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This invention relates to a process of 'trea.ting

any lump carbonaceous material, and especially .

coal, so that the material may be advantageously
separated into gases, oils; and solid residues or

8 coke with special characteristics and properties.
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The process is particularly adapted to the treat-
ment of coals of mixed sizes, simultaneously, and
I have discovered a method of accomplishing the
distillation of the various sizes together so that
each size will produce the maximum yield of best
quality gas, liquid, and coke products.

I have found in distilling coal with my process
that the temperature used and time allowed. for
the coal substance to pass through its oil-yielding
range of temperature affects greatly the. yield and
quality of the gases, tar-oils and coke formed.
Also the products may be affected similarly by the
time consumed in removing the primary tar
vapors from the distillation zone of the retort,
whether they are permitted to remain at a con-
stant temperature or move into zones of higher or
lower temperatuve, and whether they.are permit-
ted to condense on-the cold parts of the charge
and become revaporized subsequently.

By this process, the greatest yields of best oil

products are obtained when the distillation is -

accomplished rapidly at low temperatures and the
tar vapors are swept downward through the
charge of lower temperature and out of the re-
tort. The yield of gas’is small but ‘of high fuel
value. The coke is very easily kindled and is
much more reactive with steam or carbon dioxide
in forming water gas or producer gas than ordi-
nary gas coke or by-product cokes. In order that
the maximum amount of heat can be supplied to
the coal and at the proper temperature, I use
fluid heat carriers, both steam and gases, which
deliver the heat to the interior of the mass of ¢oal
and equally to all surfaces of the individual lumps.

Some coals are difficult to handle in treating
so as to impose the most desirable conditiens, of
distillation due to their property of disintegrat-
ing or fusing while heating. In distilling at very
low temperatures, coals of the fusing or semi-
fusing types will become plastic from’ the surface
to the center of the lumps, especially the small
pieces. However, when distilled at higher tem-
peratures ‘the lumps. will retain substantially
their original form due to the surface material
passing more quickly into the rigid coke struc-
ture before the entire interior is in the plastic
state. It is obvious then that for any tempera-
ture and rate of heat supply the larger lumps
will at all times have the greafest strength or
rigidity, and I make use of this relationship to

(Cl. 202—186)

advantageously treat mixed sizes of coal simul-
taneously.

Small lumps have a much greater amount of
surface to receive heat in proportion to their
diameter and amount of coal substance than the
large lumps. I have found that there is a vari-
. able relationship between the time required to
distil lumps of different sizes at the same tem-
perature and that coal of a given size which may
require several hours to distil will, if finely
ground, require only a fraction of a second. I
prefer, however, to remove the dust size coal from
the charge, to be treated separately, and confine
the present process to distilling a dust-free charge
with the various sizes segregated into zones hav-
ing the largest lumps at the base and the smallest
on the top. I apply all the above described im-
portant factors affecting the products of distilla-
tion in one process which gives very high yields of
tar-oils of a primary nature, gas of high fuel
value but of variable quantity, and a dense lump
coke with desirable storage, kindling and burning
properties. The process also combines such fac-
tors as.economies in fuel, labor and capital items
of cost.

The invention will be understood from the de-
scription in connection with the accompanying
drawings in which Fig. 1 is a side elevation partly
in section showing one of the retorts; Fig. 2 is a
side elevation taken at right angles to Fig. 1 along
the line 2—2; Fig. 3 is a diagrammatic illustra-
tion showing an arrangement of apparatus for
carrying out the process; and Fig. 4 is a similar
diagram showing an addition in the process.

