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[57] ABSTRACT
Methods of expanding tobacco in which the tobacco is

‘heated and moistened to increase the elasticity of the

cell walls and then subjected to a vacuum rapidly im-
posed to convert moisture in the tobacco cells to
vapor and effect an expansion in the volume of the
moisture and a consequent distention of the cell walls
to increase the size of cells. The tobacco is then frozen
and dried in vacuo to remove at least part of the re-
maining water without significant alteration in the ex-
panded structure of the tobacco. Heating to a temper-
ature of at least —20° F. is then undertaken to sublime
the remaining moisture.

5 Claims, 2 Drawing Figures
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1
METHOD FOR EXPANDING TOBACCO

This application is a continuation of U.S. Pat. appli-

cation Ser. No. 78,809 filed Oct 7, 1970 (now aban-
doned).

This invention relates to the treatment of tobacco
and, more particularly, to the provision of novel im-
proved methods of converting tobacco to an expanded
form.

One of the desired characteristics of c1garette to-
bacco is that the tobacco have a high percentage of
voids. This minimizes the resistance to the flow of air
through the tobacco, making it easier to draw on the
cigarette.

Also, as a tobacco having a high percentage of voids
burns, an excess of air over that néeded for combustion
is present in the combustion zone. The excess air re-
duces the temperature of the combustion products,
providing the desired ‘““cool smoke.”

Yet another advantage of a cigarette tobacco having
a high percentage of voids is that the per cigarette con-
tent of nicotine and tars is low. Consequently, ciga-
rettes made from such tobacco are safer to smoke than
those made from tobacco having a lower void content.

Another desired characteristic of cigarette tobacco is
that it have a high degree of structural integrity. This
is necessary to produce the desired firm cigarette in
contrast to one which is soft or loosely filled.

Conventionally, tobacco intended for cigarettes is
shredded into narrow strips to make the void content
in the body of tobacco contained in a cigarette as high
as possible. However, conventionally produced shreds
of tobacco are relatively limp and weak. When a body
of tobacco constituted of such shreds is compressed to
the extent required to produce an acceptably firm ciga-
rette, the void content is reduced to a level well below
that which it would be preferable to employ. In other
words, the physical characteristics of conventional cig-
arette tobaccos are such that the goal of high void con-
tent is incompatible with that of firmness.

It is also desirable that cigarette tobacco have as high
a filling power as possible. That is, it is desired that the
physical characteristics of the tobacco be such that a
maximum number of cigarettes can be made from a

' glven weight of tobacco since tobacco is purchased on
a price per weight basis.

I have now discovered that cigarette tobacco havmg
a high void content, a high degree of structural integ-
rity, and high filling power can be produced by subject-
ing conventionally processed tobacco to. a process in
which the tobacco is heated and/or moistened to in-
crease the elasticity of the cell walls, subjected to a vac-
uum to convert moisture in the tobacco to vapor and
effect an expansion in the size of the cells, frozen, and
dried in vacuo to remove at least part of the water re-
maining in the tobacco.

Because of the increase in cell size which results, to-
bacco produced in-the manner just described has a
higher void content than conventional cigarette to-
bacco. Also, by expanding the cell size, the thickness
of the tobacco structure is increased, making it stiffer
than conventional cigarette tobacco. Consequently, a
firm cigarette can be made from tobacco treated by my
novel technique without the necessity of compressing
the tobacco to the heretofore required extent. Accord-
ingly, not only is the initial void content higher, but the

2

extent to which the void content is reduced in manufac-
turing the cigarette is substantially decreased.

This results in cigarettes having a much higher void
content than those made from conventional tobacco
and the advantages which flow from high void content.

1In addition, because of its initial higher void content

and the reduction in compression required to form a

- firm cigarette, tobacco treated in accord with the pres-
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ent invention has higher filling power than conven-
tional cigarette tobacco; that is, a larger number of cig-
arettes can be made from-a given weight of tobacco.

