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Backaround Of The Invention
This invention relates to a process for

10 expanding the volume of tobacco and an aV,Varatus for
Qarrving out the yro e_ .se . more particularly, this
invention relates to expanding tobacco using carbon
dioxide .

The tobacco art has long recognized the
15 desirability of expanding tobacco to increase the bulK

or vo],ums"of tobacco . There have been various reasons

for expanding tobacco . One of the early purposes for
expanding tobacco involved making up the loss of weight

caused by the tobacco curing process, Another purpose
20 wa$ to improve thee smokiztg characteristics of

particular tobacco components, such as tobacco stiems .

It has also been desired to increase the filling power

of tobacco so that a smaller amourit of tobacco would be
required to produce a emoking praduatr auc:h ae a

25 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 .
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Various methods have been proposed for
expanding tobacco, including the impregnation of

tobacco with a gas under prassure and, the subsequent
release of pressure, whereby the gas causes expansion

5 of the tobacco cells to increase the volume of the

treated tabacco, other methods which have been

employed or suggested have included the treatment of
tobacco with various liquids, such as water or

relatively volatile organic or inorganic liquids, to

10 impregnate the tobacco with the same, after which the
liquids are driven off to expand the tobacco .
Additional nethods which have been suggested have

included the treatment of tobacco with solid materials

which, when heated, decompose to produce gases which
15 serve to expand 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
20 reduced the tobacco expands . Additional techniques

have been developed for expanding tobacco which involve
the treatment of tobacco with gases which react to form

solid chemical reaction products within the tobacco,
which solid reaction products may then decompose by

25 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

30 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 .

35 The patent states that the volume of the tobacco nay,
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by that process, be increased to the extent of about
a-15% .

U .6 . Qatent No, 3,771,533, commonly assigned

herewith, involves a treatmcnt of tobacco with carbon
dioxide and ammonia gases, whereby the tobacco is
saturated with these gases and ammonium carbamate is
tormed in situ . The ammanium carbamate is theFe$fter
c3eeompdsed by heat to releAea the gsses 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 voiume
of tobacao in which the tobacco is impregnatad with
gaseous carbon dioxide under conditions such that the
carbon dioxide remains substantially in the gaseous
state . Pre-cooling the tobacco prior to the
impregnation step or cooling the tobacco bed by
external means during impregnation is limitcd to avoid
condensing the carbon"dioxide to any significant
degree .

U .S . Patent No . 4,235,250, commonly assigned

herew ith , dogcr iiaoa a methrad f or 4xpa nd 9 ng the va lume

of tobacco in which the tobacco is impregnated with
gaseous carbon dioxide under conditions such that thrx

carbon dioxide remains substantially in the gaseous

atate . During doprcxcsurisation come of the carbon

dioxide is converted to a partially condensed state

within the tobaaco . That patent teaches that the

carbon dioxide enthalpy is controlled in such a manrier
to minimize carbon dioxide condensation .

30 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 i .s

N
~
~

impregnated with liquid carbon dioxide, converting tha C3~
liquid carbon dioxide to solid carbon dioxide in situ, ~

~
~
~
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and then causing the solid carbon dioxide to vaporize
snd expand the tobaaco .
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tobacco~ed

5 nroaass-bec_au€e the1b6}tam of a deeo bed w4i~tlhave to o

.e~~anglan coalS.ng~~~+e~_e4+~~~ toi~ccb exponsion

eg usina aasaoue_ cerbon diox

1 0 beds have been gsed for experimentaldQvelo

aZ:e not commercia3.ly practical .

Summarv Of The .=nventi4n

The preserit process employing saturated

carbon dioxide gas in combination with a controlled

15 amount of liquid oarbori dioxide, as descrilped below ,

has been found to overcome the disadvantages of the

prior art processda and provides an {zprovQd method for

expanding tobacco . The moisture content of the tobacco

to be expanded is carefully controlled prior to contac t

20 with the saturated carbon dioxide gas . The tempgrature

of the tobacco is carefully controlled throughout the

impregnation process . Saturated carbon dioxide gas is

allowed to thoroughly impregnate the tobacco ,

preferably und6r conditions such that a controlled

25 emon.nt of the carbon dioxide oondenses on the tobacco .

After the impregnation has been completed, the elevated

pressure is reduced, thereby cooling the tobacco to the

desired exit temperature . cooling of the tobacco is

due to both the expahsibn of the carbon dioxide gas and

30 the evaporation of the condensed liquid carbon dioxide

from the tobacco . The resulting carbon dioxide+-

containing -tobacco is then subjected to conditions of 0)

temperature and prenstire., preferably rapid heating at

atmospheric pressure, which result in the expansion of

Source: https://www.industrydocuments.ucsf.edu/docs/ynkj0000
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the carbon dioxide impregnant and the consequent
expansion of the tobacco to provide a tobaodo of lower
density and increased volume .

Tobacco impregnated according to tha prasent

5 invention may be expanded using less energy, e .g ., a

it inventi_p,"

AL ~~cny
25 e

significantly lower temperature gas stream may be used
at a comparable residence time, than tobacco

impregnated 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 a].kaloids, in the final
tobacco product by allowing ®xparieion to be earried out
over a greater temperature range than was practical in
the past .

Furt ert??ore . impregnatina and expan

i-obqgcg_accord ing„ to thc preoent iTtyentiQn o an a chicve

a ctreater orocess throughput th_ an urocesses usinct
QPIAEat'111f4 garbo_r, diox ide undex aonditio s that do not

xesult indioxide prior,1g

Qufgici ent coolina so that even tobacco ot a
evabora ion of cohdgrised gArbon dioxide troyi_d_eg

AWOP
[~a

-V-V CM

Lac0

a m~r_e uniform density throu~xhout theb~ . the tobacco
may `ba compressed or cQmgacted before it ' s iregmate
wi th carbon dioxide aapT e eby Ythe :nass througUyt

pxovide a tobacco bed

of the. PMC-eac 3.e~3ficr_ot~o~cl ....~-....,. - . .
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Uno
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The increased process throuqhp,ut ue to
10 irfcreased mass throuchput and deor_ ease!ftrycle time

ooolinaQtOp is reguiI-Od to rcmovo heat .

deyelop . The_rslora,no,separate t2ost-compression
carbon dioy,ide removes heat of c9mpression that does

t e com
a oose be
31. Add it_i_cna_l

n~~rr~tac:~ ri SmO

Qd GL48 _ T QDa

er volu

BS 8
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g~~ita3 _~Q~.t savinge by redug,ing the size of the

a cs tan a
II,-''~atch, sho
ly continuQUsa

15 process carried out in a creferred anuaratus as
described rielow .

Deta l,ec3 DQscriptian Of The invention

The present invention relates broadly to a
process for expanding tobacco employing a readily

20 available, relatively inexpenaivc, nan-aombustible and
nQn-toxic expansion agent . More particularly, the
present invention relates to the production of an
expanded tobacco product of substantially reduced
density and increased filling power, produced by

25 impregnating tobacco under pressure with saturated

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

pressure, and then causing the tobacCo to expand .

