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PROCESS AND APPARATUS FOR IMPREGNATION
AND EXPANSION OF TOBACCO

Wﬂﬂu
Thiz invention relates to a process for
expanding the volume of tobacco apd an apparatug for

carrying out the process. More particularly, this
invention relates te expanding tobacco using carbon

dioxide.

The tobacco art has long recognized ths
desirability of expanding tobaccs to increase the bulk
or voluma of tobacco. There havé been various resasons
for expanding tobacce. oOne of the ecarly purpeses for
expanding tobacco involved making up the loss of weight
caused by the tobacca curing process, Another purpose
was to'improve the smoking characteristics of
particular tobacco componentg, such asg tebacco stems.
It has also been desired to increase the filling power
of tobacco zo that a smaller amount of tobacco would be
required to produce a smoking pruduct, 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 tobacce having a
nore dense tobacco filler.
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Varicus methods have been proposed for
expanding tobacco, including the impregnation of
tobacce with a gas under pressure and the subseguent
ralease of pressure, whereby the gas causes expansion
of the tobacco cells to increase the volume of the
treated tobacco, Other methods which have bsen
employed or suggested have included the treatment of
tobacco with various liquids, such as water or
relétively volatile organic or inorganic liguids, to
impregnate the tobacco with the same, after which the
ligquids are driven off to expand the tobacco.
Additional 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 the tobacco., Other methods include the
treatment of tobacco with gas-containing liguids, such
as carbon dioxide~containing water, under pressure to
incerporate the gas in the tobacco and when the
impregnated tobacco i1s heated or the ambient pressure
reduced the tobacco expands. Additional techniques
have been developed for expanding tobacco which invelve
the treatment of tobacco with gases which react to fornm
s0lid chemical reaction preducts within the tobacce,
which solid reaction products may then decompose by
heat to produce gases within tha tobacco which cause
expansion of tobacco upon their release. More
specifically:

U.8. Patent No. 1,789,435 describes a methed
and apparatus for expanding the volume of tochacco in
order to make up the loss of volume caused in curing
tobacco leaf. To accomplish thisz object, the cured and
conditioned tobacco is contacted with a gas, which may
ke alr, carbon dioxide or steam under pressure and the
pressure is then relieved, the tobacco tends to expand.
The patent states that the volume of the tobaccc may,

1660009202

«'IW 'sprdey puedn ¢ 26:Z2 ¢ 76-21-21¢ LZ0L JRTd0DB|8L %0JBX:AQ IN3S



Vil Wl'AGIUVA 1TITVUNLGL (Ve 3l o Ve ot e ww ¢ I R O SRSy e

A atad

e arn o b bl

by that process, be increased to the extent of ahout
5=15%.

‘ U.5. Patent No. 3,771,533, commonly asaigned
herewith, involves a treatment of tobacco with carbon

5 dioxide and ammonia gase=z, whereby the tobacce is
gaturated with these gases and ammonium carbamate is
formed in situ. The ammonium carbamate is thereafter
decnmposed by heat to release the gases within the
tobacco cells and to cause expansion of the tobacco.

10 U.8. Patent No. 4,258,729, commonly assigned
herewitn, describes a method for expanding the volune
of tobacce in which the tobacco i impragnatad with
gaseous carbon dioxide under conditions such that the
carbon dioxide remains substantially in the gaseous

15 state. Pre-cooling the tobacco prior to the

_ inmpregnation step or cooling the tobacco bhed by
sty - external means during impregnation i limited to aveid
condensing the carbon dloxide to any significant
degreea,

20 U.S. Patent No. 4,235,250, commonly assigned
haravith, dascribas a method for expanding the volume
of tobacce in which the tobacco is impregnated with
gasaous carbon dioxide under conditions such that the
carbon dioxide remains substantially in the gasecus

25 estate., During doprecsurigation come of the carbon
dicxide 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 carhon dicxide condensation.

30 _ U.8. Patent No. Re. 32,013, commonly assigned
herewith, describes a method and apparatus for
expanding the volume of tobacco in which the tobacce is
impragnated with liguid carbon dioxide, ceonverting the
liguid carbon dioxide to solid carbon dioxide in situ,
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and then causing the solid carben dioxide to vaporize
and expand the tokacco.
ing _and commonly= i tent

aps of contacting tobacco W agaous

ca and controllin =) g _to

on the tobacco. The condensed carbon dioxide is
vaperized during the process, alding in cooling the
tobacco,

The present_ improvement invention achieves
benefits not fully realized by the inventiop of the

tion ident ) or by any know

tokacc ) rocess.

Prior o152 a t

using gaseous carbon diogidg without controlled

n cannot eve sufficient coeling o

Dign_pglk_ggnsgtv tobaceo bed becauaa.gagling.ia

canne
T [+ ' ed tobsacc =)
exnibics & tohacco bulk density oradient with & higher
1k _densit d 2 s t [ole) engd
gffect of the wejaht of the column of tobacco. Tobgccgzu
expansion processes using gageous carbon dioxide and
se c eds

dangity result in non-~uniform cscling of the tobacco
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Summary Of The Invention

The present process employing saturated
carbon dioxide gas in combination with a controlled
amount of liguid carbon dioxide, as described below,
has been found to overcome the disadvantages of the
prior art processes and provides an improved methed for
expanding tobacco. The moisture content of the tobacco
to be expanded is carefully controlled prior to centact
with the saturataed carbon dioxide gas. The temperature
of the tobacco ig carefully controlled throughout the
impregnation process. Saturated carbon dioxide gas is
alloved to thoroughly impregnate the tobacco,
preferahly under conditions such that a controlled
amount of the carbon dioxide condenses on the tobacco.
After the impregnation has heen completed, the elevated
pressure is reduced, thereby coeling the tobacce to the
desired exit temperaturs. Cooling of the tebacco is
due to both the eupansien of the carben dioxide gas and
the evaporation of the condensed liquid carbon dioxide
from the tobaceo. The resulting carbon dioxide~
containing tobacce ls then subjected to conditions of
temperature and pressure, praferably rapid heating at
atmospheric pressure, which result in the expansion of

v66110920
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1Q§ the carbon dioxide impregnant and the conseguent
expansion of the tobacco to provide a tobacco of lower
& density and increased volume,
, Tobaccs impregnated according to the present
is 8 invention may be expanded using less energy, e.g,, &
gignificantly lower temperature gas stream may be used
at a comparable ressidence time, than tobacco
. impregnated under conditions where liguid carkon
dioxide is used.
N N\ 10 In addition, the present invention affords
“ greater control of the chamical and flavor components,
2.4., reducing sugars and alkaloids, in the fipal
tobacco product by allowing expansion to ba carried out
over a greater temperatura range than was practical in
5 the past. &
Furthermore, inpreqnating and expanding
to i ention
a greatar process throughput than processes using
g gasescus carbon dioxide under conditionsg that do net
20 result in ] jjioxide prio
* venting, According to fhe present invention,
i evaporatjon of condensed carbon dioxide provides
\\‘% gufficient cooling go that even tobagcco of a

t hout thsa acco

- "ma -
becau i rognatin
educed according to the i ecau
& aptity of gas is regu o !

