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(57) ABSTRACT 

Tobacco stems and lamina are puffed by microwave 
energy, employing intermeshed, slotted wave guides 
the wave pattern in the device is applied in successive 
means so that the microwave energy in one means is 
out of phase with its adjacent means. The tobacco 
may have a given moisture level, a microwave energy 
absorbing organic fluid impregnant, or a mixture of 
the two at the time of treatment. 

6 Claims, 2 Drawing Figures 
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PUFFING OF TOBACCO 
BACKGROUND OF THE INVENTION 

The treatment of tobacco in order to puff or expand 
it has previously been disclosed. The use of microwave 
energy to accomplish this puffing has also been shown, 
for example, in U.S. Pat. Nos. 3,409,023 and 
3,556, 1 12. In each case, the puffing process has gener 
ally required that the tobacco material being puffed 
consist of or contain the stem portion of the tobacco 
plant. Further, it has generally been required that the 
tobacco material align in a particular manner with the 
microwave energy waves. 

SUMMARY OF THE INVENTION 

In accordance with the present invention it has unex 
pectedly been discovered that by generating the micro 
wave energy in a particular way, puffing, not only of to 
bacco stems, but also of tobacco lamina, can be 
achieved without a particular alignment of the tobacco 
material to be puffed. In particular, a plurality of slot 
ted wave guides are employed and the microwave en 
ergy waves are generated in adjacent, successive pat 
terns. Employing such a method, it has been found that 
both stem and lamina can be puffed, without regard to 
the alignment of the tobacco materials with the gener 
ated waves. 
The tobacco material is conveyed through a micro 

wave field by any of a variety of means. For example, 
the materials may be placed upon a moving belt which 
passes through the microwave field, or the materials 
can be conveyed by a moving air stream through the 
fields. Generally, the microwave energy is in the TE10 
mode with a wave guide. The energy level will generally 
be between about 2 and 10 kilowatts, or even more, 
such as up to 50 kilowatts. Preferably, the energy level 
is in the range of from about 2 to 10 kilowatts. 

In accordance with this invention, a first set of slotted 
wave guides is employed and downstream of the first 
set, but intermeshed with it, a second set of wave guides 
will be employed. The two sets of wave guides will be 
powered by two different power sources, the two power 
sources being out of phase with respect to each other. 
The tobacco, prior to treatment, is brought to a mois 

ture level of between 5 and 75 percent, preferably from 
30 to 50 percent, if stem is to be treated and from 20 
to 50 percent for tobacco lamina. Alternatively, the to 
bacco may be treated with a volatilizable organic mate 
rial such as described, for example, in U.S. Pat. No. 
3,524,451, so long as this organic material is capable of 
absorbing microwave energy. Still further, volatilizable 
organic materials which do not absorb microwave en 
ergy can be employed when the organic material is em 
ployed in admixture with water, the water absorbing 
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the microwave energy and the resulting heat acting to 
volatilize the organic material. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 
FIG. 1 is a top plan view of one system which can be 

employed in accordance with the present invention; 
and 
FIG. 2 is a perspective view of a wave guide as em 

ployed in FIG. 1. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In accordance with the present invention a plurality 
of spaced microwave energy generating sources are 
provided. These sources are provided in a plurality of 
rows, the spaces between generating sources in one row 
being provided with generating sources in the second 
row, and so forth, so that the energy sources are inter 
meshed. 
As illustrated in the accompanying drawings, slotted 

wave guides 1, 3, 5 and 7 are powered from a first mi 
crowave generator 9 to a first load 11, acting as the 
power termination point. Wave guides 2, 4, 6 and 8 are 
powered from a second microwave generator 10 to a 
second load 12, again acting as the point of power ter 
mination. The second load 12 is also provided with a 
phase shifter 13, of a type well known in the art, in 
order to make certain that the energy generating pat 
tern in wave guides 2, 4, 6 and 8 is not superimposable 
upon the pattern of wave guides 1, 3, 5 and 7. A frag 
mentary perspective view of the types of wave guides 
employed for each of 1 through 8 in FIG. 1 is illustrated 
in FIG. 2. The wave guide 20 of FIG. 2 is generally rect 
angular in cross-section. Slots 21 and 22 are provided 
on two opposite sides of the guide for a purpose to be 
hereinafter explained. The specific shape of the wave 
guide is, of course, not critical to the present invention. 
As can be seen in FIG. 1, the spaces between succes 

sive wave guides in the pattern are connected by inserts 
23. These inserts 23 connect a slot 22 on one wave 
guide with a slot 21 on the next adjacent wave guide so 
as to provide a continuous path for material passing 
through the slotted wave guides. As shown in FIG. 1, 
a conveyor belt 30 having a tobacco loading is moved 
through the successive guides and inserts so that the to 
bacco may be acted upon by the microwave field. Of 
course, if desired, a moving air stream can be employed 
to conduct the tobacco to be treated in the same man 
ne. 