Expansiois may be acGomplished by eubjeating the
30 impregnsted tobacco to heat, radiant energy or similar

energy generating conditions which will cause the

carbon dioxide impregnant to rapidly expand .

To carry oiit the pxocess of tho present
invention, one may treat either whole cured tobacco

RR

rocess 0

ri Q

c

era es

7
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ieaC, tobacco in out or chopped form, or selected parts
of tobacco such as tobacco sterns or possibly even
reconstituted tobacco . in comminuted form, the tobacco
to be impregnated preferabZy has a particle sizee of

5 from about 6 mash 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
etandard eieve and those vaZue .s reflect the ability of
more than 95% of the particles of a given size to pass

10 through a screen of a given mesh value .
As used herein, % moisture may be considered

equivalent to rsven-volatilee content (OV) aince not

more than about 0 .9% of tobacco weight is volatiles

other than water . oven volatiles determination is a

15 simple measurement of tobacco weight loss after
exposure for 3 hours in a airoulating air oven

controlled at 212°F . The weight loss as percentage of
initial weight is oven-volatiles content .

Rri efi r)P€scri pti on Of ThS nravinae

20 The above and 6thtar objects and advantages of
the invention will be apparent upon consideration of
the following detailed description and representative
examples, taken in conjunction with the accompanying
draKings, in which like run dcsign$tions refer to like

25 runs throughout, and in which :
FIG . 1 is a standard temperature-entropy

diagram for carbon dioxide ;

FIG . 2 is a simplified bloak diagxam of a

process for expanding tobacco incorporating one form of

30 the present invention ;
FIG 2A is a variant of FIG . 2 showinct .a

process for comcressinac impregna gand axpandirncr
tnb°CCb accnrding to one embodiment of the nresent

Source: https://www.industrydocuments.ucsf.edu/docs/ynkj0000
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FIG . 3 is a plot of weight percent carbon
dioxide evolved from tobacco inpregnated at 250 psia
and -18 °C verOu6 post-impregnation time for tobacco
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 versus past-vsnt time

for three different OV tobaccos ;

FIG . 5 is a plot of expanded tobAcco

equilibrium CV versus hold-time before expansion for

10 tobacco with an OV content of about 12% and about 21% ;
FIG . 6 is a plot of expanded tobacco specific

volume vereus hold-timoz bof4rs sxpaztsion for tobacco

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

FIG . 7 is a plot of expanded tobacco
15 equilibrium CV versus expansion tower exit OV eontent ;

FIG . 8 is a plot af percent reduction in

.tobacco reducing sugars versua expansion tower exit OV
content ;

FIG . 9 is a plot of percent reduction in
20 tobacco alkaloids versus expansion tower exit ov

content ;

FIG . 10 is a schematic diagram of an
impregnation vessel showing the tobacco temperature at
various points throughout the tobacco bed after

25 ventirig;
FIG . 171 is a plot of expanded tobacco

specific volume versus hold-time after impregnation
prior to expansion ;

FIG . 12 is a plot of expanded tobacco

30 equilxbrium CV versus hold-time after impregnation
prior to expansion ;

FIG . 13 is a plot of tobacco temperature
verbus tobacco OV showing the amount of pre-cool,irtg
required to achieve adequate stability (e .g ., about

Source: https://www.industrydocuments.ucsf.edu/docs/ynkj0000



X hour poet-vent hold before expancion) for tobacco
impregnated at 800 psig ;

FIG . 14 is a schematic too view .of aa

embodiment of an annaratus for ca_rryina out a short

I
5 cvale imoreanatian r,rocess on hiah bulk

accordina to the inventionz

plane pertaendicular to the yiewina direct Qn of FIG,

en ona

5'&:z -I%kAa I
roieot0 VU

FIG . 16 3s an enla_raed vertical section
10 through the pressure yessel of FIG, 15, taken alon

of the apparatus of FIG, 14 :

.15 i
FIG, 17 is a plot of tobacco temnerature

versus distance from the top of a cressuxe vessel
15 showincr temnerature data for a nroce .ss accordina to the

and ~r an a31 ,g~ ,$np;egnatiQn process

;emoe

enr.lon 4n4

•i=L!

tobacco bed packina densities of 5 .1 and 11 lbs .jcU4ftj
FIG . 1.8 3s a plot of tobacco temperature

ye:rsus Axessure in, a nressure_ ves,l eI during venting .
20 ehowinct venting uroqressinq frotn the right to the left

QM
QL

__x.Ln ~sn

®
ulr~4'-.

accord.in2 to th

LIE g UP ocess~_ wit

S .JC

and
25 FIG. 19 is a plot of tobacco t,anperature

vorentei ' us tlirr' v~+ni-inQ sj7owi n~t '7??'~ mw A Tn~~ .

for tobacco bed packina density of 8 .6 lbs ./cu .ft .
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 tobacco to be
treated wf.ll have an OV content of about Iz% to about
7.5$ . Below about 12% OV, tobacco is too easily broken,

35 resulting in a large amount of tobacco fines . Above

5a#:3Rb'3N T H3I4 *-,IW 'sptdea pue,iE) ; ZC :Zz : ZB-7,l-7,1! l7(1i, Jardooalal xojax' .tA iMZe
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about 21% OV, excessive amounts of pre-cooling are

needed to achieve acceptable stability attd a very low
post-vent temperature is required, resulting in a

brittlQ tobacco which is easily brokr.~xs .

5 The tobacco to be expanded will g$nbrally be
placed in a pressure vessel in such a manner that it
can be suitably contacted by carbon dioxide . Por
exampla, a wire meah belt or platform may be used to
support the tobacco in the vessel .

10 irt a further improvement accord,j,ng tQ the
treseht invention . tQbacco with_a _hiqh u q9n

be 2rocessed, In order to achieve a des1reatble high

J oackina der~sitv . .~' . a .mor.+~-uni fQrm denQi tv throuetheta

m_Q

~ tobacco barl ar both a high bulk t3ensj,tv and a more '
15 uniform tobacco bed, the tobacco may be cgmpact .esL4r

~compressed before it S s im2recrnated witri carb=

,r,~,tow,i,dg,_'~he tobacc4 m~,y be campscted boforo it~

IDIAc cl i he pressure vessel or within the press_ure

vpssRl or bath so that the regultant pagkin_g dens~ty
20 af the tobacco in the pressu_re vess.el is essentiallv

uni.form and substaptiallv araatar than the nacking

density of a tvpiaal loose fill tob_ac;:o,.

For a batch impregnation process, the
tobacco-containing pressure vessel is preferably purged

-25 witri carbon dioxide gas, the purging operation
gsnera,lJ.y taking frotn about i minute to about 4

minutes . Tn the nreferred embodi-me.nt invoivina a hicth

bulk density bed of tobacco o sRace is minimized

rM 9 e
th _rrafaranco__t

XXX dperates with on}.y a 5 s~3~ond purge step, The

purging step may be elimittated without detriment to the

f irel produat . The benefits of purging are the removal
of garsea that may interfere with carbon dioxi.de

ents_a_ra_reduCSd .The__examo3,e

Source: https://www.industrydocuments.ucsf.edu/docs/ynkj0000



racovery and the removal of foraign gases that may
interfere with full penetration of tha carbon dioxide .

