United States Patent 119

Neel et al.

iy 3,788,331
(451 Jan. 29, 1974

[54] SOLVENT RECOVERY IN TOBACCO
TREATING PROCESS

[75] Inventors: Robert M. Neel; Clarence Robert
Lloyd; Robert C. Johnson, all of
Winston-Salem, N.C.

[73] Assignee: R. J. Reynolds Tebacco Company,
Winston-Salem, N.C.

[22] Filed:  June 26, 1972
[21] Appl. No.: 266,416

[52] US.ClL................ 131/143, 131/140 P, 55/30

[51] Imt. Clo.ooooooiiiiecee e, A24b 03/18

[58] Field of Search... 23/270, 283; 62/9; 55/81, 30;
131/143

[56] References Cited

UNITED STATES PATENTS
3,195,292 7/1965  Skarstrom...........coeeeeeevvivennnenn. 55/32
3,612,066 10/1971 Jonesetal.......ccoovverreeennnn. 131/143

Primary Examiner—Melvin D. Rein

[571] ABSTRACT

Recovery of impregnant in a process in which tobacco
is impregnated with a water-immiscible organic im-
pregnant and then subjected to a stream of gas heated
to a temperature substantially above the boiling point
of the organic impregnant whereby the organic im-
pregnant is volatilized and the tobacco is expanded,
with the expanded tobacco being then separated from
the resulting impregnant-containing gas stream. Re-
covery of the organic impregnant is accomplished by
passing a portion of the gas stream into a lower sec-
tion of a packed tower and introducing into the upper
section of said tower water at a controlled tempera-
ture to effect removal of tobacco fines in the gas
stream, to cool the stream and condense a substantial
proportion of the water present therein and to strip
organic impregnant from process waste water intro-
duced into the upper section of said tower. The or-
ganic impregnant is then condensed and recovered by
conventional procedures for subsequent reuse.

8 Claims, 1 Drawing Figure
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SOLVENT RECOVERY IN TOBACCO TREATING
PROCESS

This invention relates generally to treatment of to-
bacco to increase or expand its filling capacity. More
particularly, the invention relates to the recovery of flu-
ids employed in tobacco expanding processes.

U.S. Pat. No. 3,524,452 to Glenn P. Moser and Grant
Mathews Stewart which issued Aug. 18, 1970 describes
a method of increasing the filling capacity of tobacco
which involves impregnating tobacco with an organic
liquid and then subjecting the impregnated tobacco to
a stream of hot gas whereby the liquid is quickly vapor-
ized with the simultaneous puffing or expanding of the
tobacco particles. The impregnating liquid employed is
one which is chemically inert with respect to the to-
bacco and falls generally into the classes of aliphatic
hydrocarbons, aromatic hydrocarbons, alkanols, ke-
tones, aliphatic esters, ethers, halogenated hydrocar-
bons and mixtures thereof.

Copending application Ser. No. 138,039 filed Apr.
28, 1971 by Arnold G. Moore and Donald A. Newton
relates to a process which is a modification of the pro-
cess described in the above patent. In accordance with
the latter process, tobacco and a stream of vapors of an
inert organic compound are introduced into one end of
an impregnating zone and moved in concurrent flow
relationship to the other end of the impregnating zone
during which time the tobacco becomes thoroughly im-
pregnated with the compound. After the impregnation
has occurred, the merged stream comprising tobacco
and the impregnating fluid, including vapors and any
condensed impregnant, is withdrawn from the other
end of the impregnating zone and suddenly subjected
to vapor-expanding conditions whereby the impregnant
in the tobacco is vaporized causing the tobacco to ex-
pand. The expanding conditions are preferably
achieved by rapidly increasing the temperature of the
impregnated tobacco by introducing it into a stream of
hot gas in the manner described in said U.S. Pat. No.
3,524,452, The volatile compound or mixture em-
ployed for impregnating the tobacco is preferably one
which is organic in nature, is chemically inert to the to-
bacco being treated and has a boiling point at atmo-
spheric pressure between about —50° C. and +80° C.
Preferably, the atmospheric pressure boiling point of
the compound is between —40° C. and +40° C. lustra-
tive inert organic compounds are: ketones such as ace-
tone and methyl ethyl ketone; aliphatic or cyclic ethers
such as methyl ethyl ether, diethyl ether, diisopropyl
ether, methyl butyl ether, dimethoxy methane, furan
and tetrahydrofuran; aliphatic alcohols such as metha-
nol, ethanol and 2-propanol; esters such as methyl for-
mate, ethyl formate and methyl acetate; aliphatic hy-
drocarbons such as butane, pentane, isopentane, hex-
ane and the corresponding unsaturated hydrocarbons;
the cyclo aliphatic hydrocarbons such as cyclobutane,
cyclohexane and cyclopentane; the halohydrocarbons
ethyl chloride, propyl chloride, isopropyl chloride, sec-
butyl chloride, t-butyl chloride, methyl bromide, ethyl
bromide, t-butyl bromide, methylene chloride, chloro-
torm, carbon tetrachloride, ethylene dichloride, ethyli-
dene chloride; and the fluorinated hydrocarbons repre-
sented by trichloromonofluoromethane, dichlorodi-
fluoromethane, monochlorodifluoromethane, 1,1-
difluoroethane, chloropentafluoroethane, octa-
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fluorocyclobutene, 1,1,1-trichlorodifluoroethane and
1,2-dichlorotetrafluoroethane.

