
EP 0 331 852 B1 Description Technical Field 5     The present invention
relates to a method of extracting caffeine from green coffee beans with a
supercritical fluid. More particularly, the invention involves continuously
feeding an essentially caffeine-free supercritical fluid to one end of an
extraction vessel containing green coffee beans and continuously
withdrawing a caffeine-laden supercritical fluid from the opposite end. A
portion of decaffeinated beans is periodically discharged while a fresh
portion of undecaffeinated beans is essentially simultaneously charged 10
to the extraction vessel. Substantially all the caffeine is then removed
from the caffeine-laden supercritical fluid stream in a countercurrent
water absorber. The method of the present invention is more efficient and
produces a better quality decaffeinated coffee than prior art batch
processes. Background Art 15 Various coffee decaffeination methods are
well-known in the art. The most common techniques involve first swelling
the coffee beans with water and then extracting the caffeine with an
organic solvent or a caffeine-deficient solution of green coffee solubles
which solution is then itself contacted with a solvent to remove the
caffeine therefrom. In either case, at least some of the solvent typically
contacts the beans, 20  leaving minute traces therein. The most useful
solvents are halogenated hydrocarbons, but it is becoming increasingly
desirable to avoid such solvents so as to leave the coffee free of any
trace solvent. One of the more promising, although costly, alternative
techniques is the use of a supercritical fluid, preferably supercritical
carbon dioxide, to extract the caffeine from green coffee beans. Such a
technique is disclosed in U.S. Pat. No. 4,260,639 to Zosel wherein green
coffee is contacted with water- moist 25  supercritical carbon dioxide in
order to extract the caffeine. The caffeine may be absorbed from the
caffeine-laden supercritical carbon dioxide by bubbling the carbon dioxide
through a water reservoir, said reservoir being replaced by fresh water
every 4 hours, as disclosed in U.S. Pat. No. 3,806,619 to Zosel. However,
such a recovery system is highly inefficient because the water reservoir
fails to provide a continuous driving force for caffeine recovery and the
periodic replacement of the reservoir results in an 30  undesirable
discontinuity in the process. In still another technique, disclosed in U.S.
Patent No. 4,247,570 to Zosel, the green coffee is mixed with a caffeine
adsorbent prior to contact of the coffee and the supercritical fluid. Then,
as the caffeine is extracted by the supercritical fluid, it is adsorbed by
the caffeine adsorbent, eliminating the need for a separate caffeine
removal step. The prior art methods are batch techniques which tend to be
less efficient than would be more nearly continuous methods. 35
DE-A-3532957 describes a reactor in which a granular feedstock is subjected
in a moving bed to a countercurrent extraction by a solvent which can be,
for example, supercritical carbon dioxide. However, the only specific
extraction mentioned is the extraction of rape oil from rape seed. It is an
object of the present invention to provide a more nearly continuous method
of extracting caffeine from green coffee beans with a supercritical fluid.
40     It is another object to produce a decaffeinated coffee of improved
quality by limiting the loss of non- caffeine solids during decaffeination.
Summary of the Invention 45     The present invention provides a method of
extracting caffeine from  green coffee, the method comprising: (a)
continuously feeding essentially caffeine-free supercritical carbon dioxide
containing non-caffeine solids and saturated with water to the lower end of
an elongate, substantially vertical extraction vessel containing green
coffee beans having a moisture content of 25 to 50% by weight, continuously
50    countercurrently contacting the supercritical carbon dioxide and the
green coffee beans in the extraction vessel to affect extraction of
caffeine from the coffee into the supercritical carbon dioxide, and
continuously withdrawing supercritical carbon dioxide containing caffeine
and non-caffeine solids from the upper end of the extraction vessel; (b)
discharging a portion of the coffee beans in the vessel from the lower end
of the extraction vessel, 55    the discharged portion comprising
decaffeinated coffee beans; (c) moving the remaining coffee beans
downwardly in the extraction vessel to an extent corresponding
substantially to the amount of decaffeinated coffee beans discharged from
the extraction vessel; 2    



EP 0 331 852 B1 (d) introducing moist green coffee beans having a moisture
content of 25 to 50% by weight into the upper end of the extraction vessel
in an amount corresponding substantially to the amount of decaf- feinated
coffee beans discharged from the extraction vessel; (e) maintaining the
temperature in the extraction vessel at from 80 [err] C to 140 [err C; 5
(f) feeding the supercritical carbon dioxide containing caffeine and
non-caffeine solids withdrawn from the upper end of the extraction vessel
to an absorber; (g) continuously countercurrently contacting the
supercritical carbon dioxide containing caffeine and non- caffeine solids
with water in the absorber at a temperature and pressure substantially the
same as in the extraction vessel to extract substantially all of the
caffeine contained in the supercritical carbon dioxide 10    but extracting
no appreciable amount of said non-caffeine solids therefrom; (h)
withdrawing caffeine-laden water from the absorber; (i) withdrawing
substantially caffeine-free supercritical carbon dioxide containing
non-caffeine solids from said absorber; U) recycling the substantially
caffeine-free supercritical carbon dioxide containing non-caffeine solids
to 15   the lower end of the extraction vessel as required by step (a); and
(k) periodically repeating steps (b), (c) and (d) while carrying out steps
(a) and (e) to (j) to effect extraction of caffeine from the green coffee
beans. Brief Description of the Drawings 20 The invention will now be
described further by way of example with reference to the drawings, in
which: Figure 1 is a schematic illustration showing an extraction vessel.
