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ABSTRACT OF THE DISCLOSURE 

Fresh particulate solid material containing volatilizable 
constituents is physically mixed with hot particulate solid 
material at one end of a closed elongate vessel, the mix 
ture then being moved to the opposite end of the vessel 
on a ?at belt. During the travel through the vessel, the 
relatively cool fresh material is heated by the hot ma 
terial and is pyrolyzed to drive off its volatilizable con 
stituents. As a result of the pyrolysis, a combustible de 
posit is left on the pyrolyzed material. The solid material 
is abstracted from the far end of the vessel and the com 
bustible deposit is burned off in a separate regenerator, 
this burning heating the material to a high temperature. 
A portion of this latter material is recycled to the vessel 
to serve as the hot material for the pyrolysis of the fresh 
incoming material. 

__——— 

The present invention relates to apparatus for the 
pyrolysis of solids containing volatilizable constituents. 
More particularly, the invention is concerned with an im 
proved apparatus -for the distillation of carbonizable solids 
such as various oil-bearing minerals including oil sands 
(tar sands), oil shale, coals, lignite, cellulosic materials, 
and the like. 

Broadly, the process carried out in the apparatus of 
the invention is similar to that disclosed in the prior 
copending Bennett application, Ser. No. 546,225, ?led 
Apr. 29, 1966. Process-wise, the raw material such as oil 
sand which is to be treated or processed is heated in a 
retorting vessel to drive off volatilizable constituents, the 
evolved gases escaping from the vessel through a gas col 
lecting system as valuable gaseous products (vapors). 
The apparatus of the present invention, like that of 

the aforementioned copending application, utilizes, for the 
retorting or distillation or pyrolysis, a heat exchange be 
tween two solids which are in direct and intimate ther 
mal contact with each other, rather than a heat exchange 
between a solid and a gas. That is to say, the solid raw 
material which is to be retorted or distilled or pyrolyzed 
is heated by directly contacting the same with a hot solid 
material. 

In accordance with the present invention, the processing 
(i.e., the retorting or pyrolysis) of the solid material to 
be treated takes place in an elongate horizontally-disposed 
vessel which is preferably of cylindrical con?guration. 
The material to be treated, in traveling from the ?rst or 
entrance end of the vessel to the other or exit end thereof, 
passes through three zones in succession, ?rst a feed zone, 
then a mixing zone, and ?nally a reaction zone. Each 
zone is de?ned by a separate horizontally-disposed mov 
ing belt which moves lengthwise of the container, these 
belts being arranged vertically with respect to each other 
such that the material, in traveling from the entrance 
end of the vessel toward the exit end thereof, drops down 
wardly off the far end of the feed belt onto the near 
end of the mixing belt, and then drops downwardly off 
the far end of the mixing belt onto the near end of the 
reaction belt. Each of the three belts passes over a re 
spective pair of rollers, and each is driven by a suitable 
driving means. At the ?rst or entrance end of the vessel, 
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means is provided for feeding a layer of hot solid ma 
terial onto the feed belt, this material being laid down 
substantially uniformly over the width of the belt. At this 
same end of the vessel, means is provided for feeding a 
sheet-like stream of relatively cool fresh raw material to 
be treated (e.g., tar sand) onto the feed belt and super 
posed on the layer of hot solid material previously laid 
down. 

After being deposited on the feed belt, the two differ 
ent types of material travel together to the far end of 
the feed belt, from whence they drop downwardly onto 
the mixing belt. The mixing belt functions to cause the 
two particulate solid materials to- become intimately mixed 
with each other, such that the particles of one material 
are thoroughly and substantially completely dispersed 
among and between the particles of the other material. 
The aforesaid mixture of the two materials drops down 

