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DRYING PROCESS AND APPARATUS

TECHNICAL FIELD

This Invention relates to a dryer and a drying process. In particular, though not solely, this
invention relates to a dryer for use in freezing, concentrating or drying a Aquid substance
having solid panicles in suspension or a substance dissolved therein.

BACKGROUND ART

The process of food preservation has always been of interest, with freeze drying belng of
particular food Industry focus since the late 1940's. In the formative years of freeze drying
apparatus and processing development, there was an emphaslis In achieving a useful
(preserved) end product. The basic stages of freezing a liquid material and then heating the
frozen meterial under vacuum to effect molsture removal are preferable to earler attempts at
1qod preservation which often Involved dehydration by hot alr convection methods.

Dried product quallty Is of prime importance In terms of nutritional value and appearance to
the consumer. It is undesirable to damage the product during the processing and removal of
liquids from substances. Hot alr convection drying often results In product shrinkage and other
detrimenta! effects.

Batch unit operations have been used In the freaze drying Industry although batch processing
has a number of disadvantages which Include; longer product processing durations, fonger
residence times at each stage of processing (often as manual fabour !s required to transfer
partially processed substances from one stage to the next), poorty optimised procaessing
equipment often with excess capacity, Increased set-up imes, reduced control of the process
due to increased likelihood of hurriian error {due {o lack of automation), and low throughput.
Batch systems are typlcally used for small production runs or where a need for process
flexibllity is required.

In conventional (batch freeze) drying processes et least one liquid feed is poured into shallow
tray(s) (product thickness typically varies between 10 and 20mm), which are then placed on
shelves in the freeze dryer. The door to the batch freezer is closed and the product is frozen.
After the product has frozen, the trays are heated and the Ice s slowly sublimed. The
subllmed vapour Is condensed on refrigerated coils. Once It Is assumed that the product is
dry, the product is removed manually. The product exite a conventional freeze-dryer as a
brittle cake, and usually requires a ssparate granulation stage before it can be further
processad,

This method of drying a molsture laden substance by freezing it then subliming off as much
excess molsture as possible to produce a drled product Is primarily used within industries
where substances need to be dried, but are unable to withstand even moderate temperatures,
for axample some foodstufis or pharmaceuticals can ba damaged ar affected by heat.

It Is not unusual for this combined freezing and drying process 1o take 48 hours or more. This
ls undesirable If heat-sensitive materials are belng dried. Alo, if the vacuum Is lost In a
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conventional batch freeze-dryer, melting and glass formation may occur, and It is possible that
the entire load of product may be lost, that is the product may not be a useable quality product
or able to be sold. In addition, the loading and unloading process is susceptible to product
contamination due to exposure, and wastage from spillags of the shallow trays.

Therefore, a system which enables rapid freeze drying of a molsture laden substance and
which produces a suitably formed end product, such as a powder, Is deslrable. As yet no truly
continuous or semi-continuous freeze drying procassas have been effectively developed by
the diying industry.

An apparatus able to minimise poteniial contamination, reduce liquid feed sphiage and which
may increase the liquid throughput would be advantageous 1o the drying industry. I a liquid
feed is able to be freeze dried which does also not require a necessary pre-treatment fiquid
feed cooling stages or subsaquent dried product granulation stages, then significant problems
with conventional batch freeze drying may be overcome.

In more recent imes, the stages of freezing and drying have been further developed to include
varlous steps such as reducing the physical size of substances to be treated, as wall as
graded temperature control during the freezing and drying stages. However, in practice highly
controlled drying has often been difficult to Implement effectively as the substances being
drled are often In static tray type arrangements and therefore some substances is likely to be
affectad or heated more so than other parts of the substance, therefore resulting in over-dried
or overhaaled and consequently damaged product. It would therefore be advantageous to
utilise a drying stage with the provision of improved heat transfer conditions to substances,
such a stage being preferably coupled to a freeze dry process.

it is therefora an object of the present invention to provide & dryer apparatus and/or a drylng
process or method which goes at least some way towards addressing the foregoing problems
or 1o at least to provide the tnt_iustry with a useful choice.

All references, Including any patents or patent applications cited In this spedification are
hereby Incorporated by reterence. No admiasion is made that any reference constitutes prior
art. The discussion of the references states what thelr authors assert, and the applicants
reserve the right to challenge the accuracy and pertinence of the cited documents. It wili be
clearly understood that, although a number of prior art publications are referred to herein, this
reference does not constitute an admiseion that any of these documents form part of the
common general knowledge in the art, in New Zealand or In any other country.

It Is acknowledged that the tem ‘comprise’ may, under varying juriedictions, be attributed with
either an axclusive or an Inclusive meaning. For the pumose of this spacification, and unless
otherwise noted, the temm ‘comprise’ shall have an inclusive meaning - i.e. that it will be taken
to mean an inclusion of not only the listad components kt directly references, but also other
non-specified components or elements. This rationale will also be used when the term
‘comprised or ‘comprising’ is used in relaetion to one or more staps in a method or process.
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Further aspects and advantages of the present invention will bacome apparent from the
ensgulng description which is given by way of example only.

DISCLOSURE OF INVENTION

Accordingly, in a first aspect, the Invention broadly consists of a msthod of drying or
concentrating & liquid substance heving solld particles In suspension or a substance dissolved
thersin comprising the steps:

holding a chamber at a temperature and pressure below the friple-point of the liquld
substance,
Injecting and/or atomising the liquid substance Into the chamber to generate a frozen
liquid substance portion ("FL.S portion”) and a first evaporated liquid substance portion
("FEL. portion”),
collecting the FLS portion s a layer on a surface, and
conveying the collectad FLS portion on the surface,
wherein the surface conveys the collected FLS portion at a rate which controls the
thickness of the layer of collected FLS on the surface.
A Tiquld substance” Is used herein and refers to a substance which has Hquld flow-ike
propertles, but has constant weight/mass In a first state. The welght/mass of the fiquid
substance can be altered by removing components from the liquld substance, for axample by
evaporating ¥quids from the substance, leaving a mone concentrated liquid substance, Such
liquld substances mey include liquids having particles or solids suspended or dissolved In a
solution, as well as compounds which can exist In a liquid state, such as or similar to water or
oll.
Preferably, the rate of conveying achieves substantially a monolayer thickness of FLS porfion
to acocumulate on sald surface.
Preferably, the FEL is condensed by a condensing device.
Preferably, the FEL Is removed from said chamber.
Preferably, injecting and/or atomising the Rquid substance includes spraying to achleve a pre-
determined particle size of FLS.
Preferably, Injecting and/or atomising of the liquid substance Is performed by one or more
nozzles.
Preferably, the rate of conveyance of FLS upon said surface achieves substantially a
monolayer thickness of the FLS upon sald surface,
Preferably, the monolayer may be the thickness of a single layer of the pre-determined particle
size of the FLS portion.
Preferably, the predetammined particle size Is substantially 500 pm or more.
Preferably, the predetermined particle size is less than substantially 500 pm.
Preferably, the predetermined particle size Is ess than substantially 200 pm.
Preferably, the surface conveys the FLS portion away from the ons or more nozzdes.

—rman v == e A —— — e —— it i n
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Preferably, the method includes the step of exposing the collected layer of FLS portion to a
heating means thereby substantially inducing sublimation and generation of a second
evaporated liquid substance portion (“SEL portion”} and a product.
Preferably, the SEL portion Is condensed by a condensing device.
Preferably, the SEL portion is removed from the chamber.
Preferably, the product Is removed from the conveying surface by a product removal device,
Preferably, the product Is removed trom the chamber via the outlet port.
Preforably, the method is used to process a fiuidised substance, or a liquid substance having
solid particies In suspension or a substance dissolved thereln.
Preferably, the substance Is selected from one or more of the following: a slumy of coffee,
liquid milk, fruit and/or vegetable juices.
In a second aspect, the invention broadly consists of an apparatus for drying or concentrating
a liquid substance comprising:
a chamber and a chamber pressure reduction device, and
one or more injection ports through which the lkuid substance lg Injected to the
chamber,
a collection surlace which collects a frozen liquid substance portion of the liquld
substance,
wherein the pressure reduction device maintains the chamber at a pressure below at
least the triple-point pressure of the liquid substance, to cause the Injected Hquld
substance to separate into a frozen liquid substance portion (“FLS porfion*) and a first
evaporated liquid substance portion (*FEL portion®),
so that In use, the FLS portlon is accumulated es a layer on the collscting surface and
conveyed away from the one or more injection poris at a rate which aliows the
thickness of the layer of the FL.S portion t¢ be controlled.
Preferably, the rate of conveyance achleves substantially a monolaysr thickness of FLS
portion to accumulate on sald surface.
Preferably, the FEL portion Is condensed by a condensing device,
Preferably, sald FEL s removad from said chamber.
Preferably, the one or more Injection ports comprises at least one spray or atomlsation nozzle.
Preferably, the nozzle or nozzles substantially determine the size of the FLS portion generated
to achieve a pre-determnined particle size.
Preferably, the pressure reduction device Is a gas evacuation pump.
Preferably, the condensing device Is a cooled coll or cofle.
Preferably, the condensing device ts cooled with a refrigerant.
Preferably, the collection surface includes one, or a combination of, the following conveyors: a
moving endless belt configuration, a tray angled to encourage the frazen liquid substance
portion to slide away from the one or more injection poris, a vibrating tray.
Preferably, the angled tray and/or vibrating tray Includes a reduced friction sutface.

4
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Preferably, the reduced friction surface compriges polytstrafiurosthylene (PTFE).
Preferably, the layer of FL8 portion upon sald collection surface Is exposed to a heating
means as It Is conveyed away from the one or more Injection ports.
Preferably, the heating means substantially induces sublimation of the FL.S portion layer upon
sald surface to form a second evaporated fiquid ("SEL") substance portion and a product.
Preferably, the heating means Is one or a combination of the following energy sources: infra-
red lamps, halogen lamps, Incandescent lamps, microwaves, or ohmic heating of sald suiface.
Preferably, a product removal device [s employed to remove the product from the collection
surface.
Preferably, the product removal device Is & scraping means and/or a brushing means.
Preferably, the acraping means substaniially contacts the surface with the product thereon and
moves the product off the surface to the outlet port.
Preferably, the brushing means Is a rotating brush or fixed brush which substantially contacts
the surface with the produdt thereon and channeis the product off the surface to the outlet port.
Preferably, the product Is removed via a chamber outiet port.
Preferably, the chamber is held at a pressure of substantially 611.3 Pa or less.
In a third aspect, the invention broadly consists of a diying process for a liquld substance
comprising the steps of:
atomising the liquid substance,
cooling the atomised liquid substanca (ALS) to Initiate a phase change,
conveying the ALS into a drying chamber under a vacuum,
heating the ALS so as to substantially effect sublimation and then colleciing the
substantially dried ALS from the chamber.
Preforably, the liquid substance Is chilled from an initial tempersture prior to atomising.
Preferably, the ALS conveyed into the drying chamber Is also conveyed through the drying
chamber.
Preferably, the ALS is heated via a temperature gradient while It travels through the drying
chamber so that the temperature gradient substantially effects subBmation.
Preferably, the step of chilling a liquid substance takes place in a chiler to reduce the liquld
substance from an initial temperature to a lower temperature.
Preferably, atomising the liquid substance achleves a predetermined particle size.
Preferably, the predetermined particle size Is substantially 500 ym or more.
Preferably, the predetermined particle size is less than substantfally 500 pm.
Preferably, the predetermined particie size Is less than substantially 200 pm.
Preferably, a spray freezer utilises & cold gas to effect a phase change of the liquids in the
atomised liquid substance (ALS),
Preferably, chilling ls undertaken with direct or indirect contact with a cold fluld.
Preferably, sald cold fluid is air.
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Preferably, sald cold fluld is substantiaily 0°C or less.

Preferably, said cold fluid is less than substantially -20°C.

Preferably, sald spray freazer operatea in a counter current configuration.

Preferably, said spray freezer operates in a co-current configuration.

Preferably, the ALS is reduced to & temperature below its eutectic temperature.

Preferably, the ALS s conveyed to a separator.

Preferably, sald ALS Is conveyed pneumatically to a separator.

Preferably, said separator is a gas-golid separation device.

Preferably, sald gas-solld separafion device Is a cyclone.

Preferably, the gas separated In the gas-soiid separation device Is retumed and/or refrigerated
for use In the chilling step.

Preferably, one or more vacuum and/or alr locks are present between a AFS cycions outiet
and a drying chamber Inlet.

Preferably, separated sollds from sald gas-solld separation device enter a vacuumous drying
chamber.

Preferably, the vacuum of sald vacuumous drying chamber Is created by a prassure reduction
device.

Preferably, the vacuum created by the pressure reduction device Is substantiaily 600 micro
meters Hg absolute pressure or less.

Praferably, the vacuum created by the pressure reduction device Is In the range of
substantially 200-400 micro meters Hg absolute pressure.

Preferably, sald ALS Is conveyed via a surface.

Preferably, sald ALS Is conveyed via a vibrating surface.

Preferably, sald vibrating surface Is a vibrating tray.

Preferably, said vibrating tray Is pneumatically and/or mechanically and/or electrically and/or
magnetically driven,

Preferably, said vibrating tray conveys ALS through a tempereture gradient to substantially
effect sublimatton.

Preferably, a vapour produced by sublimation is removed from the drying chamber.
Preferably, vapour produced by sublimation is removed from the drying chamber by one or
more condensers,

Preferably, the ALS Is heated via a temperature gradient while it travels through the drying
chamber so that the temperature gradient substantially effects sublimation.

Preferably, seid temperature gradient ls provided by an energy source.

Preferably, sald energy source Is an Infra-red emitting device and/or a micro-wave emitting
device and/or an ochmic heater.

Preferably, atomising the liquid substance achieves a predetermined particle size,

Preferably, the predetermined particle size Is substantially 500 ur or more.

o ——— — —t - —
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Preferably, the predetoermined particle size Is less than substantially 500 pm.
Preferably, the predstermined particle size is less than substantially 200 pm.
Prafarably, a refrigeration system is employed to maintain ALS et a temperature below its
eutectic temperature during fransport from the gas-solid separation device to the vacuumous
drying chamber.
Preferably, a product produced is substantially reduced is free of liquid compared to the fiquid
substanca,
In a fourth aspect, the Invention broadly consists of an apparatus for a drying process for a
liquid substence comprising:
an atomiser capable of atomising a liquid substance,
a cooler capable of cooling the atomised liquid substance (ALS) to Initiate a phase
change,
a conveyor capable of conveylng the ALS Into a drying chamber held under a vacuum,
an energy source capable of heating the ALS so as to effect sublimation and freeze
drying, and
a collector capable of collocting the drfed ALS,
Preferabiy, a chiller capable of chilling a liquid substance from an Initlal temperature to a lower
temperature is provided prior to the itquid substance atomiser.
Preferably, the apparaius includes a conveyor capable of conveying the ALS through the
drying chamber.
Preferably, the apparatus Includes an energy source capable of heating the ALS via a
temperature gradient while it travels through the drying chamber so that the temperature
gradient can effect sublimation.
Preferably, the temperature gradient substantially prevents or substantially minimises heat
damage occuming to the ALS as R passes through the chamber.
Preferably, atomising the liquid substance achleves a predetermined particle size.
Preferably, the predetermined particle alze Is substantially 500 um or more.
Preferably, the predetermined parficle size is leas than substantiafly 500 pm.
Preferably, the predetermined size Is less than substantially 200 pm,
Preferably, a spray freezer utllises a cold gas to effect a phase change of the lquids In the
atomised liquid substance (ALS).
Preferably, sald cold gas Is air.
Preferably, sald cold gas is substantially 0°C or less.
Preferably, eald cold gas is [ess than substantiaily -20°C.
Preferably, the vacuum of sald vacuumous drying chamber Is created by a pressure reduction
davicse.
Preferably, the vacuum created by the pressure reduction device Is substantially 600 micro
meters Hg absolute preasure or less.
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Preferably, the vacuum created by the pressure reduction device Is in the range of
substantially 200-400 micro meters Hg absolute pressure.
Preferebly, sald ALS Is conveyed via a vibrating surface.
Preferably, sald vibrating surface Is a vibrating tray.
Preferably, sald vibrating tray is pneumatically and/or mechanically and/or electrically and/or
magnetically driven.
Proferably, ALS ls conveyed through a temperature gradient to substantially effect
sublimation.
Preferably, vapour produced by sublimation Is removed from the dryilng chamber by one or
more condensers.
Preforably, sald temperature gradient ls provided by an energy source.
Preferably, sald energy source [s an Infra-red emitting device and/or a micro-wave emitting
device and/or an ohmic heater.
In a fifth aspect, the Invention broadly consists of a drylng chamber which comprises;

a device capable of vibrafing a tmy,

a sultable device for reducing the pressure In sald chamber,

a materal oufiet port from said chambar, and

a heat source adepted to act upon said tray.
Advantageously, the present Invention provides an improved method/process of treating a
liquid substance to form a dryer or at least more concentrated form of the liquid substance (in
the form of a ‘product).
In preferred embodiments, the present invention is able to be operated on a semi-continuous
basis, or at least which will allow a greater throughput of liquid substancs than compared with
prior art drying systems. The rate of conveyance of atomised fiquid substance (ALS) Is
sufficlent to increase efficlencles of drying/concentrating and/or which helps to reduce damage
to the product.
BRIEF DESC OFD
Further aspects of the present invention will bacome apparent from the following description
which Is given by way of example only and with reference to the accompanying drawings In
which:
Elgure 1. llustrates one embodiment of a poasible dryer configuration according to the

pressnt Invention in the third and fourth aspects.
Figure 2 Is a process flow diagram of one possible embodiment of the prasent invention
according to the first and second aspects;

Flgure 3 is a top view of of the drying chamber configuration shown in Figure 2,

Figure 4 Is a side view of the drying chamber configuration shown in Figures 2 and 3,
and
Flaure 5 is an end view of the drying chamber conflguration shown In Figures 2 to 4.
ODES F OouT (o]
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The present Invention may now be described with reference to Figures 1 to 5, and the
accompanying description below.

The present invention relates to process for freeze drying or dehydrating/concentrating liquid
substances. The process Is applicable to liqulds having a solki substance in suspension (for
example milk) or to liquld solutions In which a substance has been dissolved. Tea, coffee, frult
Julce, pharmaceuticals and nutraceuticals could also be procsssed using this spray freeze
dryer.

Freeze drying Is a useful preservation techniqgue and among many othsr products, the
following may be dried in thils manner; instant coffee, vegetables for dried soup mixes,
mushrooms, herbs, spices, cheese slarter eultures, shrimp, frulis for ready-{o-eat broakfast
cereals, nutmceuticals, pharmaceuticals and agriceuticals.

Some specific end users of freeze dried products may include the production of military and/or

. space rations as well as light weight camping foods containing vegetables, meat, fish, and

fruits. The freeze drying process may generally have the following advantages; low thermal
damage, gocd retention of volatile flavours, good vitamin retention, rapid product rehydration,
low product shrinkage, long product storage Iife — If sultably packed, retention of blological
activity. Although there are also some disadvantages assoclated with freeze drying
substances may be most notably; high drying cost, damege to certain products by initial
freezing, mpld deterioration unless packed and malntalned at low humidlly, inabiiity (l.e.
crumbles easily), pre-treatment sometimes hecessary (e.g. carrots) to avold colour toss.

A process 1 as generally outlined in the third aspect, and apparatus as broadly defined by the
fourth aspect described above, comprises holding a chamber 2 at a temperature and pressure
below the triple-point of a liquid substance 3, Injecting the liquid substance 3 into the chamber
2 thereby generating a frozen liquid substance portion 4 and a first evaporated lquid
substance portion SA.

The first evaporated liquid substance portion SA may ba condensed by condensing means 6,
whilst at the same time collacting the frozen liquid substance portion 4 as a layer 7 on a
collection surface 8.

The frozen liquid substance porion 4 collectsd as the layer 8 Is conveyed along the collection
susface 8, The surface 8 conveys the frozen liquid substance portion layer 7 at a rate which
controls the thickness of the layer of collected frozen liquid substance porfion collected.

The condensed first evaporaled liquid substance portion may be removed from the chamber 2.
In order for any water or avaporated liquid substance portion to be removed from the gaseous
phase In the chamber, it can be condensed on the colls. In order for evaporated portion to be
removed from the condensing coils, the colie can be returned to pressures above the triple
point so that the ice will melt. Therefore, in order to achieve substantially continuous or quasi-
continuous operation two or more sets of condensation colls may be used; while one Is
frosting up, the other or remalning coils may be isolated from the drying chamber by closing a
pressure seal of some sort, retuming to amblent pressure, end defrosted.

9
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Liquid substance 3 In a holding tank T may be sprayed Into the chamber 2 In order to achleve
a pre-determined size of frozen liquid substance portion particles, and this may be perfformed
by one or more nozzles 10.

Thickness of the frozen liquid substance portion (particies) collected on the collection surface
is determined by the rate (metres per second) of conveyance by the collection surface 8 which
Is In form of an endless conveyor (not shown). The thickness of this monolayer of particles will
also ba determined by the particle sizes generated by Injection of the liquid substance Into the
chamber and/or of liquld substance Injection by the nozzle{s) 10.

Desirably the surface conveys the frozen liquid substance portion away from the paint of liquid
substance Injection, or the position of the one or more nozzles, at a rate which substantially
achleves abaut the monolayer thickness of frozen liquld substance portion upon the collection
surface 8.

The collected frozen liquid substance portion can then be exposed to & heating means 11
which may Induce et least some sublimation and thereby generation of a second evaporated
liquid substance portion 5B and a product 12,

The second evapomted liquid substance portion 6B can also be condensed by the condensing
means 6 and removed from the chamber 2.

The product 12 (In a state advantageously contalning less fiquid than at the holding tank, T,
state) may be removed from the collaction surface B by a product removal means 13 then
evacuated from the chamber 2 via the outlet port 14.

In a further embodiment of the process substantially as described above, an apparatus may
be configured to generate a product 12 which Is drier or more concentrated, than that of the
liquid substance 3 in the holding tank, T.

A chamber 2 Is held at a pressure at least below the triple-point pressure of the liquid
substance by a pressure reduction means, such as a gas evacuation pump 15.

One or more Injection ports, such as nozziea 10, may be employed through which the liquid
substance 3 can be sprayed. Upon Injection (or spaying) of the liquid substance 3 Into the
chamber 2, a frozen liquid substance portion 4 and a first evaporated liquild substance portion
5A may be generated.

A collection surface 8 is provided to substantially collect the generated frozen liquld substance
portion 4 of the liquid substance 3.

A condensing means 6 may be employed to condense the first evaporated llquid substance
portion 5A, and the condensate may be subsequently dralned and removed from the chamber
2,

An outlet port 14 from the chamber may be used to evacuate a drier or more concantrate form
of the liquid substance 3, In the form of a product 12.

The frozen liquid substance portion 4 can be accumulated as a layer 7 on the collecting
surface and conveyed away from the one or more Infection poris, towards the outlet port, at a
rate which allows the accurnulation of not more than substentially 2 monolayer thickness of
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frozen liquid substance portion.

The first evaporated liquid substance portion 5A can be condensed by the condensing means
8 and removed from the chamber. The condensing means 6 is & cooled condensation coll or
colls. The condensing means s cooled with a refrigerant, supplied from the refrigeration unit
16.

The one or more Injection ports comprise a spray or an atomisation nozzle or nozzles. The
nozzle or nozzles substantially determine the slze of the frozen liquid substance portion
generated.

The collection suiface includes one or a combination of the following conveyors: a moving
endless belt configuration, a tray angled to encourage the frozen liquid substance portion to
slide away from the one or more Injection ports, a vibrating tray. The angled tray and/or
vibrating tray Include a reduced friction surface comprising polytetrafluroetitylene.

The layer of frozen liquld substance portion upon sald collection surface Is exposed to a
heating means as It is conveyed away from the one or more injection ports which may
substantially induce sublimation of the frozen liquid substance portion layer 7 upon the surface
8 to form a second evaporated liquid substance portion 5B and a product 12.

The heating means Is one or a combination of the following energy sources:; infra-red lamps,
halogen famps, incandescent lamps, microwaves or ohmic heating of the surface 8 itself which
may act directly upon the frozen liquid substance portion 4. The heallng means may also
operate upon the frozen particles Indirectly via heat transfer from the suround intemal
chamber equipment, such as heat transfer through the collection surfece 8, or via radiation or
reflection of energy from the surrounding chamber walls

A product removal davice can be empioyed to remove the product from the collection surface
which may have stuck or adhered to the surface. Such a product removal device may be a
scraping means and/or a brushing means.

A scraping means may substantially contact the surface 8 with the product 12 thereon and
move the product off the surface toward the outlet port 14, whereas a brushing means may be
in the form of a rotating brush or fixed brush which also substantially contacts the surface with
the product thereon and moves product toward the outlet post. Once the product is removed
from the chamber it may then be packaged or further processed (such as a granulation stage,
or vacuum packaging to maintein the quality of the product).

The liquid substance 3 may be supplied under pressure {o the Injection point 10 via a pump
17, with the liquid substance passing into the depressurised environment of the chamber 2
through a series of valvas 1BA.

The frozen portion 5A of the sprayed or stomised (njected Iliquid substance 3 is
advantegeously directed to land and be collected upon a surface 8 which then conveys the
frozen portion 4 away from the injection nozzis(s) 10.

The surface 8 may promotes travel of the frozen portion 4 away from the Injection hozzle(s) by
a elther use of or a combination of conveyor surface options. These surface options are
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provided which allow the surface collected frozen portion 4 to preferably not accumulate to
greater than about & monolayer thickness of frozen portion 4. The thickness or layer 7 of the
frozen portion 4 upon the surface 8 directly determines the rate of sublimation (drying) during
exposure 1o the heating means 11,

Altematively, an optimal thiciness for rapld sublimation (drying) of the frozen portion may be
determined by actively measuring the thickness of the layer on the surface, for example using
light reflection techniques. Once the thickness of the layer being sprayed onto the surface Is
determined, the conveysr rate of removal of particles away from the Injection port(s) can be
altered to match the liquid substance inlet spray rate, or to optimise the liquid substance
throughput (and product production). The apray rate or throughput of llquid substance may
aleo be altered to be sympathetic with the rate of conveying of particles along the surface.
Once the frozen portion 4 is exposed to the heating means 11, sublimation is preferably
induced thereby resulting in additional liquid removal from the now frozen liguid substance.
The substantially reduced moisture content substance, which may be refemred to as the
‘product’ 12, can then be removed from the conveying surface. The product can then be
collected and removed from the chamber 2 via an outlet port 14, which Includes one or more
valves 18B (or air locks) to prevent loss of chamber vacuum.

As the chamber 2 Is held at a vacuum, a vaecuum pump 15 is required to obtaln desired
pressures In the chamber, for example, the triple-point of water is 611.3 Pa (or 4.585 mmHg,
or 0.0887 psl). The pressure of the chamber must never be higher than the triple-point
pressure of water, however, dapending on the product, certain temperature constraints must
be met to avold giass formation and freezing point depression assoclated with the freeze
concentration effects that ocour as the product difes. Some products must be kept below thelr
autectic temperature while for others the glass transition temperature Is critical. Since the
pressure in the vessel will determine the sublimation temperature and hence the product
temperature, often the procoess will have to operate at pressuras significantly below 611.3 Pa,
for exampls, coffee: -21°C and 84 Pa; frult juices -30°C and 38 Pa. Of course, It is recognised
that this technology may be applled to most fiquid substances containing peasticies In
suspension or & material dissolved therein. A person skilled in the art of thermodynamics
would understand the relationshlp of pressure and temperature, and how the chamber
conditions determine the quantity ot flash evaporation (generation of the first evaporated liquid
substance portion) and resulting temperature of the frozen liquid substance portion formed.
The chamber conditions may he varded to oplimise the level of throughput and/or leval of
freezing occurring In the chamber.

As the liquid feed may be fed through a nozzle directly into the vacuum chamber, the nozzle
and feed pressure are chosen such that a stable spray-jJet is maintalned. In a sub-triple point
environment, a material cannot exist in the liquid state, meaning that some of the fiquld Is
forced to vaporise almost Instantaneously, causing the remaining liquid to freaze. Since the
enthalpy of fusion duty doss not need to be supnlied by an extenal energy source, It is
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gifectively “free”. In addition, as a result of the same process, approximatsly one seventh of
the sublimation duty is also free. This means that for a given load of product, the spray freeze
dryer will require at least 10% less energy than a conventlonal batch freeze dryer.

The product is frozen into very fine particles, whose maximum size Is limited by the surface

tenslon and vapour pressure (typically 100um or less). The frozen particles land on a heated
tray or belt where i dries as molsture sublimes off and is condensed by the condensing colls

as It Is conveyed along the length of the dryer. Freeze drying times may be estimated from the
following equation (Fellows, 1987):

x*pAMA,

8k, AT
Where: I3 = drying time (s), X = product layer thickness (m), ks = thermal conductivity of dry
product (W/mK), p = bulk density of product (kg/m?®), AM = change In molsture content (dry
basis), AT = temperature driving force (°C) and A, = enthalpy of sublimation (J/kg). This
equation shows that the drying time Is proportional to the square of the thickness of the layer
of the product on the drying surface.
The present Invention of the second aspect can be referred to as a spray freeze drying
process In a quasl-continuous process, and may be integraied into a continuous production
line, which would reduce the labour requirements assoclated with its operation, and could also
eliminate the risk of exposure or product contamination. In addition, the need for a subsequent
granulation stage Is removed, since the died product exits the dryer in powdered form.
A polytetrafiuroethylene (PTFE) coated surface such as a belt conveying system can be
attached to a variable-spead drive, allowing the residence time of the product on the belt to be
varied between about 1 and 12 minutes depending on exposure to the heating means
required to sublime off a desired amount of molsture. The length of the belt may be about 2m
and the belt speeds may be varied between about 0.17m/min and 2m/min. The product can
be sprayad through multiple nozzles, for example 4 nozzies in parallel, In order to distribute
the product evenly across the width of the belt (which may be about 0.5m).
It is anticipated that the maljority of particle sizes will be in the region of 10 to 100um, and
therefore, since 1t is likely that the product will adhere to the surface (or belf) even with the
PTFE (polytetrafluroethylene) coating, a removal means such as a knife-edge, or brush or
scraping means arrangement can be employed at the end of the conveyer {{or any posiiion
along the surface). If the scraper or knife-edge is not effective enough, a PTFE or other type of
material brush can also be used to scrape the particles off. The brush amangement may cause
aggregation of the particles, which may or may not be beneficial, depending on the down-
stream handling Intended for the particular product.
The feed nozzie 10 can protrude directly into the vacuum chamber 2. The pressure within the
vacuum chamber 2 Is maintained below the triple point pressure of the [lquid 3 and therefore
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as the liquid substance 3 exits the nozzle 10 some of the water Is evaporated 5A
instantaneously (“flashed®) as a result of the pressure drop below the liquid’s triple point
pressure, The evaporation process removes substantial amounts of heat from the droplet with
the result that the remaining moisture in the product is frozen. Based on the relative
magnitudss of the latent heats of vaporisation (<2250 kJ/kg) and fusion (=333 kJ/kg), 1 gram
of evaporated molsture would freeze approximately 6.6 grams of remalning water 4.
Remalning molsture in the frozen liquld substance portion 4 may optionally be removed by an
subjecting it to a heating means or energy source such as an Infra-red, halogen lamp or other
energy source 11 within the vacuum chamber.

Potentlal advantages of this type of amangement would also include the significant reduction
In extemal energy (electricity) requirement as almost no electricity Is required for freezing the
product as well as the assoclated reduction In the tray-heating electricity requiremant; and the
difficutties assoclated with the conveyance of the frozen product {(caking, compacting,
agglomeration, thawing/re-freezing) can be largely be removed.

The spray freeze drier involves less equipment (and therefore a reduced capital cost) due to
its mechanically simpler design, and there Is the potential to have much greater control of the
lateral distribution of the product on the diying tray (because the epray paitern may be
controlled whereas before, the frozen product simply dropped onto the tray).

Some of the major advantages of spray-freeze drying over conventional batch freeze drying
aro the greally reduced drying times (a matter of seconds compared to a matter of hours);
minimises possibility of damage to heat-sensitive materials; about a 10% reduction In enemgy
costs due to the novel freezing procees, which Is effectively free of cost, and the need for
subsequent granulation stage, which Is often costly and can result In product loss is
substantially removaed.

By utllising this quasl-continuous process exposure to contaminants Is avolded and the spray
freeze dryer Is able to be integrated into a continuous production line, and Is much less labour
intensive than conventional freeze driers.

In further aspects of the present Invention as broadly defined by the first, second and/or fifth
aspects, thera Is provided a drying process and apparatus as iflustrated by a fiow diagram of
the Improved continuous spray-freeze-drying process is shown in Figures 2, 3, 4 and 5. A
liquid substance such as coffes (not shown) is chilled from ls initial temperature to some
lower temperature in & chiller 21. Thie step Is optional. The liquid feed is directed under
pressure via a pump (not shown), atomised through a high pressure nozzle (not shown) into a
freezing chamber 22. [deally, the particle size of the atomised liquid substance should be less
than substantially 200-300 micron (um). The feed Is Introduced into the freezing chamber 22
with & co-current flow of cold alr (-20°C or less) and atomised and frozen to produce an
atomised frozen substance (ALS). The ALS is quickly frozen below its eutectic temperature to
prevent melting. The frozen ALS ls pneumatically conveyed by the cold air stream to the
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spray freazer to a separating cycione 23, where frozen ALS exits the bottom of the cyclone 23
and the outlet air streamn exits the fop of the cyclone 23. The outlet air stream from the spray
freezer must be below the eutectic tempereture of the frozen ALS. A fan or blower 24 blows
the outlet air stream from the cyclone through a refrigeration system, In this Instance an
evaporator 25, where the air is coolad back down to Its Initlal temperature before retuming to
the spray freszing chamber 22.

The frozen product then falls by gravity Into a termination chamber (not shown) attached to the
bottom of the cyclone. A vacuum or air lock 27 allows the product to pass from the bottorn of
the cyclone into the drying chamber 28 without interruption to the vacuum Inside the drying
chamber. The termination chamber and air lock are cooled with cold alr from the refrigeration
system, In this instance a cooler 26 to prevent the frozen ALS from melting. The drying
chamber is maintained at an absolute pressure of substantially 200-400 micro-meters of Hg
with a vacuum pump 212. Frozen ALS falle onto an inclined pneumatic vibrating tray 29 which !
conveys drying product towards the discharge end of the dryer. To effect sublimation and
freeze drying, the tray Is heated by a radiant and/or conduction heat source 210 placed ' !
undemeath the tray 29. The surface temperature of the tray Is controlled down its length to
ensure complete drying without damaging the product (not shown). The dried ALS (product)
exits through the discharge vacuum lock 213. Two condensers 211 are required fo run the
system continuously. One condenser would be operating normnally during drying, while the
other would be isolated from the drying chamber and would be defrosting.

An Improved drying proceas for a liquid substance, according to the first aspect includes one
or more of the stepe of chilling the liquki substance from an initial temperaturs, etornising the
liquid substance so that a predetermined particle stze Is achleved, freszing the atomised liquid
substance (ALS) to below lis eutectic temperature, convaying the frozen ALS Into a drying
chamber which is held under a vacuum, heating the frozen ALS so as to effact subimation ,
and freeze drying and then collecting the ded ALS from the chamber. '
A liquid substance may be defined to be any substance containing a liquid. These may for
example include, milk, coffee, liquor, pharmacsuticals, nutraceuticals, function food,
agriceuticals, or any ather substance which has a moisture content. The amount of liquid In a
substance need only be minimel to allow over a period of time degradation of the substance,
therefore removal of any “free” liquid is deslirable.

The conveying of ALS to a drying chamber may be achieved by any sultable conveying
methods/apparatus. For example, these may include pneumatic methods, mechanicai
methods, electrical or gravity assisted conveying methods may also be sultable.

in another embodimant of the first and/or second aspect preferably there is provided an
improved drying process for a liquid substance which may include one or more of the steps of
chiiling the liquid substance from an initial temperature, atomising the liquid substance so that
a predetermined particle size Is achleved, freezing the atomised liquid substance (ALS) 10
below its eutectic temperature, conveying the frozen ALS Into a drying chamber which is held
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under a vacuum, conveying the ALS through the drying chamber, and heating the frozen ALS
via a temperature gradient while it travels through the drying chamber so that the temperature
grading can effect sublimation and drying whiist praventing or minimising any heat damage
occurting to the ALS as |t passes through the chamber to a collection point of the dried ALS.
The stap of chilling a liquld substance can take place In a chiller to reduce the liquid substance
from an Initial temperature to & lower tempsrature. For example, this may mean that the liquid
substance is chilled from amblent condlitfons and/or a storage condition facliity temperature to
a lower temperature. This chilling step is optional, however it may assist and reduce the
cooling loading required by the spray freexzer.

The chilling may be achieved by any suitable method or apparatus that can reduce the
temperature of a substance from an Initial temperature to a lower temperature. Preferably
chilling may be achleved by any sultable heat transfer unit, these may for example be
refrigerators, plate heat exchangers, shell and tube heat exchangers, heat pumps, cool air
convection apparatue, gas-liquid cooling iowards and other such sultable cooling apparatus.
‘The spray freezer is an especially Important aspect of the continuous processing configuration
In which rapid temperature reduction to below the substance eutectic temperature Is desired,
as well as atomisation of the liquid substance. Preferably, atomisation of the liquid substance
may be induced by a varlely of feed devices such as, single-iquid nozzie (pressure type), two-
liquid nozzle (pneumatic type), centrifugal (spinning disc), ultrasonic nozzles and various other
rotary atomisers and air atomisation techniques may be employed.

The coaling of the ALS may be achieved by the use of a cooler capable of freezing the ALS.
Preferably the atomisation and cooling of the liquid substance both take place In a spray
freezer.

There are a number of advaniages to spray freezing, especially as particulates formed may be
produced of specific or predetermined particle stzes and the specification of, or patliculate
quallty, remalns substantially constant throughout the entire spray freezer operation. Spray
freszer operation is Ideally continuous and adaptable for full automatic control, where
response times are fast. Spray freezing is a useful application to both heat sensitive and heat
rasistant substances. However, i is appreciated that semi-continuous processing may also be
required. :

A phase change ocours In the ALS when the temperature of the ALS Is reduced, that is in
which liquids become frozen or reduced fo below their eutectic temperature (1.e. solids).
Liquids may be sublimated from the frozen ALS at a later state In the process once exposed to
a temperature gradient and energy source,

Cyclones are one of the majn methods used to separate gas-solld phases, and can provide
efficlent separation. Frozen ALS and gasas are eeparated, with the gas belng recycled to chill
the liquld substance, and the frozen (solld) ALS being conveyed through the drying chamber.,
Sublimation Is the phase change from frazen liquids (solid) to gas (liquid vapour) for the
means of evaporation of liquid from the ALS. Ideally the subiimation and/or drying of the
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frozen ALS takes place on a surface. More preferably the surface may be a vibrating surface.
Even more preferably, the vibrating surface Is a vibrating tray In which the vibrations are
produced by pnheumatic and/or mechanical and/or electrical means, It is advantageous to
Induce end/or provide some vibration movement of the frozen ALS to be dried to enhance and
promote improved heat transfer to the atomised pasticles.
The sublimation (i.e. drying of the ALS and "free” liquid removal) may be Inftlated and effected
by the energy emittad from an energy source such as an Infrared device, which the vibrating
drying tray preferably enhances the heat transfer characteristics to the ALS and allows for a
move uniform and controlled drying stage. The energy source capable of heating the ALS may
be any suttable energy source for Inducing sublimation of the frozen liquids of the ALS. Such
sultable energy sources may for example Include; infra-red emitting devices, microwaves,
radlant heaters, convection heaters, and any davice which provides enough energy to the ALS
to Induce sublimeation of the frozen “free” liquids of the ALS.
The removal of liquids from substances to form a dried product by controlling alr flow rates,
temperature and pressure reduced the molsture content of substances assists in inhibiting
microbial growth that may cause decay and spollage. Molsture removal aleo reduces welght,
which is of significant Interest and conslderation for shipping and transport.
Chemical pre-treatment of some substances may further aid the longevity of product shelf iife.
These pre-treatments may Inciude substances to enhance preservation.
Often dehydration on an Industrial scale requires a feed product to be reduced In size and/or
particulated to allow enhanced processing chamcteristics. Freeze drying Is the drying of
material in a frozen state and preferably the drying stage takes places at an absolute pressure
that may readily permit ice to undergo a phase change directly from solld to vapour. In the
present invention freeze dried product is preferably substantially undamaged from the drying
chamber stagse.
In an Improved drying procsss of the first and second aspects, the fiquid substance may be
atomised in a spray freezer to achleve a particle size of substantially 500 microns or more.
Altematively, the particle size achleved may be less than substantially 500 microns, or even
less than substantially 200 microns. Atomisation of the liquid substance Is desirable so that
the atomised liquid substance may be rapidly reduced In temperature to below its sutectic
temperature. Further, atomisation of the liquld substance and subsequent freezing allows for
a particulate product to be processed which allows for enhanoced drying control and heat
transfer characteristics.
The apparatus or spray freezer may be of a counter cument configuration, although it may also
be of co-current configuration In which the spray freezer can utilise a cold gas to effect a
phase change of the liquids In the ALS, The cold gas can effect & phase change causes
freezing of liquids within the atomised liquld substance (that is, the ALS is reduced to a
temperature below Its eutectic temperature). The cold gas utilised by the spray freezer to
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effect the phase change may be cold alr, although any suitable gas to effect a phase change
of liquids contained within the ALS may be used.

The cold gas used may be substantially 0°C or less, even more preferably the cold gas may
be less than substantially - 20°C.

The ALS once frozen/reduced to below its eutectic temperature can then be conveyedto a
separator, and conveying may take place pneumatically. The separator can be a gas-solid
separation device, for Instance a cyclone.

