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@ Process and apparatus for the treatment of material such as tobacco.

@ Process and apparatus for the treatment of to-
bacco material and other biological materials in-
cludes a mechanism comprising a dynamic seal
having components (120,122) having cooperating
movable surfaces for sealing a treatment chamber
(50) that substantially prevents the passage of fluid
at the treatment chamber pressure during movement

of the components for introducing material into and
removing material from the chamber. The seal com-
ponents preferably comprise advanced structural ce-
ramic components having a hardness of at least 800
kg/mm? and a flainess of at least 70 microinches
(1.8 micrometres). The process is preferably con-
ducted at supercritical gaseous conditions.
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The present invention relates to a process and
apparatus for treating a material with a fluid, and in
particular, for changing the chemical and/or phys-
ical nature of that material under controlied pres-
sure and temperature conditions. Of particular in-
terest is a process and apparaius for treating a
tobacco material with a fluid at pressures greater
than ambient pressures.

Popular smoking articles, such as cigareites,
have a substantially cylindrical rod-shaped struc-
ture and include a charge of smokable material,
such as shreds or strands of tobacco material (i.e.,
in cut filler form), surrounded by a paper wrapper,
thereby forming a tobacco material rod. It has
become desirable to manufaciure a cigarette hav-
ing a cylindrical filter element aligned in an end-fo-
end relationship with the tobacco material rod.
Typically, a filter element includes cellulose acetate
tow circumscribed by plug wrap, and is attached fo
the tobacco material rod using a circumscribing
fipping material.

Tobacco material undergoes various process-
ing steps prior to the time that it is used for
cigarette manufacture. Oftentimes, a tobacco ma-
ferial is chemically and/or physically altered to
modify its flavor and smoking characteristics.

In certain circumstances, it may be desirable to
selectively remove substances, such as nicotine,
from a tobacco material. Various processes di-
rected toward removing nicotine from tobacco ma-
terial have been proposed. Many of such types of
processes are discussed in European Patent Ap-
plication Nos. 280817 and 323699, and in United
States Patent Nos. 4,153,063 to Roselius et al. and
4,744,375 to Denier et al.

In other circumstances it may be desirable to
increase the filling capacity of a tobacco material.

In particular, it may be desirable to decrease
the density of an aged tobacco material by expand-
ing the tobacco material thereby reducing the
weight of the tobacco material employed in the
manufacture of each cigarette. Many so-called ex-
pansion processes for increasing the filling capac-
ity of tobacco material are set forth in United States
Patent Nos. 3,524,451 to Fredrickson; 3,524,452 o
Moser et al; 3,683,937 to Fredrickson et al;
4,235,250 to Utsch: 4,791,942 to Rickett et al;
4,561,453 to Rothchild; and 4,531,529 to White et
al.

It would be desirable to provide a process and
apparatus for efficiently and effectively altering the
chemical and/or physical nature of a material, such
as a tobacco material, wherein a continual flow of
material can be continuously contacted with a treai-
ment fluid at pressures significantly above ambient
pressure.

The present invention provides a process and
an apparatus for treating a material by altering its
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character, and in particular, by altering the chemi-
cal and/or physical nature of a material. By altering
the chemical nature of a material is meant either i)
the removal of substances from or addition of sub-
stances to a material such as through, respectively,
extraction of substances or impregnation of sub-
stances, or ii) reactive change of substances in a
material brought about by contact with selected
reactants, heat, or pressure. By altering the phys-
ical nature of a material is meant the change in
form of treated material when compared to an
unireated material, such as expansion of the ma-
terial or even explosive shattering. As will be ex-
plained, the present invention includes altering the
chemical nature of a material without altering its
physical characteristics to a significant degree,
such as by way of specific example, through ex-
traction of cigarette cut filler or ammoniation of
cigarette cut filler. The present invention also in-
cludes altering the physical characteristics of ma-
terials without alitering the chemical characteristics
to a significant degree, such as by expanding ciga-
rette cut filler or disrupting the cell structure of
biological components. Finally, the present inven-
tion can be employed to combine a number of
freatments to alter both chemical and physical
characteristics of materials.

The present invention relates to an apparatus
for treating a material under controlled pressure
and temperature conditions. Such apparatus may
include a pressure chamber having a treatment
zone where the material to be treated is subjected
to controlied pressure and temperature conditions.
Typically, the material is contacted with a fluid
under controlled pressure and temperature con-
ditions different from ambient pressure and tem-
perature conditions.

In one aspect, the apparatus inciudes an input
mechanism for introducihg material to a pressure
chamber while the pressure and temperature of
fluid within the chamber is controlled. In another
aspect, the apparatus inciudes an output mecha-
nism, which can be similar to the input mechanism,
for removing material from a pressure chamber
while the pressure and temperature of fiuid within
the chamber is controlied. In preferred aspects of
the present invention, the pressure chamber is
maintained at controlled pressure conditions that
are significantly different from ambient pressure.

The input and output mechanisms may each
include a dynamic seal and provide, respectively,
for the passage of material into and out of the
pressure chamber without significant leakage of
fluid being experienced, either into or out of the
chamber. More specifically, each such dynamic
seal may comprise cooperating movable surfaces
of two components in intimate contact. The compo-
nents are provided from materials of sufficient
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hardness and mechanical strength and the contact-
ing surfaces of these components are finished {o a
flatness and smoothness to obtain a sufficiently low
coefficient of friction and to enable one surface to
move relative to the other (i) without significant
deformation under high compressive or clamping
forces, and (i) while preserving an area of contact
sufficiently great to prevent significant fluid leakage
between these surfaces.

Preferred dynamic seals can be used to effec-
tively seal pressure chambers maintained at pres-
sures greater than 50 psig (345 kPa), normally
greater than 100 psig (690 kPa), and even greater
than 1,000 psig (6900 KPa). For example, one
component of the input mechanism seal is fixed o
the input mechanism (e.g., using an adhesive or
brazing technique or other technique known to
those skilled in the art) so that fluid leakage be-
iween that mechanism and the seal component is
substantially eliminated. The other component of
the input mechanism seal is fixed to the pressure
chamber (e.g., using an adhesive or brazing tech-
nique or other technique known to those skilled in
the art) so that fluid leakage between the seal
component and the surface to which the seal com-
ponent is attached is substantially eliminated. The
two surfaces of the seal components, when in
sliding contact under a sufficient clamping force,
provide a dynamic seal located between the input

mechanism and the pressure chamber. Such a -

dynamic seal substantially prevents fluid leakage
between the contacting surfaces while providing for
the passage of material across a pressure bound-
ary and into the pressure chamber. Still more spe-
cifically, such surfaces can be provided by ad-
vanced structural ceramic materials, which most
preferably are in plate form.

The ouiput mechanism may include a seal
component of similar construction to that of the
input mechanism and that is in intimate contact
with a seal component fixed to the pressure cham-
ber. The two surfaces of these seal components,
when placed together under a sufficient clamping
force, provide a dynamic seal between the ouiput
mechanism and the pressure chamber. Such a
dynamic seal substantially prevents fluid leakage
between the contacting surfaces of the seal while
providing for the passage of material across a
pressure boundary and out of the pressure cham-
ber.

The present invention also relates o a process
for treating a material under controlled conditions
of pressure, which typically is a relatively high
pressure, although controlled conditions of low
pressure (e.g. vacuum conditions) are contemplat-
ed. In any event, the process of the present inven-
tion can be conducted at pressures significantly
different from ambient pressure. The process typi-
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cally includes the steps of introducing a material to
be treated through an input mechanism inio the
treatment zone of a pressure chamber, introducing
a treatment fluid into the chamber, and maintaining
the fluid under controlied conditions of pressure.
The process is capable of being conducted such
that treatment fluid is introduced into the pressure
chamber and maintained under controlled condi-
tions of pressure prior to and during the introduc-
tion of the material to be treated into the chamber.
Such a process desirably includes the use of a
pressure chamber having input and output mecha-
nisms of the type previously described. The input
and output mechanisms may be the same (e.g., the
material to be treated enters and the treated ma-
terial exits the chamber through a single mecha-
nism) or different (e.g., the material enters and
exits through separate input and oufput mecha-
nisms, respectively). Typically. maintaining the fluid
in the treatment zone under controlled conditions of
pressure includes introducing a fluid into and re-
moving a fluid from the chamber under controlled
pressure conditions such substantially stable con-
ditions of enhanced pressure. The process can be
conducted in either batch or continual modes.

In a specific continual process embodiment,
the material to be treated is continually introduced
into the pressure chamber maintained at controlled
pressure conditions through aligned apertures in a
dynamic seal comprising contacting component
surfaces of advanced structural ceramic materials.
These surfaces move relative to one another to
provide aligned apertures without significant fluid
leakage between the surfaces. By continual is
meant the regular, frequent, and recurrent introduc-
tion of discreet portions of material into or removal
of discreet portions of material from a freatment
chamber in which treatment of material occurs in a
continuous or uninterrupted fashion (i.e., material
remains in the pressure chamber while discreet
portions of material are introduced into the cham-
ber or removed therefrom).

In a specific baich embodiment, the material to
be treated is introduced into a pressure chamber at
uncontrolled, usually ambient, pressure conditions,
and sealed prior to the introduction of treatment
fiuid. Thereafter, the chamber is maintained at con-
trolled conditions of pressure employing a dynamic
seal comprising contacting surfaces of advanced
structural ceramic materials that are movable rela-
tive to one another without resulting in any signifi-
cant fluid leakage between those surfaces.

The process and apparatus of the present in-
vention are useful for processing a wide variety of
materials, inciuding biological materials such as
plant materials or others. The apparatus enables
these materials to be processed at a variety of
controlled temperature and pressure conditions.
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For example, controlled pressure conditions can
range from a constant pressure condition to con-
ditions of rapid pressure change. Of particular inter-
est is the processing of tobacco materials at con-
trolled pressure and temperature conditions. The
process of the present invention provides a manner
for promoting expansion of a material such as a
fobacco material, exiracting selected substances
from a material, impregnating a material with se-
lected substances, contacting a material with reac-
fants that change the composition of selected com-
ponents of that material, explosively disintegrating
the internal structure of a material to reduce its
particle size, and employing enhanced extraction
techniques of biological materials by using a cell
rupture technique. Also of particular interest is a
process for ireating a material such as tobacco
material in cut filler form, especially in a continual
manner, such that its form as cut filler is not
destroyed.

Certain preferred embodiments of the invention
will now be described by way of example and with
reference fo the accompanying drawings, in which:-

Figure 1 illustrates in partial longitudinal sec-
fion a side view of a representative apparatus of
the present invention for treating a continual flow of
a material, inciuding process flow diagrams for
treatment fluid and auxiliary equipment.

Figure 2 illustrates an enlarged transverse
section of the apparatus taken substantially along
line 2-2 of Figure 1.

Figure 3 iliustrates in partial longitudinal sec-
tion an eniarged portion of the apparatus entrance

mechanism of Figure 1 taken substantially along .

line 3-3 of Figure 2.

Figure 4 illustrates in a partial longitudinal
section an eniarged fragmentary portion of the in-
put mechanism of Figure 1 taken substantially
along line 4-4 of Figure 2.

Figure 5 illustrates in transverse section a
portion of an input mechanism for providing ma-
terial simultaneously to two treatment chambers,
taken along a section analogous to that of line 2-2
in Figure 1.

Figure 6 illustrates in a partial longitudinal
section a side portion of the input mechanism of
Figure 5 taken substantially along line 6-6.

Figure 7 illustraies a iransverse section of
the apparatus taken along line 7-7 of Figure 6.

Figures 8 and 10 illusirate the transverse
section of Figure 5 rotated through various posi-
tions that, together with Figure 5, illustrate loading
of material, discharge to a pressurized zone, and
recovery of pressurized fluid.

Figures 9 and 11 illustrate in longitudinal
sections side views of the apparatus depicted in
Figures 8 and 10, respectively.

Figure 12 illustrates in a partial longitudinal
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section a side view of a preferred apparatus of the
present invention for treating a continual flow of a
material, including flow diagrams for pressurized
fluid and auxiliary equipment.

Figure 13 illustrates in a partial longitudinat
section a side view of the input mechanism of the
embodiment illustrated in Figure 12, which is out of
the plane of Figure 12, and which is taken along
line 13-13 of Figure 12.

Figure 14 illustrates a transverse section tak-
en along line 14-14 of Figure 12.

Figure 15 illustrates in partial longitudinal
section a side view of a representative batch ap-
paratus of the present invention for treating ma-
terial in a batch mode.

