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invention, coffee aroma gases, such as gases evolved during grinding of
roasted whole beans, This invention relates to the recovery of volatile
are conveyed to a cryogenic collector in which aroma gases. More
particularly, the invention re-  liquid nitrogen is injected directly into
the aroma lates to the low temperature condensation and re-   5   gas
stream  to rapidly cool the aroma gas and covery of volatile aroma
constituents from gases   effect rapid condensation of the aromatic
constitu- evolved during the processing of beverages, par-   ents of the
gas. Direct contact of the cryogenically ticularly coffee.
cooled aroma gas stream with the walls of the collector is minimized,
preferably being avoided. BACKGROUND OF THE INVENTION                   10
Such cryogenic cooling of the aroma gas stream results in the formation of
fine particles of aroma Gases containing volatile aroma constituents
frost suspended in gaseous nitrogen produced by are evolved during one or
more stages of process-  the evaporation of the liquid nitrogen spray. The
ing beverages such as coffee, tea, and cocoa. For  suspension of aroma
frost particles in the nitrogen example, in coffee processing, gases
containing   15  gas stream thus formed is passed through a one or aroma
constituents are given off during a number   more porous cylindrical
filters mounted in the cryo- of stages of the processing operation, such as
genic collector to remove the aroma frost particles during roasting of
whole beans, grinding of the    from the gas stream. The aroma frost
particles are roasted whole beans, extraction of water solubles,  retained
on the outer or upstream  walls of the steam distillation and the like. It
has been recog-  20  porous cylindrical filters and form a filter cake on
nized that the aroma and flavor of such beverage   the outer walls. The gas
phase of the suspension products, particularly soluble coffee products, can
passes through the walls of the cylindrical filter by be improved by
recovering the aroma gases and      maintaining a sufficient pressure
differential across incorporating them in the beverage product, such   the
walls, with the gas phase passing to the interior as by addition of the
aroma constituents to coffee   25  of the cylindrical filters and then
being exhausted extract prior to drying or to the dry powder or    through
the top of the filters to a point outside the granules. Frequently coffee
aroma gases are recov-  collector. The porous filter is periodically back
pul- ered by low temperature condensation of the gases  sed with nitrogen
or other inert gas to dislodge the at liquid nitrogen temperatures to form
a coffee   aroma frost particles from the surface of the filter, aroma
frost. A number of procedures have been   30  with the frost particles
falling to the bottom of the suggested heretofor for the recovery of coffee
ar-  collector from where the particles are removed and oma frost. One such
procedure which is widely      recovered either on a continuous or a
periodic used involves condensing the aroma gases on the    basis. walls of
a scraped-surface heat exchanger which is     Preferably, the cold nitrogen
gas passing cooled by means of liquid nitrogen. The condensed  35  through
the porous filter is vented into an insulated gases are scraped from the
walls and collected at  housing which surrounds the cryogenic collector the
bottom of the heat exchanger in the form of a  thereby maintaining the
collector and porous filters frost or snow which is recovered. However,
this    at temperatures sufficiently low to maintain the procedure is
inefficient and is subject to a number  aromatic constituents of the aroma
gas in con- of disadvantages. For example, the total gas   40  densed form.
stream entering the heat exchanger is not nec- essarily entirely cooled
down and fine frost par-  DESCRIPTION OF THE DRAWINGS ticles tend to become
entrained in the gas stream and leave the heat exchanger without being
caught.     Fig. 1 is a vertical cross-sectional view of an 45  aroma frost
recovery unit in accordance with one SUMMARY OF THE INVENTION
embodiment the present invention. Fig. 2 is a side plan view, partly cut
away, of The present invention provides a simple but     the upper portion
of another embodiment of the highly effective and efficient procedure for
the col-  aroma frost recovery unit of this invention. lection and recovery
of aroma frost from gases   50 evolved during processing of beverage
products     DETAILED DESCRIPTION OF THE INVENTION particularly coffee. The
invention will be particularly described with respect to aroma gases
evolved         The invention will be particularly described with during
coffee processing; however it is to be under-  respect to the recovery of
aroma gases evolved stood that other aroma-bearing gases such as   55
during coffee processing. It will be understood, those evolved in the
manufacture of tea and cocoa,  however, that the present invention is also
ap- may likewise be employed and are considered to     plicable to the
recovery of other aroma-bearing be within the scope of this invention. In
the present  gases, such as those generated in processing tea 
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The aroma gas and liquid nitrogen are intro- The aroma gas evolved at any
one of several     duced into the cryogenic collector in a manner points in
the processing of coffee may be used in  which facilitates rapid,
substantially uniform cooling the present invention. For example, gases
evolve   of the gas while minimizing or avoiding contact during roasting of
green coffee (i.e. "roaster gas-   5   between the cold gas and the walls
of the collector. es"), gases evolved during grinding of roasted     For
example, the aroma gas stream may be intro- whole beans (i.e. "grinder
gases"), and those      duced into the cryogenic collector by means of an
evolved during infusion or water extraction of     inlet pipe which
discharges the aroma gas into the ground roasted coffee (i.e. "infusion
gases") may  center of the collector. In accordance with one be used.
