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Description

Field of the Invention

This invention relates to the field of cooling and/or
heating a material such as a gas, a liquid, or a solid that
flows such as an ash, sand, or sludge, in a rotating heat
exchanger. More particularly, the present invention re-
lates to a method of cooling and/or heating a fluid in a
rotating drum that utilizes one or more free rotating he-
lixes in the drum to advance the material in the drum
and carriers in the drum to exchange heat to the fluid
and to clean the drum.

Background of the Invention

Heat exchangers are well known in the art. Howev-
er, many fluids cooled or heated in a normal tube ex-
changer cause fouling of the heat exchanger surfaces
contacted by the flowing material. More specifically,
when cooling liquids or gases containing hydrocarbon,
the inside of the cooling tube may foul with paraffin or
other solid condensed during cooling, and when heating
such gaseous or liquid materials, or solids containing
such materials, the inside of the heat exchanger tubes
may foul with a coke or other solid. When a normal pipe
or tube exchanger fouls, the efficiency drops to a point
where very little heat is exchanged to or from the flowing
medium so the exchanger must be shut down and
cleaned. This is a very expensive and time consuming
situation, especially since, in many instances, a heat ex-
changer can foul in only a few hours or even minutes.

There is a significant need for heat exchangers
which can be used to process such liquid, gaseous or
solid materials. For example, in many petrochemical
processes, by-products and waste materials are pro-
duced which must be disposed of in such a way as to
avoid contamination of the environment. In some cases,
noxious, sometimes poisonous, gases are emitted from
waste materials, so that it is necessary to prevent them
from escaping. Waste materials also sometimes contain
valuable materials which it is desirable to recover. Proc-
esses now being used to process such materials often
have prohibitively high cost, sothat there is a great need
for a lower cost method of treating such materials for
disposal. When solids are included among the materials
to be disposed of, it is usually necessary to dry them to
remove water, other liquids and noxious gases. Filter
presses are now used for this purpose, but these are
incapable of completely dewatering many solids, so va-
porization must still be used.

US-A-4730564 discloses apparatus with limited
flexibility. The apparatus includes a rotatable tapered
drum having an inner drum coaxially disposed therein.
Material flows from one end of the exterior drum to the
other end by gravity. A scoop picks up the material from
the other end of the exterior drum and transfers it to the
interior of the interior drum. The inner drum slopes
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downwardly, and this slope is relied upon to cause the
material to move by gravity to the opposite end of the
innerdrum, where it flows out to an outlet hopper. Means
are provided to heat the material in both the outer drum
and the interior drum.

In accordance with a one aspect of the present in-
vention, apparatus for thermal processing of material
comprises:

a substantially cylindrical outer drum rotatable
about a substantially horizontal axis and having a
first end and a second end;

a substantially cylindrical inner drum disposed in
and integrally attached to the interior of the outer
drum for rotation therewith and having a first end
and a second end;

an inlet conduit positioned for flowing material into
the first end of the outer drum;

an outlet conduit positioned for removing material
from the second end of the outer drum;

a transfer conduit mounted for transferring material
from the second end of the outer drum to the first
end of the inner drum;

a first freely rotatable helix disposed in and on the
inner surface of the lower side of the outer drum and
encircling the inner drum, with its axis substantially
parallel to the axis of the outer drum, coiled to con-
vey material from the first end to the second end of
the outer drum;

a second freely rotatable helix disposed in and on
the inner surface of the lower side of the inner drum,
coiled to convey material from the first end to the
second end of the inner drum; and

a heater disposed to heat the outer drum.

In one embodiment the apparatus comprises appa-
ratus for thermal processing of a feed stock containing
solids and fluids and comprises:

a rotatable drum including a heating section and a
coaxial cooling section on front and rear ends of the
heating section;

a coaxial feed stock conduit extending through the
front cooling section for supplying feed stock to the
heating section;

a feed stock conveyor in the heating section for
moving the feed stock through the heating section
for heat treatment to separate fluids from solids; and
a coaxial treated material conduit extending from
the heating section to the rear cooling section for
cooling and removing products of heat treatment
from the drum.

The present invention discloses an apparatus
which can be used in applications involving high tem-
peratures. The apparatus typically includes a seal to
prevent the escape of noxious gases.

In one example, a rotating drum has one or more
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freely rotating helixes rotating inside of the drum to help
clean the inside of the drum. The freely rotating helixes
inside of the drum also advance the material, as well as
carriers that are placed in the drum, and remain in the
drum, to help clean the inside of the drum and to help
transfer heat to or from the material being heated or
cooled. Means are provided to isolate the seals from the
high temperature area of the heat exchanger, and to in-
sure that noxious gases cannot escape to the atmos-
phere. The use of the carriers insures that solids are
continually removed from heat exchanger surfaces, pul-
verized, and removed, so that efficient heat transfer is
maintained.

An improved heat exchanger can be provided hav-
ing minimal fouling characteristics and improved heat
transfer characteristics.

The present invention may provide a single rotating
heat exchanger that has a mid-section that serves as a
retort for heating a solid and liquid and vaporizing the
liquid, a front section for cooling, condensing, and re-
moving the vapors from the mid-section, and a rear sec-
tion for cooling and removing the hot solids from the mid-
section.

The present invention may provide a sealed heat
exchanger for working in a hot service that includes a
rotating drum, a non-rotating inlet, a non-rotating outlet
for removing the solids from the drum, and a non-rotat-
ing outlet for removing the vapors from the drum, but the
seals between the rotating and non-rotating parts are
working in a cold service.

In a preferred example, the front end of the outer
drum is closed by an annular plate having an inlet tube
connected to the centre of an annualar plate and an
opening in the centre of the annular plate such that there
is a passageway from the inside of the outer drum
through the tube and to the outside of the outer drum.
The tube is rotatably supported on bearings and seal-
ingly engaged by a seal, the bearings and seal being
mounted on a stationary inlet pipe such that the tube,
bearings, seal and exterior drum rotate around the inlet
pipe. Therefore, material can flow through the inlet pipe
and through the inlet tube to the inside of the rotating
drum but the seal between the tube and the inlet pipe
prevents flow from the inside of the rotating drum to the
outside of the rotating drum and the outside of the inlet
pipe.

The back end of the outer drum is also closed by an
annular plate having a passageway in the center thereof
and an outlet tube with bearings and a seal that, in turn,
are mounted on a stationary outlet pipe such that the
outer drum, bearings, seal and outlet tube rotate around
the outlet pipe and the outlet pipe does not rotate. The
inner drum is attached integrally to the outer drum by
rods so that the interior drum rotates together with the
rotatable exterior drum. Therefore, material can flow
through the outlet tube and through the outlet pipe from
the inside of the rotating drum but the seal between the
outlet tube and the outlet pipe prevents flow from the
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inside of the rotating drum to the outside of the rotating
drum and the outside of the outlet pipe.

Each end of the inner drum is attached integrally to
the outer drum by rods so that the inner drum rotates
together with the rotatable outer drum. The inner drum
is located between the back end annular plate and the
front end annular plate of the outer drum so that there
is a first space between the annular plate of the front
end of the outer drum and the front end of the inner drum
and a second space between the annular plate of the
back end of the outer drum and the back end of the inner
drum.

A carrier scoop is located in the second space and
extends from the interior surface of the outer drum to
the inside of the back end of the inner drum to convey
carriers from the interior surface of the outer drum in the
second space to the interior of the inner drum. This car-
rier scoop has selected openings to contain the carriers
and direct them to the interior of the inner drum, but not
to contain the flowing medium being cooled or heated.

A material scoop is located in the second space and
extends from the interior surface of the outer drum to
the inside of the outlet pipe to convey the material being
heated or cooled from the interior surface of the outer
drum in the second space to the interior of the outlet
pipe. This material scoop has selected openings to con-
tain the material and direct it to the inside of the outlet
pipe, but not to allow the carriers to flow to the outlet
pipe.

A third scoop may, alternatively, be placed next to
the carrier scoop to convey a selected portion of the ma-
terial to the inside of the inner drum, for recirculating a
selected portion of the material.

A ring is disposed between the first space and the
front end of the annular passage to prevent excessive
amounts of carriers from flowing from the first space and
the front end of the annular passage, and a scoop is
provided in the first space, through the ring, and into the
front end of the annular passage to allow a selected
amount of carriers to flow from the first space to the front
end of the annular passage.

A freely rotatable helix is disposed in the annular
passage and between the rods on each end of the inner
drum and rotates freely therein, as the two drums rotate.
The helix is helixly configured to advance the carriers
and the material from the front end of the outer drum to
the back end of the outer Arum. Another freely rotatable
helix is disposed in the inner drum and rotates freely
therein as the two drums rotate. The other helix is helixly
configured to advance the material in the inner drum
from the back end thereof to the front end thereof.

Sometimes the outside of the inner drum cokes and
collect an excessive amount of solids. To prevent this,
an additional helix is placed on the outside of the inner
drum and rides and rotates thereon. This additional helix
rotates inside of the larger helix in the outer drum and
does not touch the larger helix or the outer drum.

