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_ Patented Mar. 15,‘ 1927.

UNITED STATES

1621222

PATENT OFFICE.

HARRY M. ROBERTSON, OF LAKEWOOD, OHIO.

APPARATUS "EOR BURNING OR CALCINING MATERIALS,

Application filed June 20, 1925, ferial No. 88,589,

~This invention relates to an apparatus for
and process of burning or calcining mate-

* rials, particularly materials in rock form,
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such as limestone, shale and the like. - The
apparatus is of the continuous kiln type.

One object of the invention is to provide
an improved apparatus for burning or cal-
cining materials, whereby uniformity of
product is insured, greater output results
and operating expenses in fuel and labor
are decreased.

A further object of the invention is to
produce an improved apparatus wherein
limestone may be calcined by contact with
the products of combustion and complete
burning effected so that picking of the cal-
cined material is eliminated. '

Another object of the invention is to pro-
vide an improved process of calcining lime-
stone capable of producing lime of high
quality in a rapid manner.

Another object of the invention is to-pro-
vide an improved: tunnel kiln of simple
construction. ‘

Other objects of the invention will be ap-

parent to those skilled in the art to which.
‘my invention relates from the following de-

scription taken in connection with the ac-
companying drawings, wherein—

Fig. 1 is a plan view of an apparatus em-.

bodying my invention and capable of use in
carrying out my improved process. :
Fig. 2 is a longitudinal section through th
apparatus. . -
Fig. 8 is a fragmentary view, enlarged,
showing the preferred manner of introdue-

ing the materials into the apparatus and

" conveying them therethrough.

Figs. 4, 5 and 6 are fragmentary enlarged
sections on the lines 4—4, 5—5 and 66,
respectively, of Fig. 1. ‘

Figs. 7 and 8 are enlarged transverse sec-

tions on the lines 7—7 and 8—S8, respectively, -

of Fig. 4. _

Fig. 9 is an enlarsed transverse section
on the line 9—9 of Fig. 1.
© Fig. 10 is an enlarged transverse section
on the line 10—10 of Fig. 6.

Fig. 11 is a perspective view of a truck
(wheels for the truck being omitted) having

. a holder for the material.

<
ot

Tig. 12 is a perspective view of a truck
(the wheels therefor being omitted) having
a holder of slightly different form from that
shown in Fig. 11.

Fig. 12# is a longitudinal sectional view of

the truck and holder shown in Fig, 12, on

the line 12°—12* thereof. .
Fig. 13 is a perspective view of a truck
(the wheels therefor being omitted) having

~a holder slightly different in comistruction

from that shown in Figs. 11 and 12. ’

Fig. 14 is a fragmentary view, partly in
section, of the discharge end of the appa-
ratus showing the automatic means for dis-
charging the materials. ‘ v

Fig. 15 is a section on the line 15—15 of
Fig. 14. : ‘ ‘

My apparatus may be used for burning
various kinds of materials, including shale
and limestone, but I have particularly
adapted it for the burning or calcining of
the latter. In my apparatus and according
to my process the limestone rocks are sub-
jected to heat at a predetermined tempera-

ture for a predetermined period of time

without contact or mixture with the fuel, so
that lime devoid of ash and other products is
obtained. In carrying out my process, I use

. an apparatus of the continuous kiln type,

whereby the introduction of the material
into the kiln, its treatment and the discharge
thereof may be effected readily and substan-

“tially continuously.

-1 indicates as an entirety a kiln having a
burning section 2, a preheating section 8 and
a cooling section 4; and by preference the
preheating section is provided with an inlet
section 5 and the cooling section 4 is pro-
vided with a supplemental or auxiliary cool-
ing section 6, all of these sections being in
line with each other, whereby the ‘material

is passed through a zone 3* of gradually ris- -

ing temperature, then through a zone 2* hav-
ing a fixed, predetermined temperature to
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effect the burning of the material, then

through a zone 42, whereby cooling is per-
mitted; then through a zone 6* where a
further cooling is provided for. -
The kiln is’ built on a suitable bed 1=
preferably formed of cement. The- outer
walls of the kiln 1 may be built of bricks
7 or other materials. These walls may be
braced by studs 8, tied together by rods 9,
the studs being spaced any desired distances
and fixed at their lower ends in the bed 12,
The walls 7 are lined with insulation, as
shown at 10, to properly insulate the inner
walls 11, which are preferably formed of
fire bricks. The walls of the inlet section 5
and supplemental cooling section 6 may be
formed from cement. All of the walls that

100
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:.-ar-e f(lirmed‘,frOm cement-niay‘ be .reixiforced is introduced substantially centrally of the. .

. widened'at its lower portion to form benches.

