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Patented Oct. 21, 1952 2,614,823 

UNITED STATES PATENT OFFICE 
2,614,823 

PEBBLE HEATER APPARATUS 
Robert Berkemeyer, Bartlesville, Okla, assignor 
to Phillips Petroleum Company, a corporation 
of Delaware 
Application August 24, 1948, Serial No. 45,901 

(CI, 263-19) 11. Claims. 
1. 

This invention relates to a solid material feeder. 
In one of its more specific aspects, it relates to a 
pebble feeder in pebble heater apparatus. In 
another of its more specific aspects, it relates to 
an improved method for controlling the Speed 
of pebble flow through pebble heater apparatus. 
Thermal treating and conversion processes 

which are carried out in so-called pebble heater 
apparatus utilize a flowing mass of Solid heat 
exchange material which maSS is heated to a 
high temperature by passing hot gas there 
through in a first direct heat exchange step and 
is then caused to contact a second gaseous mate 
rial furnishing heat to the second gaseous nate 
rial in a second direct heat eXchange. The con 
wentional pebble heater apparatus generally con 
prises two chambers which may be disposed in 
substantially vertical alignment. The Solid heat 
exchange material is introduced into the upper 
portion of the first or upper chamber. That 
material forms a moving or fluid bed of Solid heat 
exchange material which flows downwardly as a 
contiguous mass through the chamber in direct 
heat exchange with hot gaseous heat eXchange 
material. The solid heat exchange material is 
heated to a relatively high temperature in the 
heat exchange and is then passed to a Second 
chamber in which the hot Solid heat eXchange 
material is caused to contact a Second gaseous 
material in a second direct heat eXchange rela 
tion furnishing heat for the treatment or con 
version of the gaseous material. 
Fow of solid heat exchange materials through 

pebble heater apparatus is in many instances 
quite difficult to control. When the apparatus is 
utilized for the purpose of converting hydrocar 
bons, the flow rate of pebbles through the pebble 
heater apparatus is very critical to the efficient 
conversion of the hydrocarbons. It is only by the 
closest control of the pebble flow rate that it is 
possible to prevent the over-conversion of the 
gaseous hydrocarbons by reason of excessive ten 
peratures within the conversion chamber, or to 
prevent the under-conversion by reason of in 
sufficient temperatures within the conversion 
chamber. The flow rate of solid material has 
heretofore been partially controlled by the ulti 
lization of screw type conveyors disposed at any 
number of various positions. Flow controllers of 
this type, as heretofore utilized, have had very 
narrow limits of variance of the rate of pebble 
flow. Screw type conveyors which have hereto 
fore been conventionally used for controlling the 
flow of solid materials have been constructed So 
that the helix about the inner stem has a rela 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

2 
tively flat pitch. In order to completely stop 
the flow of the solid material, it is necessary that 
the angle of pitch of the helix be less than the 
angle of slide for the solid material which is 
being controlled. A screw type conveyor so con 
structed could impart only a relatively low maxi 
mum flow rate to the flow of solid material there 
through. In many instances, it may be desirable 
in heating apparatus such as pebbleheaters to 
control the rate of flow of solid material so that 
it moves at one rate of flow through the appa 
ratus over a given period of time for a given con 
version and at other times considerably higher or 
lower rates of flow may be desirable. 
An object of this invention is to provide an 

improved method for controlling the flow of solid 
materials through a solid material system. An 
other object is to provide an improved method 
for controlling the rate of flow of solid materials 
through a solid material system. Another object 
is to provide a means for controlling the rate of 
flow of pebbles, through pebble heater apparatus. 
Another object is to provide an improved method 
for controlling the rate of flow of pebbles through 
pebble heater apparatus. Another object of the 
invention is to provide means for slowing and 
stopping the flow of solid material in contact 
chambers. Another object is to provide a device 
capable of increasing the rate of flow of solid 
material in a contact chamber above the rate of 
flow obtained by gravity. Other and further ob jects and advantages will be apparent upon study 
of this disclosure and the accompanying draw 
11g. 