Figure 2 is a schematic illustration showing a system for decaffeinating
green coffee in an extraction vessel and recovering caffeine from the
caffeine solvent in a liquid absorber. 25 Detailed Description of the
Invention According to the present invention, caffeine is extracted from
the green coffee beans with a super- critical fluid. A supercritical fluid
is a fluid, typically one which is gaseous at ambient conditions, which is
30 maintained at a temperature above its critical temperature and at a
pressure above its critical pressure. Suitable supercritical fluids for use
in the present invention include carbon dioxide, nitrogen, nitrous oxide,
methane, ethylene, propane and propylene. Carbon dioxide, having a critical
temperature of 31 [err] C and a critical pressure of 72.8 atmospheres (7.38
MPa), is particularly preferred. Carbon dioxide is abundantly available,
relatively inexpensive, non-explosive and thoroughly safe for use in food
processing. The 35 supercritical fluids may be used either individually or
in combinations, as mixed supercritical solvents. In addition, a so-called
enhancer may be added to the supercritical fluid to improve the solvent
characteristics of the supercritical fluid. The most useful enhancers are
the low to medium boiling alcohols and esters. Typical enhancers include
methanol, ethanol and ethyl acetate. The enhancers may be added to the
essentially caffeine-free supercritical fluids at proportions of between
about 0.1% and 20.0% by weight. 40 The enhancers contemplated for use
herein at most typically not supercritical fluids at the disclosed
operating conditions but rather, the enhancers are simply dissolved in the
supercritical fluid, improving its solvent properties. In one embodiment
the chosen enhancer is combined with the essentially caffeine-free
supercritical fluid at the described proportions prior to feeding the
supercritical fluid to the extraction vessel. Alter- 45 natively, the
essentially caffeine-free supercritical fluid is fed to the extraction
vessel without the enhancer. The enhancer is then introduced into the
extraction vessel and thereby combined with the supercritical fluid at a
point at which the supercritical fluid has progressed through between
one-quarter and one-third of the length of the column. Operation in this
manner provides for some washing of the beans with enhancer-free
supercritical fluid so as to remove any residue of the enhancer from the
coffee beans. 50     The extraction vessels intended for use herein include
those which provide for efficient contact of the green coffee beans and the
supercritical fluid, and which are capable of withstanding the necessarily
elevated pressures involved with the use of supercritical fluids. The
preferred extraction vessel is an elongated column, having a length between
four and ten times the diameter, so that the green coffee beans are
maintained as a bed as the supercritical fluid passes therethrough. The
extraction vessel, particularly an 55 elongated column, is most typically
situated vertically so as to take advantage of gravity in providing the
movement of the beans through the vessel. Inasmuch as the supercritical
fluid extraction method is countercurrent, the end of the vessel from which
the decaffeinated coffee beans are discharged is also the end to which the
essentially caffeine-free 



3    EP 0 331 852 B1 supercritical fluid is fed, and the end of the vessel
to which the undecaffeinated green coffee is charged is also the end from
which the caffeine-laden fluid is withdrawn. For the vertical elongated
vessel, it is preferable to discharge the portion of decaffeinated coffee
from the bottom of the vessel so as to best use gravity in assisting the
movement of the green coffee through the column. The progression of the
green 5  coffee bed through the vessel arises from the periodic discharging
and charging of the portions of green coffee. When the portion of
decaffeinated green coffee is periodically discharged, the weight of the
coffee bed causes said bed to shift downward, with the void created at the
top of the column being filled by the portion of undecaffeinated coffee
which is simultaneously charged to the vessel. The net effect is the
progression of the green coffee charged to the extraction vessel downward
through the column whereupon 10 the decaffeinated coffee is eventually
discharged. Of course, it is not necessary to situate the column vertically
nor to discharge the decaffeinated green coffee from the bottom of the
vessel, but such a scheme is the most convenient, particularly with respect
to charging and discharging of the green coffee beans. In view of the high
pressures involved, the periodic charging and discharging of the coffee is
most easily accomplished through the use of intermediate pressure vessels
known as blow cases. Blow cases are 15 merely smaller pressure vessels of
about the same volume as the portions of coffee that are periodically
charged and discharged, and which are isolated on both ends by valves,
typically ball valves. A blow case is situated both immediately above and
below the extraction vessel and each connects therewith through one of the
valves. Prior to the time for the periodic charging and discharging, the
upper blow case (for the embodiment of a vertical elongated vessel) is
filled with the desired volume of beans, which blow case is 20 then
isolated. The remaining void space in the blow case is then filled with the
supercritical fluid so as to increase the pressure to that maintained in
the extraction vessel. When it is time for the periodic charging and
discharging, the valve connecting the lower and otherwise empty blow case
with the extraction vessel is opened. Similarly, the valve connecting the
upper blow case and the extraction vessel is opened, charging the
undecaffeinated coffee beans to the vessel. Both valves are then shut. The
upper blow case is 25 essentially empty but for a small amount of
supercritical fluid. The lower blow case contains the decaffeinated coffee
and some supercritical fluid. The supercritical fluid in the lower blow
case may be vented to a holding vessel or the upper blow case prior to
emptying the beans therefrom so as to conserve the costly fluid.
Alternatively, rotary locks of the sort known for use on pressure vessels
may be used to provide smoother, more easily automated operation. However,
such rotary locks tend to be more mechani- 30 cally complex, costing more
initially and generally requiring more maintenance. The discharging of the
portion of decaffeinated green coffee beans and charging of the portion of
undecaffeinated beans is carried out periodically, after a period of time
established as hereinbelow described. The portion of decaffeinated beans
periodically discharged most preferably ranges between 5% and 33% of the
volume of the green coffee contained in the extraction vessel. Similarly,
the portion of 35 undecaffeinated coffee beans periodically charged to the
vessel is also measured as against the volume of the coffee bed. A height
about equal to the portion of discharged decaffeinated beans is
simultaneously charged to the opposite end, usually the top, of the
elongated vessel. For instance, if 15% of the volume of the green coffee
bed is discharged, the equivalent 15% of the volume is then simultaneously
charged to the vessel as undecaffeinated green coffee beans. 40
Particular operating conditions are obviously related to the configuration
of a given system, but the invention is most preferably operated so as to
maximize productivity while providing sufficient decaffeination of the
green beans, from which it is typically desired to extract at least 97% of
the caffeine initially present. Two of the more important operating
conditions are the weight ratio of supercritical fluid to coffee and the
frequency of the periodic discharging and charging of the coffee beans.
