the drying
air, preferably about 13 times as high. Beneficially, the
velocity of the drying air is about 1,5 m/s while the’
velocity of the pulsing air is about 20 m/s.

The method may conveniently be carried out with sticky
particles having a buik density in the range from 350 g/l
to 450 g/1, preferably about 400 g/l. Especially, a cereal
dough comprising wheat, sugar, malt and water; or rice,
sugar and water.

The bigger particles require a longer drying time, and the
risk that they will agglomerate is higher. With the method
according to the invention sticky ©particles of the
following size may advantageously be dried: length in the
range of 10 mm to 20 mm, preferably from 12 mm to 17 mm,

width in the range of 10 mm to 20 mm, preferably of 12 mm



P e s

other air supply and control systens may be applied for carrp)@yngbeqm §T BSEET
I nvention. 5 For the control of the tenperature of the dryjn fm et E
tenperature within the fluid bed, sensors are provided, no
drawi ngs. The pulsing air nmay be heated, however, this is ho
requi renent. Tests have shown that the i8&fluence of the pulsi
tenperature is not 10 substantial. Wth the enbodinent of {he fluid bed

according to the invention illustrated in Fig. 1 and 2 thesetsture—tevet

The. dryi ng 1] moathr o' oTh 135 RERPKDESSr b FB 10078n Zopondihgton 1 nE
t hr oughput , typirrdfieraiyuabsdtnilnd ﬁmsts have shown, t hat the throughput

of the sanme type of sticky particles with a conventional fluid bed, having

a 20 capaC|ty of about 80 kg per hour, could be raised from 150 '
In order to prevent agglomeratlon, the sticky particles

5 should preferably be moved at short intervals so that they
do not have enough time to stick together. The perforated
conveyor is therefore preferably a vibrating tray or table
which conveyor adds to the relative movement between the
sticky particles.

10
The pulsing air flow may conveniently comprise a plurality
of substantially parallel pulsing air jets. Additionally, a
plurality of pulsing air Jjets may be provided, the
direction of which is adapted to the configuration of the

15 fluid bed in order to optimise the configuration of the
pulsing air flow, and hence provide substantial turbulence
of the sticky particles while they are being dried. The
pulsing air Jjets may advantageously be positioned in a
matrix having a plurality of parallel rows of air jets, and

20 wherein the ©pulsing air Jjets in one column pulse
synchronically. To simplify the. supply system the pulsing
air jets in one row are preferably connected to a  common
air supply pipe.

25 To create sufficient "punch" and thus turbulence between
the sticky particles which can ©break up starting
agglomerates it is preferred that the high pressure period
of the pulsing air jet lasts for an approximately 5 sec.
period. Between a higher and a lower air pressure a time

30 sequence of approximately 1 sec. is allowed in order to
allow the air su;;ply equipment to recharge and distribute
the pressurised air.

In order to obtain a substantially similar disruption of
35 the sticky particles all across the conveyor, the rows of
pulsing air jets are preferably displaced parallel relative



to 180, kg per
t he i nventi on.

while drying sticky particles in a fluid bed, said netih tg—H
supplying sticky particles to an upper surface of a perif aé%pgﬁh sgyor and
advanci ng said sticky particles through @he fluid bed, {10 pplqug
drying air flow substantially upwards through the perfoya yor-t1o

the sticky part
particles
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hour when the fluid bed is adapted in accordance-wiih
12 CLAIM5S 1. A nethod for prevent|ngt?@ﬂmhﬂnérammﬂh

icles on it, exposing substantially fronm above the sticky
to each other and transverse to the forward direction of
the conveyor. As a result of this, the sticky particles
along the substantially whole width of the conveyor are
exposed to pulsing air "punches".

Many different pulsation sequences may be applied to the
sticky particles, but particularly advantageous is a
sequence where the air pulsation from the air jets in the
matrix follows a sequence wherein the high pressure period
of the jets in the first row is followed by a high pressure
period in the last row, followed by a high pressure period
of the second row, followed by a high pressure period in
the second last row, and so on until all the rows have been
activated and the sequence is repeated. In this way, in
each sequence pulsation "punches" are applied and shifted
from one end of the conveyor to the other, and stepwise
moved towards the centre of the conveyor. This gives an

equated displacement of the sticky particles on top of the
conveyor.