Solid heat eXchange material, which is conven 
tionally used in pebbleheater apparatus is gener 
ally called "pebbles.” The term "pebbles” as used 
herein denotes any solid refractory material of 
flowable size and form having the capacity to 
carry large amounts of heat from the pebble 
heater chamber through the gas heating or con 
Version chamber without rapid deterioration or 
Substantial breakage. Pebbles conventionally 
used in pebble heater apparatus are Substantially 
Spherical and range from about 4, inch to about 
1 inch in diameter. In a high temperature proc 
ess, pebbles having a diameter between 4 and 34 
inch are preferred. The pebbles must be formed 
of a refractory material which will withstand 
temperatures at least as high as the highest tem 
perature attained in the pebble heating cham 
ber. The pebbles must also be capable of with 
standing temperature changes within the appa 
ratus. Refractory materials, such as metal alloys, 
ceramics, or other material having the properties 
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above described may be utilized to form Such 
pebbles. Silicon carbide, alumina, periclase, 
beryllia, Stellite, zirconia, and nullite may be 
satisfactorily used to forn. Such pebbles or may 
be used in admixture with each other or with 
Other materials. Pebbles formed Of Such nate 
rials, when properly fired, serve very well in high 
temperature operations, some withstanding tem 
peratures up to about 3500° E. Pebbles which 
are used may be either inert or catalytic when 
used in any selected process. 
Understanding of the invention will be facili 

tated upon reference to the diagrammatic draw 
iing in which Figure 1 is a vertical partial section 
Of a Solid Inaterial feeder embodying the inven 
tion. Figure 2 is a vertical partial section of a 
Solid material feeder embodying a modification 
of the invention. Figure 3 is a schematic view 
of a pebble heater apparatus showing the pre 
ferred positioning for a solid material feeder of 
this invention. 

In Figure 1, Solid material feeder comprises 
a Substantially vertically disposed shell 2 which 
is formed by upper and lower sections 3 and 4, 
respectively. Solid material inlet conduit 5 ex 
tends through the top of shell 2 and extends 
Substantially coaxially a part of the distance 
through the chamber within shell 2. Solid ma 
terial outlet conduit 6 provides communication 
between the lower portion of a gas heating, treat 
ing, or conversion chamber and solid material in 
let conduit 5. Outlet conduit 6 and inlet con 
duit 5 may be joined at a point and rigidly 
retained in place by fastener means, such as bolts 
8. Screw type conveyor 9 comprises helix 2 
Which is mounted on hollow stem 22 and is dis 
pOSed. Within Conduit 5 So as to eXtend between 
Stem 22 and the inner circumference of conduit 
5, thereby closing conduit 5 to solid material 
foW except upon helix 2 about stem. 22. Con. 
duit member 6 is provided with a bearing mem 
ber 23 in its upper wall. Ring bearing member 
24 is rigidly affixed about the periphery of stem. 
22 and SupportS Screw type conveyor- 9 within 
conduit 5, bearing upon bearing member 23. 
Also rigidly affixed about the periphery of stem 
22 is pulley member 25. Support member 26 ex 
tends upWardly fron Conduit 6. Reversible 
Variable speed notor 2 is mounted on Support 
Inenber 26 SO that the drive Wheel mounted on 
its rotor shaft is opposite pulley member 25. A 
belt member provides an operative connection 
means between the drive wheel and pulley, where 
by rotation of conveyor 3 is provided. Table 
Support member 28 extends coaxially through 
Stern 22 and is supported at its lower end by bear 
ing member 23 which is in turn Supported by 
spider arms 3 extending between the Walls of 
Solid material outlet conduit 32 in the lower por 
tion of shell 2 and bearing member 29. Sup 
port member 28 is axially Supported at its upper 
end by bearing member 33 which is in turn Sup 
ported by Support member 26. Rigidly mounted 
on table Support member 28, below the Outlet from 
solid material inlet conduit 5, is rotatable table 
baffle 34. Table Support member 28 Inay be raised 
or lowered by elevation means Which may com 
prise a, “Selsyn' motor 35 which may have a pin 
ion mounted on its rotor Shaft or may comprise 
a motor of the type which is conventionally used 
to operate large valves. The upper end of Sup 
port member 28 is prevented from rotating by a 
key member in bearing 33 which Slides in key 
way 36. The non-rotatable portion of table Sup 
port member 28 is connected to the rotatable por 
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4. 
tion of the table Support member by thrust bear 
ing 3. Pulley member 38 is slidably mounted 
On table support member 28 and is prevented 
from turning thereon by a key in pulley 38 which 
Slides in keyway 39. Pulley member 33 is main 
tained in position by a retainer member 4 which 
extends from support member 26. Table Support 
member 28 is allowed to slide through pulley 
member 38 in response to notor 35. Wariable 
Speed notor A2 is Supported on support member 
26 and is equipped with a drive wheel on its rotor 
Shaft, the drive wheel being positioned opposite 
pulley member 38. A belt member provides an 
Operative connection means between the drive 
Wheel of notor 2 and pulley member 38. 

