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UNITED STATES . 
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PATENT OFFICE. T 

ROBERT M. CATLIN, OF FRANKLIN, NEW JERSEY, ASSIGNOR '1‘0 'CATLIN SHALE PROD-i 
UCTS COMPANY, OF NEW 'YQBK, N. Y., A CORPORATION OF DELAWARE. 

maa‘non AND APPARATUS Eon DISTILLATION or CARBONAGEOUS MATERIAL 

Application ?led August 17, 1921- serial no‘ 492’885' v 

T 0 all whom it may concern: 
Be it known that I, ROBERT M. GATLIN, a 

citizen of the United States, residing at 
Franklin, county of Sussex, and State of 
New Jersey, have invented certain new and 
useful Improvements in Methods and Ap 
aratus for Distillation of Carbonaceous 
aterial, fully described and represented in 

the following speci?cation and the accom 
panying drawings, forming a part of the 
same. 
This invention relates to methods of and 

apparatus for distillation of carbonaceous 
material and particularly for the distilla- ‘ 
tion of shale. 
The principal object of the invention is 

to provide a process by which the volatiliz 
able ingredients of the carbonaceous ma 
terial may be distilled off without injurious 
decomposition and with the minimum 
amount of combustion of such- ingredients, 
the heat for the distillation being furnished 
by the‘combustion of a part or all of the 
?xed carbon remaining in the material after 
the volatilizable ingredients have been dis 
tilled off. The process and apparatuswill be 
more particularly explained hereinafter in 
connection with the accompanying drawing 
illustrating the preferred form of apparatus 
embodying the invention, particularly suit 
able for treating shale. 
In the drawing, Fig. 1 is a diagrammatic 

view of the apparatus, and Fig. 2 is a detail 
sectional view. 

Fig. 3 is a diagrammatic view of a modi 
?cation of the apparatus. 

Referring to the drawings, A indicates the 
outer wall or shell of an apparatus resem 
bling a gas producer, but embodying some 
special features as hereinafterv-described. 
The inner wall or lining B of this pro 

ducer is formed of suitable refractory mate 
rial, such, for example, as ?re brick, the 
interior surface of this lining B sloping out 
ward and downward so as to form a cham— 
her which in the example shown is frusto 
conical. Between the lining B and the shell 
A there may be a space ?lled with suitable 
heat-insulating material, as, for example, 
loam, indicated at C. 
In order to provide for continuous oper 

ation, suitable means is provided for con 
tinuously feeding broken carbonaceous ma 
terial, for example, shale, to the producer 
chamber without admission of air thereto, 

as will be more fully explained hereinafter. 
Also there is provided a special means for 
leading off or withdrawing gases and vapors 
from the top of the producer chamber, ‘and 
means for removing the solids from the bot 
tom of the producer chamber at any desired 
or required intervals, also without any ap 
preciable admission of air. 
_For the combustion of the ?xed carbon an 

air-gas mixture is supplied to the producer 
chamber by controllable means whereby the 
composition of the said mixture, both as‘ to 
quality and proportions, may be regulated. 
The means for removing the solids from 

the bottom of the producer chamber com 
prises a suitable shaking grate located at the 
bottom of the producer chamber and ar 
ranged to be operated from the exterior of 
the producer in any suitable way. This 
grate is indicated at D and as shown com 
prises a plurality of rocking grate bars of 
pivotally connected to a link d’ which is 
coupled by a connecting rod d2 to the piston 
rod 6 of a ram E, so that by supplying a 
suitable reciprocatory motive ?uid to the 
ram, the piston e’ of the latter may be re 
ciprocated to shake the grate D. 
Below the grate is arranged a large ash 

pit F which will receive and retain the ash 
or solids falling from the producer chamber 
through the grate. This ash pit F may have 
a hopper bottom, as shown, with a discharge 
opcning f arranged to be controlled by a 
suitable gate-mechanism, which in the ex 
ample illustrated is a sliding or swinging 
gate f’. When this gate is slid or swung 
back the ashes will be discharged from the 
ash-pit. .By the use of a gate such as shown 
it is possible to close the discharge opening 
before all the solids are discharged from the 
ash-pit, thus retaining some of the solids to 
serve as a seal against the admission of air 
‘to the producer through the discharge open 
ing. However, as the gate may be-closed 
quickly and immediately after the discharge 
of all the solids from the ash—pit, the 
amount of air admitted during the emptying 
of this ash-pit may be rendered negligible. 
At the ash-pit, at a place above the highest 

level to which the ashes 0r solids are per 
mitted to accumulate, there are arranged 
suitable blast inlets for the air mixture. In 
the example illustrated in the drawings, 
the gas and air are introduced separately to 
the plenum or space below the grates, as, 
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for example, b providing concentrically 
arranged pipes or air and gas, as indicated 
in Fig.2, and more fully described herein 
after. This avoids the possibility of form 
in“ an explosive mixture in the pipes them- 
se ves. > 