In another aspect the invention relates to a fluid bed
preventing agglomeration while drying sticky particles,’
said fluid bed comprises

inlet means for introducing sticky particles to an
upper surface of a perforated conveyor which advances
the sticky particles through the fluid bed, and outlet
means for discharging the sticky particles from the
fluid bed, drying air supply means supplying drying air
substantially upwards tﬁrough the perforated conveyor
to the sticky particles on it,

pulsing air supply means exposing the sticky particles
substantially from above to a pulsing air flow so that
they are caused to move and agglomerates of sticky
particles are broken up, and



to a pulsing air flow so that they are caused to nove 15 and to break
up aggl onerates of sticky particles, and controlling thej

drying and pulsing air flow, the pulsation, and the dryi %ﬁﬂ?\&%‘“%ﬁ&ﬁme.
20 2. A nmethod according to claiml1, wherein the fluid bpdiTs™VIbBratread:

A method according to claims 1 and 2, whérein the 25 perfotafet resn¥gjor i's
vi brated while the sticky particles are advanced. 4. A nethod according it g
claims 1 to 3, wherein the pulsing air flow conprises a plurarity of
substantially paral lel 30 pulsing air jets. 5. A nmethod pccording to clains

1 to 4, wherein the pulsing air flow further conprises a plurality of
pul sing air jets theostredt meansf canitchliingdipeesurplihe fcdris gdrvinonand

pulsing air flow, the pulsation, and the drying air
temperature.

The sticky particle supply means may e.g. be fluid valves
transporting recently cut-out sticky particles such as
dough pieces, by blowing the particles through supply pipes
and onto the conveyor. The pulsing air is supplied by
10 supplying means such as a capacity air supply. The capacity
air supply builds up an air pressure, which is discharged,
after which the capacity is recharged. The pulsing air
supply means comprises a plurality of discharge nozzles
supplying a plurality of substantially parallel air jets
15 which are directed towards the upper surface of the
perforated conveyor. The Jjet discharge nozzles may
conveniently be positioned in a plane above substantially
the whole of the perforated conveyor, and they may for
example be from a matrix providing a pulsation with the
20 pulsation sequence characteristics as described above in
connection with the method according to the invention.

In a preferred embodiment of the present invention the
common air supply pipes are connected to a manifold wherein
25 the supply of pressurised air is controlled by the
operation of said manifold. For example, each of the common
air supplies may be connected to the manifold via valves,
respectively. The operation of the manifold allows
pressurised air to be introduced into theé supply'pipes or
300 cuts off the air supply. Subsequently one or more valves
may be opened at a time. However, when a capacity air
supply is employed it is necessary to keep all the valves
closed during recharging of the capacity. To ease the
operation of the manifold it may conveniently be operated
35 by means of a computer running a computer program



35 the fluid bed. 13 6. A nmethod according to clains 4 and 5, wherein

each .of the pulsing air jets pul se between a higher and
pressure at tine sequences of approximtely 1 sec. 5 7.

to claim6, wherein the high pressure of the pulsing ai rasts—fot
approximately a 5 sec. period. 8. A nethbd according t anyg@fm% fomp 4 tjo
7, wherein the 10 plurality of pulsing air jets fjorlm a matrix

having a plurality of parallel rows of air jets, and

a et nch I I n.on m. 9. A nethad_acgco ng to
8Irm%er2|ﬁytherg%h§'lsxn%u %%el ins ruc ¥0hs “to open et rQ|q9 vafvgs
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according to the desired pulsation segquence.

In a preferred embodiment according to the invention, the
sticky particles are advanced on a perforated conveyor in
the form of a vibrating tray or table advancing the sticky
particles by means of its'vibrations. Alternatively, a belt
conveyor with openings in the belt may be used.

In a preferred embodiment of the fluid bed according to the
invention the velocity of the pulsing air is 10 to 15 times
as high as the velocity of the drying air. Advantageously,
the velocity of the pulsing air is about 20 m/sec. and the
velocity of the drying air is -about 1,5 m/sec.

The invention will now be described in greater detail with
reference to the accompanying drawings given by way of
example showing an embodiment of the invention and in
which:

Fig. 1 is a schematic illustration of a side view of the
apparatus according to the invention, and

Fig. 2 is a schematic illustration of an end view of the
apparatus according to the invention.

