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(57) ABSTRACT

A combination of components is provided for use in making
asphalt concrete from a plurality of aggregate material
streams. The combination includes an indirect dryer for
heating aggregate material from a first material stream
without directly exposing said first stream material to hot
gases of combustion. The combination also includes a mixer
for mixing aggregate material from the first material stream,
aggregate material that has not been heated in the indirect
dryer from a second material stream, and a binder compo-
nent to produce asphalt concrete.
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1
METHOD AND APPARATUS FOR MAKING
ASPHALT CONCRETE USING AGGREGATE
MATERIAL FROM A PLURALITY OF
MATERIAL STREAMS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Patent Application No. 61/859,435 which was filed on Jul.
29, 2013.

FIELD OF THE INVENTION

The present invention relates generally to the production
of asphalt concrete using aggregate materials that may
include recycled materials. More particularly, the present
invention relates to a method and apparatus for making
asphalt concrete from a plurality of aggregate material
streams, each of which is processed differently, depending
on its top particle size.

BACKGROUND OF THE INVENTION

Production facilities for making asphalt concrete to be
used as a paving composition are well-known. Input feed
materials for these facilities will include aggregate materials
and asphalt cement. The aggregate materials may be pro-
vided in the form of virgin aggregate materials, and/or
recycled asphalt product (“RAP”) comprised of crushed
asphalt concrete, and/or recycled asphalt shingles (“RAS”)
comprised of comminuted asphalt roofing shingles. If RAP
and/or RAS is included in the input feed materials, these
components will also provide an additional source of asphalt
cement.

Conventional asphalt concrete production plants typically
employ a rotating dryer drum having a burner at one end.
Into this drum, virgin aggregate materials and/or RAP and/or
RAS are introduced for heating. One end of the drum is
elevated above the other, so that the input feed materials are
moved along the drum from the upper end through the
heated gases generated by the burner in either parallel flow
(i.e., the hot gases and the material being heated move in the
same direction) or counter-current flow (i.e., the hot gases
and the material being heated move in opposite directions)
to an outlet at the lower end. A separate mixer, such as a
rotating drum mixer or a pugmill, is employed to mix the
heated and dried aggregate materials with liquid asphalt
cement. Another type of asphalt concrete production plant
employs a dryer/mixer that dries and heats the aggregate
material and also mixes it with asphalt cement. One such
type of dryer/mixer is the DOUBLE BARREL® brand
dryer/mixer that is sold by Astec, Inc. of Chattanooga, Tenn.
This dryer/mixer includes a generally cylindrical fixed outer
drum and a heating chamber comprised of a generally
cylindrical inner drum that is adapted to rotate with respect
to the outer drum. A burner at one end of the inner drum
heats aggregate material by direct exposure to the hot gases
generated, and the heated aggregate material is discharged
from the inner drum into the outer drum where it is mixed
with asphalt cement.

Because some conventional mixers expose liquid asphalt
cement and/or RAP and/or RAS aggregate materials to the
high-temperature gases used for drying and heating the
aggregate materials and to the steam generated in the drying
process, emissions of smoke and volatile organic compo-
nents (“VOC”) are stripped from the light oil fractions of the
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asphalt cement components. In order to prevent these emis-
sions from being discharged to the atmosphere, it has been
deemed desirable, when only virgin aggregate materials are
used, to either direct the emissions into the burner for
incineration, or filter the emissions from the plant exhaust
gases and condense them for disposal. Even though counter-
current flow is more thermally efficient than parallel flow,
conventional asphalt concrete production plants that process
only RAP and/or RAS are generally operated in a parallel
heat flow arrangement, where the aggregate materials to be
heated and dried are carried through the dryer in the same
direction as the heating gases, in order to minimize smoke
and VOC emissions. In addition, exposure of high propor-
tions of RAP and/or RAS aggregate materials to the high-
temperature gases used for drying and heating the aggregate
materials and to the steam generated in the drying process
causes oxidation of the liquid asphalt on the RAP and/or
RAS, which results in degrading the asphalt and any pave-
ment materials made with it. This reduces the number of
applications for which high-RAP content or high-RAS con-
tent asphalt concrete is considered suitable.

It would be desirable if a method and apparatus for
producing asphalt concrete could be provided that would
limit the emission of undesirable smoke and VOC. It would
also be desirable if such a method and apparatus could be
provided that would be more thermally efficient than con-
ventional systems, especially when used to process aggre-
gate materials including RAP and/or RAS. It would also be
desirable if such a method and apparatus could be provided
that would minimize the oxidation of asphalt cement in
high-RAP content and/or high-RAS content asphalt con-
crete, thereby making such products suitable for more pav-
ing applications.