Various techniques for expanding or puffing tobacco
have heretofore been proposed. Exemplary are those
described in U.S. Pat. Nos. 1,789.434 issued Jan. 20,
1931; 2,344,106 issued Mar. 14, 1944; 2,739,599 is-
sued Mar. 27, 1956; 3,409,022 3,409,023, 3,409,027,
and 3,409,028 issued Nov. 5, 1968; 3,425,425 issued
Feb. 4, 1969; and 3,524,451 and 3,425,452 issued Aug.
18, 1970. However, to my knowledge, no one as here-
tofore developed a process of expanding tobacco which
has the dual advantages of the process described abo-
ve——increase in void content and increase in the physi-
cal strength of the product.

The preferred apparatus for processing tobacco in
accord with the present invention is of the continuous
type and includes a vacuum conveyor into which con-
ventional tobacco is introduced after the tobacco is
first heated and/or moistened to increase the elasticity
of the cell walls. In this conveyor the tobacco is ex-
panded by converting part of the moisture in it to va-
por. As mentioned above, this increases the volume of
fluid in the cells of the tobacco, thereby distending the
walls of the cells and increasing their size. The tobacco
is then cooled by auto-refrigeration while it is still in the
vacuum conveyor to freeze the water remaining in the
tobacco. Freezing the tobacco keeps the cell walls from
shrinking back to their original, unexpanded size.

From the vacuum conveyor the frozen tobacco
passes into a vacuum chamber where water is sublimed
from the tobacco by the application of radiant energy
until the moisture content of the tobacco is reduced to
the desired level. As the tobacco passes through the
freeze dryer it is periodically turned or tumbled or oth- -
erwise agitated to expose different surfaces of the to-
bacco to the radiant heat so that the tobacco will dry
in a uniform fashion.

The use of freeze drying to dry the expanded tobacco
is also an important part of the present invention. By
employing this technique, shrinkage of the cell walls is
again avoided. Consequently, the dried product has the .
same desired expanded structure that the tobacco has
at the end of the step in which it is expanded.

From the freeze dryer the tobacco passes into a sec-
ond vacuum conveyor. In this conveyor the pressure on
and temperature of the tobacco are increased to the
ambient levels. As this occurs, any ice remaining in the
tobacco melts and diffuses through the treated to-
bacco, increasing its moisture content to the desired
level. The tobacco is then discharged from the vacuum
conveyor to complete the process.

One important and primary object of the present in-
vention resides in the provision of novel improved
methods of and apparatus for producing tobacco hav-
ing a higher void content than conventional crgarette
tobacco.

Another important and primary object of the inven-
tion is the provision of novel methods of and apparatus
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for producing tobacco which has greater strength or
structural integrity than conventional cigarette to-
bacco.

Yet another related important and primary object of
the invention is the provision of novel, improved meth-
ods of and apparatus for producing tobacco which has
greater filling power than conventional cigarette to-
bacco. v

An important additional and primary object of the
invention resides in the provision of novel, improved
processes of and apparatus for producing expanded to-
bacco.

A related and important but more specific object of
the invention resides in the provision of methods of and
apparatus for expanding tobacco in which the tobacco
is heated and/or moistened to increase the elasticity of
the cell walls, subjected to a vacuum to convert mois-
ture in the tobacco to vapor and effect an expansion in
the size of the cells, frozen,.and dried in vacuo to re-
move at least part of the water remaining in the to-
bacco without significant alteration of the expanded
structure of the tobacco.

Other important objects and features and further ad-
vantages of the present invention will become apparent
from the appended claims and as the ensuing detailed
description and discussion of the invention proceeds in
conjunction with the accompanying drawing in which:

FIG. 1 is a flow diagram of apparatus for treating to-
bacco in accord with the principles of the present in-
vention; and .

FIG. 2 is a partially diagrammatic illustration of cer-
tain major components of the apparatus of FIG. 1.

As discussed briefly above, in the novel process of ex-
panding tobacco described herein the tobacco is first
heated or moistened or preferably both heated and
moistened to increase the elasticity of the walls of the
cells in the tobacco. Cured tobacco has a very low
moisture content and is very brittle. In this state the to-
bacco can not be satisfactorily expanded as the cells
will simply rupture instead of distending. Attempts to
expand tobacco in the typical cured state typically re-
sult not only in a low degree of expansion but consider-
able shattering and a consequent production of unus-
_ able fines.. o

As the temperature and moisture content of the to-
bacco are increased, gums, oils and other constituents

become less viscous; and the walls of the tobacco cells
become more flexible. The tobacco cells can then be
expanded without rupturing the walls of the cells.

