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PATENT OFFICE. 
FRANK C. GREENE, OF WAUKEGAN, ILLINOIS, AND IRVING F. LAUCKs, OF SEATTLE, 

wASHINGTON, AssIGNORS TO OLD BEN COAL CORPORATION, or CHICAGO, ILLINOIs, 
A CORPORATION OF DETAWARE. 

APPARATUS FORCARBONIZING COAL AND THE LIKE. 

Application filed October 24, 1925. 

In Patent No. 1713,840 granted May 21, 
1929, to Irving F. Laucks, there is disclosed 
an apparatus for carbonizing coal åt a rela 
tively low temperature, which apparatus 
comprises a screw retort which is internally 
and externally heated. The functions of the 
screw retort are, first, to produce agitation, 
circulation or kneading of the particles of 
coal from a period commencing previous to 
the softening point and lasting through the 
plastic stage; and, Second, to raise the ten 
perature of the material being treated, means being provided in practice for regulat 
ing the temperature to effect the desired re 

5 sults. 
Certain operations or reactions occurring 

prior to the softening point, and after the 
plastic mass has set may be better accom 
blished by other apparatus than a screw 
retort. For example, drying of the coal and 
preheating almost up to the softening point 
inay be effectively done in less expensive 
apparatus than a screw retort. Likewise, 
the coke may be annealed more economically 
and to better advantage in a retort apart 
from the screw retort, as the screw tends to 
abrade the coke and produce breeze or fines. 
The object of the present invention, there 
fore, is to provide, in connection. With an improved form of screw retort, improved 
means for treating the coal prior to its in 
troduction into the screw retort and for 
treating the coke after it has been dis 
charged from said retort. Certain improve: 
ments in the screw retort also will be pointed 
out hereinafter. 
In the accompanying drawings, Figure 1 

is a view, more or less diagrammatic, illus 
trating an apparatus embodying the features 
of our invention, the view being taken in 
the plane of line 1-1 of Fig. 2. 

Fig. 2 is a sectional view taken in the 
plane of line 2-2 of Fig. 1. 
In the drawings, 1 denotes a conveyor 

by means of which coal is discharged into 
a hopper 2. The lumps of coal are pref 
erably, although not necessarily, under one 
inch in size. The outlet from the hopper 2 
is controlled by means of a rotary feed gate 
3 of well known construction, in order that 
air may be excluded from the apparatus. 
The coal passing through the feed gage 3 
enters an enclined spout 4 which directs the 

serial No. 64,543. 

coal to a drier or preheater 5 of any pre 
ferred construction. In the construction 
herein shown the preheater 5 comprises a 
furnace 6 containing a relatively long rota 
tory drum 7 into one end of which the spout 
4 extends. 
drum 7 is slidably supported to accommo 
date expansion and contraction of the drum. 
The furnace 6 is preferably heated by 
means of a gas burner 8 supplied with gas 
produced in the carbonizing process, the 
products of combustion being discharged 
through a stack 9. Within the drum 7 is 
fixed a device for agitating and advancing 
the material toward the outlet end of the 
drum. While the agitating and advancing 
means may be of any desired character, we 
have herein shown two spiral blades 10 
fixedly mounted in diametrically opposite 
positions Within the drum. The major por 
tions of the blades 10 are curved to conform 
to a helix of relatively great pitch so that 
the blades act to lift and shower the coal 
slightly ahead on each revolution of the 
drum. At the discharge end of the drum 
the blades 10 are given a smaller pitch so 
as to be more efficient as conveying ele 
ments. The drum is sealed at each end 
against admission of air. 
The discharge end of the drum 7 com 

municates with a chamber 12 from which 
the steam generated in the drying of the 
coal is conducted through a steam outlet 
pipe 13. The steam is preferably with 
drawn under a slight vacuum. 
The screw retort comprises a tubular 

casing or retort wall 14 supported in ver 
tical position. The casing 14 is preferably 
suspended from its upper end, its lower end 
projecting slidably through a gland 15 
into the chamber 12, thus accommodating 
changes in the diameter and length of the 
retort wall 14 due to temperature changes. 
The portion of the retort wall 14 that ex 
tends through the gland 15 is cylindrical, 
but the remainder of the casing 14 tapers 
slightly outward upwardly. Any desired 
means may be provided to prevent the casing 
14 from turning, as, for example, straps 16 
at the lower end thereof. 
The retort 14 is externally heated by a 

furnace 17 which may be of any preferred 
construction. As herein shown, it comprises 
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desired 