NOTES ON CONSTRUCTION

The use of the terms “a”, “an”, “the” and similar terms in
the context of describing the invention are to be construed to
cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. The
terms “comprising”, “having”, “including” and “containing”
are to be construed as open-ended terms (i.e., meaning
“including, but not limited to,”) unless otherwise noted. The
terms “substantially”, “generally”” and other words of degree
are relative modifiers intended to indicate permissible varia-
tion from the characteristic so modified. The use of such
terms in describing a physical or functional characteristic of
the invention is not intended to limit such characteristic to
the absolute value which the term modifies, but rather to
provide an approximation of the value of such physical or
functional characteristic. All methods described herein can
be performed in any suitable order unless otherwise speci-
fied herein or clearly indicated by context.

The use of any and all examples or exemplary language
(e.g., “such as” and “preferably”) herein is intended merely
to better illuminate the invention and the preferred embodi-
ments thereof, and not to place a limitation on the scope of
the invention. Nothing in the specification should be con-
strued as indicating any element as essential to the practice
of the invention unless so stated with specificity.

Various terms are specifically defined herein. These terms
are to be given their broadest possible construction consis-
tent with such definitions, as follows:

The term “aggregate materials” and similar terms refer to
crushed stone and other particulate materials that are used in
the production of asphalt concrete, such as, for example,
crushed limestone and other types of crushed stone, crushed
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Portland cement concrete, shredded or comminuted mineral
and cellulosic fibers, RAP, RAS, gravel, sand, lime and other
particulate additives. The term “virgin”, when applied to
aggregate materials and similar terms, refers to aggregate
materials that do not include asphalt cement.

The term “asphalt cement” and similar terms refer to a
bituminous material that is used as a binder in various
products. Asphalt cement is a component of asphalt con-
crete.

The terms “recycled asphalt product”, “RAP” and similar
terms refer to a comminuted or crushed product containing
aggregate materials bound together by asphalt cement. RAP
typically comprises crushed or comminuted recycled asphalt
paving materials.

The terms “recycled asphalt shingles”, “RAS” and similar
terms refer to crushed, shredded or comminuted asphalt
roofing shingles and other similar asphalt cement-containing
products.

The term “asphalt concrete” and similar terms refer to a
bituminous paving mixture that is produced, using asphalt
cement and any of various aggregate materials, in an asphalt
dryer and mixer, a combination dryer/mixer, or other asphalt
concrete production plant. Asphalt concrete may be made
with any of various aggregate materials or combinations
thereof, and asphalt cement.

The term “downstream”, as used herein to describe a
relative position on or in connection with an asphalt concrete
production facility or a component thereof, refers to a
relative position in the direction of the movement of material
through the facility or component thereof.

The term “upstream”, as used herein to describe a relative
position on or in connection with an asphalt concrete pro-
duction facility or a component thereof, refers to a relative
position in a direction that is opposite to the direction of the
movement of material through the facility or component
thereof.

SUMMARY OF THE INVENTION

The invention comprises a combination of components
used in the production of asphalt concrete from a plurality of
aggregate material streams or sources. The combination of
components includes an indirect dryer for heating aggregate
material from a first material stream without directly expos-
ing said first stream material to hot gases of combustion, and
a mixer for mixing aggregate material from the first material
stream, aggregate material from a second material stream
that has a top size which is larger than the top size of the
aggregate material in the first material stream, and a binder
component, to produce asphalt concrete.

In order to facilitate an understanding of the invention, the
preferred embodiment of the invention is illustrated in the
drawing, and a detailed description thereof follows. It is not
intended, however, that the invention be limited to the
particular embodiment described or to use in connection
with the apparatus illustrated herein. Various modifications
and alternative embodiments such as would ordinarily occur
to one skilled in the art to which the invention relates are also
contemplated and included within the scope of the invention
described and claimed herein.

ADVANTAGES OF A PREFERRED
EMBODIMENT OF THE INVENTION

Among the advantages of a preferred embodiment of the
invention is that it provides a method and apparatus for
producing asphalt concrete that limits the emission of unde-
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sirable smoke and VOC. Another advantage of the preferred
embodiment of the invention is that it provides a method and
apparatus that is more thermally efficient than conventional
systems, especially those that are employed to process
aggregate materials including RAP and/or RAS. Still
another advantage of a preferred embodiment of the inven-
tion is a significant improvement in the asphalt concrete
quality of high-RAP content and/or high-RAS content mix
designs. Asphalt concrete made with high-RAP content
and/or high-RAS content materials according to a preferred
embodiment of the invention will be comparable in quality
to asphalt concrete made with all virgin materials, due to the
significant reduction in asphalt oxidation.

Other advantages and features of this invention will
become apparent from an examination of the drawings and
the ensuing description.