" comprising trucks indicated : t '
at 13, to which reference will later be magde.. :
10

15

1,69

in any manner desired.. The inner wall 11 is

12 which extend from end to end of the kiln

"1 and form between them a space for-the

conveying means for the limestone rock, such

\
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kiln and at the point of maximum tempera-"

ture. The zones 3%, 2* and 4* are covered
by roofs 8%, 2%, 4%, respectively, each of
the roofs 3%/, 2%/, preferably each compris-
ing an arch of-suitable fire bricks 22 covered

conveying means in  the present instance’ with insulation 23 and the roof 4*’ compris-

as -an entirety

As will later appear, the trucks 18 fit be-
tween the benches and run on tracks.14” and
cooperate with the benches to form above the
latter the zones 8%, 2%, and 4%, whereby the
heat and products of combustion and car-
bon dioxide and other vapors may be con-
trolled and readily discharged er exhausted’
“from the kiln and the products of combus-

" tion utilized to the best advantage in pre-

20

25

heating the material as it passes through the
zone 3. The benches 12-also:Serve as sup-
ports for baffles 14, 15, 16, in the zones 3%,
28 and 42, respectively, the purpose of which

--will later be set forth..- The benches 12 may

be variously constructed from fire bricks;
for example, each may be madeé to form an
interior space that is filled with cement, as
shown.at 173 while portions of the benches
12 'may be constructed otherwise to provide

- for"the primary combustion chambers, in-

30
" conduits. 19 (see Figs. 4 and 7). The oppos-

<35

dicated as an entirety at 18 or for_outlet

ing side faces of the benches 12 are provided
with ledges 20 which co-operate with the

sides of the trucks 13 to prevent the heat and’

products of combustion from flowing down

* below:the truck bodies 13* and causing dam-

‘age to the truck wheels, their axles’and axle
‘bearings. < To maintain the space below the

., ledges 20 relatively cool, I provide piping

07

21, preferably three lines of pipe, against or

."""adjacen"t -each bench side face below the

adjacent ledge 20 (being mounted on the
side face in any desired manner) and circu-

" Jate through such piping cold air by means

of a suitable blower .(not shown) connected
to the inlet ends of the pipes 21. As will

~ . be understoood from Figs. 1, 2 and 5, there

50

are two sets of pipes 21 on each bench side
face, one set extending from the inner end
of the preheating section 3 to its outer end
.and the other set extending from the inlet
end of the burning section 2 to or a point
-adjacent the discharge end of the cooling

- zone 42, The outer and inner ends of the

65 .

pipes 21 are bent -outwardly and project

--through the walls of the kiln 1. The inner

65

ends of the sets of pipes are connected by a
. pipe 21* with a suitable blower (not shown),

~which forces cold air through them, the
60 .

radiation from the pipes serving to maintain
the space between the benches 12 and below
the ledges 20 and truck bodies relatively cool
for the purpose already set forth. By this
arrangement of the pipes and their connec-
tion with the cold air supply, the cold air

ing an arch of suitable fire brick 232,

The burning or calcining of the limestone
is .effected while passing from one end to
the other end of the furnace section 2 or in
passing through the burning zone 2*, where-
in a predetermined temperature, preferably
of 1,700 to/ 2,400 degrees Fahrenheit de-
pendent upon the quality and nature of the
limestone 1$ maintained, although a higher
or lower’ temperature may be maintained if
desired, T having found that within certain
limits, a relatively high temperature is de-
sired to burn out the impurities in the ma-
- terial being treated to produce what is

commonly known as white lime. The heat-
" ing means comprises a pair of' combustion
chambers 24 extending from end to.end of
:the furnace section 2 preferably on or above
the level of the benches 12 at each side of
the burning zone 2* (see" Fig. 9), the
- primary combustion chambers 18 (already

referred to) and air supply conduits 23, 26,

arranged to supply heéated air to the com-

bustion chambers 24, as will later appear..

As shown in dotted lines in Figs. 1, 2 and 5,
there are a plurality of primary combustion
chambers 18 having openings ‘extending
through the outer walls 7 at either side of
the burning section 2. Each primary com-
bustion chamber 18 is provided by con-
‘structing in.the adjacent bench 12 and wall
7 an opening of the desired shape to form
the chamber ‘having' side walls, a bottom

70

80
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wall 182 and a.rear wall- 18" that is up- .
wardly inclined, these walls forming an

opening 18V at their inner portions that

leads into the bottom of the adjacent com-

bustion chamber 24. By preference the walls
18* and 18" of each primary combustion
chamber are cut away to form a groove or
space 18° of any desired width leading in-
wardly through the wall 7 and the walls

18* and 18" are provided with a lining 18%,°

preferably formed from slabs of suitable re-
fractory material, to protect the walls of

110

the benches 12. As shown in Fig. 9, the -

lining 18¢ extends over and along the groove
18° and co-operates with its walls to form
the air supply conduit 25. By this arrange-
“ment the air in the condnit 25 is heated by

the burning fuel in the chamber 18 and de- .

livers it to the combustion chamber 24 at a
‘point adjacent the opening 18”. The pri-
mary combustion chambers shown are
adapted to receive gas or oil burners, but

120

by provision of a grate they may be utilized

to burn coal as the fuel.
26 - comprises a manifold 27, which opens

Each air supply .