There are competing aims in 45 choosing the optimal weight ratio. It is, of
course, preferable to use the least possible amount of the supercritical
fluid so as to minimize operating expense. However, use of an insufficient
amount of the fluid impairs productivity and raises the caffeine
concentration of the caffeine-laden supercritical fluid to its maximum
obtainable level prior to reaching the desired level of decaffeination,
thereby eliminating the overall driving force for the extraction of
caffeine from the green coffee beans. It has been found that the 50 weight
ratio of supercritical fluid to coffee is most preferably between 30 and
100 kg. supercritical fluid/kg. coffee processed through the vessel. The
frequency of the periodic charging and discharging is also a significant
operating condition related 



to decaffeination efficiency. It is desirable to maximize productivity but
it is also important to extract the desired amount of caffeine from the
beans and so the frequency of the discharging and charging must be 55
balanced between the two objects. The most preferable frequency will depend
on a given system, but it has been found that the portions of substantially
decaffeinated coffee beans are conveniently discharged between every 10 and
120 minutes. Considering that the charging of the portion of
undecaffeinated green coffee beans is most preferably concurrent with the
discharging of the beans, the frequency of the charging 4    EP 0 331 862
B1 of the portions of undecaffeinated beans is also between every 10 and
120 minutes. The total residence time of the green coffee beans in the
extraction vessel is established by the frequency of the periodic
discharging and charging in addition to the size of the portion
periodically discharged and charged. Thus, if 15% of the volume of an
elongated column is discharged (and the corresponding portion charged)
every 54 5  minutes, the total residence time of the beans in the vessel is
6 hours. According to the limits hereinbefore set, the total residence time
of the green coffee beans in the elongated vessel is between about 2 and 13
hours. In addition, the temperature and pressure maintained in the
extraction vessel are also significant operating variables because both
temperature and pressure must be above the critical constants so as to 10
give the supercritical fluid. Although there is no corresponding upper
limit on the temperature or pressure, the temperature should not be so high
as to damage the quality of the beans nor the pressure so high as to
require excessively expensive equipment. The green beans are sensitive to
the effects of temperature with different types of beans having varying
degrees of tolerance for increased temperature. A temperature in excess of
about 100 * C may tend to degrade the flavor of some green bean types. The
rate of is  decaffeination, though, is favored by a relatively high
temperature and so it is not desirable to feed the supercritical fluid to
the vessel precisely at the critical temperature. It is preferable to
maintain the temperature in the extraction vessel between [err], and more
preferable to maintain the temperature between 80[err]C and 100 C,
depending on the green bean tolerance to temperature. The pressure in the
vessel must be maintained at at least the critical pressure in order to
provide for the 20  supercritical fluid. It has long been known that
increasing pressure increases the solvent capacity of the supercritical
fluid. However, a point is reached, typically at around 400 atmospheres
(40.5 MPa), where the increased capacity does not justify the added expense
of maintaining such pressures. It may be desirable to introduce moisture
into the system to facilitate decaffeination. The undecaf- feinated green
coffee beans may be moisturized prior to charging the beans through the
extraction vessel, 25  solubilizing the caffeine contained in the beans,
thereby making the solubilized caffeine more easily extractable. The
undecaffeinated beans are typically moisturized to between 25% and 50% by
weight moisture. In addition, the essentially caffeine-free supercritical
fluid may be saturated with water prior to being fed to the extraction
vessel. Such saturation of a supercritical fluid is typically between 1%
and 3% by weight moisture. Decaffeination efficiency is thus increased by
introducing moisture into the system. 30     It has been found according to
the present invention that countercurrent operation of the supercritical
fluid caffeine extraction step achieves an improved decaffeination
efficiency and allows the production of a decaffeinated coffee of improved
quality over prior art systems. The contact of a supercritical fluid with
caffeine-containing green coffee beans results in a partitioning of
caffeine between the fluid and the beans regardless of the system design.
It is, of course, desirable to partition as much caffeine from the beans
into 35  the fluid as is possible. However, said partitioning is limited by
the relative solubility of the caffeine in the supercritical fluid versus
its solubility in the green coffee bean. A partition coefficient may be
calculated based on experimental measurements at a given set of conditions,
said partition coefficient being defined as the concentration of caffeine
in the supercritical fluid divided by the concentration of caffeine in the
green coffee beans, at an equilibrium point. The conditions which generally
effect a partition coefficient include 40 temperature, pressure, and
moisture level of the green beans. For example, the partition coefficient
for supercritical CO2 as a caffeine solvent for green coffee beans has been
calculated to be 0.026 at a temperature of about 85[err]C, a pressure of
about 250 bar (25 MPa), and a green bean moisture level of about 35 to 40%
by weight. It has been found that the continuous countercurrent system of
the present invention offers a 45  tremendous advantage over prior art
batch systems because the caffeine-laden supercritical fluid, just before
it exits the extraction vessel, is then in contact with fresh green coffee
beans having the green 



coffee's naturally occurring caffeine level. The naturally occurring
caffeine level differs depending on the type of green beans being
decaffeinated. For example, Robusta coffees typically have a caffeine level
of about 2.0% by weight whereas Colombian coffees are typically about 1.1%
by weight caffeine, as is. so  Because the exiting supercritical fluid is
in contact with fresh green beans, the caffeine concentration in the
exiting supercritical fluid increases to its asymptotic limit, or nearly
thereto, based on the caffeine partition coefficient for the given fluid.