BRIEF DESCRIPTION OF THE DRAWINGS

The presently preferred embodiment of the invention is
illustrated in the accompanying drawings, in which:

FIG. 1 is a schematic illustration of a preferred embodi-
ment of the combination of components comprising the
invention.

FIG. 2 is a partial sectional view of a preferred embodi-
ment of the heating assembly that is part of the combination
illustrated in FIG. 1.

FIG. 3 is a perspective view of the indirect dryer that is
part of the combination illustrated in FIG. 1.

FIG. 4 is a perspective view of the indirect dryer of FIG.
3, with a portion of the outer housing of the dryer drum
removed to show the thermal fluid tubes therein.

FIG. 5 is a partial sectional view of the indirect dryer of
FIGS. 3 and 4, showing the thermal fluid tubes extending
along the length of the dryer drum.

FIG. 6 is an end view of the dryer drum of FIGS. 3-5,
showing the arrangement of thermal fluid tubes therein.

FIG. 7 is a partial sectional view of an alternative embodi-
ment of a dryer drum that may be employed in the invention.

FIG. 8 is an end view of a portion of the dryer drum of
FIG. 7, showing the arrangement of thermal tubes and
internal flights therein.

FIG. 9 is a partial perspective view of a portion of the
dryer drum of FIG. 7, showing the tube support plates and
the internal flights of this embodiment.

FIG. 10 is a partially cut-away side view of a direct gas
contact dryer that is a part of the combination illustrated in
FIG. 1.

FIG. 11 is a side view, partially in section, of a mixer for
mixing dried aggregate material and asphalt cement that is
a part of the combination illustrated in FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT OF THE INVENTION

A preferred embodiment of the invention is illustrated in
FIG. 1. As shown therein, this preferred plant includes a
heating assembly 20 comprising a burner 22 that is opera-
tively connected to combustion chamber 24 and heat
exchanger 26. As shown in FIG. 2, burner 22 is of a
conventional type having air inlet 28 and is adapted to burn
fuel such as natural gas, propane, pulverized coal, fuel oil or
the like. Burner 22 produces flame 30 in combustion cham-
ber 24, heating air that passes into heat exchanger 26. Heat
exchanger 26 includes a plurality of heat transfer coils 32
comprising a plurality of heat transfer tubes in fluid com-
munication with each other that are adapted to receive a
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thermal fluid such as thermal oil. Combustion chamber 24 is
operatively connected between the burner and the heat
exchanger so that air heated in the combustion chamber by
the burner may be conveyed into the heat exchanger, where
it will heat the thermal fluid in heat transfer coils 32. Heat
exchanger 26 may be equipped with a recirculation fan (not
shown) that is mounted in housing 34 and operates to draw
heated air from heat exchanger 26 through recirculation duct
36 and into combustion chamber 24 for further heating.
Preferably, the heating assembly will be operated to generate
up to 40 million or more BTUs per hour to heat the thermal
fluid within heat transfer coils 32 to a temperature of about
500° F. The preferred heating assembly is the Convectec™
heater that is manufactured and sold by Heatec, Inc. of
Chattanooga, Tenn.

Hot thermal fluid is circulated between heat exchanger 26
and indirect dryer 40. Because there may be expansion of the
thermal fluid as it is heated, a thermal fluid expansion system
is provided in the preferred embodiment of the invention.
This thermal fluid expansion system includes expansion
tank 38 (see FIG. 1) and an associated pump and piping to
withdraw hot thermal fluid from the heat exchanger 26
through thermal fluid transfer tube 37, and to convey it from
expansion tank 38 through thermal fluid transfer tube 39 to
indirect dryer 40.

As shown in FIGS. 3-5, indirect dryer 40 includes dryer
frame 42 having upper end 44 and lower end 46. Generally
cylindrical dryer drum 48 is mounted on dryer frame 42 for
rotation about axis 50. Dryer drum 48 includes a pair of
outer rings 52 that engage trunnions 54 on dryer frame 42.
A motor (not shown) is adapted to rotatably drive a pair of
sprockets (also not shown, but one of which is enclosed
within housing 56) that are connected by and in driving
engagement with drive chain 58 which engages sprocket 62
mounted on the outer surface of the drum to rotate dryer
drum 48 in a conventional manner. Alternative drive systems
such as are known to those having ordinary skill in the art
to which the invention relates may also be employed to
rotate dryer drum 48 with respect to dryer frame 42.

