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ing supercritical carbon dioxide upwardly through the column. Unlike the
batch process, the flow of super- The present invention relates to
apparatus for    critical carbon dioxide in the continuous process is not
contacting a particulate solid with a fluid in an elon-  periodically
interrupted, and unlike the batch process, gate, substantially vertical
treatment vessel, and to a   5   the supercritical fluid circulates in its
high pressure method for continuously treating solid matter with a  loop at
substantially constant temperature and pres- treatment fluid under high
pressure in such a vessel.  sure. Moreover, the system is not intended to
be shut More particularly, the invention relates to such appa-  down often,
and both shutting down and starting up ratus, and methods of using such
apparatus, which   the system require a considerable amount of time. it
apparatus includes means for periodically moving sol-  10   will be
understood that chaff which enters the system ids downwardly through the
vessel for treatment while  with the moistened beans and which becomes en-
a treatment fluid continuously passes through the   trained in the
supercritical dioxide will continuously vessel under high pressure.
build up in the system. This build-up can cause seri- Solids-fluid
contacting equipment is, of course,  ous problems such as the need to shut
down the proc- well known. One of the problems associated with such   15
ess. Clearly, steps must be taken to deal with any equipment is the
entrainment of solids with the treat-  chaff which flows out of the column
with the supercrit- ing fluid and the carrying away of such solids with the
ical fluid. treating fluid. Such solids often cause problems, and
Filters, of course, could be used. However, it has considerable effort is
often taken to deal with them,  been found that such filtration is
extremely inefficient such as by filtering the solids from the fluid.
Filtration   20  and expensive to put Into practice. It has been found, Is
perfectly feasible in some systems. However, in  for example, that a filter
becomes highly plugged with others, filtration is difficult and expensive.
chaff in a very short time. A particular problem has arisen In this respect
in  Various types of filter are known. For example, the decaffeination of
green coffee beans. In a well  EP-A-0318161 and US-A-4931180 describe a
self- known commercial process, a batch of green coffee   25  cleaning
filtering apparatus with an inner filtering bas- beans Is introduced Into a
vessel, and supercritical  ket, the Inside of which Is kept clean by rotary
scra- carbon dioxide is passed through the vessel to effect  pers.
US-A-3385753 discloses a strainer for separat- decaffeination of the green
beans. The supercritical  ing liquid from a wood-chip liquid mixture with a
plur- fluid, bearing caffeine and leaving the vessel, is then  ality of
slot elements defining narrow slots of increas- processed, such as with
charcoal, to remove the caf-  30  ing width in the direction of the outlet.
feine. The now caffeine-free supercritical fluid is re-  In GB-A-2144056
there Is described a screening turned to the vessel. During the entire
operation, the  element toform part of a screening drum of a hammer
circulating carbon dioxide is maintained under ex-  mill. This comprises a
plurality of bars defining a part- tremely high pressure, keeping the
carbon dioxide in  cylindrical screening face. a supercritical state. The
green coffee beans include   35  It is an object of the present invention
to provide, a considerable amount of chaff. As the beans are    in a method
and apparatus for contacting a particulate processed, some of the chaff is
entrained with the su-  solid with a fluid in a treatment vessel, means for
re- percritical fluid and passes with the supercritical fluid  moving, In
an efficient manner, chaff or other solids into the supercritical carbon
dioxide loop. The amount  which becomes entrained In the treatment fluid as
it of entrained chaff is reduced by flowing the carbon di-  40   passes
through the treatment vessel. oxide downwardly through the bed. Chaff which
does      The foregoing and other objects which will be ap- become
entrained becomes separated as the carbon    parent to those ordinary skill
in the art are achieved dioxide passes through the charcoal bed. As a
prelim-  in accordance with the present invention by modifying inary step
the raw beans may be subjected to chaff  apparatus for contacting a
particulate solid with a flu- removal. Despite such preliminary chaff
removal,  45  id. The apparatus comprises an elongate column for however, a
considerable amount of chaff enters the  holding a bed of particulate
solids for contact with a system with the beans and a considerable amount
of  fluid. The column Is designed to be oriented substan- chaff will be
entrained in the circulating carbon diox-  tially vertically in use and has
a fluid inlet near the bot- Ida. After each batch is completed, chaff is
removed  tom thereof for admitting a fluid into the column and with the
charcoal In which it has accumulated.  50   a fluid outlet nearthe top
thereof for permitting theflu- A continuous operation for the
decaffeination of  id to exit from the column after passing upwardly green
coffee beans utilizing supercritical carbon diox-  through a bed of
particulate solids In the column. In ide has been developed and is
disclosed in U.S. Pa-  accordance with the invention, this apparatus is
pro- tent No. 4,820,537 issued to Saul N. Katz, the disclo-  vided with a
screen for screening solids from the fluid sure of which is incorporated
herein by reference. In  55  exiting the column through the fluid outlet,
the screen this process, moistened green coffee beans are      comprising a
plurality of vertical screen wires. The moved periodically downwardly, in
pulses, through a  screen is located within the column adjacent the fluid
substantially vertical column, while continuously flow-  outlet and Is
positioned such that all of the fluid pass- 2    
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column passes through the screen   column. In use, the vessel is designed
to be oriented and thence through the fluid outlet. Each pair of adja-
substantially vertically and has a fluid Inlet 11 at its cent vertical
screen wires defines a substantially vert-  lower end for admitting a
fluid. A sparger 12, or the ical screen slot therebetween, the width of
each vert-  like, may be used for this purpose. The vessel also in- ical
screen slot being such as to screen solids from the   5   cludes a fluid
outlet 13 near the top of the column for exiting fluid and the length of
each slot being many  permitting the fluid to exit the column after passing
times its width, preferably at least ten times its width,  upwardly through
the bed of particulate solids. and more preferably at least 25 or 50 times
Its width.  In accordance with the Invention, a screen 14 Is Each wire is
preferably substantially tapered, in its  provided within the column, at
its upper end, and ad- cross section, inwardly In a direction away from Its
up-  10  jacent to the fluid outlet. The screen is positioned stream