It has been found that with counter-current operation the caffeine
concentra- tion in the supercritical fluid exiting the extraction column is
typically at least 50% of the maximum obtainable caffeine concentration and
preferably at least 70% of the maximum obtainable caffeine con- 55
centration, the maximum obtainable caffeine concentration being defined by
the partition coefficient and the naturally occurring caffeine level in the
green coffee being decaffeinated. Such a high caffeine concentration is
very desirable because it reflects an efficient decaffeination system and
it enables efficient recovery of the caffeine from the supercritical fluid
as a valuable by-product. 5    EP 0 331 852 B1 In a batch system, however,
as caffeine is partitioned from the green coffee beans contained therein,
the maximum caffeine concentration obtainable in the supercritical fluid
drops dramatically. Thus, a much larger amount of supercritical fluid is
necessary in a batch system as compared to the countercurrent extraction
system of the present invention to achieve the same degree of
decaffeination. For example, to achieve 97%  decaffeination of green coffee
with supercritical carbon dioxide, approximately 33 times as much carbon
dioxide is needed to decaffeinate the beans in a batch system  as compared
to the countercurrent system of the present invention. Further, the
caffeine concentration of the caffeine-laden supercritical carbon dioxide
exiting the countercurrent extraction system of the invention, said
extraction system containing Milds coffee beans, is on the order of 280 ppm
as compared to a batch system wherein 10  the carbon dioxide exits at a
caffeine concentration of about 8 ppm. This increased caffeine
concentration achieved by the countercurrent extraction of the invention is
particularly important in allowing efficient recovery of the caffeine from
the supercritical fluid. Several caffeine removal techniques are known in
the art. For example, the caffeine-laden supercritical. fluid may be passed
through an absorbent bed, such as a bed of activated carbon, to absorb the
caffeine. is  Alternatively, the caffeine may be recovered by lowering the
pressure of the caffeine-laden supercritical fluid so as to precipitate out
both the caffeine and any enhancer that might be used. However, it has been
found that supercritical fluids are not entirely selective for caffeine,
but rather typically extract both non-caffeine solids and caffeine. For
example, supercritical carbon dioxide typically extracts non-caffeine
solids and caffeine at a weight ratio of about 1.5:1 to 3:1 non-caffeine
solids to caffeine. Thus, if supercritical carbon 20  dioxide extracts
caffeine from green coffee so as to increase its caffeine concentration to
220 ppm, said fluid will also contain about 300 to 660 ppm non-caffeine
solids. It has been found that the two methods described above for caffeine
recovery, namely absorption and depressurization, fail to selectively
recover caffeine. Rather, non-caffeine solids which are important to the
flavor quality of coffee are lost from the supercritical fluid with the
caffeine during caffeine recovery. 25     According to the present
invention, the caffeine-laden supercritical fluid removed from the caffeine
extraction vessel is continuously fed to a countercurrent liquid absorber.
Continuous countercurrent liquid absorption systems are impractical and
uneconomical for use in prior art supercritical fluid decaffeination
systems because of the low caffeine concentration in the caffeine-laden
supercritical fluid exiting the batch extractor. However, not only is a
countercurrent absorber efficient and economical as used in the present 30
invention, but it has additionally been found that polar fluids exhibit an
excellent selectivity for caffeine when contacting caffeine-laden,
non-caffeine solids containing supercritical fluids. As such, as the
essentially caffeine-free supercritical fluid exits the absorber, it
typically contains very nearly the same level of non- caffeine solids as it
did upon entering the absorber. Thus, if this fluid is recycled to the
caffeine extraction vessel, it extracts no measurable amount of
non-caffeine solids from the green beans then being 35  decaffeinated. As a
result, the decaffeinated beans produced by the present invention are of a
better flavor quality. Additionally, the yield loss generally associated
with non-caffeine solids loss is eliminated by the process of the present
invention. According to the invention, the liquid absorber is operated
under supercritical conditions. Typically, the temperature and pressure
within the absorber are identical, or very nearly identical, to the
temperature and 40  pressure conditions in the extraction vessel. As
discussed hereinabove, the critical temperature and 



pressure will vary depending on the fluid employed. Absorber design is
considered to be well within the ordinary skill of one in the art.
Typically, the abosrber is operated with a packing selected from those
readily available in the art. Generally, the polar fluid is contacted with
the supercritical fluid at a weight ratio of 5:1 to 25:1, and typically
10:1 to 20:1, supercritical fluid to polar fluid. Water is the preferred
polar fluid 45  for use in the continuous countercurrent absorber of the
present invention. It is preferred that the polar fluid of the invention
removes at least 90% by weight of the caffeine contained in the
caffeine-laden supercritical fluid, and more preferably 95% of the caffeine
by weight. The invention is further described by reference to the figures.
Figure 1 shows a preferred embodiment of the caffeine extraction vessel. At
steady state conditions, the extraction vessel 5 is filled with a bed of 50
green coffee beans. An essentially caffeine-free supercritical fluid is fed
to the first end of the extraction vessel 6 and caffeine-containing
supercritical fluid is withdrawn from the second end of the extraction
vessel 4. Green coffee is periodically admitted through valve 1 into blow
case 2. Valve 3 and 7 are simultaneously opened intermittently so as to
charge the green coffee from blow case 2 to the second end of the
extraction vessel 4 and discharge a portion of substantially decaffeinated
green coffee beans from the first end of the 55  extraction vessel 6 to
blow case 8. Valves 3 and 7 are then closed. Valve 9 is then opened to
discharge the substantially decaffeinated green coffee from blow case 8.