Because dryer drum 48 is mounted on frame 42 having a
frame upper end 44 and a frame lower end 46, the axis 50
of the drum is oriented downwardly from upper end 64 of
dryer drum 48 to lower end 66 of the drum. Upper end 64
of dryer drum 48 is provided with inlet 68 for material to be
heated therein; consequently, upper end 64 is also the
upstream end of drum 48. Dryer drum 48 is also provided
with a plurality of thermal fluid tubes 72 (shown in FIGS.
4-6) that extend along the interior of the drum and are
adapted to circulate thermal fluid that has been heated by
heating assembly 20 through the dryer drum. Thermal fluid
that has been heated in heat exchanger 26 of heating
assembly 20 is conveyed from thermal fluid outlet 37 of the
heat exchanger to and through expansion tank 38, and from
the expansion tank through thermal fluid transfer tube 39 to
indirect dryer 40, and through thermal fluid tubes 72 of dryer
drum 48. Cooler thermal fluid from which heat has been
extracted in indirect dryer 40 is conveyed back to heat
exchanger 26 through thermal fluid tube 73 and thermal fluid
inlet 74 (shown in FIG. 2) for reheating in the heat
exchanger. A pump (not shown) is also included in the fluid
circuit between heat exchanger 26, indirect dryer 40 and
expansion tank 38, for maintaining the flow of thermal fluid
therein. Heat input to indirect dryer 40 is controlled primar-
ily by modulating the flow of hot thermal fluid to the dryer,
and to a lesser extent by variation in the temperature to
which the thermal fluid is heated. Since axis 50 of dryer
drum 48 is tilted with respect to the ground on which frame
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42 is placed, rotation of the dryer drum will cause material
that is introduced into inlet 68 at upper, upstream end 64 to
tumble and move downwardly towards a discharge outlet
(not shown) at lower, downstream end 66. As it does so, the
material will come into contact with thermal fluid tubes 72
multiple times. The rate of rotation of the dryer drum will
determine the residence time of material therein, and this
rate of rotation, along with the thermal fluid temperature in
the heat exchanger, may be controlled to heat material in
indirect dryer 40.

Preferably, thermal tubes 72 have an outer diameter of
about two inches and a wall thickness of about 0.2 inches.
Furthermore, they are preferably provided in such number
so that they present 50-100 square feet of surface area per
foot of length of the dryer drum. In one embodiment of the
invention, dryer drum 48 is of such length that the plurality
of'thermal fluid tubes 72 extending along the interior thereof
present 2500-3500 square feet of heated surface area for
contact with the tumbling aggregate material, although other
embodiments of the invention may have more or less total
tube surface area. One embodiment of the invention may
comprise a dryer drum that is 40 feet in length which is
equipped with 160 thermal tubes, each of which has an outer
diameter of about two inches. Such a dryer drum may have
about 3000 square feet of heated surface area that is pro-
vided by the thermal tubes.

When indirect dryer 40 is used to process aggregate
material including or consisting of RAP and/or RAS, it may
include a cleaning system comprised of kiln chains 75
(shown in FIG. 6) or similar agitation devices that are
installed in several sections of the interior of the dryer. Such
chains are preferably held loosely in place so that at least a
portion of them can slide around inside the dryer, wiping
asphalt cement off of steel surfaces while it is still hot and
liquefied to keep the inside surface of the dryer and the
thermal fluid tubes located near the inside surface of the
dryer clean. The number, location, length and size of the
chains may be varied depending on the type of material
processed. To clean the thermal fiuid tubes that are more
centrally located within dryer 40, clean crushed stone with-
out any RAP or RAS could be processed through the dryer.
Such aggregate could be reprocessed through the indirect
dryer until it is itself coated with asphalt cement.

Another embodiment of the dryer drum is illustrated in
FIGS. 7-9. As shown therein, dryer drum 148 is essentially
identical to dryer drum 48, except that the thermal fluid
tubes (not shown, but essentially identical to thermal fluid
tubes 72 of dryer drum 48) are mounted through and
supported by a plurality of tube support plates 150 that are
spaced along the length of the dryer drum. These support
plates include a plurality of tube support holes 152 that
support thermal fluid tubes near the periphery of the dryer
drum. Support plates 150 also support a plurality of flights
or scoops 156 in the central portion of the dryer drum. These
scoops 156 capture aggregate material that has spilled out of
the tube bundle into the central portion of the drum, and they
direct such material back into contact with the thermal fluid
tubes. The thermal fluid tubes are in fluid communication
with a thermal fluid manifold 158 that is supported in
manifold support holes 160 in support plates 150, so that
thermal fluid can be circulated through the various fluid
tubes of the drying assembly.