130
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into the adjacent combustion chamber 24
preferably at that end adjacent the dis-
charge end of the burning section 2. The
air supplied by each manifold 27 is heated

. in the following manner: 28 indicates a con-

duit or pipe incorporated in each side wall
of the cooling section 4, preferably adjacent

* its discharge end. The pipe 28 has an in-

I

let end which extends through the wall 7
(see Fig. 1). Its opposite end connetts
'with a manifold 29 to which are connected
a series of pipes 30, preferably of rectangu-
lar shape in cross section, extending longi-
tudinally of the cooling section above the
benches 12.and connected at their opposite

ends to the adjacent manifold 27. The air.

in the pipes 80 is heated by the heat radiat-

' ing from the material passing through'the

30.

cooling: zone 42, the transfer “of the heat
from thé material.to the air in the pipes
serving to gradually cool the material and
to heat the air, so that theg latter may be

~used for combustion. purposes in the com-

bustion chambers 24 to supplement the

5 heated air supplied by the conduits 25. ~The

pipes 30 are mounted in ‘openings formed

in the spaced piers or baflle members 16,

which are supported. on .and extend ‘from
the benches.12 to the arch 4% The piers
16 tend to cause the heat to radiate in-

““wardly and outwardly relative to the pipes
.80 due to a draft which is set up within the
“kiln 1, as ‘will be later described. The
- pipes 30 may be formed from fire clay or’ between them, and thus prevent these ele-

35

other "suitable fire resisting material. By

- making them of rectangular shape, maxi-
" -inum area of exposed pipe walls is-provided
. between the inner and outer edges of the
. piers 16, or at either side of the space re-

10

quired for the passage of the material.

.. The combustion chambers 24 extend from

end to end of the burning section 2, each
being disposed above the adjacent bench so

- as to be on an approximate level with the

material passing through the zone 2*. Each
chamber 24 has 'a rear refractory wall 32

. to protect the inner_wall 11, and a front

50

55

wall 33 having a plurality of uniformly
spaced openings 34 through which the flame
and products of combustion project and flow
to effect burning of the material. The
chamber 24 is provided with a top 35, which

.comprises slabs of suitable refractory ma-

terial supported on the upper ends of the
walls 32 and 33, as shown in Fig. 9. The

_ baffles or partitions 15 extend from the tops

60

85

85 to the arch 22, have their front edges in
a plane coincident with the front or inner
face of the wall 33. The baffles 15 are
preferably arranged one opposite the other
and uniformly spaced from end to end of

-the zone 2° (see Fig. 5) and primarily serve

to prevent the products of combustion and
thé heat generated thereby from finding a
straight path of exit through the zone 2°;

on the other hand, the baffles 15 serve to
cause these elements and other gases or
vapors to flow inwardly and outwardly in a
successive manner as they are drawn
through the zone 2* to the zone 3* by the
induced suction, to which reference will
+ldter be made; accordingly it will be seen
that the products of combustion and other
heated gases and vapors are caused to circu-
“ late-into' and . through or between the ma-
terial and out again. A
The heated air and gases, consumed prod-
ucts of combustion, carbon dioxide and other
vapors given off from the material as it
passes through the zone 2* flow into and
through the preheating zone 3* and contact
with the material being moved forwardly
therein, the effect of which is to dry out all
moisture in the material and gradually heat
it up to approximately the temperature of
_the zone 2. To more effectively cause these

70

80

heated elements to penetrate the material as -

it moves, through the zone.3*, I provide
therein a plurality of pairs of piers or
.baffle elements 14, (already referred to),
disposed in spaced relation preferably equal
distances from each other. .As understood
~from Fig. 1, the baffle elements 14 consti-
tuting each pair are positioned . opposite
each other on the benches 12, the effect of
which arrangement is to cause the heated
elements to flow inwardly around these baffle
elements and then outwardly into the spaces

ments from forming into a current and flow-
ing in a path leading directly through the
zone 3%; these baffles therefore insure the
circulation of these elements into and
through the material or the spaces between
the rocks -constituting it. -

38 indicates a draft-inducing means con-
nected with the zone 3* and serving to set
up a suction effect therein and thus draw all
of the heated air and gases, products of
combustion or gases résulting therefrom, and
vapors from the material through the zone