Additional green coffee is admitted through valve 1 into blow case 2 and
the procedure is repeated. 6    EP 0 331 852 B1 Figure 2 is a schematic
illustration of a decaffeination system according to the invention wherein
green coffee (12) is fed to an extraction vessel (10) and is removed
therefrom as decaffeinated green coffee (14). An essentially caffeine-free
supercritical fluid is fed countercurrently to the green beans as stream 16
into the extraction vessel, and exiting as a caffeine-laden fluid stream
(18). The caffeine-laden stream (18) is 5  then fed to a water absorber
(20) and exits as an essentially caffeine-free supercritical fluid stream
(16). Countercurrently, water is fed as stream 22 to the water absorber and
exits as an aqueous caffeine- containing stream (24). Example 1 10 An
elongated pressure vessel having a height about five times its diameter was
loaded with 100% Colombian green coffee which was prewet to a moisture of
about 30% to 40% by weight. Approximately 120 pounds (54.4 kg) of green
coffee were contained in the pressure vessel. To the bottom of the pressure
vessel was continuously fed essentially caffeine-free supercritical carbon
dioxide at a pressure of about 250 15 atm. (25.3 MPa) and a temperature of
about 130[err] C. The carbon dioxide extracted caffeine and non-caffeine
solids from the green coffee as it moved upwardly through the pressure
vessel. The caffeine-laden supercritical carbon dioxide which also
contained non-caffeine solids continuously exited the top of the pressure
vessel. Each nineteen minutes, approximately 10% of the volume of the
coffee bed was discharged into a bottom blow case while the same volume of
prewet Colombian coffee was simultaneously 20 charged from a previously
loaded top blow case into the top of the pressure vessel. The total
residence time of the green coffee in the pressure vessel was about 3
hours. The weight ratio of supercritical carbon dioxide to coffee was about
50 kg. carbon dioxide/kg. coffee. The caffeine partition coefficient for
super-critical carbon dioxide and green coffee beans has been measured to
be about 0.026 at these operating conditions. The average caffeine
concentration for 25  Colombian Milds coffee is about 1.22% by weight on a
dry basis or about 1.08% by weight as is. Thus, the maximum obtainable
caffeine concentration in the supercritical carbon dioxide is about 280
ppm. The caffeine-laden supercritical carbon dioxide exiting the top of the
pressure vessel was found to have a caffeine concentration of about 200
ppm, or about 71% of the maximum obtainable caffeine concentration. The
caffeine-laden supercritical carbon dioxide was also found to contain about
350 ppm non-caffeine 30 solids. the coffee discharged to the bottom blow
case was found to be at least 97% decaffeinated by weight. Example 2 35
The caffeine-laden supercritical carbon dioxide from Example 1 was
continuously fed to the bottom of an absorber measuring 4.3 inches (110 mm)
in diameter, 40 feet (12 m) in height, and with 32 feet (9.8 m) packing
height. The carbon dioxide was fed at a rate of 1350 lbs/hr (170.1
gs[err]). Water was fed to the top of the absorber at a rate of 110 to 120
lbs/hr (13.9 to 15.1 gs[err]). The absorber was operated at a pressure 



of about 250 atm. (25.3 MPa) and a temperature of about 130 [err]C. The
following Table demonstrates the 40 excellent selectivity for caffeine
exhibited by the water, yielding a caffeine purity of about 88%. TABLE 45
Rate (lb hre[rr]) Caffeine Conc. (PPM) Non-Caffeine Solids Conc. (PPM) CO2
Feed To Absorber         1350/170.1         200                    348 CO2
Exit From Absorber       1350/170.1          19                    332
Water Feed To Absorber  110-120/13.9-15.1         0
171* Water Exit From Absorber 110-120/13.9-15.1     2,450
340* 50   *Includes 171 ppm non-caffeine solids attributable to hardness of
water. The essentially caffeine-free supercritical carbon dioxide exiting
the abosrber was recycled to the extraction vessel of Example 1. The
decaffeinated green coffee beans produced by recycling the essentially 55
caffeine-free carbon dioxide containing non-caffeine solids was used to
prepare a coffee brew (A). A control coffee brew (B) was prepared from
identical beans decaffeinated with supercritical carbon dioxide which was
essentially free of carbon dixoide and non-caffeine solids. This
supercritical carbon dioxide stream had passed through an activated carbon
bed which had adsorbed caffeine and non-caffeine solids from a 7    EP 0
331 852 B1 caffeine-laden supercritical carbon dioxide stream generated by
the process of Example 1. Coffee brew A was judged by a panel of expert
coffee tasters to be of superior flavor quality as compared to coffee brew
B. The improved flavor quality of brew A was attributed to the presence of
non-caffeine solids in the recycled carbon dioxide which prevented the loss
of valuable flavor compounds from the green beans 5  during decaffeination.
Claims 1. A method of extracting caffeine from green coffee, the method
comprising: 10       (a) continuously feeding essentially caffeine-free
supercritical carbon dioxide (6; 16) containing non- caffeine solids and
saturated with water to the lower end of an elongate, substantially
vertical extraction vessel (5; 10) containing green coffee beans having a
moisture content of 25 to 50% by weight, continuously countercurrently
contacting the supercritical carbon dioxide and the green coffee beans in
the extraction vessel to affect extraction of caffeine from the coffee into
the 15       supercritical carbon dioxide, and continuously withdrawing
supercritical carbon dioxide (4; 18) containing caffeine and non-caffeine
solids from the upper end of the extraction vessel; (b) discharging a
portion of the coffee beans in the vessel from the lower end (7, 8, 9; 14)
of the extraction vessel, the discharged portion comprising decaffeinated
coffee beans; (c) moving the remaining coffee beans downwardly in the
extraction vessel to an extent correspond- 20       ing substantially to
the amount of decaffeinated coffee beans discharged from the extraction
vessel; (d) introducing moist green coffee beans having a moisture content
of 25 to 50% by weight into the upper end of the extraction vessel in an
amount corresponding substantially to the amount of decaffeinated coffee
beans discharged from the extraction vessel; (e) maintaining the
temperature in the extraction vessel at from 80 [err] C to 140 [err] C; 25
(f) feeding the supercritical carbon dioxide (4; 18)containing caffeine and
non-caffeine solids withdrawn from the upper end of the extraction vessel
to an absorber (20); (g) continuously countercurrently contacting the
supercritical carbon dioxide containing caffeine and non-caffeine solids
with water (22) in the absorber at a temperature and pressure substantially