" In the drawings, reference character 1| indi-
cates a retort that is provided with a conical
top and a conical bottom portion. The retort
is provided with trunnions 2 near the niiddle
thereof that are carried by cams 3 that revolve

in bearings 3’ upon the supports 4 so that the’

retort can be raised and lowered by turning the
cams. Guides with slots § for the trunnionsg 2
are attached to the supports 4. A handle 6 is
attached to the cams 3 by means of which the
cams can be turned. The cams 3 are circular
and are carried in bearings 3’ that are slidable
horizontally along the supports 4, and the trun-
nions 2 project through eccentric bearings in
the cams 3 and also through the slots 5. A screw
collar T with handles 8 is provided for the upper
end of the retort. An inner threaded portion 1’
of the collar T is cut away at intervals, leaving
portions to pass longitudinally of the retort
. though the cut-away portions 7'’ of the exte-
rior threads along the upper end of the retort
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1 so that the collar can be moved longitudinally
of the retort and then turned circumferentially
to make a gas tight joint with the gasket 9. A
pipe 10 passes through the center of the closure
9’ and is provided with three branches i1, 12
end I3 in which the valves {4, 15 and {6 are
located. These valves are rotary valves and are
geared together by means of the gears IT so that
they turn in unison, A pinion (8 is attached
to the shaft of one of the gears 1T and is driven
by means of the worm screw 19.

Fach one of the valves {4, 15 and 16 comprises
a housing 20 with an inlet 21 on the side thereof
to which an inlet pipe 22 is connected. The lower
side of the valves are provided with openings 23
through which communication is gained to the
branch pipes |1, 12 and 13, respectively. A revo-
Juble. solid cylindrical member 24 is located in
each housing 20 and shafts 25 from these cy-
lindrical members extend outwardly through the
housing 20 and have the gears 1T mounted there-
on. Esach cylindrical member 24 is provided with

‘a radially extending hole 26 from the circum-

ference to the center thereof communicating with
an axially extending hole to the end of the cy-
lindrical member. The holes 26 provide com-
munication between the pipes 22 and 13 when
the valve is turned into the proper position. The
radial holes 26 of the respective valves 14, 15 and
16 are located 120° apart with respect to each
other and the valves may be provided on the out-
side with markers 2T to indicate the positions of
the radial portion of the holes 26.

The lower conical portion of the retort | is
provided with cross bars or a grating 29 and be-~
low the grating an outlet pipe 30 leads from
the retort to one member 31 of a screw coupler.
The member 21 is disc shaped with one side hol-
lowed out to accommodate the other member 32
of the coupler. The member 32 is of smaller
diameter than the member 31 and is provided
with projections 33 which pass through slots 34
in the flange of the member 3{ so that the mem-
ber 32 can enter the member 3f and be turned
in the threads provided to make a gas-tight fit.
The middle of the member 32 is connected
through an elbow to a pipe 35 which in turn is
connected by rotating elbows 36 to a pipe 37
and that, in turn, is connected by the rotating
elbow 38 to the pipe 89 from which branch pipes
40, 41 and 42 extend. The branch pipes 40, 41
and 42 are provided with valves 43, 44 and 45
similar to the valves 14, 15 and {6 already de-
scribed and similarly connected by gears and
similarly driven by the worm screw 46. The
valves 43, 44 and 45 are connected respectively
to pipes 41 similar to the way the upper valves
are connected to the pipes 22, and the valves are
so connected that communication from the pipes
41 to the pipe 30 is afforded through the respec-
tive valves with their radial openings set at 120°
intervals.

The operation of the retort itself is as follows:
The collar T is turned by means of the handles
8 to disconnect the same from the retort. The
handle 6 of the retort is then turned to lower

the retort by means of the cams 3. The down-.

ward movement of the retort 1 causes the mem-
ber 33 of the screw coupler to turn with respect,
to the member 31 into such a position that the
two members are ready to be separated. The op-
erator then turns the retort { into the dash line
position in Fig. 2 and fills the same with the
coarser particles at the bottom and the pro-
gressively smaller particles toward the top until
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the retort is practically filled. The retort is then
returned to its upright position, the handle §
turned to raise the same and the handle 8 turned
to fasten the screw collar T to make a tight joint.
The turning of the retort into its upright position
causes the member 33 of the screw coupler to enter
the member 31, and raising the retort i causes
the member 33 to turn in the member 231 and
make a gas tight joint. -The valves 14, 15 and
16 are set so that hot gases that have been used
to cool the residue of a charge in another retort
are passed through the fresh charge to preheat
the same as will be described more in detail be-
low. The valves 14, 15 and 16 are then manipu-

lated so that hot gas or superheated steam, or

hoth, from a convenient source enters the retort
i through the valve {9 and pipe 10 and the vola-
tile products are carried away through the pipe
30 and branch pipe 41 by properly setting the
lower valves. After the heat treatment of the
material has been completed the upper valves are
so manipulated that the residue is cooled and
the gases that are heated in the cooling process
are used for preheating a fresh charge in an-
other retort., -