wardly off the far end of the mixing belt onto the re 
action belt, which is considerably longer than either the 
mixing belt or the feed belt, and which serves as a 
(moving) residence platform. Since the admixed and inter 
mixed materials are in close, direct physical contact with 
each other at the time they reach the reaction belt, they 
are in intimate thermal contact, and since there is a 
rather large temperature difference between the particles 
of the two types, a heat exchange takes place, the tem 
perature of the fresh raw material increasing as the ma 
terials are moved by the reaction belt through the re 
action zone, toward the far or exit end of the vessel. Due 
to the heating, volatilizable constituents are driven off 
from the raw material, the evolved gases escaping from 
the vessel through a gas collecting port as gaseous prod 
ucts (vapors). 
By the time the (initially relatively cool) fresh raw 

material reaches the exit end of the vessel, it has been 
heated su?’iciently so that most of the gaseous constituents 
have been driven off therefrom, but this retorting or pyro 
lyzing process (the driving off, by heat, of the volatilizable 
constituents from the fresh raw material) results in the 
leaving of a combustible (carbon, or coke) deposit on the 
spent material. All of the solid material which has traveled 
through the vessel to the exit end thereof, which is to 
say, both the spent material (which started through the 
vessel as fresh raw material) and the (originally hot) 
solid material (which has been used in the vessel as a 
heat transfer medium), drops off the far end of the re 
action belt, and it is then abstracted from the vessel 
and conveyed to a separate regenerator. In the regener 
ator, the combustible carbonaceous deposit on the spent 
material is burned, by means of air or other combustion 
supporting gas supplied to the regenerator. This burning 
serves to heat all of the solid material in the regenerator, 
and ‘a portion of this heated material is taken from the 
regenerator and fed to the ?rst or entrance end of the 
vessel, to serve as the hot solid material which is mixed 
with the fresh raw material to give up heat to this latter 
material, for the pyrolysis, distillation, or retorting previ 
ously described. In other words, this last—mentioned hot 
solid material serves as the heat transfer medium. 
The remainder of the heated material at the outlet of 

the regenerator is sent to storage (as waste). 
A detailed description of the invention follows, taken 

in conjunction with the accompanying drawings, wherein: 
FIGS. 1A and 1B together constitute FIG. 1, which 

is a partly diagrammatic and partly structural represen 
tation of a pyrolysis apparatus according to this invention. 
The apparatus of the invention will be described below 

using oil-bearing sand (often termed tar sand) as an 
example of the solid material which can be processed by 
the apparatus of the invention. It is noted, however, that 
apparatus of this type might be used for the distillation 
or carbonization of other carbonizable materials, and 
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quite generally for the recovery of volatilizable constitu 
ents from subdivided solids containing the same. 

Referring now to the drawings, and particularly to 
FIG. 1A, an elongate ?xed vessel 1, which may be thought 
of as a reactor, is generally cylindrical in shape and is 
mounted on its side so that its longitudinal axis extends 
horizontally, as shown. This vessel is mounted on a ?xed 
base or support (not shown). Vessel 1 is closed at its 
ends by means of suitable end closures; for convenience 
in illustration, the end closure at the near or left-hand 
end of the reactor has been removed. 
At the near end of vessel 1, a transversely-extending 

shaft 2, whose axis is located near the top of the cylin 
drical vessel, is journaled for rotation at its two opposite 
ends in the cylindrical wall of vessel 1, as by means of 
bearing assemblies such as 3 (schematically illustrated) 
which, in addition to their function of rotatably support 
ing the ends of the shaft, act to seal the ends of the shaft 
2 through the reactor wall. One end of shaft 2 (for exam 
ple, the near end in FIG. 1A) may extend outwardly 
as at 211 beyond the cylindrical wall of vessel 1, for a 
purpose which will be explained hereinafter. A cylindrical 
roller 4, of rather large diameter, is ?xedly secured to 
shaft 2 intermediate the ends thereof and within vessel 
1. The roller 4 is coaxial with shaft 2 and is of rather 
substantial length, occupying most of the space avail 
able within vessel 1, along the chordal axis of shaft 2. 
The vessel 1 has both a substantial length and a sub 