90

100

105
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2* into the zone 3* and through the latter

whereby they are discharged either into
the open, or to some suitable apparatus
where it is desired to re-claim, as by-prod-
‘ucts, any of the materials combined or mixed
with the limestone or othier material that
is being calcined. The draft inducing
-means is regulated to insure flow of all the
heat and gases and products of combustion
and prevent any portion thereof entering
the cooling zone 42

" 39 indicates as an' entirety mechanism for
regulating the discharge of the heated air’

and gases, vapors and consumed products
of combustion from the zone 32
draft inducing means and the regulating
mechanism are in combined or associated

115

120

As the -

relation, I will describe them as follows: -

40 indicates a discharge pipe or conduit at

130
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oneniside of the prebeating section and lead-

"ing to-a suitable point of discharge. Inter-

posed in this conduit is a- suitable suction

"device, such as a power driven fan (not

shown) having sufficient suction effect to
induce the maximum draft in the zones 3*
and 2% 41 indicates a conduit mounted on
the roof 3% and extending longitudinally
and centrally thereéf so.as to receive the
heated ingredients. and elements of the char-

" - acter referred to through one or more ports

42 formed in the roof 3. The ports 42 may

be opened and closed, independently of each
other by suitable dampers 42¥ (see Fig. 7).
The ports 42 are spaced from each other
any desired distance and extend from the
inlet end of the zone 3* toward its discharge
end so that through the regulation of their

" dampers, the discharge of the heated in-

30

40

gredients at one or several points can be
effected. The conduit 41 preferably com-
prises an inverted hollow member which
sets into a slot or opening formed in the
roof section 23 as shown in TFig. 4. 43
indicates a pipe connecting the conduit 41
with the conduit 40. As will be understood
from Figs. 1 and 4, the conduit 41 extends
downwardly to a point below the bed 17,
where it is connected to a transverse pipe
44, which in turn is connected by risers with
the chambers or outlet conduits 19 (see Figs.
4 and 7). The chambers-19 preferably ex-
tend longitudinally of the benches 12 from

the inlet end of the zone 3* to a point below
5 the third pair of baffle elements 14. Each s
‘number of - advantages result in the use

of the baflles 14 above the adjacent conduit

19 has a stepped rear end wall 45 for a pur-
pose which will later appear. 46 indicates"
a plurality of vertical pipes or’ ¢onduits - (2) ‘the holders, by reason of their conti-
formed in each of the baffle elements just-

referred to and extending from the adjacent.

chamber 19 upwardly ‘and each pipe 46 is
connected to one or more inlet pipes or open-
ings 47 leading inwardly from the end wall
45 whereby the conduit 19 receives the
heated ingredients from points at different
levels within the zone 3% 48 indicates damp-

~ers for closing the pipes 46, each damper

‘o
B

G0

“preferably comprising a plate slidably fit--

ting a guide way 49 formed in the adjacent
bench 12 and walls 11 and 7—see Fig. 7.
By pulling one or more of the dampers out,
the flow of the gases can be. controlled
through any one or more of the pipes 46
and at a high or low level in the zone 3%,
as desired. By providing each of the baffle
elements: with a larger number of pipes
46 or controlling the openings into the pipes

.47, the discharge of the heated gases can be

taken off at intermediate levels.
From the foregoing description it will

.be seen that I provide for the discharge of

the heated gases either at the top of the zone
3* or at different levels in the zone, and

also at different points longitudinally of the

1,621,322

zone through either of these discharge open-

ings. - Accordingly, the suction effect of the
fan can be regulated dependent upon the
conditions existing within the kiln. or the
nature of the material or speed with which
it becomes heated after it enters the zone 32
* The supplemental cooling section 6 may

be provided with supplemental means 50 for

cooling the material rapidly, since the ma-
terial after passing through the cooling
zone 4* has cooled sufficiently to permit the
application of any sort of cooling without

danger of affecting the material. or the

holder 13 carrying it. The supplement cool-
ing means 50 comprises a pair longitudi-
nally arranged upper and lower manifolds

§0

51 connected by a plurality of pipes 52, ar- .

ranged adjacent each side wall of the sec-
tion 6. The upper manifolds 51 are con-
nected by pipes 51* to a pipe 53 which ex-
tends upwardly through the roof of the sec-
tion 6. A suitable blower (not shown) is

interposed in the pipe 53, the purpose of.

85

which is to blow or suck cold air through -

the manifolds 51 and pipes 52, openings be-

90 -

ing formed in the lower manifolds to per-

mit of this operation (see Fig. 6).