Typically the composition of the aroma   10  embodiment, a plurality of
liquid nitrogen spray gases evolved is largely (i.e. up to 90% or more by
nozzles are mounted in the collector adjacent the weight) carbon dioxide
together with water vapor   discharge of the aroma gas inlet pipe, and are
and the characteristic aromatic constituents of    oriented so that their
spray patterns converge at roasted coffee. If desired, the amount of
moisture  the midpoint of the aroma gas discharge and in- in the gas may be
reduced by passing the evolved   15  duct the aroma gas flow into the
center portion of gas through a condenser where it is cooled to a    the
collector. According to another embodiment the temperature between about
[err] and [err]. in      liquid nitrogen spray nozzle is mounted coaxially
order to remove substantial quantities of water from  within the aroma gas
inlet pipe adjacent the dis- the gas stream. Where desired, a stream of
inert   charge end of the pipe whereby liquid nitrogen is gas, such as
nitrogen or carbon dioxide, may be   20  sprayed into the aroma gas in the
inlet pipe to used to sweep the evolved aroma gas from the       produce a
suspension of condensed aroma frost coffee and carry it through the aroma
recovery     particles in nitrogen gas which is carried into the operation.
The aroma gas stream is normally main-  collector. tained under a pressure
sufficient to move the gas    The suspension of aroma frost particles in
ni- through the recovery operation, typically 0.5 to 5   25  trogen gas
thus formed is directed through one or psig, taking into account the
pressure drop across  more rigid porous filters mounted in the cryogenic
the filter units employed. Alternatively, the aroma  collector to remove
substantially all of the finely gases may be pulled from the aroma
generating      divided frost particles from the nitrogen gas. Pref-
equipment and carried through the aroma recovery   erably, the porous
filters comprise porous cylin- operation by means of a vacuum. The use of a
30  drical tubes, closed at the bottom and having an vacuum to move the
aroma gases eliminates the      open upper end, with the gas phase of the
suspen- need for a sweep gas thereby increasing the con-   sion passing
through the walls of the tubular filter centration of the aromatic
constituents in the gas  from the outer or upstream surface to the inner or
stream and increasing the efficiency for condens-  down-stream surface of
the filter and being dis- ing the aromatic constituents.                35
charged through the open upper end. Advanta- In accordance with the present
invention, the   geously, a venturi nozzle is secured over the open coffee
aroma gas is carried via suitable piping to a  upper end of the filter,
with the nitrogen gas being cryogenic collector and liquid nitrogen is
sprayed  exhausted through the venturi. into the aroma gas stream to
rapidly cool the gas     The porous cylindrical filters used in the to a
temperature at which finely divided aroma frost  40  present invention have
a pore size distribution such particles are condensed, with the aroma frost
par-  that substantially all of the aroma frost particles are ticles being
suspended in nitrogen gas produced     removed from the nitrogen gas
suspension passing by evaporation of the liquid nitrogen with which the
through the filter, with the filters being thermally aroma gas is
contacted. Preferably, the amount of  compatible with the cryogenic
conditions main- liquid nitrogen sprayed into the aroma gas stream   45
tained in the collector. In addition, the porous filters is controlled by
use of suitable valve means to cool  have sufficient structural strength
and durability to the gas to a temperature of at least about [err].
withstand cyclic pressure increases during reverse or below, with a
temperature of between about      flow cleaning cycles. Filters made of
porous ce- [err] and[err] being more desirable, with     ramic or porous
metal such as porous stainless the collector being maintained at similar
cryogenic  50  steel, sintered woven wire mesh, and the like are
temperature levels. Such temperatures serve to     suitable for use in the
present invention. Cylindrical effect rapid condensation of the aromatic
constitu-  filters made of [err] porous stainless steel, Grade ents of the
gas stream and maintain the aroma      [err] sold by Pall Porous Metal
Filters Corporation, frost well below the boiling point of the most vola-
Cortland, NY, which has an absolute rating of ap- 



tile components and below the sublimation point of  55  proximately five
microns, have been found to be carbon dioxide, while ensuring that
substantially all  effective in removing over 95% of the aroma frost of the
liquid nitrogen sprayed into the gas stream  particles from the gaseous
suspension. evaporates. 3    5                 EP 0 532 959 B1
6 The size and number of filters mounted in the     The aroma frost thus
recovered is effective in collector depends to a large extent on the flow
rate  improving the aroma and flavor of beverages, par- of the aroma gas
being processed by the cryo-      ticularly soluble coffee. For example,
coffee aroma genic collector, and can be readily determined by  frost
particles recovered in accordance with the routine experimentation. For
example, a single po-   5   present invention may be added to jars of
soluble rous stainless steel cylindrical filter 6.1 cm diam-  coffee powder
to aromatize jar headspace and in- eter and 50.8 cm in length, having about
960 sq.   crease the flavor and aroma of the coffee. Alter- cm. of filter
area and an average pore size of 20  natively the aroma frost particles may
be added to micro-meters is effective in removing substantially  coffee oil
and used to aromatize jar head space. In all of the frost particles from a
coffee aroma gas   io  addition, the coffee aroma frost particles may also
stream having a flow rate of approximately 200     be added to liquid
coffee extract which is then SCFH.
dried, in order to produce an improved cup aroma The gas phase of the
suspension is forced       when the powder is dissolved in hot water.
through the pores of the porous cylindrical filter by  Referring now to
Fig. 1 of the drawings, the maintaining a sufficient pressure differential
across  15  aroma frost recovery unit of the present invention the walls of
the filter, either by introducing the  includes a cryogenic collector 10
mounted centrally aroma gas into the collector under pressure or by  within
an insulated cylindrical housing 11 by means maintaining the collector
under slight vacuum. The  of support brackets 12. Cryogenic collector 10
gas phase passes through the porous walls to the   comprises a cylindrical
shell 14 closed at the top interior of the cylindrical filter and is
exhausted   20  by wall 15 and having a funnel-shaped bottom from the
cryogenic collector through the open up-  section 16 with an orifice 17
through which con- per end of the filter. This gas phase which has a
densed aroma frost may be removed. Insulated temperature of about [err].,
may be exhausted     container 18 is removably secured to bottom sec- to
the atmosphere, but preferably is vented into an  tion 16 by suitable
clamping means 19, such as a insulated housing which surrounds the
cryogenic  25  Tri-clamp fitting. Container 18 is adapted to be collector.