The gas separated from the cyclone may be returned and/or refrigerated for use In the spray
freezer. it can also be recycled to the spray freezer 1o reduce the cooling load on the
aevaporator. The evaporator Is used to cool the gas which Is used to Induce a phasa changs of
liquids In the ALS. However, any sultable gas cooling apparatus may be used, with an
evaporator being used as an example In this case. Suitable cooling apparatus may Include
refrigerators, plate heat exchangers, shell and tube heat exchangers and other heat transfer
units capable of coollng a gas fo a temperature that can be supplled to a spray freezer to force
a phase change of liquids in the ALS to the solld (frozen) state.

Preferably one or more vacuum and/or alr locks ara in place bstween the frozen ALS cyclone
outiet and drying chamber Inlet, or some other type of pressure seal device. Itis
advantageous fo provide one or more pressure lock devices for malntenance of the vacuum
within the drying chamber. Without the use of these pressure lock devices a suttable vacuum
In the drying chamber may not be obteinable. Pressure locks such as valves may be
particularly sultable, elthough any sultable device for sealing the vacuum drying chamber and
ensuring the drying chamber maintains its vacuum may be utllised.

In further embodiments there can be a refrigeration system which is employed to maintain the
frozen ALS at a temperature below its eutectic temperature during transport from the cyclone
to the vacuumous drying chamber. & s advantageous thet the frozen ALS remains ata
temperature below It eutectic temperature to minimise any product degradation or
deterioration that may occur if the ALS rises about lts eutectic temperature.

The vacuum of the vacuumous drying chamber Is created by a sultable pressure reduction
device.

The vacuum created by such sultable pressure reduction devices may be substantially 800
micron meters Hg at select pressure or less. More preferably the vacuum created may be in
the range of substantially 200-400 micro meters Hg absolute pressure.

Transport or conveying of the frozen ALS through the vacuum chamber can take place on a
vibrating surface, where the vibrating surface Is a vibrating tray. The vibrating tray may be
pneumatically, electrically and/or via mechanical means driven for provision of the vibration to
the tray.
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The vibrating tray conveys frozen ALS through a temperature gradient to effact sublimation,
with the vapour produced by sublimation bsing removed from the drying chamber by one or
more condensers or such like.

The temperature gradient across the drying tray Is provided by an energy source, such as an
Infrared emitting device. However, the use of other energy sources are envisaged, for
example Chmic heaters and micro-wave devices.

The product produced by an improved drying process and apparatus s substantially free of
liquid, otherwise substantially dried or at least substantially reduced In liquid content.

An apparatus for Improved drying which facilltates one or more of the following steps of
chiliing a liqud substance from an inttial temperature to a lower temperature, atomising a
liquid substance so that a predetermined particle slze may be achieved, cooling the atomised
liquid substance (ALS) to below its sutectic tsmperature, conveying the frozen ALS into &
drying chamber which may be held under a vacuum, and heating the frozen ALS so as to
effect sublimation and freeze drying and then collecting the dried ALS from the drying
chamber Is desired. In an altemative embodiment the apparatua Is defined as an apparatus for
an improved drying process which may fadliitate one or more of the steps of chilling the liquid
substance from an Initial temperature, atomising the liquid substance so that a predetermined
particle slze may be achleved, cooling the atomised liquld substance (ALS) to below its
eutectic temperature, convaying the frozen ALS Info a drying chamber which Is held undera
vacuum, conveying the ALS through the drying chamber and, heating the frozen ALS via a
tempenature gradient while it travels through the drying chamber so that the temperature
gradient can effect sublimetion and drying whilet preventing or minimising any heat damage
occurring to the ALS as it passes through the chamber to a collection point of the dried ALS.
it would be preferable but not necessarily essential that the steps of the process and
methodology may be linked to form a continuous process. A continuous process may have a
number of advantages.

In addltion, a process which Is configured to be run on a continuous basis may be preferable
as a continuoue system tends to ba more easlly oplimised for productivity, higher throughpus,
reduced procassing time per unit produced, Improved quallty as a result of optimised controls,
a generally more efficient process, reduction of human handling and/or contact with
aubstances which may contaminate equipment and/or substancas ls desirable, and the
reduction of human manual labour preferably also reducs the likelihood of Injury. Further,
continuous processing may allow for equipment designed for an optimised solution for
continuous processing and production of freeze dried products,

The vacuum drying chamber Is deslgned to operate at absolute pressures In the range of 200-
400 microns of Hg. The vacuumous state of the drying chamber allows for the preferentlal
phase change {sublimation) of the frozen liquids to gasfvapour phase. The sublimation
matertal (vapour) may be preferably removed by the use of a condenser. In a preferred
embodiment the drying chamber Is run continuously, and may be linked with additionel spray
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freezers, separating devices (cyclones), packaging systems to be nm In a batch, semi-
continuous or continuous basis.

In a preferred embodiment of the present Invention, the frozen ALS may fall onto an inclined
pneumatic vibrating tray, (although other vibrating tray systems may be employed) to convey
the ALS through a temperature gradient to effect sublimation and discharge of dried product at
the end of the drler. The dried product exdts through a discharge vacuum lock (which ensures
the vacuum is maintained) into further processing slages. For example, further processing
stages may Include discrete packaging systams.

It is preferable that the surface temperature of the tray Is controlled down [ts length to ensure
complete drying without damaging of products.

Drying may be defined as the application of energy under controlled conditions to remove the
majority of the watar normally present in a substance by evaporation. The maln purpose of
dehydration Is to extend the shelf life of substances by a reduction In water content.

Drying may cause a deterloration in the eating quality and nutritive value of the food. Water
plays an important role in the stablility of fresh, frozen and dred foods as it acts as a solvent
for chemical, microbiological and enzymatic reacfion.

A dryer may Include a vibrating tray, a pressure reducing means, a material inlet port, a
matetial outlet port, and a heat source. The vibrating tray provides a vibrating surface (upon
which sublimation occurs) which conveys frozen ALS from the Inlet matsrial port to the outlet
material poit. The inlet material port is the entry point for frozen ALS into the dryer, and the
outlet materlal port Is the exit point of dried ALS (post sublimation).

A heat source Is used to induce sublimation of frozen liquids from the frozen ALS along the
length of the vibrating tray.

it Is therefore advantageous o provide a series of treatment stages in which a liquld
substance may be processed and substantially ded or have Its liquld content reduced. The
steps as described of optionally chilling a liquld substance, atomising the liquid substance,
cooling the ALS to inliiate a phase change of the liquids within the ALS, optionally separating
the phase changed ALS from the cooling gas, conveying the phase changed ALS to a drying
chamber, and removal of liquids from the ALS by sublimation may be referred to as a series of
treatment stages to provide a substantially reduced liquid/moisture content substance.
However, it is also considered that the pre-treatment steps may be foregone and the liquid
substance may be inserted directly to the vaeudm chamber (which is held at a vaouum
pressure which may be below the triple-point pressure of the liquid substance being
processed). This direct Injection may result in the flash evaporation of a portion of the liquid
with the remainder of the liquid substance consequently being reduced In temperature such
that frozen liquid substance particles result. These frozen particies may then be treated within
the drying chamber to Induce sublimation of remalning liquid in order to achieve a substantially
drier liquid substance.
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The pre-treatment stages may be considered to enhance the overall process, although they
may be foregone where direct injection of the liquid substance to the vacuum pressure drying
chamber Is an option.

Thosse skilled in the ant wilt appreciate, understend and be able to calculate the skzings of
pumps, heaters, motors, spray or atomisation nozzles required to achleve the present
invention, and It Is appreciated that there are numerous variables which will dictate or
influence the slzings of these sorts of components. tt should also be appreclated that design of
a vacuum chamber will be within the realm of a person skllled In the art — howsver It Is the
comblnation and advantages convayed above that make this invention suitable.

Aspects of the present iInvention have been described by way of axample only and i should be
appreciated that modifications and additions may be made thereto without depariing from the
scope thereof as defined in the appended claims.
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THE CLAIMS DEFINING THE INVENTION ARE:

1.

10.

11.

12.

13.

A mathod of drying or concentrating a liquid substance having solld particles In
suspension or a substance dissolved therein including the steps of:

holding a chamber at a temperature and pressure below the triple-point of the Rquid
substance,

Injecting and/or atomising the liquid substance into the chamber to genemate a frozen
liquid substance portion {"FLS portion™) and a first evaporated liquid substance portion
("FEL portion”),

coliecting the FLS portion as a layer on a surface, and

conveying the coliected FLS portion on the surface,

wherein the surface conveys the collected FLS portion at a rate which cortrols the
thickness of the layer of collected FLS on the surface.

A method as claimed In claim 1, wherein the rate of conveying achleves substantially a
monolayer thickness of FLS portion to accumulate on sald surface.

A method as claimed In claim 1 or claim 2, wherein the FEL iIs condensed by a
condensing device,

A method as claimed In anyone of clalms 1 to 3, wherein the FEL Is removed from sald
chamber.

A method as claimed In any one of the precading ciaims, whereln Injecting and/or
atomising the liquid substance includes spraying to achleve a pre-determined particle
slze of FLS.

A method as clalmed In any one of the preceding claims, wherein Injecling and/or
atomising of the liquid substance Is performed by one or mors nozzles.

A method as claimed in any one of the preceding clalms, whereln the rate of
conveyance of FLS upon sald surface achieves substantially a monolayer thickness of
the FLS upon sald surface.

A method as claimed in claim 7, whereln the monolayer may be the thickness of a
single layer of the pre-determined particle stze of the FLS portion.

A method as clalmed in claim 8, wherein the predetenmined particle size Is
substantially 500 um or more.

A method as claimed In clalm 8, whereln the predetermined particle size Is less than
substantially 500 pm.

A method as claimed In claim 8, wherein the predetermined particle size Is less than
substantially 200 pm.

A method as claimed in any one of the preceding claims, wherein the surface conveys
the FLS portion away from the one or more nozzles,

A method as claimed In any one of the preceding claims, wherein the method Includes
the step of exposing the collected layer of FLS portion 1o a heating means thereby
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14.

15.

16.

17.

18.

19.

21.

23.

24.

25.

substanilally inducing sublimation and generation of a second evaporated lquid
substance portion ("SEL portion”) and a product.

A method as claimed In clalm 13, whereln the SEL portion Is condensed by a
condensing device.

A method as claimed In clalm 13 or claim 14, wherein the SEL portion Is removed from
the chamber.

A method as claimed In any one of claims 13 to 16, wherein the product Is removed
from the conveying surface by a product removal device.

A method as claimed In any one of claims 13 to 16, whereln the product is removed
from the chamber via the outlet port.

A method as claimed In any one of the preceding claims, whereln the method is used
to process a fluldised substance, or a liquid substance having solid particles in
suspension or a substance dissolved therein,

A method as claimed In any one of the preceding claims where the substance Is
selected from one or more of the following: a slurry of coffes, Hquid milk, frult and/or
vegetable juices.

An apparatus for diying or concentrating a liquid substance comprising:

a chamber and a chamber pressure reduction device, and

one or more Injection ports through which the liquid substance Is injected to the
chamber,

a collection surface which collects a frozen lqukd substance portion of the liquid
substance,

wherein the pressure reduction device maintains the chamber at a pressure below at
least the triple~point pressure of the liquid substance, to cause the injected liquld
substance to separate into a frozen liquid substance portion ("FL.S portion™) and a first
evaporated liquid substence portion ('FEL portion™),

so that in use, the FLS portion Is accumulated as a layer on the collecting surface and
conveyed away from the one or more Infection ports at a rate which allows the
thickness of the layer of the F1.S portion to be controlled,

An apparatus as claimed in claim 20, wherein the rmate of conveyance achieves
substantlally 8 monolayer thickness of FLS portion to accumulate on sald surface.

An apparatus as claimed In claim 20 or claim 21, wherein the FEL portion is
condensed by a condensing device.

An apparatus as ciaimed In any one of claims 20 fo 22, wherein sald FEL Is removed
from said chamber.

An apparatus as claimed [n any one claims 20 to claim 23, whereln the one or more
injection ports comprises at isast one spray or atomisation nozzle.

An apparatus as claimed in claim 24, whersin the nozzle or nozzles substantially
determine the skze of the FLS portion generated to achleve a pre-determined patticle
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26.

27.

28.

29.

31.

35I

a7.

A,

size.

An apparatus as claimed In any one of claims 20 to 25, whereln the pressure reduction
device is a gas evacuation pump.

An apparetus as claimed In any one of claims 20 to 28, wherein the condensing device
is a cooled coll or colls,

An apparatus as clalmed in any one of claims 20 to 27, wherein the condensing device
i cooled with a refrigerant.

An apparatus as claimed In any one of claims 20 to 28, whereln the collection surface
includes one, or a combination of, the following conveyors: a moving endless belt
configuration, a tray angled to encourage the frozen liquid substance portion to slide
away from the one or more Injection ports, a vibrating tray.

An apparatus as claimed In claim 29, wherein the angled tray and/or vibrating tray
Includes a reduced friction surface.

An aepparatus as clalmed in claim 30, whereln the reduced frictlon surface comprises
polytetrafluroethylene (PTFE).

An apparatus as claimed In any one of claims 20 to 31, wherein the layer of FLS
portion upon sald collecion surface Is exposed to a heating means as It Is conveyed
away from the one or more injection ports.

An apparatus as claimed In claim 32, wherein the heating means substantially Induces
sublimation of the FLS partion layer upon sald surface to form a second evaporated
liquid ("SEL") eubstance portion and a product.

An apparatus as clalmed in claim 32 or clalm 33, wherein the heating means is one or
a combination of the following energy sources: infra-red lamps, halogen lamps,
incandescent l[amps, microwaves, or ohmic heating of sald surface.

An apparatus as claimed in clalm 33 or claim 34, whereln e product removal device Is
employed to remove the product from the collection surface.

An apparatus as claimed in claim 35, whereln the product removal device Is a scraping
means and/or a brushing means.

An apparatus as claimed in claim 38, whereln the scraping means substantially
contacts the surface with the product thereon and moves the product off the surface to
the outlet port.

An apparatus as claimed in claim 36, wherein the brushing means Is a rotating brush
or fixed brush which substantially contacts the surface with the product thereon and
channels the product off the surface o the outlet port.

An appamtus as claimed In any one of claims 33 to 37, wherein the product Is
removed via a chambaer ottlet port.

An apparatus as claimed In any one of claims 20 to 39, whereln the chamber Is held at

a pressure of substantially 611.3 Pa or less.

A drying process for a liquid substance comprising the steps of:
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47.

51,

52,
53.

55,

56,

atomising the liquid substance,

cooling the atomised liquid substance (ALS) to initiate a phase change,

conveying the ALS into a drying chamber under a vacuum,

heating the ALS so as to substantially effect sublimation and then collscting the
substantlally dried ALS from the chamber.

A drying process as claimed In claim 41, wherein the Hquid substance is chilied from
an initial temporature prior 1o atomising.

A drying process as claimed in claim 41 or claim 42, wherein the ALS conveyed Into
the drying chamber is also conveyed through the drying chamber.

A drying process as claimed in any one of claims 41 to 43, wherein the ALS is heated
via a temperature gradient while It travels through the drying chamber so that the
tempenrature gradient substantially effects subilmation.

A drying process as claimed in any one of clalms 42 1o 44, whereln the step of chiiling
a fiquid substance takes place in & chiller fo reduce the liquid substance from an inltial
temperature to a lower temperature.

A drying process as clalmed In any one of claims 41 to 45, whereln atomising the liquid
substance achieves a predetermined particle size.

A drying process as clalmed in claim 46, whereln the predetermined particle size
substantially 500 um or more,

A drying process as claimed in claim 48, wherein the predetermined particle slze is
less than substantially 500 um.

A drying process as claimed In claim 46, wherein the predetermined parilcle size 1s
less than eubstantially 200 um.

A drying process as claimed in any one of claims 41 to 49, wherein a spray freezer
utliises a cold gas to effect a phase change of the liquids In the atomisad liquid
substance (ALS),

A drying process as claimed in any one of claims 42 to 50, wherein chilling Is
undertaken with direct or Indiract contact with a coid fluid.

A drying process as claimed in claim 51, whereln sald cold fluld Is air.

A drying process as claimed in claim 51 or clalm 52, wherein sald cold fiuid Is
substantfally 0°C or Jess.

A drying process as clalmed in claim 51 or claim 52, whersin sald cold fluid is less
than substantially -20°C.

A drying process as clalmed In any one of claims 50 to 54, wherein sald spray freezer
operates in a counter current configuration.

A drying process as claimed In any one of clalms 60 to 64, whereln said spray freezer
operates in & co-curent configuration.
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57. Adrying process as clalmed in any one of clalms 41 to 56, wherein the ALS Is reduced
to a temperature below its eutactic temperature.

568. A drying process as clalmed In any one of claims 41 to 67, whereln the ALS is
conveyed fo a separator.

59.  Adrying process as claimed In any one of claims 41 to 57, wherein sald ALS Is
conveyed pneumatically fo a separator.

60, A drying process as clalmed In claim 58 or claim 59, wherein sald separator Is a
gas-solld separation device.

61. Adrying process as clalmed in claim 60, whereln sald gas-solld separation device is a
cyclone.

62. A drying process as claimed in claim €0 or claim 61, wherein the gas separated In the
gas-solid separation device Is retumed and/or refrigereted for use In the chilling step.

63. A drying process as claimed in claim 61 or claim 62, whereln one or more vacuum
and/or air locks are present between a AFS cycione outlet and a drying chamber Inlet.

64. Adrying process as claimed in any one of claims 60 to 63, wherein separated solids
from sald gas-solid separation device enter a vacuumous drying chamber.

65. A drying process as claimed In any one of claims 41 to 84, whereln the vacuum of said
vacuumous drying chamber |s created by a pressure reduction device.

68. A drying process as claimed in claim 65, wherein the vacuum created by the pressure
reduction device Is substanifally 600 micro meters Hg absolute pressure or less.

67. A drying pracess as claimed In claim 65, wharein the vacuum created by the pressure
reduction device is In the range of substantlally 200-400 micro meters Hg absolute
pressure,

68. A drying process as clalmed In any one of claims 41 to 67, wherein sald ALS is
convayed via a surface.

89. A drying process as claimed in any one of clalms 41 to 88, whereln sald ALS is
conveyed via a vibrating surface.

70. A drylng process as claimed in claim 69, whereln sald vibrating surface Is a vibrating
tray.

71. A drying process as claimed in claim 69 or claim 70, whereln said vibrating tray Is
pneumatically and/or mechanically and/or electrically and/or magneticatly driven.

72. A drying process as clalmed In claim 70 or claim 71, whereln sald vibrating tray
conveys ALS through a temperature gradient to substantielly effect sublimation.

73. A drying procass as claimed In any one of claims 41 fo 72, wherein a vapour produced
by sublimation Is removed from the drying chamber.

74. A drying process as claimed in clalm 73, whereln vapour produced by sublimation s

removed from the drying chamber by one or more condensers,
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75,

76,

78.

80,

81.

87.

A drying process as clalmed in any one of clalms 41 to 74, wherein the ALS Is heated
via a temperature gradient while it travels through the drying chamber so that the
temperature gradient substantlally effocts sublimation.

A drying process as clalmed in any one of claims 41 to 75, wherein said temperaiure
gredient ls provided by an energy sourcs,

A drying process as clalmed In claim 786, whereln said energy source s an infra-red
emitting device and/or a micro-wave emitting device and/or an ohmic heater.

A drying process as claimed in any one of claims 41 to 77, wherein atomising the liquid
substance achieves a predetarmined particle size.

A drying process as claimed In claim 78, wherein the predetermined particle size is
substantially 500 um or more.

A drying process as claimed in clalm 78, wherein the predetemnined particle size Is
less than substantially 500 pm.

A drying process as olalm in claim 78, whereln the predetermined particle size Is less
than substantially 200 pm.

A drying process as claimed In any one of claims 60 to 81, wherein a refrigeration
system 1s employed 1o maintain ALS at a temperature below [ts eutectic temperaturs
during transport from the gas-solid separation device to the vacuumous drying
chamber.

A drying process as claimed in any one of claims 41 {o 82, wheraln a product
produced is substantially reduced is free of liquid compared to the fiquid substance.

An apparatus for a drying process for a liquid substance comprising:

an atomiser capable of atomising a fiquid substance,

a cooler capable of cooling the atomised liquid substance (ALS) to Initlate a phase
change,

a conveyor capable of conveying the ALS Into a drytng chamber held under a vacuum,
an energy scurce capable of heating the ALS s0 as to effect sublimation and freeze
drying, and

a collector capable of collecting the drlad ALS.

An apparatus for a drying a drying procese as clalmed In claim 84, wherein a chiller
capable of chiling a liquid substence from an Initial temperature to a lower
temperature is providad prior to the liquid substance atomiser.

An apparatus for a drylng a drying process as claimed In claim 84 or claim 85, wherain
the apparatus Includes a conveyor capable of conveying the ALS through the drying
chamber.

An apparatus for a drying a drying process as claimed in any one of claims 84 to 86,
wherein the apparatus includes an energy source capable of heating the ALS via a
temperature gradient while it travels through the drying chamber so that the
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8eo.

90.

91,

22,

93.

e5.

100,

101.

102

103.

104.

temperature gradient can effect sublimation,

An apparatus for a drying process as claimed In claim 87, whereln the temperature
gradient substantiaily prevents or substantlally minimises heat damage occumning to
the ALS as it passes through the chamber.

An apparatus for a drying process as clalmed In any one of claims 84 to 88, whereln
atomising the liquid substance achleves a predetermined particle size.

An apparatus for a drying process as claimed In claim 88, wherein the predatermined
particle size Is substantially 500 pum or more.

An apparatus for a drylng process as claimed in claim 88, wherein the predetermined
particle size Is less than substantially 600 pm.

An apparatus for a diying process as clalmed In claim 89, wherein the predetermined
size Is less than substantially 200 pm.

An apparatus for a drying process as claimed In any one of claims 84 to B2, whereln a
spray freezer utllises a cold gas to effect a phase change of the liquids In the atomised
lquid substance (ALS).

An apparatus for a drying process as claimed in claim 93, whereln sald cold gas Is alr.
An apparatus for a drying process as claimed in claim 93 or claim 94, wherein said
cold gas Is substantially 0°C or less.

An apparatus for a drying process as claimed in claim 93 or claim 84, whereln said
cold gas Is Jess than substantially -20°C.

An apparatus for a drying process as clalmed in any one of claims 84 to 96, wherein
the vacuum of sald vacuumous drying chamber Is created by a pressure raduction
device.

An epparatus for a drying process as ¢laimed in claim 97, wherein the vacuum created
by the pressure reduction device Is substanfially 600 micro meters Hg absolute
pressure or less.

An apparatus for a drylng process as claimed In claim 97, whereln the vacuum created
by the pressure reduction device Is In the range of substantially 200-400 micro meters
Hg ebsolute pressure.

An apparatus for a drying process as claimed In any one of claims 84 to 89, whereln
gald ALS Is conveyed via a vibrating surface.

An apparatus for a drying process as claimed in claim 100, wherein sald vibrating
surface Is a vibreting tray.

An apparatus for a drying process as claimed in claim 101, whereln sald vibrating tray
ls pneumatically and/or mechanically and/or electrically and/or magnetically driven.

An epparatus for a drying procass s claimed in clalm 84 or claim 102, wharein ALS Is
conveyed through a temperature gradient to substantially effect sublimation.

An apparatus for a drying process as clalmed In clalm 84 or claim 103, whereln vapour
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105.

106.

107.

produced by sublimation is removed from the drying chamber by one or more
condensers.

An apparatus for a drying process as ¢lalmed in claim 103, wherein said lemperature
gradient Is providad by an energy source.

An apparatus for a diying process as claimed In claim 105, whereln sald energy
source Is an infra-red emitting device and/or & micro-wave emitting device and/or an
ohmic heater.

A drying chamber which comprises;

a device capable of vibrating a tray,

a aultable device for reducing the pressure in said chamber,

a material outiast port from sald chamber, and

a heat source adapted o act upon said tray.
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(57) Extracto: Esta invencion se refiere a un proceso y/o método y aparato asociado para uso en secar por congefamiento

por aspersidn una sustancia liquida, ta! como jugo de fruta, productos farmacéuticos, nutracéuticos, 1@ y café

Una

suslancia liquida se rocla (atormiza) y reduce en temperatura a por debajo de su lemperatura euteclica, induciendo en esa
forma un cambio de fase de liquidos en la sustancia liquda La sustancia lquida atomizada (ALS) se somele entonces a
una camara de secado de vaclo, en la cual la ALS se somete a una fuenle de energia para ayudar a Ja subimacibn de
liquido de la ALS, a medida que se conduce a través de la camara Tal fuente de energia puede proporcionar una gradiente

de lemperatura, a través de la cual pasa la ALS y

se expone a ella, todo llevado a cabo de modo que, preferiblemente, se

minimice o reduzca la probabiidad de degradacion de la sustancia que se estd secando (reduciendo el contenido de

liquido)
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PROCESO Y APARATO DE SECADO
CAMPO TECNICO

Esta invencion se rcfiere a un secador y a un proceso dc secado. En

particular, aunque no exclusivamente, esta invencién sc reficrc a un
secador para uso cn congclar, concentrar o secar una sustancia liquida que

tiene particulas solidas en suspension, o una sustancia disuclta en ella.

ARTE PREVIO

[l proceso de la conservacion de alimentos siempre ha sido de¢ interés,

siendo cl secado por congelamiento el foco particular de la industria
alimenticia desde {inales de la década de los afios 40. En los afios de
formacién de los aparatos de secado por congelamiento y desarrollo de
procesamientos, hubo un marcado acento en lograr un producto final Gtil
(conservado). Las fases basicas de congelar un material liquido y, luego,
calentar cl material congelado bajo vacio para efectuar la extraccion de la
humedad son preferibles a las tentativas anteriores en la conservacion de
alimentos que, con frecuencia, involucraban deshidratacion por métodos de
conveccion de aire caliente.

La calidad del producto desecado es de importancia primordial en términos
de valor nutricional y apariencia para el consumidor. No es deseable
desmejorar el producto durante el procesamiento y exiraccion de liquidos
de las sustancias. El secado por conveccion de airc caliente resulla a
menudo cn el encogimiento del producto y otros efectos perjudicialces.

Se han utilizado operaciones de unidades por lotes en la industria dec secado
por congelamiento, aunque el procesamiento por lotes tiene un namero de
desventajas quc incluyen: periodos mas prolongados del procesamicnio del
producto, tiempos de residencia mas prolongados en cada fasc de
proccsamiento (en muchos casos, ya quc se requiere trabajo manual para
trasladar sustancias parcialmente procesadas de una fase a la siguiente),
equipo de procesamiento deficientemente mejorado, a menudo con exceso
de capacidad, mayores tiempos de instalacion, control reducido del proceso

debido a la mayor probabilidad de error humano (como consecuencia de la
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falta de automatizacién), y rendimiento mas bajo. Tipicamente, los
sistemas por loles se emplcan para ciclos pequcfios de produccion o donde
sc precisa [lexibilidad del proceso.

En procesos convencionales de secado por congelamiento (en lotes), por lo
menos un suministro liquido se vierte en bandeja(s) poco profunda(s) (el
espesor del producto varia por lo general entre 10 y 20mm), la cual(cs) sc
pone(n) lucgo en anaqueles en el secador por congelamiento. La puerta de
acceso al congelador por lotes se cierra y ¢l producto se congela. Luego de
congelado el producto, las bandejas se calientan y el hielo se sublima
lentamente. El vapor sublimado se condensa en serpentines refrigerados.
Una vez se asume que el producto esta seco, éste se extrac manualmente.
El producto sale de un secador por congelamiento convencional en la forma
de una masa compacta quebradiza y, usualmente, requierc una fase de
granulacidn separada, antes de poderse procesar posteriormente.

Estc método dec secar una sustancia con carga de humedad congelandola,
sublimando lucgo el exceso de humedad tanto como sea posible para
generar un producto desecado, se utiliza principalmente ¢n industrias donde
se necesita sccar sustancias incapaces de resistir temperaturas incluso
moderadas; por ejemplo algunos productos alimenticios o farmacéuticos
puedcn estropearse o afcctarse por cl calor.

No es inusual que este proceso combinado de congelamiento y secado tome
48 horas o mas. Esto no es deseable si se estian secando materiales
sensibles al calor. Ademas, si se pierde el vacio en un secador por
congelamiento convencional por lotes, puede ocurrir descongeclamiento y
formacion de cristales, y es posible que pueda perderse toda la carga dcl
productlo, es decir, el produclo puede no ser un producto de calidad
aprovechable, o no estar en capacidad de venderse; adicionalmente, el
proceso de carga y descarga es susceptible a contaminacion del producto,
debido a la exposicion, y a desperdicio por derrame de las bandejas poco
profundas. Por lo tanto, es deseable un sistema que posibilite un rapido
secado por congelamiento de una sustancia cargada de humedad y quc

gencre un producto final convenientemente formado, tal como un polvo.
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Hasta el momento, la industria de secado no ha desarrollado eféctivam

procesos de sccado por congelamienio verdaderamente continuos o semi-

continuos.

Un aparato capaz de minimizar la contaminacién potencial, reducir el
derrame del suministro de liquido y que pueda aumentar el rendimiento
liquido ("the liquid throughput') seria ventajoso para la industria de
seccado. Si un suministro liquido es susceptible de secarse por
congelamiento, sin requerir al mismo tiempo un pretratamiento necesario,
fases de enfriamiento de un suministro liquido, o fases subsiguientes de
granulaciéon de! producto seco, entonces pucden superarse problemas
significativos con ¢l secado por congelamiento convencional por lotes.

En tiempos mas rccientes, se han desarrollado ain mdas las fases de
congelamiento y secado para incluir varios pasos, tales como reducir cl
ltamafio fisico de las sustancias a tralar, asi como el control de temperatura
graduado durante las fases de congelamiento y secado. No obstante, en la
practica, a menudo ha sido dificil implementar efectivamente un secado
altamente controlado, ya que las sustancias que se estin desecando se
encuentran con frecucncia en arreglos de bandeja tipo estitico y, en
consecuencia, alguna parte de la sustancia tiende a verse mas afectada o
calentada-que otras partes de la sustancia, con el resultado, por lo tanto, de
un produclo sece o calentado cn exceso y, por consiguiente, estropeado.

Por ello, scria ventajoso utilizar una fase de sccado con la provision de

condiciones mejoradas de transferencia de calor a las sustancias, estado tal

fase preferiblemente acoplada a un proceso de secado por congelamiento,
Por consiguiente, es un objeto de la presente invencion proveer un aparato
secador y/o un proceso de secado o método, que avance por lo menos un
trecho cn abordar los problemas anteriores o en proporcionar por lo menos
una opcion 0til a la industria.

Todas las referencias, inclusive cualesquiera patentes o soliciludes de
patente citadas en esta especificacion se incorporan aqui por rcferencia. No
se admite quc cualquicr referencia constituya artc previo. La discusion de

las referencias establece que sus autores sostienen, y los solicitantes sc
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rescrvan el derecho de cuestionar la exactitud y pertinencia dé los
documentos citados. Se cntenderd claramente que, aunque aqui se hace
refcrencia a un nimero de publicaciones del arte previo, csta referencia no
constituye una admisién de que cualquiera dc estos documentos forme
parte dcl conocimiento general comiin en el arte, en Nueva Zelandia o en
cualquier otro pais.

Se acepta que, bajo jurisdicciones variables, al término 'comprender’ puede
atribuirse un significado inclusivo o cxclusivo. Para el propdsito de esla
cspecificacion y, a menos que se anote lo contrario, el término ‘comprender’
tendrd un significado inclusivo — es decir, que se tomara para significar una
inclusion de no sélo los componentes enumerados a los que ésta hace
directamente refcrencia, sino también otros componentes o elementos no
especificados. Estc razonamiento se usara igualmente cuando se use el
término ‘comprendido’ o 'que comprende’ en relacion con uno o mas pasos
en un método o proceso.

Otros aspcctos y ventajas de la presente invencion sc harian evidentes a
partir de la siguiente descripcién, la cual se da a manera de ejemplo
unicamente.

DIVULGACION DE LA INVENCION

En consecuencia, en un primer aspecto, en sentido amplio la invencién

consta de un método de secar o concentrar una sustancia liquida, que ticne
particulas sélidas en suspensién o una sustancia disuelta cn ella, el cual
comprende los pasos de:
maniener una camara a una temperatura y presion por debajo del
punto triple de la sustancia liquida,
inycctar y/o atomizar la sustancia liquida en la camara para generar
una porcion de suslancia liquida congelada ("porcion FLS" ~ frozen
liquid substance) y una primera porcion de sustancia liquida
evaporada ("porcion FEL" — first evaporated liquid),
recoger la porcion FLS como una capa en una superficie, y
conducir la porcion FLS recogida en la superficie,

cn dondc la superficie conduce la porcion FLS rccogida a una
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velocidad, que controla el cspesor de la capa de FLS recogida en la

superficie.
Una "sustancia liquida" se usa aqui y sec refiere a una sustancia que tienc
propiedades dc flujo similares a un liquido ("liquid flow-like properties"),
pero posee peso/masa constante en un primer estado. El peso/masa dc la
sustancia liquida puede alicrarse extrayendo componentes de la sustancia
tliquida, por ejemplo evaporando liquidos de la sustancia, dejando una
su.stancia liquida mas concentrada. Tales sustancias liquidas pucden incluir
liquidos con particulas o solidos suspendidos o disueltos en una solucion,
asi como compucsios, que pueden existir en un estado liquido, tales como
agua o accile o similares.
Preferiblemente, la velocidad de conduccién logra que sustancialmentc un
espesor de monocapa de la porcion FLS se acumule en dicha superficie.
Preferiblemente, la FEL se condensa por un dispositivo condcnsador.
Preferiblemente, la FEL se extrae de dicha camara.
Preferiblemente, inyectar y/o atomizar la sustancia liquida incluye
atomizacion para lograr un tamafio de particula predeterminado de FLS.
Preferiblemente, la inyeccion y/o alomizacién de la sustancia liquida se
realiza por una o mas boquillas.
Preferiblemente, ta velocidad de conduccion de FLS sobre dicha superficie
alcanza sustancialmente un espesor de monocapa de la FLS sobre dicha
superlicie.
Preferiblemente, la monocapa puede tener el espesor de una sola capa del
tamafio dc particula predeterminado de la porcién FLS.
Preferiblemente, cl tamafio de particula predeterminado es sustancialmente
500 pm o mas.
Preferiblemente, el tamafio de particula predeterminado es mcnos de
sustancialmente 500 pum.
Preleriblemente, el tamafio de particula predeterminado es mcnos de
sustancialmente 200 pum.
Preferiblemente, la superficic conduce la porcion FLS alejandola de una o

mas boquillas.

-



L Y

WO 2005/105253 PCT/NZ2005/000089 '

L}

Preferiblemente, el método incluye el paso de exponer la capa recogida de
la porcion FLS a un medio de calcfaccion, induciendo asi sustancialmente
la sublimacién y generacion de una segunda porcion de suslancia liquida
("porcién SEL" — second evaporated liquid) y un producto.
Preferiblemente, la porcion SEL sc¢ condensa por un dispositivo
condensador.
Preferiblemente, la porcion SEL se extrae dec la camara.
Preferiblemente, el producto se extrae de la superficie de conduccion por
un dispositivo de cxtraccion del producto.
Preferiblemente, el producto se extrae de la cdmara a través del pucrto de
salida.
Preferiblcmente, el metodo se usa para procesar una sustancia fluidificada,
0o una sustancia liquida con particulas s6lidas en suspensién, o una
sustancia disuella cn clla.
Preferiblemente, la sustancia se selecciona de una o mas dc las siguientes:
una suspension dc café, leche liquida, jugos de frutas y/o vegetales.
En un segundo aspectlo, en sentido amplio la invencién consta de un
aparalo para secar o0 concentrar una sustancia liquida, el cual comprende:
una camara y un dispositivo de reduccion de presion de la cdmara, y
uno o mas puertos de inyeccion, a través de los cuales la sustancia
liquida se inyecta a la camara,
una superficie de recoleccidn que recoge una porcion de sustancia
liquida congelada dc la sustancia liquida,
en donde el dispositivo de reduccion de presion manticne la camara a
una presion por debajo de por lo menos la presion de punto triple de
la sustancia liquida, para hacer que la sustancia liquida inyectada se
scparc en una porcion de la suslancia liquida congelada ("porcién
FLS") y una primera porcion de sustancia liquida evaporada
("porcion FEL"),
de modo que, en uso, la porcion FLS se acumule como una capa
sobre la superficie de recolcccion y se conduzca alejandose del uno o

més puertos de inyeccion a una velocidad que permita controlar el
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espesor de la capa de la porcion FLS.
Prefcriblemente, la velocidad de conduccion logra que sustanctalmente un
espesor de monocapa de la porcion FLS se acumule en dicha superficic.
Prefcriblemente, la porcion FEL se condensa por un dispositivo
condensador.
Preferiblemente, dicha FEL se extrae de dicha camara.
Preferiblemente, los uno o mas puerlos de inyecciéon comprenden por lo
menos una boquilla de aspersion o atomizacion.
Preferiblemente, la boquilla o boquillas determinan sustancialmcnte el
tamafio de la porcion FLS generada para alcanzar un tamafio dc particula
predeterminado.
Preferiblemente, el dispositivo de reduccidn de presion es una bomba de
cvacuacion de gas.
Preferiblemente, el dispositivo condensador es un serpentin o serpentines
refrigerados.
Preferiblemente, cl dispositivo condensador se enfria con un refrigerante.
Preferiblemente, la superficie de recoleccion incluye uno, o una
combinacion dc, los siguientes transportadores ‘mecdnicos: una
configuracion de cinta sinfin, una bandeja inclinada para favorecer que la
porcion de sustancia liquida congelada se deslice alejandose del uno o mas
puertos de inyeccion, una Bandeja vibradora.
Prefcriblemente, la bandeja inclinada y/o bandeja vibradora incluye una
superficie de [riccion reducida.
Preferiblemente, la superficic de friccion reducida comprende
politetralluroetileno (PTFE).
Preferiblemente, la capa de la porcion FLS sobre dicha superficie de
recoleccion se expone a un medio de calefaccion, a medida que se conduce
alejandose del uno o mas puertos de inyeccion.
Prefcriblemente, el medio de calefaccién induce sustancialmente
sublimacion de la capa de la porcion FLS sobre dicha superficie para
formar una segunda porcion de sustancia liquida evaporada ("SEL" —

second evaporafed liquid) y un producto.
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Preferiblemente, el medio de calefaccion es una, o una combinacion, de las
siguientes fuentes de energia: lamparas infrarrojas, lamparas haldgenas,
[amparas incandescentes, microondas o calentamiento éhmico de dicha
superficie.
Preferiblemente, se emplea un dispositivo de extraccion del producto para
cxtraer el producto de la superficie de recoleccion.
Preferiblemente, el dispositivo de extraccidon dcl producto es un medio
raspador y/o un medio de arrastre de cepillo. Preferiblemente, el medio
raspador contacta sustancialmente la superficie, con el producto sobre ella,
y traslada el producto desde la superficie al puerto de salida.
Preferiblemente, el medio de arrastre de cepillo es un cepillo giratorio o un
cepillo fijo, que sustancialmente contacta la superficie, con el producto
sobre ella, y dirige el producto de la superficie al puerto de salida.
Preferiblemente, el producto se extrae a través de un puerto de salida de la
camara. Preferiblemente, la camara se mantiene a una presidén de
sustancialmente 611.3 Pa o menos.
En un tercer aspecto, en sentido amplio la invencion consta de un proceso
de sccado para una sustancia liquida, el cual comprende los pasos de:
atomizar la sustancia liquida,
enfriar la sustancia liquida atomizada (ALS — atomised liquid
substancé) para iniciar un cambio de fase,
conducir la ALS a una camara de secado bajo vacio,
calentar la ALS con el fin de efectuar sustancialmente sublimacion y,
luego, recolectar la ALS sustancialmente seca de la camara.
Preferiblemente, la susiancia liquida se enfria desde una temperatura inicial
antes de atomizarla.
Preferiblemente, la ALS conducida a la cdmara de secado se conduce
también a través de la camara de secado.
Preferiblemente, la ALS se calienta mediante una gradiente de temperatura
mientras se desplaza a través de la camara de secado, de modo que la
gradiente de temperatura efectlia sustancialmente sublimacion.

Preferiblemente, el paso de enfriar una sustancia liquida tiene lugar en un
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enfriador para reducir la sustancia liquida desde una temperatura inicial a
una tcmperatura mas baja.

Preferiblemente, atomizar la sustancia liquida alcanza un tamafio de
particula predeterminado.

Preferiblemente, el tamafio de particula predeterminado es sustancialmente
500 um o mas.

Preferiblemente, el tamafio de particula predeterminado cs menos de
sustancialmente 500 pm.

Preferiblemente, el tamafio de particula predeterminado es menos de
sustanciaimente 200 um.

Preferiblemente, un congelador por atomizacién utiliza un gas frio para

‘efectuar un cambio de fase de los liquidos en la sustancia liquida atomizada

(ALS).
Preleriblemente, ¢l enfriamiento se lleva a cabo con contacto directo o
indirecto con un {luido frio.

Preferiblemente, dicho fluido frio es aire.

Prefcriblenienle, dicho fluido frio estd sustancialmente a 0°C o menos.
Preferiblemente, dicho fluido frio cstd a menos de sustancialmente -20°C.
Preferiblemente, dicho congelador por atomizacidon opcra en una
configuracion contracorriente,

Prcferiblemente, dicho congelador por atomizacidon opera cn una
configuracion de la misma corriente.

Preferiblemente, la ALS se reduce a una temperatura por debajo de su
lemperatura eutéctlica.

Preferiblemente, la ALS se conduce a un separador.

Preferiblemente, dicha ALS se conduce neumdticamente a un separador.
Preferiblemente, dicho separador es un dispositivo de separacion gas-
sélido.

Preferiblemente, dicho dispositivo de separacién gas-solido es un ciclon.
Preferiblcmente, el gas separado en el dispositivo de separacion gas-sélido
sc realimenta y/o refrigera para uso en el paso de enfriamiento.

Preferiblemente, uno o mds cierres de vacio y/o aire estdn presentes cntre
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una salida del ciclon AFS y una entrada dc la camara dec secado.

