THIS SHEET MAS BEEN |

PR@@ESSrIEd%ﬂVPREGWl ON AND EXPANSI ON OF TOBACCO Backgr ourjd of REhacED

¥l ng ca he t obacco art has |long recogni zed the desirability

of expan i ncrease the bul k or volunme of topacco. There have

been vari ous reasons for expandi ng t obacco. One of the e y/ngoﬁ;;&,,for
~expandi ng tobacco i nvol ved nmaki ng up the Ioss of wei ght ' J

: IJ;gventlon Thi rel at es to a process for expandi ng.th yol-te—ot
t o\bacc m rI y tshis bnvention 5 relates to e%pah@r hg“t obacco

OCESS FOR REGNATION EXPANSION OF TOBAC

Background of the Invention

This invention reiatés to a process for expanding.

the volume of tobacco. More particularly this invenpion
5 relates to expanding tobacco using carbon dioxide. :

The tobacco art has long recognized the.
desirability of expanding tobacco to increase the bulk or
volume of tobacco. There have been various reasons for
expanding tobacco. One of the ear1§ purposes for .

10 expanding tobacco involvedlmaking up the loss of weightﬁaﬂf'
"~ caused by the tobacco curing proceSs. “Another purpose wes K
" to improve the smoking characteristics of ﬁarticular '
tobacco components, such as tobacco stems. It has also
been desired to increase the filling power of tobacco so
1s that a smaller amount of tobacco would be reduired Eo
'produce a smoking pfoduct, such as a cigarette, which ‘
-would:have_the same firmness and yet would deliver lower
tar and nicotine than a comparable smoking product made of
non-expanded tobacco having a more dense tobacco filler.
20 Various methods have been proposed for expanding
" tobacco, including the impreghation of tobacco with a gas
under pressure and the subsequent release of pressure,
_whereby'the gas causes expansion of the tobacco cells ﬁo
increase the-volume.of the treated tobacco. Other methods
25 which have been employed or suggested have inciuded the
.txeatment of tobacco with various liquids, such as water
or relatively volatile organio or inorganic liquids, to
impregnate the tobaccc with the same, after which the
1iquide are driven off to expand the tobacco. Additional
30 methods which have been suggested.have included the
treetment of tobacco with solid materials which, when

heated, decompose to produce gases which serve to expand
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gaused by the tob Ag process. ‘Anot her purpose was t o} THNPISBIEET HA® BEEN
snoki ng characterlstlcs of particular tobacco components, sugh asRERGPETR O

stens. ' | tyas @HﬁﬂB hﬁ@5|red to increase the filling powet—ef—tobacco—sU

5 that nt_of t obacco woul d be required to produce a
snoki ng pr a cigarette, which would have the sane firmmess
|ver

and yet wo Iomer tar and nicotine than a conparabl e snoki ng
product made- of - non- expanded t obacco haV|Qg2a nore dense tobacco filler. 20
Vari ous nethods have. been proposed for expahdi ng tobacco, -including the

|npregnat|on of %%baggbaccglq %tggé methods include the treatment of

tobacco with gas-containing liquids, such as carbon
dioxide-containing water, under pressure to incorporate.
the gas in the ‘tobacco and when the impregnated tobacco is

5 heated or the ambient préssure reduced the tobacco
expands. Additional techniques have been déveloped for
expanding tobacco which involved the treatment of tobacco
with gases which react to form solid chemical reaction
products within the tobacco, which solid reaction produdts

10 may then decompose by heat to produce gases within the
tobacco which cause expansion of tobacco upon their
release. More specifically:

U.S. Patent No. 1,789,435 describes a method and °
apparatus for expénding the volume of tobacco in order to

15 make up the loss of volume caused in curing tobacco leaf.
To accomplish this objecty-thé cured and conditioned |
 tobacco is contacted with a gas, which may be air, -carbon
dioxide or steam under preséure and the. pressure is then
relieved, the'tbbacco ténds to expand. The patent states

20 that the volume of the tobacco may, by that process, be
increased to the extent of about 5-15%.

U.S. Patent No. 3,771,533, commonly assigned .
herewith, involves a treatment of tobacco with carbon
dioxide and ammonia gases, whereby the tobacco is

25 saturated with theée gases and ammonium carbamate is
formed in situ. The ammonium carbamate is thereafter
.decomposed by heat to release the gases within the tobacco
cells and to cause expansion of the tobacco. .

U.S. Patent No. 4,258, 729 commonly as51gned

30 herewith, describes a method for expanding the volume of
tobacco in which the tobacco is impregnated with gaseous
carbon dioxide under conditions such that the carbon

_dioxide'remains substantially in the gaseous state.’




under pressure and the subsequent release of pressure, mhereby % o pE
causes, expansi on of the tobacco cells to increase the vqunE:of f@ gﬁf F H“a
tobacco. Other methods 25 - whi éh have been enpl oyed or suggesLﬁd__uwg

i*acl uded the treatnent of tobacco with various liquids, such as water or
relatively volatile organic or inorganic liquids, to inpregnate the tobacco
with the same, after which the liquids are driven off to expand the

t obacco. Additional 30 met hods whi ch hav? been suggested have included
the treatnment of tobacco with solid materiafs which, when heated, deconpose

to pr oduce gases ﬁ’m gof:%qu:he t%ﬁggcg prior to the impregnation step or

.cooling the tobacco bed by external means during
1mpregnat10n is limited to av01d condens1ng the carbon
dioxide to any 51gn1f1cant degree.

5 - U.S. Patent No. 4,235,250, commonly assigned
hereﬁith, describes a method for expanding the volume of
tobacco in which the tobacco is impregnated with gaseous
carbon dioxide under conditions such that the carbon
dioxide remains substantially in the gaseous state.

10 During depressurization some of the carbon dioxide is
converted to a partially condensed state within the
tobacco. That-patent teaches that the carbon-dioxide
enthalpy is controlled in such a manner to minimize carbon
dioxide éondensation. .

15 U.S. Patent No. RE. 32,013, commonly assigned
herewith, describes a method and apparatus for.expanding
the volume of tobacco in which the tobacco is impregnated
with liquid carbon dioxide, converting the liqﬁid carbon
dioxide or solid carbon dioxide in situ, and thén_causing

20 the solid carbon dioxide to vaporize and expand the‘

tobacco.

Summary of the Invention
The present process employing saturated carbon

dioxide gas in combination with a controlled amount of
25 liquid carbon diéxide, as described below, has been found

to overcome the disadvantages of the prior art processes

and provides an improved method for expanding tobacco.

The moisture content of the tobacco to be expanded is

carefully controlled prior to contact with the saturated
30 carbon dioxide gas. The temperature of the tobacco is

carefully controlled throughout the impregnation process..
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-2- the tobacco. Oher nethods include the treatnent of tobacco—wth
gas-cqntaining liquids, such as carbon dioxide-containing vwﬁ%ﬁHEETﬁdéﬁkEN
pressure to incorporate the+gas i'n the tobacco and when tHe i %gﬁﬁ?ed
tebacco is 5 heated or the ambient pressure reduced the tTobacco expands.
Addi tional techniques have been devel oped for expanding tobacco which

i nvol ved the treatnent of tobacco

- 4 -

Saturated carbon dioxide gas is allowed to thoroughly
impregnate the tobacco, preferably under conditions such
that a controlled amount of the carbon dioxide condenses
on the tobacco. After the impregnation has been
5 completed, the elevated pressure is reduced, thereby
cooling the tobacco to the desired exit temperature.
Cooling of the tobacco is due to both the expansion
of the carbon dioxide gas and the evaporation of the
condensed liquid carbon dioxide from the tobacco. The
10 resulting carbon dioxide-containing tobacco is then
subjected. to ‘conditions of temperature and pressure,
preferably rapld heating at atmospheric pressure, whlch
result in the expansion of the carbon dioxide impregnant
- and the consequent expansion of the tobacco to provide
15 a tobacco of lower density and increased volume. '
Tobacco impregnated according to the present
invention may be expanded usinglless-energy,-e.g., a
significantly lower temperature gas stream may be used at
a compareble residence time, than tobacco impregnated
20 under conditions where liquid carbon dioxide is used.
In addition, the present invention affords greater
control of the chemical and flavor components, e.g.,
reducing sugars and alkaloide, in the final tobacco
product by allowing expansion to be carried out over a

25 greater temperature range than was practical in the past.

Detailed Description of the Invention
The present inventioﬁ relates broadly to a process for
expanding tobacco_eﬁploying a readily available,
relatively

30 inexpensive, non-combustible and non-toxic expansion
"agent. More particularly, the present invention relates
to the production of an expanded tobacco product of
—_— _
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with gases which react to formsolid chem cal reaction produghsoSwERTHi b BEl
t obacco, which solid reaction products 10 may t hen deconpose As§fLAER to

g
|
|

producé gases within the tobacco*which cause expansi on of tebaceco—upon

their rel ease.

More specifically: U S. Patent No. 1,789,435 describes a

met hod and apparatus for expandi ng the volume of tobacco in order to is
make up the | oss of volune caused in curing tobacco |leaf. To acconplish

this object,

the cured and conditioned tobagco is contacted with a gas,

whi ch may be air, carbon dioxide or steam under pressure and the pressure

is then

10 -

15

20

25

30

substantially reduced density and increased filling power,
produced by impregnating tobacco under pressure with
saturated'gaseous carbon dioxide and a controlled

amount of condensed liquid carbon dioxide, rapidly
releasing the pressure, and then causing the tobacco to
expand. . Expansion may be accomplished by subjecting'the
impregnated tobacco to heat, radiant emergy or similar
energy generating conditions ﬁhicﬁ will cause the.carbon
dioxide impregnant to rapidly expand.

To carry out the procéss of the present invention
one may ﬁreat either whole cured tobacco leaf, tobaéco in
cut or chopped form, or selected parts of tobacco such as
tobacco stems or possibly even reconstituted tobacco. In
comminuted form, the tobacco to bg impregnated preferably
has a particle size of from about 6 mesh to about 160
mesh, more preferably the tobacco has a particlé size not
less than about 30 mesh. As used herein, mesh refers to
United States standard sieve and those values reflect
the ability of-more than 95% of the particles of a given
size to pass through a screen of a given mesh value.

As used herein, % moisture may be considered
equivalent to oven-volatiles content (OV) since not more

than about 0.9% of tobacco weight is volatiles other than’

water.  Oven volétiles determination is a simple

measurement of tobacco weight loss after exposure for 3
hours in a circulating air oven controlled at 212°F
(100°C). The weight loss as percentage of iﬁitial.
weight is oven-volatiles content.

The term "cylinder volume" is a unit for measuring

the degree of expansion of tobacco. As used throughout

this application, the values employed, in connection with

these terms are determined as follows:

_ ]
_ . _ Cylinder Volume (CV)
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r.el ieved, the tobacco tends to expand The patent states

vol une o% t he t.obacco may, by that prbcess, be i ncreased t "ﬁ%&%%féﬁiaé?q"

about 5-15% U.S. Patent No.. 3,771,533, comonly assigned herew

isavol ves a treatnent of tobacco wi th carbon di oxi de and amoni a gases,
wher eby the tobacco is 25 saturated with these gases and anmoni um
carbamate is fornmed in situ. The anmonium carbamate is thereafter-
deconposed by heat to rel ease the gases within the tobacco cells and to

cause expansi on
a55|gned

10

15

20

25

of the tobacco. U S. Patent No. 4,258,729, commonly
Tobacco filler weighing 20 grams, if unexpanded,

or 10 grams, if expanded, is placed in a 6-cm diameter
Densimeter cylinder, Model No. DD-60, designed by the
Heinr. Borgwaldt Company, Heinr. Bbrgwaldt GmbH,
Schnackenburgallee No. 15, Postféck 54 07 02, 2000 Hamburg
54 West Germany. A 2 kg piston, 5.6 cm in'diameter, is
placed on the tobéccé in.the cylinder for 30 seconds. The
resulting volume of'the-compresse& tobacco is read and
divided by the tobacco sample weight to yield the cylinder
volume as cc/gram. The test determines the appafent
volume of a given weight of tcbacco filler. The resulting
volume of filler is reported as cylinder volume. This
test is carried out at standard environmental conditions
of 75°F (24°C)'aﬂd 60% RH; conventionally, unless.
otherwise stated, the sample is preconditioned in this
environment for 24-48 héurs.

| ' Specific Volume (SV)

_ The term "sﬁecific volume" is a unit for méasuring
the volume and true density of solld objects, e.g.,
Itobacco, using the fundamental pr1n01p1es of the 1dea1 gas
law. The specific volume is determined by taking the
inverse of the density and is expressed as "cc/g". A
weighed sample of tobacco, either "as is", dried at 100°C
for 3 houfs, or equilibrated, is placed in a cell in a '

Quantachrome Penta-Pycnometer. The cell ‘is then purged

~and pressured with helium. The volume of helium displaced

30

by the tobacco is compared with volume of helium required
to £ill an empty sample cell and the tobacco volume is
determined based on Archimedes' principle. As used
throughout this applicatioﬁ, unless stated to the
contrary, specific volume was determined using the same

tobacco sample used to determine OV, i.e., tobacco dried
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30 herewi th, describes a nethod for expanding the vol une |afig SHEET HAS BEEN
whi ch the tobacco is inpregnated w th gaseous, carbon di oxi de undéﬁﬂ$ﬁﬁﬂ

condittons such that the carbon di oxi de remai ns substanti al | yy—+ra—tte
gaseous state. -3- Pre-cooling the tobacco prior to the inpregnation
step or cooling the tobacco bed by external means during inpregnation is
limted to avoid condensi ng the carbon

..'7_.

after exposure for 3 hours in a circulating air oven

controlled at 100°C.

Brief Description of the Drawings
The above and other objects and advantages of the
5 invention will be apparent upon consideration of the
following detailed description and representative
examples, taken in conjunction with the accompanying
drawings, in which: ‘

Figure 1 is a standard temperature-entropy diagram

10 for carbon dioxide;

Figure 2 is a simplified block diagram of a
process for expanaing tobacco incorporating one form of
the present invention;

_ Figure 3 is a plot of weight percent carbon
15 dioxide evolved from tobacco impregnated at 250 psia
. (1723.5 kéa) and -18°C versus post-impregnation time for
tobacco with an OV content of about 12%, 14%, 16.2%, and
20%;

Figure 4 is a plot of weight percent carbon

20 dioxide retained in the tobacco versus post-vent time for
three different OV tobaccos; |

Figure 5 is a plot of expanded tobacco equilibrium
CV versus hold-time before expansion for tobacco with an
OV content of about 12% and about  21%;

25 _ Figure 6 is a plot of expanded tobacco specific
volume versus hold-time before expansion for tobacco with
an OV content of about 12% and about 21%; _

| Figure 7 is a plot of expanded tobacco equilibrium
CV versus expansion tower exit OV content;
30 Figure 8 is a plot of percent reduction in tobacco.

reducing sugars versus expansion tower exit OV content;

Figure 9 is a plot of percent reduction in tobacco
This Sheet Has Been Re -
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di oxide to any significant degree. 5 U S. Patent Nomis4sHERDHASBEEN
comonly assigned herewi th, describes a nethod for expandi ng|{the BBHLAKED of

tobacco in which the tobacce is inpregnated with gaseous car boa—dioxtde
ander conditions such that the carbon di oxide renmdins substantially in the
gaseous state. 10 During depressurization sonme of the carbon dioxide is

converted to a partially condensed state within the tobacco. That patent
teaches that the carbon dioxide enthalpy i controlled in such a manner to
m ni m ze carbon di oxi de condensati on.

alkaloids versus expansion tower exit OV content;

Figure 10 is a schematic diagram'of an _
impregnation vessel showing the tobacco temperature at
various points throughout the tobacco bed after venting;

5 | . Figure 11 is a plot of expanded tobacco specific
volume versus hold-time after impregnation prior to
expansion;

Figure 12 is a plot of expanded tobacco
equilibrium CV versus hold-time after impregnation prior

10 to expangion; and _

Figure 13 is a plot of tobacco temperature versus
tobacco OV showing the amount of pre—cooiing required to
achieve adequate stability (e.g., about 1 hour post—venﬁ
hold before expansion) for tobacco impregnated at 800 psig

15 (5515 kPa) . ' |

Genefally, the tobacco to be treaﬁed will have an
OV content of at least about 12% and less than about 21%,
although tobacco having a higher or lower OV content may
be successfully impregnated acco;ding to the present

20 invention.. Preferably, the tobacco to be treated will
have an OV content of about 13% to about 15%. Below about

- 12% OV, tobacco is too easily broken, resulting in a large
amount of tobacco fines. Above about 21% OV, excessive
amounts of pre-cooling are needed to achieve accepﬁab1e 

25 stability and a very low post-vent temperature is
required, resulting in a brittle tobacco which is éasily
broken. |

The tobacco to be expanded will generally be
:placed in a pressure vessel in such a manner that it can

30 be suitably contacted by carbon dioxide. For example, a-
wire mesh belt or.platform may be used to suppoit the

tobacco in the vessel.

‘_‘*‘—~——-——_____ﬁ_____
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15 ~U.S. Patent No. RE., 32,013, commonly assi gnegiyineresiekt AAS BEEN
descri bes a nethod and apparatus for expandi ng the vol une ¢f t olsreaOED N
which the tobacco is inpregnated with |iquid carbon di oxi dé—eervert+rg—th
|4 qui d carbon di oxide or solid carbon dioxide in situ, and then causing 20
the solid carbon dioxide to vaporize and expand the - tobacco. Summary of
the Invention The present process enploying saturated carbon dioxide gas in
conbi nation with a controlled anobunt of 25 4 _liquid carbon dioxide, as
descri bed bel ow, has been found

For a batch impregnation process, the

tbbacco-containing pressure vessel is preferably purged
with carbon dioxide gas, the purging operation generally
téking from about 1 minute to about 4 minutes. The
5 purging’ step may be eliminated without detriment to
the final pfoduct.  The benefits of purging are the
removal of gases that may interfere with carbon dioxide
recovery and the removal of foreign gases that may
interfere with full penetration of the cafbon dioxide.
10 The gaseous carbon dioxide which is employed in
the process of this invention will generally be obtained
- from a supply tank where it ig maintained in saturated
liquid form at a pressure of from about 400 psig to about
1050 psig (2758 kPa to 7239 kPa). The supply tank may be
15 fed with recompressed gaseoﬁs carbon dioxide vented from
the pressure vessel. Additional carbon dioxide may be
obtained from a storage vessel where it is maintained in
liquid form generally at a pressure of from about 215 psig
to abdut 305_psig (1482 kPa to 2103 kPa) and'temperatures-
- 20 of from about_-zan to about 0°F (-28.9°C to -17.8°C).
The liquid carbon dioxide from the storage vessel méy
be mixed with the recompressed gaseous carbon dioxide and
stored in the supply tank. Alternatively, liquid carbon
.dioxide from the storage vessel may be.preheated, for
25 ~  example, by suitable heating coils_arouhd the feed line,
to a temperature of about Q°F to about 84°F (-17.8°C to
29°C) and a pressure of about 200 psig to about 1000 psigj
(2068 kPa to 6894 kPa) before being introduced into the
pressure vessel. After the carbon dioxide is introduced
30 into the pressure vessel, thé inte;ior of the vessel,
including the tobacco to be treated, will generally be at
a temperature of from about 20°F to about éO°F (-6.7°C to
-
This Sheet Has Been Re
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to overcone the di sadvantages of the prior art processes and
i yproved net hod for expandi ng tobacco. The npojsture content of] t he deebseo
t'o be ‘expanded is carefully-controlled prior to contact with t '

30 car bon di oxi de gas. The tenperature of the tobacco is carefully
controll ed throughout the inpregnation process. 4 Saturated carbon
di oxide gas is allowed to thoroughly

10

15

20

25

30

- 10 -

26.7°C) and a pressure éufficient to maintain the carbon
dioxide gas at or substantially_at a saturated state.
Tobacco stability, i.e. the length of time the
impregnated tobacco may be stored after depressurisation
before the final expansion step and still be '
satisfactorily expanded, is aependent on the initial
tobacco OV content, i.e., pre-impregnation OV content, and
the tobacco temperature after venting of the préssure
vessel. Tobacco with a higher initial OV content requires
a lower tobacco post-vent temperature than tobaccq with a

lower initial OV content to achieve the same degree of

stability.