Both the temperature to which the tobacco is heated
and the level to which its moisture content is adjusted
will vary considerably, depending upon a number of
factors. These include the extent to which the tobacco
is to be expanded; the physical form of the tobac-
co—leaves (which include stems and veins); strips
(leaves without veins); or cut filler (strips shredded for
cigarette making and usually mixed with particles of
stems and veins); the particular variety or blend being
processed; and others. The tobacco may, however, be
heated to temperatures up to 170° F, since even the
least robust tobaccos can be heated to this temperature
for the limited times involved' without impairment of
flavor or color. Nevertheless, in a typical application of
- the invention, a somewhat lower temperature
(130°-150° F.) will preferably be employed.

3,823,722
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4

. The addition of even large amounts of water to to-
bacco for short periods of time does not appear to have
a detrimental effect on the tobacco although excessive
water may make the tobacco difficult to handle. Ac-
cordingly, there does not appear from this point-of-
view to be a critical upper limit on the level to which
the moisture content of the tobacco is increased in the
initial steps of the tobacco expanding process I have in-
vented. However, in a typical application of the inven-
tion, it will not prove necessary to add to the tobacco
more than 0.15-0.2 pounds of water per pound of to-
bacco.

The next step in the novel process I have invented is
to rapidly reduce the pressure on the heated and/or
moistened tobacco to a level sufficiently low that a part
of the moisture in the cells of the tobacco will vaporize.
As this occurs, the volume of moisture increases enor-
mously. As'a consequence, the walls of the cells are dis-
tended, expanding the size of the cells.

The level to which the pressure on the tobacco is re-
duced is a parameter which will vary from application-
to-application of the invention. In a typical application,
however, the pressure on the tobacco will be reduced
to on the order of one pound per square inch absolute
to generate the vapor required for expansion of the to-
bacco.

‘The vaporization of the moisture in the tobacco is ac-
companied by a decrease in the temperature of the to-
bacco since the tobacco and the moisture it contains
supply the latent heat of vaporization. In some cases
this temperature decrease may be sufficiently large to
decrease the elasticity of the cell walls to an undesir-
able extent. Also, the evaporation of moisture from the
tobacco in the expansion step may reduce the moisture
content to an undesirably low level. : .

In such cases steam is added to the tobacco in the
novel process I have invented. The steam keeps the
temperature of the tobacco at the desired level and also
reduces the loss of moisture from the expanding to-
bacco. The temperature and pressure of the steam used
for this purpose as well as the amount which is used will
of course depend on a number of factors including the
amount of heat required to keep the tobacco at the de-
sired temperature level, the moisture content of the
steam, etc. . ‘

At the end of the expansion step, the tobacco is still
in a relatively plastic state; i.e., the cell walls are stjll
relative elastic. To keep the tobacco from shrinking
back toward its unexpanded state, the moisture remain-
ing in the tobacco is promptly frozen.

The freezing step is accomplished by further reduc-
ing the pressure on the tobacco, typically to a pressure
on the order of 0.02 to 0.04 psia. At such pressures
water can exist only in the form of ice at the tempera-
ture which the tobacco will typically have. Accord-
ingly, as the pressure on the tobacco is reduced to these

“levels, ice is formed in the cells of the tobacco to keep

them from shrinking. Also, the gums, oils, and similar
constituents in the tobacco become extremely viscous
and the cell walls lose elasticity, further assisting in
keeping the tobacco in the expanded state.

Moisture must be removed from the frozen tobacco
to reduce its moisture content to the level which is de-
sired in the expanded tobacco. This is accomplished in
accord with the present invention by keeping the fro-
zen tobacco under a high vacuum and heating it, pref-
erably by the application of radiant heat. This causes



3,823,722

]

moisture remaining in the tobacco to sublimate; i.e., to
pass directly from the solid to the gaseous state.

The advantage of drying the expanded tobacco in the
manner just described is that the removal of excess
moisture can be accomplished without significant alter-
ation in the expanded characteristics of the tobacco.
Accordingly, the use of the just described technique
(commonly referred to as “freeze drying”) to dry the
expanded tobacco is considered an important part of
the present invention. _

The tobacco is preferably turned or tumbled periodi-
cally during the drying step. This promotes uniformity
in the exposure of the different surfaces of the tobacco
to the radiant heat and, consequently, uniform drying.