In operation, feed material to be cooled flows
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through the inlet pipe to the first space in the outer drum.
A cooling medium is passed around the outside of the
outer drum. The material being cooled flows -from the
first space in the outer drum, through the annular pas-
sage between the outer drum and the inner drum to the
second space in the outer drum, and then is scooped
up and placed inside of the outlet pipe.

As the outer and inner drums rotate as one piece,
and the free rotating helixes rotate freely, carriers flow
from the first space, through the annular passage to the
second space and then they are lifted up by the carrier
scoop and placed in the back side of the inner drum.
They then flow from the back end of the inner drum to
the front end of the inner drum and are returned to the
first space. Not only is the hot material being exposed
to the cold interior of the outer drum, but the hot material
is also exposed to the helixes, inner drum, and the car-
riers which convey heat from the hot material to the in-
terior of the outer drum.

The inside of the outer drum and the inside and out-
side of the inner drum are being cleaned continuously
by the carriers and/or helixes that rotate freely with the
rotating drums.

Heating a material in the exchanger is the same as
cooling a material except that a heating fluid, rather than
a cooling fluid, is passed around the outside of the ex-
terior drum.

The outer drum may contain fins on the outside
thereof to aid in the transfer of heat between the fluid
outside of the drum and the outside surface of the outer
drum. Also, a jacket may be placed around the outside
of the outer drum to contain the heating or cooling fluid.

Additionally, a container of water or cooling liquid
may be placed under the outside of the outer drum so
that fins can dip into the liquid as they rotate to further
cool the fins and drum. The fins can have scoops or cups
to lift the liquid up and splash the liquid on the top of the
rotating exterior drum, eliminating the need for a pump
as utilized in conventional cooling towers.

On small exchangers, the present invention also
teaches how the feed and cooled or heated product can
pass through the same end of the exchanger where only
one seal is required which provides lower construction
and maintenance costs.

In another embodiment, the outer drum is divided
intothree sections, each section being similar to the sec-
ond exchanger described. The outside of the mid-sec-
tion is heated with a heating medium for vaporizing lig-
uids and heating solids that pass therethrough. The out-
side of the front section is cooled with a cooling medium
for condensing the vapors and cooling the liquids con-
densed therefrom. The outside of the back section is
cooled with a cooling medium to cool the solids, after
the liquids have been removed from the solids and be-
fore the solids are removed from the exchanger.

In this other embodiment, it is also taught how va-
pors can be removed from both ends of the exchanger
and condensed and cooled.

&
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Brief Description of the Drawings

For a detailed description of the preferred embodi-
ments of the present invention, reference will now be
made to the accompanying drawings wherein:

Figure 1 is a schematic vertical sectional view of a
heat exchanger according to the present invention;
Figure 2 is a cross-section of the apparatus of Fig-
ure 1 taken along the plane shown by line 2-2 in
Figure 1;

Figure 3 is a cross-sectional schematic of the ap-
paratus of Figure 1 taken along the plane shown by
line 3-3 in Figure 1, showing the apparatus in one
position;

Figure 3A is a cross-sectional schematic of the ap-
paratus of Figure 1 taken along the plane shown by
line 3-3 in Figure 1 showing the apparatus following
a ninety-degree rotation from the position shown in
Figure 3;

Figure 3B is a cross-sectional schematic of the ap-
paratus of Figure 1 taken along the plane shown by
line 3-3 in Figure 1 showing the apparatus following
a one hundred and eighty degree rotation from the
position shown in Figure 3;

Figure 4 is a schematic vertical sectional view of an
apparatus for supplying a cooling medium to the
present invention;

Figure 5 is a schematic vertical sectional view of an-
other embodiment of the heat exchanger according
to the present invention;

Figure 6 is a schematic vertical sectional view of still
another embodiment of the heat exchanger accord-
ing to the present invention;

Figure 7 is a cross-sectional schematic of the mid-
section of the apparatus of Figure 6 that shows the
mid-section of Figure 6 in more detail;

Figure 8 is a cross-sectional schematic of the front
section of the apparatus of Figure 6 that shows the
front section of Figure 6 in more detail;

Figure 9 is a cross-sectional schematic of the rear
section of the apparatus of Figure 6 that shows the
rear section of Figure 6 in more detail; and

Figure 10 is a fragmentary cross-sectional sche-
matic of another embodiment of the invention.

Description of the Preferred Embodiments

(a) Rotating Exchanger with the Feed on the Front End
and the Product on the Rear End

Referring now to Figure 1, there is shown exchang-
er 100 having a horizontal rotating drum 102. The front
end of drum 102 (the left end as shown in the drawing)
is closed by circular plate 104 which has a center open-
ing 106 which receives the inner end of tube 108, which
functions as a support axle for the drum. A bearing 110
and seal 112 are mounted within tube 108, the bearing
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rotatably supporting inlet pipe 124, and the seal also
sealingly engaging inlet pipe 124.

The rear end of drum 102 is closed by circular plate
114 which has center opening 116 with support tube 118
surrounding the opening. The inside of tube 118 has
bearing 120 and seal 122 mounted therein, the bearing
120 rotatably supporting outlet pipe 128 and the seal
sealingly engaging the outlet pipe.

Drum 102 is enclosed by jacket 150 that provides
an annular chamber 152 between jacket 150 and drum
102. Jacket 150 is provided with inlet tube 154 at the
bottom near one end, and an outlet tube 156 at the top
near the other end. Seal 162 provides a seal between
jacket 150 and tube 108, and seal 164 provides a seal
between jacket 150 and tube 118.

An interior cylindrical drum 134 is coaxially dis-
posed within drum 102 to form an annular passage 184
between drum 102 and drum 134. Rods 140 attach the
outside of the front end of drum 134 to the inside of drum
102 and rods 142 attach the outside of the rear end of
drum 134 to the inside of drum 102 so that drum 134
rotates with drum 102. Drum 134 has an opening 138
on the front end and an annular ring 144 forming an
opening 136 in the rear end.

Typical carriers 180 are shown on the bottom inside
of drums 102 and 134. The carriers are objects made of
steel or stone which are small enough to flow between
the helixes and the chambers of the exchanger but large
enough to effect a cleaning of the walls of the drums and
a crushing and grinding of material that sticks to the
walls of the drums. However, it has been found that the
carriers should not have a circular cross-section, since
circular carriers will roll along the inside walls of the
drums. Instead, the carriers preferably have flat or irreg-
ular sides so they will slide, tumble, and scrape the drum
walls. One suitable shape is hexagonal, like a blank for
anut.

Drum 102 carries within it a freely rotating helix 166
with an axis parallel to drum 102. The helix has a diam-
eter such that it rests on the bottom inside of drum 102
and helixes around the outside of drum 134 but does
not touch drum 134. Helix 166 is located between rods
140 and 142 and is allowed to rotate freely inside drum
102 as drum 102 rotates in a rotational direction which
is the same as the rotational direction of drum 102. Free-
ly rotating helix 166 rotates at a greater rounds per unit
time than drum 102 because the exterior circumference
of helix 166 is smaller than the circumference of the in-
side wall of drum 102. Freely rotating helix 166 is con-
figured to move material which rests on the bottom in-
side of drum 102 from the front end to the rear end of
drum 102.

Helixes in the present invention are helical rods or
bars that are formed like a coil compression spring. One
advantage of the freely rotatable helix is that it rotates
as the drum rotates and, therefore, it does not require
an external driver. Another advantage is that it crushes
and pulverizes the materials being processed in the

10

15

20

25

30

35

40

45

50

55

drum. Still another advantage is that it prevents the
sticking of materials being processed to the wall of the
drum or to the helix. Still another advantage is that the
helix allows for the placement of drums concentrically,
as described herein.

The freely rotating helix of the present invention,
which rotates freely in the interior of a drum by rolling
on the interior wall of the drum as the drum rotates, ro-
tates in a rotational direction which is the same as the
rotational direction of the drum. Furthermore, such helix
rotates at a greater rounds per unit time than the drum
because the exterior circumference of the helix is small-
er than the circumference of the inside wall of the drum.

Inside of drum 134 is a freely rotating helix 168 that
touches the bottom inside of drum 134 and is allowed
to rotate freely inside of drum 134 as drum 134 rotates.
Rotational helix 168 is configured to move material from
the rear end of drum 134 to the front end of drum 134.

A cleaning helix 170, having a larger diameter than
drum 134, rests on the outside of drum 134 and between
rods 140 and 142. Rotation of drum 134 causes cleaning
helix 170 to rotate, but it is loose on drum 134, so that
it slides and scrapes the outside of the drum. Cleaning
helix 170 has a cross-section which includes a scraping
face on one side, for example as may be formed by a
rectangular or triangular cross-section.