The means for feeding the broken shale 
or similar material to the producer cham 
ber ‘comprises a large magazine mounted 
upon‘ the producer, as indicated at This 
magazine is advantageously proportioned so 
as to hold enough materlal for a run of 24 
hours or longer. It has a conical or 

' hopper-like bottom, as shown, the opening 
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in the bottom having a diameter substans 
_ tially the same as the inner diameter of the 
‘top of the producer chamber. 
The top of the magazine may be as de 

sired, but preferably is conical as shown, 
and is provided with a dome It, closed at 
the top bv a suitable closure device, ‘such, 
for example, as the sliding gate h’ or hinged 
door sealed with clay. _ 
For the purpose of continuously leading 

off the gases and vapors from the producer 
chamber, and at the same time not inter~ 
ferring with the continuous feed of the 
broken shale or other similar material to 
said chamber, there is provided a bell I, of 
conical form, having a bottom opening of 
such diameter as to .cover an appreciable 
art of the upper end of the producer cham 
er. In the example shown the diameter of 

the bell ‘opening is more than half the di 
ameter of the upper end of the producer 
chamber. The up er or outer surface of 
the bell forms a de ector to direct the mate 
rial radially outward as it moves downward 
in the magazine H, thereby causing it to 
fall in an outward direction as it enters the 
upper end of the producer chamber. But 
since the hopper bottom of the magazine 
forces the material to discharge radially 

. inward and discharges more material than 
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does the bell, the resultant effect is to throw 
the coarser material more toward the cen 
ter of the producer chamber. Since the 
larger pieces have a greater tendency to 
slide down the slope than the smaller 
pieces, they go further toward the center of 
.the producer than the smaller ones, with 
the result that the center of the producer 
is charged with the larger lumps and the 
wall-portion of the charge is mostly made 
up of smaller lumps. As a result the gases 
and vapors can escape freely to the bell, I. 
The bell is connected to a riser pipe I’ 
which most advantageously is carried some 
distance up through the center of the maga 
zine so as to give o?" heat to the descend 
ing charge, and then is turned outward 
through the wall of the magazine and is 
connected to a main K which leads to a con 
denser L. 

In the condenser L the vapors are con 
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densed and the gases, consisting largely of 
nitrogen, but also containing some other con 
stituents, such as CO2 and erhaps some C0, 
are led back by a pipe Mp to the producer, 
reaching the same through the pipes G and 
G’, a suitable suction being maintained by 
a fan M’. 
Means is provided for mixing some air 

with the gases immediately at the respec 
tive inlets, as, for exam le, by providin an 
air-sup ly pipe N whic conducts air rom 
a suita le source as, for exam lo, a fan 
(not shown) to a bustle pipe N, ceding air 
to nozzles n’, each concentrically arranged 
inside its nozzle 9’ of the gas-supplying sys 
tem, as shown in Fig. 2. 
The pipes M, N and G are provided with 

control valves as indicated at n and 9, re 
spectively. By means of these valves it is 
possible to control the proportions and total 
amount of air-gas mixture supplied to the 
producer. 
_ In carrying out my process the producer 
is 

tained just above the grate, as indicated in 
the drawings. Above this is a zone of com 
bustion in which the ?xed carbon of the 
shale or other carbonaceous material is burnt 
either wholly or to any lesser extent as may 
be desired. General] it is unnecessary to 
burn all the ?xed car on from the material, 
since sufficient heat is obtained without the 
complete combustion of the carbon. The 
zone of combustion will be referred to 
hereinafter as the ?re zone. Above it is the 
zone of distillation wherein all the volatile 
products of the carbonaceous material are 
distilled off ‘by hot gases coming from the 
?re zone. 