2 

four combustion chambers 18 which deliver 
hot gases spirally around the retort at any 

elevation. The hot gases pass 
downwardly around the retort and pass to 
the stack 9 through a flue 19. 
Within the retort casing 14 is a rotor 20 

comprising a tubular shaft 21 (Fig. 2) hav 
ing upon its periphery two spiral screw 
threads or fins 22. The outer diameter of 
the threads 22 increases upwardly from the 
bottom for ease of withdrawal, such taper 
also affording increasing clearance to the 
material being treated in the retort. It will 
be understood that the taper of the retort 
bore corresponds with that of the screw. The 
width of the screw thread is such that a 
comparatively narrow spiral space 23 is left 
between the shaft of the screw and the in 
side surface of the retort. A proportion of 
at least three inches between adjacent 
thread--convolutions per i inch of width of 
thread is considered desirable. The helical 
thread fits inside the cylindrical retort with 
only a small clearance. 
The lower end of the rotor 20 is supported 

in a step bearing 24. Its upper end passes 
through a head casting 25, a stuffing box 26 
preventing entrance of air. 
The preheater drum 7 and the rotor 20 

may be driven in any preferred manner, as, 
for example, by means of two intermeshing 
miter gears 27, one of said gears being driven 
through any desired source of power (not 
herein shown). The discharge ends of the 
blades 10 extend into the chamber 12 and 
sufficiently close to the rotor 20 to feed coal 
to the last-mentioned rotor, the casing 12 
being of such shape as to return the up 
mounded coal to the screw. We believe that 
the plastic mass with which the rotor 20 
almost solely deals, moves at a rate slower 
than either moist or dry coal, hence the rotor 
should not be completely filled at the bottom. 
The rotor 20 is internally heated by means 

of a heater of any preferred type. In the 
present instance, we have shown a heater 
comprising a plurality of spaced gas burners 
28 connected respectively to gas supply pipes 
28. 28 are valves in the pipe 28 for regu 
lating the intensity and points of applica 
tion of the heat. 
Within the head casting 25 the rotor 20 is 

provided with ejecting blades 20 which 
push successive portions of the coke ribbon 
brought up by the screw thread 22 into a 
dust box 29. The gases and vapors driven 
off from the material in the screw-retort are 
withdrawn through a conduit 30 connected 
to said dust box. Any preferred means 
(none being herein shown) may be employed 
to divert dust from the vapor outlet 30. 
The dust box 29 is located above and com 

municates with an annealing furnace 31. 
The annealing chamber 32 of said furnace is 
amply tapered outwardly and downwardly. 
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The annealing furnace 31 comprises flues 
33 which are adapted to receive hot products 
of combustion from a suitable heating means 
(not shown), and which may be connected to 
the adjacent combustion chambers 18 and 
thus vented to the heating chamber star 
rounding the screw retort, the hot gases flow. 
ing eventually to the stack 9 by way of the 
fue 19. 
The lower part 34 of the annealing clan 

ber is preferably of metal construction ter 
minating in a discharge gate 35 of any de 
sired character, said gate being operated to 
discharge coke from the lower end of the 
annealer at the same rate as the annealer is 
filled. 36 denotes a conveyor onto which the 
char is discharged. Any preferred means 
(none being herein shown) may be provided 
for gradually cooling the coke prior to or 
after its discharge onto the conveyor. 
The operation is as follows: The preheater 