surface, the term  "upstream" being in the   such that all of the fluid
which passes upwardly sense of the direction of flow of the fluid through
the  through the column passes through the screen and screen. Thus, the
slotwidth Is preferablygreateratthe  thence through outlet 13. The screen
comprises a downstream surface of the screen than at its up-   plurality of
screen wires 15 which are vertical in the stream surface. The screen wires
are preferably  15  sense that they are oriented vertically when the col-
wedge-shaped in cross section. A method in accor-  umn is positioned
vertically for use as shown in Figure dance with the invention comprises
continuously    1. Thus, the screen wires are substantially parallel
treating solid matter with a treatment fluid under high  with the
longitudinal axis of the elongate columnar pressure in a substantially
vertical column through  vessel. which a treatment fluid moves continuously
upwardly  20  The vessel shown in Figure 1 is cylindrical as Is through a
bed of solid particulate matter in the column  the screen 14 which is
positioned concentrically with- and then exits the column through a fluid
outlet at the  in the cylindrical vessel and spaced inwardly there- top of
the column. Particulate solids are periodically  from such that an annular
gap 16 or space, which pulsed downwardly through the column with fresh sol-
serves as a collection plenum for fluid flowing through ids being
introduced into the top of the column and   25  outlet13, Is present
between screen 14 and inner wall with treated solids being discharged from
the bottom  17 of vessel 10. Screen 14 is positioned in the column of the
column. The treatment fluid moves continuous-  such that all of the fluid
which passes upwardly ly through the column, and at high pressure. In
accor-  through the column from inlet 12 passes through the dance with the
invention, a screen as described    screen and thereafter through fluid
outlet 13. Al- above Is positioned in the column to screen solids   30
though only one opening is shown In the fluid outlet, from the fluid
exiting the column. The screen is   It will be understood that the fluid
outlet can include cleaned by the movement of the particulate high pres-
any number of openings. sure solid matter as it is pushed downwardly
through   Screen 14 can be made made up of one or more the column, thus
avoiding the need to interrupt the  individual vertically stacked screen
elements such as high pressure process in order to clean the screen.    35
screen elements 18 and 19 shown in Figure 4. Such There follows a detailed
description of preferred  an arrangement enables a large screen to be
mount- embodiments of the invention including the drawings  ed In a vessel
where access to the vessel is through in which:
an opening smaller than the screen. This is particu- Figure 1 is a
diagrammatic side elevation view of  larly advantageous in large vessels
designed to op- apparatus for contacting a particulate solid with a   40
erate at high pressure and having a relatively small fluid and including a
screen in accordance with  access opening. Figures 1-4 show a screen 14
which the invention within the column adjacent the fluid  is made up of
four semi-cylindrical screen elements, outlet at the top of the column;
two of which, 18, 19, are shown in Figures 1 and 3. Figure 2 is an enlarged
diagrammatic side eleva-  One of these, screen element 18,is illustrated in
more tion view of a screen element which can be em-  45  detail in Figures
2 and 3. Prior to being mounted in cyl- ployed to make up the screen shown
in Figure 1;  indrical column 10, each screen element is shaped Figure 3 is
a diagrammatic sectional view of a  into semi-cylindrical form as shown in
Figure 4. screen element taken along the lines 3-3 of Fig-   Adjacent
vertical screen wires define substantial- ure 2; and
ly vertical screen slots 20. The openings of each vert- Figure 4 is an
enlarged diagrammatic elevational  50  ical screen slot at the upstream
surface of the screen sectional view of the top portion of the column of
has a width which is designed to screen solids from Figure 1 showing
details of the manner of mount-  the exiting fluid, and which has a length
which is sub- ing a screen in the column.                     stantially
greater than Its width at Its upstream sur- Referring to Figure 1,
apparatus for contacting a  face. In general, the length of each slot is
preferably particulate solid with a fluid comprises an elongate  55   at
least ten times its width, and more preferably at column or pressure vessel
10. The vessel is suitable  least 25 or 50 times its length. The maximum
length for holding a bed of particulate solids, not shown in  of each slot
is determined primarily by practical con- Figure 1, fortreatment with a
fluid flowing through the  siderations of fabrication of the screen and by
a de- 3    



5                   EP 0 404 506 B1                 6 sired total screen
opening. In general, a slot length of  opening at the upstream face of the
screen. It is also about 50 to 200 times slot width is suitable. The indi-
preferred that the upstream surface of the screen vidual wires are
sufficiently massive to maintain slot  wires and of the screen itself is
substantially planar as width substantially uniformly along each slot.
Where  shown. This facilitates the cleansing action of the sol- the slots
are relatively long and the individual wires   5   id particulate matter as
it flows downwardly across are relatively small in cross section,
reinforcing ele-  the face of the screen. ments may be secured to the
wires, such as by weld-   As shown in Figure 4, the screen Is mounted ad-
ing, in order to maintain  the adjacent screen wires  jacent the inner
surface of the vertical wall of the ves- substantially parallel to one
another. As mentioned  sel such that the downstream surface of the screen
is above, the terms "upstream"  and "downstream" are  10  spaced inwardly
from the inner surface of the vessel used in the sense of the direction of
the flow of the flu-  wall. id through the screen. Thus, the "upstream"
surface   The invention has particular utility in cylindrical of the screen
shown in Figure 1 is the Innermost sur-  vessels designed for continuous
operation at high face of the screen in the column.
pressure. In these vessels, the screen is preferably As shown most clearly
in Figure 2, each screen   15   mounted substantially concentrically within
the cylin- element is conveniently made up of an exterior frame  drical
vessel such that an annular gap is formed be- 21, rectangular in
configuration, and having vertical  tween the screen and the inner
cylindrical surface of frame members 22,23 and horizontal frame members
the vessel. 24, 25. Backing bars 26, 27 are provided as neces-     As
mentioned above, the screen may be made up sary to maintain proper spacing
between screen   20  of a plurality of discrete screen members, and this is
wires 15.                                          particularly convenient
when the screen is large, and As shown most clearly in Figure 4, screen 14
is  even more so when a large vessel is designed for op- supported in the
column by being mounted on a cyl-  erating under high pressure.