The effect of OV content on the stability of
tobacco impregnated with carbon dioxide gas at 250 psia
(1723.5 kPa) and -18°C was determined by placing a weighed
sample of bright tobacco, typically about 60g to about
70g, in a 300 cc pressure vessel. The vessel was then
%mmersed in a temperature controlled bath set at -18°C.
After the vessel reached thermal equilibrium with the
bath, the vessel was purged with carbon dioxide gas. The
vessel was then pressured to about 250 psia (1723.5 kPa).
as phase impregnation wés assured by maintaining the
carbon dioxide pressure at least 20 psi to 30-psi (1379
kPa to 2068 kPa) belowfthe carbon dioxide saturatioh
pressure at -18°C. After allowing the tobacco to soak at
pressure for about 15 minutes to about 60 minutes the
vessel pressure was rapidly decreased to atmospheric,
pressure in about 3 seconds to about 4 seconds by venting.

to atmosphere. The vent valve was immediately closed

~and the tobacco remained in the pressure vessel immersed

in the temperature controlled bath at -18°C fbr about 1
hour. After about 1 hour, the vessel temperature was

increased to about 25°C over about two hours in order to

Tilis Sheet Has Been Replaced
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inpregnate the tobacco, preferably under conditions such that &armers-EsT HagBEEN
anmount of the carbon di oxi de condenses on the tobacco. After the  REPLACED

i npregnati on has been 5 eonpl eted, the el evated pressure is weguced; .
t-hereby cooling the tobacco to the desired exit tenperature. Cooling of the
tobacco is due to both the expansion of the carbon dioxide gas and the
evaporation of the condensed |iquid carbon dioxide fromthe tobacco. The 10
resul ting carbon di oxi de-containing tobaccq,is then subjected to conditions

of tenperature and pressure, preferably rapid heating at atnospheric

pressure, which liberate the carbon dioxide remaining in the tobacco. The

vessel pressure and temperature were continually monitored
using an IBM compatible computer with LABTECH version 4 |
data acquisition software from Laboratories Technologies

5 Corp. The amount of carbon dioxide evolved by the
tobacco over time at a constant temperature, can be
calculated based on the vessel pressure over time.

Figure 3 compares the stabiiity of about.lz%, 14%,

16.2% and 20% OV bright tobacco  impregnated with carbon

10 "dioxide gas at 250 psia (1723.5 kPa) at -18°C as described
‘above. Tobacco with an OV content of about 20% lost about
71% of its carbon dioxide pickup after 15 ﬁinutes at
-18°C, while tobacco with aﬁ OV content of about 12% lost-
only about 25% of its carbon dioxide pickup after 60

15 minutes. The total amount of carbon dioxide evolved after’
inCreésing the vessel temperature to 25°C is an
indication of the total carbon dioxide pickup. This data
indicates that, for impregnations at comparable pressures
and temperatures, as tobacco OV content increases, tobacco

20 stability decreases. '

. In order to achieve sufficieht tobacco stability,
it is preferréd that the tobacco temperature be
approximately about 0°F to about 10°F (-17.8°C to -12.2°C)
after venting of the pressure vessel wheﬁ the tobacco to

25 be expénded_has an initia} OV content of about 15%.
Tobacco with an initial OV content greater than about 15%
should have a post-vent temperature lower thaﬁ about O0°F
to about 10°F (-17.8°C to -12.2°C) and tobacco with an
initial OV content less than 15% may be maintained at a

30 teémperature greater than about 0°F to about 10°F (-17.8°C
to -12.2°C) in ofder'to achieve a comparable degree of
stability. For example, Figure 4 illustrates the effect

of tobacco post-vent temperature on tobacco stability at
- :
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result in the expansion of the carbon dioxide inpregnant and @@é&ﬁ§&§g§ﬁ¥EN
expansion of the tobacco to provide 15 « a tobacco of |ower qen3|59?§

i ncreased vol ume. Tobacco i npregnat ed accordlng to the present™i'nvéention
may be expanded using | ess energy, e.g., a significantly |ower tenperature
gas stream nmay be used at a conparable residence time, than tobacco

| npregnat ed 20 under conditions where liquid carbon dioxide is used. In
addi tion, the present invention affords.-greater control of the chem cal and
flavor conponents, e.g., reducing sugars and al kaloids, in the final

tebacco - various OV contents. Figure 4 shows that tobacco with a

“higher OV content, about 21%, requires a lower post-vent
temperature, about -35°F (—37.4°é), in order to achieve a
similar level of carbon dioxide retention over time as
5 compared to a tobacco with a lower OV content, about 12%,
with a post-vent temperature of about 0°F to about 10°F
{-17.8°C to -12.2°Q). - Figﬁres 5 and 6, respectively,
show the efféctlof tobacco OV contenf and post-vent
temperéture on equilibrated CV and specific volume of
10 tobacco expanded after being held at its indicated
post-vent temperature for the indicated time. Figures 4,
5 and 6 are based on data from Runs 49, 54 and 65. 1In
each of these rumns, bright tobacco was placed in a
pressure vessel with a total volume of 3.4 cubic feet
15 (.096m3), 2.4‘cubic feet (.068m3) of which was occupied by
the tobacco. In Runs 54 and 65, approximately 22 lbs.
(9.97 kg) of 20% OV tobacco was placed in the pressure
vessel. This tobacco was pre-cooled by flowing carbon
dioxide gas_threugh the vessel at about 421 psig (2902
20 kPa) and at about 153 psig (1055 kPa) for Runs 54 and 65,
respectively, for about 4 to 5 minutes prior to
preSsurization to about 800 psig (5515 kPa) with carbon
dioxide gas.
Impregnation pressure, mass ratio of carbon dioxide
-25. to tobacco, and heat capacity of tobacco can be
manipulated in such a manner that under specific
circumstances, the amount of cooling required from the
evaporation of condensed.carbon dioxide is small relative
to the cooling provided by the expansion of carbon dioxide
30 gas upon depressurization. |
In each of Runs 49, 5S4, and 65, after reaching the '
impregnation pressure of about 800 psig (5515 kPa), fhe '

- system pressure was held at about 800 psig (5515 kPa) for
\\.\_
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~ product by allowi ng ex ion to be carried out over a 25 Fquamgngqsgggq
t enper re range than was practical in the past. Detailed Destrlpthﬁnﬂgég

expandi ng ing a readily avail able, relatlvely 30
inexpensl |bIe_and non-t oxi ¢ expansi orr agent. Mbre
parti cul arll nt invention relates to the production of an
expanded tobacco product of T

t he Inve tﬁﬂg@&ﬁg@@ﬂw invention relates broadly to a process-for

about 5 minutes before the vessel was rapidly
depressurized to atmospheric pressure in approximately 90
seconds. The méss of carbon dioxide condensed per 1b. of
tobacco during pressurization after cooling was calculated
5 for'Ruﬁs 54 and 65 and is reported below. The impregnated
tobacco was held at its post—ﬁent temperature under a dry
atmosphere until it was expanded in a 3-inch (76.2 mﬁ)
diameter expansion tower by contact with steam set at the

indicated temperature and at a velocity of about 135

10 . ft/sec (44.1 me-~-1l) for less than about 5 seconds.
. TABLE 1
Feed OV% 20.5 20.4
Tobacco Wt. (1lbs.) 22.5 (10.2 kg) 21.25 (9.63 kg)
15 CO2 flow-thru ‘
cooling press(psiqg) 421 (2902 kPa) 153 (1055 kPa)
. Impreg press (psig) ° 800 (5515 kPa) 772 (5322 kPa)
Pre-cool temp (°F) 10 (12.2°C) . =20 (-28.9°C)
Post-vent temp (°F) 10-20 (12.2°C -35 (-37.4°C)
20 to -6.7°C)

Expansion Tower

gas temp (°F) 575 (302°C) 575 (302°C)
Eq CV (cc/g) = 8.5 10.0
8V (cc/g) | 1.8 2.5
25 Calculated CO2 '
condensed (1b./lb.tob) 6.19 0.58

The degree of tobacco stability required, and
hence, the deéired tobacco post-vent temperature, is
dependent on many factors including the length of time

30 after depressurization and before expansion of the

tobacco. Therefore, the selection of a desired post-vent



-5- substantially reduced density and increased filling power ng@dgge;ql;\@ggm _'

| npregnating tobacco under pressure wth .saturated gaseous caj bon REPDXCED
and a cmgtsné&j{gd;e Q@edof condensed |iquid carbon dioxide, rep+ey-5

r-el easi n , and then causing the tobacco to expand. Expansion
may be a Eﬂ subj ecting the inpregnated tobacco to heat, radiant

energy o

gy generati'ng conditions which will cause the carbon

di oxi de mpregnant to rapi dly expand. - 14 -
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‘temperature should be made in light of the degree of

stability required.

The desired tobacco post-vent temperature may be
obtained by any suitable means including pre-cooling of
the tobacco before introducing it to the pressure vessel,
in-situ cooling of the tobacco in the pressure vessel by :
purging with cold carbon dioxide or other suitable means,
or vacuum cooling in situ augmented by flow through of
carbon dioxide gas. Vacuum cooling has the advantage of
redﬁcipg the tobacco OV content without thermal
degradation of the tobacco. Vacuum cooling also removes

non-condensible gases from the vessel, thereby allowing

‘the purging step to be eliminated. ~Vacuum cooling can be

effectively and practically used to reduce the tobacco
temperdture to as low as about 30°F (;1°C). It is
preferred that the tobacco is cooled in situ in.the
pressure vessel.

The amount of pfe-cooling or in-situ cooling
reQuired to achieve the desired tobacco post-vent
temperature is dependent on the amount of cooling provided
by the expansion of the carbon dioxide gas during
depressurization. Tﬁe amount'of tobacco cooling due to
the expansion of the carbon dioxide gas is a function of
the ratio of the mass of the carbon dioxide gas to the
mass of tobacco, the heat capacity of the tobacco, the

final impregnation pressure, and the system temperature.

- Therefore, for a given impregnation, when the tobacco feed

and the system pressure, temperature and volume are fixed,
contfol of the final post-vent temperature of the tobacco
may be achieved by controlling the amount of carbon
dioxide permitted to condense on_the tobacco. The amount
of tobacco cooling due to evaporation of the.condensed

carbon dioxide from the tobacco is a function of the ratio




10 -

To—car+y—out- the process of the present inventi qmome g

treat elther whol £ cured t obacco | eaf, tobacco in cut or choppé’ﬂ'ﬁ‘%‘fﬁm

sel ect ed™
reconstit
pr ef er abl

30 nesh. As used herein,

BEEN |

o such as tobacco stems or possi bly euen
“ n comminuted form the tobacco to be inpregnated
article size of fromabout 6 nmesh to about 100
mesh, nore preferably the tobacco has a particle size not
mesh refers.to Unhted States standard sieve and
those values reflect the ability of nore than 95% of the particles of a

given 20 Si Ze olf Ot RESEadd L2UBBnderfiddC @RrBbn Widhi 88 & Sthe/ #ake8. of
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-tobacco, the heat capacity of the tobacco, and the

temperature or pressure of the system.
The required tobacco stability is determined by

the specific design of the impregnation and expansion

processes used. Figure 13 illustrates the tobacco

post-vent temperature required to achieve the desired
tobacco stability as a function of OV for a particular
process design. The lower shaded area 200 illustrates
the amount of cooling contributed by carbon dioxide

gas expansion and the upper area 250 illustrates the
amount of additional cooling reéuired by carbon dioxide
liquid evaporation as a function of tobacco OV to provide
the required stability. For this example, adequate
tobacco stability is achieved when the tobacco temperature
is at or below the temperature shown by thé "stability"”
line.  The process variables which determine the tobacco
post-vent temperature include the variables discussed
previously and other variables inclﬁding, but not limited

to, vessel temperature, vessel mass, -vessel volume, vessel

configuration, flow geometry, equipment orientation, heat

transfer rate to the vessel walls, and process designed
retention time between impregnation and expansion.

For the 800 psig (5515 kPa) process illuétrated in
Figure 13, with a post-vent hold time of about 1 hour, no
pre-cooling is required for.12% OV tobacco to achieve the
required stgbility, whereas 21% OV tobacco requires
sufficient pre-cooling'to achieve-a post-vent temperature
of about -35°F (~37.4°C). |

‘The desired tobacco post-vent temperature of the

present. invention, from about -35°F to about 20°F (-37.4°C

to ~6.7°C), is significantly higher than the post-vent
temperature -- about -110°F (-79°C) -- when liquid carbon

| ess t han about




As. used ﬁETEfﬂ\\ghﬂQLﬁlﬁéﬁeﬂéy be consi dered equivalent to ove
content (QM} si nce not t han about O. 9% of tobacco wei ght
ot her "t han HasBe&:M(% voI atiles deternination is a sinple 2
reasur ement ht | oss after exposure for 3 hours
circulatin

as per cent age of I'n wei ght is oven-volatiles content. The

"cylinder volune" is a unit for neasuring 3@ . the degree of
tobacco. As used throughout this application, the values enpl

T ISHEET SS BEEN.
S VORERLACEDS

in a

roIIed at 212[err]F (100[err]C). The weight .l oss

term
expansi on of
oyed, in

connection With gioxide is used as the impregnant. This higher tobacco

post-vent temperature and lower tobacco OV .allow the

expansion step to be conducted at a significantly

lower

temperature, resulting in an expanded tobacco with less

5 "toasting and less loss of flavor. In addition, less

energy is required to expand the tobacco. moreover,

because very little, if-aﬁy,,solid'carbon dioxide

is

formed, handling of the impregnated tobacco is simplified.

Unlike tobacco impregnated with only liquid carbon

10 dioxide, tobacco impregnated according to the present

invention does not tend to form clumps which must

be

mechanically broken. Thus, a greater usable-tobacco yield

is achieved because the clumplbréaking step which

results

in tobacco fines too small for use in cigarettes is

15 eliminated.

Moreover, about 21% OV tobacco at about -35°F

(-37.4°C) to about 12% OV tobacco at about 20°F (-6.7°C),

unlike any OV tobacco at about -110°F (-79°C), is not

brittle and, therefore, is handled with minimum

20 degradation. This property results in a greater yield of

usable tobacco because less tobacco is mechanically broken

during normal handling, e.g.,_during'unloading of

the

pressure vessel or transfer from the pressure vessel to

the expansion zone.

25 Chemical changes during expansion of the

impregnated tobacco, e.g., loss of. reducing sugars and

alkaloids upon heating, can be reduced by increasing the

exit tobacco OV, i.e. the tobacco OV content 1mmed1ately

after expansion, to about 6% OV or higher. This can be

30 accomplished by reducing the temperature of the expansion

step. Normally, an increase in tobacco exit OV is coupled'

with a decrease in the amount of expansion achieved. The

decrease in the amount of expansion depends strongly on



these ternsmmfol | ows: Q/I [ nder Vol une (CV)
fill er wei ghi,ng, B, gedunexpanded .or 10 grams, if expan
_ m nsimeter cylinder, Mdel No. DD 60

JEHS SHEET HAS BEEN
| dediEGHAREDyy

placed in a By
, Heinr. Borgwal dt GmH, 5

t-he Heinr. Bol:
Schnackenbur g Post fack. 54 07 02, 2000 Hanburg
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the starting feed OV content of the tobacco. As the
tobacco feed OV is reduced to approximately 13%, minimal
reducﬁion in the degree of expansion is observed even at a
tobacco moisture content of about 6% or more exiting the
5 expansion device. Therefore, if the feed OV and the
expansion temperature are reduced, sufprisingly good
expansion can be attained while chemical changes are
- minimized. This is shown in Figures 7, é and 9.
- ' Figures 7, 8 and 9 are based on data from Runs
10 2241 through 2242 and 2244 through 2254. ThlS data is
tabulated in Table 2. 1In each of these runs a measured
amount of bright tobacco was placed in a pressure vessel

similar to the vessel described in Example 1.
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The resulting vol une
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standard environnental conditions of 75[err]F (24[err]C) and 60% RH

conventional ly, unless 15

in this environnent for 24-48 hours.
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Speci fic Volume (SV) The term "specific volune" is a unit for peastr+ng—the
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f undameént a S AR e “fhe i deal gas law. The specific vokume B&ELACED
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i nverse of the density and is expressed—as ™TTr Qg

o, either "as-il19"s dried at 100[err]C for 3
hours, ‘or equilibrated, is placed in a cell in a 25 Quant achr one
Pent a- Pycnonet er. The cell is then purged and pressured with helium The
vol unme ;of helium di spl aced by the tobacco is conpared with volunme of helium
required ' : )
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Brie Descri ption of the Drawi ngs The above and ot her obj ectls

advantg em BEmRBplaced invention will be apparent upon congi H er i sjé\ A BEEN
t he foI d descri ption and representati ve exanphes, é ken LI’]
conj unc accorrpanyi ng drawi ngs, ‘in which: Figure 1 is a
standar ure entropy di agram 10 for carbon dioxide; Figure 2 is

a sinpli f I ed bI ock di agram of a process for expanding tobacco i ncorporatl ng

one form of the present [ nventlon - 21 -

Liquid carbon dioxide at 430 psig (2964 kPa) was
" used to impregnate the tobacco in Runs 2241 and 2242.
The tobacco was allowed to soak in the liquid carbon
dioxide for about 60 seconds before the excess liquid was
-5 drained. The vessel was then rapidly depressurized to
atmospheric pressure, forming solid carbon dioxide in
situ. The impregnated tobacco was then removed from the
.vessel and any clumps which may have formed'were broken.
The tobacco was Epen expanded in an 8-inch (203 mm)
10 expansion tower by contact with a 75% steam/air mixture
set at the indicated temperature and a velocity Qf about
85 ft/sec (25.9 ms-1) for less than about 4 seconds.
The.nicotine alkaloids and reducing sugars content
of the tobacco prior to and after expansion were measured
15 using a Bran Luebbe (formerly Technicon) continuous flow
' analysis system. An aqueous acetic acid solution is used
to extract the nicotine alkaloids and reducing sugars from
the tobacco. The extract is first subjected to dialysis.
which removes major interferences of both deﬁerminations.
20 Reducing sugars are determined by their reaction with
p-hydroxybenzoic acid hydrazide in a basic .medium at 85°C
to form a colour. Nicotine alkaloids are determined by -
their reaction with cyanogen chloride, in the presence of
aromatic amine. A decrease in the alkaloids or the
25 reducing sugars content of the tobacco is indicative of a.
loss of or change in chemical and flavour components of
the tobacco.
Runs 2244 through 2254 were impregnated with
gaseoﬁs carbon dioxide at 800 psig (5515 kPa) according to
30 the method described in Example 1. In order to. study the
effect of expansion temperature, tobacco from a single
impregnation was expanded at different temperatures. 'For.

example, 325 1lbs. (147 kg) of tobacco were impregnated and



Fi gure SWWF percent carbon 15 di oxi de evbhwedntronas seen |

t obacco |rmrssmﬂq£@e@;,t Qg psia (1723.5 kPa) and--18[err] C VEr SUSREPLACED
post - { npre r t obacto with an OV content of abott—i29%—31434
16. 2% and is a plot of weight percent carbon 20 - dioxide
ret ai ned in ersus post-vent time for three different OV

t obaccos; Figure 5 |s a plot of expanded tobacco equilibriumCV versus .
hol d-ti me before expansion for tobacco witfy, an ov content of about 12% and
about 21%

then three samples, taken over the course of about 1 hour,
were tested and expanded at 500°F (260°C), 550°F (288°C),
and 600°F (315.5°C), representing Runs 2244, 2245, and
2246, respectively. In order to study the effect of OV
s ° content, batcheslof tobacco with OV contents of about'13%,
| 15%, 17%, and 19% were imprégnated. .The notation 1st,
2nd, or 3rd next to the run number indicates the order in
which .
the tobacco was expanded from a particular impregnation.
15 The impregnated tobacco was expanded in an 8-inch (203 mm)
expansion tower by contact with a 75% steam/air mixture
set at the indicated temperature and a velocity of about
- 85 ft/sec (25.9 ms-1) for less than about 4 seconds. The
alkaloids and reducing sugars content of the tobacco were
15 measured in the same manner as described above.
'_keferring to Figure 2, tobacco to be treated is
introduced to the dryexr 10, where it is dried from about
19% to about 28% moisture {(by weight) to from about 12% to
about 21% moistﬁre (by weight), preferably. about 13% to
" 20 about 15% moisture (by weight). Drying may be
accomplished by any suitable means. This dried
tobacco may be stored in bulk in a silo for subsequent
impregnation and expansion or it may be fed directly to
the pressure vessel 30 after suitable temperature
25 adjustment. |
Optionally, a measured amount of dried tobacco is.
metered by a weighbelt and fed onto a .conveyor belt within
the tobacco cooling unit 20 for treatment prior to
impregnation. The tobacco is cooled within the tobacco
30 cooiing unit 20 by any conventional wmeans including
refrigeration, to less than about 20°F (-6.7°C),
preferably to less than about 0°F (-17.8°C), before being

fed to the pressure vessel 30.
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hol d- time before expanS| on for t obacco wi.th an OV-content
about ~21% N Ry .of *expanded tobacco equili bri

expansi on to ﬂ" tent 30 Figure 8 is a plot of
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The cooled tobacco is fed to the pressure vessel
30 through the tobacco inlet 31 where it is deposited. |
The pressure vessgl 30 is then purged with gaseous carbon
dioxide, to remove any air or other non-condensible gases
from the vessel 30. It is desired that the purge be
conducted in such a manner as not to significantly raise
the temperature of the tobaceo in the vessel 30.
Preferably, the effluent of this purge step is treated in
any suitable manner to recover the carbon dioxide for
reuse or it may be vented to atmosphere through line 34.

