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This invention relates to the extraction of 
the volatile constituents of shale, coal, lig 
nite, tarry sands and similar carbonaceous or 
bituminous material by the application of 

5 heat thereto. It also relates to the produc 
tion of a valuable solid fuel from materials 
that are sufficiently rich in carbon. 

In retorting methods heretofore practiced 
on materials of the character mentioned 

0 above, it has been the custom either to heat 
the exterior walls of the retort containing the 
material so that the reaction temperature 
within the material itself is obtained by con 
duction of heat through the walls of the re 
tort, or to heat the material by burning some 
of it within the retort in the presence of the 
material being treated, the solid or fixed car 
bon content of the material remaining after 

20 extraction therefrom of the volatile constitu 
ents. 
In the first method mentioned, asheretofore 

practiced, the products of combustion of the 
fuel used for heating the materials have been 
kept separate and out of direct contact with 

it is difficult to obtain an economical transfer 
of heat. 
According to the second method, as here 

tofore practiced, the hot gases resulting from 
the combustion pass in direct contact with 
the material being retorted. The apparatus 
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employed in performing this second method. 
is commonly referred to as the internally fired 
retort type, and by this second method thele 
is obtained a more economic and more highly 
efficient transfer of heat thanis the case where 
the retort is externally heated. However, in 
this prior internally fired retorting method, 

'bon content of the material be burned as fuel 
for obtaining certain products, or that the 
portion of the solid carbon content, necessary 
to be burned as fuel for obtaining the distill 
lation temperatures, be burned in the presence 
of the remaining solid carbon content, so that 
there results either a partial combustion of 
the entire solid carbon content, or a contami 
nation of the unburned solid-carbon content 
with the ashes and other residue resulting 
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the materials being retorted, and, therefore, 

it is necessary either that all of the solid car 

from the burned portion of the solid carbon. 

content. In either event, it is practically 
impossible to obtain by the second method 
any of the solid carbon content as a clean fuel. 
By the practice of this invention there is 

obtained the efficient and economical heat 
transfer that attends the prior known method 
performed in the internally fired type of re 
tort, while there is no contamination of the 
Solid carbon content, remaining after extrac 
tion of the volatile constituents, with the ash 
and other residue resulting from the burning 
of such portion of the solid carbon content as 
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is burned for fuelin performing the method. 
In this new method there is employed a con 
tinuous operation in which that portion of 
the solid carbon content used as fuel is burned 
out of contact with the remaining solid car 
bon content, and I am enabled to effect ac 
curate control of conditions so as to obtain the most efficient heating and relatively great 
capacity of throughput. 
The accompanying drawings illustrate an 

apparatus constructed in accordance with the 
provisions of this invention and capable of 
performing the new method, Fig. 1 being 
more or less diagrammatic and largely in 
vertical midsection, and Fig. 2 being a frag 
mental sectional elevation on the line indi 
cated by 2-2, Fig. 1. Referring to the drawings, the apparatus 
has a vertical chamber 1 in which is formed 
a column of the carbonaceous material to be 
treated and through which the materials 
pass and to which they are continuously fed 
at the top. The chamber comprises a section 
or zone A at its upper end of relatively small 
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cross-sectional area surrounded by a passage 
2 through which a portion of the products of 
combustion are designed to pass. The zone 
A, therefore, serves as a region of preheating. 
Immediately beiow the zone A the chamber 
1 forms an intermediate retorting zone B 
which is of larger cross-sectional area than 
the preheating zone A and preferably has 
tapered walls so that the cross sectional area 
of the zone 3 increases downwardly. Below 
the retorting zone B, the chamber i forms 
zones C and D in which will be located any 
solid material remaining after the yolatile 
constituents have been extracted. 
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Located externally of the vertical chamber 
at an elevation and adjacent to the base of 
the retorting zone B is a furnace or combus 
tion zone 3. Leading from the top of the 
furinace 3 is a fue passageway 4 which con 
nects through an annular passage 5 with a 
vertical flue 6, the passageway 5 surrounding 
the upper portion of the zone C. Leading 
inwardly from the annular passage 5 is a 
radial opening or openings 7 which admit 
the passage of hot gases from the furnace 3 
into the lower end of the zone B. From this 
it will be seen that a portion of the hot gases 
from the furnace 3 will be conducted to the 
column of material at a level above the lower 
end of the column and pass in direct contact 
with the material undergoing treatment, 
which material is indicated in the drawings 
as filling the apparatus. It will also be seen 
that another portion of the hot gases from 
the furnace will pass through the flue 6 and 
since the said flue connects with the passage 
2, said hot gases will pass into said passage 
2, thus to preheat the materials passing down 
through the zone A. 