in the operation of the device shown in Fig 
lure 1, Solid material, such as pebbles, enters 
feeder through inlet conduit 5 and flows 
down Wardly around stem 22 over helix 24. The 
COnveyor ShoWn in Figure 1 is a righthand helix 
and as it is rotated in a clockwise direction pebble 
fioW through conduit 5 is accomplished. As the 
rate of rotation of conveyor A3 is increased or 
decreased, the flow of solid material, such as 
pebbles, through conduit E5 is likewise propor 
tionately increased or decreased until the rota 
tion of conveyor 9 is stopped at which time the 
rate of Solid material flow through conduit 5 
is Only that provided by gravity over the inclined 
Surface of the conveyor. In one type of opera 
tion, conveyor 9 may be reversed in its direc 
tion of rotation and may in that manner ap 
proach the function of a screw type elevator. 
The reverse rotation of conveyor 9 may be 
b'Ought to Such a rate that it will bring about 
a complete stoppage of Solid material flow 
through conduit S. Complete control of Solid 
material flow may be controlled in that manner 
in accordance With one of the variable phe 
notinena of gas heating, treating, or converting. 
Table 35 is Spaced a predetermined distance 

below the outlet end of conduit 5, thereby pro 
viding a baffle ineans for Solid material flowing 
downwardly through conduit S. Table 34 is pref 
erably Spaced at Such a distance below conduit 
is that the solid material which piles up on the 
table forms a cone, the apex angle of which is 
Sinal enough that the Slope of the Sides of the 
COne Slightly exceeds the aingle of repose of the 
Solid material utilized in the System. Each of 
the motorS 2, 35 and 42 are preferably regulated 
in accordance With one of the variable phenom 
ena, of gaS heating, treating, or conversion in the 
System. A Synchronizer control is is provided 
to Synchronize the operation of the three motors. 
Conveyor 9 may be driven by motor 2 at such 
a rate and in Such a direction as to provide the 
desired rate of flow of Solid material through the 
Solid material System. In many cases, it may 
be desired to maintain a Sharp line of control 
OVer the temperature Within the Solid material 
System. In Some cases, total control of Solid 
material flow rate by conveyor 3 which is oper 
ated in accordance With one of the phenomena, 
Of gaS heating, treating, or conversion may have 
a tendency to over-control the flow rate and Sud 
denly throw the phenomena of heating, treating, 
Or conversion too far in the opposite direction. 
It Inay be desirable, therefore, to utilize baffle 
table 3 as a check or counter-control. Table 
3 may, therefore, be spaced from the end of con 
duit 5 in accordance with another of the phe 
nonena, of gas heating, treating, or conversion. 
In that manner, if the rate of rotation of con 
Veyor 9 should be changed so suddenly as to 
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cause the conditions of heating, treating, or con 
version to fall out of line, with the desired re 
Sults, the Synchronizer control 40 may cause no 
tor 35 to operate in accordance With another Cf 
the phenomena, of gas heating, treating, or Con 
Version so as to counteract a part of the change 
in variable phenomena by reason of the change 
of rate of rotation of conveyor 9. 
Another method in which feeder may be 

operated is to regulate the rate of flow of Solid 
material through the Solid material System by 
regulating the rotation of conveyor 9 in ac 
cordance with one of the phenomena of gas heat 
ing, treating, or conversion. A predetermined 
rate of rotation range may be Set for the Con 
Version and upon that rate being reached, the 
Synchronizer control may cause motor 35 to shift 
table baffle 34 so as to relieve conveyor 9 of a 
partial amount of its control of the Solid mate 
rial flow rate. Conveyor 9 would thereupon be 
varied within its predetermined rotation rate by 
the Synchronizer control. 
An even sharper line of control inlay be a CCOIn 

plished by the apparatus of this invention. The 
speed of rotation of conveyor 8 may be varied 
in accordance With one of the Variable phenon 
ena of gas heating, treating, or Conversion. 
Table 34 may be spaced from the end of conduit 
5 in accordance with another of the above 
mentioned variable phenomena, and table 34 may 
be rotated by drive member 42 at a rate in ac 
cordance with yet another of the variable phe 
nomena, above mentioned. By this method of 
operation three variable phenomena, may be uti 
lized as checks against one another in controlling 
the solid... material flow rate, through the Solid 
material system. The additional feature of con 
trol of this method, i.e., rotation of table baffle 
34, would provide a greater flow of solid material 
Over table 34 than the flow Which Would be Se 
cured for a given position of baffle 34 if it was 
not rotated. It Will thus be seen that if conveyor 
9 should over-control in one direction and the 
Spacing of table 38 should cut back a slight de 
gree too far in the opposite direction, it would 
be possible to more accurately check the flow 
rate of the solid material by rotating table 34, 
thus partially eliminating one chance for error 
and providing a finer line of control for solid 
material flow through the solid material System. 
The device shown in Figure 2 of the drawing is 