Conveniently, the dis- indrical perforated support plate 28which is itself
con-  crete screen members can be cylindrical, or they may centrically
mounted within the column by lower and   25  be segments of a cylinder, or
both. In the Illustrated upper support plates 29 and 30. As in the case of
embodiment, for example, two cylindrical screen ele- screen 14, the screen
supporting structure may be  ments are utilized, each of which Is made up
of a semi- assembled in its location in the column, such as by  circular
arcuate segment. welding. Support members 28, 29, and 30 together       The
screen wires 15 should be sufficiently robust support the screen in the
upper portion of the column   30  to retain the wire spacing under
operating conditions. in such a manner that all of the fluid rising through
the  The opening between the screen wires Is designed to column passes
through the screen and thence        prevent solids above a particular size
from passing through outlet 13. Lower support plate 29 is an annu-  through
the screen and exiting with the fluid through lar, imperforate plate
located near the bottom of cyl-  outlet 13. indrical perforated support
plate 28. Upper support  35  As mentioned above, the invention has
particular plate 30 is also annular and imperforate and is prefer-  utility
in equipment designed to operate continuously ably frusto-conical in cross
section as shown to facil-  under high operating pressure while
periodically mov- itate downward motion of particulate solid matter  ing a
particulate solid into the top of the column, through the column.
downwardly through the column, and out through the Screens 18 and 19, each
of which is semi-circular  40  bottom of the column. A method and apparatus
of this in configuration in this embodiment, are mounted on  type is
described in the Katz patent mentioned above perforate support plate 28 by
bolts, by welding or by  and is diagrammatically indicated in Figure 1
herein. other suitable means. Two additional semi-circular  In a typical
process at steady state operating condi- screen elements (not shown) are
also mounted on    tions, vessel 10 Is substantially filled with a bed of
perforated support plate 28, thus completing the   45   moistened green
coffee beans. An essentially caf- mounting of cylindrical screen 14 in the
upper portion  feine-free supercritical fluid, such as supercritical car-
of the column. The column, of course, is provided with  bon dioxide, is
introduced through inlet 11, 12 and a suitable access opening to permit
mounting of the  flows upwardly through the bed of coffee beans In the
screen and its supporting elements in the column.  column.
Caffeine-containing supercritical fluid is The various elements making up
the screen and sup-  50   withdrawn from the upper end of the extraction
vessel port members 28, 29 and 30 can be assembled in    through outlet 13.
Moistened green coffee beans are place, such as by welding. It is not
necessary for the  periodically admitted through a valve 31 into a blow
screen member or its support to extend completely  case 32. Valves 33 and
34 are simultaneously opened around the periphery of the column.
so as to charge the moistened green coffee from blow Wires 15 making up the
screen are preferably  55   case 32 into the upper end of the extraction
vessel 10 wedge shaped in cross section as shown in Figure 3.  and to
discharge a portion of substantially decaffein- This ensures that the
screen opening at the down-  ated green coffee beans from the lower end of
the ex- stream face of the screen is larger than the screen  traction
vessel 10 to blow case 35. Valves 33 and 34 4    
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Valve 36 is then opened to discharge  100 times greater. The height of the
screen can vary the substantially decaffeinated green coffee from
considerably, but a height which is about 114 to 2 times blow case 35.
Additional green coffee is admitted  the inside diameter of the column will
suffice. The to- through valve 31 into blow case 32, and the procedure  tal
open area of the screen is suitably 1/10 to 2 times is repeated.
5   or higher, preferably about 114 to 5 times, more pre- As the coffee is
being pulsed downwardly through  ferably 1/2 to 3 times, the cross
sectional area of the the column in the manner just mentioned, the super-
column. critical fluid continues to flow, at high pressure,    The width
between adjacent wires preferably in- through the column. In a typical
operation, supercriti-  creases in the downstream direction, the individual
cal carbon dioxide flows trough the column at a pres-  10  slots between
screen wires thus tapering outwardly. sure of about 250 atmospheres (about
253 bar). As  Thus, each screen wire, in cross section, preferably the
beans move downwardly during each pulse, their  tapers inwardly in the
direction of flow of the fluid movement across the surface of the screen
cleans   through the screen and may be substantially wedge- the screen,
thus removing chaff which has built up on  shaped in cross section as shown
in Figure 3. Suitable the screen during the period of operation between
15  size of such wedge-shaped wire is about 0.030 to each excessive
downward pulse. Thus, the column    0.150 in. (0.76 to 3.81 mm) in width,
tapering at an an- can be maintained in continuous operation without the
gle of about 3-[err]. The advantages of the present need of mechanical
means to scrape the column, or  screen arrangement, particularly in
continuous, high without the need of backflushing the screen such as
pressure apparatus, will be thus readily apparent. by directing a fluid
flow through the screen from its  20 downstream surface to its upstream
surface. It is a distinct advantage of the invention that such complex
Claims and inherently troublesome devices can be avoided. Upper support
plate 30, which is frusto-conical In  1. An apparatus for contacting a
particulate solid configuration, acts as a funnel, directing downwardly  25
with a fluid comprising: moving particulate solids inwardly towards the
sur-          an elongate column (10) for holding a bed face of screen 14,
which accelerates the downward      of particulate solids for contact with
a fluid there- movement of the solid particles as they are pulsed      in,
said column being designed to be oriented downwardly through the column. It
is therefore prefer-  substantially vertically in use and having a fluid
red that the upper surface of plate 30 is smooth and   30  Inlet (11) near
the bottom thereof for continuously oriented at an angle of not more than
about 45, pre-  admitting a fluid Into the column (10) and a fluid ferably
about 15-[err], with the column wall, The up-    outlet (13) near the top