Venting the nitrogen gas exhaust stream  removed periodically through a
door (not shown) in in this manner is effective in maintaining the tem-
the base of housing 11. perature of the cryogenic collector sufficiently
low  Tubular porous filters 20, of suitable cryogenic (i.e. about -115 C.)
to maintain the aroma frost   filtering material, for example, porous
stainless particles in condensed form.                  30  steel are
mounted within collector 10 adjacent the During filtering, aroma frost
particles, which are  top wall 15 thereof. Filters 20 are closed at the
removed from the nitrogen gas suspension passed    bottom end such as by
welded end cap 28 and through the filter, build up and tend to form a
filter  have an open upper end, with a venturi nozzle 21 cake on the outer
walls of the cylindrical filter. The  being secured over the open upper end
of each accumulating cake of aroma frost particles is dis-  35  tubular
filter 20. Each of the venturi nozzles 21 lodged and removed from the
filter by periodically  extends through a suitable opening in top wall 15
directing a pulse of gas, preferably gaseous nitro-  of collector 10 to
exhaust gas from the interior of a gen, into the open upper end of the
cylindrical    tubular filter 20 out of cryogenic collector 10 into filter,
at a pressure appreciably greater than on the  cylindrical housing 11 from
which the gas is dis- outer wall of the filter. The pulses are of 0.1 to
1.0  40  charged through exhaust line 27. Inlet tube 22, second duration
with the pulses being repeated at  which carries aroma gas evolved during
coffee a time interval in the range of 1 to 3 minutes.    processing,
communicates with the interior of col- Typically nitrogen gas at a pressure
of approxi-   lector 10 through opening 23 in the upper portion mately 90
psig is used.                            of shell 14. Inlet tube 22 is
disposed normal to the The aroma frost particles dislodged from the   45
sidewall of shell 14 at a slight downward angle so filters fall to the
bottom of cryogenic collector and  as to direct the flow of aroma gas
discharged from are removed either periodically or on a continuous  tube 22
toward the vertical midline of shell 14, basis. For example conventional
means such as a    away from the sidewalls. Liquid nitrogen from sup-
rotary valve, a screw conveyor, and endless belt,  ply tank 25 is carried
in line 24 into collector 10 and the like may be provided at the bottom of
the   so  with the liquid nitrogen being sprayed from nozzles 



collector for the removal of the dislodged aroma   26 mounted in collector
10 adjacent the discharge frost particles from the collector on a
continuous  end of inlet tube 22. Spray nozzles 26 are oriented basis.
Alternatively, an insulated container may be  so that their spray patterns
are directed away from removably secured to the bottom of the collector
the sidewalls of shell 14, toward the center of the below the filters, with
the dislodged frost particles  55  aroma gas stream discharged through
opening 23. falling into the container, which is removed periodi-  A
suitable nitrogen vent valve 28 is provided in line cally for recovery of
the aroma frost particles.   24 to control the temperature within the
cryogenic collector 10 by increasing or decreasing the flow of 4    7
EP 0 532 959 B1                        8 liquid nitrogen to spray nozzles
26.               lector 10 below -80 C., usually between about Pressurized
nitrogen gas is carried in line 30 to  [err]. and [err] to maintain the
aroma frost pulsing tank 31, with a periodic back-pulse of nitro-
particles at a temperature below the boiling point of gen gas being
introduced into the interior of tubular  its most volatile constituents
while ensuring that filters 20 through pulse lines 32 which extend,   5
substantially all of the liquid nitrogen is volatilized. coaxially into
each of the venturi nozzles 21 moun-  Three rigid tubular porous metal
filters 20 are ted on tubular filters 20. Any of the pulse generat-
mounted in collector 10 adjacent its top wall, with ing means commonly used
to generate pulses of      each of the filters having a venturi nozzle 21
at- pressurized back flushing gas may be used in the   tached to the upper
end of the filter. Each of the present invention.
10  nozzles 21 extends through the topwall of the col- Fig. 2 shows a
modified arrangement for in-     lector 10. The filters are made of porous
stainless troducing the aroma gas stream and the liquid      steel having a
removal rating of 5 microns with the nitrogen into the cryogenic collector.
