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3,387,613
PROCESS AND APPARATUS FOR CLEANING
PLANT LEAVES

Carl M. McHugh, Clemson, S.C., assignor io Research

Corporation, New York, N.Y., a noa-profit corporation

of New York

Filed Aug. 25, 1966, Ser. No. 575,013
16 Claims, (Ci. 131—138)

The present invention is broadly concerred with an
improved process and apparatus for cleaning and up-
grading plant leaves, particularly tobacco plant leaves.
The invention is more especially concerned with an im-
proved technique for processing cured tobacco leaves by
a processor of the tobacco which is received in bulk
form from the producer or grower of the tobacco.

In accordance with the present invention, foreign un-
desirable materials, such as dirt, sand, string, feathers,
and the like, in cured tobacco, are effectively and efficient-
1y completely removed from leaves before being delivered
to the market, by a unique integrated process and ap-
paratus. The present invention constitutes an improve-
ment over the process described in Patent No. 3,252,466,
granted May 24, 1966, inventor Swink, entitled, “Appara-
tus and Process for Cleaning Plants.”

In the present invention, the lsaves, such as tobacco
leaves, are passed along conveyors where in an initial
stage the leaves are in a substantially horizontal position
as they are being treated. While passing along these initial
conveyors, a number of operations are adapted to re-
move substantial quantities of deleterious materials there-
from. In one specific adaptation of the present invention,
the leaves after passing along initial processing conveyors,
are in a final cleaning stage attached by the stem to a
conveyor, such as a round belt conveyor, which permits
the full leaf to drop or position itself in a vertical posi-

tion, stem up, as it passes through the final cleanup stage
Oor area.

The construction of the belt conveyor or equivalent
means preferably is such so as to secure a serpentine
movement which causes the leaves to flex and move in
different and various directions, thus loosening and free-
ing the final traces of foreign material from their sur-
faces. Also, it is preferred to utilize jets of air which
impinge against the leaves from the sides of the frame
which air jets further agitate the leaves in a controlled
manner and function to remove the final traces of the
foreign materials from the leaves. This foreign material
falls to the bottom of the cleansing area and is removed
by suitable means, preferably by suction.

The process and apparatus of the present invention may
be readily understood by reference to the drawings illus-
trating some embodiments of the same. FIGURES 1, 1A
and 1B illustrate an overall diagrammatic operation.
FIGURE 2 is atop view of the final cleansing zone and
illustrates in some detail the serpentine movement of the
belt conveyor while FIGURE 3 is a side view of the ap-
paratus illustrated in FIGURE 2 with a collecting tank
shown in broken lines.

Referring specifically to FIGURE 1, cured tcbacco
delivered by the producer is placed upon an initial belt
conveyor 10 supported by suitably driven rolls 1 and 2, as
illustrated. This coaveyor may be a wire mesh type of
conveyor, as illustrated in the identified Swink patent, but
is preferably a gang belt, such as V belt, assembly where-
ing, for example, each V belt is spaced about one inch
apart, each suppcrted on a sheave which, in turn, are
on a common axle. Belt conveyor 1¢ may be agitated,
and an underside vacuum is imposed by means of duct 3
and suitable auxiliary equipment, not shown, so as to
remove the displaced deleterious particles from the leaves.
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The leaves then pass from initial belt conveyor 19
and drop to a secondary belt conveyor 28 which is prefer-
ably positioned below the height of belt coaveyor 10.
This causes the leaves to drop and thus a shock is im-
parted to them resulting in displacement of particles
therefrom. Belt conveyor 20 has a higher linear velocity
than belt conveyor 10 so as to initiate separation of the
leaves one from the other. Belt conveyor 2§ moves
around rollers or a plurality of sheaves 21 and 22. Belt
conveyor 28 likewise may be suitably agitated or other-
wise moved so as to secure maximum loosening and re-
moval of the undesirable particles. These loosened parti-
cles are removed by means of air-vacuum duct 23. Here
agein, the vacuum is imposed on the underside of the
leaves.