thereof for permitting the stream surface of screen 14 is also preferably
smooth  fluid to exit the column after passing upwardly and straight to
facilitate the cleaning of the screen dur-  through a bed of particulate
solids therein; ing the downward movement of the particulate solids.  35
solids admission means (31, 32, 33) for In a preferred embodiment, in which
screen 14 is    periodically admitting a portion of particulate sol-
utilized in a column which is about 100 feet (30.48 m)  ids to an upper end
of the column (10); and in height and about six feet (1.83 m) in diameter,
solids discharge means (34, 35, 36) for screen 14 is cylindrical and has a
height of about 2   periodically discharging a portion of particulate feet
(0.61 m) and a diameter of about 5 feet (1.52 m).  40  solids from a lower
end of the column (10); Thus the screen is spaced inwardly of the column
wall       said solids admission means (31, 32, 33) a distance equal to
about 8% of the column diameter.   and said solids discharge means (34, 35,
36) be- In general, it is preferred that the screen is spaced in-  ing
arranged to operate so that particulate solids wardly about 3% to about 15%
and more preferably       are moved periodically downwardly, in pulses,
about 5% to 10%, based on the column diameter. The   45  through the column
(10); screen is made up of two cylindrical sections, each
characterised in that said apparatus fur- about one foot (0.30 m) in
height, with each cylindrical  ther comprises: section being made up of
three arcuate segments of           a screen (14) for screening solids from
the equal length. The screen wires of each screen seg-     fluid exiting
the column (10) through said fluid ment extend the full height of each
screen segment.  50  outlet (13), said screen comprising a plurality of The
slot width between wires is suitable for retention  vertical screen wires
(15) arranged parallel to of the chaff from green coffee beans and a slot
width  one another, said screen (14) being located within of about 0.015 to
0.060 inches (0.38 to 1.52mm) is ap-  said column (10) adjacent said fluid
outlet (13) propriate for this purpose. The total open area of each  such
that all of the fluid passing through the col- screen segment is about 0.5
to 5 square feet (0.046  55  umn (10) passes through said screen (14) and
to 0.46 [err]). The total open area of the screen is sub-  thence through
said fluid outlet (13), each pair of stantlally greater than the cross
sectional area of out-  adjacent vertical screen wires (15) defining a let
13, e.g. at least two times greater preferably ten to  substantially
vertical screen slot (20) therebetw- 5    
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Valve 36 is then opened to discharge  100 times greater. The height of the
screen can vary the substantially decaffeinated green coffee from
considerably, buta heightwhich is about 1/4 to 2 times blow case 35.
Additional green coffee is admitted  the inside diameter of the column will
suffice. The to- through valve 31 into blow case 32, and the procedure  tal
open area of the screen is suitably 1/10 to 2 times is repeated.
5   or higher, preferably about 1/4 to 5 times, more pre- As the coffee is
being pulsed downwardly through  ferably 1/2 to 3 times, the cross
sectional area of the the column in the manner just mentioned, the super-
column. critical fluid continues to flow, at high pressure,   The width
between adjacent wires preferably in- through the column. In a typical
operation, supercriti-  creases in the downstream direction, the Individual
cal carbon dioxide flows trough the column at a pres-  to  slots between
screen wires thus tapering outwardly. sure of about 250 atmospheres (about
253  bar). As  Thus, each screen wire, in cross section, preferably the
beans move downwardly during each pulse, their  tapers inwardly in the
direction of flow of the fluid movement across the surface of the screen
cleans   through the screen and may be substantially wedge- the screen,
thus removing chaff which has built up on  shaped in cross section as shown
in Figure 3. Suitable the screen during the period of operation between
15  size of such wedge-shaped wire is about 0.030 to each excessive
downward pulse. Thus, the column    0.150 in. (0.76 to 3.81 mm) in width,
tapering at an an- can be maintained in continuous operation withoutthe
gle of about 3-[err]. The advantages of the present need of mechanical
means to scrape the column, or  screen arrangement, particularly in
continuous, high without the need of backflushing the screen such as
pressure apparatus, will be thus readily apparent. by directing a fluid
flow through the screen from its  20 downstream surface to Its upstream
surface. It is a distinct advantage of the invention that such complex
Claims and inherently troublesome devices can be avoided. Upper support
plate 30, which is frusto-conical in  1. An apparatus for contacting a
particulate solid configuration, acts as a funnel, directing downwardly  25
with a fluid comprising: moving particulate solids inwardly towards the
sur-         an elongate column (10) for holding a bed face of screen 14,
which accelerates the downward     of particulate solids for contact with a
fluid there- movement of the solid particles as they are pulsed    in, said
column being designed to be oriented downwardly through the column. It is
therefore prefer-  substantially vertically in use and having a fluid red
that the upper surface of plate 30 Is smooth and   30  inlet (11) near the
bottom thereof for continuously oriented at an  angle of not more than
about [err], pre-  admitting a fluid into the column (10) and a fluid
ferably about 15-40, with the column wall, The up-   outlet (13) near the
top thereof for permitting the stream surface of screen 14 is also
preferably smooth  fluid to exit the column after passing upwardly and
straight to facilitate the cleaning of the screen dur-  through a bed of
particulate solids therein; ing the downward movement of the particulate
solids.  35    solids admission means (31, 32, 33) for In a preferred
embodiment, in which screen 14 Is   periodically admitting a portion of
particulate sol- utilized In a column which is about 100 feet (30.48 m)
Ids to an upper end of the column (10); and in height and about six feet
(1.83 m) In diameter,          solids discharge means (34, 35, 36) for
screen 14 is cylindrical and has a height of about 2  periodically
discharging a portion of particulate feet (0.61 m) and a diameter of about
5 feet (1.52 m).  40  solids from a lower end of the column (10); Thus the
screen is spaced inwardly of the column wall       said solids admission
means (31, 32, 33) a distance equal to about 8% of the column diameter.