Figure 16 illustrates a transverse section tak-
en substantially along line 16-16 of Figure 15.

Figure 17 illustrates a transverse section tak-
en substantially along line 17-17 of Figure 15.

Figures 18, 19, and 20 iliustrate the trans-
verse section of Figure 16 rotated through various
positions that illustrate together with Figure 16
loading of material, contacting the material with a
pressurized treatment fluid, recovery of the pres-
surized fiuid, and unloading of treated material.

Figure 21 illustrates in a longitudinal section
a view of the embodiment illustrated in Figures 15
through 20 taken along line 21-21 of Figure 19.

Figure 22 illustrates in a transverse section
analogous to that of Figure 16 another apparatus
for treating a material in a batch mode.

Figure 23 illustrates another transverse sec-
tion of the apparatus of Figure 22, analogous to
that of Figure 17.

Figure 24 illustrates in a longitudinal section
a portion of the apparatus of Figures 22 and 23.

Figure 25 illustrates in cross section a side
view of another representative apparatus of the
present invention for treating a continual flow of a
material.

The process and apparatus of the invention
can best be understood with reference to several
specific embodiments of the apparatus that are
illustrated in the drawings and have been adapted
fo perform specific processes. While the invention
will be so described, it should be understood that
the invention is not intended to be limited to the
embodiments illustrated in the drawings. On the
contrary, the invention includes all alternatives,
modifications, and equivalents that are apparent to
a person skilled in the art on reading this specifica-
fion.

Referring more particularly to the drawings,
Figures 1 through 4 iliustrate an apparatus 45 for
extracting substances from a continual flow of to-
bacco material 47 moving through an extraction
zone 49 of a pressure chamber 50 that is main-
tained at controlled conditions of high pressure. As
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illustrated in Figure 1, the apparatus includes a
high pressure freatment chamber 50; an input
mechanism 54 for receiving tobacco material at
ambient pressure from a tobacco material supply
mechanism 56, the input mechanism 54 continually
loading tobacco material into the high pressure
freatment chamber 50; an output mechanism 57 for
continually removing treated fobacco material 58
from the chamber; and a recovery zone 59 inio
which treated tobacco material is discharged from
output mechanism 57 and recovered for further
processing. The input and output mechanisms are
each of similar configuration. An associated fluid
flow system 60 acts to supply extraction solvent to
the treatment chamber and acts to withdraw
extract-laden solvent from that chamber. Also, a
fluid flow system 62 acts o supply heated fluid to
a heating jacket 66 surrounding exiraction zone 49
of pressure chamber 50 for maintaining a con-
trolied (e. g., constant) temperature within the
chamber.

Within exiraction zone 49 itobacco material 47
in the form of cut filler contacts pressurized extrac-
tion solvent. Jacket 66 surrounding extraction zone
48 provides for the flow of fluid to assist in main-
taining the extraction zone at the desired tempera-
ture. Suitable high pressure treatment chambers
and accompanying heating jackets are manufac-
tured from conventional materials such as stainless
steel. The construction and design of suitable pres-
sure chambers and accompanying heating jackets,
including selection of the proper gauge steel to use
for the pressure chamber, will be apparent to the
skilled artisan.

The fluid flow system 60 provides for the fiow
of pressurized exiraction solvent through the ex-
traction zone fo extract componenis from the fo-
bacco material. The extraction solvent is infroduced
into the interior of zone 49 through a conduit 70
and is withdrawn as extract-laden soivent through a
conduit 72. Conduit 72 includes a filter 74 made
from finemesh wire screen or other suitable ma-
terial near the point where conduit 72 is joined with
chamber 50 fo assist in preventing particles of

extracted tobacco material from being withdrawn

from the chamber along with extract-laden solvent.
By extracted tobacco material is meant that pottion
of the treated tobacco material that is insclubie in
the extraction solvent at the prevailing conditions of
pressure and temperature. In this preferred ar-
rangement, the flow of fluid is countercurrent to
that of the tobacco material, but the flow can effec-
tively be made co-current, if desired. Back-pres-
sure regulator 76, pressure regulators 78 and 80,
and a safety relief valve 82 act to avoid pressuriz-
ing the chamber beyond predetermined limits and

to maintain a continuous source of pressurized

solvent.
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Fluid flow system 60 as shown in Figure 1
further includes a source of gaseous solvent 84, a
source of low boiling liquid or liquified gas 86 with
a deep tube connection to assure the- introduction
of liquid phase into a pump 87, and a source of
normally liquid co-solvent 88. Exemplary co-soi-
vents include water, ammonia, an alcohol including
methanol, ethanol and propanol, or mixtures there-
of. Filters 89, 90, and 91 are respectively provided
for these solvent sources, as are a high pressure
compressor 92, high pressure liquid pump 87 and
an associated check valve 93 for ensuring fiuid flow
in one direction, and a metering pump 96 also
having an associated check valve 97 to ensure fluid
flow in one direction. The fluids obtained from
sources 84, 86, and 88 pass through a heat ex-
changer 98 and are filtered in a filter 100 prior to
entering extraction zone 49. Surge vessel 102 pro-
vides excess available volume of extraction solvent
to assist in reducing pressure fluctuations in exirac-
tion zone 49. The selection and operation of the
foregoing components will be readily apparent to
the skilled artisan.

System 60 also includes exiract separator 104
for separating tobacco material extract from solvent
and a solvent recovery system 106. Line 72 that
provides flow of exiract laden solvent to exiract
separator 104 optionally contains filter 107 to en-
sure that insoluble tobacco material particles pass-
ing through screen 74, if any, do not enter the
extract separator. Operation and fluid flow in sys-
tem 60 is more fully explained below. Those of
ordinary skill in the art of tobacco material process-
ing will recognize that the extract separator and
solvent recovery system typically contain, respec-
tively, various eguipment for separating solvent
from tobacco material extract, for purifying the sol-
vent by stripping it of any remaining extract, and
for repressurizing recovered solvent. Typically,
separation of tobacco material extract and solvent
are accomplished by cooling and/or reducing pres-
sure. Separations of tobacco material exiract from
solvent at liquid conditions are typically accom-
plished by the use of adsorbents. Adsorbents such
as molecular sieves are especially preferred, al-
though others are available. After tobacco material
extract and solvent are separated, the solvent can
be stripped of any remaining fobacco material ex-
tract to purify the solvent by any of the methods
known to those of ordinary skill in the art. Adsor-
bent separation using a charcoal adsorbent is pre-
ferred.

The fluid flow ‘system 62 shown in Figure 1
serves to maintain a constant temperature in the
exiraction zone 49, and includes a controlied {e.g.,
constant) temperature bath 110. Heated fluid such
as water or a silicon based heat transfer fluid from
bath 110 enters heating jacket 66 through a conduit
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112, and exits through a conduit 113, to maintain
tobacco material 47 and extraction solvent in ex-
traction zone 49 at a controlled temperature. Means
for heating the fluid and supplying the fluid to the
heating jacket will be apparent to the skilled arti-
san.

Referring again to Figure 1, tobacco material
47, which will typically be in the form of cut filler, is
introduced and withdrawn from pressure chamber
B0 at a steady rate and at conditions such as those
described above, while continuously maintaining
countercurrent flow of extraction solvent at the de-
sired high pressure conditions. Typically, extraction
processes for tobacco material that employ sol-
vents at supercritical conditions are conducted at
pressures of from about 450 psig (3100 kPa) to
about 6,000 psig (41400 kPa), depending on the
specific solvent selected and the extractable sub-
stances to be separated from the non-exiractable
substances of tobacco material. Generally, pres-
sures of from 1,100 (7580 kPa) up to about 2,000
psig (13800 kPa) are suitable for extracting sub-
stances using common solvents. Higher pressures
{e.g.. above 4,000 psig (27600 kPa) can be se-
lected for specific solvents and exiractable sub-
stances, if desired.

Discreet amounts of tobacco material 47 are
steadily introduced or otherwise conveyed to the
pressure chamber 50 through the input mechanism
54 and subsequently withdrawn or otherwise dis-
charged or removed from the chamber through
ouitput mechanism 57 of similar configuration.
These mechanisms operate so as to substantially
prevent significant fluid.leakage out of the pressure
chamber when the pressure chamber is pressur-
ized above ambient pressure. To accomplish this
result, the dynamic seal of the input mechanism
includes two plates 120 and 122, which are shown
enlarged in Figure 3, each having flat and smooth
finished surfaces that are in intimate contact. Typi-
cally, the plates are formed from advanced struc-
tural ceramic materials. The input mechanism sub-
jects the plates to a clamping or compressive force
sufficient to maintain a seal between the contaciing
plate surfaces such that fiuid leakage between the
two plates is substantially eliminated whether or not
the plates are in relative sliding movement.

Plate 120 is fixed to flange 121 of pressure
chamber 50 and defines apertures for the passage
of tobacco material, one of which is permanently
aligned with pressure chamber 50 to provide for
the passage of tobacco material into pressure
chamber 50. Plate 122 is fixed to a rotatable hous-
ing 123 and also defines apertures for the passage
of tobacco material.

Typically, plates formed from advanced struc-
tural ceramic materials may have a bending mo-
ment that can result in deflection of the plate when
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subjected to a force. Such defiection can result in
the inability of a chamber to retain a fluid under
controlled conditions of pressure and significant
leakage of fluid could occur. Accordingly, it is de-
sirable that the plate be supported to substantially
prevent this deflection or bending. In practice, the
plates are aftached to the surfaces of metal sup-
ports. The metal surface to which a component
made from advanced structural ceramic materials
is bound is matted to have a rough surface finish
for attachment. In practice, it has been found that
an Armstrong® epoxy adhesive set with a low
temperature (Type A-2) activator or hardener com-
pound and cured at approximately 130°F (54°C)
for about two hours provides a secure attachment.
Other epoxies, brazing techniques, and other tech-
niques known to those skilled in the art can also be
used to bond a plate made from advanced struc-
fural ceramic materials to a metal support. The
metal surface can be coated with a film of desired
thickness of advanced structural ceramic material.
Various coating methods can be applied for this
purpose including high temperature plasma coating
and others.

Plate 122 is slidable against plate 120, with or
without added lubrication, by rotating housing 123.
By rotating the housing, plates 120 and 122 define,
at selecied positions, aligned apertures for the pas-
sage of tobacco material from the supply 56 into
pressure chamber 50 without a significant fluid
leakage.

The clamping or compressive force applied to
plates 120 and 122, sealing pressure chamber 50
and hoiding housing 123 in pressure tight commu-
nication with high pressure treatment chamber 50,
is supplied by hydraulic ram 124 or other suitable
force exerting means. The dynamic seal provided
thereby is sufficient to minimize significant leakage
during conditions of normal use of the apparatus.
For purposes of the present invention, a dynamic
seal is the closure or union between the two in-
timately contacting surfaces of sufficient sealing
area of plates 120 and 122, one of which, plate
122, is movable. For purposes of the present in-
vention, leakage is the undesirable and gradual
escape of fluid from the apparatus, or entry of air
into the apparatus. This dynamic seal substantialiy
reduces or prevents the travel of fluid across the
closure. The force exerted by hydraulic ram 124 to
create such a seal provides at least a required
clamping force on plates 120 and 122. Required
clamping force can be defined as that minimum
compressive force necessary to substantially elimi-
nate a fluid leakage between the contacting sur-
faces of the plates. At any given pressure a re-
quired clamping force is therefore applied over a
minimum seal width or area of contact of the seal
surfaces to substantially prevent a fluid leakage,
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even during relative movement. To ensure that
plates made of advanced structural ceramic materi-
als are not displaced from their fixed positions on
the apparatus during unit operation, metal-retaining
rings surrounding each of the plates 120 and 122
are often desirable.

A conventional driving mechanism 125 for ro-
tating housing 123 includes annular gear 126,
which surrounds the housing and has teeth cut on
its outer surface, that engages driven pinion 127.
Motor 128 drives pinion 127 to rotate housing 123
and thereby rotates plate 122 fo align the apertures
in plates 120 and 122. Driving mechanism 125
rotates housing 123 and attached plate 122 about a
center post 132.

The driving mechanism 125 rotates the hous-
ing 123 to align apertures in plates 120 and 122 to
provide passages through which input- mechanism
54 receives tobacco material 47 from a supply
mechanism 56 an discharges that material into
treatment chamber 50. lnput mechanism 54 re-
ceives tobacco material 47 through aligned ap-
ertures in plates 120 and 122 at a location remote
from high pressure chamber 50. Supply mecha-
nism 56 includes tobacco material supply 134 that
supplies tobacco material 47 at ambient pressure
to input mechanism 54 through metering star vaive
136 and associated conduit 138. Skirted piston 139
in conduit 138 displaces the metered amount of
tobacco material through the aligned apertures in
plates 120 and 122.