or drier is externally heated to about 350° 
centigrade or less. The lower end of the re 
tort wall 14 and the rotor 20 receive heat 
from the upper hotter parts and thus im 
part heat to the coal entering the screw re 
tort. The screw retort, being internally and 
externally heated, raises the temperature of 
each particle of coal at substantially the 
same rate. As the coal is elevated by the 
screw it is subjected to a gradually increas 
ing degree of heat, as a short distance above 
the point where the coal enters it meets the 
parts of the retort and screw which are di 
rectly heated by the furnace 17 and the i? 
internal burner 28. The temperature of the 
coal mass soon reaches the softening point. 
The particles now commence to stick to 
gether. The plasticity of the mass increases 
for a distance and finally the particles of 
coal become fused to a homogeneous mass. 
The fused mass soon reaches its state of max 
imum fluidity and then becomes increasingly 
stiffer and more viscous, until it finally sets 
to a rigid mass. This stage from the soften 
ing point to the setting point we call the 
plastic stage or Zone. To prevent clogging 
of the rotor, the application of heat through 
cut the plastic zone is so controlled that the 
rotor wall is at least as hot as, or better, 
somewhat hotter than the opposite portion of 
the retort wall; in order that there shall be 
a greater tendency of the material to adhere 
to the retort wall than to the rotor wall. 
The plastic zone may take up the entire up 
per portion of the retort above the softening 
point, or it may end a short distance below 
the top, depending on circumstances. The 
points of beginning and ending of the plas 
tic zone depend on the rate of increase of 
temperature, rate of feed, rate of revolution 
of the screw, amount of moisture in the feed, 
and on other factors. 
In the granular condition the mass ot 

coal, of course, lies on the upper surface of 
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the screw threads, and is contained between 
the inner surface of the retort and the shaft 
of the screw. It is important, however, that 
the coal mass shall not completely fill this 
????; some vacant space being left above 
the coal for the escape of the gas and vapors. 
The shape of the coal mass may be described 
as a spiral ribbon, conforming to the helix 
of the screw, and several inches thick and 
nearly as deep as the space between the 
threads. The ribbon thus has a free upper 
surface from which the gas and vapors are 
continuously withdrawn upwardly. By rea 
son of such upward withdrawal, there is no 
condensation of vapors in or upon the cooler 
material lower down. 
But as this ribbon of coal moves upward, 

it does not move as a simple spiral, when 
the motion of the individual particles is 
considered. A particle, for example, which 
happened to be adjacent to the thread of the 
screw on the bottom convolution, will not be 
found in the corresponding position when it 
has reached the next convolution. We have 
found that there is a continual circulation of 
the particles of coal. Take a particle, for 
example, which is in contact with the inner 
surface of the screw thread. This particle 
as soon as the screw commences to rotate, 
moves inward on the upper surface of the 
thread until it meets the shaft, of the screw. 
It then moves upward along the vertical sur 
face of the shaft until it emerges on the top 
surface of the ribbon of coal. Here it is 
again thrown outward to the inner surface 
of the retort. After riding along for a 
short distance on the top of the coal bed, 
it is turned under and eventually is over 
taken by the upper surface of the screw 
thread. It has therefore made a complete 
revolution as far as the coal bed is concerned. 
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The whole ribbon is thus twisting, as it 
were, as it climbs, the paths of individual 
particles being helices whose axes are also 
helices, the latter helices having substan 
tially the same pitch as the helix of the 
thread. The effect of this twisting or turn 
ing over and over, is to bring practically 
each particle in contact with the heated 
surfaces of the retort 14 and the screw 20. 
Thus the temperature of each particle rises 
at about the same rate, and all arrive at their 
softening point at practically the same time. 
Each particle is in close contact with its 
neighbors, and when the softening point is 
reached they can readily amalgamate to 
form a plastic mass. In fact, there is con 
siderable pressure tending to compact the 
particles. This pressure is not only due to 
the height of the coal bed, but also is gen 
erated by the friction against the walls of 
the retort. 
After the mass melts or softens this turn 

ing over and over is still continued as long 
as the mass is plastic enough to be readily 

3 

deformed by the forces acting on it, but the 
circulation Ceases as soon as the mass stiffens 
sufficiently. 