and said solids discharge means (34, 35, 36) be- In general, it is
preferred that the screen is spaced in-  ing arranged to operate so that
particulate solids wardly about 3% to about 15% and more preferably
are moved periodically downwardly, in pulses, about 5% to 10%, based on the
column diameter. The   45  through the column (10); screen is made up of
two cylindrical sections, each         characterised In that said apparatus
fur- about one foot (0.30 m) in height, with each cylindrical  ther
comprises: section being made up of three arcuate segments of          a
screen (14) for screening solids from the equal length. The screen wires of
each screen seg-    fluid exiting the column (10) through said fluid ment
extend the full height of each screen segment.  50  outlet (13), said
screen comprising a plurality of The slot width between wires is suitable
for retention  vertical screen wires (15) arranged parallel to of the chaff
from green coffee beans and a slot width  one another, said screen (14)
being located within of about 0.015 to 0.060 Inches (0.38to 1.52 mm) is ap-
said column (10) adjacent said fluid outlet (13) propriate for this
purpose. The total open area of each  such that all of the fluid passing
through the col- screen segment is about 0.5 to 5 square feet (0.046  55
umn (10) passes through said screen (14) and to 0.46 [err]). The total open
area of the screen is sub-  thence through said fluid outlet (13), each
pair of stantially greater than the cross sectional area of out-  adjacent
vertical screen wires (15) defining a let 13, e.g. at least two times
greater preferably ten to  substantially vertical screen slot (20)
therebetw- 5    
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each vertical screen slot (20)  8. Apparatus according to claim 6,
characterised in at the surface of the screen (14) which is up-      that
said screen (14) comprises a plurality of stream in the sense of a fluid
flowing through the  screen members (18, 19) in the form of arcuate column
(10), passing through said screen (14),      segments. and exiting through
said outlet (13) during opera-   5 tion of the column (10), having a width
suitable for  9. Apparatus according to any one of claims 1 to 8, screening
solids from the exiting fluid and having  characterised in that the total
open area of said a length which is at least ten times its width, said
screen (14) is at least twice the cross sectional screen (14) being cleaned
by the movement of        area of the opening of the fluid outlet (13). the
particulate solids as the bed of particulate sol-  10 ids is periodically
moved downwardly, in pulses,  10. Apparatus according to any one of claims
1 to 9, through the column (10).                            characterised
in that the vertical height of said screen (14) is from about one fourth to
two times 2. Apparatus according to claim 1, characterised in    the inside
diameter of the column (10). that the width of each respective one of said
vert-  15 ical slots (20) at the upstream surface of said  11. Apparatus
according to anyone of claims Ito 10, screen (14) is narrower than the
width of said re-  characterised in that the total open area of the
spective slot (20) at the downstream surface of     screen (14) is from one
tenth to two times the said screen (14).
cross sectional area of the column (10). 20 3. Apparatus according to claim
1 or claim 2, char-  12. Apparatus according to any one of claims 1 to 11,
acterised In that said column (10) comprises a      characterised in that
It further comprises means substantially cylindrical vertical wall (17) and
that  for passing said fluid through said column (10) at said screen (14)
is mounted adjacent the inner      an elevated operating pressure and for
periodi- cylindrical surface of said column wall (17) such   25  cally
moving a particulate solid Into the top of the that the downstream surface
of said screen (14)     column (10) downwardly through the column (10), is
spaced inwardly from the Inner cylindrical sur-  and out through the bottom
of the column (10), face of the column wall (17).
while continuously passing said fluid through said column (10) under said
elevated operating pres- 4. Apparatus according to claim 3 characterised in
30  sure. that said screen (14) is substantially cylindrical and is mounted
substantially concentrically within  13. A method of continuously treating
solid matter said cylindrical column (10) such that an annular   with a
treatment fluid under high pressure in a gap (16) is formed between said
screen (14) and     substantially vertical column (10) through which the
inner cylindrical surface of said column wall  35  a treatment fluid runs
continuously upwardly (17).
through a bed of solid particulate matter In said column (10) and then
exits the column (10) 5. Apparatus according to claim 4, characterised in
through a fluid outlet (13) at the top of the column that it further
comprises means for supporting      (10) and through which column
particulate solids said screen (14), said screen supporting means   40  are
pulsed periodically downwardly therethrough, comprising a downwardly
Inwardly tapering frus-     with fresh solids being periodically introduced
into to-conical member (30) secured to the inner cyl-    the top of the
column (10) andtreatedsolids being indrical surface (17) of said column
(10), said     discharged from the bottom of the column (10), screen (14)
being mounted at the lower end of       the treatment fluid in the column
being at said said frusto-conical member (30).            45      high
pressure during operation of the column; characterised in that it further
comprises: 6. Apparatus according to any one of claims 1 to 5,
providing a screen (14) in said column characterised in that said screen
(14) comprises    (10), said screen comprising a plurality of vertical a
plurality of screen members (18, 19), each of     parallel screen wires
(15), said screen being lo- said screen members comprising a plurality of
50   cated within said column (10) adjacent said fluid said vertical screen
wires (15) and vertical slots  outlet (13) and positioned such that all of
the fluid (20).                                               passing
through the column (10) passes through said screen (14) and thence through
said fluid 7. Apparatus according to claim 6, characterised in     outlet
(13), each pair of adjacent parallel vertical that said screen (14)
comprises a plurality of vert-  55  screen wires (15) defining a
substantially vertical ically stacked cylindrical screen members (18,
screen slot (20) therebetween, the opening of 19).
each vertical screen slot (20) atthe surface of the screen (14) which Is
upstream in the sense of a 6    
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the column (10) and exiting  lonne (10) gehende Stromungsmittel durch das
through said outlet (13) during operation of the   Sieb (14) und daher
durch den Stromungsmittel- column (10), having a width which is designed to
ausgang (13) stromt, jedes Paar benachbarter screen solids from the exiting
fluid and having a  vertikalerSiebdrahte (15) zwischen sich elnen Im length
which is at least ten times its width at the   5  wesentlichen vertikalen
Siobschlitz (20) be- upstream surface, whereby the screen (14) is
grenzt, dessen 6ffnung an der Oberftache des periodically cleaned by the
periodic movement of   Slebs (14), die beim Betrieb der Kolonne (10) auf
particulate solids downwardly through the col-     det Anstr6mseite liegt
bel einer Richtung des umn (10).
durch die Kolonne (10) str6menden, das Slob 10     (14) passlerenden und
durch den Ausgang (13) 14. A method according to claim 13, characterised in
austretenden Stromungsmittels, eine zur Fest- that said particulate solids
comprise coffee       stoffabsiebung aus dem  austretenden SOr6 beans.
