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SAND OR FINES

This invention relates generally to drying apparatus
and relates more particularly to apparatus for drying vari-

us types of aggregates used in the paving industry and
the like, !

While the present apparatus has particular utility in
the heating and drying of aggregates, such as rock, sand,
dust, etc. used in the asphalt paving industry; and is
shown and described in connection with drum type dry-
ers used in 'said industry for the heating and drying of
such aggregates, it is to be understood that its utility  is
not confined thereto.

In the production of bituminous bound paving -mix~
tures, the aggregate, which may range from 215" rock
downwardly to sand and rock dust, is' dried in a cylin-
drical type dryer which rofates and drops the rock and
sand through hot gases passing through said dryer. - Such
dryers are usually of the counter-fiow type, that is, the
rock and sand are fed into one end of the dryer and the

fire is directed into the opposite end of said dryer. -Thus,

the aggregates pass through the cylindrical shell in one
direction and the hot gases from the fire pass through
in a-directly opposite direction. The dryers are usually
pitched in an inclination downwardly toward the firebox
end. In other words, the aggregate inlet end of .the dryer
shell or kiln is higher than the discharge end.

in such dryers various forms and shapes of lifters or
buckets are used and are so placed on the shell interior
that in combination with the rotation of the shell or kiln,
the lifters or buckets raise the material to the top of the
shell and throughout this portion of the shell movement,
the buckets or lifters carry the material upwardly, drop-
ping same when the angle of repose of the material con-
tained within or on the lifters. or buckets is such as.to
cause such material to fall off. This falling off .action,
once it starts, becomes continuous with further rotation
of the shell resulting in an action that is fermed in the
‘parlance of the trade as “aggregate curtains.”

Regardless of the type of lifters used in dryers of the
above described character, the ‘action of these lifters is
generally about the same.  Some lifters may tend to hold
the aggregate a little Ionger in its circular elevaticn con-
forming to the kiln or shell interior diameter and thereby
cast the aggregate therefrom a little further toward the
down side of the shell, but in general, the lifters conform
in manners inherent in their basic ‘concept which is spe-
cifically to block off a given amount of material when they
are positioned at the botiom of the shell and as the ro-
tation of the shell to which the lifters are attached con-
tinues the aggregate thus caught by the lifters is carried
“upward and gradually dropped. ‘

The aggregate is fed into the dryer as a composite, such
composite consisting .of rock, sand, rock dust, or other
fine material. It naturally follows that these various ag-
gregates in a composite combination. continue their pas-
sage through the shell, being lifted by the lifters and
dropped through the hot gases, and as the shell is inclined
downwardly toward the fired end, these aggregates move
to the low end of the shell in a continuing composite
manner and are discharged from said low end. As the
aggregates approach the fire, they naturaily become hot-
ter and, therefore; drier. )

As is well-known in the art, these aggregates as fed into
the dryer may contain considerable moisture, . Such mois-
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ture content may be seven, eight or nine percent and are
known to run as high.as 15% and sometimes even higher,
depending upon the type of aggregate being fed and the
point from which the aggregate may have been taken.
For example, sand freshly dragged out of the river, to-
gether with silt and clay, could contain a very high per-
centage of moisture if it had no opportunity to air dry
for a substantial period prior to being fed into the dryer.
As the aggregates, coarse and fine alike, are of substan-
tially the same specific gravity more or less, they pass
through the shell together, there being no appreciable seg-
regation occurring as the result of the lifting of the ag-
gregate by the lifters and the dropping of same therefrom
as_said lifters move through their circular path.

Should there be any moisture presentin the aggregate the
mixture, which includes the asphalt etc, sticks to the imple~
ments used in connection with the preparation and laying
of the asphalt paving so that it is absolutely necessary for
the aggregate to be practically bone dry, and it is, there-
fore, an object of the present invention to provide a dry-
er that will remove substantially all of the moisture from
aggregate material supplied thereto so that when said
material is discharged therefrom, it has the required de-
gree of dryness.