surization and

25
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performed more quick 3 150, the compagcted
bed is less likely than a Jdoose bed to be percolated o
noved Ry a rapid gas £i1l, additiona ess heat ©
a2g e o sr volu gas i
5 compressed, Additional the evapo
rbon dioxide removesg hea £ c that doe /’/

= e heat. -

e _ine ged process throu

10 craase t ) gcraase
i i duction, or allows
gapital cost gavings by reducipng the size of the
; Zhatch, sho
c rocags operates as an essentially conbtinuou
15 process carried out in a preferred apparatus ag

asc a elow,

Detajled Description Of Tha Invention

The present invention relates broadly to a
process for expanding tobacco employing & readily
20 available, relatively inexpenaive, non-combustible and
non-toxic expansion agent. More particularly, the
present invention relates to the productien of an
expanded tobacco product of substantlally reducad
- density and increased £illing power, produced by
25 impregnating tobaceco 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
30 impregnated tobacco to heat, radiant energy or similar
energy generating conditions which will cause the
carbon dioxide impregnant to rapldly expand.
To carry sut the process of the present
invention, one may treat sither whele cured tobacco

9661109202

-

[P ——



SENT BY:¥erox Telecopisr 7021 512-12-82 3 22:01 Grand Rapids, MI = FISH & NEAVE:# &

i

ieaf, tobacco in cut or chopped form, or selected parts
of tobaccoe such as tobacco stems or possibly even
reconstituted tokacce., In c¢omminuted form, the tobacce
to be impregnated preferably has a particle size of
5 from about 6 mesh to about 100 mesh, more preferably

the tobacao has a particle size not less than about 30
mesh. AS ussd hareln, mesh refers to United States
atapndard sieve and those values vaflact tha ability of
more than 95% of the particles of a given size t¢ pass

10 through a scresn of a given mesh value,

28 used herein, % moisture may be considered
equivalent to oven-volatiles content (OV) sincs not
more than about 0.8% of tobaccs welght is volatiles
other than water. Oven volatiles determination is a

15 simple measurement of tobacco weight loss after
exposure for 3 hours in a circulating air oven
controlled at 212°F. The weight loss as percentage of
initial weight is oven-volatiles content.

Brief Dascription Of The Drawvings

20 _ The abova and sther abjects and advantages of
the invention will be apparent upon censideration of
the following detailed description and representative
examples, taken in conjunction with the accompanying
drawings, in which like run deaignations refer to like

28 runs throughout, and in which:

FIG. 1 iz a standard temperature=-sntropy
diagram for carbon dioxide;

FIG. 2 is a simplifisd block diagram of a
process for expanding tobacco incorporating one form of

30 the present invention;

FIG. 23 is a variant of FIG. 2 showing a

rocess for compressin

&

@
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FIG. 3 1s a plot of welight percent carbon
dioxide evolved from tobacce lmpregnated at 250 psia
and -~18°C versus post-impregnation time for tobsacce
with an OV content of about 12%, 14%, 16.2%, and 20%;

5 FIG., 4 is a plot of weight percent carbon
dioxide retained in the tobacco wversus post-vent time
for thres different OV tobaccos;

FIG. & ia a plot of expanded tobacco
egquilibrium CV versus hold-time befors expansion for

10 tobacco with an OV content of about 12% and about 21%;

FIG. 6 is a plot of expanded tobacco gpecific
volums versus hold-time boafore expancion for tobacco
with an OV content of about 12% and about 21%;

FIG. 7 is a plet of expanded tobacce

15 eguilibrium ¢V versus expansion tower exit OV content; e

FI&. 8 is a plot of percent reduction in

“tobacco reducing sugars versus expansion tower exit OV
content) ‘

FIG. 9 is a plot of percent reduction in

20 +tobacco alkxaloids versus expansion tower exit ov
contant;

1

FIG. 10 is a schematic diagram of an
impregnation vessel showing the tobacce temperature at
various pointa throughout the tobacco hed after

25 wventing;

FIG. 11 iz a plot of expanded tobacco
specific volume versus hold-time after impregnation
prior to expansion;

FIG. 12 is a plot of expanded tobacco

30 equilibrium ¢V versus hold-time after impregnation
prior to expansion;

FIG. 13 is a plot of tobacco temperature
versus tobacco OV showing the amount of pre-ceooling
required to achieve adegquate stability (e.g., about

866Y1E£920<
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1 hour post-=vent hold kefore expansion) for tobacco
impregnated at 300 psig;
FIG, 14 is a sehematic top view of an

10 through the pressure vessel of FIG, 15. taken along a

& ocular te the viewing d4di
151 .
FIG, 17 is a plot of tobacco temperature
versus distance from the top of a pressure vessal R

15

tob a densities 5.1 and 11
FIG. 18 is a plot of tobacgo tempepaturs
arsus eggure in 2 pressure vessgse vent

20 showing venting progressing from the righf to the left

25

or tobe bed_packing density of 8.6 1lbs,
Generally, the tobacco to be treated will
have an OV content of at least about 12% and less than
30 about 21%, although tobacco having a higher or lower OV
content may be successfully impregnated according to
the present invention. Preferably, the tobacce to be
treated will have an OV content of abkout 13% to about
15%. Below about 12% OV, tobacco is too easily broken,
35 resulting in a large amount of tobacco finas. Above

66659202
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about 21% OV, excessive amounts of pre-cooling are
needed to achieve acceptable stability and a very low
post-vent tempsrature is required, resulting in a
brittla tobacco which is easily broken.