In this em-  tubular filters having a length of about 50 cm and a bodiment,
cryogenic collector 10 includes a cylin-  diameter of about 6 cm. The
nitrogen gas phase of drical housing 40 which is mounted on top wall 15,
is  the suspension is forced through the pores of the with the interior of
housing 40 being in communica-  filter tubes by maintaining a pressure
differential of tion with the interior of collector 10 through central
about 25 to 50 cm of water across the walls of the opening 41 in the top
wall. Aroma gas inlet pipe 22  filters, while the aroma frost particles are
deposited extends through the top of housing 40 at the center  on the outer
surface of the filters. The nitrogen gas thereof so as to discharge a
stream of aroma gas   20  which is at a temperature of about [err]. passes
vertically downward in housing 40 and shell 14.    through the porous
filter walls to the interior of the Liquid nitrogen is carried to the
collector in lines  filters, through the venturi nozzle at the top of each
24, with the liquid nitrogen being sprayed into the  filter, and is vented
from collector 10 into the aroma gas stream through a plurality of nozzles
interior of insulated housing 11 surrounding shell (not shown) spaced
equidistant around the housing   25  14, from where it is exhausted to the
atmosphere adjacent the discharge end of inlet pipe 22. The   through
exhaust line 27. In this manner the tem- spray nozzles are oriented so that
their spray pat-  perature within the housing is maintained at about terns
converge at the center of the housing a short  [err] or below. The tubular
filters are back pul- distance below the discharge end of inlet pipe 22,
sed every 60 seconds for a period of 0.3 second with the nozzles being
pitched at a downward an-  30  with nitrogen gas at a pressure of about 90
psig to gle of about [err] so as to induct the aroma gas     dislodge aroma
frost particles which collect on the stream into the shell portion of
collector 10. This  exterior of the filters, with the frost particles being
arrangement is particularly effective in the uniform,  collected in
container 18. The aroma frost particles rapid cooling of the aroma gas
stream to cryogenic  are periodically removed from container 18 for in-
temperatures while minimizing contact between the   35  corporation in
liquid coffee extract or in soluble cooled gas and the walls of the
collector.         coffee particles to increase the roast and ground In
operation, wherein the apparatus shown in    coffee aroma and flavor. Fig.
1 is used, coffee aroma gas comprising pri-      In an alternative mode of
operation, the recov- marily carbon dioxide together with small amounts
ery of aroma gas can be carried out in a manner to of water vapor and
coffee aroma constituents,  40  effect fractionation of the aromatic
constituents of which is evolved during coffee processing oper-    the gas.
That is, the aroma-bearing gas stream is ations, is carried in tube 22. The
aroma gas, which  passed through a number of cryogenic collectors,
typically is under a pressure of between about 0.5  such as that shown in
Fig. 1, in series, with each to 5 psig, is discharged into cylindrical
shell 14 in a  succeeding collector being operated at a lower downwardly
direction, toward the center of the shell  45  temperature than the one
preceding it. In this man- and away from the sidewalls thereof. Liquid
nitro-  ner a series of aromatic constituents having suc- 



gen is sprayed into the aroma gas stream through   cessively lower freezing
points are condensed out nozzles 26 mounted within casing 14 equidistant
of the aroma gas stream and recovered. Each of around the discharge of tube
22 with the liquid    the series of cryogenic collectors is provided with
nitrogen spray being directed toward the center of  so  temperature control
means to maintain the tem- the collector so that the aroma gas stream dis-
perature in each collector within a predetermined charged from tube 22 is
rapidly and uniformly      range. Suitable temperature control means
include, cooled to condense the aroma gas as finely di-     for example, a
temperature controller associated vided frost particles suspended in a
stream  of    with each collector for determining the temperature nitrogen
gas, while avoiding or minimizing contact  55  within the collector and
comparing it to a set point of the cooled aroma gas stream with the
sidewalls  temperature. The temperature controller is also as- of shell 14.
The supply of liquid nitrogen to nozzles  sociated with and controls a vent
valve of the liquid 26 is adjusted to maintain the temperature in col-
nitrogen supply tank to the collector. If the tem- 5    9
EP 0 532 959 B1                    10 perature in the collector is below
the preset level,  5. The method defined in any one of claims 1 to the vent
value is opened further to allow more         4 in which the filter medium
has an absolute nitrogen gas to escape. This escape of gas re-
rating of about 5 [err] (microns). duces the pressure within the liquid
nitrogen sup- ply tank, thus reducing the pressure drop across   5   6. The
method defined in any one of claims 1 to the spray nozzle in the collector.
By reducing the     5 in which the aroma frost particles are dislod-
pressure drop across the nozzle, the flow of liquid    ged from the filter
medium by pulsing liquid nitrogen is reduced and the temperature within the
nitrogen back through the filter medium. collector rises. Similarly, if the
temperature in the collector is too high, the vent valve is closed, which
10  7. The method defined any one of claims 1 to 6 increases the flow of
liquid nitrogen to the spray     in which the aroma gas and the liquid
nitrogen nozzle, thereby reducing the temperature in the        are
introduced into the cryogenic collector in a collector.
manner which minimizes contact of the aroma This accurate control of
temperature within the    gas and the nitrogen with the sidewalls of the
collectors enables a number of collectors to be   15   cryogenic collector.