The limestone may be loaded onto trucks
carrying holders of the type shown gener-
ally at 18’ in Figs. 12 and 12* and the
trucks moved successively through the kiln
1, preferably in abutting relation; but I
prefer to use trucks having holders of the
type shown at 13 in Fig. 11 or of the con-
struction shown at 13’/ in Fig. 13, since a

thereof, to wit, (1) the holders can be con-
tinuously loaded without waste of ruaterial;

nuity while being moved through the kiln,
have an increased carrying capacity and

" provide for ‘the movement of a continuous:

stream of material into and through the
kiln; and (3) they permit of the automatic
discharge of the material from the holders.

So far as-I.am aware, I am the first to
construct .a holder for material which
may be introduced-into.a chamber that is
heated to a high temperature, moved
through and discharged from the chamber
whereby it is subjected successively first to
a high temperature and then to normal tem-

100

1i0

115

perature without damage or deterioration

of any sort. As shown, the trucks carrying
the holders are moved into filling position,
as shown in Fig: 3, preferably below a load-
ing hopper 54, then they are moved into and

120

through the zones 3%, 22, 42, successively,

then.they are moved past a discharging or
unloading mechanism " indicated as an en-
tirety at 55; then the trucks are returned
by a return track. (not shown) to position
ready to be moved to a point below the
loading hopper 54.° The movement of the

trucks may be continuous or intermittent,

130
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as desired, power being applied to the first

end truck at the inlet end of the kiln and
it in turn pushing the trucks in front of it
forwardly. s

The truck body comprises a frame 56
(preferably a casting 56* having strength-

ening ribs and a flange 56" extending along

its sides and ends—see Fig. 12*) and bear-
ing boxes 57 for axles 58 which carry the

.wheels 59, the peripheries of which are

shaped to engage the tracks 14’." 60 indi-
cates a base portion supported on the frame

. 56 and formed of refractory blocks, such as

15

20

25

30

bricks 61, as shown in Figs. 11, 12 and 12*
or tile 62, as shown in Fig. 13. The bricks
or blocks rest on the frame and fit within
the flange 56°. The upper surface of the
base portion 60 is shaped to form inclined
bases 60°, 60, extending from.the longitu-
dinal side edges of the base portion down-
wardly to a longitudinal line extending
centrally thereof. The purpdsé of this con-
struction will later appear. At-63 the end
walls of the base portion 60 aré provided
with transversely extending ribs arranged
to close the spaces between the trucks and
thus ‘prevent heat from radiating down-
wardly. As shown in Fig. 3, the ribs on

‘the front and rear end wails of each truck

are off-set one relative to the other so that
the ribs on adjoining trucks will overlap
each other for this purpose..

The holder 13 comprises a bottom 64, side

" walls 65 and supporting members 66 all of

35

40

45

which are constructed from blocks 67 and

slabs 68 each formed from suitable fire clay
capable of resisting the high temperature.

required- in the kiln 1 in burning the lime-
stone or other material and exposure to the
air at normal temperature without danger
of breakage. The blocks 67 preferably ex-
tend transversely of the base portion 60, be-
ing arranged in.rows each row spaced from
the other row to permit the heat to circulate
beneath the bottom 64 and side walls 65;
also, the blocks in each row constitute a

. series so that their lower surfaces may en-

50

gage the incline bases- 60* and their upper
surfaces support the slabs 68 in the manner
shown. The side walls 638 are inclined in-

- wardly and downwardly, thus serving to

e’
s

60

66

increase the carrying capacity of the truck,
at the same time leave a large area of the
material exposed to the heat and products
of combustion as well as permit the ready
escape of the carbon dioxide and other
vapors from the material. The bases 602 be-
ing inclined downwardly and inwardly, they
prevent lateral sliding of the blocks 67 on
the base portion, and hence insure the as-
sembly of the slabs in position.

sufficiently to maintain a maximum load
without affecting the accessibility of the

heat and products of combustion to the mate-

The slabs-
68 forming the side walls 65 are inclined

rial or free escape.therefrom of the vapors
given off incident to the burning action.
It will'be seen from Figs. 8 and 11 that the
bottom 64 and side walls 65 extend from end

to end of the truck body 56 or base portion 70

60, so that they substantially abut the cor-
responding walls of the adjacent trucks. As
a result, the loading of the trucks may be .
carried on continuously and the holders may
co-operate one with another to form a con-
tinuously moving stream of material which
1s continually moving into and through the

75.

kiln, as will “be understood from Fig, 8. .