Following the purge step, carbon dioxide gas is

~introduced to the pressure vessel 30 from the supply tank

50 where it is maintained at about 400 psig to about 1050

psig (2758 kPa to 7239 kPa). When the inside pressufe of
the vessel 30 reaches from about 300 psig to about 500
psig (2068 kéa‘to 3447 kPa), the carbon dioxide ogtlet 32
is opened allowing the carbon dioxide to flow through the
tobacco bed cooling the tobaccp to a substantially uniform
temperature while maintaining the pressure 6f the vessel
30 at from about 300 psig to about 500 psig (2068 kPa to
3447 kPa). After a substantially uniform tobacco
temperature is reached, the carbon dioxide outlet 32 is
closed and the pressure of the vessel 30 is increased to
from about 700 psig to about 1000 psig (4826 kPa to 6894
kPa), preferably about 800 psig (5515 kPa), by the
addition.of carbon dioxide gas. Then the carbon dioxide
inlet 33 is closed. At this point, the tobacéo bed
temperature is appfoximately at the carbon dioxide
saturation temperature. While pressures as high as 1050
psig (7239 kPa) might be economically employed, and a
pressure equal to the critical pressure of carbon dioxide;.
1057 psig (7287 kPa), would be acceptable, there is no

known upper limit to the useful impregnation pressure



- 8- alkaloids versus-expansion tower exit- OV content; Figure—t6—+s—=a :
schematic dlagran1of an i npregnati on vessel show ng the tobRE®S SHEF BAABENE |

at varﬂbu§h hout t he“tobacco bed after venting;{5  REFLACED
R gure 1 expanded t obacco specific volunme ver Sus—hord=TTTme

after i or to expansion; Figure 12 is a plot of expanded
- tobacco eqU|I|br|un1CV versus hold-tinme after inpregnation prior 10 to
expansi on; and ‘. 24 -

range, other than that imposed'by the capabilities of the
equipment available and the effects of supercritical
carbon dioxide on the tobacco. .
During pressurization of the pressure vessel, it
5 is preferred that a thermodynamic path is followed that
ellows a controlled amount of the-saturéted carbon dioxide
gas to condense on the tobacco. Figure 1 is a standard
temperature (°F) - entropy (Btu/lb°F) diagram for carbon
dioxide with line I-V drawn to illustrate one
10 thermodynamic path in accord with the present invention.
 For exanple, tobacco at about 65°F (18.3°C) is placed in a
pressure vessel (at I) and the vessel pressure is
increased to about 300 psig (2068 kPa) (as shown by line
I-I1). The vessel is then cooled to about 0°F (-17.8°C)
15 by flow—thru cooling of carbon dioxide at about 300 psig
(2068 kPa) (as shown by line II-III). Additional carbon
dioxide gas is introduced to the vessel, raising the
pressure to about 800 psig (5515 kPa) and the temperature
to about 67°F (19.4°C). However, because the temperature
20 of tobacco is below the saturation temperature of the
carbon dioxide gas, a controlled amount ef carbon dioxide
gas will uniformly condense on the tobacco (as shown by
line III;IV). After holding the system at about 800 psig
{5515 kPa) for the desired length of time, the vessel is
25 _rapidly depressurized to atmospheric pressure resulting in
a post-vent temperature of about -5°F to about -10°F
(-20.6°C to -23.3°C) (as shown by line IV-V).
In-situ coollng of the tobacco to about 10°F
(-12.2°C) prior to pressurlzatlon generally w111 allow an
30 amount of the satgrated carbon dioxide gas to condense.
'Condensation generally will result in a substantially
uniform distribution of liquid carbon dioxide throughout

the tobacco bed. Evaporation of this liquid carbon



Figure 13 is a plot of tobacco tenperature versus tobacco—6W anuWIH%the
anDunt of pre- coollng required to achieve adeguate st abi | j tHyS BHER] HA
hour posﬁmvﬂnufhsBanB w@edk expansi on) for tobacco |npregnated'ﬁ? psi

15 (55 |1y, the tobacco to be treated w H—tavean OV
cont ent of t 12% and | ess than about 21% although tobacco
havi ng a higher or ower OV content may be successfully inpregnated
according to the present 20 i nvention._ greferably, t he tobacco to be
treated will have an OV content of about 13%to about 15% Bel ow about

dioxide during the vent-step will help cool the tobacco in
a uniform manner. A uniform post;impregnation tobacco
temperature results in a more uniform expanded tobacco.
This uniform tobacco temperature is illustrated in Figure

5 . 10, which is a schematic diagram of the impregnation
vessel 100 used in Run 28 showing the temperature, in °F,
at various 1ocat10ns throughout the tobacco bed after
venting. For example, the tobacco-bed temperature at
cross-section 120, 3 feet (914 mm) from the top of vessel

10 100, was found to have temperatures of about 11°F
(-11.7°¢), 7°F (-14°C), 7°F (-14°C), and 3°F (-16°C) about
1800 lbs (815 kg) of bright tobacco with an OV content of
about 15% was placed in a 5 ft (i.d.) .x 8.5 ft (ht) (1524
mm x 2591 ﬁm) pressure vessel. The vessel was then

15 pﬁrged with carbon dioxide gas.for about 30 seconds before
pressurizing to about 350 psig (2413 kPa) with carbon
dioxide gas. The tobacco bed was then cooled to about
10°F (-12.2°C) by flow-thru cooling at 350 psig (2413 kPa)
for about 12.5 minutes. The vessel pressure was then

20 intfeased to about 800 psig (5515 kPa) and held for about
60 seconds before rapidly depressurizing in about 4.5
minutes. The température of_the tobacco bed at various
points was measured and found to be substantially uniform
as shown in Figure 10. It was calculated that about

25 0.26 lbs. of carbon dioxide condensed per ;b. of tobacco.

Returning to Figure 2, the tobacco in the pressure

vessel 30 is maintained under.tarhon dioxide pressure at
about 800 psig (5515 kPa) for from ébout 1 second to about
300 seconds, preferably about 60 seconds. It has been

30 discovered that tobacco contact time with carbon dioxide
gaé,'i.e., the length of time that the tobacco must be

maintained in contact with the carbon dioxide gas in order



_ I
12% OV, t-obacco is too ea5|ly broken, resulting in a |arge _anmount of

tobacco fmeSheetHaAB gt 21% OV, excessive amounts of FésQ 911
needed to w H ble 25 * stability and a very | oW po V5 SBEEeﬂ
O 4

tsenper at ur e resulting i-n a brittle tobacco which IS ea Qy
br oken. The acco to be expanded will generally be placed in a pressure
vessel in such a manner that it can 30 be suitably contacted by carbon
di oxi de. For exanple, a wire nesh belt aryplatformmy be used to support
t he tobacco in the vessel. '

to absorb a desired amount of carbon dioxide, is

influenced strongly by the tobacco OV content and the
impregnatioﬁ pressure used. Tobacco with a higher
initial OV content requires less contact time at a given
5 pressuré than tobacco with a lower initial OV content in

oxrder to achieve a coﬁparable degree of impregnation
particularly at lower pressures. At higher impregnation’
pressures, the effect of tobacco OV on contact time with
the carbon dioxide gas is reduced. This is illustrated in

10 Table 3.

After the tobacco has soaked sufficiently, the
pressure vessel 30 is depressurized'rapidly to atmospheric
pressure in from about 1 second to about 300 seconds,
depending on vessel size, by venting the carbon dioxide

15 first to the carbon dioxide recovery unit 40 and then
through line 34 to atmosphere. Carbon dioxide which has.
condensed on the tobacco is vaporized during this vent
step, helping to cool the tobacco, resulting in a tobacco
post-vent temperature of from about -35°F to about 20°F

20 (-37.4°C to -6.7°C). '

- The amount of carbon dioxide condensed in the
tobacco is preferably in the range 0.1 to 0.9 pound of
carbon dioxide per pound of tobacco. The best rahge‘is
0.1 to 0.3 pound per pound but amounts up to 0.5 or 0.6

25 pound per pound are suitable ;n some circumstances.

Impregnated tobacco from the pressure vessel 30
may be expandéd immediately by any suitable means, e.g.,
by feeding to the expansion tower 76. Alternatively,
'impregnated tobacco may be maintained for about 1 hour at

30 its post-vent temperature in the tobacco Eransfer device
60 under a dry atmosphere, i.e., an atmosphere with a '

dewpoint below the bost-vent_tempefature; for subsequent



- 9- For‘a_batch—rﬂﬁfegﬁa%fen process, the tobacco-cont ap#t

vessel. | )l fe abI urged with carbon dioxi de gas, theéTpP&ry 'gﬁﬁweration
generall &t -1 minute to about 4 ninutes. peH-11
step may b i thout detrinment to the final product.
benefits o the removal of gases that may interfere with carbon
di oxi de -
S - 27 -
expansion. After expansion and, if desired, reordering,

the tobacco may be used in the manufacture of tobacco

products, including cigarettes.



recovery and the renoval- of foreign gases that may interfere—wti—fuoutt
penetr: HftsBela.eR gdon di oxi de.. 10 ‘ The gaseousTH&PHRET Fiyo3EENe
which i ’ he process of this invention will genferal IRFFHEED

obt ai ne tank where it-is maintained in saturatrea riquid frorm
at a pressure o about 400 psig to @Bout 1050 psig (2758 kPa to 7239
kPa) . ‘The supply tank nmay be is fed wth reconpressed gaseous carbon

di oxi de vented fromthe pressure vessel. Additional carbon dioxide nay be
obtained froma storage vessel phere it is jgaiptained jn,l iguid form -

nyg [
generally at a pressure of frongaboum FES HE §2
ol Q et WY t
. .1 '1 moy B O+
s mq o 29 +20 E£EQ <o
< - < 1534 S N3 Ll
* R s e~
o o, o~ [ oot B3 ct o°
= 00 OO0 e e Joe pte o e S
NS -~~~ (=3~ ] w3 (2
t Q0 Q o 'y pay
< — — o) -] [Te] 0
o] T~ 0
o ~ g
3 ®
[n Y
" 54
o owm P e & =
Q. » . » e 3 N g -
0w o v L . =2
o+ k=]
o - 4 ' -
o { o
o . [Ie}
0 - owm (XN ] =N - t: =
[l .. @ . @ (4] [« - o
o © o PN L : 138
RN : -
. P S
- |
ot T np o & -
. o s O o =4 = ﬁ ;g
o N o . ] . o
- © 7]
W
=
L o « o Q- o N
© o = B, B . > g
w a =
) |
. = I
oWwm L ’ o o =
. e e O o N ﬁ g’ ©
[=-BCN] = . o . o
S o . 0
v o -
: (e)
. om ) N o o - g
» . . @ . [ on ‘: 2
o » H PO Sy
_ o ~ o
o]
_ _ : Q
o wm N0 L I = l':: O
[ . [ 3 : Eg o 5
[-- 3 [« W} (=] . N i
. s o ]
O .
o
ouw w Booe =
L] - D o [ od o ;; :i
[ %] oo o i =
0 [+ ]
E.
ew SR 5 a & I8 g
© tn s © .
MO
N [ %] o> Lond
oW, T - [=] [+ O ’3 ;
FRY O . (o] . :
--NL] w o f



to about 305 psig (148 a to 2103 kPa) and terrperaturesnzc_—ei—f—x-em—&btput
- 20[ er r THis Sheet ARO8En R bofibdal F (-28.9[err]C.to -17.8[err] Q. | sruFiseiskT Qus BEEN
car bon di storage Vessel may be ni xed W|th the mmaﬁiﬂesse
gaseous L gﬂg‘lﬂmﬂmm and stored in the supply tank. A%tc. fratvety;
liquid car romthe storage vessel may be preheated, for 25
‘exanpl e, by suitable heating coils around the feed line, to a tenperature
of about O[err]F to about 84[err]F (-17.8[gyr]C to 29[err]C) and a pressure
of about 300 psig to about 1000 psig (2068 kPa to 6894 kPa) before being
introduced into the pregadreoMRNEQY. exdpllest Bee CRIRWErdLo¥ede is introduced

Example 1

A 240 pound (109 kg) sample of bright tobacco
filler with a 15% OV content was cooled to about 20°F
5 - (-6.7°C) and then placed in a pressure vessel
approximately 2 feet (610 mm) in dlameter and
approximately 8 feet (2440 mm) in height. The vessel was
then pressured to ébout 300 psig (2b68 kpPa) with carbon
dioxide gas. The tobacco was then cooled, while
10 maintaining the vessel pressure at about 300 peig (2068
kPa), to about 0°F (-17.8°C) by flushing with carbon
dioxide gas near saturated conditions for about 5 minutes
prior to pressurizing to about 800 psig f5515 kpPa) with
carbon dioxide gas. The vessel pressure was maintained
15 - at about 800 psig (5515 kPa) for about 60 seconds. The
vessel pressure was decreased to atmospheric pressure by
venting in about 300 seconds, after which.the tobacco
température was found.to be about 0°F (-17.8°C). Based on
the tobacco temperatufe, the system pressure, temperature,
20 and volume, and the tobacco post-vent temperature, it was
calculated that approximately 0.29 1lbs of carbon dioxide
condensed per lb. of tobacco.
The impregnated sample had a weight gain of about
2% whlch is attrlbutable to the carbon dioxide
25 impregnation. The impregnated tobacco was then, over a
one hour period, exposed to heating in an 8-inch (203 mm)
diameter expansion tower by contact with a 75% steam/air
mixture at about 550°F (288°C) and a velocity of about 85
~ft/sec (25.9 ws-1) for less than about 2 seconds. The
-So product exiting the expansion tower had an OV content of
about 2.8%. The product was equilibrated at standard
conditions of 75°F (24°C) and 60%RH for about 24 hours.

The filling power of the equilibrated product was measured



30 i nfo the pressure vessely the interior of the vesselpg—Hacluding the

t.obacco t Opy

20[err]F to
pressure-su
at a satura

ntain the carbon di oxi de gas at
cco stability, i.e. the length of tine the

nbek B2 ; general |y be.at a, tenperature afHis sereTabeigeey
%ﬁm ( 6.7lerr]Cto - 10 - 26.7[arr] CReendtsn
or—stibstanti-al Ly

i npregnat ed tobacco may be stored after depressurisation
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- 30 -

by the standardized cylinder Qolume_(CV) test. This gave
a CV value of 9.4 cc/g at an equilibrium moisture content-
of 11.4%. An ﬁnexpanded control was found to have a
cylinder volume of 5.3 cc/g at an equilibrium moisture
content of_12.2%. The sample after processing,
therefore, had a 77% increase in.filling power as measured
by the CV method.

The effect of hold time after impregmation prior

to expansion on expanded tobacco SV and equilibrated CV

- was studied in Runs 2132-1 through 2135-2. In each of

these runs, 2132-1, 2132-2, 2134-1, 2134- 2 2135-1, and
2135-2, 225 lbs. of brlght tobacco with a 15% OV content
was placed in the same pressure vessel as described in
Example 1. The vessellwas pressured to from about 250
psig to-about 300 psig (1723 kPa to 2068 kPé) with carbon
dioxide gas. The tobacco was then cooled, while
maintaining the vessel pressure at about 250 psig to about
300 psig (1723 kPa to 2068 kPa), in the same ménner as
described in Example 1. The vessel was then pressurized
to about 800 psig (5515 kPa) with carbon dioxide gas.
This pressure was maintained for about 60 seconds before
the vessel was vented to atmospheric pressure in about 300
seconds. The impregnated tobacco was maintained in an
environment with a dewpoint below the tobacco.post-vent
temperaﬁure prior to expansion. Figure 11 illustrates
the effect of hold time after impregnation on the specific
volume of expanded tobacco. .Figurg 12 illustrates the
effect of hold time after impregnation on the equiiibrated
CV of expanded tobacco. -
_ Example 2.

A 19 pound sample. of bright tobacco filler with a

15% OV content was placed in a 3.4 cubic foot -(.096 m3)

_pressure vessel. The vessel was then pressured to about




'5 be

I's dependent on the initial tobacco OV cantent, i.e., pre-ijnp

content, TblnahetctH@SBmz?@m‘@edenperat‘ure after venti ng of the | eqsure Ve

Tobacco wi
post vent

A

sion step and still be satisfact j,g ¥ Q:ESEG%%N

sel

an tobacco with a lower initial OV content to

achi eve the sane degree of stability. The effect of OV content on the
stability of tobacco inpregnated with carbon dioxide gas at 250 psia 15
(1723.5 kPa) and -18[err]C was deterni ned BY Pl aci ng a.wei ghed
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185 psig (1276 kPé) with carbon dioxide gas. The tobacco
was then cooled, while maintaining the vessel pressure at
about 185 psig (1276 kPa), to about -25°F (-31.7°C) by

flushing with carbon dioxide gas near saturated conditions

for about 5 minutes prior to pressurizing to about 430

psig (2965 kPa) with carbon dioxide gas. The vessel

pressure was maintained at about 430 psig (2965 kPa) for

‘about 5 minutes. The vessel pressure was decreased to

‘atmospheric pressure by venting in about 60 seconds, after

which the tobacco temperature was found to be about -29°F
(-33.9°C). Based on the tobacco temperature, the system
pressure, temperature, and volume, it was calculated that
approximately 0.23 lbs. of carbon dioxide condensed per
1b. of tobacco.

- The impregnated sample had a weight gain of about
2% which is at;ributable to the carbon dioxide
impregnation. The impregnated tobacco was then, over a
one hour period,'exposed to heating in a 3-inch (76.2 mm)
diameter expansion tower by contact with a 100% steam at
about 525°F (274°C) and a velocity of about 135 ft/sec (41

ms-1) for less than about 2 seconds. The product exiting

.the expansion tower had an OV content of about 3.8%. The

product was equilibrated at standard conditions of 75°F
(24°C) and 60%RH for about 24 hours. The filling power of
the equilibrated product was measured by the standardiéed
cylinderxr volume_(CV) test. This gave an equilibrated CV
value of 10.1 cc/g at an equilibrium moisture of 11.0%.
An unexpanded control was found to have a cylinder wvolume
of 5.8 cc/g at an equilibrium moisture of 11.6%. The
sample after processing, therefore, had a 74% increase in
filling power as measured by the CV method. |
While the invention has been particularly shown

and described with reference to preferred embodiments, it

mltlal OV content requires 10 a | ower tobacco




sanpl e .of bright Tobacco, typically about 60g to about 70g, [TT—a—S06—ee
pr essumi SHRSHA Been Rk e}fessel was then imersed in a tenpera 18 SHEER Has Bean

bath se} _ . After ‘the Vessel reached thermal equ i brifERhAGED h
t ke 20 “,WMMH!% essel was purged with carbon di oxi de gas. The vesset
was the about 250 psia (1723.5 kPa). as phase inpregnation
was assured by maintaining the carbon di oxi de pressure at |east 20 psi to
30 psi (1379 kPa to 2068 kPa) bel ow the carfpn dioxide saturation 25
pressure at -18[err]C After allow ng the tobacco to soak at pressure for

about 15 minutes §p ARAUGLEO-DEUY &5 EHSse skilled in the art that

. various changes in form and details may be made without
departing from the spirit and scope of the invention. For
example, as size of the equipment used to impregnate the

5 tobacco varies the time required to reach.the desired
pressure, or to vent, or to adequately cool the tobacco

- bed will vary. -

Throughout.this-specifications-figures in psig
have been conVerted to kPa but it should be understood

10 that these are gauge pressures.



vessel pressure was rapidly decreased to atnospheric pressur
seconds to*&bﬂﬂ%dsovaenti ng to atnosphere. The vETHIS \SREFEHNGBEEN
i medi atel y osed 30 he tobacco remained in the pregsur eREPeSSED

i Amer sed in mE' controlled bath at -18[err]C for
After about ﬁ,p@gﬂ tenperature was |ncreased t o about 25[err]C

over about tvvo our s " nsor der to - 11
- 33 -
CLAIMS
1. A procesé for expanding tobacco comprising the

steps of: _
(a) contacting the tobacco with carbon dioxide gas at
5 a pressure of from about 400 psig to about 1057 psig (2758
kPa to 7287 kPa) and at a tempeiaturé such that the carbon
dioxide gas is at or near saturated conditions;
(b) allowing the tobacco to contact the carbon
dioxide for a time sufficient to impregnate the tobacco
10 with carbon dioxide;
(c) releasing the pressure;
(d) thereafter subjecting'the tobacco to conditions
such that the tobacco is expanded; and .
(e) prior to step (a),_removihg a sufficient amount
15 of heat from the tobacco to cause a controlled amount of
carbon dioxide to condense on the tobacco such that the
tobacco is cooled to a temperature of from about -35°F to
about 20°F (-37.4°C to -6.7°C) after releasing the pressure

in step (c).