The downward travel of the material is 
controlled by the amount of ashes shaken 
through the grate, which of course depends 
upon the frequency of operation of the shak 
ing mechanism. The relative depth of the 
ash zone also is determined by the shaking 
and by the rapidity of combustion. 
The depth of the ?re zone is determined 

by the rapidity of combustion, which can 
be regulated by the control of the supply 
of air-gas mixture and by the proportions 
of such mixture. The distillation zone re 
ceives its heat both by conduct-ion through 
the lumps of material as well as from the 
hot gases arising from the ?re zone. The 
apparatus is so run that the volatile prod 
ucts of the carbonaceous material will all 
be driven off before the material in its 
downward course reaches the top of the ?re 
zone. That is to say, there should be a layer 
of material. containing ?xed carbon but no 
volatile hydrocarbons, between the lower 
part of the distillation zone and the top 
of the ?re zone. 
Pyrometers R1, R2, R3 may be located at 

different levels in the wall of the producer 
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chamber, thus enabling the operator to. con- 
troi the operation in a suitable systematic 
manner. At S is a trap from whlch the 
condensed liquid is drawn through pipe 8',‘ 

' ~ ' gas mixture to prevent combustion in said controlled by a valve 3. - _ 
In the best oper'at'on of the apparatus a 

temperature ‘of-between - 750°’ and 850° _F. 
should be maintained in a zone terminating 
above the top‘ of the ?re zone, while the rate‘ 
of downward movement of the material may 
\well be such ‘that it would take not less than ‘ 
about one hour and twenty minutes for the 
material to pass through this zone of ; ap 
proximately 800° F. ‘ ' 

g It is to'be noted that the air-gas mixture . 
.should have enough, but no3 more than 
ihenough,air to bring about. the combustion 

' Fin‘ the '?re zone ‘of the desired amount of 

30 

?xed-carbon, while the volume of diluting or 
inert. gas should be enough to ‘transport heat 

' from the ?re zone to the distillation zone so 
as to distill off all the volatilizable hydro-. 
carbons and compounds at a place‘abo'vethe 
top of the ?re zone. ' 4 

'Since any CO2 in the diluent gases ‘fed 
in with the air-may be decomposed to CO 
bycontact with incandescent carbon, it may 
be necessary, if the proportion of the CO in 
the gases coming from the condenser is 'rela-‘ 
tively high, to burn the CO to CO2 before 
introducingthe air-gas, mixture to the pro 
ducer. This maybe done by running the 

Y gases from the condenser through a furnace 
" with some air. 
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The resulting burnt ‘gases 
may then be led to the producer. This will 
be clear from Fig.13, which shows the 
same apparatus as in Fig. _1, with ,a fur 
nace interpolated between the condenser 
and the gas producer. The furnace is indi 
cated diagrammatically only at L2 with the 
pipe M‘ leading from the condenser to it, 
and with a pipe M", fan Mz'and pipe G‘ 
'for taking the burnt gases from the furnace 
to the gas producer. > 

‘Since the continuous supply of air to the 
apparatus and the combustion of the oxygen 
of such air will provide a surplus of nitro? 
gen and 00,, it will be necessary to vent 
some of the gases at intervals from the sys 
tem. In order to do this, a vent pipe P is 
provided, at any suitable point. In the best 
embodiment of the system, the vent pipe is 
located at the upper end of the receptacle 
so that the hot gases will pass off through 
‘the broken material in the receptacle, thus 
serving to dry and preheat the material. 
What I claim is: . 
1.. The process of distilling carbonaceous 

material containing a volatilizable portion 
and a combustible solid portion, which com 
prises feeding such material in a descend 
ing column, maintaining a zone of combus 
tion, at the lower part of the column by sup 
plying a preformed incombustible mixture 
of air and incombustible gas to the lower 

part of said combustion zone, regulating the 
quantit of said air-gas mixture to main 
tain a istillation zone above the combustion 
zone, regulating the proportions of said air 

distillation zone, leading off the ' evolved 
gases and vapors from the column above 
the distillation ‘zone, separately obtaining 
from said evolved gases and vapors, the con 
.densible portions thereof and also a supply 
of incombustible gas, and using said incom 
bustible gas to form the incombustible air 
vgas mixture for subsequent distillation of 
carbonaceous material such as described. 

2. The process of distilling carbonaceous 
material containing volatile material and a 
combustible solid, which consists in feeding 

-_ such material in a descending column while 
maintaining a zone of combustion at the 
lower part of the column by supplying a 
preformed mixture of air diluted with inert 
gases, to the lower part of said combustion 
zone, regulating the amount of the air-gas 

’ mixture to maintain a distillation zone above 
the combustion zone and regulating the pro 
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portions of said mixture‘ to prevent combus- . 
'tion in the distillation zone, leading off the 
gases and other volatilizable products from 
the upper part of the column, condensing 
the vapors from such volatilizable products 
.and gases, burning the gases to render inert 
any-non-inert products in said gases, and 
using the burnt gases as a diluent for mak 
ing the air-gas mixture supplied to the com 
bustion zone. 