connected in series and operated at successively lower temperatures,
thereby effecting fractionation  8. The method defined in any one of claims
1 to of the aromatic constituents of the aroma gas.         7 in which the
aroma gas is passed through a plurality of cryogenic collectors in series
with Claims                                        20       each succeeding
cryogenic collector being maintained at a lower temperature than the 1. A
method of recovering aroma gas evolved            preceding one to effect
fractionation of the during processing of a beverage which com-
aroma constituents of the aroma gas. prises conducing the aroma gas to a
cryogenic  25  9. The method of any one of claims 1 to 8 in collector;
which the aroma gas is evolved during the injecting liquid nitrogen into
the aroma gas    processing of coffee. in the cryogenic collector under
conditions suf- ficient to condense aroma frost particles from  10. An
apparatus for recovering aroma constituents the aroma gas and volatilize
the liquid nitrogen   30  from an aroma-containing gas given off during
thereby forming a suspension of aroma frost        the processing of a
beverage, which com- particles in nitrogen gas;
prises: filtering the suspension through a porous          a cryogenic
collector having a gas inlet for filter medium having a pore size
distribution      introducing the aroma-containing gas into the which
removes substantially all of the aroma   35  cryogenic collector towards
the vertical midline frost particles from the suspension, the aroma     of
the cryogenic collector, a gas outlet adja- frost particles being deposited
on the filter      cent the top of the collector, a liquid inlet medium and
the nitrogen gas component of           means for introduction of a
liquefied gas into the suspension passing through the filter me-      the
aroma-containing gas in the collector to dium;
40      cool the aroma-containing gas to a tempera- dislodging the aroma
frost particles from      ture at which aroma frost particles are con- the
filter medium; and                             densed from the
aroma-containing gas and the 



recovering the condensed aroma frost par-      liquefied gas is volatilized
to form a suspen- ticles.                                            sion
of the aroma frost particles in the volatil- 45     ized gas, and a
particle discharge opening 2. The method defined in claim 1 in which the
adjacent the bottom of the collector; liquid nitrogen is injected into the
aroma gas in     at least one porous cylindrical filter means a spray to
cool the aroma gas to a temperature     mounted in the cryogenic collector
intermedi- of at least about [err].                        ate the gas
inlet and the gas outlet; 50         means for moving the suspension
through 3. The method defined in claim 2 in which the          the filter
means whereby the aroma frost par- aroma gas is cooled to a temperature in
the        ticlesd are retained on the surface of the filter range of from
about [err] to [err].          means and the volatilized gas passes through
the filter means and is discharged from the 4. The method defined in any
one of claims 1 to  55    cryogenic collector through the gas outlet; 3 in
which the nitrogen gas passing through            back pulsing means
associated with the the filter medium is utilized to maintain the
filter means for generating pulses of back- aroma frost particles in
condensed form.           flushing gas to dislodge aroma frost particles 6
9                 EP 0 532 959 B1                     10    *   C   L   M
S    * perature in the collector is below the preset level,  5. The method
defined in any one of claims 1 to the vent value is opened further to allow
more          4 in which the filter medium has an absolute nitrogen gas to
escape. This escape of gas re-          rating of about 5 [err] (microns).
duces the pressure within the liquid nitrogen sup- ply tank, thus reducing
the pressure drop across   5   6. The method defined in any one of claims 1
to the spray nozzle in the collector. By reducing the      5 in which the
aroma frost particles are dislod- pressure drop across the nozzle, the flow
of liquid     ged from the filter medium by pulsing liquid nitrogen is
reduced and the temperature within the      nitrogen back through the
filter medium. collector rises. Similarly, if the temperature in the
collector is too high, the vent valve is closed, which   10  7. The method
defined any one of claims 1 to 6 increases the flow of liquid nitrogen to
the spray     in which the aroma gas and the liquid nitrogen nozzle,
thereby reducing the temperature in the         are introduced into the
cryogenic collector in a collector.
manner which minimizes contact of the aroma This accurate control of
temperature within the     gas and the nitrogen with the sidewalls of the
collectors enables a number of collectors to be   15    cryogenic
collector. connected in series and operated at successively lower
temperatures, thereby effecting fractionation  8.  The method defined in
any one of claims 1 to of the aromatic constituents of the aroma gas.
7 in which the aroma gas is passed through a plurality of cryogenic
collectors in series with Claims                                         20
each succeeding cryogenic collector being maintained at a lower temperature
than the 1. A method of recovering aroma gas evolved             preceding
one to effect fractionation of the during processing of a beverage which
com-          aroma constituents of the aroma gas. prises conducing the
aroma gas to a cryogenic  25  9. The method of any one of claims 1 to 8 in
collector;                                          which the aroma gas is
evolved during the injecting liquid nitrogen into the aroma gas
processing of coffee. in the cryogenic collector under conditions suf-
ficient to condense aroma frost particles from   10. An apparatus for
recovering aroma constituents the aroma gas and volatilize the liquid
nitrogen   30  from an aroma-containing gas given off during thereby
forming a suspension of aroma frost         the processing of a beverage,
which com- particles in nitrogen gas;                          prises:
filtering the suspension through a porous           a cryogenic collector
having a gas inlet for filter medium having a pore size distribution
introducing the aroma-containing gas into the which removes substantially
all of the aroma   35   cryogenic collector towards the vertical midline
frost particles from the suspension, the aroma      of the cryogenic
collector, a gas outlet adja- frost particles being deposited on the filter
cent the top of the collector, a liquid inlet medium and the nitrogen gas
component of            means for introduction of a liquefied gas into 



the suspension passing through the filter me-       the aroma-containing
gas in the collector to dium;                                       40
cool the aroma-containing gas to a tempera- dislodging the aroma frost
particles from       ture at which aroma frost particles are con- the
filter medium; and                              densed from the
aroma-containing gas and the recovering the condensed aroma frost par-
liquefied gas is volatilized to form a suspen- ticles.