the same as in the extraction vessel to extract substantially all of the
caffeine contained in the 30        supercritical carbon dioxide but
extracting no appreciable amount of said non-caffeine solids therefrom; (h)
withdrawing caffeine-laden water (24) from the absorber; (i) withdrawing
substantially caffeine-free supercritical carbon dioxide (16) containing
non-caffeine solids from said absorber; 35        (j) recycling the
substantially caffeine-free supercritical carbon dioxide containing
non-caffeine solids to the lower end of the extraction vessel as required
by step (a); and (k) periodically repeating steps (b), (c) and (d) while
carrying out steps (a) and (e) to (j) to effect extraction of caffeine from
the green coffee beans. 40  2. A method according to claim 1, wherein in
step (a) the caffeine concentration in the supercritical carbon 



dioxide withdrawn from the upper end of the extraction vessel is at least
50% of the maximum obtainable caffeine concentration, the maximum
obtainable caffeine concentration being defined by the caffeine partition
coefficient for the supercritical carbon dioxide. 45  3. A method according
to claim 2, wherein the caffeine concentration is at least 70% of the
maximum. 4. A method according to any preceding claim, wherein the amount
of coffee beans discharged from and introduced into the extraction vessel
(5; 10) is between 5 and 33% of the volume of the coffee beans contained in
the extraction vessel. 50 5. A method according to any preceding claim,
wherein the discharging of coffee beans from and the introducing of coffee
beans into the extraction vessel (5; 10) are carried out between every 10
minutes and 120 minutes. 55  6. A method according to any preceding claim,
wherein the weight ratio of supercritical carbon dioxide to coffee beans is
between 30 and 100 kg supercritical carbon dioxide/kg coffee. 8
caffeine-laden supercritical carbon dioxide stream generated by the process
of Example 1. Coffee brew A was judged by a panel of expert coffee tasters
to be of superior flavor quality as compared to coffee brew B. The improved
flavor quality of brew A was attributed to the presence of non-caffeine
solids in the recycled carbon dioxide which prevented the loss of valuable
flavor compounds from the green beans 5  during decaffeination. Claims 1. A
method of extracting caffeine from green coffee, the method comprising: 10
(a) continuously feeding essentially caffeine-free supercritical carbon
dioxide (6; 16) containing non- caffeine solids and saturated with water to
the lower end of an elongate, substantially vertical extraction vessel (5;
10) containing green coffee beans having a moisture content of 25 to 50% by
weight, continuously countercurrently contacting the supercritical carbon
dioxide and the green coffee beans in the extraction vessel to affect
extraction of caffeine from the coffee into the 15       supercritical
carbon dioxide, and continuously withdrawing supercritical carbon dioxide
(4; 18) containing caffeine and non-caffeine solids from the upper end of
the extraction vessel; (b) discharging a portion of the coffee beans in the
vessel from the lower end (7, 8, 9; 14) of the extraction vessel, the
discharged portion comprising decaffeinated coffee beans; (c) moving the
remaining coffee beans downwardly in the extraction vessel to an extent
correspond- 20        ing substantially to the amount of decaffeinated
coffee beans discharged from the extraction vessel; (d) introducing moist
green coffee beans having a moisture content of 25 to 50% by weight into
the upper end of the extraction vessel in an amount corresponding
substantially to the amount of decaffeinated coffee beans discharged from
the extraction vessel; (e) maintaining the temperature in the extraction
vessel at from [err] 25       (f) feeding the supercritical carbon dioxide
(4; 1 8)containing caffeine and non-caffeine solids withdrawn from the
upper end of the extraction vessel to an absorber (20); (g) continuously
countercurrently contacting the supercritical carbon dioxide containing
caffeine and non-caffeine solids with water (22) in the absorber at a
temperature and pressure substantially the same as in the extraction vessel
to extract substantially all of the caffeine contained in the 30
supercritical carbon dioxide but extracting no appreciable amount of said
non-caffeine solids therefrom; (h) withdrawing caffeine-laden water (24)
from the absorber; (i) withdrawing substantially caffeine-free
supercritical carbon dioxide (16) containing non-caffeine solids from said
absorber; 35        (j) recycling the substantially caffeine-free
supercritical carbon dioxide containing non-caffeine solids to the lower
end of the extraction vessel as required by step (a); and (k) periodically
repeating steps (b), (c) and (d) while carrying out steps (a) and (e) to 0)
to effect extraction of caffeine from the green coffee beans. 40 2. A
method according to claim 1, wherein in step (a) the caffeine concentration
in the supercritical carbon dioxide withdrawn from the upper end of the
extraction vessel is at least 50% of the maximum obtainable caffeine
concentration, the maximum obtainable caffeine concentration being defined
by the caffeine partition coefficient for the supercritical carbon dioxide.



45  3. A method according to claim 2, wherein the caffeine concentration is
at least 70% of the maximum. 4. A method according to any preceding claim,
wherein the amount of coffee beans discharged from and introduced into the
extraction vessel (5; 10) is between 5 and 33% of the volume of the coffee
beans contained in the extraction vessel. 50 5. A method according to any
preceding claim, wherein the discharging of coffee beans from and the
introducing of coffee beans into the extraction vessel (5; 10) are carried
out between every 10 minutes and 120 minutes. 55  6. A method according to
any preceding claim, wherein the weight ratio of supercritical carbon
dioxide to coffee beans is between 30 and 100 kg supercritical carbon
dioxide/kg coffee. 8    EP 0 331 852 B1 C   L   M   S * 7. A method
according to any preceding claim, wherein the discharging of coffee beans
from and the introducing of coffee beans into the extraction vessel (5; 10)
are carried out via blow cases (2, 8). 8. A method according to any
preceding claim, wherein an enhancer is combined with the caffeine-free 5
supercritical carbon dioxide prior to feeding the supercritical carbon
dioxide (6; 16) to the extraction vessel (5;10). 9. A method according to
any preceding claim, wherein in step (g) at least 90% of the caffeine and
less than 5% of the non-caffeine solids are transferred from the
supercritical carbon dioxide to the water. 10 10. A method according to any
preceding claim, including the step of recovering caffeine from the
caffeine- laden water (24) withdrawn from the absorber (20).