Preferiblemente, solidos separados de dicho dispositivo de separacion gas-
sOlido ingresan a una camara de secado de vacio.

Prcferiblemente, el vacio de dicha camara de secado de vacio se crea por un
dispositivo de reduccion de presion.

Prcferiblemente, el vacio creado por el dispositivo de reduccién de presion
es sustancialmente 600 micrometros Hg de presidn absoluta o menos.
Preferiblemente, el vacio creado por el dispositivo de reduccion de presion
esta cn el rango de sustancialmente 200-400 micrémetros Hg dc presion
absoluta.

Preferiblemente, dicha ALS se conduce mediante una superficie.
Preferiblemente, dicha ALS se conduce mediante una superficie vibradora.
Preferiblemente, dicha superficie vibradora es una bandeja vibradora.
Preferiblemente, dicha bandeja vibradora sc acciona neumadtica y/o
meccanica y/o eléctrica y/o magnéticamente.

Preferiblemente, dicha bandeja vibradora conduce la ALS a través de una
gradiente de lemperatura para efectuar sustancialmente sublimacion.
Preferiblemente, un vapor producido por sublimacién se extrae de la
camara de secado.

Preferiblemente, vapor producido por sublimacidn se extrae de la camara
de secado por uno o mas condensadores.

Preferiblementc, la ALS se calienta mediante una gradiente de temperatura
mientras se desplaza a través de la cimara de secado, de modo que la
gradiente de temperatura efectia sustancialmente sublimacion.
Preferiblemente, dicha gradiente de temperatura se provee por una fuente
de encrgia.

Preferiblemente, dicha fuente de energia es un dispositivo emisor infrarrojo
y/o un dispositivo emisor microondas y/o un calentador dhmico.
Preferiblemente, atomizar la sustancia liquida alcanza un tamafo de
particula predeterminado.

Preferiblemente, el tamafio de particula predeterminado es sustancialmente
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500 pm o mas.
Preferiblemente, el tamafio de particula predeterminado es menos de
sustancialmente 500 pm.
Preleriblemente, el tamafio de particula predeterminado es menos de
sustancialmente 200 pm,
Preferiblemente, se emplea un sistema de rcfrigeracion para mantener la
ALS a una temperatura por debajo de su temperatura eutéctica c'juranlc el
transporte desde el dispositivo de separacion gas-sélido a la camara dc
secado de vacio.
Preferiblemente, el producto generado sustancialmente reducido esta libre
de liquido, comparado con la sustancia liquida.
En un cuarto aspecto, en sentido amplio la invencion consta de un aparato
para un proceso de secado de una sustancia liquida, ¢l cual comprende:
un atomizador capaz de atomizar una sustancia liquida,
un enlriador capaz de enfriar la sustancia liquida atomizada (ALS)
para iniciar un cambio de fase,
un transportador mecanico ("a conveyor'’) capaz de conducir la ALS
a una camara de secado mantenida bajo vacio,
una fuente de energia capaz de calentar la ALS con el fin de efectuar
sublimacidn y secado por congelamiento, y
un recolector capaz de recolectar la ALS seca.
Preferiblementc, antes del atomizador de sustancia liquida se provee un
enlriador, capaz de enfriar una sustancia liquida desde una temperatura
inicial a una temperatura mas baja.
Preferiblemente, el aparato incluye un transportador mecénico capaz de
conducir la ALS a través de la camara de secado.
Preferiblemente, ¢l aparato incluye una fuente dc cnergia capaz de calentar
la ALS mediante una gradiente de temperatura, mieniras se desplaza a
través de la camara de secado, dc manera que la gradiente de temperatura
pucda efectuar sublimacion.
Preferiblcmente, la gradiente de temperatura sustancialmentc previene o

sustancialmente minimiza el deterioro por calor que ocurre a la ALS a
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medida que ésta pasa a través de la camara.

Preferiblemente, atomizar la sustancia liquida alcanza un tamafio de
particula predeterminado.

Preferiblcmente, el tamafio de particula predeterminado es sustancialmente
500 pm o mas.

Preferiblemente, ¢l tamafio de particula predetcrminado cs menos de
sustancialmente 500 pum.

Preferiblemente, el tamafio predeterminado es menos de sustancialmente
200 pm.

Preferiblemente, un congelador por atomizacién utiliza un gas [rio para
cfectuar un cambio de fase de los liquidos en la sustancia liquida alomizada
(ALS).

Preferiblemente, dicho gas frio es aire.

Preferiblemente, dicho gas frio esta sustancialmente a 0°C o menos.
Preferiblemente, dicho gas frio estd a menos de sustancialmente -20°C.
Preferiblemente, el vacio de dicha camara de secado de vacio se crea por un
dispositivo de reduccion dc presidn.

Preferiblemente, el vacio creado por el dispositivo de reduccion de presion
es sustancialmente 600 micrémetros Hg de presién absoluta o menos.
Preferiblemente, el vacio creado por el dispositivo de reduccion de presion
esta en cl rango de sustancialmente 200-400 micrometros Hg de presion
absoluta.

Preferiblemente, dicha ALS se conduce mediante una superficie vibradora.
Preferiblemente, dicha superficie vibradora es una bandeja vibradora.
Preferiblemente, dicha bandeja vibradora se acciona neumaitica y/o
mecanica y/o eléctrica y/o magnéticamente.

Preferiblemente, la ALS se conduce a través de una gradiente dc
temperatura para efectuar sustancialmente sublimacion.

Preferiblemente, el vapor producido por sublimacion se extrae de la camara
de secado por uno o mas condensadores.

Preferiblemente, dicha gradiente de temperatura se provee por una fuente

dc energia.
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Preleriblemente, dicha fuente de energia es un dispositivo emisor infrarrojo”
y/o un dispositivo emisor microondas y/o un calentador 6hmico.
En un quinto aspecto, en sentido amplio la invencion consta de una camara
de secado que comprende:

un dispositivo capaz de haccr vibrar una bandcja,

un dispositivo apropiado para reducir la presion en dicha cémara,

un puerto de salida de material de dicha camara, y

una fuente de calor adaptada para actuar sobre dicha bandeja.
Ventajosamente, la presenie invencion provee un método/proceso mejorado
de tratar una sustancia liquida para fabricar una forma mas seca o por lo
menos mas concentrada de la sustancia liquida (en la forma de un
producto).
En incorporaciones preferidas, la presentc invencion esta en capacidad de
ser operada sobre una base semi-continua, o que por lo menos permitira un
mayor rendimiento de sustancia liquida, comparada con sistemas de secado
del arte previo. La velocidad de conduccion de la sustancia liquida
alomizada (ALS) es suficientc para incrementar las eficiencias de

sccar/concentrar y/o que contribuyc a reducir el deterioro al producto.

BREVE DESCRIPCION DE LOS DIBUJOS

Otros aspectos de la presente invencion se haran evidenics a partir de la

siguiente descripcion, dada a manera de ejemplo Unicamente, y con

referencia a los dibujos adjuntos en los que:

Figura 1 tlustra una incorporacion de una posible configuracion de
un secador, de acuerdo con la presente invencion cn los
aspectos tercero y cuarto.

Figura 2 Es un diagrama de flujo de un proceso de una posible
incorporacion de la presente invencion, de acuerdo con los
aspectos primero y segundo;

Figura 3 es una vista superior de la configuracion de la camara de

secado mostrada en Figura 2,

Figura 4 es una vista lateral de la configuracion de la cdmara de

13
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sccado mostrada en Figuras 2y 3,y

Figura 5 es una vista final de la configuracion de la cdmara de
secado mostrada en Figuras 2 a 4.

MEJORES MODOS DE LLEVAR A CABO LA INVENCION

La presente invencion puede describirse ahora con referencia a Figuras | a

5, y la deseripeion que la acompafia.

La presentc invencion sc refiere a un proceso para secar por congclamicnto
o deshidratar/concentrar sustancias liquidas. El proccso es aplicable a
liquidos que tienen una sustancia sélida en suspension (por ejemplo, lcche),
o0 a soluciones liquidas en las cuaies se ha disuelto una sustancia. Usando
esle secador por congelamiento por atomizacién podrian procesarsc
igualmente ¢, café, jugo de fruta, productos farmacéuticos y nutracéuticos.
El sccado por congelamiento es una atil técnica de conscrvacion y, cntre
muchos otros productos, los siguientes pueden secarse de esta mancra. café
instantaneo, vegelales para mezclas dc sopas deshidratadas, champifiones,
hierbas aromaticas, condimentos, cullivos de microorganismos para la
fabricacion de queso ("'cheese starter cultures"), camarones, frutas de
cerealcs de desayunos listos para comer, nutracéuticos, productos
farmacéuticos y agricéuticos.

Algunos usuarios finales especificos de productos secados por
congclamicento pueden incluir la produccion de raciones militares y/o
espaciales, asi como alimentos de peso liviano con contenido de vegetales,
carne, pescado y frutas, consumidos por campistas. Por lo gencral, cl
procecso de secado por congelamiento puede tener las siguicntes ventajas:
bajo dcterioro térmico, excelente rctencién de sabores volatiles, buena
retencion de vilaminas, rapida rchidratacion del producto, bajo
encogimiento del producto, vida util prolongada dcl producto — si se
empaca adecuadamente - y retencion de la actividad biologica. Aunque
hay también algunas desventajas asociadas con secar por congelamiento
sustancias, contindosc entre las mas notables: costo elevado de secado,
dafio infligido a ciertos productos por el congelamiento inicial,

descomposicion rapida, a menos que se empaquen y mantengan con baja
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humedad, friabilidad (es decir, se desmoronan facilmente); a menudo,
neccsidad de pretratamiento (por ejemplo, zanahorias) para evitar la
pérdida de color.

Un proceso 1, como se describe generalmente en el tercer aspecto, y un
aparato, como se define ampliamente por el cuarto aspecto ya descrito,
comprende mantener una camara 2 a una temperatura y presion por debajo
del punto triple de una sustancia liquida 3, inyectar la sustancia liquida 3 cn
la camara 2 generando en esa forma una porcidén de sustancia liquida
congelada 4 y una primera porcién de sustancia liquida evaporada 5A.

La primera porcion de’ la sustancia liquida evaporada S5A puede
condensarse por el medio condensador 6, mientras se recoge al mismo
tiempo la porcién de sustancia liquida congelada 4, como una capa 7, en
una superficic de recoleccion 8.

La porcion de sustancia liquida congelada 4 recogida como la capa 7 se
conduce a lo largo de la superficic de recoleccion 8. La superficie 8
conduce la capa de la porcion de sustancia liquida congelada 7 a una
velocidad que controla cl espesor de la capa de la porcion dc sustancia
liquida congelada recogida.

La primera porcion de la sustancia liquida evaporada condensada puede
extraerse de la camara 2.

Con el fin de eliminar cualquier volumen de agua o porcion dc sustancia
liquida evaporada de la fase gaseosa en la camara, aquella puede
condensarsec en los serpentines. Con el fin de eliminar la porcién
evaporada dc los serpentines condensadores, los serpentines pueden
retornarse a presiones por encima del punto triple, de modo que cl hiclo se
derrita. Por lo tanto, con el fin de obtener una operacion sustancialmente
continua o cuasi-continua, pueden utilizarse dos o mas juegos de
serpentines de condensacion; mientras uno estd formando hielo ("is
Sfrosting up'"), cl otro o los serpentincs restantes pueden aislarse de la
camara de secado cerrando un sello de presion de algun tipo, retornando a
tcmperatura ambiente, y descongelarlos.

La sustancia liquida 3 en un tanque de conservacion T puede atomizarse cn
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la camara 2 con el {in de conseguir un tamafio predeterminado de particulas
de la porcion de sustancia liquida congelada, y esto puede realizarse por
una o mas boquillas 10.

El espesor dc la porcion de sustancia [iquida congelada (particulas)
recogida en la superficie de recoleccidén sc determina por la vclocidad
(metros por scgundo) de conduccidn por la superficie de recoleccion 8, que
es en forma de un transportador mecanico sinfin (no mostrado). El espesor
de esta monocapa de particulas se determinara asimismo por los tamafios
dc particula generados por la inyeccion de la sustancia liquida en la cdmara
y/o de la inycccion de sustancia liquida por la boquilla(s) 10.
Deseablemente la superficie conduce la porcion de sustancia liquida
congelada alcjandola del punto de inyeccion de sustancia liquida, o la
posicién de una o mas boquillas, a una velocidad que sustanciaimente
alcanza aproximadamente el cspesor de monocapa de la porcion de
sustancia liquida congelada sobre la superficie dc recoleccion 8.

La porcion de sustancia liqutda congelada recogida puede exponerse
entonces a un medio de calefaccion 11, el cual puede inducir por lo menos
alguna sublimacion y, con ello, generacion de una segunda porcién de
sustancia liquida cvaporada 5B y un producto 12.

La scgunda porcion de sustancia liquida evaporada 5B puede condensarse
asimismo por ¢l medio condensador 6 y extraerse de la cdmara 2. _

El producto 12 (en un estado que, ventajosamente, contiene menos liguido
que en el cstado en tanque de conservacion T) puede extraerse de la
superficie de recoleccion 8 por un medio de extraccion del producto 13,
lucgo evacuarse de la camara 2 a través del puerto de salida 14.

En una incorporacion adicional del proceso, sustancialmente como ya se
describid, puede configurarse un aparato para generar un producto 12, que
cs mas seco o mas concentrado que el de la sustancia liquida 3 en el tanque
dc conservacion T.

Una camara 2 se mantiene a una presion, por lo menos por debajo dc la
presion de punto triple de la sustancia liquida, por un medio de reduccion

de presion, tal como una bomba de evacuacidon dc gas 15.
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Pueden emplearse uno o mas puertos de inyeccion, tal como boquillas 10,7a
ravés dc las cuales puede atomizarse la sustancia liquida 3. Luego de la
inyeccion (o atomizacion) de la sustancia liquida 3 cn la camara 2, pueden
generarsc una porcion de sustancia liquida congelada 4 y una primera
porcion de la sustancia liquida evaporada SA.

Una superficie de recoleccion 8 se provee sustancialmente para recoger la
porcion de sustancia liquida congelada generada 4 de la sustancia liquida 3.
Puede emplcarse un medio condensador 6 para condensar la primera
porcién de la sustancia liquida evaporada SA, y el condensado puede
drenarse posteriormente y extraerse de la camara 2.

Un puerio dc salida 14 de la camara puede usarse para evacuar una forma
mas seca o mas concentrada de la sustancia liquida 3, en la forma de un
producto 12.

La porcidén de sustancia liquida congelada 4 puede acumularse como una
capa 7 en la superficie de recoleccién y conducirse desde el uno o mas
puertos de inyeccion hacia el puerto de salida, a una velocidad que permite
la acumulacion de no mas de sustancialmente un espesor de monocapa de
la porcidn de sustancia liquida congelada.

La primera porcion de la sustancia liquida evaporada 5A puedc
condcnsarse por el medio condensador 6 y extraerse de la camara. El
medio condensador 6 es un serpentin o serpentines de condensacion
refrigerados. El medio condensador se refrigera con un refrigerante,
suministrado por la unidad de refrigeracion 16.

El uno o mas puertos de inyeccién comprenden una boquilla o boquillas dc
aspersion o atomizacion. La boquilla o boquillas determinan
susiancialmente el tamafio de la porcién de sustancia liquida congelada
gencrada.

La superficic de recoleccion incluye uno, o una combinacion, de los
siguientes transportadores mecanicos: una configuracién dc cinta sinfin,
una bandeja inclinada para favorecer que la porcion de sustancia liquida
congelada se deslice del uno o mas puertos de inyeccién, una bandeja

vibradora. La bandcja inclinada y/o bandeja vibradora incluye una
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La capa dc porcion de sustancia liquida congelada sobre dicha superficie de

superficie dc friccion reducida, que comprende politetrafluroetileno.

recoleccion se expone a un medio de calefaccion, a medida que se conduce
alejandola del uno o mas puertos de inycccion, lo cual puede
sustancialmente inducir sublimacidon de la capa de porcion de sustancia
liquida congelada 7 sobre la superficie 8 para formar una segunda porcién
de sustancia liquida evaporada SB y un producto 12.

El medio de calefaccidon es una, o una combinacidén, de las siguientes
fuentes dc energia: lamparas infrarrojas, lamparas halogenas, lamparas
incandescentes, microondas o calentamiento 6hmico de la superficie 8
misma, el cual puede actuar directamente sobre la porcién de sustancia
liquida congelada 4. El medio de calefaccion puedc operar también
indirectamente sobre las particulas congeladas mediante transferencia de
caior provenicnte del equipo de cdmara interna circundante, tal como
transfercncia de calor a través de la superficic de recoleccién 8, o mediante
radiacion o reflexion de energia proveniente de las paredes de la cdmara
circundantes.

Puede emplearse un dispositivo de extraccion del producto para extraer el
producto de la superficie de recoleccion, que puede haberse pegado o
adherido a la superficie. Tal dispositivo de extraccion del producto puede
ser un medio raspador y/o un medio de arrastre de cepiilo.

Un medio raspador puede contactar sustancialmenic la superficie 8, con el
producto 12 sobre ella, y mover el producto de la superficie hacia el puerto
de salida 14, mientras que un medio de arrastre de cepillo puede estar en la
forma de un cepillo giratorio o cepillo fijo, que sustancialmente contacta
también la superficie, con ¢l producto sobre ella, y desplaza el producto
hacia el puerto de salida. Una vez extraido ¢l producto de la cdmara, se
puede entonces empacar o procesar adicionalmente (tal como una fase de
granulacidn, o empacado por vacio, para mantener la calidad del producto).
La sustancia liquida 3 puede suministrarse bajo presion al punto de
inyeccion 10 mediante una bomba 17, pasando la sustancia liquida al

ambicnte despresurizado de la camara 2 a través de una serie de vélvulas
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La porcion congelada 5A de la suslancia liquida inyectada rociada o
atomizada 3 sc dirigc ventajosamente para posarse y recogerse sobre una
superficie 8, la cual conduce entonces la porcion congelada 4 alejandola de
la boquilla(s) de inyeccién 10.

La superficie 8 facilita el desplazamiento de la porcion congelada 4 lejos de
la boquilla(s) de inycccidon mediante el uso de una, o una combinacion, de
opciones de superficie de transportador mecanico. Se proveen estas
opciones dc superficie, las cuales permiten que la porciéon congelada
rccogida cn la superficie 4 preferiblemente no se acumulc en una
proporcidn mayor a aproximadamente un espesor de monocapa de porcion
congelada 4. El espesor o capa 7 de la porciébn congelada 4 sobre la
superficie 8 determina directamente la velocidad de (secado) durante la
exposicion al medio de calefaccién 11.

Alternativamenie, un espesor optimo para sublimacidn rapida (sccado) de
la porcidn congelada puede determinarse midiendo activamente ¢l espesor
de la capa en la superficic, por ejemplo usando técnicas de reflexion de luz.
Una vez determinado el espesor de la capa que se csta atomizando sobre la
superficie, la velocidad del transportador mecénico para alejar las particulas
del puerto(s) dec inyeccion puede alterarse para que corresponda a la
velocidad de aspersion de cntrada de la sustancia liquida, o para optimizar
el rendimiento de la sustancia liquida (y la generacién de producto). La
velocidad de aspersién o rendimiento de sustancia liquida puede alterarse
asimismo para que sea compatible con la velocidad de conduccidn de las
particulas a lo largo de la superficie.

Una vez expucsta la porcién congelada 4 al medio de calefaccion 11, la
sublimacion se induce prcferiblemente de ese modo, lo cual resulta cn una
exiraccion de liquido adicional de la sustancia liquida ahoya congelada. La
sustancia con contenido de humedad sustancialmente reducido, que puede
designarse como el 'producto’ 12, puede cxtraerse entonces de la superficie
de conduccion. El producto puede recogerse luego y cxtraerse de la cdmara

2 a través de un puerto de salida 14, el cual incluye una o mas vélvulas 18B
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(o cierres de aire) para avitar’la pérdida de vacio de la camara.

Como la camara 2 se mantiene a un vacio, se requiere una bomba de vacio
15 para obtcner las presiones deseadas en la camara, por ejemplo, el punto
triple del agua c¢s 611.3 Pa (6 4.585 mm Hg, 6 0.0887 psi). La prcsion de la
camara no liene nunca que ser superior a la presion de punto triple del
agua; no obstante, dependiendo del producto, tienen que cumplirse ciertas
restricciones de temperatura para evitar la formacion de cristales y la
depresion del punto de congelamiento, asociada con los efectos de
concentracion de congelamiento, que ocurren a medida que el producto sc
seca. Algunos productos tienen que mantenersc por debajo de su
temperatura eutéctica, mientras que para otros la temperatura de transicion
vitrea es critica. Puesto que [a presion en el recipiente determinard la
temperatura de sublimacién y, por consiguiente, la temperatura del
producto, a menudo ecl proceso tendra que operar a presiones
significativamente por debajo de 611.3 Pa, por cjemplo, café: -21°C y 94
Pa; jugos de frutas: -30°C y 38 Pa. Naturalmente, sc reconoce que esla
tecnologia puede aplicarse a la mayoria de las sustancias liquidas, que
contienen particulas en suspension o un material disuclto en ellas. Una
persona experta en el artc de la termodindmica entenderia la relacién de
presidn y temperatura, y cémo las condiciones de la camara detcrminan la
cantidad de evaporacion instantanea (generacion de la primera porcidn de
la sustancia liquida evaporada) y temperatura resultante de la porcion de
sustancia liquida congelada formada. Las condiciones de ia camara pueden
variarse para optimizar el nivel de rendimiento y/o nivel de congelamiento
quc ocurren en la cdmara.

Como cl suministro de liquido puedc alimentarsc a través de una boquilla
directamente a la camara de vacio, ia boquilla y ia presion de alimentacion
se seleccionan de tal manera quc se mantenga un chorro de alomizacion
estable. En un ambiente por debajo del punto triple ("a sub-triple point
environment’), un material no puede existir en el estado liquido, lo que
significa que cierta porcion del liquido es forzada a vaporizarse casi

instantdneamente, haciendo que el liquido restante se congele. Puesto que
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¢l trabajo de entalpia dc fusidn no necesita suministrarse por una fuent¥ de
cnergia externa, es efectivamente "libre". Adicionalmente, como resultado
del mismo proceso, aproximadamente un séptimo del trabajo de
sublimacién es también libre. Esto significa que para una carga dada de
producto, el secador por congelamiento por atomizacidn requerira por lo
menos 10% menos de energia que un secador por congelamiento
convencional por lotes.

El producto se congela en particulas finisimas, cuyo tamafic maximo se
limita por la tensidn superficial y la presion de vapor (tipicamente 100um o
menos). Las particulas congeladas se posan en una bandeja calentada o
cinta transportadora, donde se secan a medida que la humedad sc sublima y
se condensan por los serpentines condensadores, a medida que se conducen
a todo lo largo del secador. Los tiempos de liofilizaciéon pueden calcularse
a partir de la siguiente ecuacion (Fellows, 1997):

_ x*pAMA,
8k AT

I4

Donde. ¢, = tiempo(s) de secado, x = espesor de la capa de producto (m), &,
= conductividad térmica del producto seco (W/mK), p = densidad aparente
del producto (kg/m?®), AM = variacion en el contenido de humedad (base
seca), AT = fuerza de transferencia dc temperatura (°C) y A, = entalpia dc
sublimacion (J/kg). Esta ccuacion muestra que el tiempo de secado cs
proporcional al cuadrado del espesor de la capa de producto sobre la
superficie de secado.

La presente invencion dcl segundo aspecto puede designarse como un
proceso de secado por congelamiento por atomizacidn en un proceso cuasi-
continuo, y puede integrarse en una linea de produccidon continua, que
reduciria Jos requerimientos de mano de obra asociados con su operacion, y
podria eliminar asimismo el riesgo de cxposicion o contaminacién del
producto. Adicionalmente, se elimina la necesidad de una fase adicional de
granulacion, puesto que el producto seco sale del secador en forma de

polvo.
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Una superficic recubierta con politetrafluroetileno (PTFE), tal como un
sistema de conduccidén de cinta transportadora, puede acoplarsc a un motor
de vclocidad variable, que permita variar el tiempo de residencia del
producto sobrc la cinta transportadora entre aproximadamente | y 12
minutos, dependiendo de la exposicion al medio de calefaccién, requerida
para sublimar una cantidad deseada de humedad. La longitud de la cinta
transportadora puedc ser de alrededor de 2m, y las velocidades de la cinta
transportadora pueden variarse entre alrededor de G.17m/min y 2m/min. El
producto puede atomizarse a través de boquillas multiples, por ejemplo 4
boquillas en paralelo, con el fin de distribuir el producto uniformemente a
lo ancho de la cinta transportadora (que puede ser aproximadamente 0.5m).
Se preve que la mayoria de los tamaiios de particula estarén en la region de
10 a 100um y, por consiguiente, puesto que es probable que el producto se
adhiera a la superficie (o cinta transportadora) incluso con la cubierta de
PTFE (politetrafluroctileno), un medio de extraccidn tal como el filo de una
cuchilla, o cepillo o arreglo de medios raspadores puede cmplearse al final
del transportador mecanico (o cualquier posicion a lo largo de la
superficic). Si el raspador o filo de cuchilla no es lo suficientcmente
efcctivo, puede usarsc igualmente PTFE u otro tipo de material del cepillo
para raspar las particulas. El arreglo de cepillo puede producir la
agregacion de las particulas, lo cual puede ser o no benéfico, dependiendo
del manejo corriente abajo, previsto para ¢l producto particular.

La boquilla de alimentacion 10 puede sobresalir directamente cn la camara
de vacio 2. La presion dentro de cdmara de vacio 2 se mantiene por debajo
de la presion de punto triple del liquido 3 y, por lo tanto, a medida que la
sustancia liquida 3 sale de la boquilla 10 alguna parte del agua se evapora
5A inslantdneamente ("se evapora rapidamente"), como resultado de la
caida de presidén por debajo de la presion de punto triple del liquido. El
proccso de evaporacion elimina cantidades sustanciales de calor de la
goticula, con cl resultado de que la humedad restante en el producto se
congela. Basandosc en las magnitudes relativas de los calores latentes de
vaporizacion (= 2.250 kl/kg) y fusion (= 333 kl/kg), | gramo de humedad
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humedad restante en la porcidon de sustancia liquida congelada 4 puede

evaporada congelaria aproximadamente 6.5 gramos de agua residual 4. L

climinarsc opcionalmente sometiéndola a un medio de calefaccion o fuente
dc energia, tal como infrarroja, lampara halégena u otra fuente de energia
11 cn ia camara de vacio.

Ventajas potenciales de este tipo de arreglo incluirian ademas la
significativa reduccion en el requerimiento de cnergia cxterna
(electricidad), ya que casi no se requiere electricidad para congelar el
producto, asi como la reduccion asociada en ¢l requerimiento de
electricidad para calentar la bandeja; y pueden eliminarse en gran medida
los problemas asociados con la conduccion del producto congelado
(prensado, compactacion, aglomeracion, descongclamiento/re-
congelamicnto).

El secador por congelamicnto por atomizacién involucra menos equipo (y,
por consiguiente, un menor coslo de capital), debido a su disefio
mecanicamente mas sencillo, y existe el potencial de ejercer un control
mucho mayor de la distribucién lateral del producto en la bandeja de
sccado (porque el patron de atomizacién puede controlarse mientras que,
antes, ¢l producto congelado simplemente se dejaba caer sobre la bandeja).
Algunas de las principales ventajas del secado por congelamiento por
atomizacion sobre el secado por congelamiento convencional por lotes son
los tiempos de secado altamente reducidos (una cuestién de segundos,
comparada con una cuestion de horas); se minimiza la posibilidad de
deterioro a materiales scnsibles al calor; una reduccién de
aproximadamente ¢l 10% en costos de energia debidos al novedoso proceso
de congelamiento, que es cfectivamente libre dc costo, y se suprime la
nccesidad de una fase de granulacion adicional, la cual es, a menudo,
coslosa y puede traducirse en pérdida de producto.

Utilizando estc proceso cuasi-continuo, se evita la exposicion a
contaminantes y el secador por congelamiento por atomizacidn es
susceptible de integrarse en una linea de produccion continua, y es mucho

menos intensivo en mano de obra que los secadores por congelamiento
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En otros aspectos de la presente invencién, como sc define cn sentido

convencionales.

amplio por los aspectlos primero, segundo y/o quinto, s¢ provee un proceso
y aparato de secado, como se ilustra por un diagrama de flujo del proceso
continuo y mcjorado de secado pro congelamiento por atomizacidn, como
se muestra Figuras 2, 3, 4 y 5. Una sustancia liquida, tal como café (no
mostrada), se cnfria desde su temperatura inicial a una temperatura un poco
menor cn un enfriador 21. Este paso es opcional. El suministro de liquido
se dirige bajo presidon mediante una bomba (no mostrada), atomizado a
través de una boquilla de alta presion (no mosirada) a una camara de
congelamiento 22. Idealmente, el tamafio de particula de la sustancia
liquida atomizada debe ser menos de sustancialmente 200-300 micrones
(um). El suministro se introduce en la camara de congelamiento 22 con un
flujo de la misma corriente de aire frio (-20°C o menos) y se atomiza y
congela para producir una sustancia congelada atomizada (ALS). La ALS
se congela rapidamente por debajo de su temperatura eutéctica para evitar
el derretimiento. La ALS congelada se conduce neumaticamente por la
corricnie de aire frio al congelador por atomizaciéon [y] a un ciclén
separador 23, donde la ALS congelada sale del fondo del ciclon 23 y el
chorro de aire de salida salc de la parte superior del ciclén 23. El chorro de
airc de salida del congelador por aspersion tiene que estar por debajo de la
temperatura cutéctica de la ALS congelada. Un ventilador o soplador 24
soplan cl chorro de aire de salida proveniente del ciclén a través del sistema
de refrigeracion, en este caso un evaporador 25, donde el aire se vuelve a
enfriar a su temperalura inicial, antes de retornar a la camara de
congelamiento por atomizacidn 22.

El producto congelado cac iuego por gravedad en una cdmara de terminado
(no mostrada), acoplada al fondo del cicléon. Un cierre de vacio o aire 27
permite que ¢l producto pase sin interrupcion, desde el fondo del ciclon a la
camara de secado 28, al vacio dentro de la camara de secado. La camara de
terminado y el cierre de aire se enfrian con aire frio proveniente del sistema

de refrigeracion, cn este caso un enfriador 26 para evitar que la ALS se
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derrita. La cdmara dc secado se mantiene a una presion absoluta de
sustancialmente 200-400 micrometros de Hg con una bomba de vacio 212.
La ALS congelada cac sobre una bandcja vibradora neumatica inclinada
29, que conduce cl producto seco hacia el extremo de descarga del secador.
Para efectuar sublimacién y secado por congclamiento, la bandeja se
calienta por una fuente de calor radiante y/o de conduccion 210, ubicada
debajo de la bandcja 29. La temperatura de la superficie de ia bandeja se
controla a lo largo dc su longitud para garantizar el secado completo sin
deleriorar el producto (no mostrado). La ALS seca (producto) sale a través
del cierre de vacio de descarga 213. Se requieren dos condensadores 211
para operar c¢l sistema en forma continua. Un condensador operaria
normalmente durante el secado, mientras que el olro se aislaria de la
camara de sccado y descongelaria.

Un proceso de secado mejorado para una sustancia liquida, de acuerdo con
el primer aspecto, incluye uno o mds de los pasos de enfriar la sustancia
liquida desde una temperatura inicial, atomizar la sustancia liquida, de
manera que sc¢ alcance un tamaifio de particula predeterminado, congelar la
sustancia liquida atomizada (ALS) a por dcbajo de su temperatura
eutéctica, conducir la ALS congelada a una camara de secado que se
mantiene bajo vacio, calentar la ALS congelada con el fin de efectuar
sublimacion y sccado por congelamiento y, a continuacion, recolectar la
ALS seca de la camara.

Una sustancia liquida puede definirse como cualquier sustancia que
contiene un liquido. Estas pueden incluir por ejemplo, leche, café, solucién
acuosa de compuestos quimicos ("liguor'), productos farmacéuticos,
nutraccuticos, alimento funcional, agricéuticos, o cualquier otra sustancia
que tenga un contenido de humedad. La cantidad de liquido en una
sustancia necesita ser tan s6lo minima para permitir, durante un periodo de
tiempo, la degradacion de la sustancia; por consiguiente, cs deseable la
eliminacion de cualquier liquido "libre".

La conduccion de ALS a una camara de secado puede lograrse por

cualesquiera métodos/aparatos apropiados de conduccion. Por ejemplo,
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v/
¢stos pueden incluir métodos neumaticos, métodos mecanicos; taml;;{\
pueden scr apropiados métodos de conduccidn eléctricos o asistidos por
gravedad. En otra incorporacion del primero y/o segundo aspecto,
preferiblemente se provec un proceso de secado mejorado para una
suslancia liquida, el cual pucde incluir uno o més de los pasos de enfriar la
sustancia liquida desde una temperatura inicial, atomizar la sustancia
liquida, de modo que se obtenga un tamafio de particula predeterminado,
congelar la sustancia liquida atomizada (ALS) a por debajo de su
temperatura eutéctica, conducir la ALS congelada a una camara de secado,
que se mantiene bajo vacio, conducir la ALS a través de la cimara de
sccado, y calentar ]Ja ALS congelada mediante una gradiente de
temperatura, mientras-se desplaza a través de la cimara de secado, de modo
que la graduacion de temperatura pueda efectuar la sublimacion y sccado,
evitando o minimizando al mismo tiempo que ocurra cualquier deterioro
por calor a la ALS, a medida que pasa a través de la cdmara a un punto de
recolcccion de la ALS seca.
El paso de enfriar una sustancia liquida puede tener lugar en un enfriador
para reducir la sustancia liquida desde una temperatura inicial a una
lemperatura mas baja. Por ejemplo, esto puede significar que la sustancia
liquida se enfria desde condicioncs ambientales y/o la temperatura del
equipo de acondicionamiento de almacenamienio a una lemperatura mas
baja. Esle paso de enfriamiento es opcional; no obstante, puede ayudar y
reducir la carga de enfriamiento requerida por el congelador por
atomizacion.
El enfriamiento puede obtenerse por cualquicr método o aparato apropiado,
que puedan reducir la temperatura de una sustancia desde una temperatura
inicial a una temperatura mas baja. Preferiblemente el enfriamiento puede
lograrse por cualquicr unidad adecuada de transferencia de calor; éstas
pueden ser por cjemplo refrigeradores, intercambiadores de calor de placas,
intercambiadores de calor de envolvente y tubos, bombas de calor, aparatos
de convcecién de aire frio, torres de enfriamiento gas-liquido y otros

aparatos similares de enfriamiento apropiados. El congelador por
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atomizacion es un aspecto especialmente importante de la configuracion de
procesamiento continuo, en la cual se desea una rapida reduccion de la
temperatura a por dcbajo de la temperatura eutéctica de la sustancia, asi
como atomizacion de la sustancia liquida. Preferiblemente, la atomizacién
de la sustancia liquida puede inducirse por una variedad dc dispositivos de
alimentacion tales como, boquilla de liquido Gnico (tipo presion), boquilla
de dos liquidos (tipo neumatico), boquillas centrifugas (disco giratorio),
ultrasdnicas, y pueden emplearse varios oiros atomizadores rotalorios y
técnicas de atomizacion de aire. El enfriamiento de la ALS puede
conscguirse mediante el uso de un enfriador capaz de congelar la ALS.
Preferiblcmente la atomizacion y enfriamiento de la sustancia liquida
ticnen ambas lugar en un congelador por atomizacion.

Hay un ndmero de ventajas del congelamiento por atomizacion,
especialmente porque los particulados formados pueden producirse con
tamarfios de particulas especificos o predeterminados, y la especificacion, o
la calidad del particulado, permanece sustancialmente constante de
principio a fin de toda la operacion del congelador por atomizacién. La
operacidon del congelador por atomizacidon es idealmente continua y
adaptable a control automatico total, donde los tiempos de respuesta son
rapidos. El congelamiento por atomizacién es una aplicacion til a
sustancias sensibles al calor y resistentes al calor. No obstante, se cstima
que puede requerirse 1gualmente un procesamiento semi-continuo.

Ocurre un cambio de fase cn la ALS cuando se reduce la temperatura de la
ALS, es decir, en la cual los liquidos se congelan o reducen a por dcbajo de
su temperatura eutéctica (es decir, sdlidos). Liquidos pueden sublimarse de
la ALS congclada en un estado posterior en el proceso, luego de exponerse
a una gradiente de temperatura y fuente de energia.

Los ciclones son uno de los principales métodos usados para separar fases
gas-solido, y pueden proporcionar una separacion eficiente. ALS
congelada y gases se scparan, reciclandose el gas para enfriar la sustancia
liquida, y conduciéndose la ALS congelada (sélida) a través de la camara

de secado. La sublimacién es el cambio de fase de liquidos congelados
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(sdlido) a gas (vapor liquido), por medio de evaporacion de liquido dc la
ALS. Idealmente, la sublimacion y/o secado de la ALS congclada tiene
lugar en la superficie. Mas preferiblemente la superficie puede ser una
superficic vibradora. A(n mas preferiblemente, la superficie vibradora es
una bandeja vibradora, en la cual las vibraciones se producen por mecdios
neumaticos y/o mecanicos y/o eléctricos. Es ventajoso inducir y/o proveer
cierto movimiento de vibracion de la ALS congelada a secarse, para
intensificar y promover la transferencia de calor a las particulas
alomizadas.

La sublimacién (es dccir, el secado dc la ALS y la eliminacion de liquido
"libre") puede iniciarse y efectuarse por la encrgia emitida de una fucnte de
energia, tal como un dispositivo infrarrojo, con lo cual la bandcja de secado
vibradora mejora prcferiblemente las caracteristicas de transferencia de
calor a la ALS y permite una fase de secado mas uniforme y controlada.
La fuente de energia capaz de calentar la ALS puede ser cualquier fuente
de cnergia apropiada para inducir sublimacién de los liquidos congelados
de la ALS. Tales fuentes de energia adecuadas pueden incluir por ejemplo:
dispositivos emisores infrarrojos, microondas, calentadores radiantes,
calentadores de conveccion, y cualquier dispositivo que provea energia
suficiente a la ALS para inducir sublimacién de los liquidos "libres"
congelados de la ALS.

La eliminacion de liquidos de sustancias para formar un producto seco,
controlando las velocidades de flujo del aire, temperatura y presion reduce
el contenido de humedad de sustancias y contribuye a inhibir el crecimiento
microbiano, que puede causar descomposicién y deterioro. La eliminacion
de humedad reduce también el peso, lo cual es de interés y consideracian
significativos para el embarque y transporte.

El pretratamiento quimico dc algunas sustancias puede contribuir ain mas
a aumentar la vida util del producto. Estos pretratamientos pucden incluir
sustancias para mejorar la conservacion.

A menudo la deshidratacion a una escala industrial requiere que un

producto de suministro se reduzca en tamafio y/o se particula para permitir
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caracteristicas mejoradas de procesamiento. El secado por congelamiento
es el secado de material en un estado congelado y, preferiblemente, la fase
de secado tiene lugar a una presion absoluta, que facilmente puede permtir
que el hielo experimente un cambio de fase directamente de sélido a vapor.
Preferiblemente, en la presente invencion el producto secado por
congclamiento sale sustancialmente en buen estado de la fase de camara de
secado.

En un proceso mejorado dc secado de los aspectos primero y segundo, la
sustancia liquida puede atomizarse en un congelador por atomizacion para
conseguir un tamafio de particula de sustancialmente 500 micrones o mas.
Alternativamente, el tamafio dc particula obtenido puede ser menos de
sustancialmente 500 micrones, o incluso menos de de sustancialmente 200
micrones. La atomizacion de la sustancia liquida es deseable, de modo que
la sustancia liquida atomizada pueda reducirse rapidamente en temperatura
a por debajo de su temperatura eutéctica. Ademas, la alomizacion de la
sustancia liquida y el congelamiento subsiguicnie permite procesar un
producto particulado, lo cual posibilita caracteristicas mejoradas de control
de secado y transferencia de calor.

El aparato o congelador por atomizacion puede ser de una configuracion
contracorriente, aunque puede ser también de configuracion de la misma
corrienic, en la cual ¢l congelador por atomizacion puede utilizar un gas
frio para efectuar un cambio de fase dc los liquidos en la ALS. El gas frio
puede electuar un cambio de fase [que] ocasiona cl congclamiento de
liquidos en la sustancia liquida atomizada (es decir, la ALS se reduce a una
temperatura por debajo de su temperatura eutéctica). El aire frio utilizado
por ¢l congelador por atomizacién para efectuar el cambio de fase pucde
ser aire frio, aunque puede usarse cualquier gas adecuado para efectuar un
cambio de fase de liquidos contenidos en la ALS.

El gas frio cmpleado puede estar a sustancialmente 0°C o menos, incluso
mas preleriblemente el gas frio puede estar a menos de sustancialmente -
20°C.

La ALS una vez congelada/reducida a por debajo dc su temperatura
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euléctica puede conducirse entonces a un separador, y la conduccion puede
tener lugar neumdticamente, El separador puede ser un dispositivo de
separacion gas-solido, por ejemplo, un ciclon.

El gas separado del ciclon puede realimentarse y/o refrigerarse para uso en
¢l congelador por atomizaciéon. Puede reciclarse asimismo al congelador
por atomizacion para reducir la carga de cnfriamiento en el evaporador. El
evaporador se usa para enfriar el gas, el cual se emplea para inducir un
cambio de fase de liquidos en la ALS. Sin embargo, pucdc utilizarse
cualquicr aparato apropiado de enfriamiento de gas, usdndose un
evaporador como ejemplo en estc caso. Los aparatos de enfriamiento
adecuados pueden incluir refrigeradores, intercambiadores de calor de
placas, intercambiadores de calor de envolvente y tubos, y otras unidades
de transferencia de calor capaces de enfriar un gas a una temperatura, que
pueda summistrarse a un congelador por atomizacién para forzar un
cambio de fase de liquidos en la ALS al estado so6lido (congelado).
Preferiblemente uno o més cierres dc vacio y/o aire se encuentran situados
entre la salida del ciclon de la ALS congelada y la entrada de la cdmara de
secado, o algin tipo dc dispositivo de sellamiento de presidn. Es ventajoso
proveer uno o mas dispositivos de cierre de presién para mantenimiento del
vacio cn la cdmara de sccado. Sin el uso de estos dispositivos de cicrre de
presion no puede obtenerse un vacio apropiado en la cdmara de secado.
Cicrres de "presion, tales como valvulas, pueden ser particularmente
apropiados, aunque puede utilizarse cualquier dispositivo adecuado para
sellar la camara de secado de vacio y garantizar que la cdmara de secado
mantenga su vacio.