.20 2. The process of claim 1 wherein the tobacco has an

initial OV content of from about 12% to about 21%.

3. The process of claim 1 wherein the tobacco has an

initial OV content of from about 13% to about 16%.

4. The process of claim 2 or 3 wherein the step of

25 contacting the tobacco with carbon dioxide is conducted-at
a pressure of from about 650 psig to about 950 psig (4482 '
kPa to 6549 kPa). |

‘This Sheet Has Been Replaced |,
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l.i be oxi de.remaining in the tobacco. The vesse
and terrperat ure m@m ont| nual |y nonitored using an | BM conpaf] @@Eﬁﬂﬁﬁlﬁﬁéﬂ

Wi t h dat a acquisi tion software from Labor iy QEPLACED
Tech The anount of carbon dioxi de evol ved
t obacco over t| me at a const-ant tenperature, can be cal cul ated based on the
vessel pressure over tinme. Figure 3 conpares the stability of about 12%

14% 16.2% and 20% OV bri ght tobacco inpregpated with carbon 10 di oxi de
gas .at 250 psia (1723.5 kPa) at -18[err]C as descri bed above. Tobacco with

an OV content of sabout ®¥h-@sts@RMlany of claims 1 to 4 wherein the
. heat-removal step (e), includes pre-cooling the tobacco
pficr to contacting the tobacco with the carbon dioxide in

step (a).

5 6. The process of any of clalms 1 to 4 whereln the
heat removal step (e), 1nc1udes pre-cooling the tobacco in

situ.

7. The process of claim 6 wherein pre-cooling is

effected by subjecting the tobacco.to a partial vacuum.

10 8. The process of claim 6 wherein pre-cooling includes

flowing thrOugh the tobacco with carbon dioxide gas.

9. The process of claim 8 wherein pre-cooling includes

subjectlng the tobacco to a partial vacuum.

10. The process of any of claims 1 to 6, 8 and 9
15 wherein the heat-removal step (e), includes cooling the

tobacco to 10°F (-12.2°C) or below.

i1. The process of ahy of claims 1 to 10 wherein the
tobacco is allowed to remain in contact with the carbon
dioxide for a period of from about 1 second to about 300

20 _ seconds.

12. The process of any of claims 1 to 11 wherein step
(c), releasing the pressure, is carried out over a period

of from about_l second to 300 seconds.

-This Sheet Has Been Repl
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'7196ot_LLg_gaLbon;dLe*+de—pickup after 15 minutes at -18[err]C mhiLe_-—q
t'obacco with an OV content of about 12%|post only about 25%4gO$HHEr HASBEEN

di oxi da\mngm““ ﬁuL - mnutes. The total amount lof caelaeEdi oxi de
evol ve the vessel tenperature to 25[ er r].Coivs+an-

i ndi catibn of thé total carbon dioxide pi ckup. This data indicates that,
for inpregnations at conparable pressures and tenperatures, as tobacco OV

content increases, tobacco 20  stability.,decreases. In order to achieve
sufficient tobacco stability, it is preferred that- t he tobacco tenperature
be ' 13. ~ The process of any of claims 1 to 12 wherein from

0.1 to 0.6 pound of carbon dioxide per pound of tobacco is

condensed on the tobacco.

14. The process of any of claims 1 to 13 further

5 comprising the step of wmaintaining the impregnated tobacco
in an atmosphere with a dewpoint no Qreater than the
temperature of the tobacco after releasing the pressure in
step (c), prior to subjecting the tobacco to conditions

such that the tobacco is expanded.

10 15. ‘The process of any of claims 1 to 14 wherein the
tobacco is expanded by heatin§ in an envifonment
maintained at a temperaﬁure of from about 300°F to about
800°F (149°C to 427°C) for a period of from about 0.1
second to about 5 seconds.

15 16. A process fer_expanding tobacco having an initial
OV content of from about 13% to about 16% comprising the
steps of: .

(a) contacting the tobacco with carbon dioxide gas at
~a pressure of from about 300 peig to about 550 psig (2068

20 kPa to 3792 kPa) and at e temperature such that the carbon
dlox1de gas is at or near saturated conditions;

_ (b) while maintaining the pressure of the carbon
dioxide gas in contact with the tobacco at from about 300
psig to about 550 psig (2068 kPa to 3792 kPa), cooling the

25 tobacco sufficiently to cause a coﬁtrolled emount of the
carbon dioxide to condense on the tobacco prior to
releasing the pressure in step (e), such that the tobacco
will be cooled;to a temperature of from about -10°F to
about 20°F (-23.3°C to -6.7°C) after releasing the pressure

30 - in step (e); -—

This Sheet Has Been R,
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appr oxi rrately_ahom__g{-epﬂ—l'ft—a—about 10[err] F (-17. 8[err]C to -12.2[err] Q)
after wventing of the press. vessel when. the _tobacco to

has an |n|t|aummmﬂd) m bout 15% Tobacco with an i pTRISAHEER/HESBERH
greater than have a post-vent tenperatur IOV\%‘?PLF-H% aboyit
O[err]F to abolt O[err F (-17.8[err]Cto -12.2[err] ) an obat

initial OV content |ess than 15% nay be maintained at a 30 terrperature
greater than about O[err]F to about 1O[err]3E_( 17.8[err]Cto -12.2[err] O
in order to achieve a conparabl e degree of stability. For exanple, Figure

a2 :a'b: ;th;a; es the effQef £fcRRAGEOROSratRile! SANSIAUEBCR N1 AARE  Gas

in contact with the tobacco to from about 750 psig to
ébout 950 psig (5170 kPa to 6549 kPa) while maintaining
the cafbon dioxide at or near saturated conditions;

5 (d) allowing the tobacco to contact the carbon
dioxide for a time sufficient to impregnate.the tobacco
with carbon dioxide; )

(e) releasing the pressure; and
- (£) thereafter subjecting the tobacco to conditions

10 - such that the tobacco is expanded.

17. The process of claim 16 wherein the tobacco cooling
of step (b).includes_flowing through the tobacco with

carbon dioxide gas.

18. The process of claim 16 further comprising the step
15 of removihg heat from the tobacco prior to contacting the

tobacco with carbon dioxide gas in step (a).

19. The process of claim 18 wherein heat is removed
from the tobacco prior to contacting the tobacco with
_carbon dioxide gas in step (a) by subjecting the tobacco

20 to a partial vacuum.

20. The process of claims 16, 17, 18, or 19 wherein thé
tobacco temperature is less than about 10°F (-12.2°C)

after releasing the pressure in step (e).

21. The process of claim 20 further comprising the step
25 - of maintaining the impregnated tobacco in an atmosphere
with a dewpoint no greater than the temperature of the

tobacco after releasing the pressure in step (e), prior to

This Sheet Has Been Reﬂlaced
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-12- v . Figure 4 shows that t obacco with a higher OV
Content about 21% ﬂqulres a | ower post:vent tenperature, fﬁ%%ﬁ%mﬁ“\

(-37. 4[3:[“[“21"'"{'""3" o achieve a simlar I'evel of carbor i 0xeMACED
reet ent |

conpared to a tobacco with a | oWer_QV contents
about 12% with a’ post Vent tenperature of about O[err]F to about 10[err]F
(-17.8[err]Cto -12.2[err] Q). Fi gures 5 and 6, respectlvely :

- 37 -

subjecting the tobacco to conditions such that the tobacco

is expanded.

22. . The process of claim 16 wherein step (f),
subjecting the tobacco to conditions such that the tobacco
5 is expanded comprises contacting the tobacco with a fluid
seleécted from the group consisting of steam, air, and a
combination thereof, at ébout 350°F to about 550°F (177°C

to 288°C) for less than about 4 seconds.

23. The process of claims 16, 17, 18 or 19 wherein from
10 about 0.1 pound to about 0.3 pound of carbon dioxide per

pound of tobacco is condensed on the tobacco.

24, A process for expanding tobacco having an initial
..OV-content,of from about 13% to about 16% comprising the
steps of:

15 _ {a) pre-cooling the tobacco;

(b) contacting the tobacco with carbon dioxide gas at
a pressure from about 750 psig to about 950 psig (5170 kPa
to 6549 kPa) while maintaining the carbon.dioxide at or
near saturated conditions;

20 (c) allow1ng the tobacco to contact the carbon
ledee for a time suff1c1ent to 1mpregnate the tobacco
with carbon dioxide;

(d) releasing the pressure; and
(e) thereafter subjecting the tobacco to conditions

" 25 " such that the tobacco is expanded.

25. The procéss of claim 24 wherein the tobacco
temperature is less than about 10°F (-12.2°C) after the

. pressure is released in step (d).

This Sheet Has Been Rep laced
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ghOM/the‘ef%ecL\gL\LQE§§$$+gN'cohtent and post-vent tenpersiti-e—0n ..
equi l i br md CV and sp ~c volune of 10, tobacco expandé&eisadiser HAGI grEN

hel d at - vent terrperature fér the indicated REMCEE gure‘s
4 5 and Mﬁmata from Runs 49, 54 and 65. |n each—of—these
runs, bright to‘bacﬂc0s placed in a pressure vessel with a total vol unme of

3.4 cubic feet 15 (.096n8B), 2.4 cubic feet (.068n8) of which was

occupi ed by the tobacco. In Runs 54 and 65.3gapproximately 22 |bs. (9.97 kg)
of 20% OV tobacco was placed in the pressure vessel. This tobacco was
pre-cool ed by fl @si.ng cPlid@Process of claim 25 further comprising the step

of maintaining the impregnated tobacco in an atmosphere

with a dewpoint no greater than the temperature of the

tobacco after releasing the pressure in step (d), prior to
5 subjecting the tobacco té conditions such that the tobacco

is expanded.

27. The process of claim 26 wherein step (e},
subjecting the tobacco tb conditions such that the tobacco
is expanded comprises contacting the tobacco with a fluid

10 selected from the 'group consisting of steam, air, and a
combination thereof, at about 350°F to about 550°F (177°C
to 288°C) for less than about 4 seconds.

28. The process of claim 24 wherein from about 0.1
pound to about 0.3 pound of carbon dioxide per pound of

15 tobacco is condensed on the tobacco.

29. A process for expanding tobacco having an initial
OV content of from about 15% to about 19% comprising the
steps of: . '
(a) cooling the tobacco and lowering the OV of the
.20 tobacco in situ by subjecting the tobacco to a'partial
vacuum; |
(b) contacting the tobacco with carbon dioxide gas at
a pressure from about 750 psig to about 950-psig (5170 kPa
to 6549 kPa) while maintaining fhe carbon dioxide at or
25 - near saturated conditions;
(c¢) allowing the tobacco to contact the carbon
dioxide for.a time sufficient to impregnate the tobacco
with carbon dioxide;

(d) releasing the pressure; and-

[
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di oxi de gas;Lthugh_Lhe—¥essel at about 421 psig (2902 20
about .153 psig (1055 kPa&“for Runs 54 and_65, respectively,

;anpgée;m““{)m ﬂ!&ums& i zati on” to about 800 psig (5515 k

pressure, mass ratio of carbon dioXide 25
t obacco, arid feat capaC|ty of tobacco can be manipul ated in such a manner
t hat under specific circunstances, the ampunt of cooling required fromthe
evaporati on of condensed carbon di oxi de is3wmall relative to the cooling
provided by the expansion of carbon dioxide

(e) thereafter subjecting the tobacco to conditions

such that the tobacco is expanded.

30. ' The process of claim 29 wherein the tobacco
temperature is less than about 10°F (-12.2°C) after the

5  pressure is released.

31. The process of claim 30 further comprising the step
of maintaining the impregnated tobacco in an atmosphere
with a dewpoint no greater than the temperature of the
tobacco after releasing the pressure in step (d), prior to
10. subjectlng the tobacco to conditions such that the tobacco

is expanded.

32. . The process of claim 31 wherein step (e),
subjecting the tobacco to conditions such that the tobacco
is expanded comprises gontacting the tobacco with a fluid
15 consisting of steam, air, and a combination thereof, at
about 350°F to about 550°F (177°C to 288°C) - for less than

about 4 seconds.

33. The process of claim 32 wherein from about 0.1
pound to about 0.3 pound of carbon dioxide per pound

20 tobacco is condensed on the tobacco.

34. A tobacco product containing expanded tobacco
prepared according to the process of claims 1, 16, 24 or

29.

'\
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30, gas upon depressurization. In each of Runs 49, 54, and 65, after

rfeachT ng the inpregnation pressure of about 800 psig (551p—kPe—ttre—syst
pressure was held at about 800 psig (5515 kPa) for - 1BTHIS §HERTHA&S BEEN
m nutes before the vessel was rapidly depressurized to atphospH&EFeCER essu

i n approximately 90 seconds. The mass of carbon di oxi de comdensed per 1D.

of
..40..

ABSTRACT
ROCE OR IMPREGNATION AND EXPANSION OF TOBACCO

A process for expanding tobacco is provided which

employsICarbon dioxide gas. Tobacco temperature and OV

5 content are'adeSted.prior~to contacting ‘the tobacco with
carbon dioxide gas. A thermodynamic path is followed
during impregmation which allowé a controlled amount of
the carbon dioxide gas to condense on the tobacco. This
liquid carbon dioxide .evaporates during depressurization

10 helping to cool.the tobacco bed uniformly. After

impregnation, the tobacco may ﬁe expanded immediately or
kept at or below its post-veht temperature in a dry

atmosphere for subsequent expansion.

Figure 1
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tobacco during pressurization after cooling was calculated 5 for Runs 54

and 65 and is reported below  The.inpregnated tobacco was Fd—at— 7113
post-vent tenperature under a dry atnosphere until it was e ﬂéﬁﬂ@@ﬁﬂﬁggBEB“ -

3-inch (76.2 mm) dianmeter expansion tower by contact with stieam SEFYA he

i ndi cated tenperature and at a velocity of about 135 10 ft7rsec (44.1

ns-1) for |less than about 5 seconds. TABLE 1 Feed Ov% 20.5
20.4 Tobacco W. (Ibs.) 22.5 (10.2 kg) 21.25 (9.63 kg) is C02
flowthru : o

: : 1/13

l20 T T T T T T T T T T T T T T Y
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The degree of tobacco stability required and hence, the desire
post-vent tenperature, is dependent on many factors includin Tltﬂlg%geengtkaiié‘f-“
time 30 after depressurization and before expansion of the tobaﬂ%.@«GED
Therefore, the selection of a desired post-vent - 14 - ter‘zpex.at—uf«e

shoul d be nmade in light -of the degree of stability required.
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The desired tobacco post-vent tenperature nmay be obtained by

freans i ncl udi ng pre- cooling of 5 the tobacco before introdu

t he pressure

vessel ,

in-situ cooli ng of the tobacco in the pi

an Sul tab
e

e

%EEN
Sel

by purging with cold carbon di oxi de or other suitable neans,

cooling in situ augnented by flow t hrough of carbon di oxi de gas.
cool ing has the advantage of 10
t hermal degradati on of the tobacco.

or vacuum

Vacuum
reduci ng the tobacco OV content w thout
Vacuum cool i ng al so renoves

- non-condensi bl e gases fromthe vessel 4/ikereby allomnng t he purglng step to

be eI|n1nated

(02 RETENTION IN TOBACCO -% ( As IS)

Vacuum cool i ng can be
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effectively and practically used to reduce t he tobacco is +efrperattureto
as low as about 30[err]F (-1[err]C). - is preferred that t}eis SHERICHAS BEEN |
cooled in situ in the pressure vessel. The armount  of pre-cooling RRPLAGER i tu |

gooling required to achieve the desired tobacco post-vent 20~TEmnper at ur e
I s dependent on the anount of cooling provided by the expansion of the
carbon di oxi de gas during depressurization. The anopunt of tobacco cooling
due to the expansion of the carbon dioxide gas is a function of the ratio
of the mass of the carbon di oxi de gas3Bt he ' -
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25 =~ mass of tobacco, the heat capacity of the tobacco, the final

|npregnat|0n pressure, and the systemtenperature. Therefo s ] SWEEN
i npregnation, when.the tobacco feed and the system pressurad, [ giA
and volune are fixed, control of the final post-vent tenperiature of 1] e--.

t obacco 30 may be achi eved by controlling the anount of carbon dioxide
permtted to condense on the tobacco. The ampbunt of tobacco cool i ng due to
evaporation of the condensed carbon dioxide fromthe tobacco is a function
of the ratio . 6/13
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-;15 -
heat capacity of the tobacco,

of the nmass of condensed carbon di oxide to the nass of tobacc
and the tenperature or pressur
system The required tobacco-stabtlity is determ ned by 5

design of the inpregnation and expansi on processes used. Figyre 1%~

tihe S

illustrates the tobacco post-vent tenperature required to ac

desired tobacco stability as a function.of OV for a particul ar process

desi gn. The | ower shaded area 200 illustrates
7/13
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10 t he amount of cool ing contributed by carbon dioxide gas dlllel’l ang
- the .upper area 250 i'llustrates the amount, of additional coolih Q%;F,ﬁ §H“
carbon dioxide |iquid evaporation as a functidn of tobacco CN'to p? '

tthe required stability. For this exanple, adequate is = tobacco stability
is achi eved when the tobacco tenperature is at or below the tenperature
shown by the "stability" |ine. The process variabl es which determ ne the
t obacco post-vent tenperature i'nclude the variables di scussed previously
and ot her variabl es including, but not8/M8nited 20 to, vessel
tenperature, vessel mass, vessel volune, vessel ' -
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configuration, flow geonetry, equipnment orientation, heat tra[nl_ﬁg ghEEr.aF;’gS éé%N
the vessel walls, and process designed refention tinme between

and expansion. For the 800 psig (5515 kPa) process illustrat bd |n 25
Figure 13, with a post-vent hold tine of about 1 hour, no pre-cooling is
required for 12% OV tobacco to achieve the required stabi lity, whereas 21%
OV tobacco requires sufficient pre-cooling to achi eve a post-vent -
tenperature of about -35[err]F (-37.4[err]C). 30 The desired

t obacco post-vent tenperature of the @M8ent invention, from about

" -35[err]F to about 20[err]F (-37.4[err]C

FIG. 9
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tp -6.7[err]C), is significantly higher than the post-vent te

naoar. .ot

about -110[err]F (-79[err]C) -- when |iquid carbon - 16 - 0

MLU"E’

iTond SHEET $4AS BEEN
t ur e REF{ACED

used as the inpregnant. This hi gher tobacco post -vent tenper3

| ewer tobacco OV all ow the expansion step to be conducted at &

significantly | ower tenperature, resulting in an expanded tobacco with | ess

5 toasting and |l ess |oss of flavor. In addition, |ess

10/13
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energy is required to expand t he t obacco. noreover, because v{T é Fttte—+f
dny, solid carbon dioxide is fornmed, hand] i ng of the |rrpregnat5 ‘stﬁ‘ﬁéEb’éslﬂgEN
sinmplified. Unlike tobacco |npregnated with only liquid carbof 10 LACED

di oxi de, tobacco inpregnated according to the present invention does not
tend to formclunps which nust be nmechanically broken. Thus, a greater
usabl e-tobacco yield is achi eved because the cl unp-breaking step which
results in tobacco fines too.small for use in cigarettes is 15
~elimnated. Mreover, about 21% OV tobacco at about -35[err]F

o 11/13

3.8
3.6
3.4- | |
324 4 54 56 +

5 4
| 62 -

1
[ -
)

A IR
o O
1 )
1 1
~
o
1
¥

SV, CC/GRAM

| I } P | ) 3 L 1 1
1 ¥ L { LB ¥ i {

0 5 10 5 20 25 30.35 40 45 50 55 60
| - TIME ELAPSED, MINUTES

I 2132-1
2 232-2
4 2134 -2
9 235 -1
- 6 23-2

This Sheet Has Been Replaced

i i




(;37.4[err] O to about 1296CN’tobacco at about 20[err]F (-6.7[err]Q
uhl i ke any OV tobacco at about -110[err]F (- 79[err]C), i s notl brd &idee HAUSBEEN
therefore, is handled wi th m:ninmm 20 degradatlon Thi s proper@&mmE£Dlts

ih a greater yield of usable tobacco because |ess tobacco is
br oken during nor nal handllng e.g., during unloading of the pressure
vessel or transfer fromthe pressure vessel to the expansion zone. 25

Cheni cal changes during expansion of the inpregnated tobacco, e.g., |oss of
reduci ng sugars and al kal oi-ds upon heating, can be reduced by increasing
t he 12/13
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exit tobacco OV, i.e. the tobacco OV content imediately after expansion, -
0 about 6% OV or higher. This can be 30, . acconplished by ~eduet+ng—t1T
ttenperature of the expansion step. Normally, an increase in raisAHEST SRS BERY
i"s coupled with a decrease in the anount of expansion achi ejed. RER-ACED
decrease in the anmount of expansion depends strongly on -—=t7F——"The
starting feed OV content of the tobacco. As the

13/13
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topacco feed OV is reduced to approxi mately 13% n1n|naVé?§QMQphom/|n t he
degree of expansion is observed even at a tobacco noi st ur e—eentemt—ef—abau

6% or-. more exiting the 5 expansi on device. Therefore, \lﬁEW&NﬁEMEMW@”EE :
and the expanS|on tenperature are reduced, surprisingly gg@od ex &Eﬁ '
be atLalned whi | e chem cal changes are n1n|n1zed Thi s i s lisbawen... n Figuwesm |

7, 8 and 9. Figures 7, 8 and 9 are based on data from Runs=8
through 2242 and 2244 through 2254. This data is tabulated in Table 2. In

each of these runs a neasured anount of Britght tobacco was placed in a

ressure vessel
P 0 RE IO C

Background of the Invention

This invention relates to.a process for expanding

the volume of tobacco. More particularly this invention
s relates to expanding ‘tobacco using carbon diqxide.