It will be understood that definite tem 
peratures can not be set down, as these will 
vary with different coals, depending on their composition. But a typical case may be de 
scribed as follows: The coal is raised to its 
melting or softening point of 400° C., the 
method of heating being such that substan 
tially each particle is uniformly heated, and 
the whole mass melts or softens at about the 
same time. The temperature is then raised 
gradually to about 450° C. at which approx 
imate temperature setting takes place. The 
coke is then held at this temperature or one 
somewhat higher in the annealing chamber 
32 for a further period to improve its 
strength. The duration of this period de 
pends upon the character of the coal or other 
carbonaceous material being treated. With 
some coals or mixtures a period of about one 
half hour gives good results; with others a 
period of one to two hours may be necessary. 

By dividing the process into three stages 
as herein described, the capacity of the plant 
per dollar of investment is increased, as the 
preheater and the annealer are much less ex 
pensive than the screw retort. Moreover, 
the annealer 32 is more efficient than the 
screw retort would be for that particular 
purpose, since the annealer is adapted to 
handle the coke with a minimum amount of 
friction. 
We claim as our invention: 
1. An apparatus for carbonizing coal 

comprising a screw retort consisting of a 
tubular casing suspended in vertical posi 
tion from its upper end and free to expand 
downwardly, an enlarged casing into which 
the lower end of the tubular casing extends, 
said last mentioned casing having a steam 
outlet, a rotary screw extending from said 
last mentioned casing upwardly through said 
tubular casing, said tubular casing and 
screw tapering slightly out upwardly, the 
width of the screw thread being approxi 
mately one-third of the distance between 
adjacent thread-convolutions, the screw fit 
ting the tubular casing closely whereby to 
form a narrow spiral path for the material, 
and a preheater arranged to discharge 
heated coal into said last mentioned casing. 

2. An apparatus for carbonizing coal 
comprising a screw retort consisting of a 
vertical tubular casing, an enlarged casing 
into which the lower end of the tubular cas 
ing extends, said last mentioned casing hay 
ing a steam outlet, a rotary screw extending 
from said last mentioned casing upwardly 
through said tubular casing, the width of 
the screw thread being approximately one 
third of the distance between adjacent 
thread-convolutions. the screw fitting the 
tubular casing closely whereby to form a 
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narrow spiral path for the material, and a 
preheater arranged to discharge heated coal 
into said last mentioned casing. 

3. An apparatus for carbonizing coal com 
prising a screw retort consisting of a vertical 
tubular casing, an enlarged casing into 
which the lower end of the tubular casing 
extends, said last mentioned casing having a 
steam outlet, a rotary screw extending from 
said last mentioned casing upwardly through 
said tubular casing, the screw fitting the 
tubular casing closely whereby to form a 
spiral path for the material, a preheater ar 
ranged to discharge heated coal into said 
last mentioned casing, and means for exter 
nally heating the tubular casing and for 
internally heating the screw. 

4. An apparatus for carbonizing coal 
comprising a screw retort consisting of a 
vertical tubular casing, a rotary screw 
within said tubular casing, the screw thread 
being relatively narrow and fitting the tubu 
lar casing closely whereby to form a narrow 
spiral path for the material, means for feed 
ing coal to the lower end of said screw re 
tort, and an annealing furnace consisting of 
a chamber connected to the upper end of the 
screw retort to receive coke discharged there 
from and means for externally heating said 
chamber. 

5. An apparatus for carbonizing coal 
comprising a vertical internally and exter 
nally heated screw retort, a preheater ar 
ranged to discharge dried and heated coal to 
the lower end of the screw retort, an anneal 
ing chamber connected to the upper end of 
the screw retort to receive coke therefrom, 
and means for externally heating said cham 
ber. 

6. An apparatus for carbonizing coal 
comprising, in combination, a screw retort 
consisting of a vertical casing, an enlarged 
casing into which the lower end of said first 
mentioned casing extends, said enlarged cas 
ing having a vapor outlet, a rotary screw 
extending from said enlarged casing up 
wardly through said first mentioned casing, 
a preheater arranged to discharge coal into 
said enlarged casing, and means for heating 
said retort. 