The leaves are passed from conveyor 20 to a tertiary
overhead conveyor 30 supported by rolls or sheaves 31
and 32. A vacuum is imposed on the topside by means
of duct 33 which pick up the leaves from conveyor 20.
The coaveyor system is designed to impose no underside
vacuum between rollers 21 and 42. The belts of conveyor
28 and conveyor 30 are spaced vertically apart about %57,
This vertical spacing may be varied as a function of other
operating and apparatus features as, for example, from
about ¥4’ to 1" etc. As mentioned, conveyor 38 picks up
the leaves from the top sides and causes foreign material to
be removed from the top surfaces of the leaves and car-
ried off through duct 33. The leaves are then passed onto
a fourth conveyor 49 supported by rollers or sheaves 4%
and 42 under the force of gravity and an underside suc-
tion created by duct 43 and suitable auxiliary means. When
the leaves are transferred from overhead conveyor 38 to
conveyor 49 the top side vacuum through duct 33 is cut
ofi. This lifting ard dropping of the leaves between the
respective conveyors loosens and removes most of the
foreign matter from the leaves.

Conveyor 20 has a linear velocity greater than that of
conveyor 10 and likewise conveyor 38 has a linear ve-
locity greater than conveyor 28. Increasing the lincar ve-
locity of each succeeding conveyor increases the separa-
tion of the leaves. Conveyor 20 is at the same height as
conveyor 40 and the belts intermesh as illustrated in
FIGURE 1A. Referring specifically to FIGURE 1A gang
sheaves 21 supports one end of conveyor 20 along with
gang sheave 22, not shown. Oversize slots in sheave 21
permit conveyor 40 to move freely thereby. Gang sheave
42 supports conveyor 40 along with sheave 41 not shown.
Oversize slots in sheave 41 permit conveyor 20 to move
freely thereby. No underside vacuum is imparted between
sheaves 2% and 42. Thus, in this area the vacuum im-
parted through duct 33 will cause the leaves to be picked
up by conveyor 30 as hereinbefore described. This inter-
meshing of the respective conveyors 20, 3¢ and 40 func-
tions very effectively to secure the smooth conveyance of
the leaves and to very effectively remove deleterious parti-
cles therefrom. The structure is illustrated in FIGURE 1B.

In accordance with the specific adaptation of the pres-
ent invention, the leaves, as they move along belt con-
veyor 4¢ supported by sheave 41 and sheave 42, are
picked up by the stem by a round belt conveyor 59 pass-
ing between suitably arranged and supported roller ele-
ments 51. These belts of this fifth conveyor unit may
be of any configuration but are preferably round.

Since the leaves are picked up at the ends of the
stems, the leaves, as they pass off belt conveyor 40, fall
downwardly into a substantially vertical position. These
belts or conveyor 50 with the leaves pass through a final
cleaning area or zone 80. The leaves, as they pass through
this final cleaning area 80, are preferably agitated by
positioning the rollers 51 out of straight alignment as
hereinafter described. The leaves in zone 80 are also,
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preferably, further agitated by jets of air impinging on
them causing them to sway more vigorously and jerkily.
This combined treatment completely frees the leaves of
undesirable particles. A vacuum is drawn through conduit
§2 causing the particles to fall downwardly in zone 80 and
to be removed as illustrated through conduit or duct 52
into cyclone 15¢ along with particles removed through
ducts 3, 23, 33 and 43.

The agitation and separation of the leaves cause bits
of the tobacco leaf to be loosened and drawn into the
respective ducts where they are carried with the removed
foreign matter, into a cyclone 250, Here the bits of
tobacco are recovered by suitable means and sacked for
industry.

The stems of the leaves are released at point 53 where
section (a) of belt 50 separates from section (b) of belt
50. Since the stem is more dense than the rest of the
leaf and since the respective heights of conveyors 59 and
68 are so adjusted to have the tip of the leaf strike the
edge of the lower positioned conveyor 64 operating at a
right angle to conveyor 58, the leaf will fall in a manner
that its longitudinal axis is substantially parallel to the
direction of movement when released from conveyor 59
at point 53.