Normally, it is desired that the expanded and dried
tobacco have a definite, predetermined moisture con-
tent; i.e., that it not be reduced to a bone dry state. This
keeps it from being too brittle, reduces its burning rate,
etc. Accordingly, the freeze drying step is normally ter-
minated while there is still some ice in the tobacco. The
tobacco is then returned to ambient conditions.. As this
occurs, the ice melts, and the resulting water diffuses
through the tobacco, increasing its moisture content to
the desired level.

Referring now to the drawing, FIG 1 1llustrates in
block diagram form apparatus 10 for expanding to-
bacco in accord with the principles of the present in-
vention. The first major component of apparatus 10 is
a heater 12 in which the temperature of the tobacco to
be expanded is increased.

This is to lower the viscosity of gums, oils, and similar
constituents of the tobacco and to increase the flexibil-
ity of the tobacco cell walls so that the tobacco may be
expanded without rupturing or shattering the walls of
the tobacco celis.
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After heating, the tobacco may be expanded. Typi- -

cally, however, it will first be delivered to a moisturizer
14 to increase the moisture content of the tobacco. As
discussed above, this also increases the elasticity of the
walls of the tobacco cells, making the tobacco easier to
expand. : ‘ 7 _
From heater 12 (or moisturizer 14), the tobacco is
delivered to a vacuum conveyor 16 in which the now
elastic tobacco i$ expanded and then frozen to prevent
it from shrinking toward its unexpanded state. The vac-
uum conveyor then delivers the frozen tobacco to a
freeze dryer 18, where excess moisture is removed
from the tobacco. The dried tobacco is discharged into
a second. vacuum conveyor 20 in which the tempera-
ture of and the pressure on the tobacco increases to the
ambient level, As this occurs, any ice remaining in the
expanded and dried tobacco melts; and the water dif-

fuses throughout the tobacco, increasing its moisture -

content to the desired level. From this vacuum con-
veyor, the tobacco is discharged onto a conventional
transfer conveyor 22, which conveys the dried, ex-
panded tobacco to a cigarette making machine or other
station (not shown) for further processing.

Heater 12 and moisturizer 14 may be of any des:red
construction and may, in fact, advantageously be com-
bined into a single unit in many applications of the
present invention. Suitable units capable of concomi-
tantly heating and increasing the moisture content of
tobacco are disclosed in my prior U.S. Pat. Nos.
2,086,446 issued July 6, 1937; 2,124,012 issued July
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19, 1938; and 2,217,935 issued Oct. 15, 1940, and in
U.S. Pat. No. 2,739,599 issued Mar. 27, 1956.

* Since suitable devices for heating tobacco and for in-
creasing its moisture content have heretofore been de-
scribed in the patent literature and as the specific na-
ture of these components is.not critical in the practice
of the present invention, they will not be described fur-
ther herein.

As indicated above, the heated and/or moisturized
tobacco flows from heater 12 or moisturizer 14 to vac-
uum conveyor 16 in which the tobacco is first ex-
panded and then frozen to eliminate shrinkage. Refer-
ring now to FIG. 2, the preferred form of conveyor in-
cludes ah elongated, cylindrical casing 24 through
which an endless, flexible chain 26 extends. Chain 26
also extends through an elongated cylindrical guide 27
disposed in parallel, spaced relationship to casing 24.

Fixed to endless chain 27 at substantially equidis-
tantly spaced intervals are pistons 28 which are circular
discs or flights configured to engage the inner wall 30
of casing 24. Peripheral seals on flights 28 (not shown)
will generally be employed to keep gas from leaking
past the seals. Preferably, the distance between pistons
28 is so related to the length of casing 24 that there are
always plural pistons in the casing. This provides plural
seals between vacuum dryer 18 and the surrounding
environment to minimize leakage into the freeze dryer.

-Also, the interior of casing 24 may be coated with Tef-

lon or other material having a low coeffecient of fric-
tion or otherwise treated to reduce sliding friction be-
tween casing 24 and the flights 28 of conveyor 16.