Indirect dryer 40 is adapted to heat material containing
asphalt cement and/or material having a first top size that is
conveyed into inlet 68 at upstream end 64 of the dryer by
conveyor 76. Storage bins 77, 78, 79 and 80 are adapted to
discharge various comminuted or crushed aggregate mate-
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rials having a first top size into a first stream of aggregate
materials onto conveyor 76 which conveys the input mate-
rial past scalping screen 81 and belt scale 82 and into
indirect dryer 40. Each of storage bins 77, 78, 79 and 80 is
preferably equipped with a variable speed feeder that can
control the discharge of material from the bin onto conveyor
76.

Storage bins 83, 84 and 85 are provided to contain
aggregate materials having a top size that is larger than the
first top size, and to discharge such materials into a second
stream of aggregate materials onto conveyor 86, which
conveys the material past scalping screen 87 and belt scale
88 and onto conveyor 89. This second stream of aggregate
materials is conveyed onto conveyor 89 without being
heated in the indirect dryer. Each of storage bins 83, 84 and
85 is preferably equipped with a variable speed feeder that
can control the discharge of material from the bin onto
conveyor 86.

The preferred embodiment of the invention includes
direct contact dryer 90, which is provided for heating
aggregate material from a third material stream by directly
exposing said third stream material to hot gases of combus-
tion. In this embodiment of the invention, exhaust gases
from heating assembly 20 are conducted from exhaust stack
92 of heat exchanger 26 through conduit 94 to downstream
end 96 of direct contact dryer 90. A portion of these gases
are conducted through recirculation circuit 98 (shown in
FIG. 1) to downstream end 66 of indirect dryer 40. These
exhaust gases will typically be at about 600° F. at exhaust
stack 92, and may be mixed with ambient air to reduce the
temperature of the gases introduced into indirect dryer 40
and direct contact dryer 90 to about 500° F. or less. Recir-
culation circuit 98 includes a fan (not shown) with variable
frequency drive to control the rate of flow of low-oxygen hot
gases from the heating assembly to the indirect dryer 40.
This low-volume flow of hot gases adds a little heat to the
interior of the indirect dryer and reduces the humidity
therein, thereby enhancing drying efficiency in indirect dryer
40.

Direct contact dryer 90 is adapted to heat virgin aggregate
material or other aggregate material having a relatively
larger top size than the material heated by indirect dryer 40
from a third aggregate material stream or source. The
embodiment of dryer 90 shown in FIG. 10 is a counter-flow
dryer such as is known to those having ordinary skill in the
art to which the invention relates. Although the dryer shown
in FIG. 10 is of a counter-flow design, the invention may
employ any dryer that moves aggregate material along a
drying drum through heated gases generated by a burner to
a material outlet. Dryer 90 is supported on a frame 100 and
includes a generally cylindrical drum 102 having a longi-
tudinal axis 104 that is inclined with respect to the horizontal
so that the drum has an upper end 106 and a lower end 108.

Drum 102 is rotatably mounted on frame 100 by means of
bearings 110 mounted to the frame which engage races 112
located on the circumference of the drum. A motor 114 is
adapted to rotatably drive a drive sprocket (not shown, but
located in housing 116) that is in driving engagement with
a chain drive (not shown, but located in housing 118 on the
outer surface of the inner drum) to engage a sprocket (also
not shown, but similar to sprocket 62 of indirect dryer drum
48) on the periphery of the drum to rotate drum 102 in a
conventional manner. Alternative drive systems such as are
known to those having ordinary skill in the art to which the
invention relates may also be employed to rotate drum 102.

At upstream end 106 of drum 102, chute 120 provides for
introduction of aggregate materials from a third material
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stream through inlet 122 into the drum. Due to the inclina-
tion and rotation of the drum, the aggregate materials will be
conveyed from inlet 122 to outlet 123 at lower end 108 of
the drum. Direct contact gas dryer 90 also includes burner
124 at downstream end 96 which is adapted to heat and dry
the aggregate material within drum 102. As shown in FIG.
10, burner 124 is adapted to direct a flame 126 into the
interior of the drum. Typical fuels that are burned in the
burner include oil, natural gas, LP gas, and pulverized coal.
Fan 128 is used to introduce a mixture of fuel and air into
the burner, where the mixture is ignited to produce the flame
and gases of combustion that heat and dry the aggregate
materials which pass through the drum. As drum 102 rotates,
a plurality of paddles or flights (not shown) mounted on the
inner surface of the drum lift and tumble the aggregate
materials in the drum, thereby enabling a more thorough
heating and drying of the aggregate materials as they are
passed through the heated gases flowing through the drum.
The hot exhaust gases of combustion are directed out of the
downstream end 108 of drum 102 through conduit 127 to a
conventional dust filtering device such as baghouse 128, or
to a cyclone separator or wet-wash system. Cooler exhaust
gases from upstream end 106 of the direct contact dryer are
conveyed, along with entrained dust, into plenum 129
through conduit 130 into baghouse 128. Conduit 127 and
conduit 130 converge just prior to entry into the baghouse,
and a diverter damper 131 is located at this intersection.
Diverter damper 131 and a fan with variable frequency drive
(not shown) cooperate to manage the gas flow through direct
contact dryer 90, and thereby the temperature therein. Ambi-
ent air can also be introduced into the hot gas stream in either
or both of conduits 127 and 130 to cool the gas stream as
may be necessary to further adjust the temperature within
direct contact dryer 90.