Fig. 1 and 2 show a fluid bed 8 according to the invention.
Said fluid bed 8 comprises an inlet means 13 for
introducing sticky particles to an upper surface 14 of a
perforated conveyor 11 advancing the sticky particles
through the fluid bed 8. The dough for the sticky particles
originates from an extrudate from e.g. a dough cooker or an
extruder. The extrudate is cut up into barticles.
Conveniently, the cut out sticky particles have a length
and width in the range of 10 to 20 mm, and a thickness
corresponding to that of the extrudate e.g. in the range of
1 to 2 mm. From the cutting zone to the fluid bed 8, the

m



15 jets in one row are connected to a common air supply
according to clains 8 to 9, wherein the rows of pul sing
di spl aced parallel relative to each other and transveriseg

m':'m

?; g%%g” Agg%ﬁh(d

advancing direction of the 20 conveyor so that the stickﬂlﬁaﬁﬂﬁﬁﬁgﬁ hl ong

substantially the whole w dth of the confeyor are expoged.io _the pulsihg

air. 11. A nethod according to clains 8 to 10, whereinithe air 25 pul satjon

fromthe air jets in the matrix folloms a sequence whatein the hjigh

pressure period ofid ﬁ¥zjﬁg€ﬁldle s E'rskrhﬁg?bftéglLQﬂfd fphfh*“éﬁldﬁ’ W
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conveyor 1%115 pre%erably a vibrating tray.
The movements of the tray advance the sticky particles on
upper surface 14 thereof. In the present embodiment of the
fluid bed 8, the plate is vibrated by means of vibrators 5.
In order to avoid transmission of the wvibrations to the
surroundings, the fluid bed 8 is positioned on damping
members 12. When the sticky particles have been passed the
whole way through the fluid bed they are discharged through
outlet means 15. The fluid bed further comprises a gate or
barrier the adjustment of which causes a regulation of the
thickness of the layer of the sticky partlcles due to the
mechanical stopping effect. -

During the transportation through the fluid bed 8 the
sticky particles are subjected to drying air supplied by
drying air supply means 10 substantially upwards through
the perforated conveyor 11. The drying air supplying means
may comprise fan and heating means. The heated air is
advantageously circulated in order to save energy. There is
no requirement to the drying air being pressurised air. The
sticky particles are further exposed to pulsing air
supplied by pulsing air supply means 3 in a direction
substantially from above. This combination of the drying
with ascending drying air and “punching” pulsing air flow
results in a drying of the initially sticky particles and
prevents agglomerates of particles in the final product.
Agglomeration occurring during the passage in the fluid bed
8 will be broken up again by the air flows. In general the

air supplied to the sticky particles should be food
acceptable.



the tenperature of the drying air is in the range of 1
180[err] C, preferably about 120[err]C. 14 13. A net %.@«GEWNE&HWaW
of clainse 1 to 12, wherein the sticky particles have a}bytk-—derstty=it he
range of 350 g/l to 450 g/l, preferably about 400 g/l. {5 %ﬁg Bametgiod
according to any of clains 1to 13, whenei n the stickyipdrtitles have h
|l ength in the range of 10 mMmmto 20 mm preferably fromy1Z—1mrto~I7 TN a
width in the range of 10 mmto 20 mm preferablyfrom 2 Mmto 17mn ang a
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air supply means 3 comprises a capacity air supply 2

-communicating with a plurality of discharge nozzles 16
supplying a plurality of substantially parallel air ijets
5 which are directed towards the upper surface 14 of the
perforated conveyor I11. The jet discharge nozzles 16 are
positioned in a plane above substantially the whole width
of the perforated conveyor 1ll. The capacity air supply 2
builds up a capacity of pressurised air, which, through
10 valves 6, 1is passed via distributipon pipes 7 to the
discharge nozzles 16. Each distribution pipe 7 1is
conveniently connected to a row of discharge nozzles 16.
After discharge of the pressurised air, the air pressure
builds up again for a subsequent outlet. In order to
15 optimise the configuration of the pulsing air flow and
provide substantial turbulence of the sticky particles
while they are being dried, a further plurality of pulsing
air jets 1 may be provided, the direction of which is
adapted to the configuration of the fluid bed.
20
For an appropriate distribution of the pulsing air the
pulsing air supply means further comprises a manifold 4
wherein the supply of pressurised air is controlled by the
operation of said manifold 4. For example, each of the
25 distribution pipes 7 is connected to the manifold 4 via the
valves 6. Control means are provided for controlling
pulsation and supply of 4dir. The control 1is enabled by
operation of the manifold 4 which allows pressurised air to
be introduced into the supply distribution pipes 7 or cuts
30 off the air supply. One or more valves 6 may be opened at a
time. However, when a capacity air supply is employed, it
is necessary to keep all the valves closed during
recharging of the capacity. To ease the operation of the
manifold 4, it may conveniently be operated by means of.a
35 computer running a computer program comprising the
instructions to open and close valves according to the



the velocity of the pulsing air is from10 to 15 tines as high as the
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For the control of the temperature of the drying air and
the temperature within the fluid bed, sensors are pro#ided,
not shown in the drawings. The pulsing air may be heated,
however, this is not a requirement. Tests have shown that
the influence of the pulsing air on the temperature is not
substantial.