The gaseous carbon dioxide which is employed
in the process of this invention will generally be

5 obtained from a supply tank where 'it is maintained in

saturated liquid form at a pressure of £rom about 400

psig to about 1 .050 pffiig . The supply tank may be fed

with recompressed gaseous carbon dioxide vented from

the pressure vessel . Additional carbon dioxide may be

10 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 and temperatures of from

about -24°F to about 0°F . The liquid carbon dioxide

from the storage vessel may be mixed with the
15 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 OaF to about 84°F and a pressure

20 of about 300 p6ig 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 temperature of from

25 about 20°F to about 80aF 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
30 depressurization before the final expansion stop 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

35 content requires a lower tobacco post-vent temperature

. S #:3AY3N ? HSIJ - 'iPd 'sp,rdC!a Ruv-~J d LOcEZ : z6-Z6-ZE : LZOL aasdooatiai xoaaX :M9 iN35Source: https://www.industrydocuments.ucsf.edu/docs/ynkj0000
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30

tha,n tobacco with a i.ower 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

5 and -180C was deterinined by placing a weighed sample of
bright tobaaco, typically about 60g to about 70g, in a

300 cc pressure vessel . The vessel was then immersed

in a temperature controllod bath set at -18aC . After

the vessel reached thermal equilibrium with the bath,
10 the vessel was purged with carbon dioxide gas . The

vessel was then pressured to about 250 psia . Gas phase
impregnation was assuxed by maintaining the carbon
dioxide pressure at least 20 psi to 30 psi below the
carbon dioxide saturation pressure at -1$6C . Atter

15 allowing the tobacco'to soak at pressure for about 15

minutes to about 50 minutes the vessel pressure was
rapidly decreasrrd to atmospheric pressure in about 3

seconds to about 4 seconds by venting to 8;tmosphere .
The vent valve was immediatraly closed and the tobacco

20 remained in the pressure vessel i=ersed in the
tetnperature 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

25 tobacco . The vessel pressurE and temperature were

continually monitored using an IBM aampatible computer

with LABTECH version 4 data acquisition software from
Laboratories Technoloqies Corp . The amount of carbon N
dioxide evolved by the tobacco over time at a constant

t.eraperature, can be calculated based on the vessel

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

0
d!?

CO
~

14%, 16 .2% and Zn% OV bright tobacae 3.mpregn6ted with

carbon dioxide gas at 250 psia at -18 6 C as described Q
l17

35 above . Tobacco with an OV content of about 20% lost

Source: https://www.industrydocuments.ucsf.edu/docs/ynkj0000



about 71% of its carbon dioxide pickup after 15 minutes

at -18°C, while tobacco with an OV content of about 12W
lost only about 25% of its carbon dioxide pickup after

60 minutes . The total amount of carbon dioxide evolved

5 after increasing the vessel temperature to 25BC 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 stability decreases .

10 in order to achieve sufficient tobacco

stability, it is preferred that the tobacco temperature

be approximately about 0°k' to about 10°F after venting
of the pressure vessel when the tobacco to be expanded

has an initia.l CV content of about 15% . ~Tobacco with

15 an initial OV content greater than about 15% should
have a post-vent temperature lower than about 0°F to

about 1.O°F and tobacco with an initial OV content less

than 15% may be maintained at a temperature greater

than about 0°F to about 100F in order to achieve a

20 comparable degree of stability . For example, FIG . 4

illustrates thee 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

25 order to achieve a similar level of carbon dioxide

retention over t.ime as compared to a tobacco with a
lower OV content, about 12%, with a post-vent

temperature of about 0°F to about 10°F . FZGS . 5 and 6,

respectively, show the effect of tobacco OV content and

30 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 thesee runs, bright

35 tobacco was placed in a pressure vessel with a total

d#t9Ah'3N ? NSI_J F- I6Y `VPTdOzj puej,ry ; 90 :E~ : ZB-7,l-Zl : LZOt, aasdooatiaf xoaax :XA 1w~~Source: https://www.industrydocuments.ucsf.edu/docs/ynkj0000
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volume of 3 .4 cubic feet, 2 .4 cubic feet of which was
occupied by the tobacco . In Runs 54 and 65,

approximately 22 lbs, of 20% 4V tobacco was placed in
the pressure vessel . This tobacco was pre-cooled by

5 flowing carbon dioxide gas through the vessel at about

421 psig and at about 3,53 psig for Runs 54 and 65,

respectively, for about 4 to 5 minutes prior to

presaurization to about 80o psig with earbbn dioxide

gas . In Run 49, approximately 13 .5 pounds of tobacco
X0 at about 12 .0 OV was placed in the pressure vessel

which was then pressurized to about 80o psig with
carbon dioxide gas without an intcrmediats cooling

step . The ma.ss of carbon dioxide in the vass€ :- 1I at 800

psig, the mass of tobacco loaded into the vessel at the

15 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 carbon dioxide Gonderyse:d on the .tobacco

required to achieve the final post-vent temperature of
about 0aF to 10OF was negligible for Run 49 .

20 zmpregnatian pressure, mass ratio of carbon
dioxide to tobacco, and heat capacity of tobaccts can be

manipulated in such a manner that under specific
circumstances, the amount of cooling required from the
evaporation of condensed carbon dioxide is minimal

25 relative to the cooling provided by the expansion of
aecarbon dioxide gas upon depressurization . H_oweVers

the mass ratio of carbori dioxide aas to tobacco

a d frQm evaM or QE con
30 garbon diQxie3e inor_gaicea . In order to ae va

i_,_,_cr_•Rased 12_rc_,r_n ,s throughput mor uniform tQbacc

cxoansian by pre-compacti th tobaocd, it .is

ricoessary to achieve the contrd lleti forTnati2t)and

_oM,poratioh of condensed carban dioXidq arcQrdinca to

35 he inventio*e .

oa nq .:VE LO-1
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In each of Runs 49, 54, and 65, after

reaching the impregnation pressure of about 800 psig,
the system pressure was hel.d at about B00 psig for

about 5 minutes before the vessel was rapidly
5 depressurized to atmospheric pressure in approximately

90 seconds . The mass ot carbon dioxide candensad per

lb . of tobacco during pressurization after cooling was

cal.cuiated for Runs 54 and 65 and is reported below .
The impregnated tobacco was hold at its post-vent

10 temperature under a dry atmosphere 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

15

20

25

seconds .