The tobacco ait has long recognized the
desirability of expandjng tobacco to increase the bulk or
volume of tobacco. There have been vafious reasons for
expanding tobacco. One of the early purposes for

10 expanding tobacco involved making up the loss of weight
caused by the tobacco curing process. Another puréose was
to improve the smoking characteristics of particular

tobacco components, such as tobacco stems. It has also
been desired to increase the filling power of tobacco so

15 that a smaller amount of tobacco would be required to
broduce a smoking product, such as a cigarette, which

~ would have the same firmness and yet would deliver lower
tar and nicotine than a comparable smoking product made of

..non- expanded tobacco having a more dense tobacco filler.

20 - Various wmethods have been proposed for expandlng

" tobacco, including the 1mpregnat10n of tobacco with a gas
under pressure and the subsequent release of pressure,
whereby the gas causes expansion of the tobacco cells Eo
increase the volume of the treated tobaccp. Other methods

25 which have been employed or suggested have included the
treatment of tobacco with various liquids, such as water
or relatively volaéile organic ‘or inorganic liquids, to
impregnate the tobacco with the sawe, afté; which the
liquids are driven off to expand the tobacco. Additional

30 methods which have been suggested'have included the

treatment of tobacco with solid materials which, when

heated, decompose to produce gases which serve to expand

IR g




simdlar to the vessel described in Exanple 1. 18 [err]

10

15

20

25

30

-2 -

the tobacco. Other methods include the treatment of

tobacco with gas-containing liquids, such as carbon
dioxide-containing water, under pressure to incorporate
the gas in the tobacco and when the impregnated tobacco is
heated or the ambient pressure reduced.the tobacco
expands. Additional techniques have been developed for
expanding tobacco which involved the treatwment of tobacco
with gases which react to form solid chemical reaction
products within the tobacco, which solid reaction products
may then decompose by heat to produce gases within the
tobacco which cause expansion of tobacco upon their
release. More specifically:

U.S. Patent No. 1,789,435 describes a method and
apparatus for expanding the volume of tobacco in order to
make up the loss of volume caused in curing tobacco leaf.
To accomplish this object, the cured and conditioned
tobacco is contacted with a gas, which may be air, carbon
dioxide or steam under pressure and the pressure is then

relieved, the tobacco tends to expand. The patent states

-~that the wvolume of the tobacco may, by that process, be

increased to the extent of about 5-15%.

U.S. Patent No. 3,771,533, commonly assigned
herewith, involves a treatment of tobacco with carbon
dioxide and ammonia gases, whereby the tobacco is
saturated with these gases and ammonium carbamate is
formed in situ. The ammonium carbamate ié thereafter
decomposed by heat to release the gases within the tobacco
cells and to cause expansion of the tobacco. '

U.S. Patent No. 4,258,729, commonly assigned
herewith, describes a method for expanding the volume of
tobacco in which the tobacco is impregnated with gaseous
carbon dioxide under conditions such that the carbon

dioxide remains substantially in the gaseous state.



[err]

di oxi de at 430 psig (2964 kPa) was used to |rrpregnate th {tF@b@mam
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Pre-cooling the tobacco prior to the impregnation step or
cooling the tobacco bed by external means during
impregnation is limited to avoid condensing the carbon
dioxide to any significant degree.

U.S. Patent No. 4,235,250, commonly assigned
herewith, describes a method for expanding the volume of
tobacco in which the tobacco is impregnated with gaseous
carbon dioxide under conditions such that the carbon
dioxide remains substantially in the gaseous state.
During depressurization some of the carbon dioxide is
converted to a partially condensed state within the
tobacco. That patent teaches that the carbon dioxide
enthalpy is controlled in such a manner to minimize carbon
dioxide condensation. _

U.S. Patent No. RE. 32,013, commonly assigned
herewith, describes a method and apparatus for expanding
the volume of tobacco in which the tobacco is impregnated
with liquid carbon dioxide, converting the ligquid carbon

dioxide or solid carbon dioxide in situ, and then causing

-~-the solid carbon dioxide to vaporize and ekpand the

tobacco.

Summary of the Invention

The present process employing saturated carbon
dioxide gas in combination with a controlled amount of
liquid carbon dioxide, as described below, has been found
to overcome the disadvantages of the prior art processes
and provides an improved method for expanding tobacco.
The moisture content-of the tobacco to be expanded is
carefully controlled prior to contact with the saturated
carbon dioxide gas. The temperature of the tobacco is

carefully controlled throughout the impregnation process.



di oxi de for about 60 seconds before the excess liquid wa

The vessel was then rapidly depressurized to atnngpheric'ﬁ?éséﬁﬁ%ﬁg4¥$ﬁf$3
sol i d ear,bon dioxide in situ. The i npregnat ed tobacco | | VEBB
fromthé vessel and any clunps which may have forned wer %kggs"ﬁgg" -
t obacfo was t hen expanded in an 8-inch (203 nm 10 expansi on tower by
contact with a 75% steanfair m xture set at the indicated tenperature and a
vel ocity of about 85 ft/sec (25.9 ns[err]) qu | ess than about 4 seconds.
The ni cotine al kal oi ds and reduci ng sugars content of the tobacco prior to

and after eXpansEgeuﬁgééhrga%%gﬁegioxide gas is allowed to thoroughly

impregnate the tobacco, preferably under conditions such

 Smeamm—

that a controlled amount of the carbon dioxide condenses
on the tobacco. After the impregnation has been
5 completed, the eleévated pressure is reduced, thereby
cooling the tobacco to the desired exit temperature.
Cooling of the tobacco is due to both the expansion:
of the carbon dioxide gas and the evaporation of the
condensed liquid carbon dioxide from the tobacco. The
10 resulting carbon dioxide-containing tobacco is then
subjected to conditions of temperature and pressure,
preferably rapid heating at atmospheric pressure, which
result in the expansion of the carbon dioxide impregnant
and the consequent expansion of the tobacco to provide
15 a tobacco of lower density and increased volume.
Tobacco impregnated aécording to the present
invention may be expanded using less energy, e.g., a
significantly lower temperature gas stream may be used at
a comparable residence time, than tobacco impregpated
20 ~-~under conditions where liquid carbon dioxide is used.
| In addition, the present invention affords greater
control of the chemical and flavor components, e.g.,
reducing sugars and alkaloids, in the final tobacco
product by allowing expansion to be carried out over a

25 greater temperature range than was practical in the past.

Detailed Description of the Invention
The present invention relates broadly to a process for
expanding tobaéco employing a readily available,
relatively |
30 inexpensive, non-combustible and non-toxic expansioﬁ
agent. More particularly, the present invention relates

to the production of an expanded tobacco product'of



15~ using a Bran Luebbe (fornmerly Technicon) continuous

al kal ordg and reducing sugars fromthe tobacco. The extract hgetf.iir
subjected to dialysis which renoves major interferences of
det er i nations. 20 Reduci ng sugars are determned by their reaction with
- p-hydroxybenzoic acid hydrazide in a basic nediumat 85[err]C to forma
colour. Nicotine alkaloids are determ ned by their reaction wth cyanogen
chloride, in the presence of aromatic am ne. A decrease in the al kaloids or

the 25 reduci Ng3Wdat $aFANLRALCEE 4P ARECihSrdaRebCall VP bofer,

produced by impregnating tobacco under preséure with

saturated gaseous carbon dioxide and a controlled
amount of condensed liquid carbon dioxide, rapidly

5 reléasing the pressure, and then causing the tobacco to
expand. Expansion may be accomplished by subjecting the
impregnated tobacco to heat, radiant energy or similar
energy generating conditions which will cause the carbon
dioxide impregnant to rapidly expand.

10 - To carry out the process of the present invention
one may treat either whole cured tobacco leaf, tobacco in
cut or chopped form, or selected parts of tobacco such as
tobacco stems or possibly even reconstituted tobacco. In
comminuted form, the tobacco to be impregnated preferably

15 has a particle size of from about 6 mesh to about 100
mesh, more preferably the tobacco has a particle size not
less than about 30 mesh. As used herein, mesh refers to
United States standard sieve and those values reflect
the ability of more than 95% of the pafticles of a given

20 ..8ize to pass through a screen of a given mesh value.

As used herein, % moisture may be considered
equivalent to oven-volatiles content (OV) since_not more
than about 0.9% of tobacco weight is wvolatiles other than
water. Oven volatiles determination is a simple

25 measurement of tobacco weight loss after exposure for 3
hours in a circulating air oven controlled at 212°F
(L00°C). The weight loss as percentage of. initial
weight is oven—volétiles content.

The term "cylinder volume" is a unit for measuring

30 the degree of expansion of tobacco. As used throughout .
this application, the values employed, in connection with
these terms are determined as follows:

Cylinder Volume (CV)



]
e

| oss of or change in chem cal and flavour conponents of e_1 Cour RUBST
2244 through 2254 were inpregnated with gaseous carbon dAoﬁFP s'“@bb"pmg
(5515 kPg) according to 30 t he net hod described in Ex 'ﬂCI”EEﬁ
to study the effect of expansion tenperature, tobacco fragn 'q

i npregnation was expanded at different tenperatures. For exanple, 325 Ibs.
(147 kg) of tobacco were inpregnated and

-6 -

Tobacco filler weighing 20 grams, if unexpanded,
or 10 grams, if expanded, is placed in a 6-cm diameter
Densimeter cylinder, Model No. DD-60, designed by the
Heinr. Borgwaldt Company, Heinr. Borgwaldt GmbH,

5 Schnackenburgallee No. 15, Postfack 54 07 02, 2000 Hamburg
54 West Germany. A 2 kg piston, 5.6 cm in diameter, is

- placed on the tobacco in the cylinder for 30 seconds. The

resulting volume of the compressed tobacco is read and
divided by the tobacco sample weighf to yield the cylinder

10 volume as cc/gram. The test determines the apparent
volume of a given weight of tobacco filler. The resulting
volume of filler is reported as cylinder volume. This
test is carried out at standard environmental conditions
of 75°F (24°C) and 60% RH; conventionally, unless |

15 otherwise stated, the sample is preconditioned in this
environment for 24-48 hours.

Specific Volume (SV)

The term "specific volume" is a unit for measuring

the volume and true density of solid objects, e.g.;
20 ~tobacco, using the fundamental principles of the idgal gas
‘-law. The specific volume is determined by taking the
inverse of the density and is ;xpressed as. "cc/g". A
weighed sample of tobacco, either "as is", dried at 100°C
for 3 hours, or equilibrated, is placed in a cell in a
25 Quantachrome Penta-Pycnometer. The cell is then purged
and pressured with helium. The volume of helium displaced
by the tobacco is compared with volume of helium required
- to £ill an empty sample cell and the tobacco volume is
. detexrmined based-on Archimedes' principle. As used
30 " throughout this application, unless stated to the
contrary, specific volume was determined using the same

tobacco sample used to determine OV, i.e., tobacco dried



- 22 - then three sanples, taken over the course of about
tested and expanded at 500[err]F (260[err]C), 550[err]F ( SQEBLA¢EM§NﬁﬁﬂEET
600[er*]F (315.5[err]C), representing Runs 2244, 2245, an 2246%. 1
respectlvely In order to study the effect of OV 5 = cont..bnbf,o egugtgs -------
t obacgo with OV contents of about 13% 15% 17% and 19% -FRPTE T :
The notation 1st, 2nd, or 3rd nekt to the run nunber |nd|cates the order in
whi ch the tobacco was expanded froma particul ar inpregnation. 10 The

i npregnat ed t obacco was expanded in an 8-fnth (203 mm

after exposure for 3 hours in a circulating air oven

controlled at 100°C.

Brief Description of the Drawings
The above and other objects and advantages of the
5 invention will be apparent upon consideration of the
following detailed description and representative
examples, taken in conjunction with the accompanying
drawings, in which:
Figure 1 is a standard temperature-entropy diagram
10 for carbon dioxide; |
Figure 2.is a simplified block diagram of a
process for expanding tobacco incorporating one form of
the present invention;
Figure 3 is a plot of weight percent carbon
15 dioxide evolved from tobacco impregnated at 250 psia
(1723.5 kPa) and -18°C versus post-impregnation time for
tobacco with an OV content of about 12%, 14%, 16.2%, and
20%;
Figure 4 is a plot of weight percent carbon
20 ,‘,dioxide retained in the tobacco versus post-vent time for
three different OV tobaccos; _
Figure 5 is a plot of expanded tobacco equilibrium
CV versus hold-time before expansion for tobacco with an
OV content of about 12% and about 21%;
25 Figure 6 is a plot of expanded tobacco specific
volume versus hold-time Before expansion for tobacco with
an OV content of about 12% and about 21%;
Figure 7 is a plot of expanded tobacco equilibrium
CV versus expansion tower exit OV content;
30 Figure 8 is a plot of percent reduction in tobacco
reducing sugars versus expansion tower exit OV content;

Figure 9 is a plot of percent reduction in tobacco



expan5|on tower by contact with a 7596stean1a|r m xture séf—at

i ndi cated tenperature and a velocity of about 85 ft/sec ( 5R§Ph% ﬁ%

| ess than about 4 seconds. The al kal oi ds and reduci ng slgars cg8 Tiﬂgﬁ

t he t obacco were 15

neasured in the same manner as desgf PB€d-above:

@*EFT ‘

Referplng to Figure 2, tobacco to be treated is introduced 10 the dryer 10,
where it is dried fromabout 19% to about 28% noi sture (by weight) to from
about 12%to about 21% noisture (by melght) preferably about 13%to 20
about 15% noi sture (by weight). Drying nay be - acconplished by any

sui t abl e neans.

10

15

20

25

30

Lﬁkﬁlgiééxbersus expansion tower exit OV content;

Figure 10 is a schematic diagram of an
impregnation vessel showing the tobacco temperature at
various poihts throughout the tobacco bed after'venting;

Figure 11 is a plot of expanded tobacco specific
volume versus hold-time after impregnation prior to
expansion;

_ Figure 12 is a plot of expanded tobacco
equilibrium CV versus hold-time after impregnation prior
to expansion; and

Figure 13 is a plot of tobacco temperature versus
tobacco OV showing the amount of pre-cooling required to

achieve adequaﬁe stability (e.g., about 1 hour post-vent

- hold before expansion) for tobacco impregnated &t 800 psig

(5515 kPa).

Generally, the tobacco to be treated will have an
OV content of at least about 12% and less than about 21%,
although tobacco having a higher or iower OV content may

be successfully impregnated according to the present

--invention. Preferably, the tobacco to be treated will

have an OV content of about 13% to about 15%. Below about :

12% oV, tobaccé is too easily broken, resulting in a large
amount of tobacco fines. Above about 21% OV, excessive
amounts of pre-cooling are needed to achieve acceptable
stability and a very low post-vent temperature is
required, resulting in a brittle tobacco which is easily
broken.

The tobacco to be expanded will generally be
placed in a pressure vessel in such a manner that it can
be suitably contacted by carbon dioxide. For example, a
wire mesh belt or platform may be used to support the

tobacco in the vessel.



expansion or it nmay be fed directly to the pressure vess

t obacco may be stored in bulk in a silo for subsequent i ﬁggug#
sui tabte tenperature 25 adj ustment. Optionally, a neasured

the-tpbacco cooling unit 20 for treatment prior to |npregnat|on The.

tobacco is cooled within the tobacco 30 cooling unit 20 by any

conventional neans including refrigeration, to | ess than about 20[err]F

(-6.7[err]C), preferably to less than aboit® O[err]F (-17. 8[err](3 bef ore

bei ng For a batch impregnation process, the
tobaccé—containing pressure vessel is preferably purged
with carbon dioxide gas, the purging operation generally
taking from about 1 minute to about 4 minutesf The

s purging step may be eliminated without detriment to
the final product. The benefits of purging are the
removal of gases that may interfere with carbon dioxide
recovery and the removal of foreign gases that may
interferé with full penetration of the carbon dioxide.

10 ' The gaseous carbon dioxide which is employed in
the process of this invention will generally be obtained
from a supply tank where it is waintained in saturated
liéuid form at a pressure of from about 400 psig to about
1050 psig (2758 kPa to 7239 kPa). The supply tank may be

15 fed with recompressed gaseous carbon dioxide vented from
the pressure vessel. Additional carbon dioxide may be
obtained from a storage vessel where it is maintained in
liquid form generally at a pressure of from about 215 psig
to about 305 psig (1482 kPa to 2103 kPa) and temperatures

20 ..of from about -20°F to about 0°F (-28.9°C to -17.8°C).

-'The liquid carbon dioxide from the storage vessel may
be mixed with the recompressed gaseous carbon dioxide and
sfored in the supply tank. Alternatively, liquid carbon
dioxide from the storage vessel may be preheated, for

25 example, by suitable heating coils around the feed line,
to a temperature of about 0°F to about 84°F (-17.8°C to
29°C) and a pressure of about 300 psig to about 1000 psig:
{2068 kPa to 6894 kPa) before being introduced into the

- pressure vessel. After the carbon dioxide is introduced

30 into the pressure vessel, the interior of the vessel,

including the tobacco to be treated, will generally be at

a temperature of from about 20°F to about 80°F (-6.7°C to



fed to the pressure vessel 30. - 23 - The cool ed toba
pressure vessel
pressur e vessel
any air or ot her
desSirgd that the purge be conducted In such a manner as n

30 through the tobacco inlet 31 where it
30 is then purged with gaseous carbon di
non- condensi bl e gases 5 fromthe vess

significantly raise

10

18

20

25

30

- 10 -

26.7°C) and a pressure sufficient to maintain the carbon
dioxide gas at or substantially at a saturated state.

Tobacco stability, i.e. the length of time the
impregnated tobacco may be stored after depressurisation
before the final expansion step and still be
satisfactorily expanded, is dependent on the initial
tobacco OV content, i.e., pre-impregnation OV content, and
the tobacco temperature after venting of the pressure
vessel. Tobacco with a higher initial OV content requires
a lower tobacco post-vent temperature than tobacco with a
lower initial OV content to achieve the same degree of
stability.

The effect of OV content on the stability of
tobacco impregnated with carbon dioxide gas at 250 psia
(1723.5 kPa) and -18°C was determined by placing a weighed
sample of bright tobacco, typically about 60g to about
70g, in a 300 cc pressure vessel. The vessel was then
immersed in a temperature con?rolled bath set at -18°C.

