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(57) Abstract

Method of drying a medium for producing a porous matrix
from a solution, a paste, an extract, a granulated material or
such, where a liquid inert agent is fed into a vessel (5) at
controlled pressure and amount through a valve (7), transferring
the pressurized liquid inert agent to a mixing vessel (4), said
mixing vessel (4) also receiving the solution, such as paste,
extract or granulated material, through an inlet valve (10),
adjusting the pressure and temperature inside the mixing vessel
(4) to desired levels by a release valve (6), upon complete mixing
of the inert agent with the solution, the mixture is expanded into a
porous matrix and injected into a drying circuit through a drying
chamber (3), the matrix thereby being kept suspended in the
drying chamber by the flowing drying medium, supplied by the
blower (2), the matrix moisture being removed from the mixture
through a heat exchanger coil comprising a first heat exchanger
(11) where the water vapour is condensed and removed from the
circuit and finally the drying medium is adjusted to the desired
inlet condition in a heat exchanger (1) before the drying medjum
flows through the matrix and the process is repeated. '

(54) Title: METHOD AND APPARATUS FOR DRYING A POROUS MATRIX
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advant ages are achieved with the method and the apparatus according to the

present invention as defidegrabéht t MAvEARIGRESi St 2btdted (e &l fleBhodhénd an
drawi ng discloses in Figure 1 schematicall anagpg,ar%t us aCCOédI ng to the

i nventi on and®PPgEptus xR ing 2 pRr; g FOR FaFQAUEIDR /i # PRETS.
apparatus i & Ehgusetdactcce dgpgnulatelhamatersali odr such) nardd abentdrysng
i ntroduced into the structural raw material which may be a solution, a
paste, an extPﬁSF?sﬁ‘granulated material or such, 5 whereafter the raw
material is expanded t Desrhapmaniz|aret bonftisemusilyponadeofta akawprocesses
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frozen prior, moredudcayrate, drjong phigher ordegrede cRPEUring neromatde and
into dryinge1y¢pa¥RBhs ingredients during the freeze drying process.

With the method and the apparatus according to present
invention, the dryer may operate at different temperature levels
and inlet conditions below the freezing point of the material,
enabling removal of substantial amount of moisture within a

15 shorter residence time.

With the method according to the present invention is
provided a flexibility on the operation since a solution, a
suspension, a paste, juices, extract and even finely granulated
sticky products can be mixed with an inert agent and expanded as

20 to form a porous matrix. Said porous matrix is progressively
dried as it is introduced into the drying chamber, said drying
chamber thereby comprising means to adjust the inlet conditions
as provided by the heat exchanger and the blower.

By closed loop circulation of the drying air or other

25 media, processing contaminations are avoided and a maximum
retention of the final product aroma or odorants as well as other
heat sensitive organic components, which would have been lost i
open processes.

Uncoupled heat exchangers provide conditioned drying

30 media at appropriate and different levels as to attain minimum
thermal inactivation while avoiding degradation of heat sensitive
or delicate products. To avoid environmental and thermél
pollutions, natural refrigerants are used in the uncoupled heat
exchangers.

35 The above described advantages are achieved with the
method and the apparatus according to the present invention as
defined with the features stated in the claims.

The drawing discloses in Figure 1 schematically an
apparatus according to the invention and Figure 2 discloses
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The frozen matrix is placed into the drying chanber -of the apparatus_
whereafter tWOW6R | s activated. The noisture renoved from EE/W%??’{“PS?'H S
gui ded as an exhaust nedi um through a heat exchanger havi ng cool ed surface
coils in which the water 15 vapour condense and thereafter is renoved from
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recogni zed bytheendryingngroodssatoy smay r Begdirvdrilie 1R6£68atedpiiRity, drying
fittings algdc%%%gions. ‘The dryer as such consists of a closed loop in

whi ch the drying mediumflows after being conditioned in the heat 35
exchanger. The surfathe fobPzenmathiwtis deedecintoayhe kiryinigpehseberyof
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refiguration systens and heat
removed from the matrix is guided as an exhaust medium through

a heat exchanger having cooled surface coils in which the water
15 vapour condenses and thereafter is removed from the drying
circuit.