5 The tobacco to be expanded will generally be
placed in a pressure vassel in such a manner that it
can be suitably contacted by carbon dioxida. For
exanpla, a wire neall kelt or platform may be used to
support the tobacco in the vessel.

10 In g further improvement according te the
present invention. tobacco with a high bulk density may
nggnmﬂﬁﬂL_JnﬁmngLﬂmﬁﬂgggﬁanaszumx7é

a&&gaAgguaJﬂL&muRAMﬂumﬂmaxLﬁuQMMQ%&

tobacco bad,or both a high_bulk density and a more
15 uniform tobacco bed, the tobacco may be compacted or st
[=]+) egsed before i 2]
diowide. _The tobacco mgz.gg gonmpacted before it ig
placed in the pressure vessel or within the pressure
so that the resultant neit
20 obacco _in the pressure ve :
uniform and substantially greater than the packing
density of a tvpical loose £111 tobaceco,
For a batch impregnation process, the
topbacco~containing pressure vessel 13 preferably purgad
-25 with carbon dioxide gas, the purging operation
ganerally taking from about i minute to about 4
minutes, referred embodi i ah
bulk density bed of tobacco, veoid space is minimized
and purgs requirements are reduced. _The eXample
desarib th rafaraenca %
XXY oparates with only a 5 second purgas step. The
purging step may be eliminated without detriment €o the
final product. The benefits of purging are the removal
of gases that may interfere with carben dionide

NN

30
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recovery and the removal of foraeign gases that may
interfere with full penstration of the carben dioxide.

'"he gaseous carbon dioxide which is employed
in the process of this invention will generally ba
obtained from a supply tank where it is maintained in
saturated liquid form at a pressure of from about 400
psig to about 1050 psiy. The supply tank may be fed
with recompraessed gaseous carbon dioxide vented from
the pressure vessel, Additional carbon dioxide may be
obtained from a storage vessel where it is maintained
in liguid form generally at a pressure of from about
215 psig to about 305 psig and temperatures of from
about -20°F to about 0°F. The liquid carbon dioxide
from the storage vessel may 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 example, by
suitable heating coils around the feed line, to a
temperature of about 0°F to about 84°F and a pressure
of about 300 peig to about 1000 psig before being
introduced into the pressure vessel. After the carbon
dioxide is introduced into the pressure vessel, the
interior of the vessel, including the tobacco to be
treated, will generally be at a temperaturas of from
about 20°F to about B0°F and a pressura sufficlent 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
depressurization befores the final expansion step and
still ba satisfactorily expanded, is dependent on the
initial tobacco oV content, i.e., pra-impregnation OV
content, and the tokacco temperature after venting of
the pressure vessel. Tobacco with a higher initial oV
content requires a lower tobacco post-vent temperature

1005789202
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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 dloxide gas at 250 psia
and =18°C was determined by placing a weighed sample of
bright tobacco, typically about 60g to about 704, in a
300 ¢c pressure vessel. The vessel was then lmmersed
in a temperatura controlled bath set at ~18°C. After
the vessel reached thermal eguilibrium with the bath,
the vessel was purged with carbon dioxide gaa. Tha
vessel was then pressured to about 250 psia. Gasg phase
impregnation was assured by maintaining the carbon
dioxide pressure at least 20 psl to 30 psi belew 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
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 for about 1 hour.
After about 1 hour, the vessel temperature was
increased to about 25°C over about two hours in order
to liberate the carbon dioxide remaining in the
tobacco. The veszssel pressure and temperature wers
continually monitored using an IBM compatible computer
with LABTECH version 4 data acquisition software from
Laboratories Technologies Corp. The amount of carbon
dioxide svolved by the tobacco over time at a constant
temperature, can ba calculated based on the vessel

pressure over time.
FIG., 3 compares the stability of about 12%,

14%, 16.2% and 20% OV bright tobacce impregnated with

carbon dioxide gas at 250 psia at =18°C ag described
above. Tobacco with an OV content of about 20% lost

<00St£9202
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about 71% of its carbon dioxide pickup after 15 minutes
at ~18°C, while tobacco with an OV centent of about 12%
lost only about 25% of its carbon dioxide pickup after
60 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 comparabie
pressures and temperatures, as tobacco OV content
increases, tobacco stability decreases.

In order to achleve sufficient tobacco
stability, it is preferred that the tobacco temperaturas
ba approximately about 0°F to about 10°F after venting
of the prassurs vessel when the tobacco to 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 O0°F to
about 10°F and tobacco with an initial OV content less
than 15% may be maintained at a temperature greater
than about 0°F to about 10°F in order to achieve a
comparable degree of stability. For example, FIG. 4
illustrates the effect of tobacco post-vent temperature
on tobacco stability at various OV contents. FIG. 4 '
shows that tobacco with a higher OV content, about 21%,
requires a lower post-vent temperature, about —35°F, in
order to achieve a similar level of carbon dioxide
retention ovar time as compared to a tobacco with a
lowar OV content, about 12%, with a post-vent
temperatura of about O0°F to about 10°F. FIGS. 5 and 6,
respectively, show the effect of tobacco OV cohtent and
post-vent temperature on equilibrated CV and specific
volume of tobacco expanded after being held at its
indicted post-vent temperature for the indicated time.