Figs., 3 and 4 show arrangements in which
three retorts are operated together in such a
manner that the carbonaceous material is treat-
ed in three stages by different heat carrying
fluids, supplied to the same so that there will
first be a preheating of the charge, then dis-
tillation or carbonizing and finally dry quench-
ing of the same. In these figures; reference
characters 1, 1’ and {’’ indicate retorts similar
to the one already described, sets of upper and
lower valves of three each being provided for
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these retorts as already described. Assume that

the ‘retorts I, I’ and 1’’ are in operation; that
retort { has just been charged with a fresh
charge; 1’ is ready to undergo distillation and
the distillation has been completed in 1’ and
the residue is ready to be cooled. The upper valve
16 and the lower valve 45 of retort 1’ as well
as the upper valve 14 and lower valve 43 of re-
tort | are opened and the circulating pump 50
forces a cooling gas downwardly through the hot
charge in retort {’’ to cool the same. The gases
thereby heated pass through the pipe 51 and
gas heater 52, thence through the pipe 53, upper
valve 14 of retort I, through the fresh charge
in the retort 1, thus preheating the same and
then passes through the lower valve 43 of re-
tort | and pipe 54 into the tar trap 55 where
the gases are washed by means of a cooling oil
that is circulated by means of the pump 56 and

heat exchanger 5T so as to be sprayed down-.

wardly through the trap 5. The gases are re-
circulated until the charge in the retort '’ is
sufficiently cooled to make it safe to emptly this
retort. Thermocouples can be located at con-
venient places to measure the temperatures where
desired. The oil circulated by means of the pump
56 will absorb light oils from the gases passing
through the tar trap 5% and the same may be
withdrawn from the circulating system at in-
tervals or part of the oil may be withdrawn con-
tinuously through the valved pipe 58 to remove
the absorbed light oils after which the cooling
oil may be again infroduced into the system
through the supply tank 58. While the charge
in retort 1’’ is being cooled and the charge in
retort | is being preheated, the charge in re-
tort 1’ that has already been preheated is being
treated with superheated steam or gas or both,
obtained from the gasifier or superheater 60,
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that is described in detail in my application Se-
rial No. 290,352, fileqa July 5, 1928, the upper
valve 15 of the retort I’ and the lower valve 44
of the same being open to permit the treating
gases to enter the retort 1’ through valve 15 and

the volatile products resulting from the heat

treatment to pass through the pipe 6f into the
condenser and separator 62. The liquid products
are withdrawn through the outlets 63 and the un-
condensible products pass through the pipe 64
and thence through the tar-trap or scrubber 55.

After the charge in retort '’ has been cooled,
the charge in retort { heated, and the heat treat-
ment of the charge in the retort 1’ has been fin-
ished, the valves are moved 60°, to shut off the
retorts from the pipe lines. The retort 1’’ is
then emptied and charged with fresh material
as described above and the valves are then turned
60° further, thereby causing cooling gases to
pass through the upper valve (6 of retort I,
lower valve 45 of the same and thence through
the heater 52 and valve {4 of the retort 1’’
to preheat the charge in retort 1’’, the heated
gases being circulated by the pump 58. During
this period the valves 5 and 44 of the retort |
are open so that the charge in this retort is
heat-treated by means of the superheated steam
or mixture of superheated steam and water gas
from the superheater-gasifier 60 and the volatile
‘products pass from the retort | through the pipe
61 and its condenser and separator 62 as described
above. ‘The valves are again moved 60° when
the heat treatment in retort { and cooling treat-
ment in retort i and the preheating in I’" are
finished, the retort [’ is discharged and re-
charged with fresh material, the valves are turned
60° further, thereby advancing the operation
one retort in the cycle in the way already de-
scribed. This continues indefinitely, thus mak-
ing a practically continuous process by . opera-
tion of the three retorts in sequence as described.