Positioned above the top of the vertical 
chamber 1 is a feed hopper 8 provided with 
a partition 9 which separates the hopper into 
two compartments 10. These compartments 
are provided at the top with suitable doors 
11 normally kept closed by any suitable 
means. In this instance the doors 11 are sus 
pended by chains 12 from levers 13 which 
are fulcrumed at 14 on standards 15 Sup 
ported on top of the hopper. On the levers 
13 are counterweights 16 sufficiently heavy 
to normally hold the doors 11 closed against 
the under face of the hopper top. Each hop 
per compartment has at its lower end an 
opening 17 communicating with the chamber 
1, and the discharge of the materials 
through the openings 17 may be regulated by 
a suitable valve 18. The valve 18 may be 
moved into positoin to close either opening 
17, thus to permit material to be fed to the 
vertical chamber from one of the compartir 
ments 10 while the other hopper compart 
ment is receiving fresh material. The valve 
18 may be operated by any suitable means 
and, in this instance, is mounted on one end 
of a vertical shaft 19 extending up through 
the partition 9 and provided at its upper end 
with an operating knob or handle 20. By 
turning the knob. 20, the valve 18 is swung 
across either opening, as desired. 
The flue gases di?????arge from the passage. 

2 through an exhaust pipe 21 which is pro 
vided with an exhaust blower 22. The ex 
haust pipe 21 is controlled by a damper 23. 
By operating the blower 22 at different 
speeds and by closing and opening the damp 
er 23, perfect control of the volume of gases 
for preheating the materials is obtained. 
From the lower portion of the preheating 

zone A the material passes downward into 
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the upper portion of the zone B, thence con 
tinuously downward therethrough, and dur 
ing this time said materials come in direct 
contact with the main portion of the hot 
gases supplied by the furnace 3. These 
gases, as heretofore explained, enter the 
chamber 1 through the radial openings 7 
and pass into the base of the retorting sec 
tion B. The products of distillation from 
the materials undergoing treatment, i. e., the 
volatile constituents thereof, together with 
that portion of the hot furnace gases which 
is passed in immediate contact with the 
treated materials, are removed from the re 
action zone B through a number of passages 
24, 25, 26 which are located at different levels 
along the zone B. Valves for controlling the 
passages 24, 25, 26 are indicated at 27. The 
passages 24, 25, 26 connect through a pipe 
28 with condensers 29, 30, the pipe 28 being 
provided with valves 31, 32. The condenser 
30 connects with a conduit 33 and also 
through a pipe 34 with an exhaust blower 35. 
The condenser 29 is primarily an auxil 

iary or reflux condenser and may be of any 
conventional type, either air cooled or water 
cooled, and is for the purpose of condensing 
the heavier constituents of the outgoing va 
pors. Provision is made for returning to the 
retorting chamber B the heavier constituents 
obtained as a reflux condensate from the con 
denser 29 and for this purpose a conduit 36 
extends from the condenser 29 and dis 
charges into the zone B. The conduit 36 is 
provided with a valve 37 for controlling the 
amount of reflux condensate discharging to 
the retort or said valve may be closed to di 
vert the reflux condensate along with the re 
sidual vapors from the condenser 29 into the 
main condenser 30, where condensation is 
completed. The liquid products obtained 
from the condenser 30 discharge into storage 
through the conduit 33 and the uncondensed 
gases will discharge through the exhaust 
blower 35. The valve 31 may be manipulated 
for diverting the gases and vapors through 
either the condenser 29 or condenser 30 or 
through both, as desired, and thus the valve 
31 provides for further desired control. 