Referring now to Figure 2, there is shown a cross-
section of exchanger 100 along line 2-2 of Figure 1.
There is shown rotatable drum 102 enclosed by fluid
jacket 150 providing annular chamber 152. Drum 134 is
held rigidly in the center of drum 102 by rods 142 (shown
in Figure 1) which are attached to the inside of drum 102
and the outside of drum 134. Helix 168 is shown on the
inside of drum 134 and helix 170 is shown on the outside
of drum 134 and riding the top outside wall of drum 134.
Helix 166 is shown inside of drum 102 and lying on the
bottom inside wall of drum 102. Drums 102 and 134 ro-
tate in the center of jacket 150 and around center 196,
while helixes 166, 168, and 170 rotate around a different
center as indicated by 198 of Figure 2. It can be seen
that helixes 166, 168, 170, and drum 134 rotate when
drum 102 rotates and that cleaning helix 170 rides on
the outside wall of drum 134 and rotates therewith but
does not touch helix 166 or drum 102.

Referring back to Figure 1, an annular ring 146 po-
sitioned on the inside front portion of drum 102 partially
closes the front end of the annular passage 184 be-
tween the rods 140 and the front end plate 104 and pro-
vides chamber 182 in the inside front end of drum 102.
There is also a rear end chamber 186 on the inside rear
end of drum 102 that is located between rods 142 and
rear end plate 114.

Carrier scoop 172 is positioned in chamber 186 and
is affixed to the inside of drum 102 and extends to the
inside of drum 134 through opening 136. The walls of
carrier scoop 172 are perforated to allow liquids and
small solids to pass through them, but the perforations
are smaller than the carriers so that the carriers will not
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pass through the walls but are lifted up and placed in
the inside of drum 134 as drum 102 rotates. Material
scoop 174 positioned in chamber 186 is attached to the
inside of drum 102 and extends through opening 116 to
the inside of outlet pipe 128. Inlet opening 194 of scoop
174 is perforated so that liquids and small solids can
pass through the perforations but the carriers cannot
and so that liquids and small material are lifted up and
placed inside of pipe 128 as drum 102 rotates.

Optionally, for liquids, scoop 173 is located in cham-
ber 186 and attached to the inside of drum 102 and ex-
tends alongside of scoop 172 to the inside of drum 134
through opening 136. Scoop 173 is optionally provided
for use when exchanger 100 is used as a condenser and
it is desirable to cool drum 134 by keeping the inside
wetted with condensate. Figure 3 shows a cross-section
of exchanger 100 along line 3-3 of Figure 1. Scoop 172
extends from the interior surface of drum 102 to opening
136 of ring 144 which is attached to the interior of drum
134. Helixes 166, 168, 170, and rods 142 are not shown
in Figure 3. Scoop 172 is a tube fabricated from wire
mesh or perforated steel which has a multitude of open-
ings to let liquid and small particles pass through the
holes or perforations in scoop 172 but does not let the
carriers pass through the openings. Scoop 172 has an
inlet opening 190 on the front end of scoop 172 next to
the inside wall of drum 102 to let the carriers enter the
scoop and an outlet opening 192 on the rear end of
scoop 172 inside of chamber 188 to let the carriers de-
part from the scoop inside of ring 144 and chamber 188.
Ring 144 is provided to prevent the carriers from falling
back into chamber 186 before helix 168 (shown in Fig-
ures 1 and 2) inside of drum 134 can move the carriers
down drum 134. Figure 3 shows drum 102 rotated such
that the inlet end of scoop 172 is on the bottom of drum
102 and typical carrier 180 is about to enter scoop 172
through inlet opening 190 as drum 102 rotates further.

Figures 3A and 3B depict a schematic of the cross
section of the exchanger shown in Figure 3 after one-
quarter (ninety degrees) and one-half (one hundred
eighty degrees) rotation, respectively, showing the
progress of the carriers 180 being conveyed from drum
102 into drum 134 by scoop 172 through opening 136,
as drums 102 and 134 rotate clockwise. It can be seen
in Figure 3A that liquids and small solid particles pass
through the perforations of scoop 172 back to drum 102,
but that the carriers are larger than the perforations and
remain in scoop 172 until they leave scoop 172 through
outlet opening 192.

Referring now back to Figure 1, reference is made
to scoop 174, which is similar to scoop 172, except that
it does not have perforations so that it contains liquids
and small solid particles and is configured so that the
liquid and solid particles depart scoop 174 through
opening 195 inside of outlet pipe 128. The inlet opening
194 of scoop 174 is restricted with openings smaller
than the carriers so that the carriers cannot enter scoop
174 and therefore remain in exchanger 100. The restric-
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tions in inlet opening 194 also function as a particle siz-
ing device to restrict large lumps from leaving the ex-
changer and keeping them in the exchanger until they
have been further ground or pulverized in chambers 182
and 186. Alternate scoop 173 may be used, if desired,
when exchanger 100 is used as a condenser. Scoop 173
is configured like scoop 172 except that it does not have
perforations and is sized so that a selected amount of
liquid, if desired, is lifted from drum 102 and placed in-
side of drum 134 to wet and cool the inside of drum 134.

Scoop 176 is provided in chamber 182 to lift a se-
lected amount of carriers and material over ring 146 and
to chamber 184.

Vapor outlet 148 is provided in pipe 128 so that va-
pors can be removed from exchanger 100, separately
from the solids, when exchanger 100 is used to heat sol-
ids and vaporize liquids therefrom.

Driving wheel 132 is attached to tube 108 for rotat-
ing drum 102. Wheel 132 can be connected to a driver
by a belt, chain, or gear arrangement. The driver and
connection are not shown, it being understood that they
can be provided by one skilled in the art.

As seen from the above description, drum 102 is
integrally attached to scoops 172, 173, 174, and 176,
ring 146, drum 134 by rods 140 and 142, tubes 108 and
118 by end plates 104 and 114, and to drive wheel 132
by end plate 104 and tube 108, so that those compo-
nents rotate together as one piece, as the external driv-
ing means (not shown) rotate drum 102 by rotating
wheel 132. The front end of drum 102 is supported by
bearing 110 carried in tube 108. Bearing 110 is mounted
on inlet pipe 124 which is supported externally by a sup-
port which is not shown. The rear end of drum 102 is
supported by bearing 120 carried in tube 118. Bearing
120 is mounted on outlet pipe 128 which is supported
externally by a support which is not shown. As drums
102 and 134 rotate, free helixes 166, 168, and 170 ro-
tate, respectively, as previously described, but inlet pipe
124, outlet pipe 128, and fluid jacket 150 do not rotate.

In the operation of exchanger 100 as a condenser,
hot vapors enter drum 102 through pipe 124. Drum 102
is cooled by cold gaseous fluid in chamber 152 on the
outside of drum 102, causing vapors to condense and,
in some cases, solids to deposit on the walls of the drum.
The cold fluid enters chamber 152 by inlet pipe 154 and
exits chamber 152 by outlet pipe 156. Helixes 166 and
170 rotate as drums 102 and 134 rotate, crushing de-
posited solids, such as paraffin, and helix 166 conveys
the solids and the carriers to the chamber 186 at the
rear end of drum 102. The tumbling carriers crush and
scrape solids from the wall of the drum. Rotating drum
102 causes scoop 176 to lift carriers 180 and material
from chamber 182 and over ring 146 to chamber 184.
Helix 166 is wound so that it pushes the carriers through
chamber 184 to chamber 186 where they are lifted by
scoop 172 to inside of drum 134. Helix 168 is wound so
that it then pushes the carriers from opening 136
through chamber 188 and back to chamber 182 through
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opening 138. The liquid that condensed from the hot va-
pors, the carriers, and helix 166 are cooled by the inside
wall of cool rotating drum 102. Drum 134 is cooled by
radiating heat to the walls of drum 102 and by radiation
and convection to the carriers and liquid that moves
through the inside of drum 134 from scoops 172 and
173. The hot vapors are cooled and condense on the
surfaces of the inside wall of drum 102, the inside and
outside walls of drum 134, the surfaces of helixes 166,
168, and 170, and the carriers. The liquid that condens-
es from the hot vapors is then lifted from drum 102 by
scoop 174 to outlet pipe 128 where it is removed. Car-
riers 180 clean the walls of solid particles which are re-
moved from exchanger 100 with the liquid.

The entire operation of exchanger 100 takes place
in a sealed container, since seals 112 and 122 prevent
any gases, liquids, or solids inside of drum 102 from es-
caping to the outside.

When exchanger 100 is used as a heater, the op-
eration is essentially the same as described above ex-
cept hot gaseous fluid is used to heat drum 102, instead
of cold fluid. When a solid is being heated in exchanger
100, carriers 180 tend to serve as millers and grind and
pulverize the solid feed in chamber 182 as well as during
the movement of the material along the bottom of the
drum 102. Carriers in chamber 182 begin to transfer
heat to the solid material at this point, and some vapor-
ization may occur. As the drum 102 rotates, scoop 176
transfers a mixture of solids and carriers over the ring
146, and deposits it in the chamber 184, where it is grad-
ually moved to the right by the helix 166, the rolling of
the helix and the tumbling of the carriers serving to crush
the solids while they are being heated by heat exchange
with the wall of the drum 102, resulting in liquefaction
and vaporization of some components. In chamber 186,
some of the carriers and larger pieces of solid material
are picked up by scoop 172 and deposited into inner
drum 134, where they are conveyed to the left by the
helix 168, and deposited into chamber 182 for recircu-
lation. During the passage through drum 134, the solids
are further pulverized and dried.