Figures 4, 5, and 6 are based on data from
Runs 49, 54, and 65. In each of these runs, bright
tcbacco was placed in a pressure vessel with a total

L005709202
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volume of 3.4 cubic feet, 2.4 cubic feet of which was
ocgupled by the tobacco, In Runs 54 and 65,
approximately 22 1bs. of 20% OV tobacco was placed in
the pres=sura vessel. This tobaceco was pre-cooled by
flowing carbon dioxide gas through the vesssl at about
421 psig and at about 153 psig for Runs 54 and 65,
respectively, for about 4 ¢o 5 minutes prior to
pressurization te about 800 psiy with carben dioxide
gas. In Run 4%, approximately 13.5 pounds of tobacco
at about 12.6% OV was placed in the pressure vessel
which was then pressurized to about 800 psig with
carbon dioxids gas without an intermediate cooling
step. fThe mass of carbon dioxide in the vessel at 800
psig, the mass of tobacco loaded into the vessel at tha
lower packing density of 12.6% OV tobacco and the lower
heat capacity of the tobacco at 12.6% OV were such that
the amount of carboen dioxide condensed on the tobacce
reguired to achieve the final post-vent temperature of
about 0°F to 10°F was negligible for Run 49.
Impregnation pressure, mass ratio of carboen
dioxide to tobacco, and heat capacity of tobasce can be
manipulated in such a manner that undex specific
circumgtances, the amount of cooling regquired from the
gvaporation of condensaed carbon dioxide is minimal
relative to the cooling provided by the expansion of
carbon dioxide gas upon depressurization, However, as

carbon de acco
) 8, ohacgo sity i seg
ed fr evapor con
b 4a i sag. der to a
ss thr ngd 1 mE
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, In each of Runs 49, 54, and 65, aftey
reaching the impregnation pressure of about 800 psig,
the system pressur¢ was held at about 800 psig for
about 5 minutes before the vessel was rapidly
depressurized to atmospheric pressure in approximately
90 seconds., The mass of carbon dioxide condensed per
1b. of tobacco during pressurization after cooling was
calculated for Runs 54 and 65 and is reported below.
The impregnated tobacco was held at ita post-vent
temperature under a dry atmosphers until it was
expanded in a 3-inch diameter expansion tower by
contact with steam set at the indicated temperature and
at a velocity of about 135 ft/sec for less than about 5
segonds.

TABLE 1
Run 49 4 (13
Fead OV% 12.6 20.5 20,4
Tobacco Wt. (1bs.) 13,5 22.5 21.25
Co, flow-thru
cogling press. (psig) none 421 153
Inpreg. press (psiq) 800 800 772
Pre-cool temp (°F) N/A 10 ~20
Post-vent temp. (°F) 0~-10 10-20 =38
Expansion Tower ‘
gas temp (°F) 475 875 575
Eg CV (cc/g) 10.4 8.5 10.0
sV (cc/q) 3.1 1.8 2.5
Calculated CO2
condensed (1bi/1lb. tob.) negligible 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
after depressurization and before expansion of the .

S00SPe9202
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tobacco, Therefore, the selection of a desired post-
vent tomperature should be made in light of the degree
of stability required. As a fu veme

process according to the invention. it ie suggested

ha ha inpreanated tobacco be handlagd ke

¥ A&

impregnation and expansion gteps so¢ &8 to majntain the

tobag £ d ba convavad b

( {
:géég conveyor, and sheuld ba lsolated from any

ture e

The desired tobacco post=vent temperaturs may
be obtained by any suitabls means including pre-cooling
of the tobacco before introducing it to the pressurs
vessel, in-situ cosling of the tobacco in the prassure
vessel by purging with cold carbon dioxide or other
sultable means, or vacuum cooling in situ anygmented by

1]
a
o
$

flow through of carbon dioxide- gas. - Vacuam coeling has -
the advantage of reducing the tobacco OV content
without thermal degradation of the tobacco. Vacuum
cooling also removes non-condensible gases from the
vezsel), thereby allowing the purging stap to bae
eliminated. Vacuum cooling can be effectively and
practically used to reduce the tobacco temperature to
as low as about 30°F, It ls preferred that the tobacco
is wooled in situ in the pressure vessel.

The amount of pre-cooling or in-situ cooling
required to achieve the desired tobacco post-vent
temperaturs iz dependent on the ameunt of cocling
provided by the expansion of the carbon dioxide gas
during depressurization. Tha amount of tobacco cooling
dus to the expansion of the carbon dioxide gas is a
function of the ratio of the mass of the carbon dioxide
gas to ths mass of tobacco, the heat capacity of the
tobaceco, tha f£inal impragnation pressure, and the
system temperature. Therefore, for a given

300SP£9202
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impregnaticn, when the\tobacco feed and the system
pressure, temperature aRd volume are fixed, control of

Y{%%; the final post-vent tempkrature of the tobacco may be
. / achisved by controlling tha amount of carbon dioxide
8% permitted to condense on the tobacco. The amount of

\%i ss tobacco cooling due to evapokation of the condensed
carbon dioxide from the tobacdy is a function of the

' ;\g ﬁ? ratio of tkc mace of condansad \parbon dioxide to the

mass of tobacco, the heat capacity of the tekacce, and

the temperature or pressure of the systen.
en the opacco ' onpacted P 0 0

noregnation with carbon dioxide, al\gpeater packing

densitv resultg and allows a .greater)\iobacco mass to bg

filled into the impregnation asel, ) Xhe carbon

7
’/f‘fr [t ~é £§¥

Ky the specifie decign of tha impregnation and
~ expansion processes used. FIG. 13 illustrates the
/ tobacco post-vent temperature required to achieve the
o‘;ﬁﬂzzuﬂ desired tobacco stability as a function of OV for a
‘ & : 25 particular process design., The lower shaded area 200
illustrates the amount of ceoling contributed by carken
dioxide gas expansion and the upper area 250
illustrates the amount of additional cooling required
by carbon dioxide ligquid evaporation as a function of
30 tobacco OV to provida the required stability. For this
exampla, adeguate tobacco stability is achisved when
the tobacco temperature is at or below the temperature
shown by the "stability" line. The process variables
which determine tha tobaccse post-vent tamperatura
35 include the variables discussed previously and other

2005729202
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variables including} but not limited to, vessal
tamperature, vesself mass, vessel volume, vessel
configuration, floW geometry, egquipment orientation,
heat transfer rate |to the vessal walls, and procgess
dasigned retention time between impregnation and
expansion.
For the $00 psig process lllustrated in
FIG. 13, with a poptevent hold time of about 1 hour, no
pra-cooling is reguired for 12% OV tobacco to achieve
the required stability, whereas 21% OV tobacco reguires

sufficient pre=-cogling to achieve a poste-vent
—Cemperature of absput -35°F, It chould be undergtocd