mungsmittel geeignete Breite und eine wenig- stens das Zehnfache ihrer
Brelte betragende 15. A method according to claim 14, characterised In  15
Lfinge hat, wobei das Sleb (14) durch die Bewe- that said coffee beans
comprise green coffee       gung der tellchenfoirmigen Feststoffe gereinigt
beans and said fluid is supercritical carbon diox-  wird, wahrend das
teilchenfbrmige Feststoffbett ide.
in Stoen periodisch abwarts durch die Kdonne (10) bewegt wird. 20
PatentansprUche                                    2. Vorrichtung nach
Anspruch 1, dadurch gekenn- zeichnet, dai3 die Breite eines jeden
vertikalen 1. Vorrichtung zur Kontaktierung sines tellchenfor-    Schlltzes
auf der Anstrdmfiache des Slobs (14) migen Feststoffs mit einem
Str6mungsmittel mit     enger als die Brelte des betreffenden Schilitzes
einer langlichen Kolonne (10) zur Aufnah-  25  (20) auf der Abstr6mflache
des Slebes (14) ist. me eines Bettes teilchenfirmiger Feststoffe zwecks
Berflhrung mit einem Str8mungsmittel,    3. Vorrichtung nach Anspruch I
oder Anspruch 2, wobei die Kolonne so ausgelegt let, daft sie bel   dadurch
gekennzeichnet, daB die Kolonne (10) Benutzung im wesentiichen senkrecht
orientiert     sine im wesentlichen zylindrische, vertikale Wan- ist, und
elnen Str6mungsmitteleingang (11) nahe   3O  dung (17) umfaBt und daB das
Slob (14) an der ihrem Boden zwecks kontinuierlicher Einffihrung    Inneren
zylindrischen Oberflache der Kolonnen- des Stromungsmittels in die Kolonne
(10) und el-   wandung (17) so angebracht Ist, daB die Ab- nen
Stromungsmittelausgang (13) nahe an ihrem      stromfllche des Siebs (14)
von der inneren zylin- kopf hat, damilt das Str8mungsmittel nach Durch-
drischen Oberfliche der Kolonnenwandung (17) gang durch das tellchenformige
Feststoffbett in  35  nach innen auf Abstand gehalten ist. Aufwartsrichtung
austreten kann, Feststoffzufrihrungsmitteln (31,32,33) fMr  4. Vorrichtung
nach Anspruch 3, dadurch gekenn- die periodische Zufiihrung sines Quantums
fein-    zelchnet, daB das Sleb (14) im wesentlichen zy- teiliger
Feststoffe zu dem oberen Ends der Ko-     lindrisch ist und im wesentlichen
konzentrisch In lonne (10), und                            40      der
zyllndrischen Kolonne (10) so angebracht Ist, Feststoffaustragsmitteln (34,
35, 36) fMr     daB zwischen dem Slob (14) und der inneren zy- perlodischen
Austrag sines Quantums feintelliger   lindrischen Oberfiiche der
Kolonnenwandung Feststoffe aus dem unteren Ends der Kolonne        (17) sin
ringformiger Spalt (16) gebildet ist. (10), wobel die
Feststoffzufiihrungsmittel (31,  45  5. Vorrichtung nach Anspruch 4,
dadurch gekenn- 32, 33) und die Feststoffaustragsmittel (34, 35,
zeichnet, dal sle ferner Mittel zur Halterung des 36) so angeordnet sind,
daB im Betrieb die toil-   Siebes (14) umfalt, die eh abwArts nach innen
chenformigen Feststoffe in St6Ben periodisch       zulaufendes,
kegelstumpfformiges Tell (30) um- abwarts durch die Kolonne (10) bewegt
worden,      fassen, das an derzylindrischen Innenflache (17) dadurch
gekennzeichnet, daB die Vorrich-  50  der Kolonne (10) befestigt ist, wobel
des Slob (14) tung fernerein Slob (14) zum Absieben von Fest-    an dern
unteren Ends des kegelstumpfformigen stoffen aus dem die Kolonne (10) durch
den StrU-   Tels (30) angebracht lt. mungsrnittelausgang (13) verlassenden
Stro- mungsmittel umfaBt, das Sieb sine Mehrzahl ver-  6. Vorrichtung nach
einem der Ansprfilche I bbs 5, tikaler, parailel zueinander angeordneter
Slob-  55  dadurch gekennzeichnet, dal des Slob (14) sine drahte (15)
umfallt, das Slob (14) In der Kolonne  Mehrzahl von Siebteilen (18, 19)
umfait, von de- (10) nahe dem Stromungsmittolausgang (13) so       nen
jedes eine Mehrzahl der genanntbn vertika- angeordnet ist, daB das gesamte
durch die Ko-      Ion Siebdrahtb (15) und vertikalen Schlitze (20) 7 7
1Ij 1111111111 11 111111111111   
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Kolonne (10) ein Sieb (14) mit elner Mehrzahl vertikaler paralleler
Siebdrahte (15) vorsleht, das 7. Vorrichtung nach Anspruch 6, dadurch
gekenn-      in der Kolonne (10) nahe an dem Stromungsmit- zeichnet, daol
das Sieb (14) eine Mehrzahl senk-  telausgang (13) so angeordnet ist, dalB
das ge- recht ubereinander geschichteter, zylindrischer   5  samte durch
die Kolonne (10) str8mende Stro- Slebteile (18, 19) umfalt.
mungamittel durch das Sieb (14) und dann durch den Stromungsmittelausgang
(13) hindurchtritt, 8. Vorrichtung nach Anspruch 6, dadurch gekenn-
wobel jedes Paar benachbarter paralleler verti- zeichnet, deg das Slob (14)
eine Mehrzahl von     kaler SiebdrAhte (15) zwlschen sich einen Im we-
Siebteilen (18, 19) in Form bogenformiger Seg-  10  sentlichen vertikalen
Schlitz (20) begrenzt, des- mente umfatlt.