Aggregate material to be heated in direct contact dryer 90
is conveyed in a third stream into upstream end 106 of dryer
90 by conveyor 132 (shown in FIG. 1). Storage bins 134,
136 and 138 are adapted to discharge various comminuted or
crushed aggregate materials having a third top size that is
larger than the first top size onto conveyor 132 which
conveys the input material past scalping screen 139 and belt
scale 140, and into direct contact dryer 90. Each of storage
bins 134, 136 and 138 is preferably equipped with a variable
speed feeder that can control the discharge of material from
the bin onto conveyor 132.

In preparation for introduction of aggregate materials into
the preferred embodiment of the plant, virgin aggregate
and/or RAP and/or RAS is crushed or comminuted and
screened into discrete size fractions. Each of dryers 40 and
90 is preferably fed from two or more storage bins, each of
which is loaded with material having a particular top size. It
is anticipated that the top size of material from the first
aggregate stream that is fed to the indirect dryer will
generally be smaller than the top size of material from the
second and third aggregate streams. In some applications, it
is anticipated that the top size of the material fed to the
indirect dryer will not exceed 34 inch. In other applications,
the top size of the material fed to the indirect dryer may be
as small as a #4 mesh size (0.187 inches). Other applications
may require different top size configurations, but in general,
the top size of the material fed to the indirect dryer will be
smaller than the top size of aggregate materials processed
from the second and third material streams. This is espe-
cially true when the aggregate material in the first material
stream includes RAP or RAS.

In some embodiments of the invention, the top size of the
material from the second material stream and the top size of
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the aggregate material from the third material streams may
be the same. In other embodiments, the top sizes of aggre-
gate materials from these two streams may be different, so
long as each is larger than the top size of aggregate materials
from the first material stream.

If the finer sized material includes RAP or RAS, it will
include a significant quantity of asphalt cement. If such
material is introduced into a hot gas stream such as is found
in direct contact dryer 90, it will be heated quickly, causing
the emission of VOC and smoke. However, if the finer sized
material containing asphalt cement is heated indirectly, such
as in indirect dryer 40, it will be heated more slowly as it
tumbles down the length of dryer drum 48, and it will be less
likely to produce significant emissions. Furthermore, indi-
rect dryer 40 has a lower oxygen atmosphere than does
direct contact dryer 90, because it is more tightly closed and
will fill with steam that is generated from the drying process.
Since oxidation is a major mechanism for deterioration of
asphalt cement, a lower-oxygen atmosphere in the indirect
dryer will result in a higher quality of asphalt cement
component in the heated fine material. Finally, any gases that
are produced in the drying process in indirect dryer 40 will
be conveyed from upstream end 64 of dryer 40 through duct
142 into combustion chamber 24, where they will be
destroyed in the burner flame. Finer sized material is also
less abrasive than coarser sized material, so it will impart
less abrasive wear to the thermal fluid tubes in indirect dryer
40 than would coarser sized material.

In contrast to the finer sized material, the coarser material
will have a lower percentage of asphalt cement, and conse-
quently, there will be fewer organic compounds to be
volatilized. In addition, the coarser material, with its smaller
surface area, is not heated quickly when exposed to a hot gas
stream. Therefore, coarser material can be heated in direct
contact dryer 90 without producing significant quantities of
smoke and VOC emissions. In addition, the more abrasive
coarser material will cause no abrasive wear in the direct
contact dryer.

Heated and dried material that is discharged from down-
stream end 66 of indirect dryer 40 is discharged directly
through chute 161 (see FIG. 11) into a mixer such as pugmill
162. Material from the second stream that is not heated is
transported from conveyor 86 to conveyor 89, and from
conveyor 89 into pugmill 162. Furthermore, heated and
dried material that is discharged from downstream end 96 of
direct contact dryer 90 is transported by conveyor 89 into
chute 161 for introduction into the pugmill. In a preferred
embodiment of the invention, aggregate material from the
first stream and aggregate material from the third stream are
combined in the mixer. In this embodiment, it is also
preferred that at least about 90% by weight of the material
in the third stream of aggregate material, that is fed to the
direct contact dryer, has a particle size that is larger than the
top size of the material in the first stream of aggregate
material, which is fed to the indirect dryer.