In both the above processes the tobacco after being
impregnated with the selected fluid is subjected to va-
por-expanding conditions by being withdrawn from the
impregnating zone and subjected to a hot gas to vapor-
ize the volatile organic impregnant and to expand the
tobacco. Thus, referring to the drawing which shows in
diagrammatic form the flow of various streams, the im-
pregnated tobacco from impregnator 2 is passed into
conduit 13 and then into expander 4 in which it is con-
tacted with a hot gas to vaporize the impregnant and to
simultaneously expand the tobacco. The expanded to-
bacco is carried by the hot gas to a separator 6 such as
a cyclone separator, in which the expanded tobacco
separates from the hot expanding gas, vapors of the im-
pregnating fluid and steam vapors. The expanded to-
bacco is passed through an air lock 7 to steam stripper
8. Residual impregnating fluid is removed by vaporiza-
tion from the tobacco in steam stripper 8 and the to-
bacco effluent is passed to a reorderer 10 in which the
product is adjusted to the desired moisture content.
The gases including steam and vapors of the impregnat-
ing fluid are withdrawn from separator 6 through con-
duit 12, are heated to desired extent in heater 14 and
recycled to the expander 4 through conduit 13.

The present invention relates to the recovery of or-
ganic water-immiscible impregnating fluids used in
such processes as above for expanding tobacco. Thus,
in accordance with the present invention, a side stream
of excess gas consisting principally of hot vapors of the
impregnating fluid together with some air, water vapor
and tobacco dust is withdrawn through line 18 and is
subjected to preliminary recovery operations as will
now be described. This side stream is withdrawn
through line 18 at a suitable rate as controlled by valve
17 to maintain a slight suction in separator 6 and is
passed into the lower section of tower 20 at a point
above a liquid-collecting or liquid seal section 21 in the
bottom section thereof. It then passes through a perfo-
rated plate 22 where it bubbles through a shallow layer
of water to remove tobacco particles and dust. It then
passes through a bed of packing designated by numeral
23 which is supported by screen 27 and which occupies
approximately 60 to 80 percent of the height of the
tower 20. The packing material is preferably made of
materials which are essentially inert under the operat-
ing conditions employed. Polypropylene, ceramic or
stainless steel packing having a “Berl saddle” or ““in-
talox saddle” configuration are examples of packing
materials suitable for the present invention. Water at a
controlled temperature is introduced through line 24
into the top section of tower 20 and is discharged
through manifold 25 so as to flow downwardly in coun-
tercurrent relationship to the upwardly flowing gas
stream rising from the perforated plate 22. The temper-
ature of the water introduced through line 24 and man-
ifold 25 is controlled so that it is at a temperature some-
what, say 5° to 20° F., above the boiling point of the or-
ganic impregnating fluid but below the boiling point of
water at the pressure prevailing in tower 20. The gas
stream flowing upwardly within tower 20 is cooled to
within a few degrees of the temperature of the water
flowing downwardly within tower 20 and a major pro-
portion of water vapor in the gas stream is thereby
caused to condense and collect with the circulating
water stream in the liquid-collecting section 21 of the
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tower 20. Small particles of tobacco or dust which are
removed at the perforated plate 22 or, to a lesser de-
gree, in the packed section 23, either settle out of the
water in the lowest part of the tower 20 or leave in the
water draining from the tower through drain 43.