stantial diameter. At a location spaced some distance 
along the length of vessel 1 (toward the right-hand end 
thereof) from shaft 2, a transversely-extending shaft 5, 
whose axis is located in the same horizontal plane as the 
axis of shaft 2, is journaled for rotation at its two oppo 
site ends in the wall of the vessel, as by means of bear 
ing assemblies such as 6 which are similar to assemblies 
3 and which rotatably support shaft 5 and also provide 
shaft seals. One end of shaft 5 may extend outwardly 
as at 5a beyond the cylindrical wall of vessel 1. A cylin 
drical roller 7, similar to roller 4, is ?xedly secured to 
shaft 5, coaxially thereof and within vessel 1. It Will be 
realized, from the foregoing, that roller 7 is substan 
tially parallel to roller 4, and the axes of both shafts 2 
and 5 are substantially horizontal. 
A conventional source of motive power, for example 

an electric motor (not shown) operating through an 
appropriate gear reducer (also not shown), is suitably 
coupled to the outer ends of one or both of the respec 
tive shafts 2 and 5, to rotate these shafts at an appro~ 
priate rate of speed. Preferably, the driving arrangement 
for these shafts is provided with a speed adjustment 
means. As will be understood, rollers 4 and 7 will rotate 
at the same rate when the motive power source is 
energized. 
A rather wide ?at endless metallic feed belt 8, made 

of stainless steel for example, whose width is approxi 
mately equal to the length of rollers 4 and 7, passes 
over these rollers and is driven thereby in the direction 
indicated by arrow 9, such that the upper side of this 
belt moves from roller 4 to roller 7. 
The near or left-hand end of vessel 1 may be termed 

the entrance end of the vessel. At this end of the vessel, 
adjacent roller 4, a vertically-positioned short pipe or 
conduit 10 is sealed through the top of vessel 1, this 
pipe having at its upper end a ?ange 11 by means of 
which it may be coupled to a supply pipe 12 (schemat 
ically illustrated in FIG. 1B). A fan-shaped distributor 
member 13 (which may be likened to an upside-down or 
upended funnel) has its narrow upper end coupled to 
the inner or lower end of pipe 10, inside vessel 1, and has 
at its lower wide or fan end an opening which is spaced 
just slightly above the upper surface of belt 8. The width 
of the opening at the lower or fan end of member 13 
(measured parallel to the width of the belt, or at 90° 
to the direction of travel of the belt) is substantially 
equal to the width of the belt, and the length dimension 
of the opening at the fan end of member 13 (measured 
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4 
parallel to the direction of travel of the belt) is rather 
small. 
Hot particulate solid material supplied to hot sand 

inlet pipe 10 (by way of example, this material may be 
hot clean sand, as will be described subsequently) ?ows 
downwardly by gravity through member 13, and is con 
strained or guided by this latter member to be distributed 
over substantially the entire width of the upper surface 
of belt 8. That is to Gay, as belt 8 moves in the direction 
9, the member 13 lays down continuously on the bare 
belt, over substantially the entire width of the upper 
surface thereof, a layer of hot particulate solid material 
(assuming, of course, that suf?cient material is supplied 
in a continuous manner to inlet pipe 10) . 
At a location slightly beyond (in the direction of travel 

9 of belt 8) pipe 10, a vertically-extending nozzle mem 
ber 14 is sealed into the top of the vessel 1. Nozzle 14, 
like the opening at the lower end of member 13, has 
an effective width substantially equal to the width of 
belt 8, and a rather small length dimension. The lower 
open end of nozzle 14 terminatesat and is sealed into 
a hole in the cylindrical wall of vessel 1, so it can be 
said that the lower end of the nozzle terminates at such 
wall. Thus, the lower end of nozzle 14 is cut along an 
arc which matches that of the cylindrical wall of vessel 1, 
and the lower end of this nozzle communicates with the 
interior of the vessel. It will be noted that the lower 
open end of nozzle 14 is located some distance above 
the upper surface of belt 8. 
The upper end of nozzle 14 is ?anged at 23 to provide 