Located at various levels throughout the 
reaction zone B are pyrometers 38 for ac 
curate temperature control purposes. 
From the lower end of the reaction zone B 

the spent material passes downward into Zone 
C and the lower portion of zone C is pro 
vided with a stoker 39 constructed and ar 
ranged to divert some of the spent material 
from the column and move it laterally to the 
furnace 3, in which the carbon content of 
the diverted portion is burned as fuel out of 
contact with the column for producing the 
temperatures necessary in the retorting of the 
materials. It is to be noted that the gases of 
combustion are conducted from the furnace 
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to the column of material above the level at 
which diversion of the material takes place. 
The stoker 39 may be of any conventional 

design and, by the construction disclosed, the 
5 spent material is caught within the stoker 
and diverted in a direction normal to the 
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vertical axis of the column of material into 
the furnace 3. The stoker 39, in the present 
instance, is operated through a lever sys 
tem 40 actuated by a piston 41 working in a 
cylinder 42. The spent material diverted 
into the furnace 3 travels in a relatively thin 
sheet down over an inclined grate 43 in the 
combustion chamber of the furnace and is 
finally discharged automatically through dis 
charge mechanism 44 into a chute portion 45 
of the furnace. The chute 45 is provided 
with a door 46 and, when this door is opened. 
the ash from the spent material discharges 
into suitable conveying means which, in this 
instance, is a car 47. 
The portion of the spent material not di 

verted into the furnace 3 passes downwardly 
into the zone D where it is kept free from 
contamination of ash and other residue re 
sulting from burning of that portion of the 
material that is utilized for production of the 
hot retorting gases. Thus it will be seen that 
if coal or any other material capable of use 
after the volatile constituents have been re 
moved is treated, a clean fuel is obtained in 
the Zone D, and this fuel is continuously dis 
charged through a mechanical grate 48 into 
suitable conveying means which, in this in 
stance, is a car 49. 

Preferably, the zone D is surrounded by a 
spiral passage 50 which connects at its upper 
end with the upper end of the chute 45, said 
chute being directly beneath the grate 43 
of the furnace. A blower 51 connects with 
the lower end of the passage 50 for supply 
ing air to the furnace and it will be seen that 
the air thus supplied because of passing 
around the hot materials in the zone D will 
become preheated to a relatively great de 
gree, thus producing efficient combustion of 
the materials in the furnace 3. Furthermore, 
the air, furnished to the furnace, in thus 
being heated by the clean fuel in the zone D, 
cools said fuel. 

It is sometimes desirable to retort the ma 
terial in the presence of steam and this may 
be accomplished, in this instance, by intro 
ducing water to the Zone D through a pipe 
52 having a valve 53. This Water is con 
verted into steam by residual heat contained 
in the clean fuel in the zone D, thus effecting 
further cooling of said fuel. The steam 
formed from the water admitted to the zone 
D passes upward through the mass of mate 
rial in the zones D, C successively and into 
the zone B. 

It will be readily understood from the 
foregoing that, in the operation of this new 
method, there is direct contact with the hot 
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gases, which supply the heat, with the mate 
rial undergoing treatment. Thus I am able to 
obtain the advantages which attend an in 
ternally fired retorting operation and at the 
same time I am able to separate that portion 
of the spent material used for fuel from the 
remainder of the spent material. 
quence of this last mentioned feature, when 
the material being treated is of a nature to 
make it possible, I am able to obtain a mate 
rial amount of clean fuel comprising a sub 
stantial portion of the spent material which 
has passed through the retort, together with 
its solid carbon content. This fuel, being free 
from contamination by the ash and other 
residue resulting from the combustion of 
some of the materials in the furnace, can he 
removed in a clean state so that it will be 
available for industrial processes in which 
it is desirable to have a fuel of the nature of 
coke or one that is free from volatile gases. 