The dasirad tobacco post-vent temperature of
the present invention, from about =35°F to about 20°F,
is significantly higher than the post~vent
temperature == about ~110°F -- when ligquid carben
dioxide is used as the impregnant. This higher tobaceo
post-vent temperature and lower tobacco OV allow the
expansion step to be conducted at a significantly lower
temperature, résulting in an expanded tobacce with less
toasting and less loss of flavor. In addition, less
energy is reguired to expand the tobacco. Morsover,
because very little, if any, solid carbon dioxidae is
formed, handling of the impregnated tobacco is
simpliried. Unlike tobacco impregnated with only
ligquid carbon dioxide, tobacco inpregnated according to
the present invention does not tend to form clumps
which must be mechanically broken. Thus, a greater
usable~tobacco yleld is achleved because the clump=

. breaking step which results in tobacco fines too small

for use in cigarettes is eliminated.
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Hareavar, abhout 21% OV 9okarco at

o
N

bout -~337F
Lo ghant 12% OV wobkacoe at shout 2077, WRLLZS any é?
tobacco at about -110°F, 1s not brittls and, thsrefors,
ig handled with minimum degradation. This property
results in a greater yield of usable tobacco because
less tobacco iz mechanically broken during normal
handling, e.g., during unloading of the pressure vessal
or transfer from the pressure vessel to the expansion
zone. ‘ ‘

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 accomplished by reducing the temperature of
the expansion step. Normally, an increase in tobacce
axit OV is coupled with a decrease in the amount of
expansion achieved. The decrease in the amount of
expansion depends strongly on the starting feed OV
content of the tobacco. As the tcobacco fsed OV is
reduced to approximately 13%, minimal reduotion in the
deyree of expansion is observed even at a tobacco
moisture content of about 6% or more exiting the
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 FIGS. 7, 8 and 9.

FIGs., 7, 8, and 9 are based con data from Runs
2241 thru 2242 and 2244 thru 2254, This data is
tabulated in Table 2. In each of these runsz a measurad
amount of bright tobacce was placed in a pressure
vassel similar to the vessel described in Exampla 1.

6005789202
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Run_No.
Tobacco wt (1b.)

CC, condensed

(16./1b.) (calculated)

Tower Temp (°F)

Feed: As Is OV
Eq OV

Eq CV [(cc/g)
SV (cc/g)

Tower: Aps Is OV
 Eg oV

Eq CV (ccfg}
sV (cclq)

Feed:

Alkaloids+
Reducing Sugars#

Tower Exit:

Adkaloids*
% Reduction
Reducing Sugars*
% Reduction

2241
100

Bot
applicable

625

2.12
21.8
11.9
12.5

* weight %, dry weight basis

0T057£9202
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£242
100
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Run_Ro.
Tobacco wt (1b.}

€0, Condensed
(li.flb.} (calculated)

Tower Temp (¥}

Feed: As Is OV
. Egq OV

Egq CV (cc/g)
SV (ccfg)

Tower: As Is OV
Eq OV

Eq CV (cc/fqg)
SV (ccfg)

Feed:

Alkaloids*
Reducing Sugarsw

Tower Exit:

Alkalolds*

% Reduction
Reducing Sugars*
¥ Reduction

2246()1st)
325

0.36

600

2.12
21.8
11.2
17.6

* waight ¥, dry welght basis

LT0Ste9x0y

TABLE ? mm‘xv‘}i i

2247-4800m8) 224842}

240

0.3
400

14.38

11.6
5.2
c.8

6.1
12.0

24D

R

.29

4.2
1.8
5.3
0.8

1.6
il.6
8.7
T.6

2.49
8.1
2.6

240

0.29
500

15.2
11.8
5.3
0.8

4.4
11.5
9.4

2.9 \$
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TABLE 2 {cont'd)

210

0.25

375

-

NGB OUNN

« ¢

-
canvg ®AOW

+ & a @

2251-52(1st)  2252{2nd)

210

0.25
425

225350 (3gv). 225AL2nd)

210

0,25
175

2.39
11.8
13.1

3.7
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Liquid carbon dioxide at 430 psig was used to
impregnate the tobacce in Runs 2241 and 2242. The
tobacco was allowed ta soak in the liguid carkon
dioxide for about &0 saconds before the excess liguid
wag 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 havae formed were
broken. The tobacco was then expanded in an 8-inch
expansion tower by contact with a 75% steam/air mixture
set at the indicated temperature and a velocity of
about 85 ft/sec for less than about 4 secondsa.

The nicotine alkaloids and reducing sugars
content of the tobacco prior to and after expansion
were measured using a Bran Lusbbe (formerly Technicon)
continmucus flow analysis system. An agueous acetic
acid solution is used. to-sxtraot tha nicotine alkaloids
and reducing sugars from the tobacco. The extract is
first subjected to dialysis which removes major
interfarences of both determinations. Reducing sugars
are determined by theiyr reaction with p~hydroxybenzoic
acid hydrazide in a basic medium at 85°C to fornm a
color, Nicotine alkalolds are detarmined by their
reaction with cyanogen chloride, in the presence of
aromatic amine. A decrease in the alkaleids or the
raducing sugars content of the tobacco is indicative of
a loss of or change in chemical and flaver components
of the tobacco.

Runs 2244 thru 2254 were impregnated with
gasaous carbon dioxide at 800 paig according to the
nethod described in Example 1. In order to study the
effect of expansion temperature, tobacco from a single
impregnation was expanded at different temperatures.
For axamplae, 325 lbs., of tobaceo ware impregnated and
then three samples, taken over the course of about 1

£T05109202
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hoeur, were tested and expanded at S500°F, 550°F, and
600°F, representing Runs 2244, 2245, and 2248,
respectively. In order to study the effect of OV
content, batches of tobacco with OV contents of about
13%, 15%, 17%, and 15% were impragnated. Tha notation
1st, 2nd, or 3rd next to the run number indicates the
order in which the tobacco was expanded from a
particular impregnation. The impregnated tobacco was
expanded in an 8=-inch expansion tower by contact with a
75% steam/air mixture set at the indicated temperature
and a velocity of about 85 ft/sec¢ for less than akout 4
seconds. The alkalolds and reducing sugars content of
the tobacco were measured in the same manner as
described above. o
Referring to FIG. 2, tobacco to ke treated
is intreduced to the dryer 10, where it iz dried from
about 19% to about 28% molsture (by weight) to from
about 12% to about 21% moisture (by weight), preferably
about 13% to about 15% molsture (by weight). Drying
may be accomplished by any suitable means. This dried
tobacco may be stored in bulk in a silo for subsequent
impiegnation and expansion or it may be fed directly to
the pressure vessal 30 after suiltable temperature
adjustment and compaction, if necessary. p/”
Optionally, a measured amount of dried
tobacco iz metered by a weighbelt and fed onto a
conveyor belt within the tobacco ceoling unit 20 for