The holder may be modified so that the
outermost slabs thereof will be but slightl

inclined, as shown at 69 in Fig. 13, in whic

form of construction I prefer to provide
flange sections 70 extending along the side
edges of the slabs 69. Aswill be understood,
the flange sections are formed of the same
material as the other sections of the holder;
also, that the blocks 67" are shaped to sup-
port the slabs 68" and 69 in the position
shown. Fig. 13 also shows a further modifi-
cation which may be used in connection
with either form of holder, in that the base

80

85 -

90

portion is constructed of fire-clay blocks in- -

stead of bricks,

Where it is desired to provide the holder
with end walls I construct. it as shown at
13"—see Figs. 12 and 12% _In these views, I
provide blocks 70, 71, shaped to fit the slabs
68* forming the bottom 64’ and side walls
65”. The blocks 70, 71, may rest on the slabs
68> or they may be formed integrally with
the end row of blocks 672, in which event the
blocks have an off-set portion 67*’ to form

“a seat for the adjacent slabs 68%. By fitting

the base portion 60 of the holders within
the flange 56°, the latter will lie beyond the
refractory base portion and thus engage
each other to effect movement of the trucks
through the kiln 1 without contact with the
refractory walls. Danger of breakage of
these walls is therefore eliminated.

In my process’ of burning limestone, the

N
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100

105

110

material is first introduced into and passed

through a zone"where the temperature is
gradually increased from approximately at-
mospheric temperature to the temperature at
which the burning is effected, then the mate-
rial enters and passes through a zone of a
predetermined temperature so that for a

‘predetermined period the material is sub-

jected to°the desired temperature to insure
complete burning, and finally the material
passes into and through a cocling zone where
1ts heat is utilized to heat air which is sup-
plied to the combustion chamber. During
the passage of the material through these
zones, it is continuously subjected to a draft
induced at or near the entrance end of the
kiln, the effect of which is to carry off the
vapors resulting from the burning of the
material to draw the products of combus-

115
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‘tion and heat rearwardly and through the
zome 2* to prevent it passing into the cooling
zone 4* and to direct it into and upon the
material being moved forwardly in the zone
5 8~—From the foregoing description it will
be seén that in my form of construction and
in carrying out my process, I provide for a.
continuous supply of material and movement
thereof through the kiln, and finally dis-
10 charge it from the holders outside of and
beyond the exit end:of the kiln, preferably
as shown in Figs. 14 and 15. ' '

The holders are preferably loaded from 2
hopper having & suitable chute 54* controlled
15 by a valve gnot shown). ‘The bottom or
delivery end of the'chute 54* may be so
positioned that it will level over the mate-
" rial discharged into the holders at such

height as'to prevent overloading ‘thereof.
20
_a collecting hopper ‘countersunk in ‘the

round below the tracks 14/ and bed 1%, This -

opper may have its wall built of cement

and its lowermost portion may be shaped
25 to form a.chamber 73 through which an end-
“less conveyor 74 runs, the walls of the cham-
ber having guide members 75 to direct the
burnt material into thé buckets. The con-
veyor buckets may carry rollers 74% engag-

30 ing suitable tracks 74*. The conveyor 74
leads to a suitable discharge place or station.

76 indicates frames disposed on o¥posite
sides of the tracks 14/, each frame preferably
comprising uprights 77 and connecting mem-

35 bers 78, 79 indicates the discharging elements
_comprising -8 series of scraping members

extending between the frames 76 and ar--

ranged with their lower free edges at differ-
ent levels, the first being arranged to scrape

40 off a portion of the material as a holder 13
is moved below and past the scraping mem-
ber, the next being arranged to scrape
off a further portion of the material as the
movement of the holder continues and the

45 last scraping member being arranged to
scrape close to the bottom of the holder and
thus effect discharge of all of the material.

Tt will be obvious that the holders could re-

- main stationary and the scraping members
50 moved relative thereto, in which event the
" uprights 77 could be mounted on wheels, but

I prefer to continue the tracks 14’ outwardly
beyond the kiln section 6 and hogper 72
and to move the truck thereover as shown in

55 Fig. 14. In moving the truck and its holder
in this manner; I propose to provide at some
suitable point a winch for a cable carrying

a hook which may be connected to ‘each
truck, as they exit from the kiln, and to

move it away from the succeeding truck to

effect the discharge as shown in Fig. 14.
‘While I have shown in Figs. 14 and 15 three
scraping members 79, I may increase or
decrease the number as desired.