En incorporaciones adicionales puedc haber un sistema de refrigeracion,
que se cmplea para mantener la ALS congelada a una temperatura por
debajo de su temperatura eutéctica durante el transportc desde ¢l ciclon a la
camara dc secado de vacio. [Es ventajoso que la ALS congelada
permanczca a una temperatura por debajo de su temperatura eutéctica para
minimizar cualquier degradacién o deterioro del producto que pueda

ocurrir, si la ALS sube por encima de su temperatura eutéctica.
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El vacio de la camara de secado de vacio se¢ crea por un dispositivo
apropiado de reduccion de presion.

El vacio creado por tales disposilivos adecuados de reduccion de presidn
puede scr sustancialmente 600 micrémetros Hg a presion seleccionada o
menos. Mas preferiblemente el vacio creado puede estar en el rango de
sustancialmente 200-400 micrometros Hg de presion absoluta.

El transporte o conduccion de la ALS congelada a través de la camara de
vacio puede tener lugar en una superficie vibradora, dondc la superficie
vibradora es una bandeja vibradora. La bandeja vibradora puede
accionarse por medios neumaticos, eléctricos y/o mecanicos para impartir
la vibracién a la bandeja.

La bandcja vibradora conduce la ALS congelada a través de una gradicnte
de temperatura para cfectuar sublimacion, retirandose el vapor producido
por sublimacion de la camara de secado por uno o mas condensadores o
similares.

La gradiente de temperatura a través de la bandeja de secado se provee por
una fuente de energia, tal como un dispositivo emisor infrarrojo. No
obstante, se preve el uso de otras fuentes de energia, por cjemplo
calentadores Shmicos y dispositivos microondas.

El producto generado por un proceso y aparato mejorados de secado csta
sustancialmente libre de liquido o, en otra forma, sustancialmente seco o,
por lo menos, sustancialmente reducido en contenido de liquido. Sec desea
un aparato para secado mejorado, que facilita uno o mas de los siguientes
pasos de cnfriar una sustancia liquida desde una temperatura inicial a una
temperatura mas baja, atomizar una sustancia liquida, de modo que pucda
obtenerse un tamafio de particula predeterminado, enfriar la sustancia
liquida atomizada (ALS) a por debajo de su temperatura eutéctica, conducir
la ALS congelada a una camara de secado, que puede mantcnerse bajo
vacio, y calentar la ALS congelada con el fin de efectuar sublimacion y
secado por congelamicnto y, seguidamente, recoger la ALS seca dc la
camara de secado. En una incorporacién alternativa el aparato se define

como un aparalo para un proceso de secado mejorado, cl cual puede
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facilitar uno o mas dec los pasos de enfriar la sustancia liquida desde una
temperatura inicial, atomizar la sustancia liquida con el fin de poder
obtener un tamafio dc particula predeterminado, enfriar la sustancia liquida
atomizada (ALS) a por debajo de su temperatura eutéctica, conducir la
ALS congelada a una camara de secado, que mantiene bajo vacio, conducir
la ALS a través de la camara de secado y calentar la ALS congelada
mediante una gradiente de temperatura, micntras se desplaza a través de la
camara dc secado, de manera quc la gradicnte de temperatura pueda
efectuar sublimacion y secar, previniendo o minimizando al mismo tiempo
cualquier deterioro por calor que ocurra a la ALS, a medida que pasa a
través de la camara a un punio de recoleccion de la ALS seca. Seria
preferible, pero no necesariamente esencial, que los pasos del proceso y
metodologia puedan conectarse para formar un proceso continuo. Un
proceso continuo puede tener un niimero de ventajas.

Adicionalmente, un proceso que se configura para operarse sobre una base
continua puede ser preferible, ya que un sistema continuo ticnde a
optimizarse mas facilmente en cuanto a productividad, rendimiento mas
alto, tiempo de procesamiento reducido por unidad producida, calidad
mejorada como resultado de controles optimizados, un proccso
generalmente mas eficiente, reduccion del manejo humano y/o contacto
con sustancias, que pueden contaminar equipo y/o sustancias; y la
reduccion de la manc de obra manual humana preferiblemente reduce
también la probabilidad dc lesion. Ademas, el procesamiento continuo
puede permitir equipo disefiado para una solucion optimizada de
proccsamiento continuo y produccion de productos secados por
congelamiento.

La camara de secado de vacio se disefia para operar a presiones absolutas
en el rango de 200-400 micrémetros de Hg. El estado de vacio de la
camara de secado permite el cambio de fase preferencial (sublimacién) de
los liquidos congelados a la fase gas/vapor. El material de sublimacion
(vapor) puede eliminarse preferiblemente por el uso de un condensador.

En una incorporacion preferida la camara de secado se opera
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continuamente, y puede conectarsc con congeladores por atomizacion
adicionalcs, dispositivos de separacion (ciclones), sistcmas de empaque a
operarse sobre una base por lotes, scmi-continua o continua.

En una incorporacion preferida de la presente invencion, la ALS puedc caer
sobre una bandcja vibradora neumadtica inclinada, (aunque pueden
cmplearse otros sistemas de bandeja vibradora) para conducir la ALS a
través dc una gradiente de temperatura para efectuar sublimacién y
descarga de producto seco al final del secador. El productlo seco sale a
través del cierre de vacio dc descarga (que garantiza que el vacio se
mantcnga) hacia fases adicionales de procesamiento. Por cjemplo, fases
adicionales de procesamiento pueden incluir sistemas de empaque discreto.
Es preferible que la temperatura de la superficie de la bandeja se controle
en toda su longitud para garantizar un secado completo, sin deterioro de los
productos.

El secado puede definirse como la aplicacién de energia bajo condiciones
controladas, para eliminar por evaporacion la mayor parte del agua
normalmente presente en una sustancia. El propdsito principal de la
deshidratacion es ampliar la vida Gtil de sustancias mediante una reduccion
del contenido de agua. El secado puede causar detrimento en la calidad
alimenticia y el valor nutritivo del alimento. EIl agua juega un papcl
importante en la cstabilidad de alimentos frescos, congelados y secados, ya
quc actia como un disolvente para una reaccion quimica, microbiolégica y
enzimatica.

Un secador puede incluir una bandcja vibradora, un medio de reduccion de
presion, un puerto de entrada de material, un puerto de salida de material y
una {uente de calor. La bandeja vibradora provee una superficie vibradora
(sobre la.cual ocurre la sublimacion), que conduce ALS congelada del
pucrto de entrada de material al puerto de salida de material. El puerto de
cntrada de material cs el punto de ingreso de la ALS congelada al secador,
y el puerto de salida de material es el punto de egreso de la ALS seca (pos-
sublimacion).

Se utiliza una fuente de calor para inducir la sublimacién de liquidos
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Por lo tanto, es ventajoso proveer una serie de fases de tratamiento en las

congelados de la ALS congelada, a lo largo de la bandeja vibradora.

cuales una sustancia liquida pueda procesarse y sccarse sustancialmenie o
tener un contenido liquido reducido. Los pasos descritos de enfriar
opcionalmente una sustancia liquida, atomizar la sustancia liquida, enfriar
la ALS para iniciar un cambio de fase de los liquidos en la ALS, separar
opcionalmente del gas de enfriamiento la ALS cambiada de fase, conducir
la ALS cambiada de fase a una camara de secado, y eliminacion dc liquidos
de la ALS por sublimacion pueden designarse como una serie dc fases de
tratamiento para proveer una sustancia con contenido de liquido/humedad
sustancialmente reducido.

Sin embargo, se considera asimismo que puede prescindirse de los pasos de
prctratamiento y la sustancia liquida puede insertarse directamente en la
camara de vacio (la cual se mantiene a una presion de vacio, que puede
estar por debajo de la presidn de punto triple de la sustancia liquida que se
csta procesando). Esta inyeccion directa puede resultar en la evaporacion
instantanea de una porcion del liquido, reduciéndose por consiguiente cn
temperatura el resto de la sustancia liquida, de modo que resulten particulas
de sustancia liquida congelada. Estas particulas congeladas pueden tratarse
entonces en la camara de secado para inducir sublimacién del liquido
restante, con el fin de obtener una sustancia liquida sustancialmente mas
seca.

Pueden considcrarse las fases de pretratamiento para mejorar el proceso
global, aunque pueden suprimirsc donde la inyeccion directa de la sustancia
liquida a la camara de secado de presion de vacio es una opcion.

Los expertos en el arte observaran, entenderdn y podran calcular las
dimensiones dc las bombas, calentadores, motores, boquillas de aspersion o
atomizacion requeridas para realizar la presente invencion, y se observa
que existen numerosas variables que dictaran o influirdn en las dimensioncs
de estas clases de componentes. Debe observarse asimismo que el disefio
de una camara de vacio estard al alcance de una persona experta cn el arte —

no obstante, es la combinacién y las ventajas dadas a conocer mds arriba
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las que hacen apropiada esta invencion. Los aspecltos de la presente
inveneidon se han descrito a modo de ejemplo unicamente, y debe
observarse que pueden introducirse modificaciones y adiciones a ellos, sin
apartarse del ambito de la misma, como se define en las reivindicaciones

adjuntas.
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LAS REIVINDICACIONES QUE DEFINEN LA INVENCION SON:

Un método de secar o concentrar una sustancia liquida que tiene
particulas solidas en suspension o una sustancia disuelta en ella, cl
cual incluye los pasos de:

mantener una camara a una temperatura y presiéon por debajo del
punto triple de la sustancia liquida,

inyectar y/o atomizar la sustancia liquida a la cdmara para generar una
porcion de la sustancia liquida congelada ("porcion IFLS") y una
primcra porcion de la sustancia liquida evaporada ("porcion FEL"),
recoger la porcion FLS como una capa en una superficie, y

conducir la porcion FLS recogida en la superficie,

en donde la superficie conduce la porcion FLS recogida a una
velocidad que controla el espesor de la capa de FLS recogida en la

superficie.

Un método como se reivindica en la reivindicacion |, en donde la
velocidad de conduccion logra sustancialmente que un espesor de

monocapa de la porcion FLS se acumule en dicha superficie.

Un método como se reivindica en la reivindicacion 1 o la
reivindicacion 2, en donde la FEL se condensa por un dispositivo

condcnsador,

Un método como se reivindica en una cualquiera de las

reivindicaciones | a 3, en donde la IFEL se extrae de dicha cdmara.

Un meétodo como se reivindica en una cualquiera de las
reivindicaciones precedentes, en donde inyectar y/o atomizar la
sustancia liquida incluye atomizacion para oblener un tamafio de

particula predeterminado de FLS.

Un meétodo como se reivindica ecn una cualquiera de las
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10.

.

12

13.

reivindicaciones precedentes, en donde la inyeccion y/o alomizacion

de la sustancia liquida se realiza por una o mas boquillas.

Un método como se reivindica en una cualquiera de las
reivindicaciones precedentes, en donde la velocidad de conduccion de
FLS sobre dicha superficie obtiene sustancialmente un espesor de

monocapa de la FLS sobre dicha superficie.

Un método como se reivindica en la reivindicacion 7, en donde la
monocapa puedc tener el espesor de una capa Unica del tamafio de

particula predeterminado de la porcion FLS.

Un método como se reivindica en la reivindicacion 8, en donde el

tamafio de particula predeterminado es sustancialmente 500 um o mas.

Un método como se reivindica en la reivindicacion 8, en donde el
tamafio de particula predeterminado es menos de sustancialmente 500

pum.

Un método como se reivindica en la reivindicacion 8, en donde el

tamario de particula predeterminado es menos de sustancialmente 200

pm.

Un método como se reivindica en una cualquiera de las
reivindicaciones precedentes, en donde la superficie conduce la

porcidn FLS alejandola de las una o mas boquillas.

Un método como se reivindica en una cualquiera de las
rcivindicaciones precedentes, en donde el método incluye ¢l paso de
exponer la capa recogida de porcion FLS a un mcdio de calefaccion,
induciendo sustancialmente en esa forma sublimacién y generacién de

una scgunda porcion de sustancia liquida evaporada ("porcion SEL") y
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14,

15.

16.

17.

18.

19.

20.

un producto.

Un método como se reivindica en la reivindicacion 13, en donde la

porciéon SEL se condensa por un dispositivo condensador.

Un método como se reivindica en la reivindicacion 13 o la

reivindicacién 14, en donde la porcion SEL se extrac de la cdmara. -

Un método como se reivindica en una cualquicra de las
reivindicaciones 13 a 15, en donde el producto sc extrae de la
superficic de conduccion por un dispositivo de extraccion del

producto.

Un método como se reivindica en wuna cualquiera dc las
reivindicaciones 13 a 16, en donde ¢l producto se extrac de la camara

a través del puerto de salida.

Un método como se rcivindica en una cualquiera de las
reivindicaciones precedentes, en donde cl método se utiliza para
procesar una sustancia fluidizada, o una sustancia liquida que tiene

particulas solidas en suspension o una sustancia disuelta cn ella.

Un método como se reivindica en una cualquiera de las
reivindicaciones precedentes, dondc la sustancia se¢ selecciona de una
o mas de las siguientes: una suspension de cafgé, leche liquida, jugos

de frutas y/o vegetales.

Un aparalo para secar o concentrar una sustancia liquida, el cual
comprende:

una camara y un dispositivo de reduccion de presion de la cidmara, y
uno o mas puerlos de inyeccion a través de los cuales se inyccta la

sustancia liquida a la cdmara,
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21.

22,

23.

24,

25.

una superficie de recoleccion que recoge una porcion de sustancia
liquida congelada de la sustancia liquida,

cn donde el dispositivo de reduccidn de presidon mantiene la camara a
una presion por debajo de por lo menos la presion de punto triple de la
sustancia liquida, para hacer que la sustancia liquida inyectada se
separe en una porcidon de la sustancia liquida congelada ("porcion
FLS") y una primera porcién de la sustancia liquida evaporada
("porcion FEL"),

de modo que, en uso, la porcion FLS se acumule como una capa en la
supcrficic de recoleccidon y se conduzca lejos de los uno o mas puertos
de inyeccion a una velocidad que permita controlar el espesor de la

capa de la porcion FLS.

Un aparato como se reivindica en la reivindicacion 20, en donde la
velocidad de conduccion obtiene sustancialmente quec un espesor de

monocapa de la porcién FLS se acumule en dicha superficie.

Un aparato como se reivindica cn la reivindicacion 20 o la
reivindicacion 21, en donde la porciéon FEL se condensa por un

dispositivo condensador.

Un aparato como se reivindica en una cualquiera de las
reivindicaciones 20 a 22, en donde dicha FEL se exirae de dicha

camara.

Un aparato como se reivindica en una cualquiera de las
reivindicaciones 20 a la reivindicacién 23, en dondc el uno o mas
puertos de inyeccion comprenden por lo menos una boquilla de

aspersion o atomizacion.

Un aparalo como se reivindica en la reivindicacion 24, en donde la

boquilla o boquillas determinan sustancialmente el tamafio de la
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26.

27.

28.

29.

30.

31.

32.

porcion FLS gencrada para lograr un tamafio de particula

predeterminado.

Un aparato como se reivindica en una cualquicra de las
reivindicaciones 20 a 25, en donde el dispositivo de reduccion de

presion es una bomba de evacuacion de gas.

Un aparalo como se reivindica en una cualquiera de las
reivindicaciones 20 a 26, en dondc el dispositivo condensador ¢s un

serpentin o serpentines refrigerados.

Un aparato como se reivindica en una cualquiera de las
reivindicaciones 20 a 27, en donde el dispositivo condensador se

enfria con un refrigerante.

Un aparalo como se reivindica cn una cualquicra de las
reivindicaciones 20 a 28, en donde la superficie dc recoleccion incluye
uno, o una combinacidn, de los siguientes transportadores mecanicos:
una configuracion de cinta sinfin, una bandeja inclinada para
favoreccr que la porcion de sustancia liquida congelada se deslice

desde el uno o mas puertos de inyeccion, una bandeja vibradora.

Un aparato como se reivindica en la rervindicacion 29, en donde la
bandeja inclinada y/o bandeja vibradora incluye una superficie de

friccion reducida.

Un aparato como se reivindica en la reivindicacion 30, en donde la
superficie de friccion reducida comprende politetrafluroetileno

(PTFE).

Un aparato como se reivindica en una cualquicra de las

reivindicaciones 20 a 31, en donde la capa de la porcion FLS sobre
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33.

34.

35.

36.

37.

38.

39.

dicha superficie de recoleccion se expone a un medio de calefaccion, a

medida que sc conduce lejos del uno o mas puertos de inyeccién.

Un aparato como se reivindica en la reivindicacion 32, en donde el
medio de calefaccion sustancialmente induce sublimacidn de la capa
de porcion FLS sobre dicha superficie para formar una segunda

porcion de sustancia liquida evaporada ("SEL") y un producto.

Un aparato como sc reivindica cn la reivindicacion 32 o la
reivindicaciéon 33, en donde el medio de calefacciéon es una, o una
combinacion, de las siguientes fuentes de energia: lamparas
infrarrojas, lamparas halégenas, ldmparas incandescentes, microondas,

o calcnlamiento 6hmico de dicha superficie.

Un aparato como se reivindica en la reivindicacion 33 o la
reivindicacion 34, en donde un dispositivo de extraccion del producto

se emplea para extraer el producto de la superficie de recoleccion.

Un aparato como se reivindica en la reivindicacion 35, en donde el
dispositivo de extraccion del producto es un medio raspador y/o un

medio de arrastre de cepillo.

Un aparaio como se reivindica cn la reivindicacion 36, en donde el
medio raspador contacta sustancialmente la superficie, con el producto

sobre e¢lla, y desplaza el producto de la superficie al puerto de salida.

Un aparato como se reivindica en {a reivindicaciéon 36, en donde el
medio de arrastre dec cepillo es un cepillo giratorio o cepillo fijo, que
contacta sustancialmente la superficie, con el producto sobre clla, y

dirige el producto de la superficie al puerto de salida.

Un aparalo como se reivindica en una cualquiera de las

41
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40.

41.

42.

43.

44,

43.

reivindicaciones 33 a 37, en donde el producto se extrae a través de un

pucrto de salida de la camara.

Un aparato como se reivindica en una cualquiera de las
reivindicaciones 20 a 39, en donde la camara se manticne a una

presion de sustancialmente 611.3 Pa o menos.

Un proceso de secado para una sustancia liquida, ¢l cual comprende
los pasos de:

atomizar la sustancia liquida,

enfriar la sustancia liquida atomizada (ALS) para iniciar un cambio de
fase, f

conducir la ALS a una cdmara de secado bajo vacio,

calentar la ALS con el fin de cfectuar sustancialmente sublimacion y,

luego, recoger la ALS sustancialmente seca de la camara.

Un proceso de secado como se reivindica en la reivindicacion 41, en
donde la sustancia liquida se enfria desde una temperatura inicial antes

de atomizarla.

Un proceso de secado como se reivindica en la reivindicacion 41 o la
reivindicacion 42, en donde la ALS conducida a la camara de secado

sc conduce lambién a través de la camara de secado.

Un proceso de secado como se reivindica en una cualquiera de las
rcivindicaciones 41 a 43, en donde la ALS se calienta mediante una
gradiente de temperatura, mientras se desplaza a través de la caAmara
de sccado, de modo que la gradientic de temperatura efectia
sustancialimente sublimacion.

Un proceso de secado como sc reivindica en una cualquiera de las

reivindicaciones 42 a 44, cn donde el paso de enfriar una sustancia
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46.

47.

48.

49,

50.

51.

52

53.

liquida tiene lugar en un enfriador, para reducir la sustancia liquida

desde una temperatura inicial a una temperatura mas baja.

Un proceso de secado como se reivindica en una cualquiera de las
reivindicaciones 41 a 45, en donde atomizar la sustancia liquida

alcanza un tamafio de particula predeterminado.

Un proceso de secado como se reivindica en la reivindicacion 46, cn
donde el tamafio dec particula predcterminado es sustancialmente 500

M 0 mas.

Un proceso de secado como sc reivindica cn [a reivindicacion 46, en
donde el tamafio de particula predeterminado es menos de

sustancialmente 500 pm.

Un proceso de secado como se reivindica en la reivindicacion 46, cn
donde el tamafio de particula predeterminado es menos de

sustancialmente 200 um.

Un proceso de secado como se reivindica en una cualquiera de las
reivindicaciones 41 a 49, en donde un congelador por atomizacién
utiliza un gas frio para efectuar un cambio de fase de los liquidos en la

sustancia liquida atomizada (ALS).
Un proceso de sccado como se reivindica en una cualquiera de las
reivindicaciones 42 a 50, en donde el enfriamicnto se realiza con

contacto directo o indirecto con un fluido [rio.

Un proceso de secado como se reivindica en la reivindicacion 51, en

donde dicho fluido ftio es aire.

Un proceso de secado como se reivindica en la reivindicacion 51 o la
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reivindicacién 52, en donde dicho fluido frio esta sustancialmentc a

0°C o menos.

54, Un proceso de secado como se reivindica en la reivindicacion 51 o la
reivindicacién 52, en donde dicho fluido frio estd a menos de

sustancialmente -20°C.

55. Un proceso de secado como sc reivindica en una cualquiera de las
reivindicaciones 50 a 54, en donde dicho congelador por atomizacion

opera en una configuracién contracorriente.

56. Un proccso de secado como se reivindica en una cualquiera de las
reivindicaciones 50 a 54, en donde dicho congelador por alomizacion

opera en una configuracion de la misma corriente.

57. Un proceso de secado como se reivindica en una cualquiera de las
reivindicaciones 41 a 56, en donde la ALS se reduce a una

temperatura por debajo de su temperatura eutéctica.

58. Un proceso de secado como se reivindica en una cualquicra de las

reivindicaciones 41 a 57, en donde la ALS se conduce a un separador.

59. Un proceso de secado como se reivindica en una cualquiera de las
teivindicaciones 41 a 57, en donde dicha ALS se conduce

neumaticamente a un scparador.
60. Un proceso de secado como se reivindica en la reivindicacion 58 o la
reivindicacion 59, en donde dicho separador es un dispositivo de

separacion gas-solido.

61. Un proceso de secado como se reivindica en la reivindicacion 60, en

dondc dicho dispositivo de separacion gas-sdlido es un cicldn.
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62. Un proceso de secado como se reivindica en la reivindicacién 60 o la
reivindicacién 61, en donde el gas separado en el dispositivo de
separacion gas-sélido se realimenta y/o refrigera para uso en el paso

de enfriamiento.

63. Un proceso de secado como se reivindica en la reivindicacion 61 o la
reivindicacion 62, en donde uno o mas cierres de vacio y/o aire estdn
presentes entre una salida del ciclon AFS y una entrada de la camara

de secado.

64. Un proceso d¢ secado como se reivindica en una cualquicra de las
reivindicacioncs 60 a 63, en donde sélidos separados de dicho
dispositivo de separacion gas-solido ingresan a una camara de secado

de vacio.

65. Un proceso de secado como se reivindica en una cualguicra de las
reivindicaciones 41 a 64, en donde el vacio de dicha camara de secado

de vacio se crea por un dispositivo de reduccion de presion.

66. Un proceso de secado como se reivindica en la reivindicacion 65, en
dondc el vacio creado por el dispositivo de reduccion de presion es

sustancialmente 600 micrometros Hg de presion absoluta o menos.

67. Un proceso de secado como se reivindica en la reivindicacion 65, en
donde el vacio creado por el dispositivo de reduccion de presion estd
en cl rango de sustancialmente 200-400 micrometros Hg de presion

absoluta.
68. Un proceso de secado como se rcivindica en una cualquiera de las

retvindicaciones 41 a 67, en donde dicha ALS sc conduce mediante

una superficie,

45



WO 2005/105253 PCT/NZ2005/000089

69.

70.

71.

72.

73.

74.

75

76.

Un proceso de secado como se reivindica ecn una cualquiera de las
reivindicaciones 41 a 68, en donde dicha ALS s¢ conduce mediante

una superficie vibradora.

Un proceso de secado como se reivindica en la reivindicacion 69, en

donde dicha superficie vibradora es una bandeja vibradora.

Un proceso de secado como se reivindica en la reivindicacion 69 o la
rcivindicacion 70, en donde dicha bandeja vibradora se acciona

ncumalica y/o mecénica y/o eléctrica y/o magnéticamente.

Un proceso dc secado como se reivindica en la reivindicacion 70 o la
reivindicacion 71, en donde dicha bandeja vibradora conduce la ALS
a través de una gradiente de temperatura para efectuar sustancialmente

sublimacion.®

Un proceso de secado como se rcivindica en una cualquiera de fas
reivindicaciones 41 a 72, en donde un vapor producido por

sublimacion se extrae de la camara de secado.

Un proceso de secado como se reivindica en la reivindicaciéon 73, en
donde vapor producido por sublimacion se extrac de la cdmara de

secado por uno o mas condensadores.

Un proceso de secado como se reivindica en una cualquiera de las
reivindicaciones 41 a 74, en donde la ALS se calienta mediante una
gradiente dec temperatura, mientras se desplaza a través de la cdmara
de sccado, de modo quc la gradiente de temperatura cfectia

sustancialmente sublimacion.

Un proceso de secado como se reivindica en una cualquiera de ias
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77.

78.

79.

80.

81.

82.

83.

A

reivindicaciones 41 a 75, en donde dicha gradiente de temperatura s

provec por una fuente de energia.

Un proceso dc secado como se reivindica en la reivindicacién 76, en
dondc dicha fuente de energia es un dispositivo emisor infrarrojo y/o

un dispositivo emisor microondas y/o un calentador éhmico.

Un proceso de secado como se reivindica en una cualquiera de las
reivindicaciones 41 a 77, en donde atomizar la sustancia liquida

alcanza un tamaiio de particula predeterminado,

Un proceso de secado como se reivindica en la reivindicacion 78, en
dondc el tamafio de particula predeterminado es sustancialmenie 500

{m o mas.

Un proceso de secado como se reivindica en la reivindicacion 78, en
donde el tamafio de particula predeterminado es menos de

sustancialmente 500 pum.

Un proceso de secado como se reivindica en fa reivindicacion 78, en
donde el tamaflo de particula predeterminado es menos de

sustancialmente 200 pm.

Un proceso dc secado como se reivindica en una cualquiera de las
reivindicacionecs 60 a 81, en donde se emplea un sistema dc
relrigeracion para mantener ALS a una temperatura por debajo de su
temperatura eutéctica durantc el transporte desde el dispositivo de

separacion gas-solido a la cdmara de secado de vacio.
Un proceso de secado como se reivindica en una cualquiera de las

reivindicaciones 41 a 82, en donde un producto generado

sustancialmentc reducido esta libre de liquido, comparado con la
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84.

85.

86.

87.

88.

sustancia liquida. (R,

Un aparato para un proceso de secado de una sustancia liquida, el cual
comprende:

un atomizador capaz de atomizar una sustancia liquida,

un enfriador capaz de enfriar la sustancia liquida atomizada (ALS)
para iniciar un cambio de fase,

un transportador mecanico capaz de conducir la ALS a una camara de
secado mantenida bajo vacio,

una fuente de energia capaz de calentar la ALS, con el {in de efectuar
sublimacion y secado por congelamiento, y

un recolector capaz de recolectar la ALS seca.

Un aparato para un proceso de secado como se reivindica en la
reivindicacion 84, en donde antes del atomizador de la sustancia
liquida se provee un enfriador, capaz de enfriar una sustancia liquida

desde una temperatura inicial a una temperatura mas baja.

Un aparato para un proceso de sccado como se reivindica en la
reivindicacion 84 o la reivindicacién 85, cn donde el aparato incluye
un transportador mecanico capaz de conducir la ALS a través de la

camara dc sccado.

Un aparato para un proceso de secade como sc reivindica en una
cualquiera de las reivindicaciones 84 a 86, en donde e! aparato incluye
una fuente de energia capaz de calentar la ALS medianle una
gradiente de temperatura, mientras se desplaza a través de la camara
dc sccado, de modo que la gradiente de temperatura pueda efectuar

sublimacion.

Un aparato para un proceso de secado como se rcivindica en la

reivindicacion 87, en donde la pradiente de temperatura
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sustancialmente impide o sustancialmente minimiza el deterioro por

calor que ocurrc a la ALS, a medida que pasa a través de la camara.

89. Un aparatlo para un proceso de secado como se reivindica en una
cualquiera de las reivindicaciones 84 a 88, en donde atomizar la

sustancia liquida obtiene un tamafio de particula predeterminado.

90. Un aparato para un proceso dc secado como se reivindica en la
reivindicacion 89, en donde el tamafio de particula predeterminado es

sustancialmente 500 um o mas.

91. Un aparato para un proceso de secado como se reivindica en la
reivindicacion 89, en donde el tamafio de particula predeterminado es

menos de sustancialmente 500 pm,

92. Un aparato para un proceso de secado como se reivindica en la
reivindicacion 89, en donde el tamafio predeterminado es menos de

sustancialmente 200 pm.

93. Un aparato para un proceso de secado como se reivindica en una
cualquiera de las reivindicaciones 84 a 92, en donde un congelador
por atomizacion utiliza un gas frio para efectuar un cambio de {ase de

los liquidos cn la sustancia liquida atomizada (ALS).

94. Un aparato para un proceso de secado como se reivindica en la

reivindicacion 93, en donde dicho gas frio es aire.
95. Un aparato para un proceso de secado como se reivindica en la
reivindicacion 93 o la reivindicacion 94, en donde dicho gas frio est4

sustancialmente a 0°C o menos.

96. Un aparato para un proceso de secado como se reivindica en la
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97.

98.

99.

100.

101.

102.

103.

rervindicacion 93 o la reivindicacion 94, en donde dicho gas frio esta

menos de sustancialmente -20°C.

Un aparato para un proceso de secado como sc reivindica en una
cualquicra de las reivindicaciones 84 a 96, en donde el vacio de dicha
camara de secado de vacio se crea por un dispositiva de reduccion de

presion.

Un aparato para un proceso de secado como se reivindica en la
reivindicacion 97, en donde el vacio creado por el dispositivo de
reduccién de presidn es sustancialmente 600 micrémetros Hg de

presion absoluta o menos.

Un aparato para un proceso de secado como se reivindica en la
reivindicacion 97, en donde el vacio creado por el dispositivo de
reduccion de presion esta en el rango dc sustancialmente 200-400

micrémetros Hg de presion absoluta.

Un aparato para un proceso de secado como se reivindica en una
cualquiera de las reivindicaciones 84 a 99, en donde dicha ALS se

conduce mediante una superficie vibradora.

Un aparato para un proceso de secado como se reivindica en la
reivindicacion 100, en donde dicha superficic vibradora es una

bandeja vibradora.
Un aparato para un proceso de secado como se reivindica en la
reivindicacion {01, cn dondec dicha bandeja vibradora sc acciona

neumalica y/o mecanica y/o eléctrica y/o magnéticamente.

Un aparato para un proceso de secado como se reivindica en la

reivindicacion 84 o la reivindicacion 102, en donde la ALS se conduce
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104.

105.

106.

107.

a través de una gradiente de temperatura para efectuar sustancialmente

sublimacion.

Un aparato para un proceso de secado como se rcivindica en la
reivindicacién 84 o la reivindicacion 103, en donde el vapor
producido por sublimacion se extrae de la cdmara de secado por uno o

mas condensadores.

Un aparato para un proceso de secado como se reivindica en la
reivindicacion 103, en donde dicha gradiente de temperatura sc provee

por una fuentc de cnergia.

Un aparato para un proceso de secado como se reivindica en la
reivindicacion 105, en donde dicha fuente de energia es un dispositivo
emisor infrarrojo y/o un dispositivo emisor microondas y/o un

calentador éhmico.

Una camara de secado que comprende:

un dispositivo capaz de hacer vibrar una bandeja,

un dispositivo apropiado para reducir la presion en dicha camara,
un puerlo de salida de material de dicha cémara, y

una [uente de calor adaptada para actuar sobre dicha bandeja.
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MODIFICADAS



% /03
LAS REIVINDICACIONES OUE DEFINEN LA INVENCION
SON:

1. Un método de secar o concentrar una sustancia liquida que tiene

particulas solidas en suspension o una sustancia disuelta en ella, el
cual incluye los pasos de:

mantener una camara a una temperatura y presion por debajo del
punto triple de la sustancia liquida,

inyectar y/o atomizar la sustancia liquida a la camara para generar
una porcion de la sustancia liquida congelada ("porciéon FLS") y
una primera porcion de la sustancia liquida evaporada ("porcién
FEL"),

recoger la porciéon FLS como una capa en una superficie, y
conducir la porcién FLS recogida en la superficie,

en donde la superficie conduce la porcién FLS recogida a una
velocidad que controla el espesor de la capa de FLS recogida en la

superficie.

2.  Un método como se reivindica en la reivindicacion 1, en donde la
velocidad de conduccién logra sustancialmente que un espesor de

monocapa de la porcion FLS se acumule en dicha superficie.

3. Un método como se reivindica en la reivindicacion 1 o la
reivindicacién 2, en donde la FEL se condensa por un dispositivo

condensador.

4. Un método como se reivindica en una cualquiera de las

reivindicaciones 1 a 3, en donde la FEL se extrae de dicha camara.

5. Un método como se reivindica en una cualquiera de las
reivindicaciones precedentes, en donde inyectar y/o atomizar la
sustancia liquida incluye atomizacion para obtener un tamafio de

particula predeterminado de FLS.



10.

11.

12.

13.

\

Un método como se reivindica en una cualquiera de las
reivindicaciones precedentes, en donde la inyeccidn y/o
atomizacién de la sustancia liquida se realiza por una o maés

boquillas.

Un método como se reivindica en una cualquiera de las
reivindicaciones precedentes, en donde la velocidad de conduccién
de FLS sobre dicha superficie obtiene sustancialmente un espesor
de monocapa de la FLS sobre dicha superficie.

Un método como se reivindica en la reivindicacion 7, en donde la
monocapa puede tener el espesor de una capa unica del tamafio de

particula predeterminado de la porcion FLS.

Un método como se reivindica en la reivindicacion 8, en donde el
tamafio de particula predeterminado es sustancialmente 500 pm o

L4

mas.

Un método como se reivindica en la reivindicacién 8, en donde el
tamafio de particula predeterminado es menos de sustancialmente

500 pm.

Un método como se reivindica en la reivindicacion 8, en donde el
tamafio de particula predeterminado es menos de sustancialmente
200 pm.

Un método como se reivindica en una cualquiera de las
reivindicaciones precedentes, en donde la superficie conduce la

porcion FLS alejandola de las una o mas boquillas.

Un método como se reivindica en una cualquiera de las
reivindicaciones precedentes, en donde el método incluye el paso de

exponer la capa recogida de porcion FLS a un medio de



14,

15.

16.

17.

18.

19.

20.

calefaccion, induciendo sustancialmente en esa forma sublimacién
y generacion de una segunda porcion de sustancia liquida

evaporada ("porcién SEL") y un producto.

Un método como se reivindica en la reivindicacion 13, en donde la

porcion SEL se condensa por un dispositivo condensador.

Un método como se reivindica en la reivindicaciéon 13 o la

reivindicacion 14, en donde la porcion SEL se extrae de la camara.

Un método como se reivindica en una cualquiera de las
reivindicaciones 13 a 15, en donde el producto se extrae de la
superficie de conduccién por un dispositivo de extraccion del

producto.

Un método como se reivindica en una cualquiera de las
reivindicaciones 13 a 16, en donde el producto se extrae de la

camara a través del puerto de salida.

Un método como se reivindica en una cualquiera de las
reivindicaciones precedentes, en donde el método se utiliza para
procesar una sustancia fluidizada, o una sustancia liquida que tiene

particulas sélidas en suspension o una sustancia disuelta en ella.

Un método como se reivindica en una cualquiera de las
reivindicaciones precedentes, donde la sustancia se selecciona de
una o mds de las siguientes: una suspension de café, leche liquida,

jugos de frutas y/o vegetales.

Un aparato para secar o concentrar una sustancia liquida, el cual
N " -

comprende:
una camara y un dispositivo de reduccién de presion de la camara, y

uno o mas puertos de inyeccion a través de los cuales se inyecta la
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21.

22.

23.

24.

25.

sustancia liquida a la camara,

una superficie de recoleccion que recoge una porcién de sustancia
liquida congelada de la sustancia liquida,

en donde el dispositivo de reduccion de presion mantiene la camara
a una presion por debajo de por lo menos la presion de punto triple
de la sustancia liquida, para hacer que la sustancia liquida inyectada
se separe en una porcion de la sustancia liquida congelada ("porcién
FLS") y una primera porcion de la sustancia liquida evaporada
("porcion FEL"),

de modo que, en uso, la porcion FLS se acumule como una capa en
la superficie de recoleccion y se conduzca lejos de los uno o mas
puertos de inyecciéon a una velocidad que permita controlar el

espesor de la capa de la porcion FLS.

Un aparato como se reivindica en la reivindicacién 20, en donde la
velocidad de conduccidn obtiene sustancialmente que un espesor de

monocapa de la porcion FLS se acumule en dicha superficie.

Un aparato como se reivindica en la reivindicacién 20 o la
reivindicacion 21, en donde la porcion FEL se condensa por un

dispositivo condensador.

Un aparato como se reivindica en una cualquiera de las
reivindicaciones 20 a 22, en donde dicha FEL se extrae de dicha

camara.

Un aparato como se reivindica en una cualquiera de las
reivindicaciones 20 a la reivindicacién 23, en donde el uno o mas
puertos de inyeccién comprenden por lo menos una boquilla de

aspersion o atomizacion.

Un aparato como se reivindica en la reivindicacion 24, en donde la

boquilla o boquillas determinan sustancialmente el tamaifio de la



26.

27.

28.

29.

30.

31.

32.

\@X(/O?

porcion FLS generada para lograr un tamafio de particula

predeterminado.

Un aparato como se reivindica en una cualquiera de las
reivindicaciones 20 a 25, en donde el dispositivo de reduccion de

presion es una bomba de evacuacion de gas.

Un aparato como se reivindica en una cualquiera de las
reivindicaciones 20 a 26, en donde el dispositivo condensador es un

serpentin o serpentines refrigerados.

Un aparato como se reivindica en una cualquiera de las
reivindicaciones 20 a 27, en donde el dispositivo condensador se

enfria con un refrigerante.

Un aparato como se reivindica en una cualquiera de las
reivindicaciones 20 a 28, en donde la superficie de recoleccion
incluye uno, o una combinacién, de los siguientes transportadores
mecanicos: una configuracion de cinta sinfin, una bandeja inclinada
para favorecer que la porcidon de sustancia liquida congelada se
deslice desde el uno o mds puertos de inyeccién, una bandeja

vibradora.

Un aparato como se reivindica en la reivindicacién 29, en donde la
bandeja inclinada y/o bandeja vibradora incluye una superficie de

friccion reducida.

Un aparato como se reivindica en la reivindicacién 30, en donde la
superficie de friccidn reducida comprende politetrafluroetileno
(PTFE).

Un aparato como se reivindica en una cualquiera de las

reivindicaciones 20 a 31, en donde la capa de la porcién FLS sobre



33.

34.

35.

36.

37.

38.

pﬂg}”

dicha superficie de recoleccion se expone a un medio de
calefaccion, a medida que se conduce lejos del uno o mas puertos

de inyeccion.

Un aparato como se reivindica en la reivindicacién 32, en donde el
medio de calefaccién sustancialmente induce sublimacién de la
capa de porcion FLS sobre dicha superficie para formar una
segunda porcién de sustancia liquida evaporada ("SEL") y un

producto.

Un aparato como se reivindica en la reivindicacion 32 o la
reivindicacion 33, en donde el medio de calefaccion es una, o una
combinaciéon, de las siguientes fuentes de energia: lamparas
infrarrojas, lamparas halégenas, lamparas incandescentes,

microondas, o calentamiento 6hmico de dicha superficie.

Un aparato como se reivindica en la reivindicacion 33 o la
reivindicacion 34, en donde un dispositivo de extraccion del
producto se emplea para extraer el producto de la superficie de

recoleccion.

Un aparato como se reivindica en la reivindicacion 35, en donde el
dispositivo de extraccion del producto es un medio raspador y/o un

medio de arrastre de cepillo.

Un aparato como se reivindica en la reivindicacion 36, en donde el
medio raspador contacta sustancialmente la superficie, con el
producto sobre ella, y desplaza el producto de la superficie al puerto
de salida.

Un aparato como se reivindica en la reivindicacién 36, en donde el
medio de arrastre de cepillo es un cepillo giratorio o cepillo fijo,

que contacta sustancialmente la superficie, con el producto sobre



39.

40.

I\

ella, y dirige el producto de la superficie al puerto de salida.

Un aparato como se reivindica en una cualquiera de las
reivindicaciones 33 a 37, en donde el producto se extrae a través de

un puerto de salida de la cimara.