$3iIl

TABLE 1

49 14 ba
Feed ov% 12 .6 20 .5 20 .4

Tobacco Wt . (lbs .) 13 .5 22 .5 21 .25

Co ~1Qw-thru
cokxng press . (psig) none 421 153

Impreg . press (psig) 8fl0 80a 772

Pre-cool temp (°F) N/A 10 -20

Post-vent temp . (°F) 0-10 10-20 -35

Expansion Tower
gas temp (°g) 475 575 575

Eq CV (cc/g) 1D .4 $ .5 10 .0 ~

SV (CC/g ) 3 .1 1 .8 a2.5 ~

C2tlcul.ated C02
condensed (lb/lb . tob .) negligible 0 .19

CG7
CrJ

0 .58

3© 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 _

CA

P #:3nd3N '8 HBZJ r-1IfN 'sptdoa pue,a0 ; 80 :EZ : ZB-ZI-ZI : LZOL aazdoaaJaL xoaax :ha lNapSource: https://www.industrydocuments.ucsf.edu/docs/ynkj0000
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tobac4o . Therefore, the selection of a desired post-
vent temperature should be made in light of the degree
o,f stability required. As afu;:ther _ improvement of the

nr=ss accorAi r,cr to the invent ian .it is stacLgesteot

5 that the or cinated tobacco be nandled between the
impregnation and exnansion $t%2s so as t4 maintain the

002
tobac

~n r.__,~~

"Q d be
go Uia

AUetsnve

_;VrW~+-i!t SK~f*1•1=iLl?IAM!-.ifl•=4!l.IMPi! golated

amu

RO

al

Z0 moisture laden air .
The desired tobacco post-vent temperature may

be obtained by any suitabla maana inclitding pre-cooling
of the tobacco before introducinq it to the pressure
vessel, in-situ cooling of the tobacco in the pressure

15 vessel by purging with cold carbon dioxide or other
suitab].s means, or vacuum covling in ait.u a•ugmetYted by

flow through of csrbon c7ioxi-ds• gas . ••• Vacuum coolinQ has

the advantage of reducing the tobacco OV content

without thermal degradation of the tobacco . Vacuum

20 coolin.g also roraoves non-condensi.bl.e gases from the

veeceJ., theroby allowing the purging step to be
eliminated . Vacuum cooling can be effectively and
practioally used to reduce the tobacco temperature to
as low as about 30°F . Lt is preferred that the tobacco

25 is c:ooled in situ in the pressure vessel .
Thc: 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 ga .s

10 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 tne mass of tobacco, the heat capacity of the
tobacco, the final impragnation pressure, and tha .

35 system temperature . Therefore, for a given

ad b

Source: https://www.industrydocuments.ucsf.edu/docs/ynkj0000
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~on vessel .fi_lied ~.nto the imbrana~

is a function of the

arbon dioxide to the

ty of the tobacco, and
system .
cteg prior to

c er Reekinga\rtcin
density resul_t$and allows a . ._.q tar ss to b

on

;ats.n ae L;rdio aso w5.t in the ye
wg.&asd exnansion_o

0

oa

m

mc at
Lfta~da~d

coolina z_4sW4uroyi,ded_ by_ vaporization of an
i~m rn- nA V

0

onpoun

carb

t -v_e.n

ense

ide

is

on

Ara,tux
ero_re i

. ~

n

~ ~ impregnation, when thd
pressure, temperature a
the final post-ventt temp
achieved by controll i.nq t

permitted to condense on t
tobacco cooling due to evapo
carbon dioxide from the tobac
ratio of thc mazo of condensed

mass of tabacca, the heat capaci
the temperature or pressure of th

en__ th

Grand Rapias, tdi . -; FISH & NEAVE :9ia

tobacco feed and theG system ~
d volumee are fixed, control of
rature of the toriAcco may be

a amount of carbon dioxide
tobacco . The amount of
ation of the condensed

The required tobacco staoility is determined
y the specific dacign of the impregnation and

expansion processes used . FIG. 13 illustrates the
tobacco post-vent temperature required to achiQVe the
desired tobacco stability as a function of OV for a

25 particular process design . The lower shaded area 200

illustrates the amcax2nt of cooling contributed by carbon

dioxide gas expansion and the upper area 250
illustrates the amount of additiona3l cooling required
by carbon tdioxide liquid evaporation as a function of

30 tobacco OV to,providsa the required stability . For this

example, adequate tobacco stability is achieved when
the tobacco temperature is at or below the temperature

shown by the "stability" line . The process variables
which determine tha tobaceo post-vent tnmperature

35 include the variables discussed previously and other

Source: https://www.industrydocuments.ucsf.edu/docs/ynkj0000
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pre-cooling is re

expansion .
For the

FIG . 13, with a po

FISN & NSAVE .'#2D

446--W,

variables including but. not limited to, veseel
temperature, vessel mass, vessel vo3.ume, ve$sel
configuration, flo geometry, equipment orientation,
heat transfer rate to the vessel walls, and process

5 designed retention time between impregnation and

the required stab
sufficient pre-oo
te~m~,er_ ture of ab
that other proces

a

o psig process illustrateci in
t-vrsnt hold time of about 1 hour, no

ired for 12 % OV tobacco to achieveca

lity, whereas 211 OV tobacco requires
ling to achieve a post-vent
ut -35OF . It slhoul.d iMund®rgtop,!j

®

§ u T, in oLne

--- . ~ - --T.-, ._,

a~_~~,~~ ,~

The desired tobacca post-vent temperature of
the present invention, from about -35OF to about 200F,
is significantly higher than the post-vent

20 temperature -- about -1so"F -- when liquid carbon
dioxide is used as the impragnant . This higher tobaccd
post-vent temperature and lower tobacco OV allow the
expansion step to be conducted at a eignificantly lower
temperature, resulting in an expanded tobacco with less

25 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

30 liquid carbon dioxide, tobacco i7apregnated according to
the present invention does not tend to form .clumps
which must be mechanically broken . Thus, a greater
t,15ab1e-tob8,oco yield is achieved becduse the c}.ump-

breakittq stAp which results in tobacco f ines too small

35 for use in cigarettes is eliminated .

Source: https://www.industrydocuments.ucsf.edu/docs/ynkj0000
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tobacco at about -11 .o•r, is not brittle and, therefore,

is handled with minimum degradation . This property
5 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 prassur* vessel to the e5tpansiori

zone .
lo Chemical changes during expansion of the

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

alkaloids upon heating, can be reduced by i.ncreasing

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

immediately after expansion, to about 6% OV or higher .

15 This can be accornplished by reducing the temperature of
the expansion step . Normally, an increase in tobacco
eucit c7V 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

20 content of the tobacco . As the tobacco feed OV is
reduced to approximately 13#, minimal raduotion in the

degree of expansion is observed even at a tobacco
moisture content of about 6% or more exiting the

expansion device . Therefore, if the feed dV and the

-25 expa,nsion tempEratu'rs are reduced, surprisingly good
expansion can be attained while chemical changes are
miniraized . This is shown in FIGS . 7, 8 and 9 .

VIGS . 7, 8, and 9 are based on data from Runs

2241 thru 2242 and 2244 thru 2264 . This data is

30 tabulated in Table 2 . in each of the.se runs a measured

amount of bright tobacco was placed in a pressure
vessel similar to the vessel describcd in Ex=ple 1 .