treatment prior to impregnation. The tobacco is cooled gg
within the tobacco cooling unit 20 by any conventional gg
means including refrigeration, to less than about 20°F, go
preferably to less than about 0°F, before being fed to z;
the pressure vessal 30. ’ &2 1
Ti ck d of G. 2 s ar NN i
t o . 2 bu tions s ac E
dev o for actin e to £ i

o
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carbon di acg o_ths
ved embodime esent invent
evice or actsg
em _an i se bulk 4 of £ about

about [2 Lbs.(cu f;.} up te s ¢ mgggggg ulk ggngigz of

ted bulk dansit e tob ig su

uni throughout the obaceo bed, Thi
se tobacco i natu onmpac
the wei verlving tobaceo until i ez a
threshold ex when
tobaceo oV was £i1 to a
der of [HE! ? 21 h DI
diameter ed packin sity w
egsentially unif measu oints .
2, a : the botto d _din
essentially linearly from fe.d., 3 to ¢ feet from the
bottom.] If a tobaceo bed is compacted to at Jeast the
densit D the
gravitatiopal compacting effect ig negligible., and the
acking de e substa unif
throughout the bed.
e tobacco acte situ 1

ure vegsal or i arate ¢ ve

T yacting i m
om or i ith the ssure ve
udes the a te com arran
and a ement.
The cooled and compacted tobac¢e is fed to
the pressure vesssl 30 through the tobacco inlet 31

where it is deposited. erabl es sse
30 is a cvlinder having a wvertically extending
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ongitudinal axis, with a carbon dioxide supp nle
33_arranded at or pnesr the bottom o he vessel 30 apd

a_carbon dioxide ventioutlet arranged at or nes he
ton of the vessel 30. \ Howeve venting may bs pyad

=iid e
ey, Vil hen $owdal (L A"
n any convepnient diredtionlbécause’the prdce >,

invention achiesves gewwtiuniform temperatures througho

toba which (s g’ss*m?{' W Mme&'mw W/
allowe £ T%L %rgssure‘vgésalfso g 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 &f the tobacce in
the vessel 30, Prefarably, the sffluent 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 1s maintained at about 400 psig to
about 1050 psiyg., When the inslide pressure of the
vessal 30 reaches from about 300 psig to about 500
psig, the carbon dioxide outlet 32 is opened allowing
the carbon dioxide to flow through the tobacce bad
cooling tha tobacco to a substantially uniform
temperature while maintaining the pressure of the
vessel 30 at from about 300 psig to about 500 psig.
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, preferably about 800 psig,
by the addition of carbon dioxide gas. Then the carbon
dioxide inlet 33 is c¢losed. At this point, the tobacce
bed temperaturs 1s approximately at the carbon dioxide
saturation temperature. While pressures as high as
1050 psig might be economically employed, and a

IT0S5TL9202
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pressure equal to the critical pressure of carbon
dioxide, 1057 psig, would be acceptable, there is no
Xnown upper limit to the useful impregnation pressure
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 vessal,
it is preferred that a thermodynamic path iz followed
that allows a controlled amount of the saturated carbon
dioxide gas to condense on the tobacco. FIG. 1 is a
standard temperature (°F) - entropy (Btu/lb*F) diagram
for carbon dioxide with line I-V drawn to illustrate
one thermodynamiec path in accord with the present
invention, For example, tobaceco at about 65°F is
placed in a pressure vessel (at I) and the vessel
pressure is increased to about 300 psig (as shown by
line I~II), THe vessel is8 then cooled to about 0°F by
£flow-thru cooling of carbon dioxide at about 300 psig
(as shown by line 1I-III). Additional carhon dioxide
gas ls introduced to the vessel, raising the pressure
to about 800 psig and the temperature to akout E7°F.
However, because the temperature of tobacco is balow
the saturation temperature of the carbon dioxide gas, a
controlled amount of carbon dioxide gas will unifornmly
condense on the tobacco (as shown by line III-IV).
After holding the system at about 800 psig for the
desired length of time, the vessel iz rapidly
depressurized to atmospheric pressure resulting in a
post-vant temperature of about =5°F to ahcut -10°F (as
shown by line IV~V),

In-situ cooling of the tabacco to about 10°F
prior to pressurization generally will allow an amount
of the saturated carbon diloxide gas to condense.
Condensation generally will result in a substantially
uniform distribution of liguid carbon dioxide

~ TN _fspTdedM ouedn H Foe77 .70 _Tio7i 4 VANL _JATANAIAL YA 1AV iMA t A
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throughout the/ tobacco bed. Evaporation of this liquid
carbon dioxidg during the vent step will help
tebacce in a yniform manner. A uniform post~-

and the resultant u
ed according t improve
ent wherei as bee - esse
to an cr stantially unj
ity of the ¢ on is s

uniformity of the temperature distribution within the

tobacco bed.

This uniform tobacco temperature is
illustrated in FIG. 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 teﬁperatura at cross~section 120, 3 feeat
from the top of vessel 100, was found to have
temperatures of about 11°F, 7°¢F, 7°F, and 3°F. About
1800 lbs. of bright tobacco with an OV content of about
15% was placed in a 5 ft (i.d.) x 8.5 £t (ht) pressure
vessel. The vessel was then purged with carbon dioxide
gas for about 30 saeconds before pressurizing to about
350 psig with carbon dioxide gas., The tobacco bed was
then cooled to about 10°F by flow-thru cooling at 350
psig for about 12.5 minutes, The vessel pressure was
then increased to about 800 psig and held for akout 60
seconds before rapidly depressurizing in about 4.5
ninutes. The temperature of the tobacco bed at various
points was measured and found to be substantially

uniform as shown in FIG. 10. It was calculated that

about 0.26 lbs. of carbon dioxide condensed per 1b. of
tobacce,

-
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Returning to FIG. 2, the tobacco in the
pressure vessel 30 is maintained under carbon dioxide
pressure at about 800 psig for from about 1 second to
about 300 seccnds, preferably about 60 seconds., It has
bean discovered that tobacco contact time with carbon
dioxide gas, l.e., the length of time that the tebacco
must be maintained in contact with the carbon dioxide
gas in order to absorb a desired amcunt of carben
dioxide, is influenced strongly by the tobacce OV
contant and the impregnation pressure used. Tobacco
with a higher initial OV content requires less contact
time at a given pressure than tobacco with a lower
initial OV content in order to achieve a comparahbls
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
reducad., This is illustrated in Table 3. '