In the next phase the drying medium is conditioned to
the desired and preset inlet condition of the drying chamber by
using the heated surface of the heat exchanger. This process is

20 repeated continuously as the drying medium is reentered the
drying chamber containing the matrix. ' _

With the apparatus according to the present invention

. the inert agent is mixed with a matrix in a controlled mixing
process. For this purpose the apparatus comprises several
23 components also for conditioning the drying medium.

Reservoir 1 for the inert agent and reservoir 2 for the
raw material are preferably made of stainless steel. The outlet
of said reservoirs is accurately controlled for fine proposing
of the mass fractions, by the use of flow meters and control

30 valves. Pressure and temperature at the reservoir inlets and
outlets are recognized by sensors and indicators arranged in the
reservoir piping, fittings and connections.

The dryer as such consists of a closed loop in which
the drying medium flows after being conditioned in the heat

35 exchanger. The surfaces of the heat exchanger may be
independently heated respectively cooled or may as such be
connected with the appropriate refiguration systems and heat
pumps.

A blower, when activated, provides the flow of the
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a high degree_u@he | and a short residence tine of the matrix.
The design of R er as such enabl es use of only a 20 fraction of the
energy used in conventWéth the ceethed  amdrappanatust Aecordieg doyithe present

circuit avl dnvitiyH R3ld Qtyedt is able to operate at different temperature
levels and the iﬁlet conditions may be preset at or below the
final freezing point of the raw material, such that nearly all
of the moisture in the matrix is removed. In connection
therewith, the circuit temperature of the heat exchanger may be
15 changed in order to increase the temperature of the drying
medium, controlling the relative humidity and conseguently
attaining a high degree of water removal and a short residence
time of the matrix.

The design of the dryer as such enables use of only a

20 fraction of the energy used in conventional processes.
Furthermore the closed drying circuit avoids contamination as
such, as frequently observed with commercial open systems.

Due to the higher operation temperature and higher
operation pressure, the drying process according to the present

3 invention is less expensive than commonly available drying
systems having similar capacities. Furthermore the final product
from the dryer provides higher and more uniform guality than
conventional dryers and spray dryers operating at much higher
temperatux_je which furthermore is unsuitable for heat sensitive

30 materials.

The only figure discloses schematically the apparatus
arrangement with its vital components. A liquid inert agent is
fed into a vessel 5 at controlled pressure and amount through a
valve 7. The valve 7 also permits dosing the amount of inert

35 agent inside vessel 5, as inspected through glass level indicator
8.

From the vessel 5 the pressurized liquid inert agent is
transferred to the mixing vessel 4 which also receives the
solution (paste, extract or granulated material) through an inlet
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an inlet 4.valve h(; he nressure, and tenperature inside the mxin
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agitator 9 rblawes 2ccordingly to provide a conplete mxing of the inert
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process, the medium re-circulates the drying circuit in a closed

loop. After removing the matrix moisture the exhaust medium is

moved through a heat exchanger coil comprising a first heat
exchanger 11 where the water vapour is condensed and removed from

15 the circuit. Thereafter the drying medium is adjusted to the
desired inlet condition in the heat exchanger 1. Finally the
drying medium flows through the matrix and the process is
repeated.
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fif owi ng drying nedium which is supplied by the blower 2. 10

Hesi des keeping the porous matrix suspended du?i ng the process, the nedium
e-circulates the drying circuit in a closed | oop. After renoving the

fatri Xx noi sture the exhaust nmediumis noved through a heat exchanger coil
gonprising a first heat exchanger 11 where the water vapour is condensed

and renoved from 15 the circuit. Thegeafpep, the dryipn diumis adjusted
tfo the desired inlet condition in mhmvr‘%r‘n |1y the drying
kedi um fl ows through the matrix and the process is repeated. 20 25 30 35
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®or ous matrix froma saol ution, paste, an extract, a granulated materia
b such, CHARAMARFLA-DErQmy e%dlsrﬂgh‘&:licﬂhw @ | Resteagefl |9 FaCHess| Irgnuiated
dontrol | ed preggiteram cRith,! CHARKCTERTZED (N) febd2ngf ar Ligaidhénert agent

q,essurizedli(gﬂt Ine&éss fniss a% controlled pressure and amount through a
valve (7), transferring the pressurized liquid inert agent to a