Source: https://www.industrydocuments.ucsf.edu/docs/ynkj0000
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gn No.8 224 22 42 2245 (2M.

Tobacco vt (lb .) 100 100 325 325

t~ condensed
(It.jlb .) (calc:ulated)

Not
applicable

Not
applicabin

0 .36 0 .36

Tower Temp (OF)

Feed: As Ie OV
Eq ov

Eq cv [cc}g)
, Sv (cclg)

Tower: As Irs OV
Eq OV

Eq Cv (C-CIg)
gv (ccjg)

Feed :

Alkaloids*
Reducing Sugars*

Tower Exit :

Alkaloids*
1 Reduction

Reducing Sugars*
% Reduction

625 675 500 550

18 .8 18 .9 27 .0 17 .2
12 .2 12 .1 12 ..2 12 .1
4 .5 4 .6 1 .8 4 .9
O_8 O .9 0., 8 O .8

2 .5 2 .2 4 .6 3 .3
11.5 11 .2 11»'9 11.8
9 .5 1Q .B 7 . :1 . 8.2 y
3 .0 3 .2. 1w8 2.3 ~„

2.71 2 .71 2 ~`71 2 .71
13.6 13 .6 13 .45 13 .6

2 .12 1 .94 2 .47 2 .42
21.8 28 .4 9 . . 9 10 .7
11 .9 10.6 13 .3 13 .3
12 .5 22 .0 2 . 2 2 .2

* weight %, dry weight basis

oTa~~,,C9zoz

Source: https://www.industrydocuments.ucsf.edu/docs/ynkj0000
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2249-50 (1.*t}

Tobacco wt (lb.) 325 240

C[f Condensed
(li. J'Ib. ~ (calculated) L1 .36 0,. 29

TovelC' TkeMP (•P) 600 400

Feed: As Is OV 17 .5 14 .30 U . 2
Fq QV 12 .0 11 a, 6 U . ffi

F.,q CV (cctg) 4 .9 5 .2 15 .3
5V (cafq) 0 .8 0 .#6 t} .6

To'Mer t As Is OV 3 .1 fr ~ 1 4 .6
Eq ov 11 .6 12 .0 A;1 . +15

Eq CV (CCI9) 9 .5 7 .4 8 .7
Sv (cc/g) 2 .8 2 .2 2 .6

Feed:

Alkaloids* 2 .71 2 .71 2 .71
Reducing Sugars* 13 .6 13 ..6 k3 .6

Tower Ex

hl

it:

ka7.oias* 2 .12 2 :,61 2 „,49
4 Reduction 21 .8 3•,7 8„1,

Reducing sugars* 11 .2 13 .45 K3o6
I Reduction 17 .6 0 0

i

* weight # .* dry weight bagis

- _OG_ ,q V l./z

240

0 .29

500

0g

~
°

i
~15.2 I

11.8
~

5.3
0.8

4 .4 0

11 .5
9 .4 E
2 .9

z
~ ~~
E ~

2. 71 ~
13_6

2 .36
12 .9
13 .2
2.9

{JTTT'J N

Source: https://www.industrydocuments.ucsf.edu/docs/ynkj0000
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TASLE 2 (ctfant ' d)
x

0 V YO.J W'VVV©`j

G7 . 6
.

15t51-521~ )..

210 210 210 ' zi8
U

;',
m

0 .25

375

0.25

425

0,215

475

0125

1525

-1;

^

~

}12 13 0 12 8 12 .9.
12 .0

.
11_6

1
11 . 0 .L• .2 .Y5 0

~«
ti

5 .4 5 .4 5.3 ~'w , . 4
0 .8 0 .8 0 .8 0 .8

6 .5 5 .0 3 .6o 2 ..9
12 .2 12 .1 iJ.rh7 11 .7
8.6 8 .9 8 r 9 3Ma{• 4
62 2 .8 3 .1 3„2 a. k, ~<,~ ~

~~ Q .
~~

2 .71 2 .71 LDOi X'3

13 .6 13 .6 13,6 la

p

y

~

2 .54 2.45 2 v 1 ~'.3 2>28
6 .3 9 .6 11•v8 1•5 ..9

13 .6 13 .5 13 .1
0 0.7 3~7

Source: https://www.industrydocuments.ucsf.edu/docs/ynkj0000
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Liquid carbon dioxide at 430 psig 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 secorYC3s before the excess liqui d

5 was 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 formad were

broken . The tobacco was then expanded in an 8-inc h

10 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 abouC 4 seconda .

The nicotine alkaloids and reducing sugars

content of the tobacco prior to and after expansion

15 were measured using a Bran Luebbe (formerly Technicon )

continuous now analysis system . An aqueous acetic

acid solution is ueed-to•••extract .the nicotine alkaloids

and reducing sugars from the tobacco . The extract is

first subjected to dialysis which removes ma~or

20 interferences of both determinations . Reducing sugars

are determined by thoir reaction with p-hydroxybcr,zoic

acid hydrazide in a basic medium at 85°C to form a

oolor . Nicotine alkaloids are determined by their

reaction with cyanogen chloride, in the presence of

25 aromatic amine . A decrease in the alkaloids or the

reducing sugars content of the tobacco is indicative of

aioss of or change in chemical and flavor ooraponents

of the tobacco .
Runs 2Z44 thru zZ54 were impregnated with

30 gaseous carbon dioxide at 800 psig accordihq to 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 lbs . of tobacco were 3mpregnat€d and

35 then three samples, taken over the course of about 1

c.

Source: https://www.industrydocuments.ucsf.edu/docs/ynkj0000
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hour, were tested and expanded at 500*F, 550mF, and

604°8', representing Runs 2244, 2245, and 2246,

respectivefy . In order to study the effect of QV
content, batches of tobacco with OV contents of about

5 13%, 15*, 17%, and X9% were impregnated . The notation
let, 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

10 75% steam/air mixture set at the indicated temperature

and a velocity of about 85 ft/sec for less than about 4

seconds, The alkaloids and reducing sugars content of

the tobacco were measured in the same manner as

described above .
15 Referring to FYG . 2, tobacco to be treated

is introduaed to the dryer 10, where it is dried from
about 19% to about 28% moisture (by weight) to from
about 12t to about 21A moisture (by weight), preferably

about 13V to about 15% moisture (by weight) . Drying

20 may be accomplished by any suitable means . This dried

tobacco may be stored in bulk in a€ilo for subsequent
impregnation and expansion or it may be fed directly to

the pressure vessel 30 atter suitable temperature f
adjustment acc~m~actio~nd if necessary j/.

25 Optionally, a measured amount of dried
tobacco is metered by a weighbalt and fed onto a
conveyor belt within the tobacco cooling unit 20 f4r
treatment prior to impregnation . The tobacco is cooled

within the tobacco cooling unit 20 by any conventional

30 means including refrigeration, to less than about 20°F,
preferably to less than about 0°F, before being fed to
the pressure vessel 30 .