Housing 123 of input mechanism 54 contains
cells or containers 150 for containing tobacco ma-
terial 47 received through the aligned apertures in
plates 120 and 122. As shown enlarged in Figure 3,
each of the cells contains a piston 152, Cells 150
can include a wear-resistant liner made from ad-
vanced structural ceramic materials, if desired.
Preferably, piston 152 is formed of porous ad-
vanced structural ceramic materials or supported
fine-mesh screen to allow pressure to equilibrate
on each side of the piston head surface while
preventing tobacco material from passing through
or around the piston. In this way, when a cell
loaded with tobacco material is rotated to commu-
nicate with pressure chamber 50, the piston 152
can displace tobacco material from the cell into the
chamber without working against the pressurized
fiuid.

Referring again to Figure 1, tobacco material
within pressure chamber 50 enters exiraction zone
49 and contacts the exiraction solvent under con-
trolied conditions of pressure and temperature. To-
bacco material remains in contact with solvent in
the extraction zone for a sufficient period of time to
enable a desired exiraction to take place. Extract-
laden solvent is continuously removed from exirac-
tion zone 49 through conduit 72 and is sent to
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extract separator 104 for recovery of tobacco ma-
terial extract. Tobacco material that is insoluble in
the solvent at the process conditions of tempera-
ture and pressure passes or is otherwise advanced
to the output end of chamber 50. At the output end
of chamber 50, tobacco material is continually re-
moved from the high pressure chamber by means
of output mechanism 57.

As seen in Figure 1, ouiput mechanism §7
operates analogously to input mechanism 54 to
remove tobacco material from the treatment cham-
ber and to discharge the tobacco material to a
recovery zone 59 at ambient pressure. Output
mechanism 57 contains parts similar to those of
input mechanism 54, and these are indicatedl by
the use of primes. For example, housing 123 of
output mechanism 57 is similar to housing 123 of
input mechanism 54. As shown in Figure 1, fo-
bacco material passes from pressure chamber 50
through aligned apertures in plates 120" and 122’
into a cell 150" that is contained in housing 123’ of
output mechanism 57 at position P’. When housing
123’ is rotated to align the cell with an aperture in
plate 120" remote from chamber 50, then piston
152" extends to discharge exiracted tobacco ma-
terial 58 into a separator 153 of recovery zone 59,
which is near ambient pressure. Extracted tobacco
material separates from remaining extraction sol-
vent and is recovered. The separated, remaining
exiraction solvent passes through conduit 154 to
solvent recovery system 106 o be used again.

Turning now to Figures 2, 3, and 4, which
illustrate additional details of the apparatus of Fig-
ure 1, plate 122, which is fixed to housing 123 of
input mechanism 54, has three apertures, which
are shown in Figure 2, for the passage of tobacco
material. The housing 123 contains three corre-
sponding celis 160 and associated pistons 152, two
of which are shown in Figure 3 and one of which is
shown in Figure 4, for containing tobacco material.
in Figures 1 and 3, the longitudinal section taken
through the input mechanism 54 illustrates cells
150 and pistons 152 at position L and P. Figure 4
illusirates a fragmentary longitudinal section taken
along a transverse radius at an angle of 120" to
the seciion of Figure 3, in which a cell 150 and
piston 152 are at position R. By rotating housing
123 of enirance means 54, these three cells suc-
cessively occupy the various basic index positions
L, P, and R: L for loading the cell with tobacco
material 47 from the supply 56 shown in Figure 1,
P for placing tobacco material 47 in the pressur-
ized chamber 50 shown in Figure 3, and R for
recovery of pressurized exiraction solvent that re-
mains in the cell after a load of tobacco material
has been placed in the chamber, which is shown in
Figure 4. Stationary plate 120, which is fixed to
flange 121 iocated at the input end of pressure
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chamber 50, defines two apertures each for the
passage of tobacco material, one at entrance posi-
tion L and one at pressurization position P, as
illustrated in Figures 1 and 3. A third aperiure at
recovery position R shown in Figure 4 is of a
smaller diameter of between about 1/16-in. (1.6mm)
and about 1-in. (25.4 mm) and provides for recov-
ery of pressurized exiraction solvent. Such a recov-
ery step is preferably practiced because a cell at
position P is in pressure tight communication with
chamber 50 and becomes filled with extraction
solvent. However, while pistons 152 load the to-
bacco material into chamber 50 as shown in Figure
3, they do not displace the pressurized extraction
solvent, which is allowed to remain in the cell.
Pressurized solvent that remains in the cell
after tobacco material is loaded into chamber &0 is
recovered through a conduit 160 as shown in Fig-
ure 4. The skilled artisan will recognize that pres-
surized solvent remaining in the cell can also be
recovered through a conduit communicating with
the cell through a side wall thereof. As shown in
Figure 1, filier 161 is provided in conduit 160 to
prevent remaining tobacco material 47 from enter-
ing the fluid flow system 60. Check valve 162 is
provided on line 160 o ensure fluid flow in one
direction. The recovered solvent can be sent either
fo the solvent recovery system 106 or the exiract
separator 104 depending on the concentration of
exiracted tobacco material contained therein. Flow
of solvent from a cell at position R to the solvent
recovery system 106 is illustrated in Figure 1.
Output mechanism 57, as shown in Figure 1,
contains features analogous to input mechanism 54
such as are discussed above and are illustrated in
Figures 2, 3, and 4. Regardlng output mechanism
57, a cell 150 at position P’ receives tobacco
material under conditions of pressure from cham-
ber 50. Housing 123’ rotates that cell containing
tobacco matenal under conditions of pressure to
position R'. Slmultaneously, an empty cell formerly
at position L' is rotated fo position P. At R the
pressure in the cell is reduced in a controlled
fashion in a manner similar to that described with
respect fo Figure 4. As the skilled artisan will
recognize, a screen or other suitable means similar
to that illustrated in Figure 21 is used to keep
exiracted tobacco material in the cell until depres-
surization is completed. Extraction fluid that leaves
the cell passes to the solvent recovery system
through conduit 154. After the pressure within the
cell has been reduced fo a suitable level, driving
mechanism 125 rotates the housing 123’ to cause
the cell at position R 1o occupy position L' where
extracted tobacco material 58 is discharged to low
pressure separator 153. By continually and syn-
chronously rotating the housings 123 and 123" at
the input 54 and output 57, respectively, tobacco
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material is processed while continually moving
through the chamber.

Turning now to a consideration of the process
dynamics, flow of tobacco material through the
system begins with loading system 56, as shown in
Figure 1. Loading system 56 provides tobacco ma-
terial 47 to a star valve 136 that meters a mea-
sured amount of tobacco material to loading con-
duit 138. The tobacco material has typically had its
moisture content adjusted to promote pliability
and/or extraction of selected components. A recip-
rocating skirted piston 139 in conduit 138 displaces
the metered tobacco material through apertures in
ceramic plates 120 and 122 into a tobacco material
loading cell 150 at index position L. As shown in
Figure 3, piston 152 within cell 150 at position L is
fully depressed to allow the cell to fill with tobacco
material 47. After filling, the driving mechanism
turns housing 123 to rotate the housing with at-
tached plate 122 {o align a tobacco material filled
cell, shown in Figure 3 in communication with the
pressure chamber at index position P, with the
aperture in ceramic plate 120. The aperture in
ceramic plate 120 communicates with chamber 50.
Simultaneously, another cell in the driving mecha-
nism aligns with the tobacco material supply sys-
tem 56 at index position L. Piston 152 then extends
1o load tobacco material into the pressure chamber
50 as shown in Figure 3. Other methods and com-
ponents for introducing tobacco material into the
chamber will be apparent to the skilled artisan.

Referring also to Figure 1, a cell 150 at posi-
tion P is shown aligned with an aperture in ceramic
plate 120 at the entrance to chamber 50. The cell
is in pressure-tight communication and material
communicable relation with the chamber, and the
pressure in the chamber remains substantially sta-
ble. By pressure communication is meant the un-
restricted flow of fluid (i.e., extraction solvent) from
the chamber into the cell such that the cell and
chamber are in pressure equilibrium. By material
communicable relation is meant the ability to trans-
fer a material (i.e., tobacco material) from a cell to
the treatment chamber. Any pressure variation is
acceptably low because the volume of the cell is
small compared to that of the chamber, a surge
vessel 102 sized for the volume of the chamber
reduces any fluctuations of pressure that might
occur, extraction solvent is continuously supplied to
the chamber to maintain the pressure through fluid
system 60, and the dynamic seal prevents signifi-
cant fluid leakage. A piston is illustrated in Figure 1
at index position P ready to discharge tobacco
material 47 from input mechanism 54 into high
pressure chamber 50. Other methods and compo-
nents for discharging tobacco material into the
chamber will be apparent to the skilled artisan.

Once the piston discharges tobacco material
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from a cell at position P into the chamber, housing
123 rotates to index the cell to position R. A cell
occupying position R at the input mechanism 54 is
illustrated in Figure 4. The pressure remaining in a
cell indexed to position R from position P is re-
duced and the discharged exiraction solvent is sent
to recovery system 106 through conduit 160. The
cell is then indexed to position L for loading of
tobacco material.

As the cells are filled with tobacco material,
and the pistons discharge these discreet portions
of tobacco material to the chamber, the tobacco
material advances through the extraction zone in
intimate contact with countercurrently flowing ex-
fraction solvent under pressure. At the output
mechanism 57, advancing discreet portions of to-
bacco material fill a cell in housing 128" shown at
output position P in pressure communication and
material communicable relation with chamber 50.
When filled, this cell is indexed to recovery position
R to reduce the pressure in the cell prior to
releasing the tobacco material therefrom. Unlike
cells in the input mechanism, a cell in the output
mechanism at position R contains tobacco ma-
terial, the tobacco material having just been loaded
into a cell 150 at previous index position P’. As
such, a certain amount of the tobacco material is
subjected to treaiment while a certain amount of
the tobacco material i) simultaneously is removed
from the chamber, and/or ii) simultaneously is intro-
duced into the chamber.

After pressure in a cell 150  at R is reduced to
the desired level, housing 123’ is turned to index
the cell to position L'. Extracted tobacco material
58 is shown in Figure 1 being discharged from a
cell at position L' into low-pressure separator 153,
which may include an ordinary separator such as a
cyclone, where the extracted tobacco material is
separated from remaining solvent. The separated
remaining solvent, which includes that released
from a cell 150 at position R', in the form of an
expanded gas, is discharged through the top of the
expansion zone through low pressure conduit 154
where it can be recovered, repressurized through
known means such as high pressure compression
or high pressure liquid pumping, which are part of
solvent recovery system 106, and returned to the
extraction chamber. While extraction solvent is con-
tinually discharged through conduits 72, 154 and
160, solvent is continually supplied through conduit
70 to exiraction chamber 50. Extracted tobacco
material 163 is discharged through the bottom of
separator 154, where it will be recovered for further
treatment, including reordering, if necessary. Con-
veyor 163 for transporting exiracted tobacco ma-
terial 47 is illustrated.

Depressurization at R’ can be carried out in a
stepwise fashion employing a means analogous to
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that illustrated for position R. If desired, the ex-
tracted tobacco material can be expanded during a
single depressurization step where an expansion
agent, for example, propane, is used as the extrac-
tant. In this event, the pressure is rapidly reduced
fo or near atmospheric pressure from a predeter-
mined higher pressure within a time period of less
than 10 minutes, preferably about 1 to 300 sec-
onds, optimally less than 10 seconds. It may siill
be necessary to conduct initial depressurization
stepwise to avoid degrading (e.g., shattering, ex-
ploding, creating fines, reducing size) of the to-
bacco material as a result of a large pressure drop.
Additionally, a post-expansion heating step may be
necessary to fix the tobacco material in expanded
condition.

It should be noted that a muititude of configura-
tions of the apparatus of this invention are en-
visioned that are capable of continually extracting a
flow of tobacco material and of maintaining sub-
stantially stable conditions of pressure in an extrac-
tion zone. For example, the input and ouiput means
need not be round. A kidney-shaped plate and
housing cross-section is useful. Rectangular plates
that linearly reciprocate are effective. Plates mov-
ing in a rotational path can accomplish input and
output of tobacco material with or without recipro-
cal movement. Advantageously, the input mecha-
nism 54 and output mechanism 57 will reciprocally
rotate to simplify operation of the apparatus. Es-
sentially any mechanism providing for sealing con-
fact between planar and non-planar regular sur-
faces in intimate contact and sliding movement
therebetween in connection with separate removal
of extract-laden solvent is useful for extracting to-
bacco material, continuously maintaining extraction
agent pressures, and for fransporting tobacco ma-
terial across a pressure boundary. Typically, ex-
traction agent pressures are from about 450 (3100)
to about 6,000 psig (41400 kPa) for supercritical
gas conditions and from about 20 (138) to about
1,000 psig (6900 kPa) or liquid conditions.