Dust that is collected in baghouse 128 is conveyed onto
conveyor 89 by auger conveyor 164. The proportions of
coarse and fine materials introduced into the pugmill are
controlled by the relative amounts of materials entering the
multiple material input streams and/or by the rate of opera-
tion of the two dryers. A binder component may be intro-
duced into the pugmill from tank 165 or another source
through supply line 166 and nozzle 167. Such binder com-
ponent may comprise liquid asphalt cement and/or a reju-
venating agent for rejuvenating the asphalt cement compo-
nent of RAP and/or RAS contained in the material input
streams. Rejuvenating agents may comprise diesel fuel,
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kerosene or other hydrocarbon solvents. Pugmill 162
includes a plurality of paddles 168 that are spirally config-
ured about shaft 170, which is mounted for rotation along
axis 172. Motor 174 is provided to drive a belt or chain (not
shown but contained within housing 176) to rotate shaft 170.
As the shaft is rotated, aggregate material is mixed with
asphalt cement and/or a rejuvenating agent and the mixture
is conveyed to pugmill outlet 178. Upon discharge from the
pugmill, the asphalt concrete material is transported by
conveyor 179 to storage silo assembly 180 for loading into
trucks. Truck scale 181 is provided for weighing the product
of the production facility prior to shipment. A power center
such as generator 182 provides power for operation of the
plant, as controlled from control center 184. When used to
process aggregate materials including RAP and/or RAS, the
preferred embodiment of the invention will limit the pro-
duction of smoke and VOC emissions. Furthermore, it does
not require scrubbers or wet electrostatic precipitators,
which makes it easier for an operator to obtain the necessary
permits to operate the apparatus in populated areas. The
invention will also produce high quality asphalt concrete
with little oxidized asphalt cement. This offers an operator
the flexibility to produce asphalt concrete for use in more
paving applications. Finally, the invention is expected to be
more thermally efficient than other high-RAP content and
high-RAS content systems, because most such conventional
systems utilize a parallel heat flow arrangement in order to
limit smoke and VOC emissions. This system employs the
more efficient counter-flow heat arrangement in both indi-
rect dryer 40 and direct contact dryer 90.

The invention contemplates that aggregate material will
be supplied in a first material stream for heating in an
indirect dryer, and that this material will be mixed with a
binder and with material from another material stream or
source. It is preferred that material heated in the indirect
dryer be combined with material from a third source that has
been heated in the direct contact dryer. However, material
that has been heated in an indirect dryer may also be
combined with aggregate material from a second stream that
has not been heated in an indirect dryer or with aggregate
materials from a second stream and with aggregate materials
from a third stream.

Although this description contains many specifics, these
should not be construed as limiting the scope of the inven-
tion but as merely providing illustrations of the presently
preferred embodiments thereof, as well as the best mode
contemplated by the inventors of carrying out the invention.
The invention, as described herein, is susceptible to various
modifications and adaptations, as would be understood by
those having ordinary skill in the art to which the invention
relates.

What is claimed is:
1. A method of making asphalt concrete from a plurality
of aggregate material streams, said method comprising:

(A) providing an indirect dryer for heating aggregate
material having a first top size from a first material
stream without directly exposing said first stream mate-
rial to hot gases of combustion;

(B) providing a mixer for mixing:

(1) aggregate material from the first material stream that
has been heated by the indirect dryer;

(ii) aggregate material, having a top size that is larger
than the first top size, from a separate material stream
that has not been heated by the indirect dryer; and

(iii) a binder component;

to produce asphalt concrete;
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(C) providing a first material stream of only aggregate
material having a first top size to the indirect dryer;
(D) providing a material stream of aggregate material that

is separate from the first material stream, said aggregate

material in said separate material stream having a

second top size that is larger than the first top size;

(E) providing a binder component;

(F) heating aggregate material from the first material
stream in the indirect dryer;

(G) conveying aggregate material from the first material
stream that has been heated by the indirect dryer to the
mixer;

(H) conveying aggregate material from the separate mate-
rial stream to the mixer;

(D) mixing:

(1) aggregate material from the first material stream that
has been heated by the indirect dryer;

(ii) aggregate material from the separate material
stream; and

(iii) the binder component;

together in the mixer to produce asphalt concrete.

2. The method of claim 1 wherein the first stream of
aggregate material that is provided in step (C) has a top size
that is within the range of 0.375-0.187 inches.