sion of the aroma frost particles in the volatil- 45      ized gas, and a
particle discharge opening 2. The method defined in claim 1 in which the
adjacent the bottom of the collector; liquid nitrogen is injected into the
aroma gas in       at least one porous cylindrical filter means a spray to
cool the aroma gas to a temperature      mounted in the cryogenic collector
intermedi- of at least about [err].                          ate the gas
inlet and the gas outlet; 50          means for moving the suspension
through 3. The method defined in claim 2 in which the          the filter
means whereby the aroma frost par- aroma gas is cooled to a temperature in
the         ticles are retained on the surface of the filter range of from
about [err] to [err].           means and the volatilized gas passes
through the filter means and is discharged from the 4. The method defined
in any one of claims 1 to  55     cryogenic collector through the gas
outlet; 3 in which the nitrogen gas passing through             back
pulsing means associated with the the filter medium is utilized to maintain
the       filter means for generating pulses of back- aroma frost particles
in condensed form.            flushing gas to dislodge aroma frost
particles    11                EP 0 532 959 B1                    12 *    C
L    M    S  * from the filter means; and                             heit
der Aroma-Reifteilchen aus der Su- particle recovery means for recovering
the          spension entfemt, wobei die Aroma-Reif- aroma frost particles.
teilchen auf dem  Filtermedium  abge- schieden werden und die
Stickstoffgas- 11. The apparatus defined in claim 10 in which the   5
komponente der Suspension durch das cryogenic collector is mounted in an
insulated         Filtermedium hindurchtritt; housing which surrounds the
collector, the           - Entfernen der Aroma-Reifteilchen von volatilized
gas passing through the gas outlet         dem Filtermedium, und being
vented from the cryogenic collector into       - Gewinnen der kondensierten
Aroma-Reif- the housing to maintain the collector at cryo-  10
teilchen. genic temperatures. 2. Verfahren nach Anspruch 1, bei dem der
flUs- 12. The apparatus defined in claim 10 or claim 11     sige Stickstoff
in einem  Sprdhstrahl in das in which the liquid inlet means comprises a
Aromagas injiziert wird, um das Aromagas auf plurality of spray nozzles
mounted in the cryo-  15  eine Temperatur von wenigstens etwa -80 genic
collector equidistant around the gas inlet  abzukUhlen. and adapted to
spray liquefied gas into the aroma-containing gas towards the vertical mid-
3. Verfahren nach Anspruch 2, bei dem das Aro- point of incoming stream of
aroma-containing       magas auf eine Temperatur im Bereich von gas.
20       etwa -100 * C bis -160 * C abgekUhit wird. 13. The apparatus
defined in any one of claims 10  4. Verfahren nach irgendeinem der
Ansprlche 1 to 12 in which the particle recovery means         bis 3, bei
dem das Stickstoffgas, das durch comprises an insulated container removably
das Filtermedium hindurchtritt, dazu verwendet secured to the cryogenic
collector beneath the   25  wird, die Aroma-Reifteilchen in kondensierter
discharge opening.                                 Form zu halten. 14. The
apparatus defined in any one of claims 10  5. Verfahren nach irgendeinem
der AnsprUche 1 to 13 in which the filter means comprises at       bis 4,
bei dem das Filtermedium eine absolute least one rigid, porous cylindrical
tube moun-  30  NenngroBe von etwa 5 im (microns) aufweist. ted in the
collector and connected to the gas outlet, the filter means having a pore
size    6. Verfahren nach irgendeinem der Ansprllche 1 distribution to
cause removal of substantially     bis 5, bei dem die Aroma-Reifteilchen
dadurch all of the aroma frost particles from the sus-    von dem
Filtermedium entfernt werden, daB pension.
35      man flllssigen Stickstoff durch das Filtermedi- um zurUckpulsieren
laBt. 



15. The apparatus defined in claim 14 in which the filter means has an
absolute rating of about 5  7. Verfahren nach irgendeinem der AnsprUche 1
aim (microns).                                     bis 6, bei dem das
Aromagas und der flUssige 40      Stickstoff in den
Tieftemperaturabscheider auf Patentanspruche
eine Weise eingeflhrt werden, die den Kontakt des Aromagases sowie des
Stickstoffs mit den 1. Verfahren zur Gewinnung von Aromagas, das
Seitenwanden des Tieftemperaturabscheiders wlhrend der Verarbeitung eines
Getrinks ent-      so klein wie m6glich halt. wickelt wird,. das umfaBt:
45 - OberfUhren des Aromagases in einen         8. Verfahren nach
irgendeinem der AnsprUche 1 Tieftemperaturabscheider;
bis 7, bei dem das Aromagas durch eine Viel- - Injizieren von flassigem
Stickstoff in das    zahl von Tieftemperaturabscheidern in Reihe Aromagas
in dem Tieftemperaturabschei-        hindurchgef0hrt wird, wobei jeder der
nachfol- der unter Bedingungen, die ausreichen,  50   genden
Tieftemperaturabscheider auf einer aus dem Aromagas Aroma-Reifteilchen
niedrigeren Temperatur gehalten wird als der zu kondensieren, und
Verdampfen des           vorausgehende, um eine Fraktionierung der
flUssigen Stickstoffs, wodurch eine Su-       Aromabestandteile des
Aromagases zu bewir- spension  von  Aroma-Reifteilchen  in         ken.