Turning now to Figures 5 through 11, the fig-
ures illustrate the input portion of an apparatus 164
similar to that shown in Figures 1 through 4. Ap-
paratus 164 includes input mechanism 54, as
shown in Figure 8, that simultaneously supplies two
high pressure ireatment chambers 50, which are
shown in Figure 9. Likewise, an output mechanism
discharges tobacco material from the two cham-
bers simultaneously. For supplying two chambers
simultaneously, ceramic plate 120, as shown in
Figure 7, defines four apertures for the passage of
tobacco material, one L and one P associated with
each chamber. Ceramic plate 122, as illustrated in
Figures 5, 6, and 8 through 11, defines two ap-
ertures, one for each chamber, that reciprocate
between index positions L and P for the chamber
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served. Recovery ports R, as shown in Figures 7
and 10, positioned between the L and P positions
for a single chamber provide for removal of solvent
from the cell after the tobacco material has been
placed in the chamber.

The apparatus operates in a manner analogous
to that previously described with reference io Fig-
ures 1 through 4. Tobacco material 47 is simulia-
neously loaded into two cells of the input ‘mecha-
nism 54 that are at index positions L as shown in
Figures 5 and 6. The housing 123 is indexed to
positions P as shown in Figures 8 and 9 where
tobacco material is discharged into the chambers
50. The housing reciprocates and reaches index
positions R for recovery of exiraction solvent from
the cells prior to returning to positions L, as shown
in Figures 10 and 11. Tobacco material can be
withdrawn simultaneously from the two treatment
chambers 50 in an analogous manner through an
output mechanism that is similar to the input
mechanism, as previously discussed in reference
o Figure 1.

Turning now to Figures 12 through 14, these
figures illustrate a preferred apparatus 45 for treat-
ing a flow of tobacco material moving continually
through a high pressure treatment chamber. This
apparatus is similar to that described above with
reference to Figure 1, and has been modified to
provide a screw conveyor 165 to assist in frans-
porting the tobacco material through the high pres-
sure treatment chamber. A motor 167 drives the
screw conveyor, preferably continuously at a rate
coordinated with the rate of continual flow of to-
bacco material into and out of chamber 50. Feed
and exit rates can be varied depending upon the
rate of the screw, residence or dwell fime, process
conditions, and size of the cells. The selection of
the configuration of the screw conveyor and of the
materials of which it is made will be apparent {o the
skilled artisan depending upon the particular pro-
cess to be conducted.

For the apparatus illustrated in Figure 12, the
input 54 is advantageously placed for providing
tobacco material to a chamber 50 that has been
equipped with a screw conveyor 165. The input
mechanism 54 communicates with the entrance to
the pressure chamber through a lateral portion 168
thereof, as shown in Figure 13. Sharp bends in the
process lines are typically avoided because tio-
bacco material used in the process of this invention
typically has a high moisture content. However, the
above described arrangement enables a screw
conveyor fo transport tobacco material in a direc-
tion perpendicular to its entry into chamber 50.
Entrance 54, except for its orientation to the cham-
ber 50, is similar in its function and internal paris to
that illustrated in Figures 1 through 4.

Screw conveyor 165 has a series of flights 169
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surrounding a shaft 170 that is turned by the motor
167. Shaft 170 is journalled for rotation in a con-
ventional high pressure mechanical seal 172, which
is shown in Figure 12, that substantially prevents
leakage of extraction solvent. The flights 169 pic-
kup tobacco material entering chamber 50 and by
their rotation compel the tobacco material to move
through the chamber to the output end thereof.
Near output mechanism 57, the flights move the
tobacco material over tripartite knife blade support
175, which is shown enlarged in Figure 14, into a
cell 150 at position P having a retracted piston
152’ Driving mechanism 125  then rotates housing
123" 1o index the cell to a position for pressure
reduction, as previously described with reference
fo position R of Figure 1. Extracted tobacco ma-
terial 88 is shown being discharged.

Turning now to a consideration of Figures 15
through 21, these drawings iliustrate a representa-
tive apparatus of the present invention for treating a
material in a batch mode. More particularly, Figure
15 illustrates a portion of a reciprocally rotating
batch apparatus 245 for the extraction of sub-
stances from tobacco material 47. Apparatus 245
contains two high pressure treatment chambers or
cells A and B that alternately reciprocate between
positions for loading tobacco material into a treat-
ment cell and subsequently unloading extracted
tobacco material from the cell. Figure 15 shows
cell A at the load position receiving tobacco ma-
terial 47 through a conduit 138. Figure 15 shows
cell B at the unload position where extracted fo-
bacco material 58 is discharged to recovery zone
259,

Conduits 270 and 270 shown in Figure 15
alternately supply a fluid extraction solvent to cells
A and B, respectively, at controlled extraction con-
ditions of pressure and temperature for the extrac-
tion of substances from tobacco material contained
in the cells. The tobacco material contained in
these cells remains in contact with extraction sol-
vent under pressure for a time sufficient for to-
bacco material substances that are soluble in the
extraction solvent under the process conditions to
enter the fluid phase. Thereafter, extract laden sol-
vent is alternately withdrawn from cells A and B
through conduits 272 and 272, respectively, as
shown in Figure 21 for cell A. Figures 16 through
20 illustrate the positions of conduits 272 and 272’
on the apparatus.

Cells A and B are sealed with a dynamic seal
similar to that described with reference to Figures 1
through 14. As illustrated in Figure 15, the dynamic
seal includes two plates 120 and 122, which are
preferably manufactured from advanced structural
ceramic materials. Each plate defines two aper-
tures for the passage of tobacco material, as shown
in Figures 16 and 17. Plate 120 is stationary and
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defines one aperture at the load position and one
at the unload position. Plate 122 is rotatively mov-
able and defines one aperture that is permanently
aligned with cell A and one that is permanenily
aligned with cell B. As shown in Figures 16 through
20, plate 122 also contains two smaller kidney-
shaped apertures, one of which communicates with
conduit 272 and one of which communicates with
conduit 272 to provide for removal of extract laden
solvent from, respectively, cells A and B.

Plate 122 is fixed to a reciprocally rotatable
housing 123 that contains cells A and B, as shown
in Figure 15. Housing 123 is rotaied by means of
an annular gear 126 about a center post 132 in a
manner similar to that described with reference to
Figure 1 for housing 123. Plate 120 is fixed to a
stationary flange 121 similar to flange 121 de-
scribed with reference to Figure 1. Flange 121
provides communication for loading tobacco ma-
terial into and unloading tobacco material from the
celis.

Exiracted tobacco material, which is that por-
tion of the treated tobacco material that is insoluble
in the extraction seolventi, is discharged from cells A
and B through aligned apertures in plates 120 and
122 by using a "biowout" technique with a fluid
(i.e., air or nitrogen) at relatively low pressure that
is supplied o the cells through conduits 350 and
350', respectively, when a cell is at the unload
position. Figure 15 illustrates a fluid at discharge
pressure being supplied through conduit 350 to
cell B io remove exiracted tobacco material there-
from.

Considering the steps of batchwise extraction
of tobacco material using apparatus 245, tobacco
material 47 enters cell A at the load position
through aligned apertures in plates 120 and 122,
which is shown in Figure 15. The housing 123 is
rotated to the position illustrated in Figure 18 in
which the apertures in the plates are no longer
aligned and the cells are sealed. High pressure
conduit 270, shown in Figure 1, supplies extraction
solvent to cell A when cell A, filled with tobacco
material, has been rotated to a sealed position as
shown in Figure 18. Tobacco material remains in
contact with exiraction solvent for a time sufficient
to enable extractable substances to enter the fluid
phase. After further rotation in the same direction,
cell A, filled with tobacco material in contact with
extraction solveni, reaches solvent recovery line
272, shown in Figure 19. Extract-laden solvent is
withdrawn from cell A through line 272, as shown
in Figure 21, that communicates with stationary
plate 120. Filter 261 shown in Figure 21 is provided
to prevent tobacco material particles that are in-
soluble in the solvent from entering line 272 for
recovery of extract-laden solvent. The housing con-
tinues to rotate in the same direction io reach the
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unload position illustrated in Figure 20 where ex-
tracted tobacco material is unloaded. Discharge
pressure line 350, as shown in Figure 15, provides
a source of low pressure gas to cell A through 3-
way regulating valve 345 to aid discharging the
tobacco material when cell A has reached the
unload position.

As extracted tobacco material 58 is discharged
from cell A, cell B is loaded with tobacco material
at the load position as shown in Figure 20. By
means of reciprocating rotation of the housing,
cells A and B are alternately loaded, pressurized,
depressurized, and unloaded in analogous man-
ners.

A portion of another representative apparatus
245 analogous to that of Figures 15 through 21 is
illustrated in Figures 22 through 24. Apparatus 245,
as shown in Figure 24, provides for extraction
solvent entering cell A, which has been loaded with
tobacco material, through conduit 270 through a
small aperture in the stationary plate 120. Extract-
laden solvent is removed as previously described
with reference to Figure 21. Extracted tobacco ma-
terial is discharged from cell A at the unload posi-
fion using a piston 252 while cell B is loaded.
Pistons 252 and 252" are illustrated in Figure 24.
Otherwise, a batchwise extraction operation is con-
ducted as described with reference to Figures 15
through 21.

Figure 25 illustrates yet another, though not
preferred, embodiment for providing a flow of to-
bacco material that is subjected to high pressure
contact (e.g. impregnation) with a fluid in the cham-
bers of a rotary lock apparatus. Tobacco material is
loaded into chambers 310 of the lock defined by
vanes 311 that are capable of withstanding high
pressure. The vanes have end portions 315 defin-
ing curved advanced ceramic material surfaces that
sealingly and slidably contact interior wall 316 of
the rotary lock housing, also formed of advanced
structural ceramic material. The advanced struc-
tural ceramic material surfaces on the ends of the
vanes are biased against the inner wall of the
rotary lock to prevent substantial fluid ieakage by
biasing means 318, which may be a conventional
hydraulic or spring mechanism. During use, the
vanes 311 are rotated about the central axis of the
lock so as to sealingly and slidably contact the
interior wall 316 of the rotary lock. High pressure
fluid enters the lock through a conduit at 320 after
a leading vane of a chamber passes by the open-
ing of the conduit to pressurize the chamber and

. thereby contact the tobacco material contained in

the chamber. As the following vane passes the
opening of the conduit 320, communication of the
chamber with the conduit is interrupted, and to-
bacco material (e.g., tobacco material impregnated
with the fiuid) is released from the rotary lock.
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The various types of apparatus of the present
invention are operable at high pressures, hence
tobacco material extraction, impregnation, or other
treatment can be conducted at or above the critical
state conditions for many solvents. Critical state
conditions are those conditions of temperature and
pressure at which the density and other physical
properties of a liquid and gas become identical and
the phase boundary present between liquid and
gas at subcritical conditions disappears. Above the
critical temperature, no amount of increase in pres-
sure will result in liquefaction of a dense gas. It is
well known to those skilled in the art that dense,
high pressure supercritical gases at conditions near
critical temperature exhibit a significant solvent
power, and solute conceniration in such a super-
critical or dense gas phase can be as much as
several orders of magnitude greater than the con-
centration that could be predicted at a given tem-
perature from Dalion's law of partial pressure. Ac-
cordingly, taking advantage of this phenomenon by
using fluids at conditions of temperature and pres-
sure above critical state conditions, substances that
are normally considered to be non-volatile at lower
gas density can be readily exiracted. However, as
those of ordinary skill in the art will recognize, the
apparatus can be advantageously used at other
conditions.