10 mixing vessel (4), said mixing vessel (4) also receiving the
solution, such as paste, extract or granulated material, through
an inlet valve (10), adjusting the pressure and temperature
inside the.mfxingiveSSél (4) to desired levels by a release valve
(6), upon complete mixing of the inert agent with the solution,

1s the mixture is expanded into a porous matrix and injected into
a drying circuit through a drying chamber (3), the matrix thereby
being kept suspended in the drying chamber by the flowing drying
medium, supplied by the blower 2, the matrix moisture being
removed from the mixture through a heat exchanger coil comprising

20 a first heat exchanger (11) where the water vapour is condensed
and removed from the circuit and finally the drying medium is
adjusted to the desired inlet condition in a heat exchanger (1)
before the drying medium flows through the matrix and the process
is repeated. )

25 2. Apparatus adapted for drying a medium for producing
a porous matrix from a solution, a paste, an extract, a
granulated material or such, CHARACTERIZED IN the apparatus
comprising a valve (7) being connected with a vessel (5) for
feeding a liquified inert agent into the vessel (5) at controlled

30 pressure and rate, the valve (7) thereby allowing dosing of the
agent, a mixing vessel (4) being connected with the vessel (5)
adapted to receive pressurized liquid inert agent as well as a
solution such as a paste, an extract or a granulated material,
through an inlet valve (10), a release valve (6) thereby

33 controlling the pressure and the temperature inside the mixing
vessel (4), an agitator (9) inside the mixing vessel (4) thereby
ensuring complete mixing of the agent with the solution, a drying
chamber (3) being connected with the mixing vessel (4) to receive
the mixture as a porous matrix which thereby is injected into a

AR




10 m xi ng vessel (4), said mXxing vessel (4) also receiving the sol ut'i on,
such as past@VOM“ﬁ%t or granulated material, through an i nl BETRQ9YQ0 ](810)
adj usting the pressure and tenperature insige the mxing vessel (4) to
desired levels by a rel ease valve (6), upon corrpl ete m xing of the inert
agent with th&y&ﬁbubli%uﬂﬁ thioughX icheea iﬁépéﬂgﬁgeknkg)a Q?xﬁ?‘és £1844 heat

and injected in a dryi éngUIt t hr ou drying ch natrlx
t her eby bei n§*R gfffspeé'#g) §iNg |RPNR]A é‘fiié?h)e?h%f-’t-%u%FoﬁPﬁgc@P?ﬁ‘P@
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circuit antl €hambey Kﬁé dyy iangerediduineat estrhahgedrt ¢1t)he desired inl et
condition in a heat exchanger (1) before the drying nmediumflows through
the matrix and the process is repeated. 25 ~ 2. Apparatus adapted
for drying a nediumfor producing a porous matrix.froma solution, a paste,
an extract, a granulated material or such, CHARACTERI ZED I N t he appar at us
conprising a valve (7) being connected with a vessel (5) for feeding a
liquified inert agent into the vessel (5) at controlled 30 pressure and
rate, thewwalve (7) thereby all owi ng dosing of the agent, a m xing vessel
(4) being connected with the vessel (5) adapted to receive pressurized
liquid inert agent as well as a solution such as a paste, an extract or a
granul ated material, through an inlet valve (10), a release valve (6) .
thereby 35 controlling the pressure and the tenperature inside the m xing
vessel (4), an agitator (9) inside the m xing vessel (4) t her eby
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ensurlng conpLRy 5§%P ol Ng of the.agent with the solution, a dryipegedidnes
(3) being connected with the mixing vessel (4) to receive the mxture as a

porous matrix which thereby is injected into a 6 drying circuit through
t he drying chanber (3), and a first heat exchanger (10) being connected
with the circuit for condensing and renoving the water vapour fromthe
circuit, the drying nediumthereafter béﬁﬁb adjusted to the inlet condition
of the drylng 5 chanbergéS) by a second heat exchanger (1). 10 15 20 25 30
35 -