Stickstoffgas gebildet wird;         55 - Filtern der Suspension durch ein
pordses   9. Verfahren nach irgendeinem der Ansprliche 1 Filtermedium mit
einer PorengroBenver-        bis 8, bei dem das Aromagas wahrend der
teilung, die im wesentlichen die Gesarnt-     Verarbeitung von Kaffee
entwickelt wird. 7    13                EP 0 532 959 B1
14   *    C   L    M   S    * 10. -Vorrichtung zur Gewinnung von
Aromabestand-       Gas in das aromahaltige Gas in Richtung des teilen aus
einem aromahaltigen Gas, das wah-       vertikalen  Mittelpunkts  des
eintretenden rend der Verarbeitung eines Getranks abgege-       Stroms von
aromahaltigem Gas zu sprOhen. ben wird, die umfaft: - einen
Tieftemperaturabscheider mit ei-   5   I1. Vorrichtung nach irgendeinem der
AnsprUche nen GaseinlaB fOr die EinfUhrung des          10 bis 12, bei der
die Teilchengewinnungsein- aromahaltigen Gases in den Tieftempera-
richtung einen isolierten Behalter umfagt, der turabscheider in Richtung
der senkrech-       entfernbar unterhalb der Ausgabeoffnung an ten
Mittellinie des Tieftemperaturabschei-    dem Tieftemperaturabscheider
befestigt ist. ders, einen GasauslaB nahe der Obersei-  10 te des
Abscheiders, eine Fl~ssigkeitsein-  14. Vorrichtung nach irgendeinem der
AnsprOche laBeinrichtung far die ZufUhrung eines        10 bis 13, bei der
die Filtereinrichtung wenig- verflUssigten Gases in das aromahaltige
stens ein starres, poroses zylindrisches Rohr Gas in dem Abscheider, urn
das aroma-         aufweist, das in dem Abscheider angeordnet haltige Gas
auf eine Temperatur abzu- 15     ist und mit dem GasauslaB verbunden ist,
wo- kUhlen, bei der Aroma-Reifteilchen aus        bei die Filtereinrichtung
eine PorengroBenver- dem aromahaltigen Gas auskondensieren         teilung
aufweist, die eine Entfernung von im und das verflUssigte Gas unter Bildung
wesentlichen alien Aroma-Reifteilchen aus der einer Suspension der
Aroma-Reifteilchen       Suspension bewirkt. in dem verdampften Gas
verdampft, so-  20 wie eine Teilchen-Ausgabedffnung in der    15.
Vorrichtung nach Anspruch 14, bei der die Nahe des Bodens des Abscheiders;
Filtereinrichtung eine absolute Nenngr6Be von - wenigstens eine por8se
zylindrische Fil-      etwa 5 Um (microns) aufweist. tereinrichtung, die in
dem Tieftempera- turabscheider zwischen dem  GaseinlaB   25
Revendicatlons und dem GasauslaB angeordnet ist; - eine Einrichtung zum
Bewegen der Su-       1. Proc~d6 de recuperation d'un gaz aromatique
spension durch die Filtereinrichtung, wo-     degage pendant le traitement
d'une boisson, durch die Aroma-Reifteilchen auf der          qui comprend
Oberflache der Filtereinrichtung zurUck-  30     la conduction du gaz
aromatique a un col- gehalten werden und das verdampfte            lecteur
cryog~nique; Gas durch die Filtereinrichtung hindurch-        l'injection
d'azote liquide dans le gaz aro- 



tritt und durch den GasauslaB aus dem         matique dans le collecteur
cryogdnique dans Tieftemperaturabscheider   abgegeben          des
conditions suffisantes pour condenser des wird;
35      particules de givre aromatique & partir du gaz - eine
RUckspfleinrichtung, die der Filter-      aromatique et volatiliser I'azote
liquide, formant einrichtung zugeordnet ist, um Impulse        ainsi une
suspension de particules de givre eines RackspUlgases zu erzeugen, um
aromatique dans de I'azote gazeux; die Aroma-Reiftelichen von der
Filterein-        la filtration de la suspension a travers un richtung zu
entfernen; und            40      milieu filtrant poreux ayant une
distribution de - eine Teilchengewinnungseinrichtung zur         dimensions
de pores qui enlbve pratiquement Gewinnung der Aroma-Reifteilchen.
Ia totalit4 des particules de givre aromatique de la suspension, les
particules de givre aro- 11. Vorrichtung nach Anspruch 10, bei der der
matique etant ddposees sur le milieu filtrant et Tieftemperaturabscheider
in einem  isolierten   45  le constituant forme d'azote gazeux de la sus-
Gehause angeordnet ist, das den Abscheider         pension passant &
travers le milieu filtrant; umgibt, wobei das verdampfte Gas, das durch
le d6logement des particules de givre aro- den GasauslaB hindurchtritt, aus
dem Tieftem-      matique du milieu filtrant ; et peraturabscheider in das
Gehiluse abgegeben            la recup6ration des particules de givre aro-
wird, um den Abscheider auf TiefkUhltempera-  50   matique condensdes.
turen zu halten. 2. Procede selon la revendication 1, dans lequel 12.