After the vessel reached thermal equilibrium with the

~.bath, the vessel was purged with carbon dioxide gas. The

‘vessel was then pressured to about 250 psia (1723.5 kPa).

as phase iwmpregnation was assured by maintaining the
carbon dioxide pressure at least 20 psi to 30 psi (1379
kPa to 2068 kPa) below the carbon dioxide saturation
pressure at -18°C.  After allowing the tobacco to soak at
pressure for about 15 minutes to about 60 minutes the
vessel pressure was rapidiy decreased to atmospheric
pressure in about 3 seconds to about 4 seconds by venting
to atmosphere. The vent valve was immediately closed
and the tobacco remained in the pressure vessel immersed
in.the temperature controlled bath at -18°C for about 1
hour. After about 1 hour, the vessel temperature was

increased to about 25°C over about two hours in order to



s et

the tenperature of the tobacco in the vessel 30. PreferabllyncbhgcefEhuaneET
of this purge step is treated in any suitable manner to regrover t&ue r1@|
di oxi de for 10 reuse or it may be vented to atnosphere wq@;@hl‘?ﬁ@ s
Foll owi ng the purge step, carbon dioxide gas is introduce Lto-

vessel 30 fromthe supply tank 50-where it is maintained at about 400 psig
to about 1050 psig (2758 kPa to 7239 kPa). Wen the inside pressure of is
the vessel 30 reaches from about 300 psig jp about 500 psig (2068 kPa to
3447 kPa), the carbon dioxide outlet 32 is opened allow ng the carbon

di oxide to flow H}S&%‘& R:ﬁg carbon dioxide remaining in the tobacco. The

st

vessel pressure and temperature were continually monitored
using an IBM compatible computer with LABTECH version 4
data acquisition software from Laboratories Technologies
s . Corp. The amount of carbon dioxide evolved by the
tobacco over time at a constant temperature,  can be
calculated based on the vessel bfessure'over'time.
Figure 3 compares the stability of about 12%, 14%,
16.2% and 20% OV bright tobacco impregnated with carbon
10 dioxide gas at 250 psia (1723.5 kPa) at -18°C as described
above. Tobacco with an OV content of about 20% lost about
71% of its carbon dioxide pickup after 15 minutes at
-18°C, while tobacco with an OV content of about 12% lost
only about 25% of its carbon dioxide pickup after 60
15 minutes. The total amount of carbon dioxide evolved after
increasing the vessel temperature to 25°C is an
indication of the total carbon dioxide pickup. This data
indicates that, for impregnations at comparable pressures
and temperatures, as tobacco OV content increases, tobacco
20 ..8tability decreases. |
- In order to achieve sufficient tobacco stability,
it is preferred that the tobacco temperature be
approximately about 0°F to about 10°F (-17.8°C to -12.2°C)
after venting of the pressure vessel when the tobacco to
25 be expanded has an initial OV content of about 15%.
Tobacco with an initial OV content greater than about 15%
should have a post-vent temperature lower than about 0°F
to about 10°F (-17.8°C to -12.2°C) and tobacco with an
initial OV content less than 15% may be maintained at a
30 temperature greater than about 0°F to about 10°F (-17.8°C
to -12.2°C) in order to achieve a comparable degree of
stability. For example, Figure 4 illustrates the effect

of tobacco  post-vent temperature on tobacco stability at



t obacco bed cooling the tobacco to a substantially unifor
whil e mai ntai ning the pressure of the vessel 20 30 at f|dth
psig to about 500 psig (2068 kPa to 3447 kPa). After a sufstanti

uni form tobacco tenperature is reached, the carbon dioxi de|ded'f et QYP§T19%
cl osed and the pressure of the vessel 30 is increased to from about 700

psig to about 1000 psig (4826 kPa to 6894 25 ‘kPa), preferably about 800
psig (5515 kPa), by the addition of carbon_dioxide gas. Then the carbon
dioxide inlet 33 is closed. At this point,*tHe tobacco bed tenperature is

appr oxi mat el h rbon di oxi .
PP y atv;rfzdgaogocoﬁkéggéqe Figure 4 shows that tobacco with a

higher OV content, about 21%, requires a lower post-vent
temperature, about -35°F (-37.4°C), in order to achieve a
similar level of carbon dioxide retention over time as

5 compared to a tobacco with a lower OV content, about 12%,
with a post-vent temperature of about 0°F to about 10°F
(-17.8°C to -12.2°C). Figures 5 and 6, respectively,
show the effect of tobacco OV content and post-vent

. temperature on eéﬁilibrated CV and specific volume of

10 tobacco expanded after being held at its indicated
post-vent temperature for the indicated time. Figures 4,
$ and 6 are based on data from Runs 49, 54 and 65. In
each of these runs, bright tobacco was¥placed in a
pressure vessel with a total volume of 3.4 cubic feet

15 (.096m3), 2.4 cubic feet (.068m3) of which was occupied by
the tobacco. In Runs 54 and 65, approximately 22 lbs.

. (9.97 kg) of 20% OV tobacco was placed in the pressure
vessel. This tobacco was pre-cooled by flowing carbon
dioxide gas through the vessel at about 421 psig (2902

20 -kPa) and at about 153 psig (1055 kPa) for Runs 54 and 65,
~.respectively, for about 4 to 5 minutes prior to
pressurization to about 800 psig (5515 kPa) with carbon
dioxide gas.
Impregnation pressure, mass ratio of carbon dioxide
25 té tobacco, and heat capacity of tobacco can be
manipulated in such a manner that under specific
circumstances, the amount of cooling required from the
evaporation of condensed carbon dioxide is small relative
to the cooling provided by the expansion of carbon dioxide
30 gas upon depressurization.
In each of Runs 49, 54, and 65, after reaching the.
impregnation pressure of about 800 psig (5515 kPa), the
system pressure was held at about 800 psig (5515 kPa) for



saturation tenperature. Wile pressures as high as 1050
kPa) m ght be economcally enployed, and a pressure equa
pressure of carbon dioxide, 1057 psig (7287 kPa), would .
there is no known upper linmt to the useful inpregnation pPai§gtre o,
range; other than that inposed by the capabilities of th
avai l abl e and the effects of supercritical

- 13 -

about 5 minutes before the vessel was rapidly
depressurized to atmospheric pressure in approximately 90
seconds. The mass of carbon dioxide condensed per lb. of
tobacco during pressurization after cooling was calculated
5 for Runs 54 and 65 and is reported below. The impregnated
tobacco was held at its post-vent temperature under a dry
atﬁosphere until it was expanded in a 3-inch (76.2 mm)
diameter expansion tower by contact with steam set at the

indicated temperature and at a velocity of about 135

10 ft/sec (44.1 ms-1) for less than about 5 seconds.
TABLE 1
Run 24 65
Feed OV% 20.5 20.4
Tobacco Wt. (1bs.) 22.5 (10.2 kg) 21.25 (9.63 kg)
15 co2 flow-thru
cooling press (psig) 421 (2902 kPa) 153 (1055 kPa)
Impreg press (psig) 800 (5515 kPa) 772 (5322 kPa)
Pre-cool temp (°F) 10 (12.2°C) -20 (-28.9°C)
..Post-vent temp (°F) 10-20 (12.2°C -35 (-37.4°C)
20 - to -6.7°C)

Expansion Tower

gas temp (°F) ' 575 (302°C) 575 (302°C)
Eq CV {(cc/g) ' 8.5 10.0
SV (cc/g) . 1.8 2.5
25 Calculated CO2
condensed (1lb./lb.tob) 0.19 . 0.58

The degree of tobacco stability required; and
hence, the desired tobacco post-vent temperature, is
dependent on many factors including the length of time

30 after depressurization and before expansion of the

tobacco. Therefore, the selection of a desired post-vent



car.bon di oxi de on the tobacco. During pressurization of the pressure

vessel, it 5

Is preferred that a thernbodynamc path is fo ﬁ%ﬁ_&ﬁlnT&EEri
s To

all ows* a control | ed anount of the saturated carbon dioxide g

on the fobacco.

(Btu/kb[err]F) diagramfor carbon dioxide with line -V dra

C
Figure 1 is a standard tenperature ([err]F) ngrdgﬁ

......................

one 10 t her nodynami ¢ path in accord with the present invention. For
exanpl e, tobacco at about 65[err]F (18. 3[e5£]C3 is placed in a pressur
vessel (at |I) and the vessel pressure is increased t'o about 300 psig (

kPa) (as shown b¥e%&£§%ture should be made in light of the degree of

10

1s

20

25

30

stability required.

The desired tobacco post-vent temperature may be
obtained by any suitable means including.pre—cooling of
the tobacco before introducing it to the pressure vessel,
in-situ cooling of the tobacco in the pressure vessel by
purging with cold carbon dioxide or other suitable means,
or vacuum cooling in situ augmented by flow through of
carbon dioxide gas. _Vacuum cooling has the advantage of
reducing the tobacco OV content without thermal
degradation of the tobacco. Vacuum cooling also removes
non-coﬁdensibie gases from the vessel, thereby allowing
the purging step to be eliminated. Vacuum cooling can be
effectively and practically used to reduce the tobacco
temperature to as low as about 30°F (-1°C). It is
preferred that the tobacco is cooled in situ in the
pressure vessel. -

The amount of pre-cooling or in-situ cooling

required to achieve the desired tobacco post-vent

..temperature is dependent on the amount of cooling provided

‘by the expansion of the carbon dioxide gas during

depressurization. The amount of tobacco cooling due to
the expansion of the carbon dioxide gas is a function of
the ratio of the mass of the carbon dioxide gas to the
mass of tobacco, the heat capacity of the tobacco, the
final impregnation pressure, and the system temperature.
Therefore, for a given impregnation, when. the tobacco feed
and the system pressure, temperature and volume are fixed,
control of the final post-vent temperature of the tobacco
may be achieved by controlling the amount of carbon
dioxide permitted to condense on the tobacco. The amount
of tobacco cooling due to evaporation of the condensed

carbon dioxide from the tobacco is a function of the ratio

e
2068



| -11). The vessel is then cooled to about O[err]F (-17.8[ gFCSr~Io — 0 =T
flowthru cooling of carbon dioxide at about 300 psig (20 BHEFA¥UF§§“§§&&? \

by line LI-111). Addi ti onal carbon dioxide gas is introduced to?2h@CT 1995
vessel, raising the pressure to about 800 psig (5515 kPa) jafdithe- et T
tenperature to about 67[err]F (19.4[err]C). However, becHtSe the
tenperature 20 of tobacco is below the saturation tenperature of the
carbon di oxi de gas, a controlled anount of ,carbon dioxide gas will

uniformy condense on the tobacco (as shown by line Il1-1V). After hol ding

the systemat abgyt,B00.n% G(S5HaddRd) chBbod MLcHESE 68 difNGhBsObe ti e, the

vessel is
tobacco, the heat capacity of the tobacco, and the

temperature or pressure of the system.
The required tobacco stability is determined by
5 the specific design of the impregnation and expansion
processes used. Figure 13 illustrates the tobacco
- post-vent temperature required‘to achieve the desired
tobacco stability as a function of OV for a particular
process design. The lower shaded area 200 illustrates
10 the amount of cooling contributed by carbon dioxide
gas expansion and the upper area 250 jillustrates the
amount of additional cooling required by carbon dioxide
liquid evaporation as a function of tobacco OV to provide
the required stability. For this example, adequate
15 tobacco stability is achieved when the tobacco temperature
is at or below the temperature shown by the "stability"
line. The process variables which determine the tobacco
post-vent temperature include the variables discussed
previously and other variables including, but not limited
20 _.to, vessel temperature, vessel mass, vessel voiume, vessel
' configuration, flow geometry, equipment orientation, heat
transfer rate to the veséel walls, and process designed .
retention time between iwpregnation and expansion.
For the 800 psig (5515 kPa) process illuétrated in
25 Figure 13, with a post-vent hold time of about 1 hour, no
pre-cooling is required for 12% OV tobacco to achieve the
required stability, whereas 21% OV tobacco requires '
sufﬁicient pre-cooling to achieve a post-vent temperature
of about -35°F (-37.4°C). |
30 The desired tobacco post-vent temperature of the
present invention, from ébout -35°F to about 20°F (-37.4°C
to -6.7°C), is significantly higher than the post-vent
temperature -- about -110°F (-79°C) -- when liquid carbon



25-. rapldly depressurized to atnospheric pressure resulti g~Pﬁ &
post -vent tenperature of about -5[err]F to about -10[err]F‘ R @kﬁ¥@WFF€SﬁgET
-23.3lerr] O (as shown by line IV-V). In-situ cooling of t e to&iﬁfggﬁogﬁﬁ _
abqut 10[err]F (-12.2[err]C) prior to pressurization gener IDVW -OW e

an 30¢ anount of the saturated carbon di oxide gas to con
Condensation generally will result in a substantially unlforn1d|str|bution
of liquid carbon dioxide throughout the topacco bed. Evaporation of this

| i qui d carbon

dioxide is used as the impregnant. This higher tobacco
post-vent temperature and lower tobacco OV allow the
expansion sfep to be conducted at a significantly lower
temperature, resulting in an expanded tobacco'with less
5 toasting and less loss of flavor. In addition, less
energy is required to expand the tobacco. moreover,
because very little, if any, solid carbon dioxide is
formed, handling of the impregnated tobacco is simplified.
Unlike tobacco impregnated with only liquid carbon

10 dioxide, tobacco impregnated according to the present
invention does not tend to form clumps which must be
mechanically broken. Thus, a greater usable-tobacco yield
is achieved because the clump-breaking step which results
in tobacco fines too small for use in cigarettes is

.15 eliminated. _ .

Moreover, about 21% OV tobacco at about'—35°F
(-37.4°C) to about 12% OV tobacco at about 20°F (-6.7°C),
unlike any OV tobacco at about -ilO°F (-79°C), is not
brittle and, therefore, is handled with minimum

20 .degradation. This property results in a greater yield of

- usable tobacco because less tobacco is mechanically broken
during normal handling, e.g., during unloading of the
pressure vessel or transfer from the pressure vessel to
the expansion zone.

25 Chemical changes during expansion of the
impregnated tobacco, e.g., loss of reducing sugars and
alkaloids upon heating, can be reduced by increasing the
exit tobacco ov{ i.e. the tobacco OV content immediately
after expansion, to about 6% OV or higher. This can be

30 accomplished by reducing the temperature of the expansion

step. Normally, an increase in tobacco exit OV is coupled

with a decrease in the amount of expansion achieved. The

decrease in the amount of expansion depends ‘strongly on



25..di oxi de during the vent step will help cool the tobaccF~ i a Uniia . ;
manner . A uni f orm post -i npregnati on tobacco tenperatureﬂr%ﬁﬁhﬁég%éﬁiﬁﬁgié
uni f orm expanded tobacco. This uniformtobacco tenperaturg is ilﬁdbﬂﬁgf

in Figure 5 10, which is a schematic diagram of the infirifation vesser:

100~used in Run 28 showing the tenperature, in [err]F, at various | ocations
t hroughout the tobacco bed after venting. For exanple, the tobacco-bed
tenperature at cross-section 120, 3 feet (914_m) fromthe top of vessel

the starting feed OV content of the tobacco. As the
tobacco feed OV is reduced to approximately 13%, minimal
reduction in the degree of expansion is observed even at a
tobacco moisture content of about 6% or more exiting the
5 expansion device. Therefore, if the feed OV and the
expansion temperature are reduced, surprisingly good
expansion can be attained while chemical changes are
minimized. This is shown in Figures 7, 8 and 9.
Figufes 7, 8 and 9 are based on data from Runs
10 2241 through 2242 and 2244 through 2254. This data is
tabulated in Table 2. In each of these runs a measured
amount of bright tobacco was placed in a pressure vessel

similar to the vessel described in Example 1.



10 * 100, was found to have tenperatures of about 11l[err]F_(-11.7[err]Q),
7[err}F (-14[err]C), T7[err]F (-14[err]C), and 3[err]F (-16[|F :
1800 {1 bs.¢815 kg) of bright tobacco with an OV content of abgﬁ%E%BgBQWTSHEET |
placed in a5 ft (i.d.) x 85 ft (ht) (1524 nmx 2591 nm is@r& 0034996 |
The veSsel was then is purged with cagdpan dioxide gas fo QUi "3 ‘
seconds before pressurizing to about 350 psig (2413 kPa) with carbon

di oxi de gas. The tobacco bed was then cool ed to about 10F (-12.2[err]C) by
flowthru cooling at 350 psig (2413 kPa) for about 12.5 m nutes. The

vessel pressure was then 20 i ncreased to about 800 psig (5515 kPa) and
hel d for about :
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60 seconds before rapidly depressurizing in about 4.5 ninuPﬁ&::Ihe¥
t enper.ature of the tobacco bed at various points was neasut
be substantially uniformas shown in Figure 10. It was
about .25 0.26 I bs. of carbon dioxide condensed per |b. ¢
Returnlng to Figure 2, the tobacco in theopressure vessel
under” tarbon di oxi de préssure at about 800 psig (5515 kPa) for fron1about 1
second to about 300 seconds, preferably about 60 seconds. It has been 30

di scovered that tobacco contact time with carbon dioxide gas, i.e., the

Iength of time that the tobacco nust be
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mai ntai ned in contact wwth the carbon di oxide gas in order i 2610
absorb-a .desired anount of carbon dioxide, is influenced si,r@ﬂgl;ygzﬂy:ﬁhsﬁgm
t obacco OV content and the inpregnation pressure used. Tgbacco Rig lﬂ(ﬁ 1996
hi gher>jnitial OV content requires |less contact tinme at a jlﬁrsem..S ..........................
pressure than tobacco with a | ower initia20 @V content.in of

conpariabl e degree of inpregnation
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particularly at | ower pressures. At higher inpregnation pr
effect of tobacco OV on contact tinme with the carbon di oxi
reduced. This is illustrated in 10 Table 3. After the t
sufficiently, the pressure vessel 30 is depressurized rapidj a0
at nospheric pressure in fromabout 1 second to about 300 se , dependi ng
on vessel size, by venting the carbon dioxide 15 first to the carbon

di oxi de recovery unit 40 and then through Line 34 to atnosphere. Car bon

di oxi de whi ch has condensed on the tobacco 1s vaporized during this vent

Liquid carbon dioxide at 430 psig (2964 kPa) was

used to impregnate the tobacco in Runs 2241 and 2242.
The tobacco was allowed to soak in the liquid carbon
dioxide for about 60 seconds before the excess liquid was
5 drained. The vessel was then rapidly depressurized to
atmospheric pressure, forming solid carbon dioxide in
situ. The impregnated tobacco was then removed from the
vessel and any clumps which may have formed were broken.
The tobacco was then expanded in an 8-inch (203 mm)
10 expansion tower by contact with a 75% steam/air mixture
set at the indicated temperature and a velocity of about
85 ft/sec (25.9 ms-1) for less than about 4 seconds.
The nicotine alkaloids and reducing sugars content
of the tobacco prior to and after expansion were measured
15 using a Bran Luebbe (formerly Technicon) continuous flow
analysis system. 2An aqueous acetic acid solution is used
to extract the nicotine alkaloids and reducing sugars from
the tobacco. The extract is first subjected to dialysis
which removes major interferences of both determinations.
20 .Reducing sugars are determined by their reaction with
p-hydroxybenzoic acid hydrazide in a basic medium at 85°C-
to form a colour. Nicotine alkaloids are determined by
their reaction with cyanogen chloride, in the presence of
aromatic amine. A decrease in the alkaloids or the
25 reducing.sugars content of the tobacco is indicative of a
' loss of or change in chemical and flavour components of
the tobacco.
' Runs 2244 through 2254 were impregnated with
gaseous carbon dioxide at 800 psig (5515 kPa) according to
30 the method described in Example 1. In order to study the
effect of expansion temperature, tobacco from a singlg
impregnation was expanded at different temperatures. For

example, 325 lbs. (147 kg) of tobacco were impregnated and



step, helping.to cool the tobacco, resulting in a tobacc
tenperature of fromabout -35[err]F to about 20[err]F 20
-6.7[err]C). The amount of carbon di oxide condensed in theg tobacc®8 §C 19%
preferably in the range 0.1 to 0.9 pound of carbon di oxi dg G -poundgf """
t obaeco. The best range is 0.1 to 0.3 pound per pound but

or 0.6 25 pound per pound are suitable in sone circunstances.

| npregnat ed tobacco fromthe pressure vessg] 30 may be expanded i nmmedi ately
by any suitable neans, e.g., by feeding to the expansion tower 70.

Al ternatively, -

then three samples, taken over the course of about 1 hour,
were tested and expanded at 500°F (260°C), 550°F (288°C),
and 600°F (315.5°C), representing Runs 2244, 2245, and
2246, respectively. In ordef to study the effect of OV
5 content, batches of tobacco with OV contents of about 13%,
15%, 17%, and 19% were impregnated. The notation 1st,
2nd, or 3rd next to the run number indicates the order in
which
the tobacco was expanded from a particular impregnation.
10 The impregnated tobacco was expanded in an 8-inch (203 mm)
expansion tower by contact with a 75% steam/air mixture
set at the indicated temperature and a velocity of about
85 ft/sec (25.9 ms-1) for less than about 4 seconds. The
alkaloids and reducing sugars content of the tobacco were
15 measured in the same manner as described above.

Referring to Figure 2, tobacco to be treated is
introduced to the dryer 10, where it is dried from about
19% to_aboﬁt 28% moisture (by weight) to from about 12% to
about 21% moisture (by weight), preferébly about 13% to

20 ~about 15% moisture (by weight). Drying may be
'accomplished by any suitable means. This dried
tobacco may be stored in bulk in a silo for subsequent
impregnation and expansion or it wmay be fed directly to
the pressure vessel 30 after suitable Eemperature

25 édjuétment.