Un aparato como se reivindica en una cualquiera de las
reivindicaciones 20 a 39, en donde la camara se mantiene a una

presion de sustancialmente 611.3 Pa o menos.
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pages® 22-32 received by this Authority on 23 December 2005 with the letter of 23 December 2005
pages*  received by this Authority on  with the Jetter of
[X] the drawings:
poges I-4  as originally filed/furnished
pages*  received by this Authority on  with the letter of
pages*  received by this Authority on  with the letter of

[} = sequence listing and/or any related table(s) - sce Supplementnl Box Relating to Sequence Listing.
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[[] the description, pages
D the claims, Nos.
[] the drawings, sheets/figs
[] the sequence listing (spectfy):
[T] eny table(s) related o the sequence listing (specify):
4, D This report has been established as if (some of) the amendments annexed to this report and listed below hed not been
made, since they have been considered fo go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule
70.2(c).
[] the description, pages
D the claims, Nos.
[] the drawings, sheets/figs
D the ssquence listing (3pecifi):
[[] mny table(s) related to the sequence listing (specify):

* If'item 4 applias, some or all of those shests may be marked "superseded.”
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INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY Internationa) application No.
PCT/NZ2005/000089

Box No. V Reasoned statoment under Article 35(2) with regard to novelty, inventlve step or industrial applicability;
citations and explanations supporting such statement

1. Stetement
Novelty (N) Claims 1-40 YES
Claims 41-108 NO
Inventive step (IS) Claims 1-40 YES
Claims 41-108 ] NO
Industrial applicability (IA)  Claims 1-108 YES
Claims NO

. 2. Citations and explanations (Rule 70.7)
D3: US 4033043

Novelty (N} and Inventive Step (IS} (Claims 1-108)

Claim 41 is directed to a drying process for a liquid substance wherein the liquid substance is atomised, cooled to
initiate a phase change, conveyed into a drying chamber under vacuum, heated so as to effect sublimation and
then collecting the substantially dried atomised liquid substance from the chamber.

_ D3 anticipates this claim by disclosing spraying a liquid product (atomised liquid) into a freezing chamber,
allowing a powder to form (phase change) which then falls onto a conveyor surface in a drying chamber. Heat is
also applied allowing excess moisture to sublimate (heated so as to effect sublimation) and then the dried product
is collected in a collection chamber,

Appended claims 42-108 are also anticipated by this document.

According to the attorney’s response, the present invention is cheracterised by controlling the thickness of spray
frozen liquid substances. The attorney further indicates that the invention is unlikely to be successful if this
aspect were not included, and that this characteristic is essential in allowing the invention to function efficiently
and successfully,. However, claim 41 is absent on this aspect of the invention and as such is anticipated by D3,

Claims 1-40, which are characterised by the particular characteristic mentioned above, are novel and inventive.
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FINING THE 2

A method of drying or concentrating a liquid substance having sofld particles in
suspenslon or a substance dissolved therein including the steps of: '

holding a chamber at a tamperature and pressure below the triple-point of the
liquld substence, '

injecting and/or atomising the liquld substance into the chamber to generate a
frozen liquid substance portion ("FLS portion”) and a first evaporated liquid
substance porflon ("FEL postion®),

collecting the FLS portion as a layer on a surface, and

conveying the collected FLS porhion on the surface,

whereln the surface conveys tha collected FLS portion et a rate which confrole
the thickness of the layer of collected FLS on the surface.

A method as claimed In claim 1, whereln the rate of conveying achlevas
substantially 8 monolayer thickness of FLS portion to accumulate on said
surface.

A method as daimed In claim 1 or claim 2, wherein the FEL la condensed by
condensing device.

A method as claimed in anyone of claims 1 to 3, wherein the FEL is removed
from said chamber.

A method as claimed In any one of the preceding ¢laims, wherein Injecting
and/or etomising the Hquld substance Includes spraying to achleve a pre-
determined particle stze of FLS.

A method as clalmed in any one of tha preceding claims, whereln Injecting

and/or atomising of the liquld substance Is performed by one or more nozzles.

A method as claimed in any one of the preceding claims, whersin the rate of
conveyance of FLS upan sald surface achleves substanfally a monolayer
thickness of the FLS upon said surface.
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8. A method as claimed in ciaim 7, wherein the monolayer may be the thickness
of a singla layer of the pre-determined particle size of the FLS portion.

8. A method as claimed In claim 8, whersin the predetermined particle size is
substantielly 500 pm or more. '

10. A method as daimed In claim 8, wharein the predetermined parficle slze is less
than substantially 500 pm.

11. A methad as claimed in clalm 8, whereln the predeterminied particle sizs Is less
than substantially 200 um.

12 A method as claimed in any one of the preceding claims, wherein the surface
conveys the FLS portion away from the one or more nozzles.

13. A method as claimed In any one of the preceding dalms, whereln the method

Inciudes the step of exposing the coliected layer of FLS portion to a heating
means thereby substantially inducing sublimation and generation of a second

evaporatsd liquid substance portion {"SEL portlon™} and a product.

14. A method as claimed In claim 13, whersin the SEL portion Is condensed by a
condensing device.

15. A msthod as clslmed In claim 13 or daim 14, wherein the SEL portion Is
removed from the chamber.

16. A method as clalmed In any ane of clalma 13 fo 15, wherein the product Is
removed from the conveying surface by a product removal device.

17. A method as cleimed in any one of claims 13 {o 16, wherein the product Is
removed from the chamber via the outlet port.

18. A method a9 clalmed in any one of the preceding claims, wheraln the method
Is used to process a fildised substance, or a liquid substance having solld
particles In suspenslon or a substance dissolved therein.

18. A method as claimed in any one of the praceding claims where the substance
is seletted from one or more of the following: a slurry of coffes, liguid milk, frult
and/or vegetable juices.

20.  An apparatus for drying or concentrating a liquid-substance comprising:
a chamber and a chamber preasure reduction device, and
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one or more injection poris through which the liquid substance Is injectsd to the

chamber,

a collection surface which collects a frozen liquid substance portion of the
. liquid substance,

wherein the pressure reduction device maintains the chamber at a pressure
below at least the triple-point pressure of the fiquid substance, to cause the
injected liquid substance to separate Into a frazen liquid substance portion
(*FLS portion”) and a first evaporated liquld substance portion ("FEL portion®),

so that in use, the FLS porilon Is acoumulated as a layer on the collecting
surface and conveyed away from the one or more Injection ports at a rate
which allows the thickness of the layer of the FLS portion to be controlled.

21.  An apparatus as daimed In claim 20, whereln the rate of conveyance achleves
substantifally a monolayer thickhess of FLS portion to accumulate on said
surface.

22. . An apperatus as claimed In daim 20 or claim 21, wherein the FEL portion Is
condensed by a condensing device.

23.  An appanstus as claimed In any one of cialms 20 fo 22, wherein sald FEL is
removed from sald chamber.

24.  An apparatus as claimed In any one dalms 20 to claim 23, whersin the one or
more injection ports comprises at least one spray or atomisation nozzle,

26. An apparatus es dalmed In clalm 24, wherein the nozzle or nozzes .
substantially determine the size of the FLS portlon genarated to achieve a pre-
detarmined partide size.

26.  An apparatus as claimed In any one of clalms 20 to 25, wherein the pressure
reduction device is @ gas evacuatioh pump.

27.  An apparatus as claimed in any one of claima 20 to 26, whereln the
condensing device ls a cooled coll or colle.

24
JAmended Sheet
IPEA/AU



X((( 16

PCT/NZ2005/00008Y
' Received 23 December 2005

28. An a@pparatus as claimed In any one of claims 20 to 27, whereln the
condensing device Is cooled with a refrigerant.

"29, * An apparatus as dalmed in any ona of cieims 20 fo 28, wherain the coltection
surface includes one, or & combination of, the following conveyors: a moving
endless belt configuration, a tray angled to encourage the frozen liguld
substance portion to slide away from the one or more injection ports, a
vibrating tray.

30. An apparatus as clalmed In clalm 29, wherein the angled tray and/or vibrating
tray Includes a reduced frickon surface,

31. An apparatus as claimed In claim 30, whereln the reduced friction surface
comprises polytetraflurosthylens (PTFE)-

32 An apparatus as claimed In any one of claims 20 to 31, whereln the layer of
FLS portion upon said collection surface is exposed to @ heating means as it le
conveyed away from the one or more Injection ports.

33,  An apparatus as claimed In clalm 32, wherein the heating means substantally
induces sublimation of the FLS portion layer upon sald surface to fam a
second evaporated liquid ("SEL”) substance portion and a product.

34. An apparatus as claimed In clalm 32 or claim 33, whereln the heating means ls
one or a combination of the following energy sourcas: Infra-red lamps, halogen
lamps, incandescent lamps, microwaves, or chimic heating of said surface,

35.  An apparatus as claimed In claim 33 or claim 34, wherein & product removal
device Is employed to remove the product from the collaction surface.

36. An apparatus as claimed in claim 36, whereln the product removal device is a
scraping means and/or a brushing means.

37,  An apparatus as clalimed In claim 38, whereln the scraping means substentially
contacts the surface with the product thereon and moves the product off the
surface 1o the ouflet port.

38,  Amapparatus as clalimed in claim 36, whersin the brushing means Is a rotafing
' brush ar fixed brush which substantlally contacts the surface with the product
thereon and channels the product off the surface to the outlet port.

38.  An apparatus as claimed in any one of claims 33 o 37, wherein the product ls
removed via a chamber outist port.
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An apparatus as daimed In any one of claims 20 to 39, wherein the chamber is
held at a pressure of substantielly 611.3 P3a or less.

A drying process for a liquid substance comprising the steps of:
atomising the liquld substancs,

.coollng the atomised liquid substance (ALS) to iﬁiﬁaba a phase change,
conveying the ALS (no a drying chamber under a vacuum,

heating the ALS so as fo substantially effect sublimation and then collecting the
substantially dried ALS from the chamber.

A drying process as dalmed in claim 41, whereln the fiquid substance is chilled
from an inltial temperaturs prior to atomising.

A drying procass as clalmed In claim 41 or clalm 42, wherein the ALS
conveyed into the drying chamber Is also conveyed through the drying
chamber.

A drying process as clalmed In any one of dalms 41 to 43, wherein the ALS is
heated via a femperature gradient while it travels through the drying chamber
so that the temparature gradlent substantially effects subimation.

A drying process as claimed In any one of clalms 42 to 44, whereln the step of
chilling a liguld substance takes place In a chiller to reduce the liquid substance
from an initial temperature to a lower temperature,

A drying process @& daimed In any one of dalms 41 10 45, whereln atomising
the liquid substance achleves a predetermined particle size.

A drylng process as claimed In clalm 46, wherein the predetermined particle
size Is substantiafly 500 urm or more.

A drying process as claimed in claim 46, whereln the predetermined patticle
size Is less than substantially 500 pm.

A drying process as ciaimed In dalm 46, wherein the predetermined particie
size Is less than substantially 200 um.
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50. A drying process as claimed in any one of claims 41 to 48, whersin a spray
freezer utillses a cold gas to effect a phase change of the liqulds in the
atomised liquid substanca (ALS).

51. A drying process as clalmed in any one of clalms 42 to 50, wherein chilling is
undertaken with direct or indirect contact with a cold flutd.

52. Adrying process as claimed In cliim 51, wheraln said c;ald fluld Is alr.

§3.  Adrying process as claimed In claim 51 or dalm 52, wherein sald cold fluld Is
substantiaily 0°C ar less,

54,  Adrying process as cialmed in claim 51 or clalm §2, whereln sald cold fluld is
less than substantially -20°C.

55.  Adrying process as clalmed In any one of claims 50 to 54, whereln sald spray

* freezer operates In a counter curment configuration.

56. A drying process as clalmed In any one of claims 50 to 54, wherein sald spray
freezer operates In a co-current configuration.

57.  Adrying process as claimed In any ane of clalms 41 to 56, whereln the ALS Is
reduced to a temperature below K& euteclic temperature.

58. A drying process as claimed In any one of clalms 41 to 57, whereln the ALS Is
conveyed to a separator.

5§9. A drying process as claimed In any one of claims 41 to 57, wherein said ALS is
conveyed pneumatically io a separator,

60. A drying process as clalmed In dalm 58 or clalm 59, whereln sald separator Is
a gas-solid separation device.

81.  Adrying process as claimed In cialm 680, wherein sald gas-solid separation
device Is a cycions.

82. A drying process as clalmed in claim 80 or claim 81, wherein the gas
separatad In the gas-solld sepanation device is retumed and/or refrigerated for
use In the chilling step.

63.  Adrying process as claimed in claim 61 or claim 62, whereln one or more
vacuum and/or air locks are present between a AFS cyclone outlet and a
drying chamber Inlet
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A drying process as clalmed In any one of clalms 60 to 63, wherein separated
sollds from said gas-solid separation device enter a vacuumous drying
thamber.

A drying process as claimed in any one of clalms 41 to 64, whereln the vacuum
of sald vacuumous drying chamber is creafed by a pressure reduction devics.

A drying process as claimed in claim 65, wharein the vacuum creatad by the
prassure reduction device ls substantialiy 600 micro meters Hg abediute
prassum or less.

A drying process as claimed in clalm 65, whereln the vacuum created by the
praasure reduction device Is in the range of substantially 200-400 micro mefers
Hg absaolute pressure. '

A drying process as claimed In any one of claims 41 to 67, wherein sald ALS Is
conveyed via a surface,

A drying process as clalmed In any one of clalms 41 to 68, wharein sald ALS Is
convayed via a vibrating surface.

A drying procass as dletmed I clgim 68, whersin sald vibrating surface is a
vibrating tray.

A drying process as claimed [h clalm 69 or claim 70, wherein said vibrating tray
Is pneumatically and/or mechanically and/or electrically and/or magnetically
driven.

A drying process as claimed in clalm 70 or claim 71, whereln said vibrating tray
conveys ALS through a tempersture pradient to substantially effect
sublimation.

A drying process as claitmed In any one of claims 41 to 72, whereln a vapour
produced by sublimation Is removed from the drying chambar.

A drying process as claimed in alaim 73, wherein vapour produced by
sublimation is removed from the drying chamber by one or more condensers,

A drying process as clalmed In any one of claims 41 to 74, whereln the ALS is
heated via a temperature gradisnt while It travels through the drying chamber
so that the temperature gradient substantially effects subfimation.
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A drying process as claimed In any one of claims 41 fn 75, whersin sald
temperature gradient Is provided by an energy source,

A drying process as claimed in clalm 76, wherein id energy source is an
Infra-red emitting device and/or a micro-wava emitfing device and/or an ohimic
heater.

A drying process as daimed in any one of claims 41 to 77, wherein atomising
the liquid substance achlevas a predetermined particle size.

A drying process as dalmed In claim 78, whereln the predetermined particle
stze Is substantially 500 pm or more.

A drying process as claimed in claim 78, whereln the predetenmined particle
siza is Isss than substantially 500 pm.

A drying process as clalm In daim 78, whereln the predetermined particle size
Is less than substarfially 200 pm.

A drying process as claimed In any one of claims 60 to 81, whersin a
refrigeration system Is employad to malntain ALS at a temperature below its
ettectic temperature during transport from the gas-solid separation dsvice to
the vacuurnous drying chamber.

A drylng process as claimed in any one of clalms 41 to 82, wherein a product
produced is substantlaily reduced ls free of fquid compared to the liquid
substance.

An apparatus for a drytng process for a llquid substance comprising:
an atomiser capable of efomising a figuid substance,

a cooler capable of cooling the atomised liquld substance (ALS) o Initlate a
phase change,

a convayor capable of conveying the ALS into a drying chamber held under a
vacuum,

an energy sourca capable of heating the ALS so as to effect sublimation and
fraeze drying, and

a collector capable of collecting the dried ALS.
An apparatus for a drying a drying process as claimed in claim 84, whereln a
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chiler capable of chiling a liquid substance from an Initial tfemperature to &
lower tamperature i3 provided prior to the liquid substance atomiser.

An apparatus for a drying a drying process as clalmed in clalm 84 or daim 85,
whereln the appamatus includes a conveyor capable of conveying the ALS
through the drying chamber.

An epparatus for a drying & drying process as clalmed in any one of claims 84
1o 86, wherein the apparatus includes an energy source capable of heating the
ALS via a temperature gradisnt whila it fravels thraugh the drying chamber so
that the temperature gradlent can effect sublimation.

An apparatus for a drying process as claimed in clalm 87, whereln the
temperature gradient substantially prevents or substantially minimises heat
damage occumring to the ALS as it passes through the chamber.

An apparatus for a drying process as claimed in any one of claims 84 to 88,
whereln atomising the liquid substance achleves a predetermined particle size,

An apparatus for a drying process as clalmed in daim 89, whereln the
pradetermined parlicle size Is substantially 500 um or more.

An apparatus for a drying procass as clalmed 'in claim 89, wherein the
predetarmined parficla size Is less than substantially 500 um,

An apparatus for a drying process as claimed in claim 88, whersin the
predetermined slzo Is fess than substantially 200 pm.

An apparatus for a drylng process as claimed in ahy one of claims 84 to 92,
wherein a spray freezer utilises a cold gas to effect a phase change of the
liguids In the atomised liquld substance (ALS).

An apparaius for a drying process as claimed in claim 93, wherain sald cold
gae is alr.

An apparatus for a drying process as dalmed in claim 83 or claim 94, wherein
sald cold gas is substantially 0°C or (ess.

An apparatus for a drying process as clalmed In claim 93 or clalm 94, whereln
sald cold gas is less than substantially ~20°C,

An apparatus for e drylng process as claimed in any ons of claims 84 to 26,
wherein the vacuum of said vacuumous diying chamber is created by &
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pressure reduction device.

An apparatus for a drying prcess as delmed In claim 97, wherein the vacuum
created by the pressure reduciion device Is substantially 60D micro metsrs Hg
absolute pressure or less.

An apparatus for a drying process as claimed in clalm 97, wherein the vacuum
created by the pressure reduction device is In the range of substantially 200-

400 micro meters Hg absoiute pressure,

100.

101,

102.

103,

104.

105.

106.

107.

An apparatus for a drylng process as'claimed in any one of claims 84 to 99,
whereln sald ALS Is conveyed via a vibrating surface.

An apparatus for a drying process as clalmed in claim 100, whereln said
vibrating surface Is a vibrating tray.

An apparatus for a drying process as claimed In claim 101, whereltt sald
vibrating tray s pneumatically and/or mechanically and/or electrically and/or
magnetically driven,

i
An apparatus for a drying process as clalmed in claim 84 or claim 102, whereln
ALS is conveyed through a temperature gradient to substantially effect
sublimation. '

An apparatus for a drying process as clalmed In clalm 84 or ciaim 103, wherein
vapour produced by subilmation Is removed from the drying chamber by one or
more condensers.

An apparatus for a drying process as claimed i claim 103, whereln sald
temporature gradlent Is provided by an energy source. '

An apparatus for a drying process as élalmed in claim 105, whereln sald
energy sourcs s an infre-red emitting device and/or a micro-wave emitting
device and/or an ohmic heatsr. ' '

4 .

A drying chamber for use with the apperatus es clalmed In any one of claims
20 to 40 which compiises: il
i

a device capable of vibrafing & tray,
a sultable device for reducing the pragsura In sald chamber,
a material ouilet port from sald chamber, and
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a heat source adapted to act upon said tray.

A drying chamber for use with the apparatus as clalmed In anyone of clalms 84
to 108 which comprises:;

a device capahle of vibrating a tmy,

a sultable device for reducing the pressure in said chamber, °
a material -ouﬂet port from sald chamber, and

a heat source adapted to act upon said tray.
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This invention relates to a procass and/or method and aseoclated apparatus for use *
In spray freeze drying a fluld substance such as fruit juice, pharmaceuticais, ~
nutraceuticals, tea and coffee, A fluid substanca Is sprayed (atomised) and redu L

. In temperature fo below e eutectic temperature; thereby inducing a phase change of
fluids in the fiuld substance. The atornised fluld substance (AFS) is then subjected to
a vacuumous drying chamber In which the AFS is subjectad to an energy saan fo =,
asslst sublimation of fluld from the AFS as it is conveyad through the chamber. Such
Apened AFAE - a0 EnergY SourCe can provide a temperaturs gradient through which the AFS passes
" andis exposed fs, all carrled out 80 as to prefanably minimise or reduce the likefhood
of degradation of the substarice being drled {reducing the fluld content).
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la descripcion
paginas 1-21 como se radicaron/entregaron onginaimente

paginas* recibidas por esta Oficina el con la carta de

pagmnas* recibidas por esta Oficina el con la carta de
(X] las revindicaciones

paginas como se radicaron/entregaron originalmente

paginas como se modificaron (junto con cualquier declaracion} bajo articulo 18
paginas 22-32 recibidas por esta Oficina el 23 de diciembre de 2005 con la carta

de 23 de diciembre de 2005
paginas* recibidas por esta Oficina el con la carta de
[X] los dibujos
paginas 1-4 como se radicaron/entregaron onginalmente
paginas”* recibidas por esta Oficina el con la carta de
paginas* recibidas por esta Oficina el con la carta de

] Un listado de secuencias y/o cualquier tabla(s) relacionada(s)- véase Cuadro Adicional relativo al
Listado de Secuencias

3 [ Las comrecciones han resultado en la cancelacion de

la descripcion, paginas

las revindicaciones, Nos

los dibujos, hojas/figs.

el istado de secuencias (especificar)

cualquier tabla(s) relacionada con el listado de secuencias (especificar)

O00ooOo

4 [ Elpresente informe se preparé como si no se hubieran hecho (algunas de) las correcciones anexadas
a este informe y enumeradas a continuacidn ya que éstas, por las razones aducidas, en concepto de
la oficina van mas alla del contenido de divulgacidn en la versidn presentada onginalmente (Regla
70.2 (c)).

la descripcidn, paginas

las reivindicaciones, Nos
los dibujos, hojas/figs
el istado de secuencias (especificar)

O 00 08

cualquier tabla(s) relacionada con el istado de secuencias (especificar)

* St se aplica el punto 4, algunas o todas estas hojas pueden estar marcadas como “reemplazadas "

Formulario PCT/IPEA/409 (Cuadro No 1) (Abnl 2005)
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A
Solicitud Internacional No
INFORME PRELIMINAR INTERNACIONAL SOBRE PATENTABILIDAD PCT/NZ2005/000089

Cuadro No. V Declaracién motivada bajo Articulo 35(2) en cuanto a la novedad, la actividad inventiva y
la posibillidad de aplicacién Industrial; documentos y explicaciones que sustentan esta declaracién

1. DECLARACION

Novedad (N) Rewvindicaciones 1-40 |
Rewvindicaciones 41-108 NO
Actividad Inventiva (IS) Rewvindicaciones 1-40 Si
Rewindicaciones 41-108 NO
Posibilidad de Aplicacién Industnal (IA)  Rewindicaciones 1-108 Sl
Rewvindicaciones NO

2 Documentos y explicaciones {(Regla 70 7)

D3: US 4033048

Novedad (N) vy Actividad Inventiva (IS) (Reivindicaciones 1-108)

La reivindicacién 41 se dirige a un proceso de secado para una sustancia liquida, en donde la
sustancia liquida se atomiza, se enfria para iniciar un cambio de fase, se conduce a una camara de
secado bajo vacio, se calienta con el fin de efectuar sublimacion y luego recolectar de la cAmara
la sustancia liquida atomizada sustancialmente seca.

D3 anticipa esta reivindicacién que divulga atomizar un producto liquido (liguido atomizado) a
una camara de congelamiento, permitiendo que se forme un polvo (cambio de fase), el cual cae
entonces sobre una superficie de un transportador mecanico en una cimara de secado. Se aplica
también calor, lo cual permite sublimar el exceso de humedad (se calienta con el fin de efectuar
sublimacion) y luego el producto seco se recoge en una camara de recoleccion.

En consecuencia, las reivindicaciones adjuntas 42-108 son anticipadas por este documento.

Segiin la respuesta del apoderado, la presente invencién se caracteriza por controlar el espesor de
las sustancias liquidas congeladas por atomizacién. El apoderado indica ademés que la invencién
no tiene probabilidades de éxito si no se incluyera este aspecto, y que esta caracteristica es
esencial para permitir que la invencién funcione eficiente y exitosamente. No obstante, la
reivindicacidn 41 est4 ausente en este aspecto de la invencién y, como tal, se anticipa por D3.

Las reivindicaciones 1-40, que se caracterizan por la caracteristica particular ya mencionada, son
novedosas e inventivas.

Formulanio PCT/IPEA/409 (Cuadro No V) (Abnl 2005)
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LAS REIVINDICACIONES QUE DEFINEN LA INVENCION SON:

1. Un método de secar o concentrar una sustancia liquida que tiene

particulas sélidas en suspensién o una sustancia disuelta en ella, el
cual incluye los pasos de:

mantener una camara a una temperaturay presion por debajo del
punto triple de la sustancia liquida,

inyectar y/o atomizar la sustancia liquida a la camara para generar una
porcion de la sustancia liquida congelada ("porciéon FLS") y una
primera porcién de la sustancia liquida evaporada ("porcion FEL"),
recoger la porcién FLS como una capa en una superficie, y

conducir la porcion FLS recogida en la superficie,

en donde la superficie conduce la porcion FLS recogida a una
velocidad que controla el espesor de la capa de FLS recogida en la

superficie.

2. Un método como se reivindica en la reivindicacién 1, en donde la
velocidad de conduccién logra sustancialmente que un espesor de

monocapa de la porcion FLS se acumule en dicha superficie.

3. Un método como se reivindica en la reivindicacion 1 o la
reivindicacién 2, en donde la FEL se condensa por un dispositivo

condensador.

4, Un método como se reivindica en una cualquiera de las

reivindicaciones 1 a 3, en donde la FEL se extrae de dicha camara.

5. Un método como se reivindica en una cualquiera de las
reivindicaciones precedentes, en donde inyectar y/o atomizar la
sustancia liquida incluye atomizacién para obtener un tamafio de

particula predeterminado de FLS.

6. Un método como se reivindica en una cualquiera de las
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reivindicaciones precedentes, en donde la inyeccién y/o atomizacion

de la sustancia liquida se realiza por una o mas boquillas.

7. Un método como se reivindica en una cualquiera de las
reivindicaciones precedentes, en donde la velocidad de conduccion de
FLS sobre dicha superficie obtiene sustancialmente un espesor de

monocapa de la FLS sobre dicha superficie.

8. Un método como se reivindica en la reivindicacion 7, en donde la
monocapa puede tener el espesor de una capa Gnica del tamafio de

particula predeterminado de la porcion FLS.

9. Un método como se reivindica en la reivindicacién 8, en donde el

tamafio de particula predeterminado es sustancialmente 500 pm o mas.

10. Un método como se reivindica en la reivindicacion 8, en donde el

tamafio de particula predeterminado es menos de sustancialmente 500

pm.

11. Un método como se reivindica en la reivindicacion 8, en donde el

tamafio de particula predeterminado es menos de sustancialmente 200

m.

12. Un método como se reivindica en una cualquiera de las
reivindicaciones precedentes, en donde la superficie conduce la

porcidn FLS alejandola de las una o mas boquillas.

13. Un método como se reivindica en una cualquiera de las
reivindicaciones precedentes, en donde el método incluye el paso de
exponer la capa recogida de porcién FLS a un medio de calefaccién,
induciendo sustancialmente en esa forma sublimacion y generacion de

una segunda porcion de sustancia liquida evaporada ("porcion SEL") y

37



WO 2005/105253 PCT/NZ2005/000089

4

un producto.

14. Un método como se reivindica en la reivindicacion 13, en donde la

porcion SEL se condensa por un dispositivo condensador.

15. Un método como se reivindica en la reivindicacion 13 o la

reivindicacion 14, en donde la porcidn SEL se extrae de la camara.

16. Un método como se reivindica en una cualquiera de las
reivindicaciones 13 a 15, en donde el producto se extrae de la
superficie de conduccién por un dispositivo de extraccion del

producto.

17. Un método como se reivindica en una cualquiera de las
reivindicaciones 13 a 16, en donde el producto se extrae de la camara

a través del puerto de salida.

18. Un método como se reivindica en una cualquiera de las
reivindicaciones precedentes, en donde el método se utiliza para
procesar una sustancia fluidizada, o una sustancia liquida que tiene

particulas solidas en suspension o una sustancia disuelta en ella.

19. Un método como se reivindica en una cualquiera de las
reivindicaciones precedentes, donde la sustancia se selecciona de una
0 mas de las siguientes: una suspensién de café, leche liquida, jugos

de frutas y/o vegetales.

20. Un aparato para secar o concentrar una sustancia liquida, el cual
comprende:
una camara y un dispositivo de reduccion de presion de la camara, y
uno o mas puertos de inyeccién a través de los cuales se inyecta la

sustancia liquida a la camara,
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21.

22,

23.

24.

25.

N\

una superficie de recolecciéon que recoge una porcion de sustancia
liquida congelada de la sustancia liquida,

en donde el dispositivo de reduccion de presién mantiene la camara a
una presion por debajo de por lo menos la presién de punto triple de la
sustancia liquida, para hacer que la sustancia liquida inyectada se
separe en una porcion de la sustancia liquida congelada ("porcién
FLS") y una primera porcion de la sustancia liquida evaporada
("porcion FEL"),

de modo que, en uso, la porcién FLS se acumule como una capa en la
superficie de recoleccidn y se conduzca lejos de los uno o mas puertos
de inyeccién a una velocidad que permita controlar el espesor de la

capa de la porcién FLS.

Un aparato como se reivindica en la reivindicacion 20, en donde la
velocidad de conduccion obtiene sustancialmente que un espesor de

monocapa de la porcion FLS se acumule en dicha superficie.

Un aparato como se reivindica en la reivindicacion 20 o la
reivindicaciéon 21, en donde la porcion FEL se condensa por un

dispositivo condensador.

Un aparato como se reivindica en una cualquiera de las
reivindicaciones 20 a 22, en donde dicha FEL se extrae de dicha

camara.

Un aparato como se reivindica en una cualquiera de las
reivindicaciones 20 a la reivindicacién 23, en donde el uno o mas
puertos de inyeccién comprenden por lo menos una boquilla de

aspersion o atomizacion.

Un aparato como se reivindica en la reivindicacion 24, en donde la

boquilla 0o boquillas determinan sustancialmente el tamafio de la
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porcion FLS generada para lograr un tamafio de particula

predeterminado.

26. Un aparato como se reivindica en una cualquiera de las
reivindicaciones 20 a 25, en donde el dispositivo de reduccion de

presion es una bomba de evacuacion de gas.

27. Un aparato como se reivindica en una cualquiera de las
reivindicaciones 20 a 26, en donde el dispositivo condensador es un

serpentin o serpentines refrigerados.

28. Un aparato como se reivindica en una cualquiera de las
reivindicaciones 20 a 27, en donde el dispositivo condensador se

enfria con un refrigerante.

29. Un aparato como se reivindica en una cualquiera de las
reivindicaciones 20 a 28, en donde la superficie de recoleccion incluye
uno, o una combinacion, de los siguientes transportadores mecanicos:
una configuracion de cinta sinfin,u na bandeja inclinada para
favorecer que la porcidn de sustancia liquida congelada se deslice

desde el uno o més puertos de inyeccidn, una bandeja vibradora.

30. Un aparato como se reivindica en la reivindicacién 29, en donde la
bandeja inclinada y/o bandeja vibradora incluye una superficie de

friccion reducida.

31. Un aparato como se reivindica en la reivindicacién 30, en donde la

superficie de friccion reducida comprende politetrafluroetileno

(PTFE).

32. Un aparato como se reivindica en una cualquiera de las

reivindicaciones 20 a 31, en donde la capa de la porciéon FLS sobre
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33.

34.

35.

36.

37.

38.

39.

dicha superficie de recoleccion se expone a un medio de calefacciggb;g

medida que se conduce lejos del uno o més puertos de inyeccion.

Un aparato como se reivindica en la reivindicacién 32, en donde el
medio de calefaccion sustancialmente induce sublimacion de la capa
de porcion FLS sobre dicha superficie para formar una segunda

porcion de sustancia liquida evaporada ("SEL") y un producto.

Un aparato como se reivindica en la reivindicacion 32 o la
reivindicacion 33, en donde el medio de calefaccién es una, o una
combinacion, de las siguientes fuentes de energia: lamparas
infrarrojas, lamparas halogenas, lamparas incandescentes, microondas,

o calentamiento 6hmico de dicha superficie.

Un aparato como se reivindica en la reivindicacion 33 o la
reivindicacion 34, en donde un dispositivo de extraccion del producto

se emplea para extraer el producto de la superficie de recoleccion.

Un aparato como se reivindica en la reivindicacion 35, en donde el
dispositivo de extraccion del producto es un medio raspador y/o un

medio de arrastre de cepillo.

Un aparato como se reivindica en la reivindicaciéon 36, en donde el
medio raspador contacta sustancialmente la superficie, con el producto

sobre ella, y desplaza el producto de la superficie al puerto de salida.

Un aparato como se reivindica en la reivindicacion 36, en donde el
medio de arrastre de cepillo es un cepillo giratorio o cepillo fijo, que
contacta sustancialmente la superficie, con el producto sobre ella, y

dirige el producto de la superficie al puerto de salida.

Un aparato como se reivindica en una cualquiera de las
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40.

reivindicaciones 33 a 37, en donde el producto se extrae a traves dé?Zn

puerto de salida de la camara.
Un aparato como se reivindica en una cualquiera de las

reivindicaciones 20 a 39, en donde la cidmara se mantiene a una

presion de sustancialmente 611.3 Pa 0 menos.

42



/02 36

PATENT COOPERATION TREATY

PCT
INTERNATIONAL SEARCH REPORT

~~\ (PCT Article 18 and Rules 43 and 44) i
' Applicants or agents file refevence FOR FURTHER see Form PCT/ISA/220
230677X374 ACTION a8 well a8, where apphicable, itemn § below.
International epplication No. International filing date (dawmonth/vear) {Barhest) Prionty Date (dawmonth/year)
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Article 18. A copy 15 being transmitied to the International Bureau.

This mtermaticnal search report consists of & total of & sheets,
D It is also accornpanied by a copy of each prior art document cited it this report

— e ————— e —— —

1. Basis of the roport —

8. With regard to the language, the international search was camed out on the basis of the mtemational apphcation n the language in which
1t was filed, unless otherwise indicated under this item.

l:l The wtemational search was carried out on the basis of e transletion of the internationai application furnished to this '
Authonty (Rule 23 1{b))

b. I:I With regard (o any nucleotide and/or amino acld sequence disclosed in the intemationel applicetion, see Box No. I

2 D Certain claims were found wosearchabie (See Box No. II).

-

Unity of Invextion ls lacking (See Box No 11I).

4 With regard to the tltle,

the text 15 approved as submitted by the applicant.
D the text has been established by this Authonty to read as follows:

s. With regard to the abstract,

the text 15 epproved as submutted by the apphcant
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[ With regard to the drawlings,

8 the figure of the drawings to be published with the abstract 15 Figure No. 1 J
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[:] as selected by this Authonty, because the applicant fuled to suggest a figure,

D as selected by this Authority, because this figure better characterizes the invention

b. D none of the figures 15 to be published with the abstract
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Box No.II Observations where certain claims were found unsearchable (Continuatlon of item 2 of first sheet)
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* s international search report has not been established 1n respect of certam claims under Article 17(2)(s) for the following
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2. D Claims Nos .
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See supplemental sheet
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This International Searching Authority found multiple inventions in this international application, s follows:

The international application does not comnply with the requirements of unity of mvention because it does not relate to
one invention or to a group of inventions so linked as to form a single general inventive concept. In coming to this
conclusion the International Searching Authority has found that there are different mnventions as follows:

1. Claims 1 to 106 are directed to a2 method of dryimng or concentrating a liquid substance whereby the hiquid is
sprayed mto a chamber that is held at a temperature and pressure below the triple-point of the liquid, such that
the sprayed liquid generates a frozen liquid substance and an evaporated liquid, the frozen liquid portion 13
collected and dried {0 sublime excess moisture and obtain dried solid particles. It is considered that holding
the chamber at a temperature and pressure below the triple point of the liquid substance to such that frozen
droplets are obtamed comprises & first “speciai technical feature”,

2 Claim 107 is directed to a drying chamber comprising a device capable of vibrating a tray, a device capable of
reducing the pressure of the chamber, an outlet port and a heat source adapted to act on the tray. I is
considered that the drying chamber as a whole compnses a second special technical feature.

Since the abovementioned groups of claims do not share any of the technical features identified, a “techmeal
relationship” between the inventions, as defined in PCT rule 13.2 does not exist. Accordingly the international
apphcation does not relate to one invention or to a single inventive concept, a prior.
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2. FEURTHER ACTION
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1. This opinion contains mndications relating to the following 1tems:

Non-esteblishment of opinion with regard to novelty, inventive step and industrial applicabiliry

Reasoned statement under Rule 43bis.1(2)(1) with regard to novelty, inventive step or industria! applicabihty;
citations and explanations supporting such statcment

Certain defects in the internstional application

Box No VIII  Certamn observations on the international appheation

If a demand for international preliminary exemination is made, this opirion will be conmdered to be a written opinion of the Intemat:onal
Preliminary Examuning Authority ("IPEA") except that this does not apply where the applicant chooses an Authority other than this one to
be the IPEA and the chosen IPEA has notified the International Buresu under Rule 66.15:s(b) that wnitten opimions of this Intemanonal

[f this opinion ig, a3 provided above, considered to be & written opinion of the IPEA, the applicant is mvited to submut to the IPEA &
writien reply together, where approprisie, with amendments, before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the exptration of 22 months from the prionity date, whichever expires later

E-mail address: pct@ppaustralia gov au
Facsimile No  (02) 6285 3929

Narme and mailing address of the IPEA/AU Authonized Officer
AUSTRALIAN PATENT OFFICE
PO BOX 200, WODEN ACT 2606, AUSTRALIA THARU FERNANDO

Telephone No (02) 6283 2486
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WRITTEN OPINION OF THE Intemational applcation No.
INTERNATIONAL SEARCHING AUTHORITY

PCT/NZ2005/00008%

[-B\ox No.I Basis of the opinion

1% With regard to the language, this opinion has been established on the basis of the international application in the language in
which 1t was filed, unless otherwise indicated under this item.

D This opinion has been established on the basis of a translation from the onginal lauguage into

the following language , which 13 the langusge of a translation furmshed for the purposes of
international search (under Rules 12,3 end 23.1(b)).

2.  With regard to any nucleotide and/or amino acid sequence disclosed in the international application and necessary to the
clumed mvention, this opinjon has been established on the basis of}

a. type of material
E] a sequence hating
|'_‘| table(s) related to the sequence listing

b. . format of matenal '
[[] in written format
D in computer readable form

c. time of filing/furnishing
[] contsined in the international application s filed,
D filed togcther with the international application in computer readable form.
[ ] fumnished subsequently to this Authority for the purposes of scarch.

3. D In addition, 1n the case that more than one vergion or cop;-r of a sequence listing and/or table relating thereto has been

flled or furnished, the required statements that the information 1n the subsequent or additional copies is sdentical to that
in the application as filed or does not go beyond the application as filed, as appropriate, were furnished.

4  Additonal comments:

Form PC1/ISA/237 (Box No () (January 2004)
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WRITTEN OPINION OF THE International application No,
INTERNATIONAL SEARCHING AUTHORITY

PCT/NZ2005/000089

. ! "\lox No. IV Lack of unity of invention

1. [ Inresponso to the invitsnon (Form PCT/ISA/206) to pay additionl foos the applicant hs:
D paid additional fees
D paid additional fees under protest

[] notpaid additional fees

2. This Authority found that the requirement of unity of invention ie not complied with and chose not to invite the
applicant to pay additional fecs.

3, This Authorty considers that the requrement of uty of mvention in accordance with Rule 131,132 and 133 15
D complied with

not complied with for the following reasons:

The international application does not comply with the requirements of unity of invention because 1t does not relate to
one invention or to a group of inventions so linked as to form a single general mventive concept. In comung to this
conclusion the International Searching Authority has found that there are different inventions as follows:

1, Clairns 1 to 106 are directed to a method of drying or concentrating a liquid substance whereby the hiquid is
sprayed mto a chamber that is held at a temperature and pressure below the triple-pomt of the liquid, such that
the sprayed liquid generates a frozen liquid substance and an evaporated hiquid, the frozen liquid portion 1§
collected and dned to sublime excess moisture and obtain dried solid particles. It 1s considered that holding the
chamber at a temperature and pressure below the triple point of the liquid substance to such that frozen droplets
are obtamned comprises e first “special technical feature”,

2. Claim 107 1s directed to a drying chamber comprising a device capable of vibrating a tray, a device capable of
reducing the pressure of the chamber, an outlet port and a heat source adapted to act on the tray. Itis
considered that the drying chamber as a whole comprises a second special technical feature

Since the abovementioned groups of claims do not share any of the techmecal features identified, a “iechmcal
relationship” between the mventions, as defined m PCT rule 13.2 does not exiat  Accordingly the international
apphcation does not relate to one invention or to a single inventive concept, a priori.

4. Consequently, this opimon has been established 1 respect of the following parts of the uiternational application:

all parts

D the parts relating to claims Noa.

Form PCT/ISA/237 (Box No V) (January 2004}
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WRITTEN OFPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY

PCT/NZ2005/000089

/ )x No.V Reasoned statement under Rule 43b/s.1(a)(l) with regard to novelty, Inventive step or industrial

applicability; citations and explanations supporting such statement

L.

Statement
Novelty (N} Claims YES
Claims 1-107 NO
Inventive step (IS) Claims YES
Claims 1-107 NO
Industrial applicability (IA)  Claims 1-107 YES
Claims NO

2. Citations and explanations:

Novelty and Inventlye Step (clalms 1-107)

The present invention relates to a process and/or method and associated apparatus for use 1n spray-freeze drymg
a liquid substance. The liquid substance is sprayed into & chamber at a temperature below its eutectic
temperature such that it forms a frozen liquid part end an evaporated hiquid part. The frozen particles are
conveyed to a dryer under vacuum to remove excess moisture through subhimation thereby providing a dried
concentratie.

The closest prior art documents to the present invention include:
D1 JP 2004012015

D2 JP 63269969

D3 US 4033048 A

D4 SU 0848932

D1-D3 describe features defined in claims 1-106. Each citation discloses a process whereby a hiquid substance is
atormsed 1nto a chamber which is at a pressure and tempersture such that the liquid droplets divide into a frozen
portions and an eveporated portion, after which the frozen portion is dried in 8 vacuum chamber such that excess
motsture 18 sublimated. Therefore claims 1-106 are disclosed and lack novelty and inventive step.