Belt 26, which consists of links 32 connected by pivot
or hinge pins 24, is trained around sprocket members
36 and 38 at opposite ends of casing 24. The sprockets
are rotated in the directions indicated by arrows 40 and
42 in FIG. 2 by a drive arrangement of appropriate con-
struction (not shown). As the sprockets rotate, the con-
necting pins 34 of belt 26 are drivingly engaged in re-
cesses 44 at the outer ends of sprocket arms 46, Ac-
cordingly, as they revolve, the sprockets propel drive
chain 27 and flights 28 through cylindrical casing 24 in
the direction indicated by arrow 48 in FIG. 2.

It will be apparent from FIG. 2 and from the forego-
ing descrlptxon that plstons 28 cooperate with casing 24
to form a series of moving, substantially gastight com-

_partments 50. These compartments are filled with the

tobacco to be expanded after it has been heated and/or
moisturized from a hopper 52 which communicates
with the interior of casing 24 adjacent the feed end of
the latter, .

Intermedlate its ends, the interior of casmg 24 is con-
nected through a conduit 54 to a vacuum pump 56. Ac-

. cordingly, as each compartment 50 moves through cas-

ing 24, communication i$ established between it and
vacuum pump 56 to.reduce the pressure on the tobacco
in the compartment.

As discussed above, the pressure is reduced to a suffi-
ciently low value that part of the moisture in the to-

- bacco will -be converted to water vapor. This enor-

65

mously increases the volume of the moisture; and the
vapor accordingly distends the more-or-less elastic
walls of the tobacco cells, thereby expanding the size
of the cells. By controlling the speed of conveyor belt
26, the rate of conversion of the moisture in the to-
bacco to water vapor can be regulated so that the vapor
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will be formed fast enough to effect the desired expan-
sion but not so fast as to explode the tobacco.

The vaporization is accompanied by a drop in the
temperature of the expanding tobacco due to the loss
of latent heat of vaporization. As discussed above, this
may in some cases result in an unacceptable decrease
in the elasticity of the tobacco. It was also pointed out
that the temperature drop can be offset by adding
steam to the tobacco as it expands. Provision is made
for this in the apparatus shown in FIG. 2. More specifi-
cally, a steam line 58 is connected to the interior of cas-
ing 24 at approximately the same location or station as
vacuum line 54. A valve 60 in steam line 58 can be
opened to admit steam to the interior of the casing as
needed.

In addition to water vapor, non-condensible gases

{primarily air) will be present in each compartment 50
during the expanding step. As the vapor is formed and
exits from casing 24 through vacuum line 54, it entrains
the non-condensible gases, evacuating them from the
compartment 50 in communication with the vacuum
line through the latter.
- Referring still to FIG. 2, downstream of the station at
which vacuum line §4 and steam line 58 communicate
with the interior of casing 24, a second vacuum line 62
is connected to the interior of the casing. Vacuum line
62 is connected through a second vacuum line 64 to a
condenser 66 which will be described in more detail
later. Vacuum line 62 is provided so that the pressure
on the non-expanded tobacco can be further de-
creased. Valve 65 in line 62 can be adjusted to regulate
the extent to which the pressure on the tobacco is re-
duced. _

More specifically, as discussed above, after the ex-
pansion step is completed, the pressure on the ex-
panded tobacco is reduced to a level at which addi-
tional moisture will convert into vapor. This extracts
additional heat from the tobacco, causing the remain-
ing moisture to freeze. The freezing of the expanded
tobacco eliminates shrinkage by increasing the viscos-
ity of gums, oils, and other constituents in the tobacco;
by reducing the flexibility of the tobacco cell walls; and
by forming ice in the cells of the tobacco to keep them
from contracting. - ,

At the right-hand end of conveyor casing 24 as shown
in FIG. 2, the expanded, frozen tobacco is discharged
from the casing through a transfer conduit. 68 into
freeze dryer 18. As shown in FIG. 2 the freeze dryer in-
cludes a generally gastight casing 70 housing a series of
conventional, horizontally oriented, vertically spaced
apart conveyors 72, 74, 76 and 78. Each of these con-
veyors includes an endless belt 80 trained around rol-
lers 82 and 84, one or both of which may be driven by
an appropriate drive arrangement (not shown).