Vapors of the organic impregnating fluid plus some
water vapor and air are removed from tower 20 by
vapor fan 41 through line 28 controlled by valve 17 and
sent to condensing system 30. Condensing system 30
can involve one or more conventional liquid condens-
ing stages at successively higher pressures. After con-
densation the organic impregnating fluid and water are
sent via line 32 to liquid recovery tank 34 where phase
separation between the organic impregnating fluid and
water takes place. In the case of organic liquids having
a density greater than water, the organic impregnating
fluid is withdrawn through line 35 (this line being ap-
propriately located in the case of less dense organic lig-
uids) and recycled for reuse in expanding additional
quantities of tobacco. Water plus small amounts of en-
trained and dissolved organic fluid from recovery tank
34 overflows into sump tank 37 and is sent by means
of pump 36 via line 38 to water inlet line 24 for use in
tower 20. In line 24 it is combined with a much larger
volume of cooled, recycled water emerging from heat
exchanger 42. This combined water stream should be
large enough to keep the packing 23 in tower 20 thor-
oughly wet and to cool the gas stream to the desired
temperature. As this water flows down over the pack-
ing 23 countercurrent to the rising gas stream, it cools
the hot gas and causes much of the water vapor in the
rising gas stream to condense. The recycled water is
thereby heated causing entrained and dissolved organic
liquid to vaporize therefrom and to combine with the
gas stream which leaves the top of tower 20 through
vapor fan 41. The heated water flows over the perfo-
rated plate 22 where it washes tobacco particles out of
the gas stream. Perforated plate 22 is provided with a
vertically-arranged pipe 26 which protrudes slightly
above the top surface of plate 22 and extends down-
wardly to a point below the normal water level main-
tained in liquid seal section 21 by an inverted U-shaped
drainline 43. Excess water condensed in the process
can be removed via drain 43 but the greater portion of
the water stream emerging from the packed section 23
through the perforated plate 22 is recycled by pump 40
through heat exchanger 42 back to the top of tower 20
through line 24.

A further feature of the present invention is that it
permits, if desired, the use of organic impregnant-
saturated water obtained from an auxiliary or comple-
mentary vapor recovery system indicated generally by
the numeral 45. Condensate from vapor recovery sys-
tem 45 consisting of water substantially saturated with
organic impregnant is routed to liquid recovery tank 34
via line 46. Water, which represents the major portion
of this condensate, is thus combined with water ob-
tained from condensing system 30 for subsequent use
in tower 20 as previously described. It can be seen that
this feature serves to further minimize loss of organic
impregnant by the reuse of water that is normally dis-
carded. An auxiliary vapor recovery system 45 is de-
scribed in copending application Ser. No. 266,433 filed
of even date by Robert M. Neel and Robert C. Johnson.

The process of the present invention will be further
described with reference to a specific example. Thus,
a gaseous stream consisting of 20 to 30 percent by vol-
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ume organic impregnating fluid such as trichloromo-
nofluoromethane, 20 to 3¢ percent air, 40 to 60 per-
cent water vapor and tobacco fines or dust is passed
through line 18 into tower 20 at a rate of 5,000 pounds
per hour and at a temperature of about 240° F. Tower
20 contains a cylindrical bed of 2-inch polypropylene
intalox saddle packing having a height of 5 feet and a
diameter of 3 feet. Water at a temperature of about 90
to 105° F. is introduced through water inlet line 24 into
tower 20 at a rate of about 100 gallons per minute. This
water, discharged through manifold 25, flows down-
wardly in countercurrent relationship with the up-
wardly flowing gaseous stream introduced through line
18. This causes water vapor in said latter stream to con-
dense and it also removes tobacco fines which are car-
ried by the condensed water flow from plate 22 to sec-
tion 21 of the tower.

Vapors containing 45 percent trichloromo-
nofluoromethane together with about 10 percent water
vapor and 45 percent air are withdrawn by fan 41 at a
temperature of about 90° to 105° F. and are passed
through line 28 to condensing system 30. The con-
densed water and trichloromonofluoromethane are
transferred via line 32 to liquid recovery tank 34 where
the water and organic phases separate by gravity. The
recovery tank 34 is cooled to a 50°-60° F. temperature
range. The liquid trichloromonofluoromethane is with-
drawn from tank 34 via line 35 and used for impregnat-
ing additional quantities of tobacco. The water is al-
lowed to overflow to sump 37 and is pumped by pump
36 via line 38 to water inlet line 24, Recycle water from
section 21 of tower 20 is withdrawn by means of pump
40, sent through heat exchanger 42 and passed through
water line 24 and manifold 25 with the water from tank
34 into the top section of tower 20.