D4 teaches a vacuum dryer comprising vibrating electrically heatcd shelves. The figure further discloses a
material outlet port as part of the chamber. As such claim 107, which includes the features of a device capable of

vibrating a tray, a device for reducing the pressure in the chamber, an outlet port and a heat source for the tray, 18
anticipated, lacking noveity and inventive step.

Industrial Applicability (claims 1-107)

The invention defined in claims 1-107 is industnally applicable.

Form PCT/ISA/237 (Box No V) (January 2004)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY
PCT/NZ2005/000089
jox No. V1 Cortain documents clted
1. Certain published documents (Rules 435:s.1 and 70.10)
Apphcation No, Publication date Filing date Pnority date (valid clam)
Patent No. (day/monthivear) —(day/month/vear)
PX JP 2004232883 19 August 2004 28 January 2003 28 January 2003
P, X US 2004/0154317 1Z August 2004 8 May 2003 7 February 2003

JP 2004232883 discloses a spraying-type freeze-drying apparaius that sprays concentrated liquid to a freeze-drying
tower through a nozzio, such that the liquid 18 sprayed as micro freeze material and collected in & collechon board, after
which 1t 18 dried under vacuum and excess moisture sublimed.

US 2004/0154317 teaches a method of freeze-drying whereby a solution is atomised into a chamber and is collected as
frozen droplets, after which the frozen solvent is sublimatcd from the mixture of solid particles leaving behind dried
sohd particles. ‘

2. Non-written disclosures (Rules 4351s.1 and 70 9)

Kind of non-wnitten disclosure Date of non-written disclosure Date of written disclosure
(day/month/year) refernng to non-written disclosure
—__ (davmontivear)

Form PCT/ISA/237 (Box No V1) (January 2004}




WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

\X

International application No.

PCT/NZ2005/000089

' ‘sx No. VI  Certaln observations on the internationat application

The foilowing observations on the clanty of the claumns, description, and drawings or on the question whether the claims are fully

supported by the descnption, are made:

L. Claim 107 does not define the invention described because it omits features describing the spray freeze-drying
process, which from reading the specification as a whole, appear to be essential 1o the mvention.

Form PCT/ISA/237 (Box No V1II) (Januery 2004)
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FACSIMILE TRANSMISSION

From: +64 7 957 5661
To: +61 2 6285 3929
Total Pages: 3

This facsimile transmission and any accompanylng documentation may contaln legally privileged and
confldental Informatlon intended for the addressae only. If you are not the addresase your use of this
nformation 18 sinclly prohibited  If you hava recetved Uis tranamisslon In emor, please noldy us immediataly by
collect telephone caill on +684 7 857 5880,

If you did not recalve all the pages please cell us &8s soop a8 possible.

23 Dacember 2005
HAMILTON OFFICE

IP Australla

PO Box 200
Woden ACT 2606
AUSTRALIA

Re. AGRESEARCH LIMITED
PCT Application No. PCT/NZ2005/000088
DRYING PROCESS AND APPARATUS
Our Ref 230677/60 LV

Woe refer to the International Search Report of 25 August 2005 and matters
arising
SUMMARY

. The cited documents do not disclose the present Invention. The present
application Is hoth novel and inventiva.

. The applicant has amended clalm 107 to be dependent on claim 1. This
overcomes the examiner's unity of Invention obyection

. Document 4, SU 08489832, Is no lonhger relevant bacause of the amendment
to claim 107.

PRESENT APPLICATION

The present application Is for a method of drylng or concenirating a liquid
substance having solid particles in suspenston including the steps of.

a Holding a chamber at a temperature and bressure below the triple point of
the liquld substance; and

. Injecting and/or atomising the liquid substance into the chamber to

generate a frozen liquid substance portion and a first evaporated liquid
substance portion; and
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" Collecting the frozen liquid substance portion as a layer on the surface; and
a Conveying the collected frozen liquid substance portion on the surface; and

. Wherein the surface conveys the collected frozen liquid substance portlon
at a rate which controls the thickness of the layer of collected frozen liquld
substance on the surface.

The key inventive aspect of this Invention is that it controls the rate of thickness of
product formed on the drying surface This is essential to Improve the efficlency
of the spray freeze drying process and allows the invention to operate
succassfully,

None of the cited documents discloses, elther alone or In comblnation, a method of
drying which controls the thickness of the layer formed by spray-freezing a
substance.

A discussion of each patent follows
Documant 1 - Japanese Patent No. 2004012015A,

This patent discloses a drying chamber which 1s connected to a vacuum
generated for drying liquid matenal

This patent uses a drying zone where the liquid material Is eprayed onto a
freezing sheet. This freeznp shest is formed from a heat insulating matsrial with
a small thermal capacity.

This patent does not even disclose a method of spray fresze drying. Freezing Is
achfeved by the heat nsulung material. |t Is clearly not relevant to the present
inventfon.

Document 2 - Japanese Patent No. 2004232883A,

This discloses a spray freeze drying apparatus where a liquid is sprayed to form a
frozen material, the frozen material Is collacted on a board and subsequently
dned under vacuum. The collection board is rotated around a shaft to collect the
frozen material.

The Invention operates In a tower with the nozzie balng located above the
collection board The collection board rotates about the central shaft of the tower
to collact the powder at the bottorn of the tower.

This patent makes no mention of controliing the thickness of frozen product to

Improve the quality and efflciency of the drying process, and clearly does not
disclose the prasent invention.
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Documant 3 - United States Patent No. 2004/0154317

This patent discloses a method and device for producing particles. Speclfically,
the device includes:

= A solution source and a fluid source supplyling a compressad fluld (the
fluid);

] A mixer in communication with the sources for mixing the solution and the
fluld;

*  Anexpansion assembly for spraying the mixiure across a pressure drop;

. A freeze dry apparatus

. In the body of the specification the term “compressed fluid" Is defined as:
"a gas that is in a liquid, compressed or supercritical state”.

The method disclosed in this invention includes the steps of:

. Mixing a solution and a compressed fluid fogether;

" Spraylng the mixture across a pressure drop into an expansion chamber to
effect freezing of the mixture;

" Freeze drying the frozen droplets of solution

There is no reference through the specification to the mechanics of the freeze

drying process. [t Is focused on the step of and means to mix the solufion with
the compressed flud.

There is not mentlon of controlling the thickness of frozen product to improve the
quallty and efficiency of the spray-freeze drying process.

Further, this patent is directed toward the production of highly porous, flaky
substances suitable for drug delivery. The etep of mixing the product with the
fluid would be unnecessary and undesirable for use In spray fresze drying
technology for the food industry

This patent clearly does not anticipate the present Invention.

Document 4 — US 4033048A

Thare are four clear differences between the Invention dlisclosed In the present
application and that disclosed In US Patent No. 4,033,048 These are.

» ' The use of a coilection funnel versus direct delivery of frozen productto a
transportation means.



P 1

JAMES &WELLS

INTELLECTUAL PROPERTY

US Patent No. 4,033,048 uses a collection funnel to place or position l.he
spray frozen materiai onto a transportation means {conveyor beit). This 13
not ideal for two reasons, these being:

+ Frozen iquids and in particular those formed from spraying & liquid
into a sub triple point vacuum, tend to cake very easlly. It Is difficuit to
ensure that the funnel would not block with product after even a short
pericd of operation.

»  The funnel with its clrcular cross-section could not distribute the
praduct evenly across the width of the belt. This means that the
thicknass of the product layer and hence the required drying times
would not be uniform across the belt. This would result in a wide
variety of product quality and hence results produced by this invention
would be unsatisfactory.

The pressnt application delivers the frozen product directly to the
transportation means, This is elther via a vibrating tray or a sweeping
nozzle that traverses tha transportation means.

The present invention produces higher quality results by ensuring a uniform
thickness of product is achieved over the drying surface which allows
uniform drying times and produces a higher guality product.

The use of mulliple conveyor belts versus single conveyor belts.

The invention described by US Patent No. 4033,048 has muitipie conveyor
belts. The frozen product would tend to adhere to the drying surface and it
would not necessarily fall from the belt under the Influence of gravity.

In addition, the patent specification also discloses the use of brushes or
scrapers of some form to transfer product to lower belis. This will lead to
the loss of product which increases with the number of transfers betwesn
belts involved.

These problems do not accur with the present invention s it usas a single
conveyor belt of drying surface.

The use of vacuum pumps versus condensing colis.

The invention described by US Patent No. 4,033,048 uses a vacuum pump
to extract water vapor in the drylng chamber. If weter condenses within the
vacuum pump itself (a very likely occurrence) the pump will sustain
significant damage Hence, 1t is probable that pumps will need to be
raplaced regulary If the invention wers fo be operated on a continual bass,
The cost for an Industrial size vacuum pump Is approximately N2$10,000
To replace this type of pump on a regular basis would substantially increase
the running and maintenance costs of thls invention.

The present invention uses condensing coils to remove the water from the
spray frozen matenal. A vacuum pump Is only employed to remove
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incondensable Material and to counterbalance vacuum leaks rather than o
remove watar from the spray frozen product.

] The method of heating.

The invention disciosed in US Patent No. 4,033,048 requires considerable
microwave insulation and the use of a microwava “choke” This makes the
Invention dlsgclosed in this patent conslderably more complex to
manufaciure, maintain and run.

The present application does not require the use of either of these aspects
and hence uses a heating method which is considerably simpler than that
disclosed In this United States patent

Further this patent does not teach a method of spray-freeze drying which is

characterised by controlling the thickness of frozen product. It does clearly not
anticipate the present invention.

CONCLUSION

The present application Is for a method of spray freeze drying which Is
characterised by controlling the thickness of product formed by spray freezing
This acts to improve the efficiency and quality of the product produced by the
invention It also removes any problems associated with the damage of product
by heat during the drying process.

The cited documents,' eithar alone or in combination, do not disclose the present
nvention. The present invention i1s clearly both novel and Inventive.

We trust that with these amendments and submigsions the examiner will now
agree that this invention is both novel and Inventive. We look forward to recelving
a favourable wntten opinion in due course.

Yours sincerely
JAMES & WELLS

Ml

David Macasklll / Kate Wlison
IP Specialist / Partner
davidmac@jaws co.nz / katew@Jaws.co.nz



THE CLAIMS DEFINING THE INVENTION ARE;

1

A method of drying or concenlraling a Kquid substance having solld particles In
suspension or a substance dissolved theraln including the steps of*

holding & chamber at a tamperature and pressur‘a betow the trple~paint of the

liquid substance,

Injecting andfor atomising the liquld substance Into the chamber to generate a
frozen Hquid substance portion {"FLS portion™) and a first evaporated liquld
substance portion {"FEL poriion”),

collecting the FLS porlion as & layer on a surface, and

conveying tha collected FLS portion on the surfaca,

wharein the surface conveys the collected FLS portion at a rete which controls
the thickness of the layer of collected FLS on the surface.

A methad as clamed in clalm 1, whereln the rate of conveying achleves
substanbally @ monolayer thickness of FLS portion to accumulate on sakd
surface

A method as clalmed in clalm 1 or clalm 2, wherein the FEL is condensed by a
condensing device

A method as clalmed In anyone of claims 1 to 3, wherein the FEL is removed
from said chamber

A method as claimed in any one of the preceding claims, wherain Injacting
and/or atomising the [iquid substance includes spraying 1o achieve a pre-
determmed particle size of FLS.

A method as clalmad In eny one of the precading claims, whereln Injecting
and/or atomnising of the lquid substance 13 performad by ona or more nozzles.

A method as claimed in any one of the preceding claims, wherein the rate of

conveyance of FLS upon sald surface echleves substantially & monolayer
thickness of tha FLS upon sald aurface,

22
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10.

1.

12

13

14

15.

16

17.

18.

19

20,

A method as claimed in claim 7, wherein the monolayer may ba the thickness
of a single layer of the pre-determined parlicle size of ihe FLS portion

S

A method as claimed in clalm 8, wheren the predetermined particle size 1s
substantially 500 um or more

]
A method as claimed in ciaim 8, wherein the predsiermined particle size Is less
than substantally 500 pm,

A method as claimed In claim 8, whareln the predetenmined particle slze Is lass
than substantially 200 pm

A melhod as ciaimed in any one of the preceding ctaims, wherain the surface
conveys tha FLS portion away from the one or more nozzles.

A melhod as clelmed In any one of the preceding claims, whereln the method
includes tha step of exposing the collected (ayar of FLS portion to a heabng
means tharaby substantlally iInducing sublimation and genaration of a second
evaporatad liquid aubstance portlon ("SEL portion”) and a product,

A method as claimed in claim 13, wherem the SEL portion Is condensed by a
condensing device.

A method as claimed in clam 13 or claim 14, wherein the SEL portion is
removed [rom the chamber.

A methad as claimed in any one of claims 13 to 15, wherein the product Is
removed from the conveying surface by a product removal device,

A method es claimed In any one of claims 13 to 18, wherein the product is
removed from the chambaer via the outiet port,

A method as claimed In any one of the praceding claims, wherein the method
is used {o process a fluldised substance, or a liquid substance having solld
particlea In suspension or a substance dissoived thareln,

A method as claimed (h any one of the preceding claime where the subatance
is selected from one or more of the following: a siury of coffes, Nquid milk, frult
and/or vagetable juices

An apparatus for drying or concentrating a liquld subsiance comprising

a chamber and a’chambar pressure reducilon device, and

23

K 153



Pl

21

22

23.

24

25,

26

27.

one or more Injection ports through which the liquld substance Is injected to the

chamber,

a collactlen surface which collects a frozen flquld substance portion of the

liquid substance,

wherein the pressure reduction device mainiains the chamber at a pressure
below at |east the iripla-point pressure of the liquid substance, to cause ihe
injected hquid subslance to separate Into a Irczen liquid substance portion
("FLS porten™} and a first evaporated liquid substance portion {"FEL portion”),

so that In use, the FLS porllon Is saccumulated as a layer on the collecting
surface and conveyed away from the one or more Injection poris at a rate
which allows the thicknass of the layer of tha FLS portton fo be controlled.

An apparatus a3 claimed In clalm 20, whareln the rata of conveyance achleves

substantially a monolayer thickness of FLS portlon to accurmulate on sad
surface

An apparatus as clzimed n clam 20 or clalm 21, whereln tha FEL portlon Is
condensed by a condenaing devics,

An apperetus as clamed In any cne of claims 20 to 22, wherein sald FEL i
removed from said chamber.

An apparatus as claimed in any one claims 20 to clalm 23, whersin the one or
more injection ports comprises at least one spray or atomisation noxzzle,

An eppamtus 8s claimed in cdalm 24, whereln the nozzle or nozzles
substantially determine the skze of the FLS portion generated to achleve a pre-
determined particle slze

An apparatus as claimed in any one of clalms 20 to 25, wherein the pressura
reduction device 18 a gas svacuation pump,

An apparatus as claimed In any one of claims 20 to 26, wheretn the
condensing device I8 a cooled coll or colis

24
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20

30

.

32

33

4

35

a6

7.

38

39

An apfmratus as clalmed In any one of claims 20 to 27, wherain the
condensing device is cooled wutl] a refrigerant.

An apparatus as clalmed in any one of claims 20 to 28, wherein the cotlachon
surface includes one, or a combinallon of, the following conveyors: a moving
andless bell configuration, a tray angled to encourage the frozen Hquid
substance porbon 1o slide away from the one or mare Injection ports, &
vibraling tray

An apparatus as claimed i claim 28, wherain the angled tray and/or vibrating
tray mcludes a reduced fniction surfacs.

An apparatus as claimed In claim 30, wherein the reduced fricion surface
compnses polytetraflurosthylene (PTFE).

An apparalus as claimed In any one of clalms 20 to 31, wherein the layer of
FLS portion upen said collection surface is exposed to a heating means as it 1s
convayed away from the one or more Injection ports.

An apparatus as claimed In cialm 32, wherain the heating means substantlally
induces sublimation of the FLS portion layer upon sald surface-to form a
sacond evaporated liquld ("SEL") substance porton and a product

An apparalus as claimed In clalm 32 or clalm 33, wherain the heating means i1s
one or a combination of tha following energy sources: infra-rad lamps, halogen
larmnpas, incandescent lamps, microwaves, or chmic heating of sald surface,

An apparaius as claimed in clalm 33 or claim 34, wheraln a product removal
device 15 employed to remove the product from the collection surface.

An apparalus as claimed n claim 35, wherein the product removal device Is a
scraping means and/or e brushing means.

An apparatus as clamed in claim 36, wherelit the scraping meana substantially

contacts the surface with the product tharson and moves the product off the
surface lo the outlet port

An apparatus as cialmed in claim 38, wherein the brushing means Is a rotating
brush or fixed brush which substantially conlacts the surface with the product
theraon and channels the product off the surface to the outiet port

An apparatus as clalmed in any one of claims 33 to 37, whersin the product is
removed via a chamber outiet port,
1
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40

49,

42

43

45

45

47

48,

48.

L 1#

An apparatus as claimed In any one of claims 20 to 38, wherem the chamber 16
heid al a pressure of substantlally 811.3 Pa or less

A drying process for a liquid substance comprising the steps of
atorusing the hiquid substance,

cooling the atorrused liquld substance (ALS) to inillate a phase change,
convaying the ALS into a drying chamber under a vacuum,

heating the ALS so as to substantially effect sublimation and then collecting the
substantlally dried ALS from the chambsr

A drylng' process as claimad in clalm 41, whereln the liquid substance Is ctulled
from an inftial temperature pnor to atomising.

A drying process as clalmed In claim 41 or claim 42, whereln the ALS
conirayed into the drylng chamber is alsa conveysd through the drying
chamber

A drying process as cleimed in any one of clalms 41 to 43, wherein the ALS Is
healed via a temperature gradient whiie It travels through the drying chamber
so that the temperature gradient substantially effects aubimation

A drying process as clalmed In any one of claims 42 to 44, whereln the step of
chiliing a liquid substanca takes place In a chiller to reducs the liquid substance
from an mital temperatura to a lowsr temperature.

A drying process as cle)med in any one of claims 41 to 45, whereln atomising
the liquld substance achiaves a predetermined particle size,

A drying process as claimed in claim 48, wharein the predetermined particle
size Is substantfally 500 um or more

A drying pracess as clalmed in claim 48, whereln the predetermined particle
stre 18 less than substantally 500 um.

A drying process as claimad tn claim 48, whereln the pradetermined particle
size 15 less than substantlally 200 pm.

26
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61

52

53
54
55
56.
57
58,
59
€0,
61

62.

63.

A drying process as claimed In any one of claims 41 to 49, wherein a epray
freazer utlises a cold gas to effect a phase change of the liquids In the
atormised llquid substance {ALS).

A drying procass as claimed In any one of clalms 42 to 50, whereln chiling 15
undertaken with direct or indirect contact with a cold fluid.

A drying pracess as claimed In ciaim 51, wherein said cold flud s anr,

A drying process as claimed In claim 51 or clalm 52, whereln sald cold fluld is
substantially 0°C or less.

A drying procesa as claimad in claim 51 or claim 52, wherain sald cold fiuld is
less than substantially -20°C,

A drying process as cialmed In any one of claima 50 to 54, wherein sald spray
freazer operatas in a counter current configuration

A drying process as claimed [n any one of clalms 50 to 54, wherein said spray
freezer operates in a co-current conflguration.

A drying process as claimed in any one of clalms 41 to 58, whereln the ALS is
reduced to a temperature below Its sutectic temperature.

A drying process as claimed in any ona of claims 41 to 57, whersin the ALS Is
canveyed o a separator

A drying process as claimed in any one of clesma 41 to 57, whereln said ALS Is
convayed pneumatically to a separator

A drylng process a8 clmmed in clalm 58 or claim 59, whereln said separalor is
a gas-solid separation device

A drying process as clalmed In claim 60, wherein said gas-solid separation
device 18 a cyclone

A drying process as clalmed in clarn 80 or ¢laim 61, wharain the gas
separated In the gas-gofid separation device Is relumed and/or refrigerated for

* usa in tha chilling step

A drying process as claimed In clalm &1 or clalm 62, whereln cne or more
vacuum and/or alr locks are present bstween a AFS cyclone oullet and a
drying chamber inlet.

27

<

{57



()

65

87

a9

70

71

72

T3

T4

75.
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A drying process as clalmed in any one of clalma 60 to 83, wherein separated
solids from sald gas-solid separation device enter a vacuumous drying
chamber

A drying process as claimed in any one of claims 41 to 84, wherein the vacuum
of said vacuumous drying chamber 1s creatsd by a prassure reduction device.

A drying procass as claimed in claim 85, whereln the vacuum created by the
pressure reduction devica Is substantiaily 600 micro meters Mg absolute
pressure or less

A drying process as claimed In claim 65, wharein the vacuum created by the
pressure reduction device |8 in the range of substantially 200-400 micro meters
Hg absolute pressure,

4

A drying process as claimed in any one of claims 41 ta 87, whereln sald ALS is
conveyed via a surface

A drying process as claimed In any one of claims 41 to 88, wherein sald ALS ig
conveyed via a vibrating surface

A drying process 88 claimed in claim 6@, wherselin sald vibratlng surface s a
vibrating tray

A drying process as clalmed In claim 69 or claim 70, whereln sald vibrating tray
1s pneumatcally and/or mechanically and/or elecirically and/or magnetically
driven

A drying procese as clalmed in claim 70 or clalm 71, whereln sald vibrating tray
conveya ALS through a temperature gradient to substantially effect
sublimation

A drying process as clammed in any one of ¢lalms 41 to 722, whereln a vapour
produced by subbmatlon (s removed from the drying chamber.

A drying process as cialmed In claim 73, wherein vapour preduced by
sublimation is removed from the drylng chamber by one or more condensers

A drying process as dammed in any one of claima 41 to 74, wherelin the ALS le
heatsd via a temparatura gradient while it travels through the drying chamber
8o that the tempsrature gradient substantially effects sublimation.
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A drying process as clalmed in any one of clalms 41 to 75, wherein sald
temperature gradiant is provided by an anergy source.

A drying process as clalmed in claim 78, whersin sald enemgy source Is an
inira-red emitiing device and/or a micro-wave emiting device and/or an chmic
heater

A drying proceas as claimed in any one of clalms 41 lo 77, whereln alomising
the liquid substance achieves a predatermined particle size.

A drying process as claimed In claim 78, wheren the predetarmined particle
size is substantlally 500 ym or more

A drying process as claimed In clalm 78, wherein the predetermined paricle
size Is less than substantially 500 um.

A drying process as clalm in claim 78, wheraln the predetermined particle size
16 lass than substantatly 200 pm.

A drying procass as clalmed In any one of clalms 60 to 81, wherein a
refrigeration system Is employed to mainlaln ALS at a temperature below Its
sutectic temperature during transport from the gas-solld separatlon device to
the vacuumous drying chamber.

A drying process as claimed in any ons of claima 41 to 82, wherein a product
produced Is substanflally reduced is free of iquid compered to the liquid
substance.

An apparatus for a drying process for a lquid substance compnsing:
an atomiser capable of atomising a iiquld substancs,

a cooler capable of cooling the atomisad liquid substance (ALS) to inltiate a
phase change,

a conveyor capable of conveying the ALS into a drying chamber held under &
vacuum,

an anergy source capable of heating the ALS a0 as to effect sublimation and
fresze drying, and

a collector czpable of collscting the driied ALS

An apparatus for a drying a drying procese as clalmed In claim 84, whereln e
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80
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85,
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chliller capable of chiling a liquid substance from an Inltial temperature to a
lowar temperature I8 provided prior to the liquid substance alormser,

An apparatus for a drying a drying process as claimed in claim 84 or clalm 85,
wherein the apparatug includes a conveyor capable of conveying the ALS
through the drying chamber

An apparatus for a drying a drylng process as clalmed in &ny one of claims 84
o 88, wharein the apparatus includes an energy source capable of heating the
ALS via a lemperaiure gradient while It travels through the drying chamber so
that the temperature gradlent can effact sublimation.

An apparatus for a drying process as claimed In clam 87, wherein the
temperalure gradient substanbally prevents or substanffally minimises heat
damage occurring to the ALS as It passes through the chamber.

An apparatus for a drying process as claimed in any one of clams B4 to 88,
wherein atomising the liquid substance achieves a predstsrmined particle size.

An apparatus for & drylng process as claimed In clalm 88, wherein the
predetermined particle slze Is substantially 500 um or more.

An apparatus for a drying process as claimed in claim 88, wherein the
predetermined particle size is {ess than substantially 500 pm.

An epparatus for a drying process as clalmed in claim 89, wherein the
predetermined size Is less than substantialiy 200 um

An apparatus for a drying process as claimed in any one of clams 84 o 62,
wherein a spray freezer utlises a cold gas to sffsct a phase change of the
liquids in the atomised liquld substance (ALS)

An apperatus for a drying process as claimed In clalm 93, whereln sald cold
gasls alr )

An apparatus for a drylng process as claimed In claim 63 or claim 94, wharain
sald cold gas Is substantially 0°C or less,

An apparatus for a drying process as ciaimed in claim 93 or claim 94, wherain
seld cold gas [s less than substantlally -20°C,

An apparatus for a drylng process as clalmed in any one of clams 84 to 0§,
wheremn the vacuum of said vacuumous drying chamber Is created by a
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108,
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pressure reduction device.

An apparatus for a drylng proceas as clalmed In cleim 97, whereln the vacuum
craated by the pressure reduction device s substantlally 600 micro meters Hg
absolute pressure or less

An apparaius for a drying process as ¢laimed In ¢laim 87, whereln the vacuum
craatad by tha pressure reduction device Is n the range of substantially 200-
400 micro meters Hg absolute pressure

An apparatus for a drying process as claimed in any one of claims 84 to 89,
whereln said ALS 1s convaeyed via a vibrating surfaca

An apparalus for a drylng process aa claimed In claim 100, wherem sald
vibrating surface [3 a vibrating tray

An apparatus for a drying process as claimed In ¢laim 101, whareln sald
vibrating tray 18 pneumatically and/or mechanically and/or electrically and/or
magnetically driven

An apparatus for a drying process as claimad In claim 84 or claim 102, wharein

ALS 15 conveyed through & tamperature gradient tc substantlally effect
sublimation.

An apparatus for a drying process as cleimed In clalm 84 or clalm 103, wharain

vapour produced by sublimation ls removed from the drylng chember by one or
more condensers

An apparatus for a drying process as claimed in claim 103, wheraln sald
temperature gradiont is provided by an ansrgy source.

An apparatus for a drying proceas as claimed in clalm 105, whereln sald

energy source is an Infra-ved emitting device and/or a micro-wava emitting
dawvice and/or an ohmic heater.

A drying chamber_for use wiih the_gppaeratus as clalmed |h any one of claims
28 to 40 which comprizes,

a device capabls of vibrating a tray,

a sultable device for reducing the pressure In sald chamber,

' a matenal outlet port from sald chamber, and

£ )|
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a haat source adaptad {o act upon sald tray.

.- {Formlltnd: Indent Left O ]
108 A drying chamber for use with the apparatus as claymed in envone of clalms 84 o, Hanping_} 25 om

o 106 which comprises.

a device capable of vibrating a tray,
a suttable device for reduaing the pregeyrs in sad chamber,

& matengl outlet pert from seid chamber, and

— B heal source adapted to act upop said tray
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ABSTRACT

This Invention relates to a process andfor method and essoclatad apparatus for use
in spray fraeze drying a fluld substance such as fruit juice, pharmaceulicals,
nutraceuticals, tea and coffee. A fluid substance ls sprayed (atomised) and reduced
In temperature to below |ts autectic tamperature; thereby Inducing a phase change of
fluids In the flud substance. The atomised fluld substance (AFS) Is then subjected to
a vacuumnous drying charnber in which the AFS is subjsctad to an energy source to
asswt sublimation of fluld from the AFS as It s conveyed through the chamber. Such
an energy source can provide a temperature gradlen! through which the AFS pasass
and {s exposad fo, all carried out so as to preferably minimise or reduce the hkelthood
of degradation of the substance batng dried (reducing the fluid contant).
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) THE CLAIMS DEFINING THE INVENTION ARE:

1. A method of drying or concantrating a liquid substance having solid particles in
suspension or a substance dissolved therein including the steps of

holding a chamber at a temperature and pressure below the triple-point of the

liquid substance,

injecting and/or atornising the liquid substance into the chamber to generate a
frozen liquid substance portion ("FLS portion”) and a first evaporated liquid

substance portion ("FEL pertion®),
collecting the FLS portion as a layer on a surface, and

conveying the collected FLS portion on the surface,

whereln the surface conveys the collected FLS portion at a rate which controls
the thickness af the layer of collected FLS on the surface

2. A method as claimed in claim 1, wherein the rate of conveying achleves
substantially a monolayer thickness of FLS portion to accumulate on said
surface.

3 A method as claimed In clalm 1 or claim 2, wherein the FEL is condensed by a

condensing device.

4, A method as clalimed in anyone of claims 1 to 3, wherein the FEL is removed
from said chamber,

5. A method as clalmed In any one of the preceding claims, wherein injecting

andfor atomising the liquid substance Includes spraying to achleve a pre-
determined particle stze of FLS.

6. A method as clalmed in any one of the preceding clalms, wherein Injecting
andfor atormising of the liquld substance is performed by one or more nozzies.

7. A method as claimed In any one of the preceding clalms, whereln the rate of
conveyance of FLS upon sald surface achieves substantially a monolayer
thickness of the FLS upon said surface.
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10.

11.

12

13.

14.

15.

16.

17

18.

19,

20.

[ s

A method as clalmed In clalm 7, wherein the monolayer may be the thickness
of a single layer of the pre-determined parhcle size of the FLS portion.

A method as clalmed in claim 8, wherein the predetermined particle slze is
substantially 500 pm or more.

A method as clalmed In dlalm B, wherein the predetermined particle size 1s less
than substantially 500 pm

A method as clalmed In ¢laim 8, wherein the predetermined particle size is less
than substantially 200 um.

A method as ctaimed in any one of the preceding clalms, wherein the surface
conveys the FLS portion away from the one or mare nozzles.

A method as claimed in any one of the preceding claims, wherein the method
includes the step of exposing the collected layer of FLS portion to a heating
means thereby substantially inducing subimahon and generatlon of a second
evaporated liquid substance portion ("SEL portion”} and a product.

A method as clatmed in claim 13, wherein the SEL portion 1s condensed by a
condensing device.

A method as clamed in clalm 13 or claim 14, wherein the SEL portion Is
removed from the chamber,

A method as claimed in any one of claims 13 to 15, wherein the product is
removed from the conveying surface by a product removal device.

A method as clalmed In any one of claims 13 to 16, whereln the product is
removed from the chamber via the outlet port.

A method as claumed in any one of the preceding claims, wherein the method
is used to process a fluldised substance, or a liquid substance having solid
particles in suspension or a substance dissolved thersein

A method as claimed in any one of the preceding claims where the substance
Is selected from one or more of the following: a slurry of coffee, liquid milk, frult
and/or vegetabie juices.

An apparatus for drying or concentrating a liquid substance comprising:

a chamber and a chamber pressure raduction device, and
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27.

one or more injection ports through which the liquid substance is injected to the

chamber,

a collection surface which coliects a frozen liquid substance portion of the

liquid substance,

wherein the pressure reduction device maintains the chamber at a pressure
below at least the triple-point pressure of the liquid substance, lo cause the
injected hquid substance to separate into a frezen liguld substance portion

(“FL.S portlon®) and a first evaparated fiquid substance portion (*FEL portion”),

sa that In use, the FLS portion is accumulated as a layer on the collecting
surfaca and conveyed away from the one or more Injection ports at a rate

which altows the thickness of the layer of the FLS portion to be controlied.

An apparatus as claimed in claim 20, wherein the rate of conveyance achieves

substantially a monolayer thickness of FLS portion io accumulate on said
surface

An apparatus as clalmed in clam 20 or claim 21, wheretn the FEL portion is’
condensed by a condensing devica.

An apparatus as claimed In any one of claims 20 to 22, wherein said FEL Is
removed from sald chamber,

An apparatus as clalmed in any one claims 20 to dalm 23, wherein the one or
more injaction ports comiprises at least one spray or atomisation nozzle.

An apparatus as claimed in claim 24, wherain the nozzle or nozzles
substantially determine the size of the FLS portion generated to achieve a pre-
determined particle size.

An apparatus as claimed in any one of clamns 20 to 25, wherein the pressure
reduction device is a gas evacuation pump

An apparatus as claimed In any one of claims 20 to 28, wherein the
condensing device is a cooled coil or coils.
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34,

35.

36.
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38.

39.

An apparatus as claimed wn any one of claims 20 to 27, wherein the
condensing devics 1s cooled with a refrigerant.

An apparatus as claimed In any one of claims 20 to 28, wherein the collection
surface includes one, or a combination of, the following conveyors: a moving
endless belt configuration, a fray angled to encourage the frozen liquid
substance portion to shide away from the one or more injection ports, a
vibrating tray.

An apparatus as claimed In claim 29, wherein the angled tray and/or vibrating
tray includes a reduced friction surface.

An apparatus as clamed In claim 30, wherein the reduced fnction surface
caomprises polytetrafiuroethylens (PTFE).

An apparatus as claimed in any one of claims 20 to 31, wherein the layer of
FLS portion upon said collection surface I1s exposed to a heating means as it Is
conveyed away from the ohe or mors Injection poris.

An apparatus as claimed in claim 32, whereln the heating means substantially
induces sublimation of the FLS portion layer upon said surface to form a
second avaporated liquid ("SEL") substance portion and a product.

An apparatus as claimed in claim 32 or clalm 33, wherein the heating means is
one or a comblnation of the following energy sources: infra-red lamps, halogen
lamps, incandescent lamps, microwaves, or ohmic heating of sald suiface.

An apparatus as claimed In claim 33 or clalm 34, wherein a product removal
davice is employed to remova the product from the collection surfacs.

An apparatus as claimed In claim 35, wherein the product removal device Is a
scraplng means and/or a brushing means.

An apparatus as clalmed In claim 36, whereln the scraping means substantially

contacts the surface with the product thereon and moves the product off the
surface to the oufiet port.

An apparatus as claimed in claim 36, whersin the brushing means is a rotating
brush or fixed brush which substantally contacts the surface with the product
thereon and channels the product off the surface to the outiet port.

An apparatus as claimed In any one of claims 33 to 37, wherein the product is
removed via a chamber outlet port.
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44,

45,

46

47.

48

49

A

An apparatus as clalmed in any one of claims 20 to 39, wherein the chamber Is
held at a pressure of substantially 611 3 Pa or less

A drying process for a liguld substance comprising the steps of.
atomising the liquid substance,

cooling the atomised liquid substance (ALS) to initiate a phase change,
conveymng the ALS Into a drying chamber under a vacuum,

heating the ALS so as to substantially effact subllmation and then collecting the
substantially dried ALS from the chamber.

A drylng process as clalmed tn claim 41, wherein the liquid substance Is chllled
from an Initial temmperature prior to atomising.

A drying process as claimad in clalm 41 or claim 42, wherein the ALS
conveyed Into the drying chamber is also conveyed through the drying
chamber

Ar

A drying process as clalmed In any one of claims 41 to 43, wherein the ALS Is
heated via a temperature gradient while it travels through the drying chamber
so that the temperature’gradient substantially sffects sublimation.

A drying process as claimed In any one of clalms 42 to 44, wherein the step of
chilling a liquid substance takes place in a chiller to reduce the fiquid substance
from an inihal temperature 10 a lower temperature.

A drylng process as claimed In any one of claims 41 to 45, whereln atomising
the liquid substance achieves a predstermined particle size,

A drying process as claimed in claim 46, wherain the predetermined particle
size 18 substantially 500 um or more.

A drying process as claimed in claim 46, wherein the predetermined parhcle
size 15 less than substantially 500 um.

A drying process as claimed in claim 48, wherein the predetermined particle
size I8 less than substantially 200 um,

26



-

50

51.

52

53

54,

55.

56, .

57.

58.

59

60

61.

62.

a3.

¢ 16%

A drying process as claimed In any one of claims 41 to 49, wherein a spray
freezer utiises a cold gas to effect a phase change of the liquids in the
atomisad hquld substance (ALS).

A drylng process as clalmed In any one of claime 42 to 50, wherein chilling is
undertaken with direct or indirect contact with a cold fluid

A drying process as claimed In claim §1, wherein sald cold fluid is air

A drying process as claimed in claim 51 or claim 52, wherein said cold fluid 1s
substantially 0°C or less.

A dryming process as claimed In claim 51 or claim 52, wherein said cold fluld is
less than substantially -20°C.

A drying process as claimed in any one of claims 50 to 54, wherein said spray
freezer operates In a counter current configuration

A drying process as claimed in any one of claims 50 to 54, wherein said spray
freezer operates In a co-current configuration,

A drying process as claimed in any one of claims 41 to 56, whereln the ALS Is
reduced to a temperature below its eutectic temperature.

A drying process as claimed in any one of claims 41 to 57, wherein the ALS s
conveyed 1o a separator.

A drying process as claimed in any one of dalms 41 to 57, wherein said ALS I1s
conveyed pneumatically to a separator

A drying process as cleimed In claim 58 or clalm 59, whersin sald separator ls
a gas-sohd separation davice.

A drying process as claimed in claim 60, whereln said gas-solld separation
device 1s a cyclone.

A drying process es claimed In claim 60 or claim 61, wherein the gas

separated in the gas-solld separation device Is retumed and/or refrigerated for
use in the chilling step.

A drying process as claimed In claim 61 or claim 62, wherein one or more

vacuum and/or alr locks are present between a AFS cyclone outlet and a
drying chamber inlet
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A drying process as claimed in any one of claims 60 to 83, wherein separated
solids from said gas-solid separation device anter a vacuumous drying
chamber

A drying process as claimed in any one of claims 41 to 64, wherein the vacuum
of said vacuumous drying chamber is created by a pressure reduction device

A drying process as claimed in clalm 65, wherein the vacuum created by the
pressure reduction device is substantially 600 micro meters Hg absolute
pressure or less

A drying process as claimed In claim 65, wherein the vacuum created by the
pressure reduction device is in the range of substantially 200-400 micro meters
Hg absolute pressure.

A drying process as claimed in any ons of claims 41 to 87, wherein said ALS is
conveyed via a surface.

A drying process as claimed In any one of clairns 41 to 68, wherein said ALS 1s
conveyed via a vibratlng surface.

A drying process as claimed in claim 69, wherain said vibrating surface Is a
vibrating tray '

A drying process as claimed in clalm 60 or claim 70, wherein saud vibrating tray
Is pneumatically and/or mechanically and/for electrically andfor magnetically
driven

A drying process as claimed in claim 70 or clalm 74, wherein said vibraling tray

conveys ALS through a temperature gradient to substantially effect
sublimation.

A drying procaess as claimed in any one of clalms 41 to 72, wherein a vapour
produced by sublimation Is removed from the drying chamber

A drying process as claimed in claim 73, wherein vapour produced by
sublimation is removed from the drying chamber by one or more condensers.

A drying process as claimad In any one of claims 41 to 74, wherein the ALS is
heated via a temperature gradient while it travels through the drying chamber
so that the temperature gradient substantially effects sublimation.
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A drying process as claimed In any ona of cialms 41 fo 75, wherein said
temperature gradient 1s provided by an energy source.

A drying process as claimed In claim 76, wherein said energy source s an
infra-red emitting devica and/or a micro-wave emiiting device and/or an chmic
heater.

A drying process as claimed In any one of claims 41 to 77, wherein atomising
the liquid substance achieves a predetermined particle size.

A drying piocess as claimed in claim 78, wherein the predetermined particle
size is substantially 500 pm or more.

A drylng process as claimed in claim 78, whereln the predetermined particle
size is less than substantally 500 pm

A drylng process as claim in claim 78, wherein the predetermined particle size
1s less than substantlally 200 um.

A drying process as claimed In any ona of claims 60 to 81, whereln a
refrigeration system Is employed to maintain ALS at a temperature below its
eutectic tempsrature during transport from the gas-solld separation device to
the vacuumous drying chamber.

A drying process as claimed in any one of claims 41 to 82, wherein a product
produced 18 substantially reduced 1s free of liquid compared to the iiquid
substance.

An apparatus for a drying process for a liquid substance comprising:
an atomiser capable of atomising a liquid substance,

a cooler capable of cooling the afomised liquid substance (ALS) to inltiate a
phase change,

a conveyor capable of conveying the ALS Into a drying chamber held under a
vacuum,

an energy source capable of heating the ALS so as o sffect subllmation and
freeze drying, and

a collector capable of collecting the dried ALS.

An apparatus for a drying a drying process as claimed in claim 84, wherein a
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chiller capable of chilling a liquid substance from an Initial temperature to a
lower temperature is provided prior to the liquid substance atomiser.

An apparatus for a drying a drying process as clalmed in clalm 84 or claim 85,
whereln the apparatus includes a conveyor capable of conveying the ALS
through the drying chamber.

An apparatus for a drylng a drylng process as clalmed in any one of claims 84
to 86, wherein the apparatus includes an energy source capable of heating the
ALS via a temperature gradient while it travels through the drying chamber so
that the temperature gradisnt can effact sublimation.

An apparatus for a drying process as claimed In claim 87, wherein the
temperature gradient substantially prevents or substantially mimmises heat
damage occumng to the ALS as It passes through the chamber

An apparatus for a drying process as clalmed in any one of clalms 84 to 88,
wherein atomising the liquid substance achieves a predetermined particle skze.

An apparatus for a drying process as clamed In clam 83, whersin the
predetermined particle size 1s substantially 500 pm or more

An apparatus for a drying process as clamed In claim 89, wherein the
predetermined parlicie size Is less than substantially 500 pm.

An apparatus for a drying process as claimed in clam 89, wherein the
predetermined size Is less than substantially 200 pm.

An apparatus for a drying process as claimed in any one of claims 84 to 92,
wherein a spray freezer utilises a cold gas to effect a phase change of the
liquids In the atomised liquid substance (ALS).

An apparatus for a drying process as claimed In clalm 93, wherein said cold
gas Is ar

An apparatus for a drying process as clalmed In claim 93 or claim 84, wherein
sald cold gas Is substantally 0°C or less.

An apparatus for a drying process as clalmed in clalm 93 or claim 94, wherein
said cold gas Is less than substantially -20°C.