Liquids and small solid particles resulting from the
heat exchange may be removed by scoop 174, which
deposits them in outlet pipe 128. Vaporized materials
may exit by pipe 148. If desired, scoop 173 may be used
torecirculate some of the liquid and small solid particles.

It has been found that the carriers tend to spread
out in chamber 182, and that when drum 102 is only
50.8cm (twenty inches) in diameter, the carriers will
spread out to a length of 91cm to 152cm (three to five
feet) along the bottom of the drum, depending on the
rotational speed of drum 102 and the size of the carriers.

When heating a solid containing a liquid, scoop 173
is not necessarily required and the vapors vaporized
from the solid can be removed by pipe 148 while the
solids and unvaporized liquid are removed by gravity
through pipe 128.

Referring now to Figure 4, there is shown a cross
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section of condenser 100 along line 4-4 of Figure 1
showing drum 102 and plate 104. Jacket 150 of ex-
changer 100 of Figure 1 has been removed from ex-
changer 100 of Figure 4, it being understood that in
some instances, when using exchanger 100 as a cooler,
drum 102 can be sufficiently cooled by the ambient air.
Fins 178, 178A, 178B, and 178C have been added to
the outside surface of drum 102 to provide more surface
for cooling drum 102. If the ambient air does not provide
enough cooling, container 187 is provided to hold water,
or a cooling liquid 189 under drum 102 so that fins 178,
178A, 178B and 178C can dip into liquid 189 as drum
102 rotates. Container 187 may also be raised so that
the outside surface of drum 102 is in liquid 189. Fins
178, 178A, 178B, and 178C can also be provided with
scoops, or cups, 179, 179A, 179B, and 179C, to lift the
liquid from container 187 and spill the liquid on the top
of drum 102 as drum 102 rotates. Cold liquid is added
to container 187 through pipe 161 and excess liquid is
removed through pipe 163 with the liquid level in con-
tainer 187 being controlled by liquid level controller 165
that controls valve 167.

(b) An Exchanger Having a Mid-section for Heating
a Solid and Vaporizing the Liquid from the Solid, a Front
Section for Condensing the Vapors from the Mid-sec-
tion, a Rear Section for Cooling the Hot Solids from the
Mid-section, and Means for Separately Removing the
Cooled Solids, Liquids, and Non-condensable Gas from
the Exchanger.

Referring now to Figure 5, there is shown exchang-
er 600 having a horizontal rotating drum 602. To more
clearly illustrate the invention, most of the internals of
exchanger 600 are not shown in Figure 5. The internals
not shown in Figure 5 that are used to move the material
in the various sections of drum 602 are shown in Figures
6, 7, and 8. In figure 5, the part of exchanger 600 that
is on the left hand side of the viewer of the drawing is
called the front end of exchanger 600 and the part of
exchanger 600 that is on the right hand side of the view-
er of the drawing is called the rear end of exchanger
600. An annular plate 604A is positioned in the front half
of drum 602. Plate 604A has an opening 636A in its cent-
er. An annular plate 614A is positioned in the rear half
of drum 602. Exchanger 600 is therefore divided into
sections. The front section of exchanger 600 starts at
the very front end of exchanger 600 and extends to plate
604A. The mid-section of exchanger 600 starts at plate
604 A and extends to plate 614A. The rear section of ex-
changer 600 starts at plate 614A and ends at the very
rear end of exchanger 600.

The front end of drum 602 is closed by annular plate
604 and plate 604 has center opening 606 with tube 608
connected to plate 604 encircling opening 606 as
shown. Bearing 610 and seal 612 are mounted in tube
608, with bearing 610 rotatably mounting drum 602 on
collection tube 675, and seal 612 sealingly engaging the
collection tube. An annular plate 675A closes the front
end of tube 675 and an annular plate 675B closes the
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rear end of tube 675. Tube 675 also has an inlet opening
675D on the upper rear end of tube 675 and an outlet
opening 675E that opens in to outlet pipe 628 on the
bottom front end.

A screw tube 624A starts on the outside of tube 675
and extends through plate 675A, plate 675B, the front
section of exchanger 600, and through the hole in plate
604 A to the mid-section of exchanger 600. Tube 624A
forms an annular chamber 675C in tube 675 between
the inside wall of tube 675, plates 675A and 675B and
the outside wall of tube 624A. An inlet opening on the
upper front end of tube 624 A connects to feed pipe 624,
and an outlet opening 606A opens into the mid-section
of exchanger 600. Tube 624A is provided with an inter-
nal screw conveyor 625 to move feed from the inlet to
the outlet of tube 624A. Screw 625 is connected to drive
shaft 627 for turning screw 625, and drive shaft 627 is
provided with seal 631 to prevent leakage from the in-
side of tube 624 A to the outside. The driver for shaft 627
is not shown, it being understood that one can be pro-
vided by one skilled in the art.

The rear end of drum 602 is closed by annular plate
614 having a center opening 616 with a concentric tube
618 surrounding the opening. Tube 618 is rotatably sup-
ported in bearing 620 and sealingly engaged by seal
622. Bearing 620 and seal 622 are mounted in sealed
bulkhead 621, which is provided with end plate 628B
and forms chamber 628A. Chamber 628A opens into
outlet pipe 628.

On the front end of the front section of drum 602 is
scoop 674A positioned so that its outlet rotates over
opening 675D as drum 602 rotates. Scoop 674A has
small perforations in the inlet that are sized so that liquid
and small material can pass into scoop 674A and be
lifted up to opening 675D, but large carriers cannot.
Scoops 674 and 674B are provided in the rear end of
the mid-section and the rear end of the rear section re-
spectively of drum 602. Scoops 674 and 674B are con-
figured similar to scoop 174 used on exchanger 100 and
previously described. Scoop 674 lifts small material, but
not carriers, from the rear end of the mid-section to the
front end of the rear section and scoop 674B lifts small
material, but not carriers, from the rear end of the rear
section to chamber 628A.

On the outside of drum 602, at the front end and the
rear end of the mid section of drum 602, rotatable
wheels 632 and 632A support drum 602 for rotation.
Supporting and driving means to support and rotate
wheels 632 and 632A are not shown, it being under-
stood that such can be provided by one skilled in the art.

The mid-section of drum 602 is enclosed by jacket
650 that provides an annular chamber 652 between
jacket 650 and drum 602 to carry a heat exchanging gas
or other fluid for controlling the temperature of the out-
side on the mid-section of drum 602. Jacket 650 is pro-
vided with inlet tube 654, outlet tube 656, seal 662 be-
tween jacket 650 and front wheel 632, and seal 664 be-
tween jacket 650 and rear wheel 632A.
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On the outside of the rear section of drum 602 a
condensing tube 671 is provided to condense vapors
from inside of the mid- section of drum 602. Tube 671
starts at opening 671A in plate 614A and extends
through the front part of the rear section of drum 602 to
the outside-of drum 602 through opening 681. Tube 671
is wound in a helix around the outside of the rear section
of drum 602 to the rear end of the rear section of drum
602 where it continues back to the inside of the rear sec-
tion of drum 602 through opening 681A and continues
through the center of tube 618 and through the center
of plate 628B providing outlet 671B. Outlet 671B is pro-
vided with seal 683 between it and plate 628B to seal
chamber 628A from the outside.

Drum 602 is integrally attached to tubes 608 and
618 by plates 604 and 614, and scoops 674A, 674, and
674B, section plates 604A and 614A, drive wheels 632,
and 632A, and pipe 671 are affixed thereto. Those com-
ponents therefore rotate together as one piece. Howev-
er, collection tube 675 with outlet pipe 628, and screw
tube 624 A with screw 625 and inlet pipe 624, jacket 650,
and bulkhead 621 with connecting pipes 649 and 628
do not rotate.

The temperature of the outside of the mid-section
of drum 602 is controlled by the temperature of the gas,
or liquid, that flows through inlet pipe 654, as shown by
arrow 660, and through chamber 652, as shown by ar-
row 652A, and out of outlet pipe 656, as shown by arrow
658. Alternately, a direct fire can be placed in chamber
652, but in hot service, hot gas as described in my Pat-
ent No. 4,872,954, issued October 10, 1989, is pre-
ferred.