The difficulty encountered in drying composite aggre-
gates apparently is due to the fact that the sands and fines,
ranging in size upwardly to a quarter inch and even
slightly larger, are robbers of heat. These aggregates,
and - particularly the finer components thereof such as
the 200 mesh rock dust and coarser material up to and
including sand, steal the heat from the fire or flame or
hot gases and reach fantastically high temperatures while
at the same time act as an insulator which prevents the
coarser stone from receiving the direct effect of the heat.
It is well known that a rock of a given size, say a rock
having a weight of one ounce and a surface area perhaps
of one square inch, could be broken into particles of sand
which would have a surface area many thousands of
times larger than the rock from which it was made.

As pointed out above, aggregate mixtures used in
bitumincus paving material may consist of varicus grades
of rock. The variation in the grade of such rock may
be from a quarter inch to three-quarters inches, and even
as large:as two and one-half or three inches in heavy
base mixtures. The sand in such aggregate mixtures may
range from as low as 15% or 20% upwardly to a high
of 50% to 55% of such mixture. That is, the sand and
fines of an aggregate composite combination may go from
alow of 15% to a high of 50% of the fotal mix. Prob-
ably the average normal sand content of the aggregate
mix would run in the neighborhood of 35% of the total
mix contained in. the average bituminous specifications.

‘When using the term “sand” herein, it is intended to

‘include various ranges of fines which may be contained

in the sand and these will run from micron sizes up to

‘six or eight mesh.

As above stated, the sand and fines are stealers of heat

‘and insulators, creating a fog within the kiln or shell

which prevents the larger pieces of gravel and rock from -
being adequately heated and dried. It is, therefore, an-
other object of the invention to provide drying apparatus
which will thoroughly dry all of the grades of material
of such composite -aggregates.

Amncther cbject of the invention is to provide appara-

“tus of this character which will separate the sand from

the gravel and rock in the kiln so that the rock receives
the full effect of the blast of the fire, out of the presence
of the stealer of heat.

till another object of the invention is to provide ap-
paratus of this character which will so segregate the

sand from the larger particles of gravel and rock of the
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composite aggregate in the kiln that said larger particles

will be uninsulated and will be thoroughty dried.

It is a further object of the present invention to pro-
vide apparatus of this character that will function proper-
Iy over relatively long periods of time and will withstand
the relatively high temperatures required to effect proper
drying of the aggregates.

‘A still further object of the invention is to provide
apparatus of this character that will require a minimum
amount of servicing and repair.

Another object of the invention is to provide appara-
tus of this character that is simple in construction and
reliable in operation.

Tt is still another object of the invention to provide
mechanism of this character that is relatively inexpen-
sive to manufacture.

"The characteristics and advantages of the invention are
further sufficiently referred to in connection with the fol-
lowing detailed description of the accompanying drawings
which represent certain embodiments. After considering
these examples, skilled persons will understand that
variations may be made without departing from the prin-
ciples disclosed, and I contemplate the employment of
any structures, arrangements or modes of operation that
are properly within the scope of the appended claims.

Referring to the drawings: )

FIG. 1 is a diagrammatic or schematic side view of
drying apparatus embodying the present invention with
a portion broken away to show the interior construction;

FIG. 2 is a fragmentary sectional view taken on line
2—2 of FIG. 1;

FIG. 3 is a diagrammatic end view of the shells and
operably mounted on rollers;

FIG. 4 is an enlarged sectional view taken on line 4—4
of FIG. 1; and

FIG. 5 is a schematic side view, partially in section,
of a portion of the drying apparatus showing an alterna-
tive arrangement.