similar to that ShoWI) in Figure 1. Solid nate 
rial feeder coin prises shell 2 which is made 
up of upper and lower Sections 3 and 4, re 
spectively. Solid material inlet conduit 5 ex 
tends through the top of Section 3 and is con 
nected to Solid raterial Outlet conduit S which 
extends from a solid material system similarly 
to the device ShoWin in Figure i. ille connection 
between conduits 3 and 6 at point 7 may be 
made by bolts 8, also similarly to the connection 
made in Figure 1. Conveyor 9 comprises helix 
21 which extends between a stem 22 and the 
wail of conduit 5. Stem 22 is hollow in at least 
its lower portion and extends upWardly through 
conduit 3 and through the Wall of conduit 6. 
Bearing member 28, which is rigidly affixed to 
the circumference of stem 22, Supports stem 22 
as it bears on bearing 23 of conduit . Pulley 
member 23 is rigidly affixed to Sten 22 and is 
driven by a belt member which operatively con 
nects the pulley with a drive wheel on motor 2. 
In the device shown in Figure 2 of the dra Wing, 
table support, member 28 extends upwardly 
through the Wall of solid material outlet conduit 
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6 
32 and into the hollow portion of stem 22. Sup 
port member 28 is supported laterally by bearing 
member 29 which is in turn supported by spider 
arms 3 which extend between the Walls of con 
duit 32 and bearing member 29. The lower end 
of table support member 28 is threadably re 
tained in guide member 45 which is in turn sup 
ported by support frame 46 extending from solid 
material outlet conduit 32. Pulley member 38 
is Slidably retained on table Support member 28 
by a key moving in keyway 39 in table support 
member 28. Pulley 38 is retained in position 
by retainer frame 4. Pulley member 38 is driven 
by a belt member which operatively connects 
pulley member 38 with a drive wheel mounted on 
the rotor shaft of variable speed motor 42. Hand 
Wheel i3 is provided on the lower end of table 
Support member 28, thus providing drive means 
for Spacing table baffle 34 from the outlet end of 
conduit 5. The lower end of table support 
member 28 is connected to rotating portion of 
table member 28 by thrust bearing member 3. 
The operation of the device shown in Figure 2 

of the drawing is similar to that shown in Fig 
ure 1, the main difference being that the spacing 
and driving of table baffle 34 is accomplished 
from below feeder rather than from above. 
The manual adjustment, i.e., hand wheel 48, is 
provided for spacing table baffle 34 from con 
duit S. 

In the device shown in Figure 3 of the drawing, 
a pebble feeder of this invention has been utilized 
in connection. With pebble heater apparatus. 
Pebble heating chamber 5 communicates With 
gaS heating chamber 52 through pebble throat 
53. Pebbles are injected into pebble heating 
chamber 5 through pebble inlet conduit 54 in 
the upper end portion of chamber 5f. Combusti 
ble material is injected into chamber 5 through 
inlet conduit 55 and is burned so as to form com 
bustion gases within chamber 5 to heat the con 
tiguous, downwardly flowing mass of pebbles 
therein. Gaseous effluentimaterial is removed 
from chamber 52 through effluent outlet conduit, 
53. The heated pebbles enter chamber 52 
through Communicating throat 53, maintaining 
the contiguous flow of pebbles downwardly 
through chamber 52 and out of chamber 52 
through outlet conduit 6. Gaseous material 
which is thereby heated, treated, or converted, is 
injected into chamber 52 through inlet conduit 
5 and passes upwardly through the contiguous 
naSS of heated pebbles in chamber 52. Efluent 
Imaterials are removed from chamber 52 through 
effluent outlet conduit 58. If the temperature of 
pebbles in chamber 52 is too low, insufficient 
heating, treating, or conversion of the gaseous 
imaterials may be accomplished. On the other 
hand, if the pebbles in chamber 52 are too hot 
the gaseous materials may be over-heated, 
treated, or converted. It will thus be seen that 
With a relatively constant rate of heating pebbles 
in chamber 5, it is very necessary that the flow 
rate of pebbles through pebble heater apparatus 
be rigidly controlled. Some of the variable phe 
nomena, upon Which control of the rate of pebble 
foW Inay be based are the temperature differen 
tial between the pebble inlet and outlet of cham 
ber 52, the gravity of effuent material taken at 
effluent outlet conduit. 58 when chamber 52 is 
utilized as a conversion chamber, the tempera 
ture of effiuent material taken from effluent out 
let conduit 58, and the temperature of pebbles 
removed from chamber 52 through pebble out 