Feed consisting of solids and liquids from inlet pipe
624 flows to tube 624A and is conveyed by screw con-
veyor 625 through opening 606A to the front of the mid
section of drum 602. The feed is heated from the walls
of the mid-section of drum 602 and the liquids vaporized.
The vapors from the mid-section of drum 602 flow to the
front section through opening 636A in plate 604A. The
outside walls of the front section of drum 602 are cooled
by one of the methods previously taught, so the vapors
from the mid- section are cooled in the front section and
condensed. In rotating with drum 602, scoop 674A lifts
the liquids from the bottom of the front end of the front
section of drum 602 and moves it to opening 675D. The
liquids, and non-condensable gases, then flow through
chamber 675C and opening 675E to outlet pipe 628.

The solids from the feed are further heated as they
flow through the mid-section to the rear end of the mid-
section where they are lifted and moved by scoop 674
to the front end of the rear section of drum 602. The
outside of the rear section is cooled by a method previ-
ously taught so the solids are cooled as they move to
the rear end of the rear section to scoop 674B which lifts
the solids and moves them to chamber 628A and then
they flow by gravity to outlet pipe 628.

Attention is directed to the fact that although the
feed is heated in the mid section to very high tempera-
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tures, with the heating medium often being between
538°C and 1093°C (1000 and 2000 degrees F), seals
612 and 622 operate at relatively low temperatures. In
fact, the seals can easily be operated at between 93°C
and 316°C (200 and 600 degrees F), but it is preferred
that the solids are not cooled too much so seal 622
should operate at between 104°C and 246°C (220 and
475 degrees F). If the solids are cooled too much, un-
desirable vapors from the mid-section may condense on
the solids. To prevent this, the solids are only cooled to
atemperature above that of steam at the operatingpres-
sure of the exchanger, and steam is injected in pipe 649
and flows through the rear section and back to the mid-
section. This prevents undesirable vapors from flowing
from the mid-section to the rear section of exchanger
600.

Some feeds have an excessive amount of liquids
that vaporize at a relatively high temperature, such as
between 260°C and 538°C (500 and 1000 degrees F).
Such vapors tend to recondense on the feed at the front
end of the mid-section and tend to cause a flow problem
of the vapors inside of the mid-section. Accordingly, it is
sometimes desirable to remove vapors from both the
front and the rear ends of the mid-section. Therefore,
pipe 671 is optionally provided to additionally remove
vapors from the rear end of the mid section of drum 602.
Vapors flow to pipe 671 through opening 671A. The va-
pors are cooled by contact with the walls of the pipe on
the outside of the cold rear section of drum 602. The
vapors condense inside of cold pipe 671 and the liquids
are carried to the rear end and flow out outlet 671B.

The mid-section of exchanger 600 is shown in more
detail in Figure 6. An interior cylindrical drum 734 is co-
axially disposed in the mid-section of drum 602 to form
an annular passage 784 between the mid-section of
drum 602 and drum 734. Rods 740 attach the outside
of the front end of drum 734 to the inside of drum 602
and rods 742 attach the outside of the rear end of drum
734 to the inside of drum 602 so that drum 734 rotates
with drum 602 when drum 602 rotates. Drum 734 has
an opening 738 on the front end and a ring 744 with an
opening 736 on the rear end. A chamber 786 is located
on the rear end of the mid-section of drum 602.

Inside of chamber 784 is a freely rotating helix 766
that touches the bottom inside of drum 602 and helixes
around the outside of drum 734 but does not touch drum
734. Helix 766 is located between rods 740 and 742 and
is allowed to rotate freely inside drum 602 as drum 602
rotates. Rotating helix 766 is configured to move mate-
rial from the front end of the mid-section of drum 602 to
the rear end of the mid-section of drum 602.

Inside of drum 734 is a freely rotating helix 768 that
touches the bottom inside of drum 734 and is allowed
to rotate freely inside of drum 734 as drum 734 rotates.
Rotational helix 768 is configured to move material from
the rear end of drum 734 to the front end of drum 734.

Annular ring 746 positioned on the inside front por-
tion of drum 602 partially closes the front end of the an-
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nular passage 784 between the rods 740 and plate 604A
and provides chamber 782 in the inside front end of the
mid-section of drum 602.

Carrier scoop 772, similar to carrier scoop 172 pre-
viously described in exchanger 100, is positioned in
chamber 786 and is connected to the inside of drum 602
and extends to the inside of drum 734 through opening
736. The entrance of carrier scoop 772 is perforated so
that it allows small material to pass through scoop 772
butthe perforations are small enough so that the carriers
will not pass through them but are lifted up and placed
in the inside of drum 734 as drum 602 rotates. Material
scoop 674, similar to scoop 174 in Figure 1 which has
been previously described, is provided in chamber 786
to lift small material, but not the carriers, from the rear
end of the mid section to the front end of the rear section
of drum 602.

There is a scoop 776 in chamber 782 configured to
lift carriers and material over ring 746 from chamber 782
tochamber 784. Scoop 776 is sized sothat an excessive
amount of carriers and material are not lifted from cham-
ber 782 to chamber 784 so that chamber 782 always
contains a substantial amount of carriers and material.

In operation of the mid-section of exchanger 600 as
shown by Figure 6, the drum is rotated by wheels 632
and 632A, heat is applied to the outside of drum 602 by
chamber 652 and feed is conveyed to chamber 782 from
tube 624 A by internal screw 625, all as previously shown
in Figure 5 and described above. Chamber 782 serves
as a holding chamber that utilizes the carriers to grind,
pulverize, and exchange heat to the feed. The flow of
hot carriers to chamber 782 is such that most of the va-
porization takes place in chamber 782. The vapors flow
from chamber 782 through opening 636A to the front
section of drum 602.

The feed and carriers in chamber 782 are lifted over
ring 746 to chamber 784 by scoop 776 where they are
pushed by helix 766 through chamber 784 to chamber
786. In chamber 784 they are further heated and any
remaining liquids are vaporized and the vapors flow
back to chamber 782 and the solids are pushed on to
chamber 786.

Chamber 786 also is a holding chamber that utilizes
the carriers to grind, pulverize and exchange heat to the
feed. Scoop 674 in chamber 786 lifts the small solids,
but not the carriers, from chamber 786 through the hole
in plate 614Ato the front end of the rear chamber. Scoop
772 in chamber 786 lifts the carriers , but not the small
solids, to chamber 788, through opening 736 of drum
734. Ring 744 prevents the carriers from falling back to
chamber 786 before helix 768 can receive them and
move them down drum 734. Helix 768 moves the carri-
ers from the rear end of drum 734 to the front end of
drum 734 and back to chamber 782. The carriers are
further heated as they move down drum 734.

Therefore, the carriers serve to clean the walls of
the inside of drums 602 and 734, and chambers 782 and
786 and also to transfer heat to the feed and to grind
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and pulverize the feed in chambers 782 and 786.

The front section of exchanger 600 of Figure 5 is
shown in more detail in Figure 7. An interior cylindrical
drum 834 is coaxially disposed in the front section of
drum 602 to form an annular passage 884 between the
inside wall of drum 602 and the outside wall of drum 834.
Rods 840 attach the outside of the front end of drum 834
tothe inside of drum 602 and rods 842 attach the outside
of the rear end of drum 834 to the inside of drum 602 so
that drum 834 rotates with drum 602 when drum 602
rotates. Drum 834 has an opening 836 on the rear end
and a ring 844 with an opening 838 on the front end.
Tube 624A extends through the inside of drum 834 and
forms a chamber 888 between the outside wall of 624A
and the inside wall of 834.

There is also a chamber 886 located on the rear end
of the front section of drum 602.

Inside of chamber 884 is a freely rotating helix 866
that touches the bottom inside of drum 602 and sur-
rounds but does not touch drum 834. Helix 866 is locat-
ed between rods 840 and 842 and is allowed to rotate
freely inside drum 602 as it rotates. Rotating helix 866
is configured to move material from the rear end of the
front section of drum 602 to the front end of the front
section of drum 602.

Inside of chamber 888 is a freely rotating helix 868
that touches the bottom inside of drum 834 and is al-
lowed to rotate freely inside of drum 834 as drum 834
rotates. Rotational helix 868 is configured to move ma-
terial from the front end of drum 834 to the rear end of
drum 834.

Chamber 882 is provided on the front end of the
front section of drum 602 between rods 840 and plate
604. Carrier scoop 872, similar to carrier scoop 172 pre-
viously described in exchanger 100, is positioned in
chamber 882 and is connected to the inside of drum 602
and extends to the inside of drum 834 through opening
838. The walls of carrier scoop 872 are perforated to
allow small material to pass through them, but the per-
forations are small enough so that the carriers will not
pass through them but are lifted up and placed in the
inside of drum 834 as drum 602 rotates.

In operation of the front section of exchanger 600
as shown by Figure 7, the drum is rotated by wheels 632
and 632A and feed is conveyed to chamber 782 in the
mid section from tube 624 by screw 625, all as previ-
ously shown in Figure 5 and described above. The va-
pors from the mid-section flow to the front section
through opening 636A.