Optionally, a measured amount of dried tobacco is
metered by a weighbelt and fed onto_a.cénveyor belt within
the tobacco cooling unit 20 for treatment prior to
impregnation. The tobacco is cooled within the tobacco

30 cooling unit 20 by any conventional means including

refrigeration, to less than about 20°F (-6.7°C),
preferably to less than about 0°F (~17.8°C), before being

fed to the pressure vessel 30.°

REPLAGEMENT, SHERT, |t



| mpr egnat ed t obacco may be mai ntai ned for about 1 hour

S
post-vent tenperature in the tobacco transfer device 60 gdﬂgiA@Eﬂmwrsﬂggr
atnosphere, i.e., an atnosphere with a dewpoint bel ow t post - vent
tenperature, for subsequent - 27 - expansion. Af t er|| @apansi. om ..
desired, reordering, the tobacco nmay be used in the manutaettre: SHatc

products, including cigarettes.

10

15

20

25

30
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The cooled tobacco is fed to the pressure vessel
30 through the tobacco inlet 31 where it is deposited.
The pressure vessel 30 is then pufged with gaseous carbon
dioxide, to remove any air or other non-condensible gases
from ‘the vessel 30. It is desired that the purge be
coﬁducted in such a manner as not to significantly raise
the temperature of the tobaceo in the vessel 30.
Preferably, the effluent of this purge step is treated in
any suitable manner to recover the carbon dioxide for
reuse or it may be vented to atmosphere through 1iné 34.-

Following the purge step, carbon dioxide gas is
introduced to the pressure vessel 30 from the supply tank
50 where it is maintained at about 400 psig to about 1050
péig (2758 kPa to 7239 kPa). When the inside pressure of
the vessel 30 reaches from about 300 psig to about 500
psig (2068 kPa to 3447 kPa), the carbon dioxide outlet 32

is opened allowing the carbon dioxide to flow through the

tobacco bed cooling the tobacco to a substantially uniform

temperature while maintaining the pressure of the vessel

- 30 at from about 300 psig to about 500 psig (2068 kPa to
‘3447 kPa). After a substantially uniform tobacco

temperature is reached, the carbon dioxide outlet 32 is
closed and the pressure of the vessel 30 is increased to
from about 700 psig to about 1000 psig (4826 kPa to 6894
kPa), preferably about 800 psig (5515 kPa), by the
addition of carbon dioxide gas. Then the carbon dioxide
inlet 33 is closed. At this point, the tobacéo bed
temperature is approximately at the carbon dioxide
saturation temperature. While pressures as high as 1050
psig (7239 kPa) might be economically employed, and a
pressure equal to the critical pressure of carbon dioxide,
1057 psig (7287 kPa), would be acceptable, there is no

known upper limit to the useful impregnation pressure
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pound (109 kg) sanple of bright tobacco REPLACEMENT SHEET );

»

29 - The follow ng exanples are illustrative:|{fBEamt
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range, other than that imposed by the capabilities of the
equipment available and the effects of supercritical
carbon dioxide on the tobacco.

During préssurization of the pressure vessel, it
is preferred that a .thermodynamic path is followed that
allows a controlled amount of the saturated carbon dioxide
gas to condense on the tobacco. Figure 1 is a standard
temperature (°F) - entropy (Btu/1b°F) diagram for carbon
dioxide with line I-V drawn to illustrate one
thermodynamic path in accord with the present invention.
For example, tobacco at about 65°F (18.3°C) is placed in a
pressure vessel {(at I) and the vessel pressure is
increased to about 300 psig (2068 kPa) (as shown by line
I-II). The vessel is then cooled to about 0°F (-17.8°C)
by flow-thru cooling of carbon dioxide at about 300 psig
(2068 kPa) (as showh by line II-III). Additional carbon
dioxide gas is introduced to the vessel, raising the
pressure to about 800 psig (5515 kPa) and the temperature

to about 67°F (19.4°C). However, because the temperature

--of tobacco is below the saturation temperature of the

carbon dioxide gas, a controlled amount of carbon dioxide
gas will uniformly condense on the tobacco (as shown by
line III-IV). After holding the sysfem at about 800 psig
(5515 kPa5 for the desired length of time, the vessel is
rapidly depressurized to atmospheric pressure resulting in
a post-vent temperature of about -5°F to about -10°F
(-20.6°C to -23.3°C) (as shown by line IV-V).

In-gitu cooling of the tobacco to about 10°F
{(-12.2°C) prior to pressurization generally will allow an
amount of the saturated carbon dioxide gas to condense.
Condensation generally will result in a substantially
uniform distribution of liquid carbon dioxide throughout

the tobacco bed. Evaporation of this liquid carbon



N fre—tfe—F- J—

filler wth a 15% OV content was cool ed to about 20[err]fE=S EFG)
and t hen placed in a pressure vessel approximately 2 fee RERMNMﬁﬂENﬂﬁHEET
di aneter _,and approxi nmately 8 feet (2440 mm) in height. The v

then pressured to about 300 psig (2068 kPa) w th carbon iDMGxi.

t obacco was then cool ed, while 10 mai nt ai ni ng the vesser~Hr ‘
about 300 psig (2068 kPa), to about O[err]F (-17.8[err] O by flushing with
carbon di oxi de gas near saturated conditions for about 5 minutes prior to
pressuri zing to about 800 psig (5515 kPa)- #¢th car bon di oxi de gas. The

vessel pressure was nmintained
: dioxide during the vent step will help cool the tobacco in

a uniform manner. A uniform post-impregnation tobacco
temperature results in a more uniform expanded tobacco.
This uniform tobacco temperature is illustrated in Figure

5 10, which is a schematic diagram of the impregnation -
vessel 100 used in Run 28 showing the temperature, in °F,
at various locations throughout the tobacco bed after
venting. For example, the tobacco-bed temperaturt at
cross-section 120, 3 feet (914 mm) from the top of vessel

10 100, waé found to have temperatures of about 11°F
(-11.7°C), 7°F (-14°C), 7°F (-14°C), and 3°F (-16°C) about
1800 lbs (815 kg) of bright tobacco with an OV content of
about 15% was placed in a 5 ft (i.d.) x 8.5 ft (ht) (1524
mm x 2591 mm) pressure vessel. The vessel was then

15 purged with carbon dioxide gas for about 30 seconds before
pressurizing to about 350 psig (2413 kPa) with carbon
dioxide gas. The tobacco bed was then cooled to about
10°F (-12.2°C) by flow-thru cooling at 350 psig (2413 kPa)
for about 12.5 minutes. The vessel pressure was then

20 “increased to about 800 psig (5515 kPa) and held for about
60 seconds before rapidly depressurizing in about 4.5
minutes. = The temperdture of the tobacco bed at vérious
points was measured and found to be substantially uniform
as shown in Figure 10. It was calculated that about

25 0.26 lbs. of carbon dioxide condensed per lb. of tobacco.

Returning to Figure 2, the tobacco in the pressure

vessel 30 is wmaintained under carbon dioxide pressure at
about 800 psig (5515 kPa) for from about 1 second to about
300 seconds, preferably about 60 seconds. It has been

30 discovered that tobacco contact time with carbon dioxide
gas, i.e., the length of time that the tobacco must be

maintained in contact with the carbon dioxide gas in.order



I Si. at about 800 psig (5515 kPa) for about 60 second , '/QH?ET
pressure was decreased to atnospheric pressure by ventingE?hMﬁﬁ %$€
seconds, after which the tobacco tenperature was foundito be® ngOI _________ red
(-17.8[err]C). Based on the tobacco tenperature, the sySEEmR-pres
tenperature, 20 and vol une, and the tobacco post-ven STTper at ure, it
was cal cul ated that approximately 0.29 | bs of carbon di oxi de condensed per
| b. of tobacco. The inpregnated sanple had_a wei ght gain of about 2% which
is attributable to the carbon di oxide 25~ 26i'rrpr egnhation. The inpregnated
tobacco was thentoog§g0££ a desired amount of carbon dioxide, is
influenced strongly by the tobacco OV content and the
impregnation pressure used. Tobacco with a higher
initial OV content requires less contact time at a given
5 pressure than tobacco with a lower initial OV content in
order to achieve a comparable degree of impregnation
particularly at lower pressures. At higher impregnation
pressures, the effect of tobacco OV on contact time with
the carbon dioxide gas is reduced. This is illustrated in
10 Table 3. .

After the tobacco has soaked sufficiently, the
pressure vessel 30 is depressurized rapidly to atmospheric
préssure in from about 1 second to about 300 seconds,

. depending on vessel size, by venting the carbon dioxide
15 first to the carbon dioxide recovery unit 40 and then
through line 34 to atmbsphere. Carbon dioxide which has
condensed on the tobacco is vaﬁorized during this vent
step, helping to cool the tobacco, resulting in a tobacco
. post-vent temperature of from about ;35°F to about 20°F
20 -(-37.4°C to -6.7°C).
| ~ The amount of carbon dioxide condensed in the
tobacco is préferably in the range 0.1 to 0.9 pound of
carbon dioxide per pound of tobacco. The best range is
0.1 to 0.3 pound per pound but amounts up to 0.5 or 0.6
25 pound per pound are suitable in some circumstances.

Impregnated tobacco from the pressure vessel 30
may be expanded immediately by any suitable means, e.g.,
by feeding to the expansion tower 70. Alternatively,
impregnated tobacco may be maintained for about 1 hour at

30 its post-vent temperature in the tobacco transfer device

60 under a dry atmosphere, i.e., an atmosphere with a

dewpoint below the post-vent temperature, for subsequent



one hour period, exposed to heating in an 8-inch (203 mM—dianeter———
expansi on tower by contact with a 75% steam air m xture AtREACENSO SKREST
(288[ert].C) and a velocity of about 85 ft/sec (25.9 ns[efir]) for less than
about 2 seconds. The 30 product exiting the expansi :prngf_@s?.s&_‘@@p_,@gs_g\/-
contént of about 2.8% The product was equilibrated attstandafd -

conditions of 75[err]F (24[err]C) and 60%H for about 24 hours. The filling
power of the equilibrated product was mea_sgfre_d

expansion. After expansion and, if desired, reordering,
the tobacco may be used in the manufacture of tobacco

products, including cigarettes.



- 30 - by the standardi zed cylinder volume (CV) test

contrel* was found to have a cylinder volume of 5.3 cc/

. ThTs,
of 9.4 cc/g-at an equilibriumnoisture content of 11.49 REPRRC

peup— * I}

it b m
moi sture’ 5 content of 12.2% The sanple after proce L%ﬁh therefore,."had
a 77%increase in filling power as neasyged by the CV nethod. The effect of
hold tinme after inpregnation prior to expansion on expanded tobacco SV and
equilibrated CV 10 was studied in Runs 2132-1 through 2135-2. I n each
of :
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t hese runs,

bright tobacco with a 15% OV content was placed in the s

2132-1, 2132-2, 2134-1, 2134-2, 2135-1, and F35-2Z—225 TDs.

psi-g to about 300 psig (1723 kPa.to 2068 kPa) with carbojh Rfitex:

t obaceo was then cool ed, while maintaining the vessel pressure atr apout
psig to about 300 psig (1723 kPa to 2068 kPa), in the sane nanner as
described in Exanple 1. The vessel was then pressurized 20 . to about

as described in Exanple 1. The vessel was pressured to f on1ab§g£[§§0uiihe

psig (5515 kPa) with carbon di oxi de gas. “TR?s™ pressure was mai nt ai

rﬁ?ﬁh%%ﬂﬁﬁ&?%ﬁ%%%l

about 60 seconds before

10

15

20

28

30

The following examples are illustrative:
Example 1

A 240.pound {109 kg) sample of bright tobacco
filler with a 15% OV content was cooled to about 20°F
(-6.7°C) and then-placed in a pressure vessel
approximately 2 feet (610 mm) in diameter and
approximately 8 feet (2440 wmm) in height. The vessel was
then pressured to about 300 psig (2068 kPa) with carbon
dioxide gas. The tobacco was then cooled, while
maintaining the vessel pressure at about 300 psig (2068
kPa), to about 0°F (-17.8°C) by flushing with carbon
dioxide gas near saturated conditions for about 5 minutes
prior to pressurizing to abQut 800 psig (5515 kPa) with
carbon dioxide gas. The vessel pressure was maintained
at about 800 psig (5515 kPa) for about 60 seconds. The
vessel pressure was decreased to atmospheric pressure by
venting in aﬁout 300 seconds, after which the tobacco
temperature was found to be about 0°F (-17.8°C). Based on

the tobacco temperature, the system pressure, temperature,

-~and volume, and the tobacco post-vent temperature, it was

calculated that approximately 0.29 lbs of carbon dioxide
condensed per lb. of tobacco.

The impiegnated sample had a weight gain of about
2% which is'attributabie_to the carbon dioxide '
impregnation. The impregnated tobacco was then, over a
one hour period, exposed to heating in an 8-inch (203 mm)
diameter expansionltower by contact with a 75% steam/air
mixture at about 550°F (288°C) and a velocity of about 85
ft/sec (25.9 ms-1) for less than about 2 seconds. The
product exiting the expansion tower had an OV content of
about 2.8%. The product was equilibrated at standard
conditions of 75°F (24°C) and 60%RH for about 24 hours.

The filling power of the equilibrated product was measured

250

800

ned for



the vessel was vented to atnospheric pressure in about 30¢ .
i mpregnat ed tobacco was mai ntained in an environment wth}aR "ﬁ%N
t he tobagco post-vent 25 tenperature prior to expansi of. @JI{EHBBS
il l-ustrates the effect of hold time after i npregnat i on on |jt Rdespeci-fic

vol uire of expanded tobacco. Figure 12 illustrates the effect of hold tine
after inpregnation on the equilibrated CV of expanded tobacco. 30

‘Exanple 2 A 19 pound sanple of bright tobacco filler with a 15% OV cont ent
was placed in a 3.4 cubic foot (.096 nB) ~ 30 -

by the standardized cylinder volume (CV) test. This gave
a CV value of 9.4 cc/g at an equilibrium moisture content
of 11.4%. An unexpanded control was found to have a
cylinder volume of 5.3 cc/g at an equilibrium moisture

5 content of 12.2%. The sample after processing,
therefore, had a 77% increase in filling power as measured
by the CV method.

The effect of hold time after impregnation prior

to expansion on expanded tobacco SV and equilibrated CV

10 was studied in Runs 2132-1 through 2135-2. 1In each of
these runs, 2132-1, 2132-2, 2134-1, 2134-2, 2135-1, and
2135-2, 225 lbs. of bright tobacco with a 15% OV content
was placed in the same pressure vessel as described in
Example 1. The vessel was pressured to from about 250

15 psig'to about 300 psig (1723 kPa to 2068 kPa) with carbon
dioxide gas. The tobacco was then cooled, while
maintaining the vessel pressure at about 250 psig to about
300 psig (1723 kPa to 2068 kPa), in the same manner as
described in Example 1. The vessel was then pressurized

20 :to about 800 psig (5515 kPa) with carbon dioxide gas.
This pressure was maintained for aboﬁt 60 seconds before
the vessel was vented to atmospheric pressure in about 300
seconds. The impregnated tobacco was maintained in an
environment with a dewpoint below the tobacco post-vent

25 temperature prior to expansion. Figurelll illustrates
the effect of hold time after impregnation on the specifié
volume of expanded tobacco. Figure 12 illustrates the '
effect of hold time after impregnation on the equilibrated
CV of expanded tobacco.

30 Example 2

A 19 pound sample'of bright tobacco filler with a

15% OV content was placed in a 3.4 cubic foot (.096 m3)

pressure vessel. The vessel was thén pressured to about



pressure vessel. The vessel was then pressured to about
(1276 kPa) with carbon di oxide gas. The tobacco was thenj
mai nt ai*ni ng the vessel pressure at about 185 psig (1276
-25[err]F (-31.7[err]C) by flushing with carbon dioxide
condktions 5 for about 5 mnutes prior to pressurizin
(2965 kPa) with carbon dioxide gas. The vessel

- 31 -

185 psig (1276 kPa) with carbon dioxide gas. The tobacco .
was then cooled, while maintaining the vessel pressure at
about 185 psig (1276 kPa), to about -25°F (-31.7°C) by
flushing with carbon dioxide gas near saturated conditions
5 fof aboﬁt 5 minutes prior to pressurizing to about 430
psig (2965 kPa) with carbon dioxide gas. The vessel
pressure was maintained at about 430 psig (2965 kPa) for
about 5 minutes. The vessel pressure was decreased to
atmospheric pressure by vgnting in about 60 seconds, after
10 which the tobacco temperature was found to be about -29°F
(-33.9°C). Based on the tobacco temperature, the system
pressure, temperature, and volume, it was calculated that
approximately 0.23 lbs. of carbon dioxide condensed per
1b. of tobacco. i o
15 The impregnated sample had a weight gain of about
2% which is attributable to the carbon dioxide
impregnation. The impregnated tobacco was then, over a
one hour period, exposed to heating in a 3-inch (76.2 wm)
diameter expansion tower by contact with a 100% steam at
20 “about 525°F (274°C) and‘a velocity of about 135 ft/sec (41
"~ ms~1) for less than about 2 seconds. The product exiting
the expansion. tower had an OV content of about 3.8%. The
product was equilibrated at standard conditions of 75°F
(24°C) and 60%RH for about 24 hours. The filling power of
25 the equilibrated product was measured by the standardized
cylinder volume (CV) test. This gave an equilibrated CV
value of 10.1 cc/g at an equilibrium moisture of 11.0%.
An unexpanded control was found to have a cylinder volume
of 5.8 cc/g at an equilibrium moisture of 11.6%. The
30 sample after processing, therefore, had a 74% increase in
filling power as measured by the CV method.
While ﬁhe invention has been particularly shown

and described with reference to preferred embodiments, it



pressure was mai ntai ned at about 430 psig (2965 kPa) for rabout=—S—rrute:
The vessel pressure was decreased to atnospheric pressurg REPLAGERNIENT
about "60_seconds, after 10 whi ch the tobacco tenperat re vva; hong? g@b
about -29[err]F (-33.9[err]C). Based on the tobacco tenpgriater.&;. L. s@ .8
pressure, tenperature, and volune, it was cal cul ated t hat=&ppt -
0.23 I bs. of carbon dioxide condensed per |Ib. of tobacco. is The
i npregnat ed sanple had a wei ght gain of abqut 2% which is attributable to

the carbon dioxi de inpregnation. The inpredfated tobacco was then, over a

- will be understood by those skilled in the art that

various changes in form and details may be made without
departing from the spirit and scope of the invention. For
example, -as size of the equipment used to impregnate the
5  tobacco varies the time required to reach the desired

pressure, or to vent, or to adequately cool the tobacco
bed will vary.

Throughout this specifications figures in psig
have been converted to kPa but it should be understood

10 that these are gauge pressures.



ong hour period, exposed to heating in a 3-inch (76.2 nmm__djaneter
expansi on tower by contact with a 100% steam at 20 et
(274[err]C) and a velocity of about 135 ft/sec (41 ns| ?8 i&@iA.é%EEFNa'
about 2 seconds—The product exiting the expansion to RO

of abeout 3.8% The product was equilibrated at standard
75[err]F (QWH r snRepltdedr r ] RH f or about 24 hours. Therép

25 the eq H’HMduct was neasur ed.by the stan

LACEMEND

vol ume (CV) e an equilibrated®cV val ue of -

equi libriumnoisture o .0% An unexpanded contr ol wasi: ' VE a

cyl i nder vol une ' :
CLAIMS -

1. A process for expanding tobacco comprising the
steps of:
(a) contacting the tobacco with carbon dioxide gas at
5 a pressure of from about 400 psig to about 1057 psig (2758
kPa to 7287 kPa) and at a temperature such that the carbon
dioxide gas is at or near saturated conditions;
{(b) allowing the tobacco to contact the carbon
dioxide for a time sufficient to impregnate the tobacco .
10 with carbon dioxide;
(c) releasing the pressufe;
(d) thereafter subjecting the tobacco to conditions
such that the tobacco is expanded; and
- (e) prior to step (a), removing a sufficient amount
1s of heat from the tobacco to cause a controlled amount of
carbon dioxide to condense on the tobacco such that the
tobacco is cooled to a temperature of from about -35°F to
~about 20°F (-37.4°C to -6.7°C) after releasing the pressure

in step (c).

. 20 2. The process of cléim 1 wherein the tobacco has an

initial OV content of from about 12% to about 21%.

3. The process of claim 1 wherein the tobacco has an

initial OV content of from about 13% to about 16%.

4, The process of claim 2 or 3 wherein the step of

25 contacting the tobacco with carbon dioxide is conducted at
a pressure of from about 650 psig to about 950 psig (4482 -
kPa to 6549 kPa). |

o

) ) B R



of: 5.8 cc/g at an eqwllorlum rml sture e 30 sarrple after

proceSS| ﬁq,,ssggggqang o ag a 740 : ,‘ power. neasu
the CV'met I nventi ' cufiar | 2 AS BEEN
descri bed ﬁhw to pref - Wt Tﬁf%ﬁ‘fk H
understoo led in tHePaE ous chan_ggs:{:& —:-’
details may be made W t hout ‘
- 34 -
5. The pfocess of any of c¢laims 1 to 4 wherein the

10

is

20

heat-removal step (e), includes pre-cooling the tobacco
prior to contacting the tobacco with the carbon dioxide in

step (a).
6. The process of any of claims 1 to 4 wherein the
heat-removal step (e), includes pre-cooling the tobacco in

situ.