Grading of the leaves is accomplished by suitable
means along conveyor 60 which is supported by rollers
61 and 62. As the leaves pass along conveyor 66, color-
sensitive photoelectric control cells 63 and 65 function
to grade the leaves and to activate suction lift elements
64 and €6 which pick out and segregate or grade less
desirable leaves. These leaves are passed to secondary
units 160 and 99 by suitable means while the top grade
uniform leaves are gathered at zome 78. The leaves
gathered at zone 70 pass to a baling zone 72. If desired,
a moisture control zone as shown at 70, may be utilized
before the graded leaves are packed for shipment. Here
the moisture content of the leaves may be adjusted up-
wardly or downwardly to an optimum condition so as to
minimize cracking and breakage of the leaves in transit
on the one hand, and dampness and mold on the other
hand. Leaves gathered in zones 166 and 9¢ may be
passed to a tying zone 149, thence to a bundling zone 130,
thence to an optional moisture control zone 116, and
finally to storage zone 120. The leaves also may be
passed directly to a baling zone 108 and handled as
desired.

Referring specifically to FIGURE 2, elements similar
to FIGURE 1 are similarly numbered. The leaves pass
from the belt conveyor 46 and are picked up by means
of conveyor belt 56 comprising two round belts (a) and
(b). These belts or conveyor 5¢ pick up the leaves 5
by their stems. As the leaves move into zone 80 they fall
to a vertical position with the broad leaf down, The con-
tacting belts containing the stems of the leaves § pass
between roller elements 51,

It is preferred that some of the supporting rollers 51
be out of alignment so as to secure a serpentine move-
ment of the conveyor 5@ as it passes through zone 30.
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This causes the leaves to weave and flex to and fro as -

they move through zone 89. The extent to which these
rollers are out of alignment may be varied appreciably
depending upon the degree of agitation desired which will
be a function of various factors, such as velocity of
belts, the force and direction of the air streams, ete.

It is to be noted that the axes of the rollers 51/ and
517 supporting conveyor 5@ at the point of picking up
the leaf from conveyor 40 are in horizontal planes. (See
FIGURE 3.) The axes of successive pairs of supporting
rollers §1 gradually revolve until at point 85 in zone 86
they lie in vertical planes. From point 85 on all the
rollers are in the same horizontal plage. However, the
axes of the rolers supporting one side of the belt 50
are preferably not in the same vertical plane, One pre-
ferred technique or arrangement is to have alternate
rollers supporting one side of the conveyor on opposite
sides of a vertical plane, preferably abutting the same.
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This is shown with respect to rollers $1a, 51b, 51c, 51d
and vertical plane (c). It is also shown with respect to
rolers 51e, 53f, 51g, 51k and vertical plane (d). Ob-
viously, the rollers may be irregularly staggered if so
desired.

Thus it is seen that my process and apparatus covers

an initial or primary horizontal cleaning stage and a
ccondary vertical cleaning stage, and that the initial
stage is formed of a two-step first phase, a second phase,
and a third phase, and the secondary stage has only the
single phase.

In accordance with a preferred adaptation, optional air
jets 81 and 82 are utilized so as to strike the vertically
hanging leaves and by direct force of the blasts of air to
cause the more securely held foreign material to be dis-
engaged from the leaf. Thus, the invention is concerned
with a novel technique and apparatus for effectively and
efficiently removing all deleterious particles from leaves
particularly tobacco leaves.

What is claimed is:

1. Process for the removal of deleterious particles from
plant leaves which comprises positioning said leaves in
a horizontal position with the stems extending in the sanie
direction in an initial stage and subjecting the same to
agitation and vacuum conditions between superimposed
belt type conveyors in said initial stage for dislodging
and removing said particles from the leaves, thereafter
substantially vertically positioning the leaves, stem up, in
a secondary stage, subjecting the leaves to agitation and
vacuum in said secondary stage and completely removing
remaining particles therefrom.

2. Process as defined by claim 1 wherein the leaves as
they emerge from said secondary stage are caused to fall
into a horizontal position and are passed through a tertiary
stage wherein the same are graded as they pass there-
through.

3. Process as defined by claim 2 where said leaves are
positioned to fall so as to have the longitudinal axis of
the same substantially parallel to the direction of move-
ment when said leaves emerge from said second stage.