Referring more particularly to FIGS. 1 and 2, there
‘is shown a kiln comprising a cylindrical shell 10 arranged
substantially horizontally but with the inlet end 11 higher
than the outlet end 12. The shell 10 is provided with
a plurality of rings 14 which are secured concentrically
on the exterior of said shell and which are spaced apart
longitudinally thereof. Rings 14 are secured to the shell
by any suitable well-known means such as welding, bolts
or the like and are operably disposed on rollers 15 rotata-
bly mounted on support means 17 attached to members
18 which in turn are secured, by any suitable means, to a
supporting frame, indicated generally at 19 and which in-
clude longitudinally extending beams 28 which rest on a
supporting surface, such as a fioor, foundation or the like
indicated at 21. A gear ring 22 is secured on the exterior
of the shell 10 and is connected to a driving sprocket 23
by means-of a chain 24. Sprocket 23 is attached to a
drive shaft 25, the front end of said shaft 25 being op-
erably disposed in a bearing 26 secured to the frame
member 20 while the opposite end of said shaft is op-
erably mounted in a bearing 27. Shaft 25 is driven by
any suitable means such as an electric motor 28 which
is connected to said shaft 25 by means of a belt 29
mounted on pulleys 36 and 31 secured to the motor shaft
32 and the adjacent end of a shaft 25 respectively. The
motor 28 is suitably mounted to a base 34 which in turn
is attached to the frame 19 in the well-known manmer.

Material to be heated and dried by the apparatus is
delivered to the inlet end 11 of the shell 10 by any suit-
able means shown as comprising a chute 36 which pro-
jects into the inlet end of said shell 16 in the well-known
manner,

The device is of the counter flow type wherein the fire
is directed into the shell from the discharge end 12 so
that the hot combustion products, including gases, from
the fire flow in the direction opposite the direction of
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lifters 5.

movement of the aggregate delivered into the inlet end’

of said shell.

Within the shell 16 and at the discharge end there is
an interior, cylindrical shell 48 of smaller diameter than
the shell 10 so as to provide an annular chamber 41 be-
tween the shell 40 and shell 10. Shell 49 projects out-
wardly beyond the discharge end of the shell 10, as
indicated at 42 and extends inwardly from said discharge
end a predetermined distance, the length of shell 48 being
substantially less than the length of the shell 10 as best
shown in FIG. 1. Shell 4§ is supported in spaced rela-
tionship to the shell 18 by means of struts 44 adjacent

the inner and outer ends of said shell 48, the struts at

the respective ends of the shell 40 being annularly spach
apart, as best shown in FIG. 2. At the inner end of said

shell 4@, there is a grizzly, indicated gemerally at fi(»-
“the.
outer ends of said segments are welded or otherwise suit-’

having perforations 47 and formed of segments.

ably secured to the inner edge 49 of the shell 49 while
the inner ends of said segments are welded to the shell
10. Thus, the grizzly connects the shell 18 with the
inner end of the shell 40 and the perforations 47 of said
grizzly provide openings through which sand and fines
of smaller size than said openings may pass into the
annular space 41 between the shells 18 and 48. While
the openings or perforations 47 may be of any suitable,
desired size, a diameter of approximately a quarter of an
inch has been found satisfactory.

Within the shell 18 there are a plurality of longitudi-
nally extending, annularly spaced lifters, indicated gen-
erally at 56. These lifters may be of various designs but
are shown herein as being channels, that is, said lif.tersv
are in the shape of a wide, shallow U in cross section,
there being a radially extending bottom portion 51 con-
necting the outer and inner sides or walls 52 and 53 re-
spectively, which are normal to said bottom portion 51.
The outer wall 82 of each lifter is secured to the inner
side of the shell 18 by means of welding, bolts, or other
suitable means, and at the back of said lifters are angle
irons or members 54 which are also secured to the inner

side of the shell by any suitable means such as welding’

or the like, said members 54 serving to strengthen said
The members 54 are also secured to the
bottom walls or portions 51 of the lifters by means of
bolts 55 although the parts may be welded or otherwise
suitably secured together. The inner side walls 53 of
the liffers extend in the same direction as the side walls
52 and both extend from the side edges of the bottom
41 in the direction of rotation of the shell. At the outer
ends of the lifters 58 are lifter sections 66 which are in
Jongitudinal alignment with the lifters 58 and which are
secured to the inner side of the grizzly 46 by any suitable
means such as the means described in connection with
the attachment of the lifters 50 to the shell 10. Lifters
60 are of the same shape and arrangement as the lifters
59 and at the outer ends of said lifters 60 are lifters 62
which are in longitudinal alignment with the lifters 60 and

“of the same shape. The lifters 62 are secured to the in-

terior side of the shell 40 by any suitable means such as,
for example, the means described in connection with the
attachment of the lifters 50 to the shell 19.