In the arrangement of apparatus shown in Fig.
4, the operation is similar to that described in
connection with Fig. 3 except that the pipe con-
nections are such that the gases that are passed
downwardly through the hot charges for cooling
the charges before emptying the retorts are
passed through the heater 52 and thence up-
wardly through the retort that contains a fresh
charge to be preheated. It is not believed neces-

sary to describe the operation in detail as it is -

similar to that described in connection with Fig.
3 except that the hot gases for preheating fresh
charges are passed upwardly through the respec-
tive retorts. 'This procedure is desirable in treat-
ing the coals of the more fusible types for the
purpose of advancing the carbonization on the
surfaces of the large lumps of coal so that as the
distillation progresses the surfaces of the lumps
quickly assume a rigid coke structure and are
prevented from excessive fusing or disintegra-
tion; the gas used for preheating the coal is heat-
ed {0 a higher temperature than when used for
preheating the less fusible coal.

In the operation of this process the first or
preheating treatment of the carbonaceous mate-
rial is accomplisheéd by means of gases not readily
condensible. evolved from the process, the second
treatment of the charge is by means of super-
heated steam or a mixture of superheated steam
and water gas, and the third treatment is by
means of gases not readily condensible from the
process.

a fresh charge in another retort while the mate-

N
N

In this way the sensible heat of the
‘treated charge in each retort is utilized to preheat

3

rial in the third retort is undergoing distillation
with superheated steam or a mixture of super-
heated steam and water gas from an external
source. ‘

It has been found that it is necessary to app'ly .

heat gradually to large Iumps of coal of low rank

in order to reduce their tendency to break apart..

With such coal it will be advisable to operate the
process as described in connection with Fig. 3 be-
cause in starting to preheat the charge of coal
the hot gases for preheating the coal enter the
retorts at the top and quickly give up a portion
of their heat to the fine coals at the top, and they
will thereby be cooler when they reach the larger
lumps lower down in the retort.

In operating this process very little light oil
is produced in treating carbonaceous materials
but large quantities of tar oils are produced be-
cause, as the tar oils are formed within the coal
substances, they are quickly removed by the
steam and gaseous media and are carried into a
cooler zone. Some of the heavy portion of the
tar oil condenses on the lower particles of coal
particularly in the early stage of the distillation
of the charge but the tar-oil flows constantly
downward and out of the retort, thus preventing
any refluxing in the hot zone which would cause
redistillation, cracking and production of more
volatile liquid products but a smaller total yield
of tar-oils. The tar-oils are of a primary nature
and free from suspended carbon. They contain
a large proportion of wax-like materials of high
melting point and very little pitch-like ingredi-
ents. Ihave found that the tar-oils formed from
many coals by my process are suitable for crack-
ing into motor fuels and tar acids by the usual
methods for cracking petroleum. .

The gasifier-superheater 60 is operated by in-
troducing steam from the steam source 66 to-
gether with fine coal through the feeder 67 and
by controlling the temperature and ratio of the
steam . and carbon entering the gasifier 608, the

- character of the mixture for treating thie coal can

be controlled to vary the character of the prod-
ucts that are produced by this process. For in-
stance, if a, large surplus of steam to carbon is
used in the gasifier-superheater, the issuing fluids
will be largely steam and some water gas of rela-
tively low fuel value, but the fuel value of the
resulting gas from the coal treatment will be high
because of the small amount of diluent water gas
present. However, if a surplus of carbon is used
in the superheater-gasifier and the temperature
is high, the issuing fiuids will be largely water gas
of maximum fuel value, but the resulting gas from
the coal treatment will be low due to the larger
amount of diluent water gas. In the first case
the water gas may be of approximately 225 B. t. u.
per cubic foot, whereas, in the second case it may
be as high as 320 B. t. u. On the other hand if a
large surplus of steam of high temperature is de-
livered to the mass of coal, there will be a consid-
erable quantity of water-gas formed by the steam
contacting with the fine coke in the top of the
retort. Thus, by varying the quantities and the
ratio of steam to coke used in the superheater-
gasifier, the temperature of their reaction, and
the temperature at which the fluids are centacted