The carriers in chamber 882 are lifted to the inside
of chamber 888 over ring 844 where they are pushed
by helix 868 through chamber 888 to chamber 886.
Chamber 886 also is a holding chamber that utilizes the
carriers to exchange heat with the vapors and to grind
any dust or waxes that are carried over with the vapors.
Helix 866 pushes the carriers from chamber 886 through
chamber 884 and back to chamber 882.

Therefore, the carriers serves to clean the walls of
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the inside of drums 602 and 834, and chambers 882 and
886 and also to transfer heat from the vapors.

The front section of exchanger 600 of Figure 5 is
shown in more detail in Figure 7. Referring to Figure 7,
there is shown the front section of drum 602 with ring
632, plates 604A and 604 with tube 608, bearing 610,
and seal 612, tube 625 with screw 624A and inlet pipe
624, collection tube 675 with plates 675A, 675B, cham-
ber 675C, inlet opening 675D and outlet opening 675E
and scoop 674A. All of those items are shown in Figure
5 and are described above.

In Figure 7, there is an interior cylindrical drum 834
being coaxially disposed in the front section of drum 602
to form an annular passage 884 between the inside wall
of drum 602 and the outside wall of drum 834. Rods 840
attach the outside of the front end of drum 834 to the
inside of drum 602 and rods 842 attach the outside of
the rear end of drum 834 to the inside of drum 602 so
that drum 834 rotates with drum 602 when drum 602
rotates. Drum 834 has an opening 836 on the rear end
and a ring 844 with an opening 838 on the front end.
Tube 624A extends through the inside of drum 834 and
forms an annular chamber 888 between the outside wall
of 624A and the inside wall of 834. There is also a cham-
ber 886A located on the rear end of the front section of
drum 602.

Inside of chamber 884 is a freely rotating helix 866
that touches the bottom inside of drum 602 and helixes
around the outside of drum 834 but does not touch drum
834. Helix 866 is located between rods 840 and 842 and
is allowed to rotate freely inside drum 602 as drum 602
rotates. Rotating helix 866 is configured to move mate-
rial from the rear end of the front section of drum 602 to
the front end of the front section of drum 602.

Inside of chamber 888 is a freely rotating helix 868
that touches the bottom inside of drum 834 and is al-
lowed to rotate freely inside of drum 834 as drum 834
rotates. Rotational helix 868 is configured to move ma-
terial from the front end of drum 834 to the rear end of
drum 834.

Chamber 882 is provided on the front end of the
front section of drum 602 between rods 840 and plate
604. Carrier scoop 872, similar to carrier scoop 172 pre-
viously described in exchanger 100, is positioned in
chamber 882 and is connected to the inside of drum 602
and extends to the inside of drum 834 through opening
838. Carrier scoop 872 is perforated so that it allows
small material to pass through scoop 872 but the perfo-
rations are small enough so that the carriers will not pass
through them but are lifted up and placed in the inside
of drum 834 as drum 602 rotates.

In operation of the front section of exchanger 600
as shown by Figure 7, the drum is rotated by wheels 632
and 632A and feed flows to chamber 782 in the mid-
section from tube 625, all as previously shown in Figure
5anddescribed above. The vapors from the mid-section
flow to the front section through opening 636A.

The carriers in chamber 882 are lifted to the inside
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of chamber 888 over ring 844 where they are pushed
by helix 868 through chamber 888 to chamber 886.
Chamber 886 also is a holding chamber that utilizes the
carriers to exchange heat with the vapors and to grind
any dust or waxes that are carried over with the vapors.
Helix 866 pushes the carriers from chamber 886 through
chamber 884 and back to chamber 882. Therefore, the
carriers serve to clean the walls of the inside of drums
602 and 834 and chambers 882 and 886 and also to
transfer heat to the feed.

The rear section of exchanger 600 of Figure 5 is
shown in more detail in Figure 8. Referring to Figure 8,
there is shown the rear section of drum 602 with wheel
632A, plates 614A and 614 with tube 618, bearing 620,
and seal 622, condenser pipe 671, scoop 674B, and
bulkhead 621 with connecting pipes 628 and 649. All of
those items are shown in Figure 5 and are described
above. In Figure 8, there is an interior cylindrical drum
934 coaxially disposed in the rear section of drum 602
to form an annular passage 984 between the inside wall
of drum 602 and the outside wall of drum 934. Rods 940
attach the outside of the front end of drum 934 to the
inside of drum 602 and rods 942 attach the outside of
the rear end of drum 934 to the inside of drum 602 so
that drum 934 rotates with drum 602 when drum 602
rotates. Drum 934 has a ring 944 with an opening 936
on the rear end. There is also a chamber 986 located
on the rear end of the rear section of drum 602.

Inside of chamber 984 is a freely rotating helix 966
that touches the bottom inside of drum 602 and helixes
around the outside of drum 934 but does not touch drum
934. Helix 966 is located between rods 940 and 942 and
is allowed to rotate freely inside drum 602 as drum 602
rotates. Rotating helix 966 is configured to move mate-
rial from the front end of the rear section of drum 602 to
the rear end of the rear section of drum 602.

Inside of chamber 988 is a freely rotating helix 968
that touches the bottom inside of drum 934 and is al-
lowed to rotate freely inside of drum 934 as drum 934
rotates. Rotational helix 968 is configured to move ma-
terial from the rear end of drum 934 to the front end of
drum 934.

Chamber 986 is provided on the rear end of the rear
section of drum 602 between rods 940 and plate 614.
Carrier scoop 972, similar to carrier scoop 172 previous-
ly described in exchanger 100, is positioned in chamber
986 and is connected to the inside of drum 602 and ex-
tends to the inside of drum 934 through opening 936.
Carrier scoop 972 is perforated so that it allows small
material to pass through its walls but the perforations
are small enough so that the carriers will not pass
through them but are lifted up and placed in the inside
of drum 934 as drum 602 rotates.

In operation of the rear section of exchanger 600 as
shown by Figure 8, the drum is rotated by wheels 632
and 632A and hot solids flows to chamber 982 from the
mid-section through scoop 674, all as previously shown
in Figure 6 and described above.
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The carriers in chamber 986 are lifted to the inside
of chamber 988 over ring 944 where they are pushed
by helix 968 through chamber 988 to chamber 982.
Chamber 982 also is a holding chamber that utilizes the
carriers to exchange heat with the vapors and to grind
any lumps that are carried over by scoop 674. Helix 966
pushes the carriers from chamber 982 through chamber
984 and back to chamber 986. Therefore, the carriers
serves to clean the walls of the inside of drums 602 and
934 and chambers 986 and 982 and also to transfer heat
from the solids to the walls of the rear end of drum 602.

Since the outside of the rear end of drum 602 is be-
ing cooled by one of the methods previously taught, the
hot solids are cooled as they flow through chamber 984
to chamber 986. In chamber 986, the solids, but not the
carriers, which have been cooled by flowing through
chamber 984, are lifted up and placed into chamber
628A where they flow by gravity to outlet pipe 628.

(¢) Means for Handling Expansion and Misalignment of
the Apparatus of Figure 5.

In some instances, the long length of drum 602 and
the high temperatures that the mid-section operates un-
der causes excessive expansion of drum 602 and some-
times misalignment of its ends. The following structure
is provided to handle such expansion and misalignment.

Referring now to Figure 9, there is shown a portion
of the rear end of the mid-section of drum 602 of Figure
5. The front portion of the mid-section of drum 602 is not
shown in Figure 9. Plate 614A, wheel 632A, and a por-
tion of condensing pipe 671 and scoop 674 of Figure 5
is shown in Figure 9.

The portion of drum 602 that is the rear section of
Figure 5 is called 802A in Figure 9. The front end of the
rear section of drum 602A is enclosed by plate 14B hav-
ing a hole in its center.

Tube 35 is concentrically affixed to the center of
plate 614A and extends through the hole in plate 14B to
the front end of the rear section 602A of drum 602.
Scoop 674 and pipe 671 extend from the rear end of the
mid-section of drum 602, through a hole in plate 614A,
through tube 35 and to the front end of the rear section
and drum 602A.

The hole in plate 14B is large enough to let tube 35
protrude through it and to let plate 14B move and slide
on tube 35, but it is small enough to substantially cen-
trally support plate 14B.

Expansion joint 41 is provided and is attached to
tube 35 at 41B and to plate 14B at 41A. The expansion
joint 41 flexes and absorbs the expansion and move-
ment of drum 602 and therefore bearing 620 (shown in
Figure 5) can be held rigidly in place to support the rear
end of the rear section of drum 602A. The outside of
plate 614A is provided with insulation 39 to retain heat
in the mid section.

Flexible packing 33 is provided around the outside
of tube 35, inside expansion joint 41 and next to plate
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14B to plug the space between plate 14B and tube 35
and prevent excessive matter from getting inside the ex-
pansion joint.

It should be noted that there may be many modifi-
cations to the expansion joint of Figure 9 without depart-
ing from the spirit of the present invention, but, with an
expansion joint between the various sections of drum
602 of Figure 6, many other sections can be attached
to drum 602 that can provide many combinations of
heating and cooling.