With the embodiment of the fluid bed according to the
invention illustrated in Fig. 1 and 2 the moisture level of
the sticky particle will e.g. be reduced to from 8 to 20%
H;O. The drying times are e.g. in the range of 30 to 100 min
depending on the throughput, tyﬁically about 30 min.

Tests have shown, that the throughput of the same type of
sticky particles with a conventional fluid bed, having a
capacity of about 80 kg per hour, could be raised from 150
to 180 kg_ per hour when the .fluid bed is adapted in
accordance with the invention.
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CLAIMS

1. A method for preventing agglomeration while drying
sticky particles in a fluid bed, said method comprising

supplying sticky particles to an upper surface of a
perforated conveyor and advancing said sticky particles
through the fluid bed,

supplying drying air flow substantially upwards through
the perforated conveyor to the sticky particles on it,

exposing substantially from above the sticky particles
to a pulsing air flow so that they are caused to move
and to break up agglomerates of sticky particles, and

controlling the supply of the drying and pulsing air
flow, the pulsation, and the drying air temperature.

2. A method according to claim 1, wherein the fluid bed is
vibrated.

3. A method according to claims 1 and 2, wherein the
perforated conveyor is vibrated while the sticky particles
are advanced. '

4. A method according to claims 1 to 3, wherein the pulsing
air flow comprises a plurality of substantially parallel
pulsing air jets.

5. A method according to claims 1 to 4, wherein the pulsing
air flow further comprises a plurality of pulsing air jets
the direction of which is adapted to the configuration of
the fluid bed.




19. Afluid bed according to claim 18, further conprising a vibrator for
vi brating tRe TTuid bed—26—Afluid bed according towclalns 18 and 19,
further 15 brator for vibrating {{

conveyor. 21ﬂmmﬂmﬂHﬂﬂ,Hmor ding to clains 18 to 7 Wfré.r

air supply nmeans® conprisés & plurality a8 di scharge ?
plurality of substantially parallel pulsing air jets

plurality of di Ies 25 . supplyi ng _pul si ng a r
DL oY 2 o oncl e FRAE | S3cAPasHEPLY! B RS B T TS
according to cl&hnspzlsand 22r jktsepnlshebdtsedmrgeh hgzed oand et aix

having a plural b&gsghréoaea%éeée&mcesW‘ A Bale2e P! %eg air jets

5 7. A method according to claim 6, wherein the high pressure
of the pulsing air jet lasts for approximately a 5 sec.
period.

8. A method according to any of claims 4 to 7, wherein the

10 plurality of pulsing air jets form a matrix having a
plurality of parallel rows of air jets, and wherein the
pulsing air jets synchronically pulse in one column.

9. A method according to claim 8, wherein the pulsing air
15 Jjets in one row are connected to a common air supply pipe.

10. A method according to claims 8 to 9, wherein the rows
of pulsing air jets are displaced parallel relative to each
other and transverse to the advancing direction of the
20 conveyor so that the sticky particles along substantially

the whole width of the conveyor are exposed to the pulsing
air. )

11. A method according to claims 8 to 10, wherein the air

25 pulsation from the air jets in the matrix follows a
sequence wherein the high pressure period of the jets in
the first row is followed by a high pressure period in the
last row, followed by a high pressure period of the second
row, followed by a high pressure period in the second last

30 row, and so on until all the rows have been activated and
the sequence is repeated.

12. A method according to any of claims 1 to 11, wherein
the temperature of the drying air is in the range of 100°C
35 to 180°C, preferably about 120°C.
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5 14, A method according to any of claims 1 to 13, wherein
the stlcky particles have a length in the range of 10 mm to
20 mm, preferably from 12 mm to 17 mm, a width in the range
of 10 mm to 20 mm, preferably from 12 mm to 17 mm, and a
thickness in the range of 1 mm to 2 mm, preferably about
16 1.5 nm. '

15. A method according to any of claims 1 to 14, wherein

the velocity of the pulsing air is from 10 to 15 times as

high as the wvelocity of the drying air, preferably about 13
15 times as high.

16. A method according to any of claims 1 to 15, wherein
the velocity of the pulsing air is 10 to 15 times as high
as the velocity of the drying air.