6T10S7£9202
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TABLE 3

Effects Of Impregnation Pressure And Tobacco OV On Contact Time With CO,

FISH & NEAVE'# 7

Run 20 14 21 29 42 33 2 35 39 23
Initial '
T Tob OV (%) 12.2 11.7 11.8 12.3 12.6 16.7 16.4 6.9 16.5 16.0
=3 .
. Impregnation _
§ Pressure (psiq) 471 462 465 802 800 430 430 430 £60 450
o .
& Contact Time at 5 15 60 1 5 0.25 S 10 15 20
© Impregnation
< press. (minutes)
o
Tower Exit:
Eq €V {ccfg) 7.5 8.7 10.1 9.8 10.4 8.5 9.3 10.5 i11.1 10.5
SV (cclg) 1.8 2.1 2.8 3.1 3.1 2.1 2.6 3.4 3.1 2.9
Controlw
Eq CV {ccifqg) 5.3 5.4 5.2 5.6 5.7 5.5 5.5 5.7 5.5 5.
SV (cc/qg) 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.

*

TV and SY of feed tobacco

QENt BYXerox lelecapier Y021 12=12=82 ; 22:43
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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 first to the carbon dioxide recovery
unit 40 and then through line 34 to atmosphere. Carbon
dioxide which has condansed on the tohacco is vaporized
during this vent step, helping to cool the tobacco,
ragulting in a tobhacco post-vent temperature of from
about «35°F to about 20°F,

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 its post-vent temperature in the

tobacco transfer device 60 under a dxy atmosphere,

i.e., an atmosphere with a dewpoint below the post-
vent temperature, for subseguent expansion. After
expansion and, if desired, reordering, the tobacco may
be used in the manufacture of tobacco products,
including cigarettes.

already de the process accor
to the invention may be sdvantaceously adapied to a
2ycle impregnation obacco in relativel
g the proc comes esgsge

c to the invent turntable 2 ia

a ame s rota clockwise (arrow R

oL subastantially v al axis A, An upper
1! carries a pressure vessel 30 and associated
apparatus desc ag _weall as tobace

1205729202
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ADDITIONAL DATA FIGURES)
The following examples arae illustrative:

Example 1

A 240 pound sample of bright tobacce filler
with a 15% OV content was cooled to about 20°F and then
placed in a préssure vessel approximately 2 feet in
diameter and approximately 2 feet in height. The
vesgel was then pressured to about 300 psgig with carbon
dioxide gas. The tobacco was then cooled, while
maintaining the vessel pressure at about 300 psig, to
about 0°F by flushing with carbon diexide gas near
saturated conditions for about 5 minutes prior to
pressurizing to about 800 psig with carbon dioxide gas.
The vessel pressure was malntained at about 800 psig
for about 60 seconds. The vessel pressure was
decreased to atmospheric pressure by venting in about
300 seconds, after which the tobacco temperature was
found to be about 0°F. Based on the tokacco
temperature, the system pressure, tempsrature, and
volume, and the tcbacco'post-vent temperature, it was
calculated that approximately 0.29 lbs. of carben
dioxide condensed per lh. of tobacco.

The impregnated sample had a weight gain of
about 2% which ies attributable to the carbon dioxide
impregnation. The impregnated tobacco was then, over a
one hour period, exposed to heating in an 8-inch
diameter expansion tower by contact with a 75%
gteam/air mixture at abhout S550°F and a velocity of
about 88 ft/sac¢ for less than about 2 seconds. The
product exiting the expansion tower had an OV content
of about 2.8%. The product was eguilibrated at
standard conditions of 75°F and 60%RH for about 24
hours. The filling power of the equilibrated product

8205189202
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was measured 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 te have a c¢ylinder volume of 5.3 cc/g
at an eguilibrium moisture content of 12.2%. The
sanple after processing, therefore, had a 77% increase
in f£illing power as measured by the CV method.

The affect of hold time after impregnation
prior to expansien on expanded tobacce SV and
equilibrated CV was studied in Runs 2132-1 thru 2135-2,
In each of these runs, 2132-1, 2132-2, 2134-1, 2134-2,
2135-1, and 2335-2, 225 lbs. of bright tobacceo 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 psiy to about 300 psig with carbon
dioxide gas. Tha tobacce was then cooled, while
maintaining the vessel-pressure-at-aBout 250 pEig td
about 300 psig, in the same manner as described in
Example 1. The vessel was then pressurized to about
800 psig 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 bhelow the tobacco post-
vent temperature prior to expansion. FIG. 11
illustrates the effect of hold time after impregnation
on the specific volume of expanded tobacco. FIG. 12
illustrates the effect of hcold time after impregnation
on the equilibrated ¢V of expanded tobacce.

Example 2

4 19 pound sample of bright tobacco filler
with a 15% OV content was placed in a 3.4 cubic foot
pressure vessel. The vessel was then pressured to about
185 psig with carbon dioxide gas. The tobavco was then

6205789202
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cooled, while maintaining the vessel pressure at about
188 pseilg, to about =25°F by flushing with carbon
dioxide gas near saturated conditions for about 5
minutes prior to pressurizing to about 430 psig with
carbon dioxide gas. The vessel pressure was maintained
at about 430 psig for about 5 minutes., The vessel
pressure was decreased to atmospheric pressure by
venting in about 60 seconds, after which the teobacce
temperature was found to be akout =Z%°F, Based on the
tobacco temperature, the system pressure, temperature,
and volume, it was calculated that approximately 0.23
1be. of carbon dioxide condensed per lb. of tohacco.