Claims

1. Apparatus for the thermal processing of material,
comprising:

a substantially cylindrical outer drum (102) ro-
tatable about a substantially horizontal axis and
having a first end and a second end;

a substantially cylindrical inner drum (134) dis-
posed in and integrally attached to the interior
of the outer drum for rotation therewith and hav-
ing a first end and a second end;

an inlet conduit (124) positioned for flowing ma-
terial into the first end of the outer drum (102);
an outlet conduit (128) positioned for removing
material from the second end of the outer drum
(102);

a transfer conduit (172,17 3) mounted for trans-
ferring material from the second end of the out-
er drum to the first end of the inner drum;

a first freely rotatable helix (166) disposed in
and on the inner surface of the lower side of the
outer drum (102) and encircling the inner drum
(134), with its axis substantially parallel to the
axis of the outer drum, coiled to convey material
from the first end to the second end of the outer
drum;

a second freely rotatable helix (168) disposed
in and on the inner surface of the lower side of
the inner drum (134), coiled to convey material
from the first end to the second end of the inner
drum; and

a heater (150) disposed to heat the outer drum
(102).

2. Apparatus as defined by claim 1, wherein the ends
of the inner drum (134) terminate short of the ends
of the outer drum (102).

3. Apparatus according to claim 1 or claim 2, wherein
the transfer conduit is perforated to filter out smaller
particles of material and convey larger particles of
material to the inner drum (134).

4. Apparatus according to any of the preceding claims,
wherein the transfer conduit is a scoop (172) mount-
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10.

ed within the outer drum (102) with an inlet opening
between the second end of the outer drum (102)
and the first end of the inner drum (134) and adja-
cent the inner surface of the outer drum, said scoop
having an outlet opening into the interior of the inner
drum and being perforated to filter out smaller par-
ticles of material and convey larger particles of ma-
terial to the inner drum.

Apparatus as defined by claim 4, wherein the outlet
conduit (128) comprises a scoop mounted within
the outer drum (102) which includes a particle sizing
device positioned to admit to the scoop particles
smaller than a predetermined size, but to exclude
larger particles, said second scoop providing com-
munication with the outlet conduit.

Apparatus as defined by any of claims 1 to 5, and
including:

a coaxial cylindrical cooling chamber mounted
on front and rear ends of said outer drum for
rotation therewith,

said outlet conduit comprising a solid materials
conduit (674) communicating between the inte-
rior of said outer drum and the interior of the
rear one of said cooling chambers.

Apparatus according any of the preceding claims,
wherein said outer drum (102) has a central open-
ing in each end,

said inlet conduit (124) extending through the
central opening in the first end and said outlet con-
duit (128) extending through the central opening in
the second end.

Apparatus as defined by any of claims 1 to 7, and
including a plurality of freely movable carriers in the
outer drum.

Apparatus as defined by claim 8, said carriers being
movable from the outer drum to the inner drum by
the transfer conduit.

Apparatus according to any of the preceding claims
for thermal processing of a feed stock containing
solids and fluids comprising:

wherein said outer drum (602) includes a heat-
ing section and a coaxial cooling section on
front and rear ends of the heating section;
wherein said inlet conduit comprises a coaxial
feed stock conduit (624A) extending through
the front cooling section for supplying feed
stock to the heating section;

wherein said first helix comprises a feed stock
conveyor (766) in the heating section for mov-
ing the feed stock through the heating section
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for heat treatment to separate fluids from sol-
ids; and wherein the apparatus further compris-
es a coaxial treated material conduit extending
from the heating section to the rear cooling sec-
tion for cooling and removing products of heat
treatment from the drum.

Apparatus as defined by claim 10 and including a
rotary seal sealing around each of the feed stock
conduit and the treated material conduit to prevent
communication between the interior of the cooling
section and the exterior of the apparatus.

Apparatus as defined by either of claims 10 or 11
and including an opening between the heating sec-
tion and the cooling section for passing vaporous
products of heat treatment of the feed stock into the
cooling section for cooling the vaporous products in
the cooling system.

Apparatus as defined by any of claims 10, 11 or 12
and including an opening between the heating sec-
tion and the cooling section for passing solid prod-
ucts of heat treatment of the feed stock into said
cooling section for cooling the solid products in said
cooling section.

Apparatus according to any of claims 10 to 13, fur-
ther including a vapour coil around the cooling sec-
tion connected for receiving vapours from said heat-
ing section, condensing the vapours and disposing
of the condensate outside of said apparatus.

Patentanspriiche

1.

Vorrichtung fir die thermische Behandlung von Ma-
terial umfassend:

eine im wesentlichen zylindrische AuBentrom-
mel (102), die um eine im wesentlichen hori-
zontale Achse drehbar ist und ein erstes und
zweites Ende aufweist;

eine im wesentlichen zylindrische Innentrom-
mel (134), die in dem Inneren der AuBentrom-
mel angeordnet und integral damit befestigt ist,
um damit zu rotieren, und ein erstes und zwei-
tes Ende aufweist;

einen EinlaBkanal (124), der fir das Einstré-
men von Material in das erste Ende der Auf3en-
trommel (102) angeordnet ist;

einen AuslaBkanal (128), der zum Entfernen
von Material von dem zweiten Ende der AuBBen-
trommel (102) angeordnet ist;

einen Transportkanal (172,173), der zum
Transportieren von Material von dem zweiten
Ende der AuBentrommel zu dem ersten Ende
der Innentrommel angebracht ist;
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eine erste frei rotierbare Helix (166), die in und
auf der inneren Oberflache der Unterseite der
AuBentrommel (102) angeordnet ist und die In-
nentrommel (134) umgibt, wobei sie mit ihrer
Achse im wesentlichen parallel zu der Achse
der AuBentrommel liegt und schraubenférmig
gewunden ist, um Material von dem ersten En-
de zu dem zweiten Ende der AuBentrommel zu
férdern;

eine zweite frei rotierbare Helix (168), die in und
auf der inneren Oberflache der Unterseite der
Innentrommel (134) angeordnet ist und schrau-
benférmig gewunden ist, um Material von dem
ersten Ende zu dem zweiten Ende der Innen-
trommel zu férdern; und

eine Heizeinrichtung (150), die zum Heizen der
AuBentrommel (102) angeordnet ist.

Vorrichtung nach Anspruch 1, bei der die Enden der
Innentrommel (134) kurz vor den Enden der Au3en-
trommel (102) enden.

Vorrichtung nach Anspruch 1 oder 2, bei der der
Transportkanal perforiert ist, um kleinere Material-
partikel auszufiltern und gréBere Materialpartikel
zur Innentrommel (134) zu férdern.

Vorrichtung nach einem der vorhergehenden An-
sprlche, bei der der Transportkanal eine innerhalb
der &uBeren Trommel (102) angebrachte Schaufel
(172) mit einer EinlaBéffnung zwischen dem zwei-
ten Ende der AuBentrommel (102) und dem ersten
Ende der Innentrommel (134) und benachbart der
inneren Oberflache der AuBentrommel ist, wobei
die Schaufel eine AuslaBéfinung in das Innere der
Innentrommel hat und perforiert ist, um kleinere Ma-
terialpartikel auszufiltern und gréBere Materialpar-
tikel zur Innentrommel zu férdern.

Vorrichtung nach Anspruch 4, bei der der
AuslaBkanal (128) eine Schaufel umfaft, die inner-
halb der Au3entrommel (102) angebracht ist und ei-
ne Partikel-GréBen-Sortiereinrichtung einschlieBt,
die angeordnet ist kleinere Partikel als von einer
vorbestimmten GréBe zu der Schaufel durchzulas-
sen, aber gréBere Partikel auszuschlieBen, wobei
die zweite Schaufel die Verbindung mit dem Aus-
laBkanal bildet.

Vorrichtung nach einem der Anspriche 1 bis 5, um-
fassend:

eine koaxiale, zylindrische Kilhlkammer, die an
vorderen und hinteren Enden der Auf3entrom-
mel angebracht ist, um mit dieser zu rotieren,
und

einen vom AuslaBkanal umfaBten Festgut-Ka-
nal (674), der die Verbindung zwischen dem In-
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neren der AuBentrommel und dem Inneren der
Rickseite einer der Kithlkammern bildet.

Vorrichtung nach einem der vorhergehenden An-
spruche, bei der die AuBentrommel (102) eine zen-
trale Offnung an jedem Ende hat,

wobei sich der EinlaBkanal (124) durch die
zentrale Offnung in dem ersten Ende hindurch und
der AuslaBkanal (128) durch die zentrale Offnung
in dem zweiten Ende hindurch erstreckt.

Vorrichtung nach einem der Anspriiche 1 bis 7, die
eine Mehrzahl frei beweglicher Trager in der Au-
Bentrommel umfafit.

Vorrichtung nach Anspruch 8, bei der sich die Tra-
ger Uber den Transportkanal von der AuBentrom-
mel zu der Innentrommel bewegen kdnnen.