a coupling means for this nozzle, and this ?ange is fastened 
to a similar ?ange 15 provided at the lower end of a 
vertically-extending chute 16. The cross-section of chute 
16 is preferably the same as that of nozzle 14. At the up 
per end of chute 16, an inclined platform 17 is fastened to 
the chute, and a vibrating spreader 18 of known type is 
mounted above platform 17 to feed material into the up 
per end of chute 16. Platform 17 is inclined downwardly 
toward chute 16. Spreader 18 is of enclosed design, and 
is driven by a vibratory driving mechanism of conven 
tional type in such a manner that a solid particle tending 
to travel downwardly as at 22 along the inclined ?oor 19 
will actually be caused to travel in the zigzag path indi 
cated at 20. The fresh raw material to be treated (for ex 
ample, oil-bearing sand) is fed vertically into one end of 
the spreader 18, as indicated by arrows 21, from a con 
trolled feed chute (not shown), and drops onto the upper 
end of ?oor 19. The lower end of the spreader floor is 
located substantially directly above the upper end of chute 
16, and this ?oor is above platform 17. The subdivided 
particulate solid material entering the spreader 18 at 21 
travels downwardly in zigzag fashion along floor 19 toward 
chute 16, as indicated at 20, and as it does so, is spread 
out or dispersed (as a result of the action of spreader 18) 
substantially uniformly over the entire width of ?oor 19. 
This results in the establishment of a thin sheet of fresh 
raw material which drops off the lower end of floor 19 
into the upper end of chute 16. Of course, the aforemen 
tioned sheet of material is actually composed, collective— 
ly, of individual particles of the subdivided solid material 
fed at 21 into spreader 18. 
The sheet of material dropping off the lower end of 

spreader ?oor 19 enters the upper end of chute 16, and 
moves downwardly by gravity through this chute and 
through nozzle 14, to the lower end of the latter. As pre 
viously mentioned, the lower end of nozzle 14 is coex 
tensive with a portion of the cylindrical wall of hollow 
vessel 1, this portion being located at the top of the ves 
sel. The sheet-like stream of fresh raw (particulate solid) 
material leaving the lower end of nozzle 14 drops in free 
fall fashion (as indicated by arrows 24) onto the upper 
surface of belt 8 as the latter travels in the direction 9. 
Since nozzle 14 is located beyond distributor member 13 
(referring to the direction of travel 9 of the belt), the 
sheet-like stream of fresh raw material will be dropped 
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onto feed belt 8 in superposed relation to the layer of 
hot solid material already deposited thereon via feed pipe 
10 and distributor member 13. 

In order to prevent the loss of hydrocarbon vapors 
(valuable product) from vessel 1 via nozzle 14, stream is 
supplied from a suitable source to a plurality of apertures 
26 provided in nozzle 14, to provide in effect a sealing 
blanket of steam within the nozzle, through which blanket 
the stream of raw material moves downwardly into ves 
sel 1. 

Distributor member 13 is at all times maintained suf 
?ciently ?lled with solid material to provide a choke for 
preventing the escape of vapors from vessel 1 outwardly 
through pipe 10, and also to ensure that this material 
“spreads out” properly at the lower end of member 12. 
Below shaft 5, and approximately in the same vertical 

plane therewith, a transversely-extending shaft 27 is jour 
naled for rotation at its two opposite ends in the wall of 
vessel 1, as by means of bearing assemblies such as 28 
which rotatably support shaft 27 and also provide shaft 
seals. One end of shaft 27 may extend outwardly as at 
27a beyond the cylindrical wall of vessel 1. A cylindrical 
roller 29 is ?xedly secured to shaft 27, coaxially thereof 
and within vessel 1. 
At a location spaced some distance along the length of 

vessel 1 (toward the right-hand end thereof) from shaft 
27, a transversely-extending shaft 30, whose axis is lo 
cated in the same horizontal plane as the axis of shaft 27, 
is journaled for rotation at its two opopsite ends in the 
wall of the vessel, as by means of bearing assemblies such 
as 31 which are similar to assemblies 28 and which ro 
tatably support shaft 30 and also provide shaft seals. One 
end of shaft 30 may extend outwardly as at 30a beyond 
the cylindrical wall of vessel 1. A cylindrical roller 32, 
similar to roller 29, is ?xedly secured to shaft 30, coaxial 
ly thereof and within vessel 1. It will be realized, from 
the foregoing, that roller 32 is substantially parallel to 
roller 29, and the axes of both shafts 27 and 30‘ are sub 
stantially horizontal. 
A rather wide flat endless metallic mixing belt 33, made 