4. Process as defined by claim 1 wherein in said initial
stage the leaves are subjected to under-surface vacuum
in a first phase, and thereafter raised up by an upper-
surface vacuum in a second phase and thereafter dropped
down by means of an under-surface vacuam in a third
phase.

5. Process as defined by claim 1 wherein said agitation
in said secondary stage is secured by moving the leaves
therethrough in a serpentine movement.

6. Process as defined by claim 5 wherein said agitation
is further secured by impinging air on said leaves as they
pass therethrough.

7. Process as defined by claim 1 wherein said leaves
are tobacco and wherein in said initial stage the leaves are
subjected to an under-surface vacuum in a first phase, ars
picked up in a second phase by means of a top-surface
vacuum and are dropped down in a third phase by means
of an undersurface vacuum, and wherein in said secondary
stage said leaves are agitated by means of passing the
leaves therethrough in a serpentine fashion thereby causing
the lower broad leaf to flex and weave resulting in com-
plete removal of undesirable particies.

8. Process as defined by claim 7 wherein the leaves are
jerkedly flexed by means of air jets impinging thereon in
said secondary stage.

9. An apparatus assembly for the removal of deleteri-

us particles from plant leaves which comprises in com-
bination, (1) a plurality of first horizontal conveyors posi-
tioned in a first particle removing and processing zone,
(2) vacuum means along said conveyors in said first
processing zone for subjecting the leaves positioned hori-
zontally on said conveyors to vacuum pressures as they
move therethrough, (3) a conveyor positioned in a second
processing zone at the end of said first conveyors for
picking up and suspending the leaves by their stems as
they emerge from said first processing zone and holding
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the broad areas of said leaves so they will fall down-
wardly as they move through said second particle remov-
ing processing zone whereby the remaining deleterious
particles will fall therefrom.

16. Apparatus as defined by claim 9 wherein there is
also in combination, (4) a conveyor positioned in a
third processing zone for picking up the leaves as they
emerge from the end of said second processing zone,
and (5) grading means positioned along said conveyor in
said third processing zone for grading the leaves as a
function of quality of said leaves.

11. Apparatus as defined by claim 9 wherein said
plurality of conveyors in said first processing zone com-
prises, (a) a first conveyor and vacuum means associated
therewith to provide a vacuum on the undersurface of
said leaves, (b) a second conveyor positioned above said
first conveyor and over-extending said first conveyor and
vacuum means associated therewith so as to impose
vacuum on the top surface of said leaves and functioning
as an overhead conveyor for said leaves, and (c) a third
conveyor positioned below said second comveyor and
under-extending said second conveyor and vacuum means
associated therewith to impose an under-surface vacuum
on said leaves whereby as said leaves move from said
first conveyor to said second conveyor they will move up-
wardly and as the leaves move from said second conveyor
to_said third conveyor they will move downwardly.

12. Apparatus as defined by claim 11 wherein said first
conveyor and said third conveyor are gang belt conveyors
and wherein the exit ends of the belts of said first conveyor
intermesh with the pickup ends of the belts on said third
conveyos.

13. Apparatus as defined by claim 12 wherein no under-
surface vacuum is imposed in the area wherein said belts
intermesh.

14. Apparatus as defined by claim 9 wherein said con-
veyor in said second processing zone is supported by
roller elements in an alignment designed to cause said
conveyor to move in a serpentine movement as it moves
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through said second processing zone, thereby causing the
unsupported broad ends of said leaves to wave and flex
as they move through said second processing zone.

15. Apparatus as defined by claim 14 wherein air jets
are supported in said second processing zone and in align-
ment to impinge on said leaves as they move therethrough.

16. Apparatus as defined by claim 10 wherein said
conveyor in said third processing zone is positioned at
substantially right angles to the conveyor in said second-
ary zone and is also positioned below said conveyor in
said secondary zone at sufficient distance so that the tips
of the leaves will impinge on said conveyor as the stems
are released from the conveyor in said secondary zone,
thereby causing the leaves to fall in a horizontal position
on said conveyor in a third processing zone wherein the
longitudinal axis of the leaves is substantially parallel to
the direction of movement of the leaves when they are
released from the conveyor in said secondary zone.
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