As viewed in FIG. 3, the shells 10 and 49 rotate coun-~
terclockwise. The lifters 50 pick up the aggregate at the
bottom of the shell and carry same upwardly as the shell
rotates aggregate material being dropped from said lifters
when the angle of repose of the material contained therein
is such that said material will fall off. This falling off
action, once it starts, becomes continuous and develops.
aggregate curtains.

The aggregate works toward the discharge end and is
initially dried. When the aggregate reaches the grizzly
46 the sand and fines will pass through the openings 47
therein and separates same from the coarser aggregates.
The latter will enter the smaller diameter cylinder 48 and

-work toward the outlet or discharge end. The sand and

fines will pass into the annular space or chamber 41 be-
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tween the shell 40 and the adjacent portion of the shell
10 and will move toward the discharge end of said shell
18.. The coarser aggregates within the shell 40 will be
free of the insulating action of the fines and sand and will
be thoroughly dried by the hot combustion products pass-
ing through the shell 49 from the lower end thereof.

The sand discharged at the lower end of the shell 19
may be dropped into a chute or the like and be recom-
bined with the coarser aggregates which have been thor-
oughly dried in the shell 48 and discharged therefrom.
The sands and coarser aggregates may then be mixed
into an aggregate mixture in any suitable manner and
with any suitable means.

Referring to FIG. 5 an arrangement is shown wherein
the lower or discharge end portion of the shell 10 is pro-
vided with a jacket 78 of larger internal diameter than
the external diameter of the shell 1¢ to thereby provide
an anmular chamber 71 between the jacket 78 and the
adjacent portion of said shell 19. - The jacket 70 is con-
centric with the shell 10 and at the upper end of said
jacket there is an annular wall 72 bstween the upper end
of said jacket and the exterior of the shell 18 so as to
close the upper end of said chamber 71. Downstream of
the plane of the wall 72 there is a cylindrical grizzly 74
with perforations 75 therein, said grizzly being of sub-
stantially the same diameter as the diameter of the shell
16 and connects the part of said shell 10 upstream thereof
with the pari of said shell ¢ downstream thereof.

The operation of the arrangement shown in FIG. 5
is substantially the same as the arrangement shown in
FIGS. 1and 3.

It is thought that the invention and many of its at-
tendant advantages will be understood from the foregoing
description and it is thought that it will be apparent that
various changes may be made in the form, construction
and arrangement of the parts of the invention without
departing from the spirit and scope thereof or sacrificing
all of its material advantages.

I claim:

1. In apparatus for drying various aggregates used in
the paving industry and the like: a cylindrical shel] hav-
ing an inlet at one end and an open outlet at the other
end, the outlet end of said shell being lower than the inlet
end; means for rotatably supporting said shell; means op-
erably connected to said shell for effecting rotation there-
of; means for supplying a composite aggregate material
to the inlet end of said shell; means defining with a por-
tion of said shell at the cutlet end thereof, an annular
chamber concentric with said shell, said chamber having
an outlet end adjacent the outlet end of said shell and
having a closed upstream end spaced from its outlet end;
an annular grizzly adjacent the upstream end of said
chamber and having perforations communicating at the
interior side of said grizzly with the interior of said shell
and communicating at the opposite side with. said annular
chamber adjacent to the closed end thereof; and a plu-
rality of annularly spaced lifters secured within said shell
and extending longitudinally thereof upstream of said
grizzly, across said grizzly and downstream of said grizzly.