Extraction using dense gases differs from typi-
cal liquid extractions in several respects. For exam-
ple, although having a density comparable {o that
of a liquid, dense gas diffusivity and permeability
can be 10 times that of the liquid or more, allowing
the system to reach near equilibrium conditions in
a short period of time, thereby reducing the actual
extraction time for the process. Extraction time, or
dwell time (i. e., the usually predetermined time
that the tobacco material remains in contact with
extraction solvent or impregnant), can also be con-
trolled by varying the flow rate of the solvent taking
into consideration the short fime necessary to
achieve equilibrium. Additionally, in the supercrit-
ical pressure range, a small change in pressure or
temperature can significantly alter dissolution of
substances present in tobacco material. For most
substances there is a maximum solubility of the
substances at some density and temperature of the
supercritical solvent so that at higher densities
solubility may decrease. Either too high or too low
a pressure can reduce the ability of a solvent to
extract selected components. Accordingly, a pres-
sure program can be useful in controliing extraction
for many components by processing the tobacco
material through the system to obtain different frac-
fions.

However, while in a limited sense solubility for
some substances in dense gases can be predicted
through the theoretical calculations, neither pres-
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sure nor density of certain gases appears to assure
the possibility for specific extraction of selected
substances of tobacco material. The specific mo-
lecular interactions between molecules of the sol-
vent and the molecules of exiracted substances
plays an important role in the extraction process.
For example, nicotine is sometimes extracted from
tobacco material, and is present in tobacco ma-
ferial in a variety of forms, some easily extracted
and some present as complex salts that are more
difficult fo remove due to their low solubility in
supercritical fluids. In order to facilitate nicotine
extraction from tobacco material with supercritical
gases. tobacco material can, for example, be sub-
jected to an ammoniation step prior to nicotine
extraction. Furthermore, tobacco materials of dii-
ferent origins behave differently. Use of specific
solvents and process conditions for specific extrac-
tions may therefore have to be determined empiri-
cally. Nevertheless, extraction using supercritical
gases generally provides a more selective extrac-
tion than exiraction using solvent at subcritical or
liquid conditions.

Tobacco material contains thermally sensitive
sugars, oils, and other flavor components. The sol-
vent, whether at subcritical or supercritical con-
ditions, should exhibit sufficient extraction power at
a desirable temperature to accomplish the desired
extraction in a reasonable period of time. By appro-
priate choice of solvent and process conditions, the
use of potentially harmful heat to extract sub-
stances from tobacco material can be minimized or
eliminated so that the flavor characteristics of the
extracts can be preserved. However, heat can be .
advantageously applied to modify or develop cer-
fain flavor characteristics, when desired. An extrac-
tion solvent with favorable critical parameters can
be used for selective extraction of both thermally
iabile substances and substances that are normally
of low volatility. The temperature of the solvent is
preferably low enough not to harm the tobacco
material, and yet in the range of 10 to 30" F (-12 to
-1°C) above the critical temperature. Preferred ex-
traction solvents are therefore those whose phys-
ical parameters, including critical temperature and
pressure, enable extraction, especially selective ex-
traction, with changes in pressure (density) of the
fluid, and whose critical temperatures are low
enough fo not adversely affect tobacco material
quality. These considerations will vary depending
on the origin of the tobacco material, the process
conditions, the chemical nature of the solvent, and
the substances sought to be extracted.

In most processes for extraction of tobacco
material, it is generally desirable to separate the
extract from the exiract-laden soivent, both for re-
covery and recycle of solvent and for recovery of
substances exiracted from tobacco material. Under
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these conditions the solvent should be easily sepa-
rated from the tobacco material extract with mini-
mal efféct on the flavor characteristics thereof. Es-
sentially any conventional recovery method can be
used. For processes conducted at supercritical gas
conditions, separation can be effected by lowering
the temperature and/or pressure of the exiract lad-
en solvent. Also useful are separation techniques
using isobaric and isothermal adsorption onto sor-
bents for recovery of sensitive compounds. A se-
ries of adsorbenis or a multistage pressure cas-
cade can be employed to achieve fractionation
effects, especially for separation where the exiract
laden solvent is a liquid. The solvent can be
stripped of any remaining exiract to further purify it
by using known methods including adsorption onto
charcoal of the tobacco material exiract. Extract-
free solvent can then be recirculaied to the tobacco
material extraction zone at high pressure. Addition-
ally, it will often be desirable to recover the ex-
fracted tobacco material, which may be tobacco
material cut filler, tobacco material leaf, or other
valuable tobacco materials, so the solvent should
separate from the extracted tobacco material with
minimal effect on the integrity thereof.

lllustrative compounds useful as extraction sol-
vents include: ammonia; argon; carbon dioxide; ni-
trous oxide; sulfur hexafluoride; the ketones; al-
iphatic or cyclic ethers; aliphatic alcohols; esters;
aliphatic hydrocarbons, including methane, ethane,
propane, butane, pentane, isopentane, hexane, and
the corresponding unsaturated hydrocarbons such
as 1-butene, cis-2-butene, trans-2-butene, 1,3-bu-
tadiene; the cycloaliphatic hydrocarbons, including
cyclopropane, cyciobutane, cyclohexane and
cyclopentane; the halohydrocarbons having up to
about 4 carbon atoms, inciuding ethy! chloride,
propyl chloride, isopropy! chloride, sec-buty! chlo-
ride, t-butyl chloride, methylene chloride, chioro-
form, carbon tetrachloride, ethylene dichloride,
ethylidene chloride, methyl bromide, sthyl bromide,
t-butyl bromide; and the fluorocarbons, including
perfluoropropane, octafluorocyclobutane,
tetrafluoromethane, bromotrifluoromethane, 1,1,2,2-
tetrafluorochloroethane, 1,1-difluorosthylene,
fluorodichloromethane, trifluorochlorosthylene,
1,1,1-trifluoroethane, dichlorotrifluoroethane,
trifiluoroethylene, trichioromonofiuoromethane, dich-
lorodifluoromethane,  monochlorodifluoromethane,
1,1-difluoroethane, and trichlorotrifluoroethane. Mix-
tures of these solvenis may be useful. Co-solvents
including alcohols, ammonia, or water may be ad-
ded to these solvents in a range of from 0.5 to
10% by weight to enhance extraction or to modify
the extracted components.

Especially preferred extraction solvenis are
low-boiling, highly volatile compounds that have a
critical temperature in the range of 85 to 315 F (29
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to 157" C), or even more preferably 90 to 250" F
(32 to 121° C). However, higher temperatures may
be used when it is desired to subject the tobacco
material to heat treatment during the exiraction
process to modify flavor characteristics of the to-
bacco material. Preferred dense gas (supercritical)

extraction solvents include sulfur hexafluoride; car-

bon dioxide; nitrous oxide; ammonia; the light hy-
drocarbons, including ethylene, ethane, propane,
propylene, n-butane, isobutane; and the haloge-
nated hydrocarbons (halocarbons), including per-
fluropropane, Refrigerant 12
(dichiorodifluoromethane), and Refrigerant 22-
(monochlorbdiﬂuoromethane) or mixtures thereof.

Mixtures of extraction solvents, such as carbon
dioxide and propane or others, are also useful at
normal liquid and at dense gas conditions. How-
ever, it is usually preferred to use a relatively pure
solvent containing at least about 80 to 95% of one
compound. Critical values of temperature and pres-
sure and the relationship among pressure, volume,
and temperature for mixtures may be estimated
with reliable accuracy through various equations of
state and assocciated mixing rules, including the
Rediich-Kwong, Lee-Kessler, and Peng-Robinson
equations of state, using the methods described in,
respectively, O. Redlich and J.N.S. Kwong, Chem.
Rev. 44, 233 (1949); LK. Lee and M.G. Kessler,
AICHE J. 21, 510 (1975); and D.Y. Peng and D.B.
Robinson, AICHE J. 23, 137 (1977). See also the
methods described in the Chemical Engineers'
Handbook (Perry, Robert H. and Cecil H. Chilton,
eds. 5th Ed. 3-227 et seq. New York: McGraw-Hill
Publishing Company 1973).

The amount of tobacco material that is con-
tacted with the extraction solvent can vary. Typi-
cally, for a liquid extraction, the weight of extraction
solvent relative to the tobacco material is greater
than about 4:1, oftentimes greater than about 8:1
and in certain instances greater than about 12:1.
For a subcritical gaseous expansion, the weight of
extraction solvent relative tobacco material is typi-
cally greater than 12:1, and for a supercritical gas-
eous expansion, the weight of extraction solvent
relative to tobacco material is greater than 40:1,
oftentimes greater than 50:1, and can be greater
than 100:1. The amount of solvent reiative to to-
bacco material depends upon factors such as the
type of solvent, the temperature at which the ex-
traction is performed, the type or form of tobacco
material which is extracted, the manner in which
contact of the tobacco material and solvent is con-
ducted, the type of extraction process which is
performed, and other such factors. The manner for
contacting the tobaccoc material with the extraction
solvent is not particularly critical, and as such, the
tobacco material can be extracied in the continual
or batchwise manner of the present invention.




25 EP 0 404 475 A2 26

The process and apparatus of this invention
can be applied to raw tobacco material, ireated
tobacco material, or cured tobacco material in the
form of leaf (including stems, ribs, and veins),
strips (leaf with the stems removed), cigarette cut
filler (strips cut or shredded for cigarette making),
or fines. The present invention is useful for exiract-
ing components from virtually all forms of tobacco
material and is capable of preserving the integrity
of extracted tobacco material and the organoleptic
characteristics of exiracts. Nevertheless, these
characteristics can be altered if desired. According
to the present invention, a preferred tobacco ma-
ferial is of a form such that, under extraction con-
ditions, i) a portion thereof is soluble in (i.e., ex-
fracted by) an exiraction solvent, and ii) a portion
thereof is insoluble in (i.e., not extracted by) the
extraction solvent. Typical extracted tobacco ma-
terials include components of the biopolymer ma-
trix of the iobacco materiai and other tobacco ma-
terial components that are not extracted by the
solvent. Usually, an extracted fobacco material,
freated and removed from the chamber, has at
least one component removed therefrom.

Those practitioners skilled in the art of tobacco
material processing will recognize that the moisture
content of tobacco material can impact the selectiv-
ity of a solvent for the components of tobacco
material. For example, it ig known that supercritical
carbon dioxide exiracts far more nicotine from
moist fobacco material than it does from dry to-
bacco material at the same process conditions.
Accordingly, the moisture content of the tobacco
material should be adjusted to optimize the desired
extraction. Additionally the tobacco material to be
treated should be in a pliable condition to minimize
breakage or shattering during handling and pro-
cessing, especially if the tobacco material is sub-
jected to an expansion step after exiraction. The
traditional way of making tobacco material pliable
is to adjust the moisture content to within the range
of from about 8 to about 40 percent water on a dry
weight basis, which is generally satisfactory for
extraction. A moisture content of 10 to 25 percent
normally is preferred, aithough more moisture,
even up to 40 percent, may be required o reduce
the production of fines that can sometimes occur
during processing. A moisture content of 25 to 35
percent is normally preferred for extraction of nico-
tine with selected solvents. For the extraction of
certain essential ocils the tobacco material may re-
quire less moisture conteni. For example, at a
moisture content of 10 to 13 percent, supercritical
carbon dioxide can exiract certain flavor compo-
nents of a tobacco material but not a significant
amount of nicotine. At higher moisture content,
above about 19 percent, nicotine will be exiracted
more efficiently in sufficient quantity.
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Operating the apparatus of the invention, espe-
cially at supercritical conditions, requires a high
performance seal. A high performance seal pro-
vides for essentially no leakage during conditions
of normal use of the apparatus. The performance of
a seal depends upon factors such as (i) a suffi-
ciently great clamping or compressive force main-
taining the intimately contacting surfaces in con-
tact, and (i) a sufficiently great seal width. The
clamping force depends upon the size (e.g., the
diameter) of the opening or passageway through
the seal, and typically is at least about 400 to about
500 pounds force per square inch (3450 kPa) per
square inch of opening when used to seal a fluid at
a pressure of about 300 psig (2070 kPa). The
minimum seal width necessary to prevent leakage
for a fluid pressurized at about 2,000 psig (13800
kPa) typically is at least about 0.5 inch (13mmj},
frequently between about 0.75 inch (18mm) and
1.0 inch (25mm), for a dynamic seal manufactured
from advanced siructural ceramic materials. As the
size of the opening or passageway increases, the
minimum seal width and clamping force may also
increase to provide an adequate seal. Typical high
pressure and high performance seals often are
manufactured. from materials which undergo some
deformation (i.e., deformation (i) due to the high
compressive forces applied thereto, and {ii) be-
cause seals normally conform to the shape of the
surface they are sealing). However, a preferred
high performance seal for purposes of this inven-
tion is a dynamic seal. Such a seal, during con-
ditions of normal use of the apparatus, (i) provides
for essentially no leakage, and (ii) has contacting
surfaces which can be moved relative to one an-
other. Thus, it is desirable for a high performance
dynamic seal to (i) have an ability to substantially
preserve its shape under relatively high compres-
sive forces, and (ii) have a smooth, flat surface to
achieve sufficient contact between the respectively
moving surfaces.