The three lower conveyors 74, 76, and 78 are so posi-
tioned relative to each other and to conveyor 72 that
.the feed end of each conveyor is positioned below the
discharge end of the conveyor thereabove. Accordingly.
the expanded, frozen tobacco falls through transfer
conduit 68 onto the feed end of conveyor-72. It pro-
ceeds along conveyor 72 and then passes over the dis-
charge end of the latter onto the feed end of conveyor
74, proceeds along the latter, falls onto the feed end of

conveyor 76, etc, Finally, the material is discharged

from conveyor 78 through transfer conduit 86 into the
discharge vacuum conveyor 20.
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8

The use of the multiple conveyor arrangement just
described is considered an important part of the inven-
tion. This causes the tobacco to be periodically tum-
bled or agitated as it moves through dryer 18, exposing
fresh surfaces to radiant heat emanating from radiators-
88 disposed closely adjacent the upper runs of the con-
veyors. This promotes uniform exposure of the tobacco
surfaces to the radiant heat and, consequently, uniform
drying of the tobacco.

Radiators 88 may be of any desired type such as, for
example, those disclosed in my U.S. Pat. Nos.
3,262,494 issued July 26, 1966; 3,285,514 issued Nov.
15, 1966; and 3,305,011 issued Feb. 21, 1967.

The interior of vacuum vessel 18 is maintained at a
pressure typically on the order of 0.04 inch of mercury
absolute.. At this pressure the excess moisture in the
frozen tobacco will, upon the application of heat from
radiators 88, pass directly from the frozen state to the
vapor state;i.e., sublime, at temperatures of —20° F. or
higher. The heat from radiators 88 increases the to-
bacco temperature to a higher level to effect sublima-
tion of the excess moisture from the frozen tobacco.

This method of removing excess moisture is an im-
portant part of the present invention since it permits
the moisture to be removed without significant shrink-
age of the expanded tobacco. By the time the tobacco
is dried to a typical final moisture content, elasticity of
the cell walls of the tobacco is reduced and the viscos-
ity of the gums, oils, and the like increased to such an
extent that shrinkage is no longer a problem.

Radiators 88 are heated by circulating a fluid, prefer-
ably liquid, heat transfer medium through them. Suit-
able heat transfer liquids, capable of being heated to
temperatures as high as 800° F. without an unaccept-
ably high rate of degradation, are disclosed in my U.S.
Pat. No. 3,236,292 issued Feb. 22, 1966.

Radiators 88 are incorporated in a liquid heating and
circulation system 90. In addition to the radiators; this
system includes a heating unit 92. The heating unit is
connected to the radiators by supply conduit 94, supply
header 96, and branch supply conduits 98 and by
branch return conduits 100, return header 102, and
main.return conduit 104. A pump 106 in main return
conduit 104 circulates the heat transfer medium
through the closed system just described. Flow through
each of the radiators 88 is regulated by a valve 108 in
the ‘associated branch supply conduit 98 so that. the
heat from each radiator to the tobacco on the asso-
ciated conveyor can be independently controlled.

The heating system just described will in actual prac-
tice include a number of additional components as will
be apparent to those versed in the arts to which this in-
vention relates. However, as such components are not
part of the present invention and as they are described
in U.S. Pat. No. 3,236,292 and elsewhere, they will not
be referred to further herein.

It is necessary to continuously remove the evapo-
rated moisture from vacuum vessel 70 since, at typical

‘operating pressures and temperatures, each pound of

water removed from the tobacco occupies several
thousand cubic feet. One form of apparatus which may
be employed for this purpose includes the condenser
66 referred to above. The condenser is connected to
vacuum vessel 70 by the above-mentioned conduit 64
and by conduit 110 and to a vacuum pump 112 by con-
duit 114. A valve 115 regulates the flow through con-

duit 110 -to the condenser.
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Vacuum pump 112, which is also used to pump down
vacuum vessel 70 when the system is started up, draws
the accumulated water vapor from vacuum vessel 70
through conduits 110 and 64 and upwardly through
condenser 66, where it is absorbed by a refrigerated
sorbent such as an ageuous lithium chloride solution.
The sorbent is pumped from a conduit 116 into the
upper end of condenser 66 and flows downwardly
through the condenser over interleaved horizontal baf-
fles 118.