2. In counter-flow, drum type apparatus for drying vari-
ous aggregates used in-the paving industry and the like,
comprising: a main cylindrical shell having an inlet at
one end and an outlet at the other end, the ontlet end
of said shell being lower than the inlet end, said outlet
being adapted to have delivered therein hot combustion
products from a suitable source therecf; means for ro-
tatably supporting said shell; means operably connected
to said shell for effecting roiation thereof; means for
supplying a composite aggregate material to the inlet
end of said shell; an auxiliary cylindrical shell concen-
trically mounted relative to the main shell and defining,
with a portion of said shell at the cutlet end thereof, an
annular chamber, the outlet end of said chamber being
adjacent the ouilet end of said main shell, said chamber
having an upstream end spaced from its outlet; a grizzly
adjacent the upsiream end of said chamber and having
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perforations communicating at the interior side of said
grizzly with the interior of said shell and communicating
at the opposite side with said chamber so that material
particles passing through said perforations and into said
chamber are removed from the direct heat of combustion
products delivered into said main cylindrical shell; and a
plarality of annularly spaced lifters secured within said
shell and extending longitudinally thereof upstream of
said grizzly, across said grizzly and downstream of said
grizzly.

3. Apparatus for drying varicus aggregates used in the
paving indusiry and the like, comprising: a first cylindrical
shell having an inlet at one end and an outlet at the other
end, the outlet end of said shell being lower than the
inlet end; means for rotatably supporting said shell; means
operably comnected to said shell for effecting rotation
thereof; means for supplying a composite aggregate mate-
rial to the inlet end of said shell; a second cylindrical
shell shorter and of smaller external diameter than said
first shell and concentrically mounted therein so as to
define, with a portion of said shell at the cutlet end there-
of, an annular chamber between said shells, the outlet end
of said chamber being adjacent the outlet end of said
first shell; a frusto-conical grizzly extending between the
interior end of the second shell and the inner surface of
the first shell and having perforations communicating at
the interior side of said grizzly with the interior of said
first shell and communicating at the opposite side with
said chamber; and a plurality of operably mounted, an-
nularly spaced lifters extending longitudinally of the first
shell upstream of said grizzly, across said grizzly, and lon-
gitudinally of the second shell.

4. In counter-flow, direct-fired apparatus for drying
various aggregates used in the paving industry and the
like: a cylindrical shell having an inlet at cne end and an
outlet at the other end, the cutlet énd of said shell being
lower than the inlet end; means for rotatably supporting
said shell; means operably connected to said shell for
effecting rotation thereof; means for supplying a com-
posite aggregate material {o the inlet end of said shell;
a cylindrical jacket of larger inside diameter than the out-
side diameter of said shell but shorter than said shell,
said jacket being concenirically mounted on the lower end
portion of said shell to define theiewith an annular cham-
ber conceniric with said shell, the outlet end of said
chamber being adjacent the outlet end of said shell; means
closing the end of said chamber at the end opposite the
outlet end; a grizzly interposed in said shell adjacent the
closed end of said chamber and having perforations com-
municating at the interior side of said grizzly with the
interior of said shell and communicating at the opposite
side with said ‘chamber; and a plurality of annularly
spaced lifters secured within said shell and extending lon-
gitudinally thereof throughout substantially the. entire
length of said shell.

5. In aggregate drying apparatus: a cylindrical shell
having aa inlet at one end and an outlet at the other end;
means for supplying a composite aggregate material to
the inlet end of said shell; means defining with a portion
of said shell at the outlet end thereof, an annular cham-
ber concentric with said shell, said chamber having an
upstream end spaced from its outlet end, the outlet end
of said chamber being adjacent the outlet end of said
shell; an annular grizzly adjacent the upstream end of
said chamber and having perforations communicating
at the interior side of said grizzly with the interior of
said shell and communicating at the opposite side with
said annular chamber adjaceat to the inner end thereof,
said chamber extending longitudinally outwardly of the
grizzly and being closed at its inner end; and a plurality
of annularly spaced lifters secured within said shell and
extending longitudinally theresf upstream of said grizzly,
across said grizzly and downstream of said grizzly.