.with carbonaceous material in the top of the re-

tort, it is possible to vary the yield and fuel value
of the resulting gases to suit the market demands

-and, the yield and properties of the primary tar-

oils will be substantially unaffected while the de-
sirable properties of a dense dry-quenched low-
temperature coke are preserved. - ¢
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In order that my process for treating coal will
serve conveniently as an adjunct to a steam power

.plant or other possible source of processing steam,

I prefer to provide a steam accumulator 66 which
serves as a balancing reservoir between a varying
source of steam, such as turbine exhaust, and the
retorts which, individually, draw intermittently
on the steam supply. When the various units and
batteries of retort are operating in unison, the
steam flow to the retorts will become more nearly
constant -but an accumulator of proper size will
not only supply steam of substantially constant
pressure, which would not be the case if connec-

tion to the superheater-gasifier 60 were made to

the exhaust line from a prime mover, but the ac-
cumulator serves also to stabilize the back pres-
sure on the prime mover. The accumulator may
be connected to a line carrying steam bled trom a
stage which normally: serves to heat the feed
water and the accumulator serves thereby as a
reservoir for heated feed water.

I claim:

1. The process of treating batches of solid car-
bonizable material in retorts which comprises
establishing a plurality of batches of substan-
tially dust-free solid carbonizable material, each
batch being formed into segregated zones of dif-
ferently -sized material with the largest lumps
at the base and the smallest lumps at the top,
preheating the material in one of the batches
by passing a gas therethrough from the base to
the top, further heating and carbonizing the ma-
terial in said one of the batches by passing a
gaseous heating medium at a higher temperature
downwardly through the same so as to remove
the volatile .constituents from the material leav-
ing a hot solid residue, condensing at least a
portion of the volatile constituents, passing
through the hot solid residue from the top to
the bottom thereof a cooling gas substantially
chemically inert with respect thereto s6 as to
cool the heated residue and passing the said cool-
ing gas, thereby resultantly heated, in heat ex-
change relation to a fresh charge of carbonizable
material in another of the batches for preheat-
ing the same. ‘

2. The process of treating batches of solid car-
bonizable material which comprises establishing
a plurality- of batches of substantially dust-free
solid carbonizable material, each batch being
formed into segregated zones of differently sized
material with the largest lumps at the base and

2,011,054

the smallest lumps at the top, preheating the
material in one of the batches by passing a gas
therethrough from the base to the top thereby
contacting the heating medium first with the
larger size material and progressively with the
smaller size material, then carbonizing the pre-
heated material by passing superheated steam
downwardly therethrough so as to remove the
volatile constituents from the material and leave
a hot solid residue, passing through the hot
solid residue from the top to the bottom thereof
a cooling gas substantially chemically inert with
respect thereto so as to cool the heated residue,
and passing the inert gas thereby resultantly
heated in heat exchange relation to a fresh charge
of the carbonizable material in another of the
batches for preheating the same.

3. The process of treating solid carbonizable
material which comprises simultaneously treat-
ing a plurality of batches of the material at dif-
ferent stages of the process to effect a preheat-
ing of one of the batches while substantially
completely carbonizing a second one of the
batches and while dry-quenching a third one of
said batches, each batch of material being formed
into segregated zones of differently sized mate-
rial with the largest lumps of material at the
base and the smallest at the top, and the pre-
heating of the said one of said batches being ef-
fected by first introducing a gaseous heating me-
dium into the zone of larger material at the base,
while the dry-quenching of the said third one

- of said batches is effected by first introducing

a gaseous quenching medium into the zone of
emaller material to the top, the hot gas from
the quenching constituting the heating medium
for preheating a further batch of material as the
process progresses whereby an exchange of heat
from the dry-quenching operation to the pre-
heating operation is effected.

4. The process of treating solid carbonizable
material in a retort said material being formed
of different sized lumps and segregated into lay-
ers of various sizes, the layers of the larger lumps
being at the bottom and progressively smaller at
the top of the retort, preheating the material
by passing a gas through the retort from the
bottom to the top, then carbonizing the pre-
heated material by passing a heating gas at a
higher temperature through the retort from the
top to the bottom.

ILEWIS C. KARRICK.
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