Vorrichtung nach Anspruch 10 oder Anspruch         l'azote liquide est
inject4 dans le gaz aromati- 11, bei der die FllssigkeitseinlaBeinrichtung
que en une pulvdrisation pour refroidir le gaz eine Vietzahl von
SprblhdUsen aufweist, die in 55  aromatique & une temperature d'au moins
en- dem Tieftemperaturabscheider in gleichen Ab-       viron -80 * C.
standen um den GaseinlaB herum angeordnet sind und dafUr ausgelegt sind,
verflOssigtes 8    15                EP 0 532 959 B1                   16
*    C    L    M    S    * 3.  Procede selon la revendication 2, dans
lequel     liqudfl6 est volatilise pour former une suspen- le gaz
aromatique est refroidi a une temperatu-   sion des particules de givre
aromatique dans re dans la plage d'environ -100 C A -160 C.       Is gaz de
volatilisation, et une ouverture de decharge de particules adjacente au
fond du - 4. Procede solon I'une quelconque des revendi-   5   collectour;
cations 1 a 3, dans loquel l'azote gazeux pas-       au moins un moyen a
filtre cylindrique sant a travers 1s milieu filtrant est utilise pour
poreux monte dans le collectour cryogenique maintenir les particules de
givre aromatique      entre I'arrivde de gaz et la sortie de gaz; sous une
forme condensee.                            des moyens pour deplacer la
suspension 10      a travers le moyen & filtre afin quo les parti- 5.
Procede solon I'une quelconque des revendi-       cules de givre aromatique
soient retenues sur cations 1 a 4, dans loquel le milieu filtrant    la
surface du moyen a filtre et quo le gaz de presente une valeur nominale
absolue d'envi-      volatilisation passe & travers le moyen & filtre ron 5
uLm (micrombtres).                          et soit decharge du collecteur
cryogenique a 15     travers la sortie de gaz; 6. Procede salon l'une
quelconque des revendi-           des moyons de pulsation en retour asso-
cations 1 a 5, dans lequel les particules de      cies au moyen a filtre
pour generer des pulsa- givre aromatique sont d6logees du milieu fil-
tions de gaz de chasse en retour afin de trant par l'application en retour
de pulsations   d6loger des particules de givre aromatique du d'azote
liquide & travers le milieu filtrant.  20  moyen a filtre ; et des moyens
de recuperation de particules 7. Procede selon lune quelconque des revendi-
destines a recuperer les particules de givre cations 1 a 6, dans lequel le
gaz aromatique et   aromatique. I'azote liquide sont introduits dans le
collecteur cryogenique d'une maniere minimisant le  25  11. Appareil selon
la revendication 10, dans loquel contact du gaz aromatique et de l'azoto
avec     le collectour cryogenique est monte dans une les parois lat6rales
du collecteur cryogenique.   enceinte isol6e qui entoure le collecteur, le
gaz de volatilisation passant par la sortie de gaz 



&  Proced6 solon l'une quelconque des revendi-       ettant ventile du
collectour cryog6nique dans cations 1 a 7, dans lequel on fait passer le
gaz  30  l'enceinte pour maintenir le collecteur a des aromatique a travers
plusiours collecteurs       temperatures cryogeniques. cryogeniques en
serie, chacun des collectours cryog~niques successifs 6tant maintenu a une
12. Appareil solon la revendication 10 ou 11, dans temperature inferieure a
cells du collecteur     lequsl le moyen d'arriveo de liquids comporte
precedent pour offectuer un fractionnement  35    plusiours buses de
pulverisation montdes dans des constituants aromatiques du gaz aromati-
le collecteur cryogdnique & egale distance les que.
unes des autres autour de l'arriv6e de gaz at destinees & pulveriser un gaz
liquefie dans le 9. Procdd6 salon 'une quelconque des revendi-        gaz
contenant des aromes vers le point m6- cations 1 & 8, dans lequel le gaz
aromatique   40  dian vertical d'un courant arrivant de gaz est d6gagd
pendant le traitement du cafe.         contenant des ar8mes. 10. Appareil
pour recuperor des constituants aro-  13. Appareil salon l'une quolconque
des revendi- matiques d'un gaz contenant des ar8mes dd-        cations 10 a
12, dans lequel les moyens de gage pendant le traitement d'une boisson, qui
45  recuperation de particules comprennent un comporte:
conteneur isole fixe de fagon amovible au col- un collecteur cryogenique
ayant une arri-     lecteur cryogenique, au-dessous de l'ouverture ves de
gaz pour l'introduction du gaz conte-      de decharge. nant des ar8mes
dans le collecteur cryogeni- quo, vers l'axe median vertical du collecteur
50  14. Appareil solon l'une quelconque des revendi- cryogenique, une
sortie de gaz adjacente au       cations 10 a 13, dans loquel le moyen a
filtre dessus du collecteur, un moyen d'arrivee de       comporte au moins
un tube cylindrique poreux, liquide pour l'introduction d'un gaz liquefi6
rigide, monte dans le collecteur et raccorde A dans le gaz contenant des
ar8mes dans le         la sortie de gaz, le moyen & filtre presentant
collecteur afin de refroidir le gaz contenant des  55  une distribution de
dimensions de pores provo- ar8mes & une temperature a laquelle des par-
quant I'enlevement de pratiquement la totalite ticules de givre aromatique
so condensent &       des particules de givre aromatique de la sus- partir
du gaz contenant des ar8mes et le gaz      pension. 9    17
EP 0 532 959 B1                        *    C  L  M   S  * 15. Appareil
selon la revendication 14, dans loquel le moyen a filtre prdsente une
valeur nominate absolue d'environ 5 am (micrombtres). 10 15 20 25 30 35 40
45 50 55 10    