‘65 In the burning of limestone to produce

Of the discharging means 55, 72 indicates’

"nel kiln of the construction herein disclosed,

1,621,228

lime according to my process and by means

of an apparatus such as disclosed, limestone.
containing calcium or magnesium may. be
readily calcined since the temperature can
be regulated according to the chemical char- 70
acteristics of the limestone. As will be'noted: -

very accurate control of the temperature -

may be made, so that a better quality or a:
higher grade of lime can be produced than -°
with apparatus now in use. The period of 75~
burning depends upon the length of ‘the -
heating section, which will be determined by - -
the available limestone at the place of-erec- -

-tion of the kiln. Since the material is moved.

through a burning zone and only the gases
of the products of combustion -come in con- -
tact therewith, and the temperature of these
gases . may be controlled by regulation of -

_the fuel and air, it will be seen that rela-
‘tively high efficiency is obtained without

danger of overheating. ;
As my apparatus maintains the limestone
and fuel separate, the lime may be used for
chemical purposes and furthermore a lime-
stone which breaks up under the influence
of heat may be calcined. o
In my construction, the material is. con-" -

‘veyed through the kiln and calcined with- -

out contact with the walls thereof. Accord-
ingly no abrasive action takes place. As a
result, the inner exposed walls of the kiln
may be constructed from various materials
capable of withstanding the various temper-
atures existing in the pre-heating, burning
and cooling zomes without regard to their
Jhardness or to the chemical characteristics
of the limestone to be calcined or the amount
of impurities contained in it. Not only does
this construction economize the cost, but sim-
plifies the building of the kiln and eliminates
the renewal of and repairs to the lining re-
quired in other types of kilns.

From the foregoing description it will be
seen that I provide for complete regulation
of the induced draft so that (1) the burning
conditions are properly controlled to prevent
the heat and gases from entering the cooling
zone to effect their flow toward the exhaust
gort or ports; and (2) the temperature in

ifferent portions of the pre-heating zone 3 113,
may be changed at will to meet varying con-
ditions.

I have found that in a continuous tun-

95

100

110

very material reduction in fuel and labor 120
may be attained. Furthermore, the appara-

tus is capable of calcining limestone rock

.material that is relatively small or fine in

size. As a result I may produce lime from -
limestone which heretofore has been wasted 123
and not used because of its size. _

To those skilled in the art to which my
invention relates, many changes may be
made and widely differing embodiments and
applications of my invention will suggest
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themselves without départing from - the

spirit and scope thereof. My disclosures and

description herein are purely illustrative and

-are not intended to be in any sense limiting.

.What I claim is: .

1. In a tunnel kiln-for’ calcining material,
the combination of a pre-heating section and
a burning section, the burning section com-
prising an elongated central portion through
which material is conveyed and a plurality
of secondary combustion chambers disposed
in each side wall of the burning section and
opening into the said-central portion from

“end to end thereof, a plurality of primary

combustion- chambers' disposed within the
side walls of ‘said burning- section and hav-
ing exit openings leading into the lower por-
tion of said secondary chambers, air inlets
for the latter chambers, and means for con-
veying material through said sections.

2. In a tunnel kiln, the combination of a

pre-heating section and a burning section,

the burning section comprising an elongated

central portion through which material is’

conveyed and a plurality of secondary com-
bustion chambers disposed in each side wall
of the burning section and opening into said
central portion from end to end thereof, a
plurality of primary combustion chambers
disposed within the side walls of said burn-
ing section and having exit openings lead-
ing into the lower portion of said secondary

" combustion chambers, means for supplying

35

40

45

air to said secondary combustion chambers,
holders for conveying material through said
sections, and means at the discharge end of
said kiln for discharging the material from
said holders.

3. In a tunnel kiln for calcining material,
the combination of a pre-heating section, a
burning section and a cooling section, the
burning section comprising an- elongated
central portion through which material is
conveyed and a plurality of secondary com-
bustion chambers disposed in each side wall

- of the burning section and opening into the

50

55

60

65

said central portion. from end to end thereof,
a plurality of primary combustion chambers
disposed within the side walls of said burn-
ing section and having exit openings leading
into the lower portion of said secondary
combustion chambers, air conduits extending
from the discharge end of said cooling sec-
tion inwardly to and connected with the sec-
ondary combustion chambeér adjacent the
discharge end of said burning section, and
means for conveying rock material through
said sections.

4. In a tunnel kiln for calcining material,

_the combination of a pre-heating section and

a burning section, the burning section com-
prising an elongated central portion through
which material is econveyed and a plurality
of secondary combustion chambers disposed
in each side wall of the burning section and

-

opening into the said central portion from.
end to end thereof; a plurality of primary
combustion .chambers disposed - within the
side walls of said burning section and having:
exits for commimicating with said secondary 70
combustion chambers, méans for supplying
air to said secondary combustion chambers,~
means for conveying material through said-- '
sections, and means spaced along said pre--
heating section .adjacent its inlet end for 75
regulating: the exhaust of gases:and vapors -
from said pre-heating section. =~ -~

5. In a tunnel kiln for calcihing material,
the combination of a pre-heating section and
a burning section, the burning section com- 80
prising an elongated central portion through
which material is conveyed and a plurality

of secondary combustion chambers disposed
in each side wall of the burning section and
" opening into the said central pertion from 85

end to end thereof; a plurality of primary.
combustion chambers incorporated -in the
side walls of said burning section and hav-
ing inlets communicating with said. secon-
dary combustion' chambers, means for sup- 90
plying air to said combustion chambers, -~
means for conveying material through said
sections, and means spaced along said pre-
heating section adjacent its inlet end for
regulating the exhaust of gases and vapors 95
from said pre-heating section, said regulat-
ing means including a plurality of valved
outlets in the upper portion of said section.