of stainless steel for example, whose width is approxi 
mately equal to the length of rollers 29 and 32, passes 
over these rollers and is driven thereby in the same direc 
tion 9 as belt 8, i.e., the upper side of belt 33 moves from 
roller 29 to roller 32. Mixing belt 33 is positioned suffi 
ciently below feed belt 8 so as not to interfere with the 
movement of the latter, and is so aligned with feed belt 8 
that the solid material mixture drops off the far or right 
hand end of belt 8 onto the near or left-hand end of belt 
33. 
A separate driving arrangement (which may be similar 

to the driving arrangement utilized for the feed belt 8) is 
provided for mixing belt 33, the driving arrangement for 
belt 33 having its own speed adjustment means. As will 
be understood, rollers 29 and 32 will both rotate at the 
same rate when the motive power source for the shafts 27 
and 30 is energized. 

In addition to its longitudinal motion in the direction 9 
as previously referred to, mixing belt 33 is caused to 
execute a vibratory motion in a plane more or less at right 
angles to the longitudinal direction of travel of the belt. 
Thus, this belt is preferably vibrated up and down in a 
vertical direction, although in some instances it may be 
vibrated back and forth in a lateral direction, similarly 
to the spreader ?oor 19 previously described. Any suitable 
means may be coupled to belt 33 to cause it to vibrate 
in the manner aforementioned. By way of example, an 
eccentric cam or roller can be used for this belt, in place 
of the straight cylindrical rollers 29 and/or 32. Or, a 
vibrator of known type can be mounted under the belt. 
The purpose of the vibratory motion of mixing belt 33 

is to effect a thorough physical mixing together of the 
particulate material being moved by this belt, such that 
the particles of one type‘ (to wit, the fresh raw sand enter 
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6 
ing the vessel by way of nozzle 14) become thoroughly 
and substantially completely dispersed among and be 
tween the particles of the other type (to wit, the hot 
solid material entering the vessel through distributor mem 
ber 13). That is to say, a substantial admixing and inter 
mixing of the two types of particles takes place as a result 
of the vibratory motion of ‘mixing belt 33, such that the 
two materials are in close, direct, and intimate physical 
contact with each other by the time they reach the far or 
right-hand end of this belt (at roller 32). Thus, the raw 
sand particles are ‘brought into intimate thermal contact 
with the particles of hot solid material by the time the 
mixture carried by belt 33 reaches the far end thereof. 

Below shaft 30‘, and approximately in the same ver 
tical plane therewith, a transversely-extending shaft 34 is 
journaled for rotation at its two opposite ends in the wall 
of vessel 1, as ‘by means of bearing assemblies such as 35 
which rotatably support shaft 34 and also provide shaft 
seals. One end of shaft 34 may extend outwardly as at 
34a beyond the cylindrical wall of vessel 1. A cylindrical 
roller "36 is ?xedly secured to shaft 34, coaxially thereof 
and within vessel 1. 
At a location close to the right-hand end of vessel 1, 

a transversely-extending shaft 37, whose axis is located 
in the same horizontal plane as the axis of shaft 34, is 
journaled for rotation at its two opposite ends in the 
wall of the vessel, as by means of bearing assemblies such 
as 38 which are similar to assemblies 35 and which ro 
tatably support shaft 37 and also provide shaft seals. One 
end of shaft 37 may extend outwardly as at 37a beyond 
the cylindrical wall of vessel 1. A cylindrical roller 39, 
similar to roller 36, is ?xedly secured to shaft 37, co 
axially thereof and within vessel 1. It will ‘be realized, 
from the foregoing, that roller 39 is substantially paral 
lel to roller 36, and the axes of both shafts 34 and 37 are 
substantially horizontal. 
A rather wide flat endless metallic reaction belt 40, 