From the lower end of the condenser the sorbent
heated and diluted by absorbed water vapor, flows
through conduit 120 into pump 122, which circulates
the diluted sorbent through conduits 124 and 126 into
the cooler 127 of refrigeration apparatus 128, which
also includes a refrigeration producer 129a connected
to cooler 127 by conduits 1295 and 129¢. The refriger-
ation apparatus may be of any appropriate type such as
the ammonia compression system disclosed in my U.S.
Pat. No. 2,515,098 issued July.11, 1959. In cooler 127
the lithium chloride solution is cooled for recirculation
to condenser 66. As the refrigeration system is per se
not part of the present invention and as suitable sys-
tems can be readily selected by those familiar with the
relevant arts, this system will not be described further
herein.

A second, smaller c1rculatmg pump 130 contmuously
draws a portion of the dilute solution from conduit 124

and delivers it through conduits 132 and 134 to a sor-.

bent concentrator or reboiler 136, which may be of the
type described in my U.S. Pat. No. 2,515,098. Here, ex-
cess water is boiled off the sorbent solution to increase
its concentration.

From reboiler 136, the sorbent flows through conduit
138, a coil 140 in heat exchanger 142, and conduit. 144
back into refrigération unit cooler 127, where it is
cooled for recirculation to condenser 66. As the hot,
concentrated sorbent flows through heat exchanger
142, it gives up otherwise unusable sensible heat to di-
lute sorbent flowing to reboiler 136 through a coil 146
disposed in heat exchanger 142 in heat transfer. rela-
tionship to coil 140. Circulation of the sorbent from
main return conduit 124 through the reboiler and flow
of the concentrated sorbent from the reboiler through
heat exchanger 142 to refrigeration unit 127 are con-
trolled by valves 148 and 150 in conduits 132 and 138,
respectively.

The details of the vapor removal system _]ust de-
scribed are not critical in the practice of the present in-
vention. For this reason and because appropriate sys-
tems are discussed in detail in my U.S. Pat. No.
2,515,098 and in my copeiding U.S. Pat. application
No. 69,497 filed Aug. 6, 1970, both of which are
hereby incorporated by reference, this system will not
be discussed further herein.

Referring again to FIG. 2, the vacuum conveyor 20
into which the dried tobacco is transferred from freeze
dryer 18 is of essentially the same type as the vacuum
conveyor 16 discussed above. This conveyor includes
a cylindrical casing 152 through which an endless belt
154 consisting of links 156 connected by hinge pins
158 extends. Belt 154 also extends around sprockets
160 and 162, which drivingly engage the belt in the
manner described above, and through a cylindrical
guide 164.

Fixed to endless belt 154 at generally equidistantly
spaced intervals are pistons 166 in the form of circular
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discs or flights which are configured to match the inner
wall 167 of casing 152 and carry peripheral sealing
members (not shown) to provide generally gastight
seals between the flights and the interior of the casing.
Also, as in the case of conveyor 24 and for the same
reasons, the conveyor is preferably constructed so that
there are always plural pistons in casing 152 to isolate
freeze dryer 18 from the surrounding environment.
And, as in the case of conveyor 24, the interior of the
casing may be coated with Teflon or the like to reduce
sliding friction between the casing and conveyor flights
164.

Sprockets 160 and 162 are rotated in the directions
indicated by arrows 168 and 169 in FIG. 2 by a suitable
drive mechanism (not shown). Accordingly, conveyor
flights 166 cooperate with the interior of casing 152 to
form a series of pockets 170 which move through cas-
ing 152 in the direction indicated by arrow 172 in FIG.
2. Compartments 170 are filled with dried tobacco
from transfer conduit 86 and carry the tobacco through

_the conveyor from right to left as shown in FIG. 2.

In a typical application of the present invention, only
a part of the moisture present in the tobacco is re-
moved in freeze dryer 18, the remaining moisture being
in the form of ice as the tobacco is transferred into dis-
charge conveyor 20. As the tobacco is moved through
conveyor 20 in pockets 170, the pressure on and tem-
perature of the tobacco is increased. The remaining ice
accordingly melts, and the resulting water diffuses,
throughout the tobacco. In this manner, the moisture
content of the expanded product can be adjusted to any
desired level.