PatentansprUche 15 1. Verfahren zum Extrahieren von Koffein aus grtinem
Kaffee, bei dem man a) im wesentlichen koffeinfreies, Uberkritisches
Kohlendioxid (6;16), welches Nicht-Koffein-Festantei- le enthalt und mit
Wasser gesIttigt ist, kontinuierlich in das untere Ende eines langlichen,
im wesentlichen vertikalen ExtraktionsgefiBes (5; 10) einspeist, welches
grUne Kaffeebohnen mit einem 20        Feuchtigkeitsgehalt von 25 - 50
Gew.-% enthalt, das Uberkritische Kohlendioxid und die grtnen Kaffeebohnen
im ExtraktionsgafIB kontinuierlich gegenstrdmig kontaktiert, um Extraktion
von Koffein aus dem Kaffee in das Uberkritische Kohlendioxid zu bewirken,
und das Uberkritische Kohlendioxid (4; 18), welches Koffein und
Nicht-Koffein-Festanteile enthalt, kontinuierlich aus dem oberen Ende des
ExtraktionsgefiBes abzieht; 25        b) einen Teil der Kaffeebohnen im
GefaB aus dem unteren Ende (7,8,9; 14) des ExtraktionsgefBes austragt,
wobei der ausgetragene Teil entkoffeinierte Kaffeebohnen enthilt; c) die
verbleibenden Kaffeebohnen im ExtraktionsgaflB in einem AusmaB abwarts
bewegt, welches im wesentlichen der Menge der aus dem ExtraktionsgefaiB
ausgetragenen entkoffeinierten Kaffee- bohnen entspricht; 90        d)
feuchte grUne Kaffeebohnen mit einem Feuchtigkeitsgehalt von 25 bis 50
Gew.-% in das obere Ende des ExtraktonsgefaiBes in einer Menge einfUhrt,
die im wesentlichen der Menge der aus dem ExtraktionsgefaB ausgetragenen
entkoffeinierten Kaffeebohnen entspricht; e) die Temperatur im
ExtraktionsgefBfi bei 80 bis 140 * C halt; f) das aus dem oberen Ende des
Extraktionsgeflifes abgezogene, Uberkritische Kohlendioxid (4; 18), 35
welches Koffein und Nicht-Koffein-Festanteile enthalt, in einen Absorber
(20) einspeist; g) das Uberkritische Kohlendioxid, welches Koffein und
Nicht-Koffein-Festanteile enthalt, mit Wasser (22) im Absorber bei im
wesentlichen der gleichen Temperatur und dem gleichen Druck wie im
ExtraktionsgeflB kontinuierlich gegenstr6mig in Kontakt bringt, um im
wesentlichen das gesamte im Oberkritischen Kohlendioxid enthaltene Koffein
zu extrahieren, jedoch keine merklichen Mengen der >   40
Nicht-Koffein-Festanteile daraus zu extrahieren; h) des mit Koffein
beladene Wasser (24) aus dem Absorber abzieht; i) im wesentlichen
koffeinfreies, Uberkritisches Kohlendioxid (16), welches
Nicht-Koffein-Festanteile enthalt, aus dem Absorber abzieht; j) das im
wesentlichen koffeinfreie, Uberkritische Kohlendioxid, welches
Nicht-Koffein-Festanteile 



45        enthlilt, zum unteren Ende des ExtraktionsgefaBes rickfUhrt, wie
es durch Schritt (a) erforderlich ist; und k) die Schritte (b), (c) und (d)
beim Durchfflhren der Schritte (a) und (e) bis () periodisch wiederholt, um
die Extraktion von Koffein aus den grflnen Kaffeebohnen zu bewirken. 50  2.
Verfahren nach Anspruch 1, wobei in Schritt (a) die Koffeinkonzentration im
Uberkritischen Kohlendio- xid, welches aus dem oberen Ende des
ExtraktionsgefaBes abgezogen wird, mindestens 50 % der maximal erreichbaren
Koffeinkonzentration betragt, wobei die maximal erreichbare
Koffeinkonzentration definiert ist durch den Verteilungskoeffizienten von
Koffein fUr das Uberkritische Kohlendioxid. 85  3. Verfahren nach Anspruch
2, wobei die Koffeinkonzentration mindestens 70 % des Maximums betrdgt. 4.
Verfahren nach einem der vorhergehenden AnsprOche, wobei die Menge der
Kaffeebohnen, die aus dem ExtraktionsgefaB (5; 10) ausgetragen und in
dieses eingefUhrt werden, zwischen 5 und 33 % des 9    EP 0 331 852 Bi
I I!III 111111 11111 III II li * C   L   M   5 Volumens der im
ExtraktionsgefaB enthaltenen Kaffeebohnen betrogt. 5. Verfahren nach einem
der vorhergehenden Ansprtche, wobei man das Austragen der Kaffeebohnen aus
dem und das EinfUhren der Kaffeebonen in das ExtraktionsgefaB (5; 10) alle
10 bis 120 Minuten .      durchfUhrt. 6. Verfahren nach einem der
vorhergehenden Ansprlche, wobei das Gewichtsverhdltnis an Uberkritischem
Kohlendioxid zu Kaffeebohnenn zwischen 30 und 100 kg Uberkritisches
Kohlendioxid/kg Kaffee betrAgt. 10  7. Verfahren nach einem der
vorhorgehenden AnsprUche, wobei man das Austragen von Kaffeebohnen aus dem
und das Einfflhren von Kaffeebohnon in des ExtraktionsgofAB (5; 10) Uber
Druckbirnen (2, 8) durchfUhrt. &  Verfahron nach einem der vorhergehenden
Ansprlche, wobel man mit dem koffeinfrolon, Uberkritischen 15
Kohlendioxid einen Anreicherer kombiniert, bevor man das Oberkritische
Kohlendioxid (6; 16) in das ExtraktionsgefasB (5;10) einspeist. 9.