Abrasive material typically present in tobacco
material normally destroys conventional pressure
seals in continuous tobacco material processes
even at low pressures. It has been found, however,
that planar and non-planar high precision fitted
surfaces of sufficient hardness to withstand abra-
sion that are 1) in surface-to-surface contact, and
2) are sufficiently fitted to provide a seal against
significant fluid leak when subjected to a clamping
force, will aliow a stable high pressure treatment of
a continual flow of tobacco material even when in
relative movement. Advanced structural ceramic
materials provide these surfaces.

Advanced structural ceramic materials that are
useful in the present invention are made using
ceramic powders of alumina, zirconia, silicon
nitride, silicon carbide, aluminum nitride, boron car-
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bide, titanium diboride, aluminum titanate, tungsten
carbide, and mixtures and combinations of the
same and the like. These powders are typically
mixed with a binder, molded, and fired at high
temperature and pressure, reaction bonded, scin-
tered, hot pressed, or otherwise formed into solid
bodies of advanced structural ceramic materials.
Particularly useful advanced structural ceramic ma-
ferials useful in the practice of the present inven-
tion are available from Coors Ceramic Company in
Golden, Colorado. Two such advanced structural
ceramic materials comprised of alumina are des-
ignated by Coors as AD-90 and AD-99.5. Addition-
ally, these materials may presently be obtained in
a form suitable for use in the present invention by
special order from Coors. Advanced structural ce-
ramic materials, including a hot pressed silicon
nitride, are also available from Garrett Processing
Company, Torrence, California.

Advanced structural ceramic materials such as
are listed above have several properties that render
them particularly suitable relative to metal materials
for use as dynamic seals in tobacco material ex-
pansion apparatus and processes. Advanced struc-

tural ceramic materials, particularly silicon nitride,,

typically have a low coefficient of thermal expan-
sion, a lower coefficient of friction relative to steel,
and advanced structural ceramic materials typically
maintain their shape to a much higher degree than
steel materials during movement under a compres-
sive load, (i.e., selected advanced structural ce-
ramic materials are dimensionally stabie). Further,
advanced structural ceramic materials are char-
acterized by a high degree of wear resistance,
typically eight times or more greater than hardened
tool steel. Additionally, advanced structural ceramic
materials are hard, mechanically strong at high
temperatures, and relatively stiff for their weight.
Advanced structural ceramic materials also have
great compressive strength and adequate tensile
strengths and fracture toughness, especially when
used as a reinforced composite, for usage in seal
applications. Finally, advanced structural ceramic
materials resist the corrosive action of solvents,
such as are used in tobacco material extraction.
See S.J. Schneider, Jr. and D.R. Bradley, "The
Standardization of Advanced Ceramics,” Adv.
Ceram. Mat'ls., Vol. 3, No. 5, 1988 at 442; J.P.
Singh, K.C. Goretta, D.S. Kupperman, J.L. Rout-
bort, and J.F. Rhodes, "Fracture Toughness and
Strength of SiC-Whisker-Reinforced SisNs Com-
posites,” Adv. Ceram. Mat'ls., Vol. 3, No. 4, 1988,
at 357.

Advanced structural ceramic materials have a
hardness typically greater than 900 kg/mm?, often
greater than 1,000 kg/mm?2, still more frequently
greater than 1,400 kg/mm?, even greater than 1,500
kg/mm2, and typically in a range of from at least
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about 900 kg/mm? to at least about 3,000 kg/mm3.
For example, an advanced structural ceramic ma-
terial comprised of 85% alumina has a hardness of
about 960 kg/mm2. An alumina based advanced
ceramic structural material such as Coors' AD-90,
which is 90 percent alumina, has a hardness of
about 1058 kg/mm?; AD-99.5, about 1440 kg/mm?.
Hardness also depends on the ceramic powder
from which the advanced structural ceramic ma-
terial is made. Advanced structural ceramic materi-
als comprised of hot pressed silicon nitride typi-
cally have a hardness of about 1,500 kg/mm?;
silicon carbide, about 2,500 kg/mm?; boron carbide,
about 3,000 kg/mm?2.

Advanced structural ceramic materials have a
compressive strength typically greater than at least
about 1,900 MPa at 20° C as determined by ASTM
C773-82. For most applications, a compressive
strength of greater than about 2,000 MPa is desir-
able, often greater than 2,500 MPa, and, for certain
applications greater than 3,500 MPa, and typically
in the range of from at least about 1,900 MPa to
about 6,000 MPa. Advanced structural ceramic ma-
terials comprised of alumina typically have com-
pressive strengths of 1,930 {o 4,000 MPa; of tung-
sten carbide, about 5,000 MPa. Coors' AD-90 has a
compressive strength of about 2,482 kg/mm?; AD-
995, about 2,620 kg/mm?Z. Advanced structural ce-
ramic materials have a high stifiness to weight ratio
that enables them to function well as dynamic seal
components at high pressures, including super-
critical gaseous pressures. Typically, advanced
structural ceramic materials have a siifiness at
20°C of greater than 30 GPaig/cc, preferably
greater than 40 GPa/g/cc, still more preferably
greater than 70 GPa/g/cc, and typically in the range
of from greater than about 30 GPa/g/cc to about
140 GPa/g/ce.

Advanced structural ceramic materials typically
have an adequate tensile strength to provide seal-
ing surfaces for the dynamic seal of the present
invention. Tensile strength is determined in accor-
dance with ACMA No. 4 to be at least about 100
MPa. Typically, for most applications, a tensile
sirength of at least about 125 MPa is desirable,
more preferably greater than 150 MPa, frequently
greater than 200 MPa or more, and typically in the
range of from 100 to 400 MPa or more. An ad-
vanced structural ceramic material comprised of
about 85 percent alumina typically has a tensile
strength of about 155 MPa; 90 percent alumina,
about 221 MPa; 99.5 percent alumina, about 262
MPa; and 99.9 percent alumina, about 310 MPa.
Advanced structural ceramic materials comprised
of silicon carbide typically have a tensile strength
of about 307 MPa, while that comprised of zirconia
typically has a tensile strength of about 352 MPa.

Fracture toughness for advanced structural ce-
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ramic materials, as determined by the notched
beam test, typically ranges from at least about 3
MPa*m? to about 35 MPa°m?* and is adequate to
provide sealing surfaces for the dynamic seal of
the present invention. Tensile strengths above 10
MPa*m? are preferred and above 15 MPa°*m? are
especially preferred. Solid bodies formed from ad-
vanced structural ceramic materials can be rein-
forced with materials such as ceramic crystals, also
known as whiskers, to increase fracture toughness
and mechanical strength. One example of a whisk-
er reinforced advanced structural ceramic material
is alumina reinforced with silicon carbide whiskers.

Also of considerable importance. the surface of
an advanced structural ceramic material can be
ground and polished using diamond slurries to a
finish having a low friction coefficient that enables it
fo be turned easily with or without lubrication (i.e.,
added iubricants) under high pressure loads. The
coefficient of static friction for the finished surface
of a polished advanced structural ceramic material
is typically lower than that of steel materials, and is
usually less than 0.8, preferably less than 0.4, and
most preferably less than 0.3. Advantageously, no
lubricant is required that might contaminate the
tobacco material. The surface finish, or smooth-
ness, measured in microinches (Roughness aver-
age, Ra), of the polished advanced structural ce-
ramic material used in the process of the present
invention is less than at most about 70 microinches
(1.8 micrometres), preferably less than 32 microin-
ches (0.81 micrometres), more preferably less than
16 microinches (0.41 micrometres), and especially
preferred is 2 to 6 microinches (0.051 to 0.15
micromeires).

The surface of an advanced struciural ceramic
material can also be made flat, optically flat, to less
than at most about 70 microinches (1.8 micro-
meires), and it is preferred that the surface be
made optically flat to less than about 40 microin-
ches (1.0 micrometres), more preferably o be-
tween 5 to 20 microinches (0.13 to 0.51 micro-
metres), particularly for high pressure applications.
Coors AD-90 and AD-995 finished advanced struc-
tural ceramic materials have been furnished by
*Coors with the requisite smoothness and flatness.
Further finishing by lapping of two components
made from advanced structural ceramic maierials
to fit them together and obtain the surface flatness
and smoothness to the degree required is not
necessary but will work as will be apparent to the
skilled artisan. When two such flat and smooth
surfaces come into sufficiently clamped contact
and are properly supported, they will maintain the
pressures required for the operation of this process
while requiring an acceptable level of effort for
movement of one surface over ancther. Equipment
for determining whether a sealing surface of the
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advanced structural ceramic material component
part meets the specified requirements for flatness
is available from the Van Keuren Company, Water-
town 72, Massachusetts. The VK Precision Measur-
ing Tools Catalog and Handbook No. 36, ©1955,
catalogs tools called "optical flats" for this purpose.
Additionally, laser interferometer technigues can be
employed.

The force required to rotate or slide one con-
tacting surface over another (a force sufficient to
overcome friction between the surfaces) depends
on the clamping force, or load, that is applied, on
the surface finish, and upon the material of which
the surfaces are made. The clamping force re-
quired to hold two components made from ad-
vanced structural ceramic materials together de-
pends on the gas pressure in the system and the
cross-sectional area of the aperture in the ad-
vanced structural ceramic plate. For example, com-
ponents used in the present invention may require
a rotational torque of about 130 foot pounds (176
Nm), applied through a suitable 10:1 ratio transmis-
sion while maintaining a stable fluid pressure of
1700 psig (11700 kPa), and while being slidably
rotated across a sealing area of about 19 square
inches (123 sq. cm). Accordingly, mechanical de-
sign of a driving mechanism for turning the
"slidably engaged"” components is not hindered.

The process and apparatus of this invention
are not limited to extraction of substances from
tobacco material. Additionally, the process and ap-
paratus of this invention provide an effective and
efficient manner in which to produce an expanded
tobacco material product (e.g. a tobacco material
having increased filling capacity), either in com-
bination with a tobacco material extraction or as a
separate process. Normally, the tobacco material is
in cut filler form when subjected to expansion con-
ditions. As a separate process, the expansion agent
fypically is removed from the treatment chamber or
cell impregnated in the tobacco material, and not
removed separately. Many of those extraction sol-
vents listed hereinbefore, and combinations of
those solvents, also serve as good expansion
agents. The expansion agent can be employed in a
gaseous or liquid state when used to impregnate
the tobacco material during the expansion process.

The tobacco material to be expanded should
be in a pliable condition to minimize breakage or
shattering during handling and processing. Typi-
cally, the tobacco material is made pliable by ad-
justing the moisture content to within the range of
from about 8 to about 35 percent watér on a dry
weight basis. A moisture content of 10 to 20 per-
cent normally is preferred, although more moisture
may be required to reduce the production of fines
that can sometimes occur during expansion, espe-
cially when the expansion process subjects the
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fobacco material to large and extremely fast pres-
sure changes. Little moisture should be lost from
the tobacco material during impregnation and ex-
pansion, and in certain circumstances the moisture
content usually is reduced only about 2 to 4 per-
cent or less during such processing. Often, a to-
bacco material having a moisture content of about
12 to 20 percent will provide expanded tobacco
material of suitable moisture content for cigarette
making without the need for further moisture ad-
justment. Depending upon the moisture content of

the tobacco material and processing conditions ex~

perienced by the tobacco material, the expanded
tobacco material can be dried or reordered to pro-
vide that material at a desired moisture content.

It is also preferred to conduct the expansion
process of this invention at or near supercritical
gas conditions, when possible. An important char-
acteristic of a supercritical gas from the perspec-
tive of tobacco material expansion processes is its
density. Although having a density comparable to
that of a liquid, dense gas diffusivity and per-
meability is up to 10 times sgreater, allowing for
better mass transfer. In tobacco material expan-
sion, this means that the individual fobacco ma-
terial particles are impregnated thoroughly at a
very fast rate. In addition, the impregnation pres-
sure for a given tobacco material expansion agent

_will be much greater than if ordinary gas conditions
are employed. This means that the volume of the
dense, supercritical gas is as much as several
orders of magnitude lower than the same mass of
that gas in an expanded state. Accordingly, the
degree of expansion achieved in supercritical gas
processes can be greater than is achieved in cer-
tain conventional processes.