The direction of movement of the tobacco is illus 
trated by arrow A in FIG. 1, so that the tobacco is acted 
upon by those wave guides closest to the generators be 
fore passing through downstream wave guides. How 
ever, this is not critical. The propagation energy flow 
in the various wave guides and connectors is illustrated 
by arrows D. 
The phase shifter shown at 13 is particularly impor 

tant to the present invention. The microwave field, of 
course, is generated in such a manner that there are 
peaks and valleys. Employing the phase shifter 13, in 
accordance with the present invention, the field of the 
second set of wave guides 2, 4, 6 and 8 can be gener 
ated in such a manner that it is out of phase with the 
field of the first set of wave guides 1, 3, 5 and 7. It is 
this point which is critical, according to the present in 
vention, rather than the specific shape of the guide, the 
specific arrangement, the manner of conveying the to 
bacco, etc. 
While the figure illustrates the invention with regard 

to a moving belt, obviously other means of conveying 
the tobacco can also be employed. For example, the to 
bacco may be conveyed through the wave guide pat 
tern illustrated employing a moving air stream or other 
conveying methods can be used. 
As previously indicated, the wave guides preferably 

operate in the TElo mode. The individual sources 9 and 
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10 can be operated at from 2 to 50 kilowatts, and pref 
erably generate from about 2 to 10 kilowatts. The fre 
quency of energy generation can be any normally em 
ployed for industrial, scientific and medical uses, gen 
erally 915 or 2,450 megacycles. The tobacco being 
treated should have a moisture content of between 5 
and 75% and this can be attained by any suitable means 
well known to the art. Preferably, the stems to be 
puffed by microwave energy have a moisture content 
of from 30 to 50 percent and the lamina a moisture 
content of from 20 to 50 percent. The temperature at 
which the puffing operation is carried out is not critical 
and need only be such as to allow maintaining the mois 
ture level. 
With the system illustrated in FIG. 1, and a belt width 

of 2 feet, a significant degree of puffing would be ob 
tained at a belt speed of 20 feet per minute with a mois 
ture content of 40 percent, a tobacco depth of 20 milli 
meters, and a frequency of 2,450 megacycles. If the fre 
quency were changed to 915 megacycles, the depth 
could be increased to about 30 millimeters. This would 
be employing a power level of approximately 5 kilo 
watts for each of generators 9 and 10. If the belt speed 
is increased, the power must be correspondingly in 
creased. 

In place of, or in addition to, the moisture found in 
the tobacco, various volatile, inert, organic compounds 
can be employed. Generally, these organic compounds 
are those which have a boiling point below that of wa 
ter, or close to the boiling point of water. Among these 
inert, organic materials are aromatic hydrocarbons, in 
cluding benzene, ketones, such as acetone, methylethyl 
ketone, methyl isopropyl ketone, and diethyl ketone; 
ethers, such as diethyl ether and dimethyl ether; ali 
phatic alcohols, such as ethyl alcohol and methyl alco 
hol; aliphatic hydrocarbons, such as propane and bu 
tane; and halohydrocarbons, such as ethyl chloride, 
propyl chloride, isopropyl chloride, methylene chlo 
ride, methylene bromide, chloroform, carbon tetra 
chloride, ethylene dichloride, etc. Those materials 
which will absorb microwave energy can be employed 
without regard to the moisture content of the tobacco, 
as long as the tobacco is at a workable level, while 
those which are not capable of absorbing such energy 
must be employed with at least the minimum amount 
of water present for absorption of the energy to gener 
ate the necessary heat. Such a process, though employ 
ing solvents similar to or the same as those used in U.S. 
Pat. No. 3,524,451 provide the advantage of more uni 
form puffing as the heat is generated internally of the 
tobacco material, resulting in expansion of the organic 
materials from within. 
The following examples are provided that those 

skilled in the art may be better enabled to practice the 
process of the present invention. These examples 
should not be considered as limiting in any way the full 
scope of the invention as covered in the appended 
claims. 

EXAMPLE 

Cut tobacco stems were conditioned to a variety of 
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4. 
water levels varying from 10 to 70 percent. These stems 
were introduced into a wave guide system as illustrated 
in FIG. 1 on a non-lossy belt. Each of the power sources 
was operated at power levels of from 0 to 5 kilowatts 
and the frequency of the microwave energy was at 
2,450 megacycles. A fill factor increase of from 4 to 50 
percent was realized at the varying parameters. 

EXAMPLE 2 

Tobacco stems and lamina were treated for a suffi 
cient period of time with methylene chloride to com 
pletely impregnate the tobacco. This tobacco was then 
inserted into a microwave energy field having inter 
meshed fields and treated. The water temperature was 
rapidly increased as a result of the microwave energy 
and this water acted as a thermal reservoir to initiate 
the vaporization of the methylene chloride. 
While the invention has been shown and described 

with a plurality of microwave generators to generate 
the intermeshing fields, when proper care is taken, the 
wave guides can be offset in such a manner that inter 
meshing patterns are generated by a single generator. 
We claim: 
1. A method for expanding cut stem or lamina to 

bacco comprising: 
a. treating said cut stem or lamina tobacco with a ma 

terial capable of absorbing microwave energy in 
cluding bringing the moisture content of the cut 
stem tobacco to at least 30 percent; 

b. providing at lease one source of microwave en 
ergy; 

c. providing a plurality of means for applying said mi 
crowave energy; 

d. continuously conveying said treated cut stem or 
lamina tobacco in a random orientation in juxtapo 
sition to said means for applying said microwave 
energy, wherein the wave pattern in successive 
means for applying said microwave energy is out of 
phase with respect to adjacent means substantially 
from one end of said applying means to the other 
end thereof. 

2. The method of claim 1 wherein the material capa 
ble of absorbing microwave energy is water. 

3. The method of claim 1 wherein said material capa 
ble of absorbing microwave energy is an inert volatile 
liquid organic compound capable of being removed by 
vaporization. 

4. The method of claim 1 wherein the material capa 
ble of absorbing microwave energy is a mixture of 
water and an inert volatile liquid organic liquid com 
pound capable of being removed by vaporization. 

5. The method of claim 1 wherein the means for ap 
plying microwave energy is a slotted wave guide. 

6. The method of claim 1 wherein at least two 
Sources of microwave energy are provided, each of said 
sources powering a plurality of means for applying said 
microwave energy, said means powered by said first set 
being intermeshed with said means powered by said 
second set, the terminal of said second power source 
being provided with a phase shifter. 
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