In retorting shale by prior known internal 
ly fired methods requiring complete burn 
ing of all of the solid carbon content of the 
spent shale, it frequently happens that more 
shale is burned as fuel than is necessary to 
effect the retorting. Consequently, there re 
sults an undue dilution of the evolved vapors 
with the gases of combustion. In other 
words, more gases of combustion are drawn 
off with the vapors than would be the case 
if only a sufficient amount of shale could be burned to produce the requisite retorting 
temperatures. The excess gases of combus: 
tion interfere with efficient condensation of 
the vapors that are to be recovered, and by 
my improved method the excess gases do not 
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have access to the column of material since 
the material employed as fuel is burned out 
of contact with the column and only a sufi 
cient volume of the combustion gases is ad 
mitted to the column to effect the desired re 
sults. . . 

It will also be understood that, in the han 
dling of the vaporized material evolyed from 
the retorted material, I am enabled to turn 
any desired amount of reflux condensates to 
the retorting zone B for redistillation or 
cracking. It will be noted that, because of 
the provision of the pyrometers for observ 
ing the temperatures in the retorting zone, 
the exhaust blower 22 and the damper 23 for 
control of the quantity of hot gases used in 
preheating the material, the exhaust blower 35 for drawing the gaseous products through 
the condensing units, the arrangement for 
returning the heavy condensate to the retort 
and the blower 51 for effecting a forced draft 
around the hot spent material and thence to 
the region of combustion, and the mechanical 
control of the stoker, I am able to secure an 
absolute control of the temperature in the 
different portions of the chamber 1. Any 
desired result, therefore, can be obtained 
from a simple retorting and distillation of 
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the volatile products to the cracking of the 
heavier ends and the conversion of said heav 
ier ends into lighter fractions. 
The fixed or uncondensed gases which may 

discharge from the exhaust blower 35 may be 
of such a nature that they may be burned as 
fuel. In this event, E. gases, if desired, 
may be introduced to the furnace 3. Such 
gases are preferably introduced at a point 
above the material on the grate 43. For con 
ducting these gases there is provided a con 
duit 54 leading from the blower 85 to a burn 
er 55 in the furnace. The conduit 54 is pro 
vided with a valve 56. 
Also it may be desirable, in some instances, 

to divert some of the products of combustion 
away from the retort and such products can 
be used for purposes other than retorting or 
preheating the materials. This will be 
better understood if it be considered that, in 
operating a system such as that outlined in 
this application, it is of great importance 
that no excess air be allowed to pass through 
the fuel bed and into the distilling zone. If 
any such air is allowed to pass through the 
fuel bed the oxygen will unite with the car 
bon in the distilling zone and produce exces 
sive heat and clinkering or it will unite with 
and destroy the oil vapors. For this reason 
a deep bed of fuel would be kept on the 
grates, and this may make it necessary to burn 
more of the fixed carbon or the spent shale in 
the furnace than would be necessary merely 
to produce sufficient heat for the preheating 
and the retorting operations. In fact, in 
order to maintain a ? bed thick enough to 
prevent free oxygen passing through it, it 
may be necessary to divert practically all of 
the spent shale from the retort to the grates 
in which event the shale retorting process 
would not give rise to some of the spent shale 
being taken from the system as a clean fuel. 
When such a quantity of spent shale is burned 
as fuel for the above mentioned purpose it 
will be clear that an excess of heat in the 
form of high temperature products of com 
bustion will be available. To carry away 
the excess gases of combustion, an exhaust 
blower 57 connects with the upper end of the 
fue 6 by a pipe 58. Such products of com 
bustion discharged into the pipe 58 may be 
discharged to the atmosphere or to any suit 
able point, and the pipe 58 is provided with a 
valve 59 which regulates the amount of flue 

5 gases drawn off. 
Though I have shown in the drawing a 

single furnace to supply the hot gases used for 
both the retorting and the preheating of the 
materials, I do not desire to limit the inven 
tion to the use of a single furnace for both of 
these purposes, as it will be evident that in 
dependent furnaces can be used to supply the 
hot gases for the two purposes. 