By operation in the above manner, good recovery of
the organic tobacco impregnating fluids is achieved ef-
ficiently. The present invention can be advantageously
employed for recovery of any water-immiscible im-
pregnating fluid used for expanding tobacco. The re-
moval of substantial quantities of water in tower 2@ sig-
nificantly reduces the load on condensing system 30.
Likewise, the load on vapor fan 41 and on condensing
system 30 is reduced by virtue of the reduced tempera-
ture of the organic impregnating fluid being conveyed
through line 28 as compared with its temperature in
line 18. Also, the entrained and most of the dissolved
trichloromonofluoromethane is stripped from the
water overflow from tank 34 as it passes through tower
20. Moreover, the removal of tobacco fines in tower 20
reduces the interference of such particles with respect
to operation of the condenser system 30. It is also ap-
parent that the recycle of water through lines 38 and 24
for reuse in tower 20 affords significant reduction in
the water requirements of the system for scrubbing out
the tobacco particles.

Those modifications and equivalents which fali
within the spirit of the invention are to be considered
a part thereof.

What is claimed is:

1. In a process in which tobacco is impregnated with
a water-immiscible organic impregnant and then is sub-
jected to a stream of a gas heated to a temperature sub-
stantially above the boiling point of the organic impreg-
nant whereby the organic impregnant is volatilized and
the tobacco is expanded and wherein the expanded to-
bacco is subsequently separated from the resulting vol-
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atilized stream, the improvement which consists in
passing a portion of said volatilized stream into a lower
section of a packed tower, introducing into the upper
section of said tower water at a controlled temperature
which is above that of the boiling point of the organic
impregnant and below that of water, flowing said water
downwardly through said packed tower in countercur-
rent relationship to said volatilized stream, removing
water from a lower section of said packed tower and
removing vaporized organic impregnant from the top
of said tower and condensing the so-removed organic
impregnant.

2. The process of claim 1 wherein the water which is
introduced into the upper section of said packed tower
is at a temperature approximately 5° to 20° F. above the
boiling point of the organic impregnant.

3. The process of claim 1 wherein water introduced
into the packed tower is collected in a liquid pool in
said lower section of the packed tower.

4. The process of claim 3 wherein water from said liq-
uid pool is recycled to the upper section of said tower.

5. The process of claim 1 wherein the packed tower
is provided with a perforated plate in the lower section
thereof through which said volatilized stream passes
upwardly prior to passage through a bed of packing ma-
terial in said packed tower.

6. The process of claim § wherein the bed of packing
material occupies from about 60 to about 80 percent
of the height of said packed tower.

7. In a process in which tobacco is impregnated with
a water-immiscible organic impregnant and then is sub-
jected to a stream of a gas heated to a temperature sub-
stantially above the boiling point of the organic impreg-
nant whereby the organic impregnant is volatilized and
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6

the tobacco is expanded and wherein the expanded to-
bacco is subsequently separated from the resulting vol-
atilized stream, the improvement which consists in
passing a portion of said volatilized stream into a lower
section of a packed tower having
an upper section comprising vapor exit means and a
plurality of nozzles for introducing water at a con-
trolled temperature which is above that of the boil-
ing point of the impregnant and below that of wa-
ter,
an intermediate section comprising packing material
suspended above the lower section by means of a
porous support and
a lower section comprising means for maintaining a
predetermined maximum level of liquid in said
lower section together with means for withdrawing
said liquid, a horizontally-disposed perforated plate
located above said predetermined maximum level
of liquid and means for introducing said volatilized
stream into said lower section of the tower at a
point intermediate between said perforated plate
and said predetermined maximum level of liquid,
introducing water through said nozzles for downward
flow through said packing material to condense at least
a portion of water vapor contained in said voltatilized
stream which is moving upwardly through said packing
material, withdrawing an organic impregnant-
containing vapor through said vapor exit means and re-
covering the withdrawn impregnant vapors by conden-
sation.
8. The process of claim 7 wherein a portion of the
water introduced through said nozzles is derived from

an organic vapor recovery system.
* % ok % %k
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