As an example of an expansion process of the
present invention analogous to the extraction pro-
cess previously described, discreet portions of to-
bacco material enter an impregnation zone of a
jacketed treatment chamber containing a pressur-
ized fluid described previously, with reference to
Figure 1. Tobacco material advances through the
chamber and that material is treated to become
thoroughly impregnated with pressurized expansion
agent. At the exit mechanism, advancing tobacco
material fills a cell in pressure-tight communication
with the impregnation zone. When filled, the cell is
indexed to discharge the impregnated tobacco ma-
terial to a low pressure (i.e., about ambient pres-
sure) expansion chamber. If desired, the impreg-
nated tobacco material can be subjected to high
temperature treatment (i.e., contacted with hot air
or steam) in the ‘expansion chamber. As such, a
significant amount of expansion agent is removed
from the tobacco material. Expansion may be ac-
complished through pressure reduction, the ap-
plication of heat, or a combination of the two. The
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low-pressure expansion chamber includes an or-
dinary separator, such as a cyclone separator,
where the expanded tobacco material is separated
from expansion fluid. Each of the expanded to-
bacco material and the expansion fluid are recov-
ered separately. The separated impregnating fluid,
in the form of an expanded gas, is discharged from
the expansion zone through a conduit where it can
be recovered, if desired. While expansion fluid is
continually discharged through a conduit, expan-
sion fluid make-up is continually supplied through
another conduit to the impregnating chamber. Ex-
panded tobacco material is discharged through the
bottom of the separator, where it will be recovered
for further treatment, including reordering, if neces-
sary.

Expansion agents that may be used in accor-
dance with this invention are those agents that
impregnate the bulk of the tobacco material to
thoroughly permeate the cellular structure of the
tobacco maierial and cause expansion of that cel-
lular structure when pressure experienced by the
pressurized agent is reduced. The pressure reduc-
tion may be accomplished by post heating of the
material. While the cellular structure is expanded,
the overall physical integrity of the tobacco material
generally remains unaltered. Additionally, in certain
circumstances, the expansion agent will generally
be "inert" so as to minimize significant changes in
the chemical composition of the tobacco material,
and will not produce undesirable components with-
in the tobacco material in meaningful amounts. The
ideal expansion agent thoroughly impregnates the
tobacco material in a relatively short dwell or resi-
dence {ime at a desirable temperature, achieves a
significant degree of expansion of the tobacco ma-
terial particles without shattering when process
conditions change, and is easy to separate from
the fobacco material with minimal affect on flavor.
The ability of an expansion agent to perform this
task depends upon the chemical nature of the
expansion agent and the conditions of pressure
and temperature at which an expansion process
using that agent can be run. For example, if the
pressure is reduced by a large amount too quickly,
shattering may result. Normally, pressure changes
of less than about 2500 psig (17200 kPa) are
preferred to provide expansion without shattering
when pressure is quickly reduced; however, those
skilled in the art of tobacco material expansion will
recognize that significantly higher pressures can be
used. Partial pressure discharges, usually greater
than 300 psig (2070 kPa), (e.g., discharges to
zones of successively lower pressure) are useful to
lower the pressure to an acceptable level to ex-
pand tobacco material without shattering when high
pressure impregnation is desired.

Generally speaking, suitable expansion agents
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according to the present invention have an at-
mospheric pressure boiling point in the range of
about -130 to about 176" F (-90 to 80° C). Com-
pounds having boiling points above about 176° F
(80° C) do not generally provide good tobacco ma-
terial expansion and are sometimes difficult to re-
move completely from the tobacco material without
adversely affecting its flavor and aroma. Many of
the compounds mentioned above in conneciion
with extraction of substances from tobacco material
as useful extraction solvents are also useful as
expansion agents. Especially preferred are low
boiling and highly volatile compounds with critical
temperatures of from about 85° F to about 315 F
(29 to 157‘C), and more preferably, from about
90° F to about 250° F (32 to 121° C).

One consideration regarding the choice of ex-
pansion agent and the process conditions of tem-
perature and pressure, however, as in the case of
extraction, is that tobacco material contains ther-
mally sensitive sugars, oils, and other flavorful con-
stituents. The temperature and pressure can affect
not only the impregnation of the tobacco material
by the expansion agent, but also the transfer of
fobacco material substances to a particular expan-
sion agent. Too high a pressure or temperature can
increase the solvent power of the expansion agent
such that valuable tobacco material substances that
are desirably retained in the tobacco material ap-
preciably dissolve in the expansion agent. Accord-
ingly, in the process of this invention, the tempera-
ture and pressure conditions and the fiow rate of
the tobacco material should be set to optimize
expansion while minimizing adverse affects on to-
bacco material quality, including transfer of sub-
stances that are desirably retained. On the other
hand, temperature and pressure can be controlied
to cause an exiraction of some substances from
the tobacco material in combination with expansion,
when desired

More specifically, the temperature of the ex-
pansion agent when impregnated within the to-
bacco material should be low enough not to harm
(i.e., undesirably alter the physical and flavor char-
acteristics of) the tobacco material, and often in the
range of between 36°F (2°C) below the critical
temperature of the expansion agent o about 75°F
(24° C) above the critical temperature of the expan-
sion agent. The pressure experienced by the ex-
pansion agent during impregnation is advanta-
geously above about 64 psig below the critical
pressure of the expansion agent to provide the
requisite density and diffusivity. Pressure ofien is
at least about 500 psig (3450 kPa), preferably
above about 800 psig (5520 kPa), and most desir-
ably above about 1000 psig (6900 kPa) depending
on the expansion agent. However, pressure above
about 50 psig (345 kPa) can be employed using
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expansion agents such as butane. Due to the great
rate of pressure release that can be provided using
the apparatus of the present invention, it is often
possible to conduct impregnation of tobacco ma-
terial using expansion agents at relatively low im-
pregnation pressures. Tobacco material can be ex-
panded by this process fo a satisfactory extent
without excessive fracturing by using suitable pres-
sures below about 3000 psig (20700 kPa), so high-
er pressures usually are not needed.

Complete impregnation of the tobacco material,
especially for fluids such as propane and the like,
is virtually instantaneous. Somewhat greater expan-
sion of the tobacco material can be achieved by
maintaining the pressure for a brief dwell time of
from about one to 10 minutes before initiating
depressurization, preferably 2 to 4 minutes de-
pending on the expansion agent. Depressurization
t1s carried out at a relatively fast rate so that the
pressure is reduced to or near atmospheric pres-
sure within a time period of less than 10 minutes,
preferably about 1 to 300 seconds, optimally less
than 10 seconds.

While the phenomenon by which expansion
occurs is not fully understood, it is believed that
the most effective expansion of tobacco material is
achieved when at least a portion of the expansion
agent is transformed to the liquid or condensed
phase in the tobacco material during depressuriza-
tion, and subsequently vaporizes as the pressure is
further reduced and heat is applied. It is not known
at what poin{ during the process expansion of the
tobacco material occurs, but it is believed to begin
during depressurization. When using a low boiling
liquid as the impregnation agent, such as the
freons, CO2, propane, butane, sulfur hexafluoride,
ethanol, nitrogen, or others, a rapid (e.g.. 5 to 20
second) postheating step may be necessary for
quick conversion of liquid into gas. Sometimes, for
impregnation processes conducted at supercritical
gaseous conditions, no heating step will be re-
quired after decompression to expand the tobacco
material or 1o fix it in an expanded stab (i.e., when
an agent such as propane is employed), although
heating may be used when desirable (i.e., when an
agent such as CO; is employed). After depres-
surization, surprisingly, tobacco material is found in
expanded condition without significant damage to
the cellular structure, its filling capacity having
been increased by 50% or more. Filling capacity
increases of over 100% and even up to 150% and
more can be achieved by using the previously
described expansion process.

By careful choice of an extraction solvent and
process conditions of temperature and pressure,
the extraction solvent can serve as an expansion
agent so that expansion can occur on release of
tobacco material from the extraction zone. It will be
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recognized that the ability of a compound 1o serve
as a useful extraction solvent depends on different
parameters than does the utility of an expansion
agent. Certain conditions of temperature, pressure,
density, moisture, and the origin of the tobacco
material can result in undesirable extractions.
Hence, the conditions useful for extraction of par-
ficular substances and the expansion of tobacco
material should be similar if one substance is fo act
as both solvent and expansion agent. Generally,
these conditions should be empirically determined.

it should be recognized that the apparatus and
process of the present invention has a broad range
of applications that serve a variety of purposes. As
previously stated, the process and apparatus can
be used to exiract substances from tobacco ma-
terial using an exiraction solvent at either super-
critical gaseous conditions or at liquid conditions
depending on the results desired. One of skill in
the art of exiraction should recognize that the pro-
cess and apparaius of the present invention is
widely applicable to a variety of extractions includ-
ing extraction of substances from tobacco material
and other biological materials. Explosive shattering
through a rapid pressure drop can be used for
particle size reduction, modification of a material,
and separation of components. For example, im-
pregnation of the cells of tobacco materials and
other biological materials including bacteria with a
fluid under sufficient conditions of pressure, fol-
lowed by a controlled rapid pressure drop, can be
useful for enhancing extraction of biological compo-
nents by disrupting the internal cellular structure of
the impregnated material, facilitating release of
valuable substances. Additionally, tobacco material
and other biclogical components can be heat treat-
ed at controlled conditions of either high or low
pressure, including vacuum pressure. Yet another
application of the present invention is in ammoniat-
ing tobacco material at a relatively fast rate. Many
of these processes can be combined to produce a
variety of desired results, such as ammoniation of
tobacco material, extraction of moisture, and ex-
pansion of the exiracted tobacco material.

One particular benefit of the process and ap-
paratus of the present invention resides in that high
pressure treatment of biological materials, including
tobacco material, can be conducted in a manner
that preserves the integrity of the treated material.
For example, in tobacco material extraction, as in
some other types of extractions, the extracted ma-
terial is valuable and it is desirable o recover this
material in the same form it had prior o treatment.
Accordingly, tobacco leaf material can be treated to
extract substances therefrom, and tobacco leaf ma-
terial can be recovered rather than an amorphous,
extruded extracted tobacco material. Such non-
destructive treatment of solids, especially in a con-
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tinuous process is a highly beneficial aspect of the
present invention.

The invention has been describéd in consider-
able detail with specific reference o preferred em-
bodiments. However, variations can be made within
the scope of the inveniion as described in the
foregoing specification and/or defined in the appen-
ded claims. ' ’

Claims

1. A process for altering the character of a
material, the process comprising the steps of:

(a) introducing a material into a chamber;

(b) sealing the chamber with af least one
dynamic seal having components providing coop-
erating movable surfaces for sealing the chamber
and for introducing material into and removing ma-
terial from the chamber;

(¢} introducing a fiuid into the chamber at
controlled conditions of pressure of at ieast about
50 psig (345 kPa);

(d) moving at least one component of at
least one seal, the seal substantially preventing
leakage of fluid at a pressure of at least 50 psig
(345 kPa); and

(e) removing treated material from the cham-
ber.

2. A process for altering the character of a
material, the process comprising the steps of:

(a) introducing a material into a chamber;

(b) sealing the chamber with at least one
dynamic seal having components providing coop-
erating movable surfaces of advanced structural
ceramic materials for sealing the chamber and for
introducing material to and removing material from
the chamber;

(c) introducing a fluid into the chamber at
controlied conditions of pressure;

(d) moving at least one component of at
least one seal, the seal substantially preventing
leakage of fluid; and

{e) removing treated material from the cham-
ber.

3. A process for alftering the character of a
material, the process comprising the steps of:

(a) introducing a material into a chamber;

(b) sealing the chamber with at least one
dynamic seal having components providing coop-
erating movable surfaces having a hardness of at
least about 900 kg/mm? and a flatness of less than
about 70 microinches (1.8 micrometres) for sealing.
the chamber and for introducing naterial to and
removing material from the chamber;

(c) introducing a fluid info the chamber at
controlied conditions of pressure;

(d) moving at least one component of at
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least one seal, the seal substantially preventing
leakage of fluid; and

{e) removing treated material from the cham-
ber.

4. The process of any of Claims 1, 2, or 3
wherein the process is a continual process; steps
{b), (c), and (d) occur in order prior to step (a); and
at least two dynamic seals seal the chamber, at
least one ‘dynamic seal having cooperating mov-
able surfaces for sealing the chamber and for in-
troducing material into the chamber, and at least
one other dynamic seal having cooperating mov-
able surfaces for sealing the chamber and for re-
moving material from the chamber, the dynamic
seals cooperating with the chamber and with cells
for, respectively, the continual introduction intc and
removal from the chamber of material.