3. The method of claim 1 wherein the indirect dryer that
is provided in step (A) includes:

(A) a heat exchanger including a heat transfer coil con-

taining a thermal fluid;

(B) means for heating the thermal fluid in the heat transfer
coil in the heat exchanger;

(C) an indirect dryer drum frame;

(D) an indirect dryer drum that:

(1) is adapted to rotate with respect to the indirect dryer
drum frame;

(i1) includes a plurality of thermal fluid tubes that
extend along the interior of the indirect dryer drum;

(iii) includes a cleaning system comprising a plurality
of chains that are attached in such a way that at least
a portion of each chain can slide around inside the
indirect dryer drum as it is rotated with respect to the
indirect dryer frame.

4. The method of claim 1:

(A) which includes the step of providing a direct contact
dryer for heating aggregate material from the separate
material stream by directly exposing said separate
stream material to hot gases of combustion, said direct
contact dryer comprising:

(1) a direct contact dryer frame;

(i1) a direct contact dryer drum that is mounted for
rotation on the frame, said direct contact dryer drum
having:

(iii) an upstream end having an inlet;

(iv) a downstream end having an outlet;

(v) a burner for directing heated air and gases of
combustion into the direct contact dryer drum;

(B) which includes the step of conveying aggregate
material from the separate material stream to the direct
contact dryer;

(C) which includes the step of heating aggregate material
from the separate material stream in the direct contact
dryer;

(D) which includes the step of conveying aggregate
material from the separate material stream to the mixer
after it has been heated in the direct contact dryer.

5. The method of claim 4 wherein at least about 90% by

weight of the material in the separate material stream has a
particle size that is larger than the first top size.
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6. The method of claim 4:

(A) which includes the step of providing a dust filtering
device;

(B) wherein the direct contact dryer that is provided in
step (A) includes:

(1) a hot exhaust conduit for conducting exhaust gases
from the downstream end of the direct contact dryer
drum to the dust filtering device;

(i1) a cooler exhaust conduit for conducting cooler
exhaust gases and entrained dust from the upstream
end of the direct contact dryer drum to the dust
filtering device.

7. The method of claim 6:

(A) wherein the hot exhaust conduit of the direct contact
dryer that is provided in step (B) converges with the
cooler exhaust conduit from the upstream end of the
direct contact dryer drum prior to entry into the dust
filtering device;

(B) which includes the step of providing a diverter
damper at the convergence of the hot exhaust conduit
and the cooler exhaust conduit.

8. The method of claim 4:

(A) wherein the indirect dryer that is provided in step (A)
of claim 1 includes:

(1) a heating assembly having:

(a) a burner;

(b) a heat exchanger having a heat transfer coil
therein;

(c) a combustion chamber that is operatively con-
nected between the burner and the heat exchanger
so that air heated in the combustion chamber by
the burner is conveyed into the heat exchanger
where it heats a thermal fluid in the heat transfer
coil;

(d) an exhaust stack for exhausting exhaust gases;

(i1) an indirect dryer frame;

(iii) an indirect dryer drum that is mounted for rotation
on the frame, said indirect dryer drum having:

(a) an upstream end having an inlet;

(b) a downstream end having an outlet;

(c) a heat transfer tube therein that is in fluid com-
munication with the heat transfer coil of the heat
exchanger;

(B) which includes the step of providing a heating assem-
bly exhaust conduit for conducting exhaust gases from
the heating assembly of the indirect dryer to the down-
stream end of the direct contact dryer drum.

9. The method of claim 8 which includes providing a
recirculation circuit that is in fluid communication with the
heating assembly exhaust conduit, said recirculation circuit
being adapted to conduct a portion of the exhaust gases from
the heating assembly exhaust conduit to the downstream end
of the indirect dryer drum.

10. The method of claim 4 which includes:

(A) the step of providing a mixer for mixing:

(1) aggregate material from the first material stream that
has been heated by the indirect dryer;

(ii) aggregate material from second and third material
streams that are separate from the first material
stream, each of which second and third material
streams being comprised of aggregate material:

(a) having a top size that is larger than the first top
size;

(b) which has not been heated by the indirect dryer;
and

(iii) a binder component;

to produce asphalt concrete;
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(B) which includes the step of providing aggregate mate-
rial from the second material stream to the mixer, which
second material stream is not heated;

(C) which includes the step of providing aggregate mate-
rial from the third material stream to the direct contact
dryer;

(D) which includes the step of heating aggregate material
from the third material stream in the direct contact
dryer;

(E) which includes the step of conveying aggregate mate-
rial from the third material stream to the mixer after it
has been heated in the direct contact dryer;

(F) which includes the step of mixing:

(1) aggregate material from the first material stream that
has been heated by the indirect dryer;

(ii) aggregate material from the second material stream
that is not heated;

(iii) aggregate material from the third material stream
that has been heated by the direct contact dryer; and

(iv) the binder component;

together in the mixer to produce asphalt concrete.
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