Verfahren nach einem der vorhergehenden AnsprOche, wobei man in Schritt (g)
mindestens 90 % des Koffeins und weniger als 5 % der
Nicht-Koffein-Festanteile vom aberkritischen Kohlendioxid in das 20
Wasser Uberf~hrt. K' 10. Verfahren nach einem der vorhorgehenden AnsprUche,
unter EinschluB des Schritts, daB man Koffein aus dem mit Koffein beladenen
Wasser (24) gewinnt, welches man aus dem Absorber (20 abzioht. 25
Revendications 1. Procdd4 d'extraction de cafdine de cafe vert, le proced6
comprenant les etapes consistent a: (a) introduire contintment du dioxyde
de carbone supercritique (6; 16) sensiblement exempt de cafeine, contonant
des matibres solides qui no sont pas de la cafeine at sature d'eau, &
I'extrdmit6 30       inferieure d'un r6cipient d'extraction (5; 10)
allonge, sensiblement vertical, contenant des grains de cafd vert ayant une
teneur en humidite comprise entre 25 at 50 % on poids, a mottre continOment
on contact a contre-courant le dioxyde de carbone supercritique et les
grains de cafe vert dans le recipient d'extraction pour proceder a
I'extraction de la cafdine du cafe par le dioxyde de carbone supercritique
et & retirer continOment le dioxyde de carbone supercritique (4; 18)
contenant de la 35       caffine ot des matieres solides qui no sont pas de
la cafeine, par l'extremite sup6rieure du recipient d'extraction; (b)
decharger une partie des grains de cafM se trouvant dans le rdcipient par
l'extremite inferieure (7, 8, 9; 14) du rdcipient d'extraction, la partie
dechargeo comprenant des grains de caFK decafin6s; (c) d6placer le resto
des grains de caM vers le bas dans le recipient d'extraction dans une
mesure J 40         correspondent sensiblement a la quantite de grains de
cafK d6caf6inds d6chargee du r6cipient d'extraction; (d) introduire des
grains de caK vert humides ayant une teneur en humidite comprise entre 25
et 50 % en poids dans la partie superioure du recipient d'extraction, en
une quantite correspondant sensiblement a la quantite de grains de caK
decafeines dechargde du r6cipient d'extraction; 45       (e) maintenir la
temperature dans le r~cipient d'extraction entre 80 * C et 140 ' C; (f)
introduire le dioxyde de carbone supercritique (4; 18) contenant de la
cafdine et des matieres solides qui ne sont pas de la caffine, retihe par
I'extremite superieure du r6cipient d'extraction, dans 



un appareil d'absorption (20); (g) mettre continOment en contact &
contre-courant le dioxyde de carbone supercritique contenant 50        de
la cafdine et des matibres solides qui ne sont pas de la cafeine avec de
I'eau (22) dans l'appareil d'absorption, a une temperature et une pression
sensiblement identiques a celles du recipient d'extraction, pour extraire
sonsiblement toute la cafeine contenue dans le dioxyde de carbone
supercritique, mais n'extraire qu'une quantit6 negligeable desdites
matibres solides qui no sont pas de la caf~ine; 55       (h) retirer I'eau
chargeo de caf6ine (24) de l'appareil d'absorption; (i) retirer le dioxyde
de carbone supercritique sonsiblement exempt de cafeine (16), contenant des
matieres solides qui no sont pas de la cafeine, dudit appareil
d'absorption; 10    EP 0 331 852 B1              11111111111 1l 1 III
11115 Ii I!; 0) recycler le dioxyde de carbone supercritique sensiblement
exempt de cafeine contonant des matibres solides qui ne sont pas de la
caf6ine a l'extr6mite infdrieure du recipient d'extraction comme exigd par
I'etape (a); et (k) repeter periodiquement les 6tapes (b), (c) et (d) en
proc6dant aux etapos (a) et (o) & () pour 5        procdder & l'extraction
de cafeine des grains de cafe vert. 2. Procedd solon la revendication 1,
dans loquel, A I'etape (a), la concentration de cafeine dans le dioxyde de
carbone supercritique retire par l'extremite sup6rieure du r6cipient
d'extraction est au moins egale & 50 % de la concentration maximale de
cafeine qu'il est possible d'obtenir, la concentration maximale 10     de
caf6ine qu'il est possible d'obtenir 6tant definie par le coefficient de
separation de ia cafeine pour le dioxyde de carbone supercritique. 3.
Procede solon la revendication 2, dans lequel la concentration de cafeine
est au moins 4gale a 70 % du maximum. 15 4. Procdd6 solon l'une quelconque
des revendications prdc6dentes, dans lequel la quantite de grains de cafe
d6charg~e du rdcipient d'extraction (5; 10) et introduite dans co dernier
est comprise entre 5 et 33 % du volume des grains de cafe contenus dans le
recipient d'extraction. 20 5. Procedd solon l'une quelconque des
revendications prec~dentes, caracterise en ce quo le decharge- ment de
grains de cafe du recipient d'extraction (5; 10) et l'introduction de
grains de cafe dans co dernior sont op~rds toutes les 10 min & toutes les
120 min. 6. Procede solon l'une quelconque des revendications prdcddentes,
dans lequel le rapport ponderal du 25     dioxyde de carbone supercritique
aux grains de cafe est compris entre 30 et 100 kg de dioxyde de carbone
supercritique/kg de cafM. 7. Proc6de solon l'une quelconque des
revendications prec6dentes, dans lequel le dechargement de grains de cafe
du r6cipient d'extraction (5; 10) et l'introduction de grains de cafe dans
co dernier sont 30     oper6s par l'intermediaire de caissons sous pression
(2, 8). 8. Procede solon l'une quelconque des revendications precedentes,
dans lequel un activateur est combin6 au dioxyde de carbone supercritique
exempt de cafeine avant l'introduction du dioxyde de carbone supercritique
(6; 16) dans le rEcipient d'extraction (5; 10). 35 9. Procedd selon l'une
quelconque des revendications precedentes, dans lequel au cours de I'etape
(g) au moins 90 % de la cafeine et moins de 5 % des matieres solides qui ne
sont pas de la cafeine sont transferes du dioxyde de carbone suporcritique
a l'eau. K   40  10. Procede solon l'une quelconque des revendications
precedentes, comprenant l'etape consistant A recuperer la cafeine dans
l'eau chargee de cafeine (24) retiree de l'appareil d'absorption (20). 45
50 55    