H-d

The-b-l4_ck dia_aram og FIG .
. 2

0 for
but addition
Qm~ ac_t_in a_ toQ:

6IE

ac

ar

; #;3nV3N T HSI~ f-'rht sPFdsa puBjE) : BO :EZ : Z6-ZL-ZL : LZOL aardooa1a1 xoaaX :,lq INaG
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~Dr~C1~7dL1Qrl carbon d Qxia ~ acc

imp~roye _ embodiment of the r~ esent irtyentign . The
omiaa

L

J ab_out _f 111 to ab4tat f 14

0

a

unifo ro throughout the enti e tobacco bed Thigi~
10 because tobacco in n bed is natuKally comr,acted from

the weight of the overlying tob cco until it reaches a
cartain threshold ensity . For exam 9.e, when, jTYPE)

tobacco Qf _~,NUMEER]* oV was loosely filled into a
der of rxE 7 C h 0 M

15 d amete_r,, _ th measured nsckincz density was [DENSITYI

essentiallv unifarm*nt measur ment poi.nts.L.e .a=.

1, 2 . and 3 fs t from the botto*mand dininished

essenti ally linearly from te . g, . 3 to 6 feet frg,m the

bottom .]~ if obacco bed is_oomoacted to at least the

20 threshold mckina density of about rDENSITYi, the

avita A.4Il'~ Dm>7~tG~~ila _e_ffect nec
paJckinct denolty wi13l be substarnt ally unffqr

thrgu$ out the bed .

The tobacco may be comnacte~l irt situ in the
or25 pressure vessel or in a separate co~, actina vepselr

om or i
a®

uJ.il90

g

Ana

li

g0

the

tc, aenebu1

DI

m
th thg_ r-ressure y~

,30 30, and includes the apnropriate cozpactincr arranaement

anrl tKano,mort arra,nc7ement .
The cooled and oQmpacted tobacco is fed to

the pressure vessel 30 through the tobacco inlet 31

where it is deposited . prpferably =e presrgtare vesse1

35 30 is a cylinder hawinct vertically extendizlg

evfc@ ao- ComDreSs~a or Co7rirrlcts au
from an initisl 1QQse bulk deasity of f,rdm about f41 to

5 about r 7 1bs ._Lcu .f co oaare

from about_.f 1 td about r 15 lba .l
t

_ ._

,ar.t . ...7a~~., .. J

L
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J 5
tures throu

or other non-
10 condensible gases from the vessel 30 . It is desired

that the purge be conducted in such a manner as not to
signif icantly raise the temperature of the tobacco in

the vessel 30 . Preferably, the effluent of this purge

step is treated in any suitable manner to recover the

15 carbon dioxide for rouse 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

20 about 1050 psig, When the inside pressure of the
vessel 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 tobacco bed

cooling the tobacco to a substantially uniform
25 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

30 700 peig to about 1000 psig, preferably about 800 psig,
by the addition of carbon dioxide gas . Then the carbon

dioxide inlet 33 is closed . At this point, the tobacco
bed temperature is approximately at the carbon dioxide
saturation temperature . While pressures as high as

35 1050 psig might be economically employed, and a

onv i.-y-ugu.n-c

3_3

wQ

ar an4eu a

nn aan
30 . Ho v t n

0
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nBer 16n lt
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direc~t~Q~~b~oause't~ie pr~cesa of the

u
.

- -- rz+rsGtob~c~

~~d~~ ~ e r~ux~ vessel 3~shei; purged with~

s.pv

gaseous carbon diaxide, to remove any air

0 dio
e©

conv
an

t
e t outl an ed at

a _car ;;?an id ~SJUP

or neAr t e bott vessel 30
Q-Q
R gves

nit~ n

achieve form 5mpe u
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pressure equal to the critical pressure of carbon

dioxide, 1057 psig, would be acceptable, there is no

known upper limit to the useful impregnation pressure

range, other than that imposed by the capabilities of
5 the equipment available and the e,ffacts of

supercritical carbon dioxide on the tobacco .
During pressurization af the pressure vessel,

it is preferred that a thermodynamic path is followed
that allows a controlled amount of the saturated carbon

10 dioxide gas to condense on the tQbacco . k'IG . 1 is a
standard t,emperature (°F) - entropy (Btu/lb°F) diagram
for carbon dioxide with line I-V drawn to illustrate
one thermodynamic path in accord with the present
inventiori . For example, tobacco at about 65°F is

15 placed in a pressure vessel (at Y) and the vessel

pressure is increased to about 300 psig (as shown by
line I-II) . Tkfe 'vessel,' is"'then cooled to about 0°F by

flow-thru cooling of carbon dioxide at about 300 psig
(as shown by line IT-FIT) . Additional carbon dioxide

20 gas is intr4duced to the vessel, raising the pressure

to about 80o psig and the temperature to about 67,°F .
However, because the temperature of tobacco is below

the saturation tempQraturQ of thaa carbon dioxide gas, a

controlled amount .of carbon dioxide gas will uniformly
25 condense on the tobacco (as shown by line III-ZV) .

After holding the system at about 800 psig 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 -1o°F (as
30 shown by line IV-V) .

In-situ cooling of the tobacco to about 10°F
prior to pressurization generally will allow an amount
of the saturated carbon dioxide gas to condens$ .
Condensation generally will result in a substantially

35 uniform distribution of _liquid carbon dioxide

tr i HSt4 «-'7G1 (SDtde)a Du¢un 1 747 •7 7 1 7 0 _7 1 _7 1 1 1 7ni JarrinINaiai vn iw . ; n - nmmSource: https://www.industrydocuments.ucsf.edu/docs/ynkj0000
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throughout th tobacco bed . Evaporation of t 3.s liquid
carbon dioxid during the vent step will help ool the
tobacco in a jniform manner . A uniform post-
impregnation bacco temperature results in a m~re

5 uniform expand d tobacco . The unii orm condensai
ca the re cooli
Agm ecially achieved accord3.nq to the improved
em1p4ar~r ent wherein the tobacco has bee

to an incr a-tantiallv un&P orm u~ K1T1R 6lt:RSlL

10 The uniformity of the condensation is shp4,n by the

uniPormity _ f the temtaerature distribution within t
tobacco bed .

This uniform tobacco temperature is
illustrated in FIG . 10, which is a schematic diagram of

15 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 temperature at orc7ss-section 120, 3 feet
from the top of vessel 100, was found to have

20 temperatures of about ilaF, 7°F, 7°F, and 3eF . About
1800 lbs . of bright tobacco with an av content of about

15% was placed in a 5 ft (i .d . ) x 8 .5 ft (ht) pressure
vessel . The vessel was then purged with carbon dioxide
gas for about 30 seconds before pressurizing to about

25 350 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 about 60
seconds before rapidly depressurizing in about 4 .5

30 minutes . The temperature of the tobaaco 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 lb . of

tobacco .