An apparatus for a drying process as claimed in any one of claims 84 to 98,
wherein the vacuum of said vacuumous drying chamber is created by a
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98.  An apparatus for a drying process as claimed in claim 97, wherein the vacuum
created by the pressure reduction device 1s substantially 600 micro meters Hg
absolute pressure or less,

pressure reduction device,

99 An apparatus for a drying process as clalmed in claim 97, whereln the vacuum
created by the pressure reduction device is in the range of substantially 200-
400 micro meters Hg absolute pressure.

100. An apparatus for a drying process as claimed in any one of claims 84 to 99,
wherein said ALS is conveyed via a vibrating surface

101. An apparatus for a drying process as claimed In clam 100, wherein said
vibrating surface is a vibrating tray.

102. An apparatus for a drying process as claimed in claim 101, wherein said

vibrating tray Is pneumatically and/or mechanically andfor electrically and/or
magnetically dnven.

103 An apparatus for a drying process as clalmed in claim 84 or claim 102, wherein

ALS 1s conveyed through a temperature gradisnt to substantially effect
sublimatlon

104  An apparatus for a drying process as claimed in clalim 84 or claim 103, whereln

vapour produced by sublimation i1s removed from the drying chamber by one or
more condensers. -

105. An apparatus for a drying process as claimed in claim 103, wherein said
temperature gradlent is provided by an energy source.

106. An apparatus for a drying process as claimed in claim 105, whereln said

energy source Is an Infra-red emitting device and/or a micro-wave emitiing
device and/or an ohimuc heater.

107 A drying chamber for use with the apparatus as clalmed in any one of claims
20 to 40 which comprises:

a device capable of vibrating a tray,
a sultable device for reducing the pressure in sald chamber,

a matertal outlet port from sald chamber, and
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a heat source adapted to act upon sald tray

A drying chamber for use with the apparatus as claimed in anyone of claims 84
to 106 which comprises:

a device capable of vibrating a tray,
a suitable device for reducing the pressure in said chamber,
a matenal outlet port from said chamber, and

a heal source adapted to act upon said tray,
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ABSTRACT

This invention relates to a process and/or method and associated apparatus for use
in spray freeze drying a fluid substance such as frutt juice, pharmaceuticals,
nutraceuticals, tea and coffee. A fluid substance is sprayed (atomised) and reduced
In temperature to below its eutectic temperature; thereby Inducing a phase change of
fluids in the fluid substance The atomised fluld substance (AFS) Is then subjected to
a vacuumous drying chamber in which the AFS [s subjected tc an energy source to
assist sublimation of fluid from the AFS as it 1s conveyed through the chamber. Such
an energy soeurce ¢an provide a temperature gradient through which the AFS passes
and is exposed to, all carried out so as to preferably minimise or reduce the likelihood
of degradation of the substance being dried {reducing the fiuid content)
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WRITTEN OPINION OF THE Internationa) application No,
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

PCT/NZ2005/000089
Box No.1 Basis of the opinlon
.1 . With regard to the language, this opinion has been established on the bass of:
) The internahonal spplication in the language in which it was filed:
D A transiation of the international application into , which is the language of a

tranalation furmshed for the purposes of :
[[] international search (under Rules 12.3(s) and 23.1 (b))

D publication of the miemational application (under Rule 12.4(a))

D international prelimnary examination (Rules 55.2(a) and/or 55.3(a))

2, Withregard to the elements of the international application, this opinion hag been established on the basis of (replacement
sheets which have been furmshed to the receiving Office in response to an invitation under Article 14 are referred io in this
opimon as "originally filed "):

D the international application as oniginally filed/furnished

the description: pages 1-21, as origmally filed/fumished
pages , received by this Authonty on  with the letter of
pages , received by this Authority on  with the letter of
[X] the claims: pages , as originally filed/furnished
pages , asamended (together with any statement) under Asticle 19,

pages 22-32, rcceived by thus Authority on 23 December 2005 with the letter of 23 December
2005

pages , 1cceived by this Authonity on  with the letter of
the drawmings:  pages 1-4, as ongnally filed/faurnished

pages , received by thus Authority on  wath the letter of

pages , recerved by this Authority on  wath the letter of

D a sequence listing and/or any related table(s) - see Supplemental Box Relating to Sequence Listing.
3. D The ameadments have resulted in the cancellation oft
I:I the descoption, pages
[:' the claims, Nos

D the drawings, sheets/figs
the sequence histing (specify):
|:| any Lable(s) related to the sequence listing (specify):

L]

4 |:| This opinion has been established na if (some of) the amendments had not been made, since they have been considered to
go beyond the disclosure as filed, as indicated in the Supplomental Box (Rule 70.2(c)).

[] the description, pages

I:I the claims, Nos.

D the drawings, sheets/figs

D the sequence listing (specyfy).

[[] say table(s) related to the sequence listing (specify):

Form PCI/IPEA/408 (Box No. I) (April 2005)
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WRITTEN OPINION OF TIHE International application No.
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

PCT/NZ2005/000089

b

Box No. V Reasoned statement under Ruole §6,2(a)(H) with regard to novelty, lnver’lvéf_tehpof iniu;ﬂ'inﬂnp licability;
- citatfons and explanations supporting such statement '

\ ~ PN PUREL
1. Statement PR RO !

Novelty (N) Claims 20-40 YES

Claims 1-19, 41-108 NO

Inventive step (IS) Claims 20-40 YES

Claims 1-19, 41-108 NO

Industrial apphcability (IA)  Claims 1-108 YES

Claums NO

2. Citations and explanations:
D3: US 4033048

Novelty (N) and Inventive Step (IS) (Claims 1-108)

Claim 1 is directed to a method of drying/concentrating a liquid solution by injecting and/or atomusing the liquid
solution into a chamber that 1s at a temperature and pressure below the triple point of the liquid solution, This
generates a frozen Liquid substance portion (FLS) and a {irst evaporated liquid substance portion (FEL). The
FLS portion 18 collected as & layer on e surface and is conveyed at a rate that controls the thicimess of the layer of
collected FLS on the surface,

Thus is anticipated hy D3, which discloses spraying a liquid product (afomised liquid) into e freezing chamber
allowing a powder to form (FLS) which then falls onto a conveyor surface in a drying chamber. Heat is also
applied sllowing cxcess moisture to sublimate, Further, the entire interior of the apparatus is under vacuum,

Further, claims 2-19 are also anticipated by the document (see especially col 3-4).

Claim 41 is directed to a drying process for a liquid substance wherein the liquid substance is atomised, cooled to
mitiate a phase change, conveyed into a drying chamber under vacuum, heated so as to effect sublimation and
then collecting the substantially dried atormised liquid substance from the chamber.

Similarly, D3, also anticipates this claim, disclosing the spraying a liquid product (atomised liquid) into a
freezing chamber allowing a powder to form (phase change) which then falls onto a conveyor surface in & drying
chamber, Heat is also applied allowing excess moisture to sublimate (heated so as o effect sublimation) and
then the dried product us collected in a collechion chamber,

Appended claims 42-108 are also anticipated by this document.

Please note that the attorney's response hes been considered, and although there may be numerous differences
between the description of the present invention and D3, the claimg of the present invention, es mentioned above,
are drafied 80 as to encompass the invention of D3.

Form PCT/IPEA/408 (Box No. V) (Apnil 2005)




JAMES

|79
ELLS

INTELLECTUAL PROPERTY
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From: +64 7 957 5661
To: +61 2 6285 3029
Total Pages; 1

This facsimie transmisslon and any accompanying documentabon may conlaln legally priviieged and
confidential Informaton Intended for the addresses only. Il you are not the addressee your use of thie
Information Is strictly prohibiled If you have received this transmission In error, please nofify us immediately by
collect telephone call on +64 7 057 5680,

¥ you did not receive all the pages please call us a3 scon as possible.

26 May 2006
HAMILTON OFFICE

IP Australla

PO Box 200
Woden ACT 2606
AUSTRALIA

Attention: Neeti Saxena

Re: AGRESEARCH LIMITED
PCT Application No. PCT/NZ2005/000089
DRYING PROCESS AND APPARATUS
Our Ref: 230677/80 RTM

We refer to the examiner's written opinion dated 26 April 2006 and matters
ansing.

The present Invention is a method of drylng or concentrating a liquld substance.
Itis true that this Is in the same area of Invention as that disclosed in US Patent
No. 4,03,3048. However, the present invention Is characterised by goplrolling the
thickness of spray frozen llquld substances formed on a drying surlace. This Is

clearly a novel aspecl of the present invention which Is reflacted In claim 1 of the
specification.

We note that the examiner believes US Patent No. 4033048 anticipates this
aspect of the present Invention, Howsver, nowhere In this document Is there
mention of controliing the thickness of the spray frozen material.

It is true that this patent does mention spray frozen material falling as a “snow like
powdes”, However, this is Into a collection funnel where it Is then transferred to a
further drying surface. The cited document does not teach a method to control

the rate of spray frozen material on a drying surface and it does not disclose the
present invention.
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& ) Accordingly, the clalms of the presant application clearly deflne a novel Invention.

Namely, a method characterised by confrolling the thickness of spray frozen
substance formed on a drying surface.

If this aspect were not included In the invention it is unlikely that it would be
succassful. 1t Is essential to allow the invention to function efficlently and
successfully,

The examiner has accepted that there arae numerous dlfferences between the
description of the present invention and Unlited States Patent No. 4,033,048,
However, the claims of the present application do not overiap with those of the
clted documentis and do reflect the differences between the Inventions.

Further, the examiner has accepted that claims 20 to 40 are novel and inventive.
These claims contain a simliar provision to that In clalm 1. Namely, that the

present Invention Is inventive because It allows the thickness of frozen product to
be controiled.

With regard to the foregoling, we trust the examiner will now agroe that the
invention is both novel and inventive, and look forward to recsiving a favaorable
Written Opinion in due course.

-

Yours sincerely
JAMES & WELLS

i Macaskill / Kate Wilson
gclalist / Partner
da¥dmac@/aws.co.nz / katew@/aws.co.nz
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; .Haf&;ltzogALAND PRELIMINARY EXAMINING AUTHORITY
( NE (PCT Rule 66)
Date of mailing
(day/monthiyear) 70 JUM 2006
Applicant's or agent's file reference REPLY DUE within TWO MONTHS
230677X374 , from the above date of malmg
International application No International filing date (daymonth/year) Prnority date (dawmonthiyear)
PCT/NZ2005/000089 2 May 2005 1 May 2004
International Patent Classification (IPC) or both national classification and IPC
INT. CL.
BOID 1/18 (2006.,01) F26B 5/06 (2006.01)

ACTION DATE: 14 JUNE 2006

Applicant
AGRESEARCH LIMITED et al

1. The written opinion established by the International Searching Authorhy:

X] w [[] isnot

considered to be & written opinion of the International Preliminary Examining Authority.

[

I 0 [ T =

third (sccond, etc.) opinion containa indications relating to the following items:
BoxNo 1 Basis of the opinion
Box No 11 Priority
Box No. 111 Non-establishment of opinion with regard te novelty, inventive step and industrial applicabihty
Box No. [V Leck of umty of inveation
BoxNo V Reasoned statement under Rule 66 2(a)(if) with regard to novelty, inventive step or industrial applicability; citetrons

and explanalions supporting such statement
Box No. VI Certain documents cited

Box No VIi Certain defects 1n the international application

BoxNo VIII  Centain obscrvations on the intemational application

3. The apphcant is hereby Invited to reply to this opinion,

When?  Sece the Reply Dus date indicated above. However, the Australian Patent Office will not estabilsh the Report before the carlior of
(1) a response being filed, or (i) one month before the Final Date by which the international preliminary examination report must
be established The Report will take into account any response (including amendmenis) filed before the Report 15 established.

If no responase Iy filed by 1 month before the Final Date, the internationa] preliminary examination report will be established on
the baus of this opinion

Applicants wishing to have the benefit of a further opinion (if needed) before the report is established should ensure that &
response Is filed at least 3 manths before the Final Date by which the international prelimunary examination report must be
established

How? By submittmg a written repty, accompanied, where appropriats, by amendments, according to Rule 66 3,
For the form and the language of the amendments, sce Rules 66 8 and 66 9.

J Also For an additional opportunity to submit amendments, see Rule 66 4.

- . Forthe cxaminer's obligation to consider amendments and/or arguments, see Rule 66.45ir
For an informal communication with the exatniner, see Rule 66,6,

4. The FINAL DATE by which the intenational preliminary rmoport on patentability (Chapter 11 of the PCT) must be established sccording to
Rule 69.2 15. ) September 2006

o

Name end mailing address of the IPEA/AU Authorized Officer

AUSTRALIAN PATENT OFFICE

PO BOX 200, WODEN ACT 2606, AUSTRALIA THARU FERNANDO
E-mail address: pel@ipaustralia gov au

Facsimile No. (02) 6285 3929 Telephone No. (02) 6283 2486

Form PCT/IPEA/408 (Cover sheet) (April 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

PCT/NZ2005/000089
Box No. 1 Basis of the oplnion
1.  With regard to the language, this oplnlon has beon established on the basia of:
b The international application in the language in which it was filed:
D A translation of the international application inta , which is the language of a

translation furnished for the purposes of
[[] intemational search (under Rules 12 3(a) and 23.1 (b))

[[] publication of the international application (under Rule 12 4(s))

L__I international preliminary examination (Rules 55.2(a) and/or 55 3(a))

2.  With regard to the elements of the international apphcation, this opinion has been established on the basis of {replacement
sheets which have been furnished to the receving Office in response to an wvitation under Article 14 are referred to in this
opinion as "originailly filed.").

D the international application as originally filed/furnished

E the description pages 1-21, as originally filed/fumished
pages , Teceived by this Authority on  with the letter of
pages , received by this Authonity on  with the letter of
the claims. pages , aaoriginally filed/furnished
pages , as amended (together with any statement) under Article 19,
pages 22-32 , received by this Authority on 23 December 2005 with the letter of 23 December 2005
pages , received by this Authonty on  with the letter of
the drawings:  pages 1-4, as originally filed/furnished
peges , recerved by this Authority on  with the letter of
pages , received by this Authority an  with the letter of

D a sequence listing and/or any related table(s) - see Supplemental Box Relating to Sequence Listing
3. D The smendments have resulted in the cancellation of:

[:I the description, pages

I:I the claims, Nos

[] the drawings, sheets/figs

[:' the sequence hsting (specify):

D any table(s) related to the sequence listng (specyf):

4, D This opinion has been established as if (some of) the amendments had not been made, since they have been considered to
g0 beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).

the description, pages

the claims, Nos.

the drawings, sheets/figs

the sequence listing (spectfy):

any table(s) related to the sequence histing (specify):

OO0t

Form PCT/IPEA/408 (Box No, I} (April 2005)
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' WRITTEN OPINION OF THE International application No.
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

PCT/NZ2005/000089%

Box No. V Reasoned statement under Rule 66.2(a)(ll) with regard to novelty, inventlve step or industrial applicability;

citations and explanations supporting such statement

A
i

]

.
l-

Statement

Novelty (N) Claims 1-40 YES
Claims 41-108 NO
Inventive step (IS) Claims 1-40 YES
Claims 41-108 NO
Industrial applicability (JA)  Claims 1-108 YES
Claims NO

2. Citations and explanations:

D3: US 4033048
Novelty (N) and Inventive Step (IS) (Claims 1-108)

Claim 41 is directed to a drying process for a liquid substance wherein the liquid substance is atomised, cooled to
initiate a phase change, conveyed inte & drying chamber under vacuum, heated so as to effect sublimation and
then collecting the substantially dried atomised liquid substance from the chamber.

D3 anticipates this claim by disclosing spraying a liquid product (atomised liquid) into a freezing chamber,
allowing a powder to form (phase change) which then falls onto a conveyor surface in a drying chamber. Heat is
also applied allowing excess moisture to sublimate (heated so as to effect sublimation) and then the dried product
is collected in & collection chamber.

Appended claims 42-108 are also anticipated by this document.

According to the attorney’s response, the present invention is characterised by controlling the thickness of spray:
frozen liquid substances. The attorney further indicates that the invention is unlikely to be successful if this
aspect were not included, and that this characteristic is essential in allowing the invention to function efficiently
and successfully. However, claim 41 is absent on this aspect of the invention and as such 1s anticipated by D3,

Claims 1-40, which are characterised by the particular characteristic mentioned above, are novel and inventive.

Form PCT/IPEA/408 (Box No. V) (April 2005)
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134
DRYING PROCESS AND APPARATUS

TECHNICAL FIELD

Thus invention relates to a dryer and a drying process  In particular, though not solely, this
tvention relates to a dryer for use In freezing, concentrating or drying a iquid substance
having solid particles in suspension or a substance dissolved therein

BACKGROUND ART

The process of food preservation has always been of interest, with freeze drying being of
particular food industry focus since the late 1940's In the formative years of freeze drying
apparatus and processing development, there was an emphasis in achieving a useful
(preserved) end product The basic stages of freezing a liquid matenal and then heating
the frozen matenal under vacuum to effect moisture removal are preferable to earlier
attempts at food preservation which often involved dehydration by hot air convection
methods

Dnied product quallty 1s of pnme importance in terms of nutntional value and appearance to
the consumer It is undesirable to damage the product during the processing and removal
of liquids from substances. Hot air convection drying often results in product shrinkage and
other detnmental effects

Batch unit operations have been used In the freeze drying industry although batch
processing has a number of disadvantages which include, longer product processing
durations, longer residence times at each stage of processing (often as manual labour 1s
required to transfer partially processed substances from one stage to the next), poorly
optimised processing equipment often with excess capacity, increased set-up times,
reduced control of the process due to increased iikelihood of human error (due to lack of
automation), and low throughput

Batch systems are typically used for small production runs or where a need for process
flexibility 1s required.

in conventional (batch freeze) drying processes at least one liquid feed is poured into
shallow tray(s) (product thickness typically varies between 10 and 20mm), which are then
placed on shelves in the freeze dryer The door to the batch freezer 15 closed and the
product I1s frozen Afer the product has frozen, the trays are heated and the ice is slowly
sublimed The sublimed vapour 1s condensed on refrigerated coils Once it 1s assumed
that the product 1s dry, the product is removed manually The product exits a conventional
freeze-dryer as a bnttle cake, and usually requires a separate granulation stage before it
can be further processed

This method of drying a moisture laden substance by freezing it then subliming off as much
excess moisture as possible to produce a dried product I1s pnmarily used within industries
where substances need fo be dned, but are unable to withstand even moderate
temperatures, for example some foodstuffs or pharmaceuticals can be damaged or affected
by heat
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It 1s not unusual for this combined freezing and drying process to take 48 hours or more
This is undesirable If heat-sensitive matenals are being dned Also, If the vacuum is lost in
a conventional batch freeze-dryer, meiting and glass formation may occur, and it 1s possible
that the entire load of product may be lost, that is the product may not be a useable quality
product or able to be sold In addition, the loading and unloading process 1s susceptible to
product contamination due to exposure, and wastage from spillage of the shallow trays.
Therefore, a system which enables rapid freeze drying of a moisture laden substance and
which produces a suitably formed end product, such as a powder, 1s desirable As yet no
truly continuous or semi-continuous freeze drying processes have been effectively
developed by the drying industry

An apparatus able to minimise potential contamination, reduce hquid feed spillage and
which may increase the liquid throughput would be advantageous to the drying industry If
a liquid feed 1s able to be freeze dned which does also not require a necessary pre-
treatment liquid feed cooling stages or subsequent dned product granulation stages, then
significant problems with conventional batch freeze drying may be overcome

In more recent times, the stages of freezing and drying have been further developed to
include vanous steps such as reducing the physical size of substances to be treated, as
well as graded temperature control during the freezing and drying stages However, In
practice highly controlled drying has often been difficult to implement effectively as the
substances being dned are often in static tray type arrangements and therefore some
substance is likely to be affected or heated more so than other parts of the substance,
therefore resulting in over-dned or overheated and consequently damaged product It
would therefore be advantageous to utilise a drying stage with the provision of improved
heat transfer conditions to substances, such a stage being preferably coupled to a freeze
dry process

It 1s therefore an object of the present invention to provide a dryer apparatus and/or a drying
process or method which goes at least some way towards addressing the foregoing
problerns or to at least to provide the industry with a useful choice.

All references, including any patents or patent applications cited in this specification are
hereby incorporated by reference No admission 1s made that any reference constitutes
prior art The discussion of the references states what their authors assert, and the
applicants reserve the right to challenge the accuracy and pertinence of the cited
documents It will be clearly understood that, although a number of prior art publications
are referred to herein, this reference does not constitute an admission that any of these
documents form part of the common general knowledge In the art, In New Zealand or i any
other country

It 1s acknowledged that the term ‘comprise’ may, under varying jurisdictions, be attnbuted
with erther an exclusive or an inciusive meaning - For the purpose of this specification, and
unless otherwise noted, the term ‘compnse’ shall have an inclusive meaning - 1 e that it will
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be taken to mean an inclusion of not only the isted components it directly references, but
also other non-specified components or elements. This rationale will also be used when
the term 'compnaed’ or ‘compnsing' 1s used n relation to one or more steps In a method or
process
Further aspects and advantages of the present invention will become apparent from the
ensuing description which 1s given by way of example only
DISCLOSURE OF INVENTION
Accordingly, in a first aspect, the invention broadly consists of a methed of drying or
concentrating a iquid substance having solid particles in suspension or a substance
dissolved therein compnsing the steps
holding a chamber at a temperature and pressure below the tnple-point of the iquid
substance,
Injecting and/or atomising the liquid substance into the chamber to generate a
frozen liquid substance portion (“FLS portton™ and a first evaporated liquid
substance porticn {"FEL portion®),
collecting the FLS portion as a layer on a surfacs, and
conveying the collected FLS portlon on the surface,
wherein the surface conveys the collected FLS portion at a rate which controls the
thickness of the layer of collected FLS on the surface
A “hquid substance” 18 used herein and refers to a substance which has liquid flow-like
properties, but has constant weight/mass in a first state The weight/mass of the liquid
substance can be altered by removing components from the liquid substance, for example
by evaporating quids from the substance, leaving a more concentrated iquid substance
Such liquid substances may Include liquids having particles or solds suspended or
dissolved in a solution, as well as compounds which can exist In a iquid state, such as or
similar to water or ol
Preferably, the rate of conveying achieves substantially a monolayer thickness of FLS
portion to accumulate on said surface
Preferably, the FEL 1s condensed by a condensing device
Preferably, the FEL 18 removed from said chamber
Preferably, injecting and/or atomising the liquid substance includes spraying to achieve a
pre-determined particle size of FLS
Preferably, injecting and/or atomising of the iquid substance 1s performed by one or more
nozzles
Preferably, the rate of conveyance of FLS upon said surface achieves substantally a
monoclayer thickness of the FLS upon sald surface
Preferably, the monolayer may be the thickness of a single layer of the pre-determined
particle size of the FLS portion.
Preferably, the predetermined particle size Is substantially 500 pm or more
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Preferably, the predetermined particle size is less than substantially 500 pm

Preferably, the predeterrmined particle size is less than substanhally 200 um
Preferably, the surface conveys the FLS portion away from the one or more nozzles
Preferably, the method includes the step of exposing the collected layer of FLS portion to a
heating means thereby substantally inducing subimation and generation of a second
evaporated liquid substance portion ("SEL portion™) and a product
Preferably, the SEL portion 1s condensed by a condensing device
Preferably, the SEL pertion 1s removed from the chamber
Preferably, the product 1s removed from the conveying surface by a product remeval device
Preferably, the product 1s removed from the chamber via the outlet port
Preferably, the method 1s used to process a fluidised substance, or a Iiquid substance
having sold parhicles in suspension or a substance dissolved therein
Preferably, the substance is selected from one or more of the following a slurry of coffee,
hquid mulk, fruit and/or vegetable juices
In a second aspect, the invention broadly consists of an apparatus for drying or
concentrating a liquid substance comprising
a chamber and a chamber pressure reduction device, and
one or more njection ports through which the iiquid substance is njected {o the
chamber,
a collecton surface which collects a frozen liquid substance portion of the hiquid
substance,
wherein the pressure reduction device maintains the chamber at a pressure below
at least the triple-point pressure of the hquid substance, to cause the mmjected liquid
substance to separate into a frozen liquid substance portion (*FLS portion™) and a
first evaporated liquid substance portion (“FEL portion™), )
so that in use, the FLS portion I1s accumulated as a layer on the collecting surface
and conveyed away from the one or more injection ports at a rate which allows the
thickness of the layer of the FLS portion to be controlled
Preferably, the rate of conveyance achieves substantially a monolayer thickness of FLS
portion to accumulate on sard surface
Preferably, the FEL portion is condensed by a condensing device
Preferably, said FEL 1s removed from said chamber
Preferably, the one or more injection ports compnses at least one spray or atomisation
nozzie
Preferably, the nozzle or nozzles substantially determine the size of the FLS portion
generated to achieve a pre-determined particle size
Preferably, the pressure reduction device is a gas evacuation pump
Prefarably, the condensing device 1s a cooled coil or coils
Preferably, the condensing device 1s cooled with a refngerant
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Preferably, the collecton surface includes one, or a combination of, the following
conveyors a moving endless belt configuration, a tray angled to encourage the frozen iquid
substance portion to sliide away from the one or more injection ports, a vibrating tray
Preferably, the angled tray and/or vibrating tray includes a reduced friction surface
Preferably, the reduced friction surface comprises polytetrafluroethylene (PTFE)
Preferably, the layer of FLS portion upon said collection surface 1s exposed to a heating
means as it I1s conveyed away from the one or more injection ports
Preferably, the heating means substanbally induces sublimation of the FLS porhon layer
upon said surface to form a second evaporated liquid ("SEL") substance portion and a
product
Preferably, the heating means 1S one or a combination of the following energy sources.
infra-red lamps, halogen lamps, incandescent lamps, microwaves, or ohmic heating of said
surface
Preferably, a product removal device 1s employed to remove the product from the collection
surface
Preferably, the product removal device 1s a scraping means and/or a brushing means.
Preferably, the scraping means substantially contacts the surface with the product thereon
and moves the product off the surface to the outlet port
Preferably, the brushing means 1s a rotatng brush or fixed brush which substantially
contacts the surface with the product thereon and channels the product off the surface to
the outlet port ’
Preferably, the product 1s removed via a chamber outlet port
Preferably, the chamber i1s held at a pressure of substantially 611 3 Pa or less.
In a third aspect, the iInvention broadly consists of a drying process for a liquid substance
comprising the steps of

atomtsing the hiquid substance,

cooling the atomised hquid substance (ALS) to initiate a phase change,

conveying the ALS into a drying chamber under a vacuum,

heating the ALS so as to substantially effect subimation and then collecting the

substantially dred ALS from the chamber
Preferably, the liquid substance is chilled from an initial temperature prior to atomlsu;g
Preferably, the ALS conveyed into the drying chamber 1s also conveyed through the drying
chamber
Preferably, the ALS s heated via a temperature gradient while it travels through the drying
chamber so that the temperature gradient substantially effects subimation
Preferably, the step of chiling a iquid substance takes place in a chiller to reduce the liquid
substance from an initial temperature to a lower temperature
Preferably, atomising the liquid substance achieves a predetermined particle size
Preferably, the predetermined particle size 1s substantially 500 um or more
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Preferably, the predetermined particle size 1s less than substantially 500 um

Preferably, the predetermined particle size 1s less than substantally 200 um

Preferably, a spray freezer utilises a coid gas 1o effect a phase change of the liquids in the
atomised iquid substance (ALS)

Preferably, chilling is undertaken with direct or indirect contact with a cold fiurd

Preferably, said cold flud 1s air

Preferably, said cold fluid 1s substantially 0°C or less

Preferably, said cold fluid 1s less than substantially -20°C

Preferably, said spray freezer operates in a counter current configuration

Preferably, said spray freezer operates In a co-current configuration

Preferabiy, the ALS 1s reduced to a temperature below its eutectic temperature

Preferably, the ALS is conveyed to a separator

Preferably, said ALS 1s conveyed pneumatically to a separator.

Preferably, said separator 18 a gas-solid separation device

Preferably, said gas-solid separation device is a cyclone

Preferably, the gas separated in the gas-solid separation device 1s returned and/or
refngerated for use in the chilling step

Preferably, one or more vacuum and/or air locks are present between a AFS cyclone outlet
and a drying chamber inlet,

Preferably, separated solids from said gas-solid separation device enter a vacuumous
drying chamber

Preferably, the vacuum of sald vacuumous drying chamber Is created by a pressure
reduction device

Preferably, the vacuum created by the pressure reduction device 1s substantially 600 micro
meters Hg absolute pressure or less

Preferably, the vacuum created by the pressure reduction device I1s In the range of
substantialiy 200-400 micro meters Hg absolute pressure

Preferably, said ALS 1s conveyed via a surface

Preferably, said ALS is conveyed via a vibrating surface

Preferably, said vibrating surface 1s a vibrating tray

Preferably, said vibrating tray 1s pneumahcally and/or mechanically and/or electrically
and/or magnetically driven ,
Preferably, said vibrating tray conveys ALS through a temperature gradient to substantrally
effect sublimation

Preferably, a vapour produced by sublimation 1s removed from the drying chamber
Preferably, vapour produced by sublimation is removed from the drying chamber by one or
more condensers °

Preferably, the ALS 1s heated via a temperature gradient whiie it travels through the drying
chamber so that the temperature gradient substantially effects sublimation

6
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Preferably, saxl temperature gradient is provided by an energy source .

Preferably, said energy source Is an infra-red emitting device and/or a micro-wave amitting
device and/or an ohmic heater
Preferably, atomising the hquid substance achieves a predetermined particle size
Preferably, the predetermined particle size 18 substantially 500 um or more
Preferably, the predetermined particle size 1s less than substantially 500 um
Preferably, the predetermined particle size 1s less than substantialty 200 um
Preferably, a refngeration system is employed to maintain ALS at a temperature below its
eutectic temperature during transport from the gas-solid separation device to the
vacuumous drying chamber
Preferably, a product produced is substantially reduced is free of iquid compared to the
hquid substance
In a fourth aspect, the invention broadly consists of an apparatus for a drying process for a
liguid substance compnsing
an atomiser capable of atomising a liquid substance,
a cooler capable of cooling the atomised hquid substance (ALS) to initiate a phase
change,
a conveyor capable of conveying the ALS into a drying chamber held under a
vacuum,
an energy source capable of heating the ALS so as to effect sublimation and freeze
drying, and
a collector capable of collecting the dried ALS
Preferably, a chiller capable of chiling a liquid substance from an initial temperature to a
lower temperature i1s provided prior to the iiquid substance atomiser
Preferably, the apparatus includes a conveyor capable of conveying the ALS through the
drying chamber
Preferably, the apparatus includes an energy source capable of heating the ALS via a
temperature gradient while it travels through the drying chamber so that the temperature
gradient can effect sublimation
Preferably, the temperature gradient substantially prevents or substantially mimmises heat
damage occurring to the ALS as it passes through the chamber
Preferably, atomising the iquid substance achieves a predetermined particle size
Preferably, the predetermined particle size is substantially 500 um or more
Preferably, the predetermined particle size is less than substantially 500 um
Preferably, the predetermined size 1s less than substantially 200 pm
Preferably, a spray freezer utilises a cold gas to effect a phase change of the liquids in the
atomised liquid substance {ALS)
Preferably, said cold gas 1s air
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Preferably, said cold gas 1s substantially 0°C or less \
Preferably, said cold gas Is less than substantially -20°C
Preferably, the vacuum of said vacuumous drying chamber is created by a pressure
reduction device
Preferably, the vacuum created by the pressure reductton device 1s substantially 600 micro
meters Hg absolute pressure or less,
Preferably, the vacuum created by the pressure reduction device i1s in the range of
substantially 200-400 micro meters Hg absolute pressure
Preferably, said ALS is conveyed via a vibrating surface
Preferably, said vibrating surface is a vibrating tray
Preferably, said vibrating tray 1s pneumatically and/or mechanically and/or electrically
and/or magnetically driven
Preferably, ALS is conveyed through a temperature gradient to substantially effect
sublimation
Preferably, vapour produced by sublimation 1s removed from tha drying chamber by one or
more condensers.
Preferably, said temperature gradient 1s provided by an energy source
Preferably, said energy source i1s an infra-red emitting device and/or a micro-wave emitting
device and/or an ohmic heater
In a fifth aspect, the invention broadly consists of a drying chamber which comprises,

a device capable of vibrating a tray,

a suitable device for reducing the pressure in said chamber,

a matenal outlet port from said chamber, and

a heat source adapted to act upon said tray
Advantageously, the present invention provides an improved method/process of treating a
liquid substance to form a dryer or at least more concentrated form of the liquid substance
(in the form of a 'product)
In preferred embodiments, the present invention 1s able to be operated on a semi-
continuous basis, or at least which will allow a greater throughput of liquid substance than
compared with prior art drying systems The rate of conveyance of atomised liquid
substance (ALS) 1s sufficient to increase efficiencies of drying/concentrating and/or which
helps to reduce damage to the product
BRIEF DESCRIPTION OF DRAWINGS
Further aspects of the present invention will become apparent from the following descnption
which is given by way of example only and with reference to the accompanying drawings in
which )
Figure 1 ilustrates one embodiment of a possible dryer configuration according to the

present invention in the third and fourth aspects




10

15

20

25

30

35

Figure 2 is a process flow diagram of one possible embodiment of the present
invention according to the first and second aspects,

Figure 3 1s a top view of of the drying chamber configuration shown in Figure 2,

Figure 4 1s a side view of the drying chamber configuration shown in Figures 2 and 3,
and

Figure 5 is an end view of the drying chamber configuration shown in Figures 2 to 4

BEST MODES FOR CARRYING OUT THE INVENTION

The present invention may now be descnbed with reference to Figures 1 to 5, and the
accompanying descriphon below

The present invention relates to process for freeze drying or dehydrating/concentrating
lquid substances The process 1s applicable to lquids having a solid substance In
suspension (for example milk) or to hquid solutions in which a substance has been
dissolved Tea, coffee, fruit juice, pharmaceuticals and nutraceuticals could also be
processed using this spray freeze dryer

Freeze drying 1s a useful preservation techmique and among many other products, the
following may be dried in this manner, instant coffee, vegatables for dned soup mixes,
mushrooms, herbs, spices, cheese starter cultures, shnmp, fruts for ready-to-eat breakfast
cereals, nutraceuticals, pharmaceuticals and agnceuticals

Some specific end users of freeze dred products may inciude the production of military
and/or space rations as well as light weight camping foods containing vegetables, meat,
fish, and fruits The freeze drying process may generally have the following advantages, low
thermal damage, good retention of volatile flavours, good witamin retention, rapid product
rehydration, low product shnnkage, long product storage life — If suitably packed, retention
of biological actmity Although there are also some disadvantages associated with freeze
drying substances may be most notably, high drying cost, damage to certain products by
initial freezing, rapid detenoration unless packed and maintained at low humidity, friability
(re crumbles easily}, pre-treatment sometimes necessary (e g. carrots) to avoid colour
loss

A process 1 as generally outined in the third aspect, and apparatus as broadly defined by
the fourth aspect descnbed above, compnses holding a chamber 2 at a temperature and
pressure below the tnple-point of a iquid substance 3, injecting the iquid substance 3 into
the chamber 2 thereby generating a frozen liquid substance portion 4 and a first evaporated
hiquid substance portion 5A

The first evaporated liquid substance portion 5A may be condensed by condensing means
6, whilst at the same time collecting the frozen liquid substance portion 4 as a layer 7 on a
collection surface 8

The frozen hquid substance portion 4 collected as the layer 6 15 conveyed along the
collection surface 8 The surface 8 conveys the frozen hquid substance portion layer 7 at a
rate which controls the thickness of the layer of collected frozen liquid substance portion
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The condensed first evaporated liquid substance portion may be removed from the
chamber 2 In order for any water or evaporated hquid substance portion to be removed
from the gaseous phase in the chamber, it can be condensed on the colls In order for
evaporated portion to be removed from the condensing coils, the coils can be returned to
pressures above the triple point so that the ice will melt Therefore, in order to achieve
substantially continuous or quasi-continuous operation two or more sets of condensation
colls may bse used, while one 1s frosting up, the other or remaining cols may be 1solated
from the drying chamber by closing a pressure seal of some sort, returning to ambient
pressure, and defrosted

Liquid substance 3 1n a holding tank T may be sprayed into the chamber 2 in order fo
achieve a pre-determined size of frozen liquid substance portion particles, and this may be
performed by one or more nozzles 10

Thickness of the frozen hquid substance portion (particies) collected on the collection
surface 1s detérmined by the rate (metres per second) of conveyance by the collection
surface 8 which I1s In form of an endless conveyor (not shown) The thickness of this
monolayer of particles will also be determined by the particle sizes generated by injection of
the hquid substance into the chamber and/or of liquid substance injection by the nozzle(s)
10

Desirably the surface conveys the frozen liquid substance portion away from the point of
liquid substance injection, or the position of the one or more nozzles, at a rate which
substantially achieves about the monolayer thickness of frozen liquid substance portion
upon the coliection surface 8

The coliected frozen hquid substance portion can then be exposed to a heating means 11
which may induce at least some sublimation and thereby generation of a second
evaporated hquid substance bortlon 5B and a product 12

The second evaporated liquid substance portion 5B can alsc be condensed by the
condensing means 6 and removed from the chamber 2

The product 12 (in a state advantageously containing less liquid than at the holding tank, T,
state) may be removed from the collecton surface 8 by a product removal means 13 then
evacuated from the chamber 2 via the outfet port 14

In a further embodiment of the process substantially as described above, an apparatus may
be configured to generate a product 12 which is drier or more concentrated, than that of the
liguid substance 3 in the holding tank, T

A chamber 2 1s held at a pressure at least below the tnple-point pressure of the liquid
substance by a pressure reduction means, such as a gas evacuation pump 15

One or more Injection ports, such as nozzles 10, may be employed through which the liquid
substance 3 can be sprayed Upon injection (or spaying) of the liquid substance 3 into the
chamber 2, a frozen liquid substance portion 4 and a first evaporated liquid substance

10
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portion 5A may be generated )@/
A collection surface 8 1s provided to substantially collect the generated frozen liquid
substance portion 4 of the liquid substance 3

A condensing means § may be employed to condense the first evaporated liquid substance
portion 5A, and the condensate may be subsequently drained and removed from the
chamber 2

An outlet port 14 from the chamber may be used to evacuate a dner or more concentrate
form of the iquid substance 3, in the form of a product 12

The frozen liquid substance portion 4 can be accumulated as a layer 7 on the collecting
surface and conveyed away from the one or more injection perls, towards the outlet port, at
a rate which allows the accumulation of not more than substantially a monolayer thickness
of frozen liquid substance portion

The first evaporated liquid substance portion 5A can be condensed by the condensing
means 6 and removed from the chamber The condensing means 6 i1s a cooled
condensation coil or coills. The condensing means is cooled with a refngerant, supplied
from the refrigeration unit 16

The one or more injection ports comprise a spray or an atomisation nozzle or nozzles The
nozzle or nozzles substantially determine the size of the frozen hquid substance portion
generated

The collection surface includes one or a combination of the following conveyors a moving
endless ‘belt configuration, a tray angled to encourage the frozen hquid substance portion to
shde away from the one or more Injection ports, a vibrating tray The angled tray andfor
vibrating tray Include a reduced friction surface comprising polytetrafiurcethylene

The layer of frozen liquid substance portion upon said collection surface 1s exposed fo a
heabng means as it 1s conveyed away from the one or more injaction ports which may
substantially induce subimation of the frozen liquid substance portion iayer 7 upon the
surface 8 to form a second evaporated {iquid substance portion 5B and a product 12,

The heating means I1s one or a combination of the following energy sources infra-red
lamps, halogen lamps, incandescent lamps, microwaves or ohmic heating of the surface 8
itself which may act directly upon the frozen liquid substance portion 4 The heating means
may alsc operate upon the frozen particles indirectly via heat transfer from the surround
internal chamber equipment, such as heat transfer through the collection surface 8, or via
radiation or reflection of energy from the surrounding chamber walls

A product removal device can be employed to remove the product from the collection

- surface which may have stuck or adhered to the surface Such a product removal device

may be a scraping means and/or a brushing means

A scraping means may substantally contact the surface 8 with the product 12 thereon and
move the product off the surface toward the outlet port 14, whereas a brushing means may
be in the form of a rotating brush or fixed brush which also substantially contacts the

11
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surface with the product thereon and moves product toward the outlet port Once the
product 1s removed from the chamber it may then be packaged or further processed (such
as a granulation stage, or vacuum packaging to maintain the quality of the product)

The hquid substance 3 may be supplied under pressure to the injection point 10 via a pump
17, with the liquid substance passing into the depressunsed environment of the chamber 2
through a seres of valves 18A

The frozen portton 5A of the sprayed or atormised imjected liquid substance 3 Is
advantageously directed to land and be collected upon a surface 8 which then conveys the
frozen portion 4 away from the injection nozzle{s) 10

The surface 8 may promotes travel of the frozen portion 4 away from the ijjection nozzie(s)
by a either use of or a combination of conveyor surface options These surface options are
provided which allow the surface collected frozen portion 4 to preferably hot accumulate to
greater than about a monolayer thickness of frozen portion 4 The thickness or layer 7 of
the frozen portion 4 upon the surface 8 directly determines the rate of sublimation {drying)
during exposure to the heating means 11

Alternatively, an optimal thickness for rapid sublmation (drying) of the frozen portion may
be determined by actively measunng the thickness of the layer on the surface, for example
using hght reflecton technigues. Once the thickness of the layer being sprayed onto the
surface s determined, the conveyer rate of removal of particles away from the injection
pori(s) can be altered to maich the liquid substance inlet spray rate, or to optimise the liquid
substance throughput (and product production) The spray rate or throughput of liquid
substance may also be aitered to be sympathetic with the rate of conveying of particles
along the surface

Once the frozen portion 4 1s exposed to the heating means 11, sublimation 1s preferably
induced thereby resulting in additional liquid removal from the now frozen liquid substance
The substantally reduced moisture content substance, which may be referred to as the
‘product’ 12, can then be removed from the conveying surface The product can then be
collected and removed from the chamber 2 via an outlet port 14, which includes one or
more valves 188 (or air locks) to prevent loss of chamber vacuum

As the chamber 2 i1s held at a vacuum, a vacuum pump 15 s required to obtain desired
pressures In the chamber, for example, the triple-point of water 1s 6113 Pa (or 4 585
mmHg, or 0 0887 psi) The pressure of the chamber must never be higher than the tnple-
point pressure of water, however, depending on the product, certain temperature
constraints must be met to avoid glass formation and freezing point depression associated
with the freeze concentration effects that occur as the product dnes Some products must
be kept below their eutectic temperature while for others the glass transition temperature 1s
cntical Since the pressure In the vessel will determine the sublimation temperature and
hence the product temperature, often the process will have to operate at pressures
significantly below 611 3 Pa, for exampie, coffee -21°C and 94 Pa, fruit juices -30°C and
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38 Pa Of course, it 1s recognised that this technology may be applied fo most hquid
substances containing particles in suspensicn or a matenal dissolved therein A person
skilled in the art of thermodynamics would understand the relationship of pressure and
temperature, and how the chamber conditions determine the quantity of flash evaporation
(generation of the first evaporated hquid substance portion) and resulting temperature of the
frozen hquid substance portion formed

The chamber conditions may be vaned to optimise the level of throughput and/or level of
freezing occurming In the chamber

As the hquid feed may be fed through a nozzle directly into the vacuum chamber, the nozzle
and feed pressure are chosen such that a stable spray-jet 1s maintained In a sub-tnple
point environment, a matenal cannot exist In the iquid state, meaning that some of the
hquid 1s forced to vaponse almost instantanecusly, causing the remaining liquid to freeze
Since the enthalpy of fusion duty does not need to be supphed by an external energy
source, it is effecﬁvely “free” In addition, as a result of the same process, approximately
one seventh of the sublimation duty 15 also free This means that for a given load of
product, the spray freeze dryer will require at least 10% less energy than a conventional
batch freeze dryer

The product Is frozen into very fine particles, whose maximum size i1s limited by the surface
tension and vapour pressure (typically 100um or less) The frozen particles land on a
heated tray or beit where it dnes as moisture sublimes off and is condensed by the
condensing colls as it 1s conveyed along the length of the dryer Freeze drying times may
be estlmatgd from the following equation (Fellows, 1997)

[, = ZPAM,
8k, AT

Where {; = drying bme (s), x = product layer thickness (m), ks = thermal conductivity of dry
product (W/mK), o = bulk density of product (kg/m?), AM = change n moisture content (dry
basis), AT = temperature driving force (°C) and A, = enthalpy of sublimation (J/kg) This
equation shows that the drying time is proportional to the square of the thickness of the
layer of the product on the drying surface

The present invention of the second aspect can be referred to as a spray freeze drying
process In a quasi-continuous process, and may be integrated into a continuous production
line, which would reduce the labour requirements associated with its operation, and could
also eliminate the nsk of exposure or product contamination In addition, the need for a
subsequent granulation stage 1s removed, since the dned product exits the dryer in
powdered form

A polytetrafluroethyiene (PTFE) coated surface such as a belt conveying system can be
attached to a vanable-speed dnve, allowing the residence time of the product on the belt to
be varied between about 1 and 12 minutes depending on exposure to the heating means
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required to sublime off a desired amount of moisture. The length of the belt may be aboutg /q ?