sen Offnung an der Oberflache des Slobs (14), die wahrend des Betriebs der
Kolonne (10) bel 9. Vorrichtung nach einem der Anspr~che I bis 8,
durch die Kolonne (10) stromendem und durch dadurch gekennzeichnet, dae die
gesamte offe-     den Ausgang (13) austretendemStromungsmittel no FlAche
des Slobs (14) wenigstens das Zwel-  16  auf der Anstromseite liegt, elne
zur Feststoffab- fache der Querschnittsflache der 6ffnung des      slebung
aus dem austretenden Stromungsmittel Stromungsmittelausgangs (13) betrigt.
ausgelegte Breite und eine wenlgstens seine zehnfache Brelte auf der
Anstromflache aufwei- \   10. Vorrichtung nach einem der Anspruche I bis 9,
sende Lange hat, wodurch das Slob (14) durch dadurch gekennzeichnet, dae
die vertikale Hohe  20  die periodische Abwartsbewegung der telichen- des
Slobs (14) etwa ein Viertel bis zu dem Zwei-  f6rmigen Feststoffe durch die
Kolonne (10) perlo- fachen des Innendurchmessers der Kolonne (10)     disch
gereinigt wird. betragt. 14. Verfahren nach Anspruch 13, dadurch gekenn-
11. Vorrichtung nach einem derAnspruche I bis 10,  26  zeichnet, daS die
teilchenformigen Feststoffe dadurch gekennzelchnet, del die gesamte offe-
Kaffebohnen umfassen. ne Fiache des Slebes (14) ein Zehntel bis zu dem
Zweifachen der Querschnittsflache der Kolonne  15. Verfahren nach Anspruch
14, dadurch gekenn- (10) betragt.
zeichnet, daB die Kaffeebohnen grflne Kaffee- 30      boinen sind und das
Stromungsmittel uberkriti- 12. Vorrichtung nach einem der Ansprflche I bis
11,   sches Kohlendloxid ist. dadurch gekennzeichnet, dal sie ferner Mittel
umfaat, um das Stromungsmittel bei erh8htem! Betriebsdruck durch die
Kolonne (10) zu lelten  Revendicatlons und olnen tellchenformigen Feststoff
in den Kopf  35 der Kolonne (10), abwarts durch die Kolonne (10)  1.
Appareil destine a mettre en contact une matiere und durch den Boden der
Kolonne (10) zu fulhren,  solido en particules avec un fluide, comportant:
wiahrend das Stromungsmittel unter dem erhoh-           une colonne
allongee (10) destin6e a ten Betriebsdruck kontinulerlich durch die Kolon-
maintenir un lit de matibres solides en particules ne (10) str6mt.
40      pour contact avec un flulde, ladite colonne etant concue pour btre
orientee sensiblement vertica- 13. Verfahren zur kontinuierlichen
Behandlung eines  lement en utilisation et ayant une entree de flulde
festen Stoffes mit einem  Behandlungsstro-        (11) A proximite du fond
afin d'admettre en conti- mungsmittel unter hohem Druck in einer Im we-
nu un flulde dons la colonne (10) et une sortie de sentlichen senkrechten
Kolonne (10), durch die  45  flulde (13) A proximitA du sommetafin de
permet- das Behandlungsstr6mungsmittel kontinulerlich     tre au fluide de
sortir de la colonne apres passa- aufwarts durch ein teilchenformiges
Feststoff-    ge vers le haut A travers un lit de matieres solides bett in
der Kolonne (10) lAuft und dann die Kolon-  en particules dans celle-ci; ne
(10) am kopf durch einen Stromungsmittelaus-         des moyens d'admission
de matieres soil- gang (13) verlAlt und durch die teilchenformige   50  des
(31, 32, 33) destines A admettre perlodique- Feststoffe periodisch abwarts
gepulst werden,     ment une partle des matibres sotides en particu- wobei
frische Feststoffe periodisch in den kopf   lesA une extrmitA superieure
dela colonne (10); der Kolonne (10) elngefuhrt und die behandelten   et
Feststoffe vom Boden der Kolonne (10) ausgetra-         des moyens
d'evacuation de matieres so- gen warden, wobei das Behandlungsstromungs-
55   lides (34, 35, 36) destines a evacuer periodlque- mittel in der
Kolonne wahrend des Kolonnenbe-     ment une partie des matieres solides en
particu- triebs unter dem hohen Druck steht,               les A une
extremite inferieure de la colonne (10); dadurch gekennzelchnet, des man
ferner in der          lesdits moyens d'admission de matieres 8   
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33) et lesdits moyens d'evacua-     cylindrique intirieure de ladite parol
de colonne tion de matieres solides (34, 35,36) btant prevus    (17). pour
fonctonner de telle sorts que les matieres solides en particules sont
deplacees pbriodique-  5. Appareil selon la revendication 4, caracterise en
mont vers le bas, par impulsaons, A travers la 0o-   5  ce qu'il comports
en outre des moyens destines lonne (10);
A supporter ledit crible (14), lesdits moyens de caractbrise en ce que
ledit appareil           support de crible comportant un l6iment tronco-
comporte en outre:                                   nique se ritricissant
vers l'intbrieur (30) f lxe A la un crible (14) destinb a cribler des
matle-    surface cyhindrique interleure (17) de ladite colon- res solides
du fluido sortant de la colonne (10)  io  ne (10), ledit crible (14) btant
monte a l'extremite par ladite sortie de fluids (13), ledit crible
infirleure dudit 6liment tronconique.(30). comportant plusieurs fils de
crible verticaux (15) disposbs parallelement l'un A l autre, ledit cfible
6. Apparel selon l'une quelconque des revendica- (14) se trouvant dans
ladite colonne (10) defagon    tions I A 5, caracterisb en ce que ledit
crible (14) adjacente a ladite sortie de fluids (13) de tells  15  comporto
plusiours eiements de crible (18, 19), sort. quo tout le fluide passant A
travers la colon-  chacun desdits elements de crible comportant ne (10)
passe a travers ledit crible (14) et ensuite  plusleurs fils de crible
verticaux (15) et fentes par ladite sortie de fluids (13), chaque paire de
verticales (20). fils de crible verticaux adjacents (15) difinlssant une
fente de crible sensiblement verticale (20)   20   7. Appareil selon la
revendication 6, caractbrlsb en entre eux, l'ouverture de chaque fents de
crible     co que ledit crible (14) comportb plusieurs ele- verticale (20)
au niveau de la surface du crible     ments de crible cylindriques emplles
verticale- (14) qui est en amont dans le sens d'un bcoule-      ment (18,
19). ment de fluide A travers la colonne (10), en pas- sant a travers ledit
crible (14), eten sortant par la-  25   8. Appareil selon la revendication
6, caracterise en dite sortie (13) pendant le fonctionnement de la     ce
quo ledit crible (14) comport. pluselours 6i1- colonne (10), ayant une
largeur appropribe pour      ments de crible (18, 19) sous la formo de seg-
cribler les matieres solides du fluids qui sort et   ments courbes. ayant
une longueur qui est d'au moins dix fols sa largeur, ledit crible (14)
etant nettoye par le depla-  3o   9. Apparel selon lPune quelconque des
revendica- cement des matieres solides en particules lors-      tions I a
8, caracterlse en ce que la surface ou- que le lit de matieres solides en
particules est     verte totals dudit crible (14) est au moins le dou-
dbplacb pbriodiquement vers le bas, par impul-       ble de la section de
l'ouverture de la sortie de flui- sions, a travers la colonne (10).