3. The process of distilling carbonaceous 
.material containing volatile material and a 
combustible solid, which consists in feeding 
such material in a descending column while 
maintaining a zone of combustion at the 
lower part of the column by supplying a 
preformed mixture of air diluted with inert 
gases, to the lower‘part of said combustion 
zone, regulating the amount of the air-gas 
mixture to maintain a distillation zone above 
the combustion zone and regulating the pro 
portions of said mixture to permit combus 
tion in the distillation zone, leading off the 
gases and other volatilizable products from 
the upper part of the column, condensing 
the vapors 'from such volatilizable products 
and gases, burning the gases to convert any 
CO to CO2, and using the burnt gases as 
a diluent for making the air-gas mixture 
supplied to the combustion zone. 

4. In an apparatus for distilling carbona 
ceous material, the combination with a gas 
producer having its walls sloping down 
wardly and outwardly, and a magazine for 
the material above the gas producer and 
having a hopper shaped bottom opening 
into the top of the gas producer, of a bell 
for leading off gases and vapors, said bell 
having an outward and downwardly slop 
ing surface, said bell being located with~ 

95 

100 

105 

110 

1 15 

120 

125 

130 



55 

l 
I 

i 4. 

in the magazine and having its lower edge 
about in the same plane as the edge of the 
hopperopening, the diameter of the bell in 
said plane being such as to leave a. space 

5 for the downward'feed of material from the 
magazine to the gas producer, and a dis 
charge pipe connected to the bell. ' 

5. In an ap aratus for distilling carbona 
ceous materia "containing volatile material 

10 and a combustible residue, the combination, 
with a gas producer having a shaking grate, 
a closed ash-pit beneath the grate, and a 
magazine'for lumps of material above the 
gas producer and arranged to feed thereto 

15 the carbonaceous material to be distilled, 

'20 

said magazine having a charging-opening 
with a closure therefor, of means at the 
upper part of the gas producer for leading 
o gases and vapors, a conduit for supplying 
compressed air to the gas producer beneath 
the grate thereof, means for controlling the 
,conduit to regulate the amount of air sup 
plied, and controllable means for supplying 
inert gas below the grate at the point of en 

_25 trance of the compresed air to form a, pre 
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formed mixture of air an inert gas. 
6. In an apparatus for distilling carbona 

ceous material containing volatile material 
and a combustible residue, the combination, 
with a gas producer having a shaking grate, 
a closed ash-pit located beneath the grate, 
and a magazine for lumps of material above 
the gas producer and arranged to feed there 
to the carbonaceous material to be distilled, 
said magazine having a charging opening 
with a closure therefor, of means at the 
11 per part of the gas producer for leading 
o gases and vapors, a condenser in com 
munication with said means, means for con 
ducting inert gases only from said condenser 
beneat 1 the grate, a conduit for supplying 
air beneath the grate in close proximity to 
the point of entrance of the inert gases to 
insure a mixing of the air and inert gas, 
and means for separately regulating the air 
and gas supply to control the proportions of 
the mixture and the rate of admission 
thereof to the gas producer. 
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7. In an ap aratus for distilling-carbona 
ceous materia containing volatile material 
and a combustible residue, the combination, 
with a gas reducer having a shaking grate, 
a closed as l-pit located beneath the grate, 
and a magazine for lumps of material above 

- the gas producer and arranged to feed there 
to_the carbonaceous material to be distilled, 
said magazine having a charging opening 
with a closure therefor, of means at the 
upper part of the gas producer for leading 
voti' gases and vapors, a condenser in commu 
nication with said means, means for conduct 
ing inert gases only from said condenser 
beneath the grate, a conduit for supplying 
air beneath the grate in close proximity 
to the point of entrance of the inert gases 
to insure a mixing of the air and inert gas, 
means for separately regulating the air and 
gas supply to control the proportions of the 
mixture and the rate of admission thereof 
to the gas producer, and means for conduct 
ing away surplus gases from the top of the 
magazine. - 

8. In an apparatus for distilling carbona 
ceous material, the combination, with a gas 
producer having a shaking grate, a closed 
ash-pit beneath the grate, arranged to pro 
vide a distributin space between the grate 
and the ashes, am? a magazine for lum s of 
material above the gas producer an 
ranged to feed said material thereto, said 
magazine having a charging opening with a 
closure, 
gas producer for leading o gases and va 
pors,. a condenser in communication with 
said means and arranged to condense the 
vapors, means for conducting inert gases 
from said condenser to the distributing space 
of the ash-pit, means for admitting alr with 
said gases and means for separately regulat 
ing the admission of air and of gas to con 
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of means at the upiper part of the ' 
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trol the proportions of the mixture and the - 
rate of admission thereof ‘to the 
ducer. 
In testimony whereof, I have hereunto 

set my hand. 
_ ROBERT M. CATLIN. 
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