The impregnated sample had a weight galn 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 an 3=-inch

diameter expansion tower by contact with a 100%. steam...

at about 525°F and a velocity of about 135 ft/sec 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 conditiens of 75°F
and 60%RH for abkout 24 heours. The filling power of the
equilibrated product was measured by the standardized
cylinder volume (CV) test. This gave an equilibrated
¢V value of 10.1 cc/g at an eguilibrium 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 sample after processing, therefore, had
a 74% increase in filling power as measured by the CV
method.

{EXAMPLES TO BE ADDED]

The term Ycylinder volume" is a unit for
measuring the degrea of expansion of tobacco. As used

0L05VE£9202
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throughout this application, the values employed, in
connection with these terms are determined as follows:
‘chinder Voelume (CV)

Tobacco filler weighing 20 grams, if
unexpanded, or 10 grams, if expanded, is placed in a
é~cm diameter Densimeter cylinder, Model No. DD-60,
designed by the Heinr. Borgwaldt Company, Heinr.
Borgwaldt GmbH, Schnackenburgallee No. 15, Postfack 54
07 02, 2000 Hamburg 54 West Germany. A 2 kg pisten,
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 weight to yield the cylinder volume ag cc/gram.
The taest 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 and 60% RH; conventionally, unless otharwise
stated, the sample ls preconditioned in this
envirenment for 24-48 hours.

Specific Volume (SV)

The term "specific volume" is a unit for
measuring the volume and true density of solid cobjects,
e.g., tobacce, using the fundamental principles of the
ideal gas law. The specific volume is determinad by
taking the inverse of the density and is expressed as
%ce/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 Quantachrome Penta-Pycnometer, The call
is then purged and pressured with helium. The volums
of hellum displaced by the tobacgo 1s compared with
volume of helium required to fill an empty sample cell
and the tokaceo volume is determined based on
Archimedes' principle. As used throughout this
application, unless stated to the contrary, specific

120579202
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volume was determined using the same tobacco sample
uged to determine oV, i.e,, tobacco dried after
exposure for 3 hours in a circulating air oven

controlled at 100°C.
While the invention has been particularly

shown and described with reference to preferred
embodiments, it 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 tobacco varies the time required to

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

CLAHNS 12 RE
ADDED
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- PROCESS AND APPARATUS FOR IMPREGNATION
AND EXPANSION OF TOBACCO

osure

A process for expanding tobacce is provided
which employs carbon dioxide gas. Tobacco temperature
and OV content are adjusted prior to contacting the
tobacco with carbon dioxide gas. The disclose

cycle impregnation in an apparatus according to the

invention, A thermodynamic path is followed during
impregnation which allows a controlled ameunt of the
carbon dioxide gas to ¢condense on the tobacco. This
liquid carbon dioxide evaporates during
depressurization 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
expansiocn.
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DRAFT 12/11/92 Express Mail Lakel No. XXXXXXXXXX

DECLARATION AND POWER OF ATTORNEY
Wa: Kwang H. Cho, Thomag

citizens aof the United States of srica, residing,
respaectively, at: 2141 Carbon Hill Drive, Midlethian,
VA 23113; 1726 Westhill Road, Richmond, VA 23226; 4538
E. Seminary Avenue, Richmond, VA 23227; 12800
Nightingale Drive, Chester, VA 23831; Rt. 2 Bex 163D4,
Beaverdam, VA 23015; and 10821 Hinshaw Drive,
Midlothian, VA 23113; that we verily believe cursalves
to be the original, first and joint inventors of the
invention or discovexy in:

PROCESS AND APPARATUS FOR IMPREGNATION
AND EXPANSION OF TOBACCO

vhich is described and claimed in the attached
specification and for which a patent is sought;

that we have reviewed and do understand the
content of said specification, including the clains,
and acknowledge our duty te disclose information, of
which we are aware, which is material to the
examination of this application in accordance with
Title 37, Code of Federal Regulations, § 1.56(a);

that we do not know and do not belisve that
this invention or discovery was ever known or used in
the United States of America before our invention or
discovery thereof, or patented or described in any
printed publication in any country before our invention
or discovery therecof, or more than one year prior to
thie application; or in public use or on sale in the
United States of America more than one year prior to
this application; that this invention or discovery has
not been patented or made the subject of an inventor's
certificate issued before the date of this application
in any country foreign to the United States of America
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on an application filed by us or our legal
representatives or assigns more than twelve months
prior to this application; and that no application for
patent or inventor!s certificate on this invention er
discovery has been filed in any country foreign to the
United States of America by us or our legal
representatives or assigns;

and we hereby appoint James E, Schardt, Esq.,
Reg. No. 23,033, Charles E. B. Glenn, Esg., Red.
No. 29,796, Charles B. Smith, Esg.,, Reg. No. 16,763,
Albert E. Fey, Esg., Reg. No. 19,018, W. Edward Bailey,
Esqg., Reg, No, 30,994, William J. McCabe, Esg., Reg.
No. 33,536, and Walter F. Fasse, Esq., Reg. No. 36,132,
our attornays, with power of substitution, and with
power of appointment of associate attorneys, and of
ravocation of their powers, to prosecute this
application and any divisions, c¢ontinuations in whole
or in part, renewals and reissuesz of the same, and to
transact all business in the Patent and Trademark
Office connected therewith;

and we request'that cémmunications be sent
to:

Walter F. Fasse, Esqg.

¢/o Fish & Neave
1251 Avenue of the Americas
New YorK, New York 10020

and that telephone calls be directed to:

Walter F., Fasse, Esq.

(212) 596-9000. 28

Wherefore, we pray that Letters Patent be gg

granted te us for the invention or discovery described %g

and c¢laimed in the attached specification and clainms, ER

and we hereby subscribe our names to the foregoing gg

gspecification and claims, declaration, and power of |
attorney.
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We declare, further, that we understand the
English lénguage and that all statements made Nherein of
cur own knewledge are true, and that all statements
made on information and belief are believed to he true;
and, further, that these statements were made with the

5
knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or beth,
under Section 1001 of Title 18 of the United States
Code and that such willful false statements may

10 4eopardizae the validity of the application or any
patent issuing thereon.

/'—\ _

Date Kwang H. Cho
15 Date Thomas dJ. Clarke
Date Josaph M. Dobbs
~ Date Eugene B. Fischer
20 - _
Date Jose M.G. Nepomuceno
Date Ravi Pra au:l.l
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