Control lines extend from ther 
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mocouples at 6 and gravity measuring means at 
62, positioned at points at which the variable 
phenomena, may be measured within chamber 52 
to synchronizer control. 59. Control lines also 
extend from controller 59 to motors 35, 2, and 27, 
which regulate the position, rate of rotation of 
the table baffle, and rate and direction of rota 
tion of the Screw conveyor. Flow of pebbles 
through conduit 6 is thereby controlled by Solid 
material feeder . Pebbles which flow down 
Wardly from feeder through pebble outlet con 
duit 32 are picked up by elevator means 6 and 
are passed upwardly to pebble inlet conduit 54 
through which they are injected into the upper 
portion of pebble heater chamber 5. 
Synchronizer controllers, such as controller 59; 

variable speed motors, such as motor $2; and re 
versible-variable speed motors, such as motor 27, 
are in common use and are available in commerce. 
A detailed description thereof is therefore deemed 
unnecessary. A controller Such as the “Atcotran' 
control of the Automatic Temperature Control 
Company may be used to control the Speed and 
direction of rotation of motors 2 and A2 and the 
direction and extent of movement of notor 35. 
Treating and conversion processes in pebble 

heater and other solid material apparatus ordi 
narily require the addition of heat. Gas heating 
chamber, as recited in the claims, is deemed to 
include gas treating and conversion chambers. 
As will be evident to those skilled in the art, 

various modifications of this invention can be 
made Or followed in the light of the foregoing dis 
closure and discussion without departing from 
the spirit or Scope of the invention. 

I clain: 
1. An improved pebble heater apparatus which 

comprises in combination a Substantially verti 
cally disposed closed pebble heater chamber, said 
chamber having a pebble inlet and an effluent 
outlet conduit in its upper end portion, and a gas 
inlet and a pebble outlet in its lower end portion; 
a closed gas heating chamber having a pebble in 
let and an effluent outlet in its upper end portion 
and a gas inlet and a pebble outlet in its lower 
end portion, said gas heating chamber being in 
Substantially coaxial alignment With said pebble 
heating chamber and Said pebble inlet of said gas 
heating chamber communicating with said pebble 
outlet of Said pebble heating chamber; a pebble 
feeder Which comprises in combination an outer 
shell, a pebble inlet conduit communicating with 
the pebble outlet conduit of Said gas heating 
chamber and extending downwardly into the 
chamber within said Shell, a screw conveyor ro 
tatably mounted in said pebble inlet conduit on 
a hollow stem which extends upwardly through 
the upper end Wall of said shell, table Support 
means rotatably extending coaxially through and 
out of each end of Said holioW stem, a table rigidly 
mounted on Said Support means and Spaced be 
low the outlet end of said pebble inlet conduit, 
elevation means operatively connected to the 
upper end portion of said table Support means, 
reversible-variable Speed rotation means opera 
tively connected to said screw conveyor, and a 
pebble outlet conduit in the lower portion of said 
shell; gravity measuring means operatively con 
nected to Said effluent outlet of Said gas heating 
chamber and Said elevation means; first temper 
ature measuring means in the pebble outlet of 
Said gas heating chamber and operatively con 
nected to said reversible-variable Speed rotation 
means; and elevator means connected at its lower 
end to said pebble outlet conduit of said pebble 
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8 
feeder and at its upper end to said pebble inlet 
conduit to said pebble heater chamber. 