6. In rotary, connter-flow, drum type aggregate dry-
ing apparatus: a meain cylindrical shell having an injet
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at one end and. a substantially open outlet at the other
end; an auxiliary cylindrical shell concentrically mounted
relative to the main shell and defining, with a portion of
said shell at the outlet end thereof, an annuiar cham-
ber, the outlet end of said chamber being adjacent the
outlet end of said main shell, said chamber having an
upstream end spaced from its outlet end; a grizzly ad-
jacent the upstream end of said chamber and having per-
forations communicating at the interior side of said griz-

zly with the interior of said shell and communicating at i

the opposite side with said chamber; and lifter means op-
erably secured within said shell and extending longitu-
dinally thereof upstream of said grizzly, across said griz-
zly and downstream of said grizzly.

7. Apparatus for drying composite aggregates used in
the paving industry and the like, comprising: a first cylin-
drical sheil having an inlet at one end and an outlet at
the other end; a second cylindrical shell shorter and of
smaller external diameter than said first shell and con-
centrically mounted therein so as to define, with a por-
tion of said shell at the outlet end thereof, an annular
chamber between said shelils, the outlet end of said cham-
ber being adjacent the outlet end of said first shell; a
frusto-conical grizzly exteading between the interior end
of the second shell and the inner surface of the first shell
and having perforations communicating at the interior
side of said grizzly with the interior of said first shell and
communicating at the opposite side with said cham-
ber; and a plurality of operably mounted, annularly
spaced lifters extending longitudinally of the first shell
upstream of said grizzly, across said grizzly, and longitu-
dinally of the second shell.

8. Drum type, counter-flow drying apparatus for dry-
ing various aggregates used in the paving industry and
the like, comprising: a cylindrical shell having an inlet
at one end and an outlet at the other end; means for sup-
plying composite aggregate material to the inlet end of
said shell; said shell having hot combustion gases ad-
mitted into the outlet end to contact the aggregate mate-
rial, a cylindrical jacket of larger inside diameter than
the outside diameter of said shell but shorter than said
shell, said jacket being concentrically mounted on the
outlet end portion of said shell to define therewith an an-
mular chamber concentric with said shell, the outlet end
of said chamber being adjacent the outlet end of said
shell; means closing the end of said chamber at the end
opposite the outlet end; a grizzly interposed in said shell
adjacent the closed end of said chamber and having per-
forations communicating at the interior side of said griz-
zly with the interior of said shell and communicating at
the opposite side with said chamber; and a plurality of
annularly spaced lifters secured within said shell and ex-
tending longitudinally thereof in both directions from said
grizzly.
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9. In counter-flow, direct-fired apparatus for drying
various aggregates used in the paving industry and the
like: a cylindrical shell having an inlet at one end and an
outlet at the other end, means for supplying aggregate
material to the inlet end, said shell having hot combus-
tion gases admitted into the outlet end to contact the ag-
gregate material, the outlet end of said shell being lower
than the inlet end; means for rotatably supporting said
shell; means defining with a portion of said shell at the
outlet end thereof, an annular chamber concentric with
said shell, said chamber having an outlet end adjacent
the outlet end of said shell and having an upstream end
spaced from its outlet end; an annular grizzly adjacent
the upstream end of said chamber, said grizzly having
perforations communicating at the interior side of said
grizzly with the interior of said shell and communicating
at the opposite side with said anpular chamber; and a
plurality of annularly spaced lifters secured within said
shell and extending longitudinally thereof in both direc-
tions from said grizzly.

10. Apparatus for drying composite aggregates used
in the paving industry and the like, comprisiag: a first
cylindrical shell having an inlet at one end and an outlet
at the other end; means for supplying aggregate material
1o said first cylindrical shell at the inlet end, said first
cylindrical shell having hot combustion gases admitted
into the ontlet end to contact said aggregate material; a
second cylindrical shell shorter and of smaller external
diameter than said first shell and concentrically mounted
therein so as to define, with a portion of said first shell
at the outlet end thereof, an annular chamber between
said shells, the outlet end of said chamber being adjacent
the outlet end of said first shell; a frusto-conical grizzly
extending between the interior end of the second shell and
the inner surface of the first shell and having perforations
communicating at the interior side of said grizzly with
the interior of said first shell and communicating at the
opposite side with said chamber, and a plurality of an-
nularly spaced lifters secured within said shell and ex-
tending longitudinally thereof in both directions from
said grizzly.
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