5. The process of any of Claims 1, 2, or 3
wherein, while material is introduced to the cham-
ber in accordance with step (a). treated material is
being removed from the chamber in accordance
with step (b).

6. The process of any of Claims 1, 2, or 3
wherein tireated materiai i removed from the
chamber in accordance with step (d) while material
remains in the chamber.

7. A process for altering the character of a
material with a fluid comprising the steps of:

(a) introducing a material into a cell;

{b) sealing the cell with a dynamic seal shav-
ing cooperating movable surfaces for introducing
material into and removing material from the cell;

(c) introducing a fluid into the cell under
controlled conditions of pressure of at least about
50 psig (345 kPa);

{(d) maintaining the sea! in a dynamic siate
while the conditions of pressure within the cell are
controlled, the seal substantially preventing fluid
leakage from the cell at pressures of at least 50
psig (345 kPa);

(e) unsealing the cell; and

(f) removing treated material from the cell.

8. A process for altering the character of a
material with a fluid comprising the steps of:

(a) introducing a material into a cell;

(b) sealing the cell with a dynamic seal, the
seal having components having cooperating mov-
able surfaces comprising advanced siructural ce-
ramic materials for introducing material into and
removing material from the cell;

(c) introducing a fluid into the cell under
controlled conditions of pressure;

(d) maintaining the seal in a dynamic state
while the conditions of pressure within the cell are
controlled, the seal substantially preventing fiuid
leakage;

(e) unsealing the cell; and

{f) removing treated material from the cell.
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9. A process for altering the character of a
material comprising the steps of:

(a) infroducing a material into a cell;

(b) sealing the cell with a dynamic seal, the
seal having components having cooperating mov-
able surfaces of a hardness of at least about 900
kg/mm? and a flatness of less than about 70
microinches (1.8 micrometres) for introducing ma-
terial into and removing material from the cell;

(c) introducing a fluid into the celi under
controlied conditions of pressure;

(d) maintaining the seal in a dynamic state
while the conditions of pressure within the cell are
controlled, the seal substantially preventing fluid
leakage;

(e) unsealing the cell; and

(f) removing treated material from the cell.

10. The process of any of Claims 1 through 3
and 7 through 9 wherein the material is tobacco
material, the fiuid is an extraction soivent and the
process includes the additionai step of removing an
exiract-laden solvent separately from extracted to-
bacco material.

11. The process of any of Claims 1 through 3
and 7 through 8 wherein the removed and treated
fobacco material has at least one component ex-
tracted therefrom.

12. The process of any of Claims 1 through 3
and 7 through 9 wherein the fluid is an impregna-
tion agent and the agent is impregnated into the
material.

13. The process of any of Claims 1 through 3
and 7 through 9 wherein the material is tobacco
material, the fiuid is a tobacco material expansion
agent, the treated tobacco material is a tobacco
material impregnated with expansion agent, and the
process includes the additional step of decreasing
pressure on removing impregnated tobacco ma-
terial to promote expansion of the impregnated
tobacco material.

14. The process of any of Claims 1 through 3
and 7 through 9 wherein the material is tobacco
material, the fluid is a tobacco material expansion
agent, the treated tobacco material is a tobacco
material impregnated with expansion agent, and the
process includes the additional step of applying
heat on removing the impregnated tobacco material
1o expand the tobaccc material.

15. A process for treating tobacco material with
a fluid under pressure, the process comprising the
steps of:

{a) loading tobacco material into a treatment
chamber through aligned first apertures in contact-
ing surfaces of first and second plates to which a
clamping force is applied, the first plate being
fastened on its opposite side to a stationary sup-
porting member and the second plate being fas-
tened on its opposite side to a movabie treatment
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chamber housing, the chamber being held within
the housing in fixed contiguous alignment with the
first aperture in the second plate;

{b) sealing the chamber by moving the hous-
ing in one direction so that the first apertures in the
plates are no longer aligned and the contacting
surface of the first plate covers the first aperture of
the second plate sufficiently to form a seal;

(c) contacting the tobacco material with fluid
at a controlled pressure by introducing fiuid at a
controlled pressure into the sealed chamber;

{d) moving the housing in the same direction
as in step (b) while applying at least a minimum
clamping force to substantially prevent fluid leak-
age between the first and second plates;

(e) removing fiuid from the chamber;

() aligning the chamber from which pressur-
ized fluid has been removed with a second ap-
erture in the first plate by moving the housing in
the same direction as in steps (b) and (d) to
provide aligned aperiures for the passage of to-
bacco material; and

(g) unloading treated tobacco material from
the chamber.

18. A method for introducing tobacco material
into and removing treated tobacco material from a
treatment chamber containing a pressurized fiuid,
the method comprising the steps of:

(@) loading tobacco material into a vessel
through an aperiure in a movable plate having
opposed surfaces, the vessel being held on one
surface of the movable plate in fixed alignment with
the aperture;

(b) aligning the aperture in the movable plate
with an aperture in a fixed plate having opposed
surfaces, the aperiure in the fixed plate commu-
nicating with a chamber for the treatment of to-
bacco material containing a pressurized fluid on
one surface of the fixed plate, the fixed plate on its

opposite surface being in coniinuous contact with -

at least a portion of the opposite surface of the
movable plate, at least the contacting surfaces of
the plates comprising advanced structural ceramic
materials, whereby the vessel loaded with tobacco
material communicates with the tobacco material
treatment chamber;

{c) continuously applying at least a minimum

compressing force to the plates to provide a fluid

tight seal between the contacting surfaces of the
plates;

(d) discharging tobacco material from the
vessel into the treatment chamber, whereby to-
bacco maierial is introduced into the treatment
chamber; )

(e) treating tobacco material with the pres-
surized fluid in the treatment chamber;

(f) discharging treated tobacco material from
the treaiment chamber into a vessel through
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aligned apertures in contacting surfaces of a fixed
plate and a movable plate fo which at least a
minimum compressing force is applied {o continu-
ously provide a fluid-tight seal between the contact-
ing surfaces of the plates, at least the contacting
surfaces of the plates comprising advanced struc-
tural ceramic materials, the movable plate being
fastened on its surface opposite the contacting
surface to a vessel that is held in fixed alignment
with the aperture, and the fixed plate being fas-
tened on its surface opposite the contacting sur-
face to the treatment chamber;

(g) moving the movable plate so that the
apertures are no longer aligned and treated to-
bacco material can be discharged from the vessel,
whereby treated tobacco material is removed from
the treatment chamber; and

(h) discharging treated tobacco material from
the vessel.

17. The process of any of Claims 1 through 3,
7 through 9, 15, or 16 wherein the treatment of the
material is substantially nondestructive.

18. A mechanism including a dynamic seal for
use in transferring a solid material from a lower
pressure zone to a higher pressure zone without
substantial fiuid leakage, the zones having a pres-
sure differential of at least about 50 psig (345 kPa),
the seal comprising cooperating movable surfaces
of components that substantially prevent fluid leak-
age between the surfaces during movement of the
surfaces with respect to one another.

19. A mechanism including a dynamic seal for
use in transferring a solid material from a lower
pressure zone to a higher pressure zone without
substantial fiuid ieakage, the seal comprising com-
ponents comprising advanced structural ceramic
materials having cooperating movable surfaces that
substantially prevent fluid leakage between the sur-
faces during movement of the surfaces with re-
spect to one another.

20. A mechanism including a dynamic seal for
use in iransferring a solid material from a lower
pressure zone to a higher pressure zone without
substantial fluid leakage, the seal comprising com-
ponents having a hardness of at least about 900
kg/mm? and a flatness of less than about 70
microinches (1.8 micromeires), the components
having cooperating movable surfaces that substan-
tially prevent fiuid leakage between the surfaces
during movement of the surfaces with respect to
one another.

21. The mechanism of any of Claims 18, 19, or
20 wherein the flatness is less than 32 microinches
(0.81 micrometers) and the surfaces have a
smoothness of less than 40 microinches (1.0
micrometres).

22. An apparatus for treating material with a
fluid comprising:
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(a) chamber means for a pressurized fluid
for receiving material to be treated;

(b) dynamic seal means having cooperating
movable surfaces for sealing the chamber while the
chamber is pressurized that substantially preventis
the leakage of fluid at the chamber means pressure
of at least about 50 psig {345 kPa) during move-
ment of the surfaces for introducing material into
and discharging material from the chamber means.

23. An apparatus for treating material with a
fluid comprising:

{a) chamber means having a fluid environ-
ment at a controlled pressure condition for receiv-
ing material to be treated;

{b) dynamic seal means comprised of ad-
vanced structural ceramic materials having coop-
erating movable surfaces for sealing the chamber
that substantially prevents the leakage of fluid at
the chamber means pressure during movement of
the surfaces for introducing material into and dis-
charging material from the chamber means.

24. An apparatus for treating material with a
fluid comprising:

(a) chamber means having a fluid environ-
ment at a controlled pressure condition for receiv-
ing material to be treated,

(b) dynamic seal means comprised of com-
ponents having cooperating movable surfaces hav-
ing a hardness of at least about 800 kg/mm? and a
flatness of less than 70 microinches (1.8 micro-
metres), the dynamic seal means sealing the
chamber and substantially preventing the ieakage
of fluid at the chamber means pressure during
movement of the surfaces for introducing material
into and discharging material from the chamber
means.

25. The apparatus of any of claims 22, 23, or
24 wherein the flainess is less than 40 microinches
(1.0 micrométres) and the surfaces have a smooth-
ness of less than 32 microinches (0.81 micro-
metres).

26. The apparatus of Claims 22 or 24 wherein
the cooperating movable surfaces are advanced
structural ceramic materials.

27. The apparatus of any of Claims 22, 23, or
24 wherein the dynamic seal means includes a first
dynamic seal for introducing material into the
chamber and a second dynamic seal for discharg-
ing material from the chamber means.

28. The apparatus of any of Claims 22, 23, or
24 wherein the dynamic seal means is capable of
maintaining a pressure greater than 300 psig (2069
kPA)

29. Apparatus for treating tobacco material with
a fluid comprising:

(a) means for loading tobacco material into a
treatment chamber through aligned aperiures in
contacting surfaces of first and second plates, at
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least the contacting surfaces of the plates being
sufficient to substantiaily prevent leakage of a fluid
at pressures greater than about 50 psig (345 kPa),
the first plate being fastened on its opposite side to
a stationary supporting member and the second
plate being fastened on its opposite side to a
treatment chamber, the chamber being in fixed
alignment with the aperture in the second plate;

(b) means for moving one plate relative to
the other so that the apertures in the plates are no
longer aligned and the contacting ceramic surface
of the first plate covers the aperture of the second
plate;

(¢) means for introducing fluid into the
closed chamber at a pressure greater than at least
about 50 psig (345 kPa);

{d) means for moving one plate relative to
the other so that the apertures in the plates are
aligned; and

_(e) means for unloading ireated tobacco ma-
terial from the chamber.
30. Apparatus for treating tobacco material with
a fluid comprising:

(a) means for loading tobacco material into a
treatment chamber through aligned apertures in
contacting surfaces of first and second plates, at
least the contacting surfaces of the plates compris-
ing advanced structural ceramic materials, the first
plate being fastened on its opposite side to a
stationary supporting member and the second plate
being fastened on its opposite side to a treatment
chamber, the chamber being in fixed alignment
with the aperture in the second plate;

(b) means for moving one piate relative to
the other so that the apertures in the plates are no
longer aligned and the contacting ceramic surface
of the first plate covers the aperture of the second
plate;

(c) means for into the
closed chamber;

(d) means for moving one plate relative to
the other so that the apertures in the plates are
aligned; and

{e) bans for unloading treated tobacco ma-
terial from the chamber.

31. Apparatus for treating tobacco material with
a fluid comprising:

(a) means for loading tobacco material into a
treatment chamber through aligned apertures in
contacting surfaces of first and second plates, at
least the contacting surfaces of the plates having a
hardness of greater than about 900 kg/imm? and a
flainess of less than about 70 microinches (1.8
micromeires), the first plate being fastened on its
opposite side to a stationary supporting member
and the second plate being fastened on its op-
posite side to a treatment chamber, the chamber
being in fixed alignment with the aperture in the

introducing fiuid
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" second plate;

{b) means for moving one plate relative to
the other so that the apertures in the plates are no
longer aligned and the contacting ceramic surface
of the first plate covers the aperture of the second
plate;

{c) means for introducing fluid into the
closed chamber;

(d) means for moving one plate relative to
the other so that the apertures in the plates are
aligned; and

(e) means for unloading treated tobacco ma-
ferial from the chamber.
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