2m and the belt speeds may be vaned between about 0.17m/min and 2m/min The product
can be sprayed through multiple nozzles, for example 4 nozzles \n parallel, in order to
distribute the product evenly across the width of the belt (which may be about 0 5m)

It 1s anticipated that the majonty of particle sizes wili be in the region of 10 to 100pum, and
therefore, since it 18 Iikely that the product will adhere to the surface (or belt) even with the
PTFE (polytetrafluroethylene) coating, a removal means such as a knife-edge, or brush or
scraping means arrangement can be employed at the end of the conveyer {(or any position
along the surface) If the scraper or knife-edge 1s not effective enough, a PTFE or other
type of matnarrlal brush can also be used to scrape the particles off The brush arangement
may cause aggregation of the particles, which may or may not be beneficial, depending on
the down-stream handling intended for the particular product

The feed nozzle 10 can protrude directly into the vacuum chamber 2 The pressure within
the vacuum chamber 2 1s maintained below the triple point pressure of the liquid 3 and
therefore as the liquid substance 3 exits the nozzle 10 some of the water 1s evaporated 5A
instantaneously (‘flashed”) as a resuit of the pressure drop below the liquid’s triple point
pressure The evaporation process removes substantial amounts of heat from the droplet
with the result that the remaining moisture in the product Is frozen Based on the relative
magnitudes of the latent heats of vaponsation (52250 kJ/kg) and fusion (=333 kJ/kg), 1
gram of evaporated moisture would freeze approximately 6 5 grams of remaining water 4
Remaintng moisture in the frozen liquid substance portion 4 may optionally be removed by
an subjecting It to a heating means or energy source such as an Infra-red, halogen lamp or
other energy source 11 within the vacuum chamber

Potential advantages of this type of arrangement would also include the significant
reduction in external energy (electncity) requirement as almost no electricity 1s required for
freezing the product as well as the associated reduction in the tray-heating electncity
requirement, and the difficulties associated with the conveyance of the frozen product
(caking, compacting, aggiomeration, thawing/re-freezing) can be largely be removed

The spray freeze dner involves less equipment {(and therefore a reduced capital cost) due to
its mechanically simpler design, and there is the potential to have much greater control of
the lateral distnbution of the product on the drying tray (because the spray pattern may be
controlled whereas before, the frozen product simply dropped onto the tray)

Some of the major advantages of spray-freeze drying over conventional batch freeze drying
are the greatly reduced drying times (a matter of seconds compared to a matter of hours),
minimises possibility of damage to heat-sensitive matenals, about a 10% reduction In
energy costs due to the novel freezing process, which is effectively free of cost, and the
need for subsequent granulation stage, which is often costly and can result in product loss
1s substantially removed
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By ublising this quasi-continuous process exposure to contaminants 1s avoided and the
spray freeze dryer 1s able to be integrated into a continuous production hne, and 18 much
less labour intensive than conventionat freeze dners

in further aspects of the present invention as broadly defined by the first, second and/or fifth
aspects, there i3 provided a drying process and apparatus as llustrated by a flow diagram
of the improved continuous spray-freeze-drying procass i1s shown in Figures 2, 3,4 and 5

A hquid substance such as coffee {not shown) is chilled from its inital temperature fo some
lower temperature in a chiller 21 This step 1s optional The liguid feed I8 directed under
pressure via a purnp (not shown), atomised through a high pressure nozzie (not shown) into
a freezing chamber 22 Ideally, the particle size of the atorised liquid substance should be
less than substantially 200-300 micron (um) The feed is introduced into the freezing

chamber 22 with a co-current flow of cold air (-20°C or less) and atomised and frozen to
produce an atomised frozen substance (ALS). The ALS is quickly frozen below its eutectic
temperature to prevent meltng The frozen ALS 1s pneumatically conveyed by the cold air
stream to the spray freezer to a separating cyclone 23, where frozen ALS exits the bottom
of the cyclone 23 and the outlet air stream exts the top of the cyclone 23, The outlet air
stream from the spray freezer must be below the eutectic temperature of the frozen ALS A
fan or blower 24 blows the outlet air stream from the cyclone through a refrigeration system,
tn this instance an evaporator 25, where the air 1s cooled back down to its initial
temperature before returning to the spray freezing chamber 22

The frozen product then falls by gravity into a terminabon chamber (not shown) attached to
the bottorn of the cyclone A vacuum or air iock 27 allows the product to pass from the
bottom of the cyclone into the drying chamber 28 without interruption to the vacuum inside
the drying chamber The termination chamber and air lock are cooled with cold air from the
refrigeration system, in this instance a cooler 26 to prevent the frozen ALS from melting.
The drying chamber 1s maintained at an absolute pressure of substantially 200-400 micro-
meters of Hg with a vacuum pump 212 Frozen ALS falls onto an inclined pneumatic
vibrating tray 29 which conveys drying product towards the discharge end of the dryer To
effect sublimation and freeze drying, the tray i1s heated by a radiant and/or conduction heat
source 210 placed underneath the fray 29 The surface temperature of the tray 1s controlled
down Its length to ensure compiete drying without damaging the product (not shown) The
dried ALS (product) exits through the discharge vacuum lock 213 Two condensers 211 are
required to run the system continuously One condenser would be operating normally
during drying, while the other would be isoiated from the drying chamber and would be
defrosting

An improved drying process for a hiquid substance, according to the first aspect includes
one or more of the steps of chilling the hquid substance from an imitial temperature,
atomising the liquid substance so that a predetermined particle size 1s achieved, freezing
the atomised liquid substance (ALS) to below its eutectic temperature, conveying the frozen
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ALS mto a drying chamber which 18 held under a vacuum, heating the frozen ALS so as to
effect subimation and freeze drying and then collecting the dried ALS from the chamber
A hquid substance may be defined to be any substance containing a hquid These may for
example include, milk, coffee, liquor, pharmaceuhcals, nutraceuticals, function food,
agriceuticals, or any other substance which has a moisture content The amount of iquid In
a substance need only be minimal to allow over a period of time degradation of the
substance, therefore removal of any “free" iquid 15 desirable
The conveying of ALS to a drying chamber may be achieved by any suitable conveying
methods/apparatus For example, these may include pneumatic methods, mechanmical
methods, electrical or gravity assisted conveying methods may also be suitable
In another embodiment of the first and/or second aspect preferably there is provided an
improved drying process for a liquid substance which may include one or more of the steps
of chilling the liguid substance from an initial temperature, atomising the liquid substance so
that a predetermined particle size 1s achieved, freezing the atomised liquid substance (ALS)
to below its eutectic tem|:;erature, conveying the frozen ALS into a drying chamber which is
held under a vacuum, conveying the ALS through the drying chamber, and heating the
frozen ALS via a temperature gradient whils it travels through the drying chamber so that
the temperature grading can effect sublimation and drying whilst preventing or minimising
any heat damage occurring to the ALS as It passes through the chamber to a collection
point of the dried ALS
The step of chilling a liquid substance can take place in a chiller to reduce the hquid
substance from an initial temperature to a lower temperature. For example, this may mean
that the liquid substance I1s chifled from ambient condibons and/or a storage conditton
facility temperature {o a lower temperature This chilling step is optional, however it may
assist and reduce the cooling loading required by the spray freezer
The chilling may be achieved by any suitable method or apparatus that can reduce the
temperature of a substance from an initial temperature to a lower temperature. Preferably
chiling may be achieved by any suitable heat transfer unit, these may for example be
refrnigerators, ptate heat exchangers, shell and tube heat exchangers, heat pumps, cool air
convection apparatus, gas-liquid cooling towards and other such suitable cocling
apparatus
The spray freezer I1s an especially important aspect of the continuous processing
configuration in which rapid temperature reductton to below the substance eutectic
temperature is desired, as well as atomisation of the hquid substance Preferably,
atomisation of the hquid substance may be induced by a variety of feed devices such as,
single-iquid nozzle (pressure type), two-liquid nozzle (pneumatic type), centnfugal
(spinming disc), ultrasonic nozzles and various other rotary atomisers and air atomisation
techniques may be employed
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The cooling of the ALS may be achieved by the use of a cooler capable of freezing the (]/
ALS Preferably the atorisation and cooling of the liqguid substance both take place in a
spray freezer,

There are a number of advantages to spray freezing, especially as particulates formed may
be produced of specific or predetermined particle sizes and the specification of, or
particulate quality, remains substantially constant throughout the entire spray freezer
operation Spray freezer operation ts ideally continuous and adaptable for full automatic
control, where response times are fast Spray freezing i1s a useful application to both heat
sensitive and heat resistant substances. However, If I1s appreciated that semi-continuous
processing may also be required

A phase change occurs In the ALS when the temperature of the ALS 1s reduced, that 1s In
which hquids become frozen or reduced to below their eutectic temperature (| e solds)
Liguids may be sublimated from the frozen ALS at a later state in the process once
exposed to a temperature gradient and energy source

Cyclones are one of the main methods used to separate gas-solid phases, and can provide
efficient separation Frozen ALS and gases are separated, with the gas being recycied to
chill the liquid substance, and the frozen (solid) ALS being conveyed through the drying
chamber

Subhmation i1s the phase change from frozen liquids (solid) to gas {iquid vapour) for the
means of evaporation of liquid from the ALS Ideally the sublimation and/or drying of the
frozen ALS takes place on a surface More preferably the surface may be a vibrating
surface Even more preferably, the vibrating surface is a vibrating tray in which the
vibrations are produced by pneumatic and/or mechanical and/or electncal means Itis
advantageous to induce and/or provide some vibration movement of the frozen ALS fo be
dried to enhance and promote improved heat transfer to the atomised particles

The sublimation (1 e drying of the ALS and “free” liquid removal) may be inihated and
effected by the energy emitted from an energy source such as an infrared device, which the
vibrating drying tray preferably enhances the heat transfer characteristics to the ALS and
allows for a more uniform and controlled drying stage The energy source capable of
heating the ALS may be any suitable energy source for inducing sublimation of the frozen
hquids of the ALS Such suitable energy sources may for example include, infra-red
emiting devices, microwaves, radiant heaters, convection heaters, and any device which
provides enough energy to the ALS to induce sublimation of the frozen “free” liquids of the
ALS

The removal of liquids from substances to form a dried product by controlling air flow rates,
temperature and pressure reduced the moisture content of substances assists in inhibiting
microbial growth that may cause decay and spoilage Moisture removal also reduces
weight, which 1s of significant interest and consideration for shipping and transpoit
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Chamical pre-treatment of some substances may further aid the longevity of product shemy
ifa These pre-treatments may include substances to enhance preservation
Often dehydration on an ndustirial scaie requires a feed product to be reduced in size
and/or particulated to allow enhanced processing charactenstics Freeze drying 1s the
drying of matenal in a frozen state and preferably the drying stage takes places at an
absolute pressure that may readlly permit ice to undergo a phase change directly from solid
to vapour In the present invention freeze dried product 1s preferably substantially
undamaged from the drying chamber stage
In an improved drying process of the first and second aspects, the liquid substance may be
atormised in a spray freezer to achieve a particle size of substantially 500 microns or more
Alternatively, the particle size achieved may be less than substantially 500 microns, or even
less than substantially 200 microns Atormisation of the liquid substance is desirable so that
the atomised liquid substance may be rapidly reduced in temperature to below its eutectic
temperature Further, atomisation of the iquid substance and subseguent freezing allows
for a particulate product to be processed which allows for enhanced drying control and heat
transfer characteristics
The apparatus or spray freezer may be of a counter current configuration, although it may
also be of co-current configuration in which the spray freezer can utilise a cold gas to effect
a phase change of the iquids in the ALS, The cold gas can effect a phase change causes
freezing of hqulds within the atomised liquid substance (that is, the ALS Is reduced to a
temperature below its eutectic temperature) The cold gas utilised by the spray freezer to
effect the phase change may be cold air, although any surtable gas to effect a phase
change of liquids contained within the ALS may be used
The cold gas used may be substantiaily 0°C or less, even more preferably the cold gas may

be less than substantially - 20°C

The ALS once frozen/reduced to below its eutectic temperature can then be conveyed to a
separator, and conveying may take place pneumatically The separator can be a gas-solid
separation device, for instance a cycione

The gas separated from the cyclone may be returned and/or refngerated for use in the
spray freezer it can also be recycled to the spray freezer to reduce the cooling load on the
evaporator The evaporator is used to cool the gas which 1s used to induce a phase change
of hquids i the ALS However, any suitable gas cocling apparatus may be used, with an
evaporator being used as an example in this case Suitable cooling apparatus lﬁay include
refngerators, plate heat exchangers, shell and tube heat exchangers and other heat
transfer units capable of cooling a gas to a temperature that can be supplied to a spray

- freezer to force a phase change of liquids in the ALS 'to the solid (frozen) state,

Preferably one or more vacuum and/or air locks are in place between the frozen ALS
cyclone outlet and drying chamber inlet, or some other type of pressure seal device Itis
advantageous to provide one or more pressure lock devices for maintenance of the vacuum

18



10

15

20

25

30

35

vV

9
within the drying chamber Without the use of these pressure lock devices a suitable /L/
vacuum in the drying chamber may not be obtainable Pressure locks such as valves may
be partcularly suitable, although any suitable device for sealing the vacuum drying
chamber and ensuring the drying chamber maintains its vacuum may be utilised
In further embodiments there can be a refrigeration system which is employed to maintain
the frozen ALS at a temperature below its euteche temperature during transport from the
cyclone to the vacuumous drying chamber. It Is advantageous that the frozen ALS remains
at a temperature below it eutectic temperature to minimise any product degradation or
detericration that may occur if the ALS rises about its eutectic temperature
The vacuum of the vacuumous drying chamber Is created by a suitable pressure reduction
device
The vacuum created by such suitabie pressure reduction devices may be substantially 600
micron meters Hg at select pressure or less More preferably the vacuum created may be
in the range of substantially 200-400 micro meters Hg absolute pressure
Transport or canveying of the frozen ALS through the vacuum chamber can take place on a
vibrating surface, where the vibrating surface 1s a vibrating tray The vibrating tray may be
pneumatically, electrically and/or via mechanical means driven for provision of the vibration
to the tray
The vibrating tray conveys frozen ALS through a temperature gradient to effect sublimation,
with the vapour produced by sublimation being removed from the drying chamber by one or
more condensers or such like.
The temperature gradient across the drying tray 1s provided by an energy source, such as
an infrared emitting device Howaver, the use of other energy sources are envisaged, for
example Ohmic heaters and micro-wave devices
The product produced by an improved drying process and apparatus is substantialiy free of
hquid, otherwise substantally dried or at least substantially reduced in hquid content
An apparatus for improved drying which facilitates one or more of the following steps of
chilling a hqud substance from an initial temperature to a lower temperature, atormising a
liquid substance so that a predetermined particle size may be achieved, cooling the
atomised hquid substance (ALS) to below its eutectic temperature, conveying the frozen
ALS into a drying chamber which may be held under a vacuum, and heating the frozen ALS
so as to effect sublimation and freeze drying and then collecting the drned ALS from the
drying chamber Is desired In an alternative embodiment the apparatus 1s defined as an
apparatus for an improved drying process which may faciitate one or more of the steps of
chiling the liquid substance from an initial temperature, atomising the liquid substance so
that a predetermined particle size may be achieved, cooling the atomised liquid substance
(ALS) to below its eutectic temperature, conveying the frozen ALS into a drying chamber
which 1s held under a vacuum, conveying the ALS through the drying chamber and, heating
the frozen ALS via a temperature gradient while it travels through the drying chamber so
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that the temperature gradient can effect sublimation and drying whilst preventing or
minimising any heat damage occurnng to the ALS as it passes through the chamber to a
collection point of the dried ALS

It would be preferable but not necessanly essential that the steps of the process and
methodology may be linked to form a continuous process A continuous process may have
a number of advantages

In addition, a process which I1s configured to be run on a conttnuous basis may be
preferable as a continuous system tends to be more easily optimised for productivity, higher
throughput, reduced processing time per unit produced, improved quality as a result of
optimised controls, a generally more efficient process, reduction of human handling and/or
contact with substances which may contaminate equipment and/or substances Is desirable,
and the reduction of human manual labour preferably also reduce the likehihood of injury
Furiher, continuous processing may allow for equipment designed for an optimised solution
for conttnuous processing and praduction of freeze dned products

The vacuum drying chamber 1s designed to operate at absolute pressures in the range of
200-400 microns of Hg The vacuumous state of the drying chamber allows for the
preferential phase change (sublimation) of the frozen liquids to gas/vapour phase The
sublimation materal (vapour) may be preferably removed by the use of a condenser Ina
preferred embodiment the drying chamber 1s run continuously, and may be linked with
additional spray freezers, separating devices (cyclones), packaging systemstoberun in a
batch, semi-continuous or continuous basis

In a preferred embodiment of the present invention, the frozen ALS may fall onto an
inchined pneumatic vibrating tray, (although other vibrating tray systems may be employed)
to convey the ALS through a temperature gradient to effect sublimation and discharge of
dned product at the end of the dner The dried product exits through a discharge vacuum
lock (which ensures the vacuum 1s maintained) into further processing stages For
example, further processing stages may Include discrete packaging systems

It1s preferable that the surface temperature of the tray 13 controlled down its length to
ensure complete drying without damaging of products

Drying may be defined as the application of energy under controlled conditions to remove
the majonity of the water normally present in a substance by evaporation The main
purpose of dehydration is to extend the shelf ife of substances by a reduction in water
content

Drying may cause a deterioration in the eating quality and nutritive value of the food Water
plays an important role in the stability of fresh, frozen and dned foods as it acts as a solvent
for chemical, microbiological and enzymatic reaction

A dryer may include a vibrating tray, a pressure reducing means, a matenal inlet port, a
materiai outlet port, and a heat source The vibrating tray provides a vibrating surface
{(upon which sublimation occurs) which conveys frozen ALS from the inlet material port to
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the outlet matenal port The inlet matenal port 1s the entry point for frozen ALS into the ,U\\
dryer, and the outlet matenal port 1s the exit point of dned ALS (post sublimation) /l/
A heat source 15 used to induce sublimation of frozen liqwds from the frozen ALS along the
length of the vibrating tray

It 1s therefore advantageous to provide a series of treatment stages in which a hquid
substance may be processed and substantially dried or have its iquid content reduced

The steps as described of optionally chilling a liquid substance, atomising the liquid
substance, cooling the ALS to imthate a phase change of the hquids within the ALS,
optionaily separating the phase changed ALS from the cooling gas, conveying the phase
changed ALS to a drying chamber, and removal of liquids from the ALS by sublimation may
be referred to as a senes of treatment stages to provide a substantially reduced
ligud/moisture content substance

However, It 1s also considered that the pre-treatment steps may be foregone and the liguid
substance may be inserted directly to the vacuum chamber (which is held at a vacuum
pressure which may be below the triple-point pressure of the iguid substance being
processed) This direct injection may result in the flash evaporation of a portion of the liquid
with the remainder of the liquid substance consequently being reduced in temperature such
that frozen hquid substance particles result These frozen particles may then be treated
within the drying chamber to induce sublimation of remaining hiquid in order to achieve a
substantially dner liquid substance

The pre-treatment stages may be considered to enhance the overall process, although they
may be foregone where direct injection of the iquid substance to the vacuum pressure
drying chamber s an option

Those skilled in the art will appreciate, understand and be able to calculate the sizings of
pumps, heaters, motors, spray or atomisation nozzles required to achreve the present
invention, and it 1s appreciated that there are numerous vanables which will dictate or
influence the sizings of these sorts of components It should also be appreciated that
design of a vacuum chamber will be within the realm of a person skilled in the art — however
it 1s the combination and advantages conveyed above that make this invention suitable
Aspects of the present \nvention have been described by way of example only and it should
be appreciated that modifications and additions may be made thereto without departing
from the scope thereof as defined In the appended claims
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THE CLAIMS DEFINING THE INVENTION ARE:

1

10

11

12

13.

A method of drying or concentrating a liquid substance having solid particles in 4;%

suspension of a substance dissolved therein including the steps of

holding a chamber at a temperature and pressure below the triple-point of the
hquid substance,

injecting and/or atomising the liguid substance into the chamber to generate a
frozen Iiquid substance portion (“FLS portion”) and a first evaporated liquid
substance portion {“FEL portion™),

collecting the FLS portion as a layer on a surface, and

conveying the collected FLS portion on the surface,

wherein the surface conveys the collected FLS portion at a rate which controls the
thickness of the layer of collected FLS on the surface

A method as clamed in clam 1, wherein the rale of conveying achieves
substantially a monolayer thickness of FLS portion to accumulate on said surface
A method as claimed in claim 1 or claim 2, wherein the FEL is condensed by a
condensing device.

A method as claimed in anyone of claims 1 to 3, wherein the FEL is removed from
said chamber

A method as clamed in any one of the preceding claims, wherein injecting and/or
atomising the liquid substance includes spraying to achieve a pre-determmed
particle size of FLS

A method as claimed in any one of the preceding claims, wherein injecting and/or
atomising of the liquid substance i1s performed by one or more nozzles.

A method as clamed in any one of the preceding claims, wherein the rate of
conveyance of FLS upon sad surface achieves substantially a monolayer
thicknaess of the FLS upon said surface

A method as claimed in claim 7, wherein the monolayer may be the thickness of a
single layer of the pre-determined particle size of the FLS portion.

A method as claimed in cleim 8, wherein the predetermined particle size I8
substantally 500 pm or more

A method as claimed in claim 8, wherein the predetermined particle size is less
than substantially 500 um

A method as clamed in claim 8, wherein the predetermined particle size is less
than substantially 200 pm

A method as claimed in any one of the preceding claims, wheremn the surface
conveys the FL.S portion away from the one or more nozzles.

A method as claimed in any one of the preceding claims, wherein the method
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18.

19
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includes the step of exposing the collacted layer of FLS portion to a heating meM
thereby substantially inducing sublimation and generation of a second evaporated
hquid substance portion (“SEL portion®) and a product.

A method as claimed in claim 13, wherein the SEL portion is condensed by a
condensing device

A method as claimed in claim 13 or claim 14, wherein the SEL portion 1s removed
from the chamber

A method as claimed in any one of claims 13 to 15, wherein the product is
removed from the conveying surface by a product removal device

A method as claimed in any one of claims 13 to 16, wherein the product s
removed from the chamber via the outlat port.

A method as claimed i any one of the preceding claims, wherein the method 18
used to process a fludised substance, or a liquid substance having solid particles
in suspension or a substance dissolved therein

A method as claimed in any one of the preceding ciaims where the substance 18
selected from one or more of the following. a slurry of coffee, liquid milk, fruit
and/or vegetable juices

An apparatus for drying or concentrating a liquid substance comprising.

a chamber and a chamber pressure reduction device, and

one or more Injection ports through which the liquid substance 1s injected to the
chamber,

a collection surface which collects a frozen liquid substance portion of the iquid
substance,

wherein the pressure reduction device maintains the chamber at a pressure below
at least the triple-point pressure of the liquid substance, to cause the injected liquid
substance to separate into a frozen liquid substance porlion (“FLS portion”) and a
first evaporated liquid substance portion (“FEL portion™),

so that In use, the FLS portion 18 accumulated as a layer on the collecting surface
and conveyed away from the one or more injection ports at a rate which allows the
thickness of the layer of the FLS portion to be controlled.

An apparatus as clamed in clam 20, wherein the rate of conveyance achieves
substantially a monolayer thickness of FLS portion to accumulate on said surface.
An apparatus as clamed in clam 20 or claim 21, wherein the FEL portion I1s
condensed by a condensing device

An apparatus as claimed in any one of claims 20 to 22, wherein sad FEL is
removed from said chamber.

An apparatus as claimed in any one clams 20 to claim 23, wherein the one or
more Injection ports comprises at least one spray or atomisation nozzle.
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38.

39.

An apparatus as claimed in claim 24, wherein the nozzle or nozzles substantial
determine the size of the FLS portion generated to achieve a pre-determined
particle size )

An apparatus as claimed mn any one of claims 20 to 25, wheremn the pressure
reduction device is a gas evacuation pump

An apparatus as claimed n any one of claims 20 to 28, wherein the condensing
device 1s a cooled coil or coils

An apparatus as claimed in any one of claims 20 to 27, wherein the condensing
davice is cooled with a refrigerant

An apparatus as claimed in any one of clams 20 to 28, wherein the collection
surface includes one, or a combination of, the following conveyors a moving
endless belt configuration, a tray angled to encourage the frozen hquid substance
portion to shde away from the one or more injectlon ports, a vibrating tray

An apparatus as claimed in claim 29, wherein the angled tray and/or vibrating tray
includes a reduced friction surface,

An apparatus as claimed in claim 30, wherein the reduced friction surface
compnses polytetrafluroethylene (PTFE).

An apparatus as claimed in any one of claims 20 to 31, wherein the layer of FLS
portion upon said collection surface 15 exposed to a heating means as it 1s
conveyed away from the one or more injection ports

An apparatus as clamed in claim 32, wherein the healing means substantially
Induces sublimation of the FLS portion layer upon said surface to form a second
evaporated hquid ("SEL"} substance portion and a product

An apparatus as claimed in claim 32 or claim 33, wherein the heating means Is one
or a combination of the following energy sources. infra-red lamps, halogen lamps,
incandescent lamps, microwaves, or ohmic heating of said surface.

An apparatus as claimed 1 claim 33 or claim 34, whaerein a product removal device
1s employed to remove the product from the coliection surface.

An apparatus as claimed in claim 35, wherein the product removal device 18 a
scraping means and/or a brushing means.

An apparatus as claimed in claim 36, wherein the scraping means substantially
contacts the surface with the product therson and moves the product off the
surface to the outlet port.

An apparatus as claimed in claim 36, wherein the brushing means is a rotating
brush or fixed brush which substantially contacts the surface with the product
thereon and channels the product off the surface to the outlet port,

An apparatus as clamed n any one of claims 33 to 37, wherein the product is
removed via a chamber out let port
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An apparatus as claimed in any one of claims 20 to 39, wherein the chamber is
held at a pressure of substantially 611 3 Pa or less

A drying process for a hquid substance comprising the steps of.

atomising the liquid substiance,

cooling the atomised hquid substance (ALS) to inthiate a phase change,

conveying the ALS into a drying chamber under a vacuum,

heating the ALS so as to substantially effect sublimation and then collecting the
substantially dried ALS from the chamber

A drying process as claimed in claim 41, whereln the liquid subsiance 1s chilled
from an initral temperature prior to atomising.

A drying process as claimed in claim 41 or claim 42, wherein the ALS conveyed
into the drying chamber is also convayed through the drying chamber

A drying process as claimed in any one of clams 41 to 43, wherein the ALS Is
heated via a temperature gradient while it travels through the drying chamber so
that the temperature gradient substantially effects sublimation

A drying process as claimed in any one of claims 42 to 44, wherein the step of
chilling a liquid substance takes place in a chiller to reduce the liquid substance
from an initial temperature to a lower temperature

A drying process as claimed in any one of claims 41 to 45, wherein atomising the
liquid substance achieves a predetermined particle size

A drying process as claimed in claim 46, wherein the predetermined particle size 1s
substantially 500 um or more

A drying process as clammed in claim 46, wherein the predetermined particle size 1s
less than substantially 500 um

A drying process as claimed in claim 46, wherein the predetermined particle size i1s
less than substantiafly 200 pm

A drying process as claimed in any one of claims 41 to 49, wherein a spray freezer
utilises a cold gas to effect a phase change of the liquids in the atomised hquid
substance (ALS)

A drying process as claimed in any one of claims 42 to 50, wherein chilling 1s
undertaken with direct or indirect contact with a cold fluid.

A drying process as claimed in clalm 51, wherein saxd cold fluid 1s air

A drying process as claimed in claim 51 or claim 52, wherein said coid flud 1s
substantially 0°C or less. '

A drying process as claimed in claim 51 or claim 52, wherein said cold fiuid is less
than substantially -20°C
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A drying process as claimed in any one of claims 50 to 54, wherein said spray W
freazer operatas in a counter current configuration.
A drying process as claimed in any one of ¢claims 50 to 54, wherein said spray
freezer operates in a co-current configuration ’
A drying process as claimed in any one of claims 41 to §6, wherein the ALS is
reduced to a temperature below its eutectic temperature
A drying process as claimed in any one of claims 41 to 57, wherein the ALS Is
conveyed to a separator.
A drying process as claimed in any one of claims 41 to 57, wherein said ALS is
conveyed pneumatically 1o a separator
A drying process as claimed in claim 58 or claim 59, wherein said separator is a
gas-solid separation device.
A drying process as claimed in claim 60, wherein said gas-solid separation device
1S a cyclone,
A drying process as claimed in claim 80 or claim 61, wherein the gas separated n
the gas-solid separation device 18 returned and/or refnigerated for use in the chilling
step
A drying process as claimed in claim 61 or claim 62, wherein one or more vacuum
and/or air locks are present between a AFS cyclone outlet and a drying chamber
inlet
A drying process as claimed in any one of clams 60 to 63, wherein separated
solids from said gas-solid separation device enter a vacuumous drying chamber.
A drying process as claimed in any one of claims 41 to 64, wherein the vacuum of
said vacuumous drying chamber 18 created by a pressure reduction device
A drying process as claimed in claim 65, wherein the vacuum created by the
pressure reduction device is substantially 600 micro meters Hg absolute pressure
or less
A drying process as claimed in claim 65, wherein the vacuum created by the
pressure reduction device is in the range of substantially 200-400 micro meters Hg
absolute pressure
A drying process as claimed in any one of claims 41 to 67, wherein said ALS 1s
conveyed via a surface
A drying process as claimed in any one of claims 41 to 68, wherein said ALS is
conveyed via a vibrating surface.
A drying procass as claimed in claim 68, wherein said vibrating surface 1s a
vibrating tray.
A drying process as claimed in claim 69 or claim 70, wherein said vibrating tray Is
pneumatically and/or mechanically and/or electrically and/or magnetically driven
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A drying process as claimed in claim 70 or claim 71, wherein sald vibrating tray
conveys ALS through a temperature gradient to substantially effect sublimation \0
A drying process as claimed in any one of claims 41 to 72, wheremn a vapour /l/
produced by sublimation is removed from the drying chamber.

A drying process as claimed in claim 73, wherein vapour produced by sublimation
1s removed from the drying chamber by one or more condensers

A drying process as claimed in any one of claims 41 to 74, wherein the ALS is
heated via a temperature gradient while it travels through the drylné chamber so
that the temperature gradient substantially effects subimation.

A drying process as claimed in any one of claims 41 to 75, wherein sad
temperature gradient 1s provided by an energy source

A drying process as claimed in claim 76, wherein said energy source is an infra-red
emitting device and/or a micro-wave emitting device and/or an chmic heater

A drying process as claimed in any one of claims 41 to 77, wherein atomising the
liquid substance achieves a predetermined particle size.

A drying process as claimed in claim 78, wherein the predetermined particle size 18
substantially 500 um or more.

A drying process as claimed in claim 78, wherein the predetermined particle size 1s
less than substantially 500 pm.

A drying process as ciaim in claim 78, wherein the predetermined particie size 1s
less than substantially 200 pm

A drying process as claimed in any one of claims 60 to 81, wherein a refngeration
system is employed to maintain ALS at a temperature below its eutectic
temperature during transport from the gas-solid separation device to the
vacuumous drying chamber.

A drying process as claimed in any one of claims 41 to 82, wherein a product
produced is substantially redlfu:ed 18 free of liquid compared to the liguid substance.
An apparatus for a drying process for a liquid substance comprising.

an atomiser capable of atomising a hiquid substance,

a cooler capable of cooling the atomised hquid substance (ALS) to initiate a phase
change,

a conveyor capable of conveying the ALS into a drying chamber held under a
vacuum,

an energy source capable of heating the ALS so as to effect sublimation and
freeze drying, and

a collector capable of collecting the dried ALS

An apparatus for a drying a drying process as claimed in claim 84, wherein a chiller
capable of chilling a liquid substance from an initial temperature to a lower
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temperature is provided prior to the hquid substance atomiser

An apparatus for a drying a drying process as claimed in claim 84 or claim ;#(
wherein the apparatus includes a conveyor capable of conveying the ALS throug

the drying chamber

An apparatus for a drying a dryng proceas as claimed in any one of clams 84 to
86, wherein the apparatus includes an energy source capable of heating the ALS
via a temperature gradient while it travels through the drying chamber so that the
temperature gradient can effect subhmation.

An apparatus for a drying process as claimed In claim 87, wherein the temperature
gradient substantally prevents or substantially mmmises heat damage occurring to
the ALS as it passes through the chamber

An apparatus for a drying process as claimed in any one of clams 84 to 88,
wherein atomising the quid substance achieves a predetermined particle size

An apparatus for a drying process as clamed in claim 89, wherein the
predetermined particle size is substantially 560 um or more

An apparatus for a drying process as claimed in clam 89, wherein the
predetermined particle size is less than substantially 500 um

An apparatus for a drying process as clamed in clam 89, wherein the
predetermined size 18 less than substantially 200 um

An apparatus for a drying process as claimed in any one of clams 84 to 92,
wherein a spray freezer utilises a cold gas to effect a phase change of the liquids in
the atomised liquid substance {ALS).

An apparatus for a drying process as claimed in claim 93, wherein said cold gas is
ar

An apparatus for a drying process as claimed in clam 93 or claim 84, wherein said
cold gas i1s substantially 0°C or less

An apparatus for a drying process as claimed in claim 93 or claim 94, wherein said
cold gas 1s less than substantially -20°C

An apparatus for a drying process as claimed In any one of claims 84 to 96,
wherein the vacuum of said vacuumous drying chamber is created by a pressure
reduction device

An apparatus for a drying process as clamed in claim 97, wherein the vacuum
created by the pressure reduction device is substantially 600 micro meters Hg
absolute pressure or less

An apparatus for a drying process as claimed in claim 97, wherein the vacuum
created by the pressure reduction davice is in the range of substantially 200-400
micro meters Hg absolute pressure,
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100  An apparatus for a drying process as claimed in any one of claims 84 to 99,
wherein said ALS is conveyed via a vibrating surface. an

101. An apparatus for a drying process as claimed in clam 100, wherein sad
vibrating surface Is a vibrating tray.

102 An apparatus for a drying process as clamed in clam 101, wherein sad
vibrating tray is pneumatically and/or mechanically and/or elecincally and/or
magnetically driven

103  An apparatus for a drying process as claimed in claim 84 or claim 102, wherein
ALS 1s conveyed through a temperature gradient io substantially effect sublimation.

104  An apparatus for a drying process as claimed in claim 84 or claim 103, wherein
vapour produced by sublimation is removed from the drying chamber by one or
more condensers.

105. An apparatus for a drying process as claimed in claim 103, wherein said
temperature gradient 1s provided by an energy source

106  An apparatus for a drying process as claimed in claim 105, wheren sawd energy
source is an infra-red emitting device and/or a micro-wave emitting device and/or
an ohmic heater

107 A drying chamber for use with the apparatus as claimed in any one of claims 20
to 40 which compnses
a device capable of vibrating a tray,

a surtable device for reducing the pressure in said chamber,
a matenal outlet port from said chamber, and
a heat source adapted to act upon said tray

108 A drying chamber for use with the apparatus as clalmed in anyone of clams 84

to 106 which comprises-

a device capable of vibrating a tray,

a suitable device for reducing the pressure in said chamber,

a matenal outlet port from said chamber, and '
a heat source adapted to act upon said tray

29



ABSTRACT /D./l?

This invention relates to a process and/or method and associated apparatus for use in
spray freeze drying a fluid substance such as fruit juice, pharmaceuticals,
nutraceuticals, tea and coffee A fluid substance Is sprayed (atomised) and reduced in
temperature to below its eutectic temperature; thereby inducing a phase change of
fluds in the fluid substance The atomised fluid substance (AFS) is then subjected to a
vacuumous drying chamber in which the AFS 1s subjected to an energy source to assist
sublimatien of fluid from the AFS as it 1s conveyed through the chamber. Such an
energy source can provide a temperature gradient through which the AFS passes and
is exposed to, all carried out so as to preferably mimimise or reduce the likelihood of
degradation of the substance being dried (reducing the fluid content).
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LAS REIVINDICACIONES QUE DEFINEN LA INVENCION SON:

Un mélodo de secar o concentfrar una sustancia liquida que tienc
particulas sélidas en suspension o una sustancia disuclia en ella, cl
cual incluye los pasos de:

manicner una camara a una lemperatura y presion por debajo del
punto triple de la sustancia liquida,

inyectar y/o atomizar la sustancia liquida a la camara para generar una
porcion dc la sustancia liquida congelada ("porcién FLS™) y una
primera porcion de la sustancia liquida evaporada ("porcion FEL™),
recoger la porcion FLS como una capa en una superficie, y

conducir la porcién FLS recogida en la superlicie,,

en donde la superficic conducc la porcion FLS recogida a una
velocidad que contiola el espesor de la capa de . FLS recogida en la

superficic.

Un método como se reivindica en la reivindicacion 1, en donde la
velocidad de conduccion logra sustancialmente que un espesor de

monocapa de la porcién FLS se acumule en dicha superficie.

Un método como se reivindica en la reivindicacién 1 o la
reivindicacion 2, en dondc la FEL se condensa por un dispositivo

condensador.

. Un mélodo como se reivindica en una cualquiera de las

reivindicaciones | a 3, en donde la FEL se extrae de dicha camars.

Un mélodo. como- se reivindica en una cualquiera de las
reivindicaciones” precedentes, en donde inyectar y/o atomizar Ia

sustancia liquida ~|ncluye atomizacién para oblener un tamaio de'
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Como respultado del examen de forma, realizado con fundamento en el articule 3B de
la Decisifn 486 de la Comisidén de la Comunidad Andina, articuleo 27 del Tratado de
Cooperacién en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
Onica de la Superintendencia de Industria y Comercio, se le comunica que:

1. La pgolicitud no contiene la copia del documento en que consta la cesidn del
derecho a la patente del ainventor al solicitante o a su causante. {(Art. 26-k)
Decisién 486.

2. La s8solicitud no contiene el poder debidamente otorgado, con el lleno de los
requisitos exigidos por los articulos 63 y subsiguientes del Cédigo de
Procedimiento Civil. Adicionalmente, deberd presentar el documento que acredita la
existencia y representacién legal de la scciedad solicitante, cuando é&sta fuere
persona juridica.

En cumplimiento de lo dispuestc per el articulo 39 de la Decisibén 486, se le
requiere para que dentro del término de dos meses siguientes a la fecha de
notificacién del presente oficio, complete los requisitos anteriormente enunciados.
En caso de no dar cumplimiento al presente requerimientc, la solicitud se
coneiderari abandonada y perderid su prelacién.

Notifiquese el presente oficio conforme a lo dispuestc en el numeral 5.2, literal
e), del capitulo guinto del lo primero de la Circular Unica No.10 de 2001,

ALIX CARMENZA CESPYEDES DE VERGEL
Jefe de la divislén de Nuevas Creaciones
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