7. The process of claim 6 wherein pre-cooling is

effected by subjecting the tobacco to a partial wvacuum.

8. The process of ‘claim 6 wherein pre-cooling includes

flowing through the tobacco with carbon dioxide gas.

9. The process of claim 8 wherein pre-cooling includes

subjecting the tobacco to a partial vacuum.

10. The process of any of claims 1 to 6, 8 and 9

..wherein the heat-removal step (e), includes cooling the

-tobacco to 10°F (-12.2°C) or below.

-11. The process of any of claims 1 to 10 wherein the

tobacco is allowed to remain in contact with the carbon
dioxide for a period of from about 1 second to about 300

seconds.

i2. The process of any of claims 1 to 11 wherein step
{c), releasing the pressure, is carried out over a period

of from about 1 second to 300 seconds.
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13. The process of any of claims 1 to 12 wherein from

0.1 to 0.6 pound of carbon dioxide per pound of tobacco is

condensed on the tobacco.

14. The process of any of claims 1 to 13 further

- comprising the-step of maintaining the impregnated tobacco
in an atmosphere with a dewpoint no greater than the
tgmperaturé of the tobacco after releasing the pressure in
step {(c), prior to sﬁbjecting the tobacco to conditions

such that the tobacco is expanded.

1s5. The process of any of claims 1 to 14 wherein the
tobacco is expanded by heating in an environment
maintained at a temperature of from about 300°F to about
800°F  (149°C to 427°C) for a period of from about 0.1

second to about 5 seconds.

i6. A process for expanding tobacco having an initial

OV content of from about 13% to about 16% comprising the

..steps of:

(a) contacting the tobacco with carbon dioxide gas at
a pressure of from about 306 psig to about 550 psig (2068
kPa to 3792 kPa) and at a temperature such that the carbon
dioxide gas is at or near saturated conditions;

(b) while maintaining the pressure of the carbon
dioxide gas in contact with the tobacco at from about 300
psig to about 550 psig (2068 kPa to 3792 kPa), cooling the
tobacco sufficiently to cause a controlled amount of the -
carbon dioxide to condense on the tobacco prior to
releasihg the pressure in step (e}, such that the tobacco
will be cooled to a temperature of from about -10°F to
about 20°F (-23.3°C to -6.7°C) after releasing the pressure

in step (e);
-
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(é) inareasing the pressure of the carbon dioxide gas
in contact with the tobacco to from about 750 psig to
about 950 psig (5170 kPa to 6549 kPa) while maintaining
the carbon dioxide at or near saturated conditg?ns;

5 {d) allowing the tobacco to contact the carbon
.dioxide for a time sufficient to impregnate the tobacco
with carbon dioxide;

(e) releasing the pressure; and

{£) thereafter subjectihg the tobacco to conditions

10 such that the tobacco is expanded.

17. The process of claim 16 wherein thé tobacco cooling
of step (b) includes flowing through the tobacco with

carbon dioxide gas.

18. The process of claim 16 further comprising the step
15 of removing heat from the tobacco prior to contacting the

tobacco with carbon dioxide gas in step (a).

.19, The process of claim 18 wherein heat is removed
from the tobacco prior to contacting the tobacco with
carbon dioxide gas in step (a) by subjecting the tobacco

20 to a partial vacuum.

20. The process of claims 16, 17, 18, or 19 wherein the
tobacco temperature is less than about 10°F (-12.2°C)

after releasing the pressure in step (e).

21. The process of claim 20 further comprising the step
25 - of maintaining the impregnated tobacco in an atmosphere
with a dewpoint no greater than the temperature of the

tobacco after releasing the pressure in step (e), prior to

_—
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(c) rele astmgthe pressure; and (d) |

condi t,i ons BednR@plb@Pacco is . g 1%
t obacco i S (a), 15 2
t he .t obacco, ﬁ’@ﬁi ure bel ow t \OBAL UL BbA=TF
car bon dIOXI (b) so tha ore step (c) at
of carbon di oxi de condenses on the tobacco such that, -as A result of step
(c), the tobacco is 20 cooled to a tenpegrature of from about -35[err]F
to about 20[err]F (-37[err]Cto - 6[err]C).

subjecting the tobacco to conditions such that the tobacco

is expanded.

22. The process of claim 16 wherein step (f),
subjecting the tobacco to conditions such that the tobacco

5 is expanded comprises contacting the tobacco with a fluid
selected from the group consisting of steam, air, and a
combination thereof, at about 350°F to about 550°F (177°C
to 288°C) for less than about 4 seconds.

23. The process of claims 16, 17, 18 or 19 wherein from
10 about 0.1 pound to about 0.3 pound of carbon dioxide per

.pound of tobacco is condensed on the tobacco.

. 24. A process for expanding tobacco having an initial
OV content of from about 13% to about 16% comprising the
steps of: .
15. (a) pre-cooling the tobacco; .
(bf contacting the tobacco with carbon dioxide gas at
..a pressure from about 750 psig to about 950 psig (5170 kPa
to 6549 kPa) while maintaining the carbon dioxide at or
near saturated conditions;

20 (c) allowing the tobacco.to contact the carbon
dioxide for a time sufficient to impregnate the tobacco
with carbon dioxide;

{d) releasing the pressure; and
" (e) thereafter subjecting the tobacco to cpnditions

25 such that the tobacco is expanded.

25. The process of claim 24 wherein the tobacco .
temperature is less than about 10°F (-12.2°C) after the

pressure is released in step (d).
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26. The process of claim 25 further comprising the step

of maintaining the impregnated tobacco in an atmosphere

with a dewpoint no greater than the temperature of the

‘tobacco after releasing the pressure in step (d), prior to
s subjecting.the tobacco to coﬁditions such that the tobacco

is expanded.

27. The process of claim 26 wherein step (e),
'subjecting the tobacco to.conditions such that the tobacco
is expanded comprises contacting the tobacco with a fluid

10 selected from the group consisting of séeam, air, and a
combination thereof, at about 350°F to about 550°F (177°C
to 288°C) for less than about 4 seconds.

28. The process of claim 24 wherein from about 0.1
pound to about 0.3 pound of carbon dioxide per pound of

15 tobacco is condensed on the tobacco.

29. A process for expanding tobacco having an initial
_..OV content of from about 15% to about 19% comprising the
. steps of:
(a) cooling the tobacco and iowering the OV of the
20 tobacco in situ by subjecting the tobacco to a partial
vacuum; .
(b) contacting the tobacco with carbon dioxide gas at
a pressure from about 750 psig to about 950 psig (5170 kPa
to 6549 kPa) while maintaining the carbon dioxide at or
25 near saturated conditions;
{(c) allowing the tobacco to contact the carbon
dioxide for a time sufficient to impregnate the tobacco
with carbon dioxide;

(d) releasing the pressure; and

[T



4., - A_p_LQc_ess_as—el—aHTEd—i n clai m 3 _in whieh—te Cheased p're'ssure .is in
the range 700 to 1000 g (4830 tao i
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pS|g (172 446 kPa). 10 .. A process as claimed in any of clainms 3

to 5 in whi ch during cooling of the tobacco ;he pressure of the gaseous

(e) thereafter subjecting the tobacco to conditions

such that the tobacco is expanded.

30. The process of claim 29 wherein the tobacco
temperature is less than about 10°F (-12.2°C) after the

5 pressure is released.

31. . The process of claim 30 further comprising the step
of maintaining the impregnated tobacco in an atmosphere
with a dewpoint no greater than the temperature of the
tobacco after releasing the pressure in step (d), prior to
10 subjecting the tobacco to conditions such that the tobacco

is expanded.

32.  The process of claim 31 whérein step . (e),
subjecting the tobacco to conditions such.that the tobacco
is expanded comprises contacting the tobacco with a fluid
15 consisting of steam, air, and a combination thereof, at
about 350°F to about SS0°F (177°C to 288°C) for less than

_..about 4 seconds.

33. The process of claim 32 wherein from about 0.1
pound to about 0.3 pound of carbon dioxide per pound

20 tobacco is condensed on the tobacco.

34. A tobacco product containing expanded tobacco
prepared according to the process of claims 1, 16, 24 or
29. '
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car,bon W bel ow 200 psig (1380 kPa) and is then
ifncr e€ased to above (2758 kPa) to effect condensation of the carbon

di oxi de om.gg;,get A process as cl ai Npa=—t=ry

claimin er‘fcl udes pre-cool i ng before tHeTHELIIED T‘ ought
i nt o> cont ag 'wmm H di oxi de gas. 9. A process as cl aﬁ’f%‘dﬁp__n,______’___. '8
I n which t g is effected by sgpjecting t he tobacc : _

partial 20 vacuum 10. A process as claimed in -any
which the tobacco has an initial OV content of 15 to 19 BEF

TRACT :
SS FOR I TION AND EXP ON OF TOBACC

A process for expanding tobacco is provided which

employs carbon dioxide gas. .Tobacco temperature and OV

5 content are adjusted prior to ¢ontacting the tobacco with
carbon dioxide gas. A thermodynamic path is followed
.during impregnation which allows a controlled amount of
the carbon dioxide gas to condense on the tobacco. This
liquid carbon dioxide evaporates during depressurization

10 helping to cool the tobacco bed uniformly. After
impregnation, the tobacco may be expanded immediately or
kept at or below its post-vent temperature in a dry

atmosphere for subsequent expansion.

Figure 1



bef ore cont act with carbon with carbon dioxide gas'.is subjected to a_
partial vacuumto reduce the OV content and 25 cool the.
- 11. °A_process as claimed in any preceding claim i n whi
the.tobacco in step (a) is to a tenperature of 10[err]F (-
bel ow+ 12. A process as clairned in any preceding claimi
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5° the tobacco has an OV content, prior to cooling by flow through of
carbon-di oxide gas, of 12 to 21% 13. A process as clained in cIa|n112 I n
whi ch the tobacco has an OV content, prior to cooling by ow-t-hotrgh :
carbon dioxi de gas, of 13 to 16% 10 14. A process a ﬁéﬁLNeHMENT§H§ET !
preceding claimin which the amount of carbon dioxide co ense%g Q@ﬂi@gﬁd
3"

tobacco is in the range 0.1 to 0.6 kg per kg of tobacco. {LPate
claimed in claim14 in which the anougt,pf carbon di oxi del-eorderst
tobacco is in the range 15 0.1to g”sfkg per kg of tobacco.
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16: A process as clained in any preceding claimin which the contactlno
step Is carried out over a period of from1l to 300 second .

as. clalngd in any preceding claimin which 20 the rel el
carried out over a period of from1l to 300 seconds. 18.
claimed in any preceding claimin which the inpregnated t
pressure has been rel eased and before expansion, is naint &FEd

at nosphere with a dewpoi nt no greaterjbagn t he tenperature of the t obacco
after the pressure has been rel eased.
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- 36 - 19 A process as clained in any preceding claimin which the t obacco
i s expanded by heating in an environnent maintained at a te
'fron1about 300[err]F to about 800[err]F (149[err] to 42
peri od of fromabout 0.1 5 second to about 5 seconds.
claimed in any of claims 1 to 18 in which the tobacco is er
contacting it with steam

.........
--------
--------
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and/ or air at about 350 to 550[err]F (117 to 288[err]C) for less than 4

seconds. 10 21.

A process as clained in any precedi

.-_---—--—‘

the tenmperature of the tobacco after the pressure has begm

t han 10[err]F (-12[err] Q).

S | ess with carbon di oxi de gas, the pressure i s thenliga
saturated carbon dioxide gas to a pressure in the range 400 to 1057 psi g
A process foP/

(2760 to 7290 kPa). 23.
st eps

22. A process as clained in cl

pandi ng tobacco conprising the
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erers—a T

of: 20 (a) contacting tobacco with carbon di oxi BT SHEET \,'
pressuri zing the carbon dioxide gas froman initial pres} EMENT ST ‘
i nternediate pressure; (b) at the internmediate pressure, flowzrw mﬁrg@ﬁ :

di oxi de gas t hrough said tobacco bed until the tobacco b@dpab™....-- tstngles
to a t-enperature equal to the saturation tenperature of \ee—car
at the internedi ate pressure;
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37..(c) condensing carbon di oxi de on said tobacco by further rai
pressure wth saturated carbon dioxide gas fromthe inteffredpgh
to a fi'nal pressure; (d) releasing pressure of the carbonjdio

and .(e) thereafter subjecting the tobacco to conditions s
tobacco i s expanded. 24. A tobacco product containing expinded

prepared according to the process of any one of the
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10 preceding clains. - - 38 - 26. The process of cl a| m 25 -.
conprising the step of maintaining the inpregnated tobages= nNmtﬁﬁ% re
with a-dewpoint no greater than the tenperature of the t EﬁE&ﬁéQV@er

rel easing the pressure in step (d), prior to 5 subjecmgt?_eat Mt
condi‘t:i ons such that the tobacco is expanded. Date -
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27. . The process of claim26 wherein step (e), subjecting the tebs
conditions such that the tobacco is expanded conprises cd
tobaccdo with a fluid 10

and.a conbi nation thereof,

to 288[err]C) for

Plrd 1L

of 15 t obacco is condensed on the tobacco. 29. A process for
ntent of from about 15%to about

expandi ng tobacco having an initi al
19% conprising the

PERCENT REDUCTION IN ALKALOIDS - %
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h@?LAOBMENé SEET
sel ected fromthe group consistli ng O%¥3

at about 350[err]F to about 55

| ess than about 4 seconds. 28. The p
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steps of: (a) cooling the tobacco and |owering the OV of the 20 t obaccQ
in situ by subjecting the tobacco to a partial vacuum (b) contaeife

25 --near saturated conditions; (c) allow ng the tobacco 3o
carbon dioxide for a tinme sufficient to i npregnate the tohace
di oxi de; ' g
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(d) releasing the pressure; and - 39 - (e) thereafter subjecting th
tobacco to conditions such that the tobacco is expanded. 30 e ]
of clai'm 29 wherein the tobacco tenperature is less th
(-12.2[err]C) after the 5 pressure is rel eased. 31.
clai m-30 further conprising the step
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step (d‘) prl or to 10 subj ecting the tobacco to condit
tobacco |s expanded. . 32. The process of claim31 where

conpri ses contacting the tobacco with a fluid 15 consi S

air, and a conbination thereof, at about 350[err]F to about 550[err] F
(177[err]C to 288[err]C) for | ess tha]rjz/.nabout 4 seconds.
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33t . The process of claim 32 wherein fromabout 0.1 pound
pound of carbon dioxide per pound 20
A tobacco product containi ng expanded tobagco pri qﬁﬁ 1996

- tobacco., 34.

t obacco i s condensie

accordlng to the process of clainms 1, 16, 24 or 29.
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CLAIMS

1. A process for expanding tobacco comprising the steps
of: lﬁ%

(af acooling the tobacco

(b) contacting the tobacco with carbon dioxide gas
at pressure of from about 400 to about 1057 psig (2758 to
7287 kPa) and at a temperature such that the carbon
dioxide gas is at or near saturated conditions for a time
sufficient to impregnate the tobacco with carbon dioxide;
then

(c) releasing the pressure; and

(d) thereafter subjecting the tobacco to conditions
such that the tobacco is expanded;
characterised in that the tobacco is cooled in step (a),
by flowing carbon dioxide gas through the tobacco, to a
temperatufe below the saturation temperature of the carbon
dioxide gas in step (b) so that before step (¢) a
controlled amount of carbon dioxide condenses on the
tobacco such that, as a result of step (c), the tobacco is
cooled to a temperature of from about -35°F to about 20°F

(-37°C to - 6°C).

-2, A process as claimed in claim 1 in which the pressure

during cooling of the tobacco with carbon dioxide gas is
below S00 psig (3450 kPa).

3. A process as claimed in claim 1 or 2 in which after
step (a) the pressure of the carbon dioxide gas is
increased td effect condensation of the carbon dioxide on

the tobacco.
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4. A process as claimed in claim 3 in which the

increased pressure is in the range 700 to 1000 psig

(4830 to 6895 kPa).

5. A process as claimed in claim 4 in which the
5 increased pressure is in the range of 750 to 950 psig

(5170 to 6550 kPa).

6. A process as claimed in claim 2 in which the pressure
during cooling with carbon dioxide gas is in the range

250-500 psig (1723 to 3446 kPa).

10 7. A process as claimed in any of claims 3 to 5 in which
during cooling of the tobacco the pressure of the gaseocus
carbon dioxide is maintained below 200 psig (1380 kPa) and
is then increased to above 400 psig (2758 kPa) to effect

condensation of the carbon dioxide on the tobacco.

15 8. A process as claimed in any preceding claim in which
step (a) includes pre-cooling before the tobacco is

brought into contact with carbon dioxide gas.

9. A process as claimed in claim 8 in which the pre-
cooling is effected by subjecting the tobacco to a partial

20 vacuum.

10. A process as claimed in any of claimé 1 to 6 in which
the tobacco has an initial OV content of 15 to 19%-but
before contact with carbon with carbon dioxide gas is
subjected to a partial vacuum to reduce the OV content and

25 cool the tobacco.
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11. A process as claimed in any preceding claim in which
the cooling of the tobacco in step (a) is to a temperature

of 10°F (-12°C) or below.

12. A process as claimed in any preceding claim in which-
the tobacco has an OV content, prior to cooling by flow-

through of carbon dioxide gas, of 12 to 21%.

i3. A process as claimed in claim 12 in which the tobacco
has an OV content, prior to cooling by flow-through of

carbon dioxide gas, of 13 to 16%.

14. A process as claimed in any preceding claim in which
the amount of carbon dioxide condensed on the tobacco is

in the range 0.1 to 0.6 kg per kg of tobacco.

15. A process as claimed in claim 14 in which the amount
of carbon dioxide condensed on the tobacco is in the range

0.1 to 0.3 kg per kg of tobacco.

16. A process as claimed in any preceding claim in which
the contacting step is carried out over a period of from 1

to 300 seconds.

17. A process as claimed in any preceding claim in which
the release of pressure is carried out over a period of
from 1 to 300 seconds.

18. A process as claimed in any preceding claim in which
the impregnated tobacco after the pressure has been
released and before expansion, is maintained in an
atmosphere with a dewpoint no greater than the temperature

of the tobacco after the pressure has been released.
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19. A process as claimed in any preceding claim in which
the tobacco is expanded by heating in an environment
maintained at a temperature of from about 300°F to about

800°F (149° to 427°C) for a period of from about 0.1

second to about S5 seconds.

20. A process as claimed in any of claims 1 to 18 in
which the tobacco is expanded by contacting it with steam
and/or air at about 350 to 550°F (117 to 288°C) for less

than 4 seconds.

21. A process as claimed in any preceding claim in which
the temperature of the tobacco after the pressure has been

released is less than 10°F (-12°C).

22. A process as claimed in claim 1 wherein in step (a)
the tobacco is cooled to a temperature of 10°F (-12°C) or
less with carbon dioxide gas, the pressure is then raised
with saturated carbon dioxide gas to a pressure in the

range 400 to 1057 psig (2760 to 7290 kPa).

23. A process for expahding tobacco comprising the steps
of: .

(a) contacting tobacco with carbon dioxide gas and
pressurizing the carbon dioxide gas from an initial
pressure to an intermediate pfessure;

(b) at the intermediate pressure, flowing carbon
dioxide gas through said tobacco bed until the tobacco bed
is cooled to a temperature equal to the saturation
temperature of the carbon dioxide at the intermediate

pressure;

it
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(c) condensing carbon dioxide on said tobacco by
further raising the pressure with saturated carbon dioxide
gas from the intermediate pressure to a final pressure;

(d) releasing pressure of the carbon dioxide gas;

S and
(e) thereafter subjecting the tobacco to conditions

such that the tobacco is expanded.

24. A tobacco product containing expanded tobacco when
prepared according to the process of any one of the

10 preceding claims.
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ABSTRACT

gROCESS FOR TMPREGNATION AND EXPANSION OF TOBACCO

A process for expanding tobacco is provided which
employs carbon dioxide gas. Tobacco  temperature and OV
content are adjusted prior to contacting the tobacco with
carbon dioxide gas. A thermodynamic path is followed
during impregnation which allows a controlled amount of
the carbon dioxide gas to condense on the tobacco. This
liéuid carbon dioxide evaporates during depressurization
heiping to cool the tobacco bed uniformly. After
impregnation, the tobacco may be expanded immediately or
kept at or below its post-Veﬁt temperature in a dry

atmosphere for subsequent expansion.

Figure 1