2. An improved method of regulating the rate 
of flow of pebbles through pebble heater appa 
ratus which comprises the steps of removing said 
pebbles from the lower end of a gas conversion 
ZOne of pebble heater apparatus as a contiguous 
pebble stream; passing said pebble stream into a 
pebble flow control Zone of a pebble feeder Zone; 
mechanically feeding said pebble stream through 
a tortuous path in said flow control zone; regu 
lating the Velocity of said pebble stream in said 
Control Zone in accordance with the temperature 
of pebbles at the pebble outlet of said gas conver 
Sion Zone; regulating the size of the communica 
tion Space between a pebble collection Zone of 
Said pebble feeder Zone and said control zone in 
accordance with the gravity of effluent material 
from said gas conversion Zone taken at an effluent 
Outlet ZOne in the upper portion of said gas con 
version Zone, whereby the volume of pebble flow 
through said pebble feeder Zone is controlled; 
additionally controlling the rate of distribution 
of pebbles fron Said control Zone to said collec 
tion Zone in accordance With the temperature of 
effluent from said gas conversion Zone taken at 
Said effluent outlet zone in the upper portion of 
Said gaS conversion Zone; and passing Said pebbles 
from Said collection Zone through an elevation 
Zone to a pebble heater zone of said pebble heater 
apparatus. 

3. An improved method of regulating the rate 
of flow of pebbles through pebble heater appa 
ratus which comprises the steps of removing said 
pebbles from the lower end of a gas conversion 
ZOne of pebble heater apparatus as a contiguous 
pebble Stream; passing Said pebble Stream into a 
pebble flow control zone of a pebble feeder Zone; 
mechanically feeding said pebbles through the 
length of Said pebble flow control Zone at a rate 
variable in response to one of the variable phe 
noneila of gas conversion in said gas conversion 
Zone; controlling the size of a pebble outlet zone 
from Said pebble flow control Zone in response to 
another of the variable phenomena of gas conver 
Sion in Said gas conversion Zone; varying the rate 
of pebble removal from said pebble flow control 
Zone in response to still another variable phe 
nomena of gas conversion in said gas conversion 
Zone; and passing Said pebbles upwardly from 
said pebble feeder Zone through an elevation zone 
and downwardly through a pebble heating zone 
to said gas conversion Zone. 

4. The method of claim 3, wherein the rate of 
mechanically feeding of pebbles through the 
length of Said pebble flow control zone is con 
trolled in response to the temperature of pebbles 
at the pebble outlet of said gas conversion zone. 

5. The method of claim 3, wherein the size of 
the pebble outlet Zone from said pebble flow 
control Zone is controlled in response to the 
gravity of effluent material from said gas con 
WeSIO ZOe. 

6. The method of claim 3, wherein the rate of 
pebble removal from said pebble flow control zone 
is controlled in response to the temperature of 
effluent material from said gas conversion zone. 

7. The method of claim 6, wherein the rate 
of mechanical feeding of pebbles through the 
length of Said pebble flow control zone is con 
trolled in response to the temperature of pebbles 
at the pebble outlet Zone of said gas conversion 
2O6. 

8. The method of claim 3, wherein the rate of 
mechanically feeding of pebbles through the 
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length of said pebble flow control zone is con 
trolled in response to the temperature of pebbles 
at the pebble outlet Zone of said gas conversion 
zone; and the size of the pebble outlet from said 
pebble flow control Zone is controlled in response 
ConVersion Zone. 

9. The method of claim 3, wherein the size 
of the pebble outlet zone from said pebble flow 
control Zone is controlled in response to the 
gravity of effluent material from Said gas con 
version zone; and the rate of pebble removal 
from said pebble flow control Zone is controlled 
in response to the temperature of effluent ma 
terial from said gas conversion Zone. 

10. The heater apparatus of claim 1, wherein 
Second temperature measuring means are pro 
vided in Said effluent Outlet of Said gas heating 
chamber, and rotation means are operatively 
connected to said table support means and said 
Second temperature measuring means. 

11. A solid material feeder which comprises in 
combination an outer shell, a solid material inlet 
conduit extending through the upper end portion 
of Said shell and downwardly into the chamber 
within said shell; a Solid material outlet con 
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duit extending downwardly from the lower por 
tion of Said shell; a first shaft, hollowed through 
out at least a portion of its length, axially posi 
tioned and rotatably mounted in said downward 
ly extending portion of said solid material inlet 
conduit; a helix rigidly affixed and closely fitted 

30 

10 
to said first shaft and extending outwardly to the 
Wall of said downwardly extending conduit por 
tion; first drive means operatively connected to 
Said first shaft; a second shaft slidably and 
rotatably supported in the hollow portion of said 
first shaft and extending from outside said shell 
through at least a portion of Said chamber below 
Said Solid material inlet; a laterally extending 
table rigidly affixed to said second shaft below 
the lower lip of Said inlet conduit; longitudinal 
displacement means operatively connected to 
Said second shaft for spacing said table from 
said inlet conduit; and Second drive means oper 
atively connected to said second shaft. 

ROBERT BERKEMEYER. 
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