As shown in FIG. 2, the interior of casing 152 is con-
nected through vacuum line 174 to a vacuum pump
176 adjacent the right-hand end of the casing, Vacuum
pump 176 keeps air and other non-condensibles enter-
ing casing 152 at the right-hand end thereof from flow-
ing into the freeze dryer 18.

From the left-hand end of conveyor 20 the expanded
tobacco is discharged through conduit 178 onto trans-
fer conveyor 22. As discussed above, this conveyor
transfers the expanded tobacco to a cigarette making
machine or other station for further processing.

The invention may be embodied in other specific
forms without departing from the spirit or essential
characteristics thereof. The present embodiment is
therefore to be considered in all respects as illustrative
and not restrictive, the scope of the invention being in-
dicated by the appended claims rather than by the fore-
going description, and all changes which come within
the meaning and range of equivalency of the claims are
therefore intended to be embraced therein.

What is claimed and desired to be secured by Letters
Patent is:

1. The method of expandmg tobacco, comprising the
step of heating the tobacco to a temperature of not
more than 170° F. and concurrently maintaining mois-
ture in said tobacco at a selected level of not more than
0.2 pounds of water per pound of tobacco to thereby
increase the flexibility of the cell walls of said tobacco,
the pressure on said tobacco being kept sufficiently
high during said step to keep the water in the tobacco
in the liquid state; reducing the pressure on said heated
and moistened tobacco after the cell walls thereof have
become plastic to a subatmospheric level of not more
than about 1 pound per square inch absolute with suffi-
cient rapidity to cause a part of the water in said to-
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bacco to flash from liquid into vapor, thereby increas-
ing its volume and effecting an expansion in the sizes
of the cells in said tobacco; thereafter freezing the
water remaining in the tobacco to keep the cells in said
tobacco from shrinking by reducing the pressure on
said tobacco to a level of not more than 0.04 pounds
per square inch absolute; and thereafter drying the to-
bacco to reduce the moisture content of the tobacco to
a selected level without significantly altering the ex-
panded physical structure of the tobacco by maintain-
ing the pressure on the frozen tobacco at said lower
level and heating the moisture in the tobacco to a tem-
perature of at least —20° F. to sublime excess moisture
from the tobacco.

2. The method of claim 1, together with the step of
adding steam to the tobacco as the pressure thereon is
reduced to thereby maintain the temperature and mois-
ture content of the tobacco sufficiently high to keep the
cell walls of the tobacco elastic while said tobacco is
expanded.

3. The method of claim 1, together with the step of
heating the dried tobacco to melt the ice remaining
therein and thereby adjust the moisture content of said
tobacco to a selected level,

4. The method of claim 1, wherein the moisture in’

said tobacco is maintained at said selected level by add-
ing water thereto in an amount sufficient to increase
said moisture content to said level and wherein the
pressure on the tobacco during the addition of the
water is kept sufficiently high to keep the added water
in the liquid state.
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5. The method of expanding tobacco, comprising the
step of heating the tobacco to a temperature of not
more than 170° F. and concurrently adding water to
said tobacco in an amount sufficient to increase the
level of moisture therein to a selected level of not more
than 0.2 pounds of water per pound of tobacco to
thereby increase the flexibility of the cell walls of said
tobacco, the pressure on said tobacco being kept suffi-
ciently high during the addition of said water to keep
the water in and added to said tobacco in the liquid
state; reducing the pressure on said heated and moist-
ened tobacco after the cell walls thereof have become
plastic to a sub-atmospheric level of not more than
about 1 pound per square inch absolute with sufficient
rapidity to cause a part of the water in said tobacco to
flash from liquid into vapor, thereby increasingits vol-
ume and effecting an expansion in the sizes of the cells
in said tobacco; thereafter freezing the water remaining
in the tobacco to keep the cells in said tobacco from
shrinking by reducing the pressure on said tobacco to
a lower level of not more than 0.04 pounds per square
inch absolute; and thereafter drying the tobacco to re-
duce the moisture content of the tobacco to a selected
level without significantly altering the expanded physi- -
cal structure of the tobacco by maintaining the pres-
sure on the frozen tobacco at said lower level and heat-
ing the moisture in the tobacco to a temperature of at
least —20° F. to sublime excess moisture from the to-

bacco.
E3 * * * *
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