7. An apparatus for carbonizing coal 
comprising, in combination, a screw retort 
consisting of a vertical casing, an enlarged 
casing into which the lower end of said first 
mentioned easing extends, a rotary Screw extending from said enlarged casing up 
wardly through said first mentioned casing, 
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a rotary preheater drum arranged to receive 
coal at one end and to discharge coal from 
the other end into said enlarged casing, said 
drum having a plurality of generally longi 
tudinal helical blades on its inner periphery 
to propel the coal longitudinally thereof, 
and means for heating said retort and said 
drum. 
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8. An apparatus for carbonizing coal com 
prising, in combination, a screw retort con 
sisting of a vertical easing, an enlarged as 
ing into which the lower end of said first 
mentioned casing extends, a rotary screw ex 
tending from said enlarged casing upwardly 
through said first mentioned casing, and an 
elongated rotary preheater arranged to re 
ceive coal at one end and to discharge same 
from the other end into said enlarged cas 
ing, said preheater having a helical blade 
on its inner periphery, the receiving end 
of said blade having a relatively large pitch, 
and the discharge end of said blade having 
a relatively small pitch and extending sub 
stantially to said screw. 

9. An apparatus for carbonizing coal com 
prising, in combination, a retort consisting 
of a vertical casing, an enlarged casing into 
which the lower end of said first mentioned 
casing extends, a rotary screw extending 
from said enlarged casing upwardly 
through said first mentioned casing, and 
a preheater consisting of a furnace cham 
ber having a plurality of staggered trans 
verse baffle members, and an elongated 
rotary drum journaled in said baffles, one 
end of said drum being adapted to receive 
coal and being slidably disposed in said fur 
nace and the other end of said drum being 
adapted to discharge coal into said enlarged 
chamber, and being anchored against end 
wise movement. 

10. An apparatus for carbonizing coal 
comprising a vertical screw retort, a pre 
heater arranged to discharge dried and 
heated coal into the lower end of said re 
tort, a dust chamber connected to the upper 
end of said retort to receive coke therefrom, 
a vertical annealing chamber opening to the 
bottom of said dust chamber to receive coke 
therefrom, and means for externally heat 
ing said retort and said annealing chamber. 

11. An apparatus for carbonizing coal 
comprising, in combination, a vertical screw 
retort, a dust chamber connected to the up 
per end of said screw retort to receive coke 
therefrom, an annealing chamber arranged 
below said dust chamber, an opening thereto 
to receive coke therefrom, and means for ex 
ternally heating said retort and said an 
nealing chamber. 

12. An apparatus for carbonizing coal 
comprising a vertical screw retort, an en 
larged downwardly tapering chamber com 
municating with the upper end of said re 
tort to receive the material discharged there 
from, a vapor outlet for said chamber, an upwardly tapering vertical annealing cham 
ber opening to the bottom of said first men 
tioned chamber, and means for externally 
heating said annealing chamber. 

13. An apparatus for carbonizing coal 
comprising a furnace structure having a 
heating space, a vertical screw retort dis 
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posed in said heating space, means for in 
ternally heating said retort, and a vertical 
annealing chamber disposed in said heating 
space adjacent said retort, the upper end of 
said chamber being connected to the upper 
end of said retort to receive coke therefrom. 

14. An apparatus for carbonizing coal 
comprising a furnace structure having a 
heating space, a vertical screw retort ex 
tending through said heating space, means 
for internally heating said retort, a preheat 
er having its discharge end opening to the 

5 

lower end of said retort to discharge dried 
and heated coal thereto, and a vertical an 
nealing chamber extending through said 
heating space adjacent said retort, the upper 
end of said chamber being connected to the 
upper end of said retort to receive coke 
therefrom. ? 

5 

In testimony whereof we have hereunto 20 
affixed our signatures. 

FRANK C. GREENE. 
IRVING F. L.AUCKS. 