20
17. A method according to any of claims 1 to 16, wherein
the velocity of the pulsing air is about 20 m/sec. and the’
velocity of the drying air is about 1.5 m/sec.

25 18. A fluid bed preventing agglomeration while drying
sticky particles, said fluid bed comprising

inlet means for introducing sticky particles to an
upper surface of a perforated conveyor which advances

30 the sticky particles .through the fluid bed, and outlet
means for discharging the sticky particles from the
fluid bed,

drying air supply means supplying drying air
35 substantially upwards through the perforated conveyor
to the sticky particles on it, '



operation of said manifold. 27. A fluid bed according to glaim.26. _wherein,

t he operation of the manifold is carried out by running
progran1by neans of a conputer. 28. A fluid bed according t

RFEPQREWW bHEET

')PQII’YR

Is a vi

27, wherein the air supply is a capacity air pressuf @gé
29. Aftjﬂ““H ]ﬁ(ﬂ m to any of claiss 18 to 28, wherkin @%JEWQ or
wherein the conveyor is a belt conveyor. 25 31. Afluid
any of clains 18 to 30, wherein the velocity of the pulsi?

A fluid bed according to any of{ ci

d according to

times as high as the velocity of the drying air. 30 32. A fluid bed
according to any cﬁpuﬁsmng;éfrtsuﬁﬁlymheansnekbeswnbothbys&hdﬁy&nnntmqnps

air is about 20 ms§stantially from above to a pulsing air flow so that
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they are caused to move and agglomerates of sticky
particles are broken up, and

control means controlling the supply of the drying and
pulsing air flow, the pulsation, and the drying air
temperature.

19. A fluid bed according to claim 18, further comprising a
vibrator for vibrating the fluid bed.

20. A fluid bed according to claims 18 and 19, further
comprising a vibrator for vibrating the perforated
conveyor.

21. A fluid bed according to claims 18 to 20, wherein the
pulsing air supply means comprises a plurality of discharge
nozzles supplying a plurality of substantially parallel
pulsing air jets.

22. A fluid bed according to claims 18 and 21, wherein air
supply means comprises a plurality of discharge nozzles
supplying pulsing air Jjets the direction of which 1is
adapted to the configuration of the fluid bed.

23. A fluid bed according to claims 21 and 22, wherein the
discharge nozzles form a matrix having a plurality of
parallel rows, and wherein the pulsing air Jjets of the
discharge nozzles in one column pulse synchronically.

24. A fluid bed according to claim 23, wherein the
discharge nozzles in a row are connected to a common air
supply pipe.



and the velocity of the drying air is about 1.5 m sec.
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25. A fluid bed according to claims 2li-te—247—whergln the
rows of discharge nozzles are displaced parallel relative
to each other and transverse to the advancing direction of
the conveyor so that the sticky particles along
substantially the whole width of the conveyor are exposed
to the pulsing air.

26. A fluid bed according to'any of claims 24 to 25,

wherein the common air supply pipes are connected to a
manifold and wherein the supply of air is controlled by the
operation of said manifold.

27. A fluid bed according to claim 26, wherein the
operation of the manifold is carried out by running a
computer program by means of a computer.

28. A fluid bed according to claims 18 to 27, wherein the
pulsing air supply is a capacity air pressure supply.

29. A fluid bed according to any of claims 18 to 28,
wherein the conveyor is a vibrating table.

30. A fluid bed accordihg to any of claims .18 to 28,
wherein the conveyor is a belt conveyor.

31. A fluid bed according to any of claims 18 to 30,
wherein the velocity of the pulsing air is 10 to 15 times
as high as the velocity of the drying air.

32. A fluid bed according to any of claims 18 to 31,
wherein the velocity of the pulsing air is about 20 m/sec.
and the velocity of the drying air is about 1.5 m/sec.
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METHOD AND APPARATUS FOR PREVENTING AdiG MERATION

ABSTRACT

The present invention relates to a method for
preventing agglomeration while drying sticky particles
in a fluid bed. The method comprises supplying sticky
particles to an upper surface of a perforated cdnveyor
and advancing said sticky particles through the fluid
bed, supplying drying air £low substantially upwards
through the perforated conveyor to the sticky particles
on it. While drying the particles exposing them
substantially, from above, to a pulsing air flow so
that they are caused to move and to break up
agglomerates of sticky particles. This is done while
controlling drying angd pulsing air flow, pulsation, and
drying air temperature. The invention also rela;es to a

fluid bed preventing agglomeration while drying sticky
particles.

Figure 1
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