~#.~Ab~lV ~8 NSI~ *-'i~y 'sp?de}{ pu~ .i0 0 E~ :ZZ d Z6-ZL-~I ; LZOL aasdoaaf at xoaax :aa i~~SSource: https://www.industrydocuments.ucsf.edu/docs/ynkj0000
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Returning to FIG . 2, the tobacco in th*

pressure vessel 30 is maintained under carbon dioxide
pressure at about 800 psig fox from about 1 second to
about 300 seconds, preferably about 60 second6 . It has

5 been discovered that tobacco contact time with carbon

dioxide gas, i, e . , the length of time that the tobacco

must bs maintained in contact with the carbon dioxide

gas in order to absorb a desired amount of carbon

dioxide, is influenced strongly by the tobacco OV
10 content and the impregnation pressure used . Tobacco

with a higher initia], 0v content requires less contact

time at a given pressure than tobacco with a lower
initial oV content in order to achievo a comparable

degree of impregnation particularly at lower pressures .

15 At higher impregnation pressures, the effect of tobacco
OV on contact time with the carbon dioxide gas is
reduced . This is illustrated in Tab1e' 3 .
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x
~ Effects Of Impregnation Pressure And Tobacco OV On Contact Titie With C82
u

20 JA 23- r,2 12 22 .~ ~ ~ ~?

Initial
t Tob OV (t) 12 .2 11_7 11 .8 12 .3 12 .6 16.7 16 .4 16 .9 16 .5 16 .0
~
~
Impregnation~

v Pressure (psig) 471 462 465 802 800 430 430 430 460 450
.~
a~
a Contact Tine at 5 15 60 1 5 0 .25 5 10 15 20
~ Impregnation~
.~ Press . (minutes)~
C9

Tower 8Xdt :

m Eq CV (cCfg) 7 .5 8 .7 10.1 9 .8 10 .4 8.5 9 .3 10 .5 11 .1 10 .5

SV (cc/g) 1 .8 2 .1 2 .8 3 .1 3 .1 2.1 2 .6 3 .4 3 .1 2 .9 ~
N
tV

Control*
m~ Eq CV (C+C/g) .3 .4 .2 .6 .7 .5 .5 .7 .5

I
5 .5

y

i Sv (CCf9) 0 .8 0 .8 0 .8 0 .8 0 .8 0 .8 0 .8 0 .8 0.8 0 .8

~
:V
7

L
Q)
~
D.
O
U
d

d

* CV and SV of feed tobacco

.ozo~~; ~~z~z
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APter the tobacco has soaked sufficiently,
the pressure vessel 30 is depregsurized rapidly to
atmospheric pressure in from about 1 second to abaut
300 seconds, depending on vessel size, by venting the

5 carbon dioxide firstt 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 coo], the tobacco,
resulting in a tobacco post-vent temperature of from

10 about W35°F to about 2A°F .

Impregnated tobacco from the pressure vessel
30 may be expanded immediateIy by any suitable means,
e .g ., by feeding to the expans .ion tower 70 .
Alternatively, impregnated tobacco may be nta.intainect

15 for about 1 hour at its post-vent temperature in-the
tobacco transfer device 60 under a dry atmosphere,

i .e ., an atmosphere with a dewpoint below the pQ"st, ^

vent temperature, Zor subsequent expansion . After
expansion and, if desired, reordering, the tobacco may

20 be used in the manufacture of tobacco products,
including cigarettes .

As already deac ibed . the urocess accordinog

to the invention may be advantage.oa.s1y adapt,VA to a

shor~ c e na_t__ion o tobacco in relatiyel PM

25 batches . so that the A_rocess becomes essentially

continuous . A Areferred embodiment of such g Rrogess

xi11---nQw be described with rePe_r nce to F'rGs . 14 to 19 .

FIG . 14 is a chematic top view of an

a2baratug for carryina out the orefexred process
30 c to th invent tur_ntable 2 is

on a frame 1 . = _rotat7QC~'_ounterclockwise (arrow R)_

about a substantially ye1rt cal axis A . An unper :rame

11 carries a pressure vessel 30 and associated
a2Aaratus described below, as well as t bacc

&# . ;rtb3N 8HSfJ f- IW 'SC?de"9 pU'OjO ; titr :ZZ ; Z6-ZL-ZI ; IZDL satdooa}ai xoM :X6 1N3RSource: https://www.industrydocuments.ucsf.edu/docs/ynkj0000
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N-M4B E oP

At?DITIONAL DATA FIGURES 1
The following examples are illustrative :

Example 1

5 A 240 pound sample of bright tobacco filler

with a 15% OV content was cooled to about 20°F and then

placed iri a pressure vessel approximately 2 feet in

diameter and approximately 8 feet,in height . The

vessel was then pressured to about 300 psig with carbon
10 dioxide gas . The tobacco was then cooled, while

maintaining the vessel pre€ssurQ at about 300 psig, to

about 0°F by flushing with carbon dioxide gas near
saturated conditions for about 5 minutes prior to

pressurizing to about sa0 psig with carbon dioxide gas .

15 The vessel pressure was maintained at about $00 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 tobacco

20 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 impregnated sample had a weight gain of

25 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 8-inch
diameter expansion tower by contact with a 75%

steam/air mixture at about 550°F and a velocity of

30 about 85 ft/sec 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 and 6CikRH for about 24

hours . The filling power of the equilibrated product

5l# .3t!H!'jN 1E HSIA E-'I~ Isptde~ pua~@ : Btr : ZZ : ZB-Z l-Z 4 : LZOL Jatdoaa 1ai xo,aaX :l,9 1N3S
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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 to have a cylinder volume of 5 .3 cc/g

5 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 impregnation
prior to expansion on expanded tobacco SV and

10 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 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
15 from about 250 psig to about 300 psig with carbon

dioxide gas . The tobacao was then cooled, while

maintaining the -vessel-°pressure-at-Ms6ut' 250 peig''td
about 300 psig, in the same manner as described. in

Example 1 . The vessel was then pressurized to about

20 800 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 below the tobacco post-

25 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 hold time after impr'egnation
on the equilibrated CV of expanded tobacco .

30 ~~~m_ple 2
N
©
N

A 19 pound sample of bright tobacco fill er
~
C,'

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 tobacco was then

~

N
CD
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cooled, while maintaining the vessel pressure at about
185 psig, to about -25gF by flushing with carbon
dioxide gas near saturated conditions for about 5
minutes prior to pressurizing to about 430 psig with

5 carbon dioxide gas . The vessel pressure was maintained

at about 430 peig for about 5 minutes . The vessel

pressuree was decreased to atmospheric pressure by
venting in about 60 seconds, after which the tobaraao

temperature was found to be about -29°F . Based on the
10 tobacco temperature, the system pressure, temperature,

and volume, it was calculated that approximately 0 .23

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

The impregnated sample had a weight gain of
about 2% which is attributable to the carbon dioxide

15 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 1004 ;t steam. . ._ ,

at about 525°F and a velocity of about 135 ft/sec for

less than about 2 seconds . The product exiting the

20 expansion tower had an OV content of about 3 .8% . The

product was equilibrated at standard conditions of 75°F
and 6o%ttK for about 24 hours . The filling power of the
equilibrated product was measured by tho standardized

cylinder volume (CV) test . This gave an equilibrated
25 CV value of 10.1 cc/g at an equilibrium moisture of

11 .04 . An unexpanded control was found to have a

cylinder volume of 5 .8 cG/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

30 method .