Vorrichtung nach einem der vorhergehenden An-
spriche zum thermischen Behandeln von Aus-
gangs- bzw. Rohstoffen, die Festkdérper und Fliis-
sigkeiten enthalten,

bei der die AuBentrommel (602) einen Heizab-
schnitt und einen koaxialen Kihlabschnitt an
vorderen und hinteren Enden des Heizab-
schnittes einschlieBen;

wobei der EinlaBkanal einen koaxialen Roh-
stoffkanal (624A) umfaBt, der sich durch den
vorderen Kihlabschnitt hindurch erstreckt, um
den Heizabschnitt mit Rohstoffen zu versor-
gen,

wobei die erste Helix einen Rohstoff-Férderer
(766) in dem Heizabschnitt umfaBt, um den
Rohstoff durch den Heizabschnitt zur Hitze-Be-
handlung zu bewegen, um Fllssigkeiten von
Festkdrpern zu trennen; und wobei die Vorrich-
tung weiterhin ein koaxialen Kanal fir behan-
deltes Material umfaBt, der sich von dem Hei-
zabschnitt bis zu dem hinteren Kihlabschnitt
zum Kihlen und zum Entfernen von thermisch
behandelten Produkien aus der Trommel er-
streckt.

Vorrichtung nach Anspruch 10, die eine Drehdich-
tung umfaBt, die um jeden Rohstoffkanal und jeden
Kanal flir behandeltes Material herum abdichtet,
um eine Verbindung des Inneren des Klhlabschnit-
tes mit der Umgebung der Vorrichtung zu verhin-
dern.

Vorrichtung nach einem der Anspriiche 10 oder 11,
die eine Offnung zwischen dem Heizabschnitt und
dem Kiihlabschnitt zum Durchlassen von gasférmi-
gen Produkten des hitzebehandelten Rohstoffes in
den Kihlabschnitt zum Kuihlen der gasférmigen
Produkie in dem Kihlsystem umfaBt.
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Vorrichtung nach einem der Anspriiche 10, 11 oder
12, die eine Oﬁnung zwischen dem Heizabschnitt
und dem Kiuhlabschnitt zum Durchlassen von fe-
sten Produkten des hitzebehandelten Rohstoffes in
den Kihlabschnitt zum Kidhlen der festen Produkte
in dem Kihlabschnitt umfaft.

Vorrichtung nach einem der Anspriche 10 bis 13,
die weiterhin eine Dampfwendel um den Kihlab-
schnitt herum umfafBt, die zum Empfangen von Ga-
sen aus dem Heizabschnitt, zum Kondensieren der
Gase und zum Beseitigen der Kondensate auBer-
halb der Vorrichtung geschaltet ist.

Revendications

1.

2.

Appareil de traitement thermique d'une matiére,
comprenant :

un tambour externe pratiquement cylindrique
(102) qui peut tourner autour d'un axe pratique-
ment horizontal et qui a une premiére extrémité
et une seconde extrémité,

un tambour interne pratiquement cylindrique
(134) placé dans le tambour externe et fixé a
l'intérieur du tambour externe afin qu'il en soit
solidaire et qu'il tourne avec lui, le tambour in-
terne ayant une premiére extrémité et une se-
conde extrémité,

un conduit d'entrée (124) disposé afin qu'il per-
mette I'écoulement de la matiére & la premiére
extrémité du tambour externe (102),

un conduit de sortie (128) placé afin qu'il extraie
la matiére de la seconde extrémité du tambour
externe (102),

un conduit de transfert (172, 173) monté afin
qu'il transfére la matiére de la seconde exiré-
mité du tambour externe a la premiére extrémi-
té du tambour interne,

une premiére hélice (166) qui tourne librement,
placée dans le tambour externe (102) et & la
surface interne de la face inférieure de ce tam-
bour, et entourant le tambour interne (134), son
axe étant pratiquement paralléle & I'axe du tam-
bour externe, I'hélice étant enroulée afin qu'elle
transporte la matiére de la premiére extrémité
vers la seconde extrémité du tambour externe,
une seconde hélice (168) qui peut tourner libre-
ment, disposée dans le tambour interne (134)
et a la surface interne de la face inférieure de
ce tambour, enroulée afin qu'elle transporte la
matiére de la premiére extrémité vers la secon-
de extrémité du tambour interne, et

un organe de chauffage (150) disposé afin qu'il
chauffe le tambour externe (102).

Appareil selon la revendication 1, dans lequel les
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extrémités du tambour interne (134) se terminent
avant les extrémités du tambour externe (102).

Appareil selon la revendication 1 ou 2, dans lequel
le conduit de transfert est perforé afin qu'il filtre les
particules relativement petites de la matiére et
transporte les particules relativement grosses de la
matiére vers le tambour interne (134).

Appareil selon i'une quelconque des revendications
précédentes, dans lequel le conduit de transfert est
un godet (172) monté dans le tambour externe
(102) avec une ouverture d'entrée placée entre la
seconde extrémité du tambour externe (102) et la
premiére extrémité du tambour interne (134) et ad-
jacente a la surface interne du tambour externe, le
godet ayant une ouverture de sortie vers l'intérieur
du tambour interne et étant perforé afin qu'il filtre
les particules de dimension relativement petite de
la matiére et transporte les particules relativement
grosses de la matiére vers le tambour interne.

Appareil selon la revendication 4, dans lequel le
conduit de sortie (128) comporte un godet monté
dans le tambour externe (102), et qui comprend un
dispositif de classement de particules disposé afin
qu'iladmette dans le godet des particules de dimen-
sion inférieure a une dimension prédéterminée
mais qu'il exclue les particules plus grosses, le se-
cond godet assurant la communication avec le con-

duit de sortie.

Appareil selon 'une quelconque des revendications
1 a5, comprenant :

une chambre cylindrique coaxiale de refroidis-
sement montée sur les extrémité avant et arrié-
re du tambour externe et destinée a tourner
avec lui,

le conduit de sortie comprenant un conduit
(674) de matiéres solides communiquant avec
l'intérieur du tambour externe et lintérieur
d'une chambre arriére parmi les chambres de
refroidissement.

Appareil selon 'une quelconque des revendications
précédentes, dans lequel le tambour externe (102)
a une ouverture centrale & chaque extrémité,

le ccnduit d'entrée (124) passant par l'ouver-
ture centrale de la premiére exirémité et le conduit
de sortie (128) passant par l'ouverture centrale de
la seconde extrémité.

Appareil selon 'une quelconque des revendications
1 a7, comprenant plusieurs organes de transport

mobiles librement dans le tambour externe.

Appareil selon la revendication 8, dans lequel les
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organes de transport sont mobiles du tambour ex-
terne au tambour interne par l'intermédiaire du con-
duit de transfert.

Appareil selon I'une quelconque des revendications
précédentes, destiné au traitement thermique d'une
matiére premiére contenant des matiéres solides et
des fluides, tel que :

le tambour externe (602) comporte une section
de chauffage et une section coaxiale de refroi-
dissement aux extrémités avant et arriére de la
section de chauffage,

le conduit d'entrée comprend un conduit
coaxial de matiére premiére (624A) passant
dans la section de refroidissement avant pour
transmettre la matiére premiére a la section de
chauffage, et

la premiére hélice est un transporteur de ma-
tiere premiére (766) dans la section de chauf-
fage de maniére que la matiére premiére soit
déplacée dans la section de chauffage et su-
bisse le traitement thermique assurant la sépa-
ration des fluides des matiéres solides, et I'ap-
pareil comporte en outre un conduit coaxial de
matiére traitée partant de la section de chauf-
fage vers la section arriére de refroidissement
et destiné a refroidir et retirer les produits du
traitement thermique du tambour.

Appareil selon la revendication 10, comprenant un
joint rotatif assurant I'étanchéité autour de chacun
des conduits de matiére premiére et de matiére trai-
tée de maniére que la communication entre l'inté-
rieur de la section de refroidissement et I'extérieur
de I'appareil soit évitée.

Appareil selon la revendication 10 ou 11, compre-
nant une ouverture formée entre la section de
chauffage et la section de refroidissement et desti-
née au passage des produits en phase vapeur ob-
tenus par traitement thermique de la matiére pre-
miére dans la section de refroidissement afin que
les produits en phase vapeur soient refroidis dans
le systéme de refroidissement.

Appareil selon I'une des revendications 10, 11 et 12,
comprenant une ouverture formée entre la section
de chauffage et la section de refroidissement et
destinée a transmettre les produits solides du trai-
tement thermique de la matiére premiére a la sec-
tion de refroidissement afin que les produits solides
soient refroidis dans la section de refroidissement.

Appareil selon I'une quelconque des revendications
10 & 13, comprenant en outre un enroulement de
circulation de vapeurs placé autour de la section de
refroidissement et connecté afin qu'il regoive les va-
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peurs de la section de chauffage, qu'il condense les
vapeurs et qu'il évacue le condensat a I'extérieur de
I'appareil.
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