6. In a tunnel kiln for calcining material;
the combination of a pre-heating section 100
and a burning section, the burning section
comprising an elongated central portion
through which material is conveyed and a
plurality of se :ondary combustion chambers
disposed in each side wall of the burning 105
section and opening into the said central
portion from end to end therepf; a plurality
of primary combustion chambers incorpo-
rated in the side walls of said burning sec-
tion and having inlets communicating with 110

‘said secondary combustion chambers, means

for supplying air to said secondary combus-
tion chambers, ‘and means spaced along said
pre-heating section adjacent its inlet end
for regulating the exhaust of gases and va- 115
pors from said pre-heating section, said reg-
ulating -means including a plurality of
valved outlets having intake openings dis-

‘posed at different levels in said pre-heating

section. ’ 120
7. In a tunnel kiln, the combination of a
pre-heating section and a burning section,
the burning section comprising an elongated
central portion through which material is
conveyed and a plurality of secondary com- 123
bustion chambers disposed in each side wall
of the burning section and opening into the
said central portion from end to end
thereof; a plurality of primary combustion
chambers incorporated in the side walls of 130
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a
$aid burning section and having inlets com-
municating with said secondary combustion
chambers, means for supplying air to said
secondary combustion chambers, means for

conveying material through said sections,
and means spaced along said pre-heating

section adjacent its inlet end for regulating .

the exhaust of gases and vapors from said
pre-heating section, said regulating means
comprising a plurality of valved outlets in
‘the upper portion of said pre-heating sec-
tion and.a plurality of valyed outlets hav-
ing intake openings disposed at different

" levels below the upper portion of said pre-

heating section.

8. In a tunnel kiln for calcining material, -

the combination of a pre-heating section
and a burning section, means for conveying
material through said sections, the burning

section comprising an elongated central por-

tion through which material ‘is conveyed
and a plurality of secondary 'combustion
chambers disposed in each side wall of the
burning section and opening into the said
central section from end to end thereof, a

lurality of primary cembustion chambers
mcorporated 1n the side walls of said burn-
ing section and arranged to hold fuel to be

- burned, each said primary combustion cham-

ber comprising a chamber having side walls
and a refractory bottom extending rear-

wardly to direct the flame into the adjacent

. secondary combustion chamber, and a con-

35

40

duit communicating with the atmosphere
and-extending below said refractory bottom

“of each primary combustion chamber and

g at its inner end with the,

cammupnicatin

lower portion’ of the adjacent combustion:

chamber, ‘whereby - the heat from the fuel
burning in said primary combustion cham-

ber heats the air in said conduit supplied-

thereby for combustion purposes in said

* secondary ¢ombustion chamber.

4%

9. In apparatus of the class described, the

combination of a tunnel kiln for calcining

1,691,928

materials having an inlet and outlet, trucks =
. carrying holders for material having open

ends,-means for moving said trucks through

said kiln, and dischargé means disposed be- -

yond-the outlet end of said kiln and in line
therewith and aetting on.the material due
to.-relative movement between said means
%nd each truck to scrape the material there-
rom. , '

10. An apparatus as claimed in claim 9 in
which the discharging means comprises a
scraping device disposed in the path of the
material as the truck is moved outwardly
from said outlet. . A

11. An apparatus
which the discharge means comprising a
scraping device disposed at right angles to
the movement of the truck and in the path
of movement of the material as the truck
moves outwardly from said outlet.

12. An apparatus as claimed in claim 9 in
which the discharging means comprises a
plurality of scraping devices disposed at
right angles to the movement of the truck
outwardly from said outlet, said devices
having their lower edges in stepped relation
downwardly from the first device to the last
device. : :

13, In apparatus of the class described,
the combination of a tunnel kiln for” cal-
cining materials having an inlet and an out-
let, trucks carrying holders having bottom
and side walls, means for moving said trucks
through said kiln, and a plurality of scrap-
ing devices’ arranged to engage successive
portions of the material and discharge it
rearwardly from said holder as the truck
moves outwardly from said outlet.

14. ‘An apparatus as claimed in claim 13

in which the rearmost scraping device is'

shaped to fit the bottom and side walls of
said holders. \ _
. In testimony wherecf, I have hereunto

subscribed my.name. : .
: HARRY M. ROBERTSON.

as claimed in’claim 9 in-

5t

60

65

70

75

80

85