de (13). 35 2. Apparell selon la revendication 1, caracterise en  10.
Apparell selon l'une quelconque des revendica- ce quo la largeur de chaque
fente respective des-    tions I A 9, caracterisb en ce quo la hauteur ver-
iJ       dites fentes verticales (20) au niveau de la surfa-  ticale dudit
crible (14) est d'environ un quart a ce amont dudit crible (14) est plus
etroite quo la   deux fols le diambtre Interieur de la colonne (10).
largeur de ladite fente respective (20) au niveau   40 de la surface aval
dudit crible (14).             11. Apparel selon l'une quelconque des
revendica- tions I A 10, caracterisb en ce quo la surface ou- 3. Appareil
selon la revendication I ou la revendica-    verte totale du crible (14)
est de un dixieme A tion 2, caracterise en ce quo ladito colonne (10)
deux fois la section de la colonne (10). comporte une parol verticale
sensiblement cylin-  45 drique (17) et ence que [editcrible (14) est monte
12. Appareil selon l'une quelconque des revendica- de fagon adjacente a la
surface cylindrique inte-    tions I A 11, caracteirse en ce qu'il comport.
en rieure de ladite parol de colonne (IT) de tells sor-  outre des moyens
destines A faire passer ledit to quo la surface aval dudit crible (14) est
espa-   fluido a travers ladito colonne (10) sous une pres- cee vers
l'interieur de la surface cylindrique intb-  6o  sion de fonctionnement
elevee et destines A de- rieure de la parol de colonne (17).
placer periodiquement une matiere solids en par- ticules dane le sommet de
la colonne (10) veor Is 4. Appareil selon la revendication 3, caractbrisb
en     bas A travers la colonne (10), et vers l'exterieur A ce que ledit
crible (14) est sensiblement cyhindri-  travers le fond de la colonne (10),
tout en faisant quo et est montb de maniere sensiblement  55         passer
continuellement ledit fluide A travers ladi- concentrique A linterieur de
ladite colonne cylin-   te colonne (10) sous ladito presslon de fonction-
drique (10) de tello sorto qu'un vide annulaire      nement blevse. (16)
est formb entre ledit crible (14) et la surface 9                 ~
~~~~~~~~~I II~lIll! iI1111I1I~ Il1  liii! II I!Il   
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traitement en continu d'une matiere solide avec un fluide de traitement
sous haute presslon dans une colonne sensiblement vertica- le (10) A
travers laquelle se deplace en continu vers le haut un fluid. de traitement
a travers un   5 lit de matiere solide en particules dans ladite co- lonne
(10) et sort alors de la colonne (10) par une sortie de fluide (13) au
sommetde la colonne (10) et les matieres solides en particules sont
periodi- quement puls6es vers le bas a travers la colonne,  *o avec des
matibres solides fraiches p6riodique- ment Introduites au sommet de la
colonne (10) et des matibres Wolides tralt6es qui sont evacu6es par le fond
de la colonne (10), le fluids de traite- ment dans la colonne etant sous
ladite haute  16 pression pendant le fonctionnement de la colon- no;
caract6ris6 en co qu'il comporte en outre: le fait de pr6voir un crible
(14) dans ladite colonne (10), ledit crible comportant plusieurs f ils  20
de crible paralloles verticaux (15), ledit crible se trouvant dans ladite
colonne (10) de faon adja- cento a ladite sortie de fluide (13) et
positionn6 de tell. sorts que tout le flulde passant a travers la colonne
(10) passe A travers ledit crible (14) at  25 ensuite par ladite sortie de
fluid. (13), chaque paire de fils de crible paralleles verticaux adja-
cents (15) d6finissant une fente de crible sensl- blement verticale (20)
entre eux, I'ouverture de chaque fente de crible verticale (20) au niveau
de   3o la surface du crible (14) qul est en amont dans le sons d'un
ecoulement de fluide A travers la colon- ne (10) et en sortant par ladite
sortie (13) pendant le fonctionnement de la colonne (10), ayant une largeur
qul est congue pour cribler les matieres  35 solides du flulds qui sort et
ayant une longueur qui est d'au molls dix fois sa largeur au niveau de la
surface amont, ledit crible (14) etant periodi- quement nettoy6 par le
dbplacement perodique des matieres solides en particules vers le basa   40
travers la colonne (10). 14. Procede selon la revendication 13, caracterise
en ce que lesdites matilres solides en particules comprennent des grains de
cafe.            45 15. Procede selon la revendication 14, caracterise en
ce quo lesdits grains de caM comprennent des grains de cafe verts et ledit
fluido est du dioxyde de carbons supercritique.                  50 1 0    