It will also be evident that a sufficient draft 
may be obtained through the use of the blower 
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35 alone without operating the blower 51, 
and that the blower 35 need not necessarily be 
positioned on the cold side of the condenser 
30 as it could be located equally well between 
the retorting chamber and the condenser. 
My invention, therefore, is not to be con 

strued as limited to the specific ?? and arrangement herein described, but is of 
the scope covered by the claims. 

I claim: 
1. An apparatus of the character described 

comprising a vertical chamber, a combustion 
chamber at one side of the vertical chamber, 
an outlet for said vertical chamber interme 
diate its height communicating with said 
combustion chamber and adapted to dis 
charge solid material from said vertical 
chamber into the combustion chamber, means 
below the level of said outlet to discharge 
solid material from the vertical chamber, and 
an inlet leading into said vertical chamber 
above said outlet, means to pass gaseous prod 
ucts of combustion from ? combustion 
chamber into said vertical chamber through 
said inlet to vaporize volatile constituents of 
the material in said vertical chamber, a con 
denser connected with said vertical chamber 
at a point substantially above the level at 
which said inlet communicates with said ver 
tical chamber, a burner in the combustion 
chamber, and means to pass gases from the 
condenser to said burner. 

2. The method of retorting solid carbon 
izable material comprising forming a down 
wardly moving column of the material out 
of contact with the atmosphere, diverting 
a portion of the material in process of treat 
ment from the column, carbonizing the ma 
terial in said column above the level of the 
diversion by burning the material thus di 
verted from the column and introducing the 
gases of combustion into said column at a 
level above the level at which the diversion of 
said portion of the material takes place to 
vaporize volatile constituents of the mate 
rial taking off the vapors and gases of com 
bustion from the column, conducting air 
around the column below the level at which 
said diversion takes place in heat exchange re 
lation with the material in said column but 
out of contact therewith to cool the material 
and preheat the air, and conducting the 
heated air to the burning material. 

3. The method of retorting solid carboniz 
able material comprising forming a down 
wardly moving column of the material out 
of contact with the atmosphere, diverting 
more material in process of treatment from 
the column than is necessary for furnishing 
by combustion of the diverted material the 
required amount of heat to vaporize all of 
the volatizable constituents of the material 
remaining in the column, carbonizing thema 
terial in said column above the level of the 
diversion by burning the material thus di 
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verted and introducing a portion of the gases - 
of combustion into said column at a level 
above the level at which the diversion of 
said portion of the material takes place to 
vaporize volatile constituents of the material 
in the column, drawing off from the zone of 
combustion the remainder of the combustion 
gases and passing the same around the upper 
portion of the column in heat exchange rela 
tion with but out of contact with the mate rial in the column, at a level substantially 
above the level at which the introduction of 
combustion gases into the column takes place. 

4. An apparatus of the character described, 
is comprising a vertical chamber, a combustion 
chamber on one side of the vertical chamber, 

- means communicating the chambers to afford 
passage of solid material from the vertical 
chamber to the combustion chamber, the com 

20 bustion chamber communicating, with the 
vertical chamber above the level of said 
means, and means forming an air passage 
around the lower end portion of the chamber, 
said passage communicating at its upper end 

25 with the combustion chamber. 
Signed at San Francisco, Calif., this 17th 

day of April 1925. 
HENRY N. HERRICK. 
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