ZEXAMPLES TO BE ADDEDI

The term "cylinde.r volume" is a unit for
measuring the degree of expansion of tobaaco . As used

LL# ;3Ab;N ? HSIA E-'IVd jsplde8 pu~~S ; 6tr ;ZZ : ZB-ZL-ZI : LZOL Jatd43a1al xcJaX ;A9 1N3S
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throughout this application, the values employed, in
connection with these terms are determined as follows :

Cylinder Volume (CV)

Tobacco filler weighing 20 grams, if
5 unexpanded, or 10 grams, if expanded, is placed in a

6-cm diameter Densimeter cylinder, Model No . DD-60,
desi,gnedd by the Heinr . Borgwaldt Company, Heinr .
Borgwaldt GmbH, Schnackenburgallec: No . 15, Paetfack 54
07 02, 2000 Hamburg 54 West Germany . A 2 kg piston,

10 5.6 om 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 as cc/gram .
The test determines the apparent volume of a given

15 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 otherwise

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

specific Volume (SV)
The term "specific volume" is a unit for

25

volume and true density of solid objects,
using the fundamental principles of the

The specific volume is determined by
taking the inverse
ftcc/g" . A weighed

dried at 1d00C tor

measuring the
e .g ., tobacco,
ideal gas law .

of the density and is expressed as
sample ot tobacco, either "as is" O
3 hours, or equilibrated, is placed

in a c6ll in a Quantachrome Penta-Pycnometer . The celZ
30 is then purged and pressured with helium . The volume

of helium displaced by the tobacco is compared with

volume of helium required to fill an empty sample crell

and the tobacco volume is determined based on
Archimedes, principle . As used throughout this

35 application, unless stated to the contrary, specific

e

8l# ;?liV~N 8 HSI~ 4- IN splde~ puajS ; 67 :ZZ ; Z6-ZL-ZI ; LZOG ~ardooalal xojaX;),9 1NSS
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volume was determined using the same tobacco sample
used to determine OV, i .e ., tobacco dried after
exposure for 3 hours in a circulating air overi
controlled at 1.ooac .

5 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
10 invsrition . For example, as sizee 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 .

6l# ; ;AV~N I HSI~ «-'IW splds~ pu~uS ; 05 :ZZ : Z6-Zl-Zl : LZOL a2tdooajal xojax :A9 1,?S
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•PROCESS AND APpARATUS_ FOR IMPREGNATION
AND EXPANSION OF Tt}$ACCO

Abstract Of The_bisclosure

A-process for expanding tobacco is provided
whiGh employs carbon dioxide gas . Tobacco temperature
and OV content are adjusted prior to contacting the

5 tobacco with carbon dioxide gas . The disclosed process
is suitable for imareq~ating and extpanding tobacco
hay.ina .a hiah bulk density, Tn order to achieve a high
bulk dansity, obacco mav be comnaoted or

D=pressed to achieve an increased and more pniforM

10 bulk density_ prior to its impXggnetion with aarbon

dioxide The process may #e carried out with a short
cycle impregnation in an„Mpoaratus according to the
invention . A thermodynamic path is followed during
impregnation which allows a aqntrolled amount of the

15 carbon dioxide gas to ooridense 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

20 temperature in a dry atmosphere for subsequent
expansion .

,sptdeH pu~jSOZ# :3Ab;1 ~ HSIA «- `IGJ : 09 :ZZ : Z6-Zl-Z~ : IZOL Jaldooala1 xo~ak :Ag 1N3S
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DRArT i2/1i/92 Express Mail Label No . XxXXXXXXXX

pECLARATION AND POWER OF A'I'TORNEY

We : Kwanq H . Cho, Thoma
Joseph M . Dobbs, Eugene B . Fiso

5 Nepomuceno, and Ravi Frasad dec
aitizens of the United States of`-Amaffica, residing,
respectively, at : 2141 Carbon Hill Drive, Midlothian,

VA 23113 ; 1726 Westhill Road, Richmond, VA 23226 ; 4538
E . Seminary Avenue, Richmond, VA 23227 ; 12800

10 Nightingale Drive, Chester, VA 23831 ; Rt . 2 8ox 163D4,
Beaverdam, VA 23015 ; and 10821 Hinshaw Drive,

Midlothian, VA 237.13 ; that we verily belie.ve ourselves

to be the original, first and joint inventors of the
invention or discovery in :

15 PROCESS AND APPARATUS FOR IMPREGNATION
AND EXPANSION OF TOBACCO

which is described and claimad in the attached

specification and for which a patent is sought ;
that we have reviewedd and do understand the

20 content of said specification, including the claims,
and acknowledge our duty to disclose information, of
which we are aware, which is material to the
examination of this application in accordance with

Title 37, Oode of Federal Regulations, 5 1 . 56 (a) ;

25 that we do not know and do not believe 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

30 or discovery thereof, or moxe than one year prior to
this 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 subjeGt of an inventQr's

35 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 invcntor 'Es aertif icate on this invention or

5 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, Es q .,
Reg . No . 23,033, Charl•es E . H . Glenn, Esq ., Req .

10 No, 29,796, Charles B . Smith, Esq,, Rag . No . 16,763,
Albert E . Fey, Esq ., Reg . No . 19,018, W . Edward Bailey,
Esq ., Reg, No . 30,994, William J . McCabe, Esq ., Reg .
No . 33,536, and Walter F . Fasse, Esq ., Reg . No . 36,132,

our attorneys, with power of substitution, and with
15 power of appointment of associate attorneys, and of

revocation of their powers, to prosecute this
application and any divisions, aontinuations in whole
or in part, renewals and reissues of the same., and to
transact all business in the Patent and Trademark

20 office connected therewith ;

and we request that communications be sent
to :

Walter F . Fasse, Esq .
c/o Fish & Neave

25 1251 Avenue of the Americas
New York, New York 10020

and that telephone calls be directed to :

Walter F . Fasse, Esq .
(212) 596-9040 .

30 Wherefore, we pray that Letters Patent be
granted to us for the invention or discovery described

and claimed in the attached specification and claims,
and we hereby subscribe our names to the foregoing

specification and claims, declaration, and power of'

35 attorney .
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We declare, further, that we understand the
English language and that all statements made herein of
our own knowledge are true, and that all statements ,
made on information and belief are believed to be true ;

5 and, further, that these statements were made with the

knowledge that willful false statements and the like so

made are punishable by fine or imprisonment, or both,
under Section 10071 of Title i8 of the United States

Cod,e and that such willful false statements may

10 jedpardize the validity of the application or any
patent issuing thereon .

Date Kwang Ii. Cho

15 pate Thomas J. Clarke

20

Qate

Date

aate

Joseph M . Dobbs

Eugene B . Fischer

Jose M .G . Nepomuceno
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