made of stainless steel for example, whose width is ap 
proximately equal to the length of rollers 36 and 39,. 
passes over these rollers and is driventhereby in the same 
direction 9 as lbelts 8 and 33, i.e., the upper side of belt 
40 moves from roller 36 to roller 39. Reaction belt 40 
is positioned suf?ciently below mixing belt 33 so as not 
to interfere with movement of the latter, and is so aligned 
with mixing 1belt 33 that the solid material mixture drops 
off the far or right-hand end of belt 33 onto the near or 
left-hand end of belt 40. 
The reaction belt 40‘ has a substantial length, such as 

to serve as a (moving) residence platform within vessel 
1. Belt 40 is considerably longer than the feed belt 8 or 
the mixing belt 33, and belt 40‘ may, if necessary, comprise 
a plurality or series of vertically-disposed and longitudi 
nally-aligned shorter belts. 
A separate driving arrangement (which ‘may be simi 

lar to the driving arrangements utilized for belts 8 and 
33) is provided for reaction belt 40, the driving arrange 
ment for belt 40' having its own speed adjustment means. 
As will be understood, rollers 36 and 39 will both ro 
tate at the same rate when the motive power source for 
the shafts 34 and 37 is energized. The several shaft ex 
tensions 2a, Sa, 27a, 30a, 34a, and 37a permit the several 
driving arrangement to be coupled to the respective 
shafts. The several belts 8, 33, and 40 may be of different 
widths, due to their vertically-spaced relationship, trans 
versely of the cylindrical vessel 1. The separate and dis 
tinct driving arrangements, each with its own speed con 
trol, provided for the respective belts, enable proper feed~ 
ing of the material through the vessel despite the differen 
ces in belt widths; also, these driving arrangements permit 
a wide variation in feed rates during use of the apparatus. 
As previously described, the two types of particulate 

or subdivided solid material are thoroughly intermixed 
with each other, and are thus in intimate thermal contact 
with each other, by the time they reach the near or left 
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hand end of belt 40. This mixture of hot solid material 
and raw sand is moved from left to right in vessel 1 by 
reaction belt 40. Since the particles of the two types of 
material are in such intimate thermal contact, a heat 
exchange takes place therebetween, in which the hot 
solid material gives up heat to the cooler raw sand. This 
serves to heat the fresh raw material (tar sand) to a re 
torting temperature wherein thermal cracking of the raw 
tar sand takes place. When the fresh raw tar sand reaches 
a temperature of about 800°-l000° F., its kerogen con 
tent is broken down to hydrocarbon vapors. That is to 
say, the direct physical contact of the two types of par 
ticulate material which exists, during their residence time 
together on reaction belt 40, will cause gases to be evolved 
from the fresh raw tar sand, as a result of the retorting 
and thermal cracking of the latter. The evolved gases 
comprise product gases (hydrocarbon vapors) which are 
removed as at 25 from the upper portion of vessel 1, by 
way of a vapor exit port 41 to which a suitable pipe (not 
shown) is connected. By means of this last-mentioned 
pipe, the gaseous products are carried away from vessel 
1 for further processing, such as in a condenser and 
scrubber (not shown). 
The holding or residence time in vessel 1 for fresh 

raw material (i.e., the time during which the particles of 
fresh raw material and of hot spent recycled material are 
in contact on belt 40) is established by, among other 
things, the length of this reaction belt between rollers 36 
and 39 and the speed of travel of the belt. The holding 
time of the solids mixture in vessel 1 can be any suitable 
time, depending upon the temperature of the hot spent 
(heating) material which is recycled. It should be suf 
?ciently long to ensure adequate removal of vaporizable 
hydrocarbons from the raw material, but should be short 
enough to avoid excessively high equipment and process 
costs. The direct and intimate contact between the solid 
particles in vessel 1, and the consequent rapid heat trans 
fer between the two types of particles, contribute to the 
overall e?iciency of the process. 
When belt 40 reaches roller 39, the residence time of 

the solids mixture in vessel 1 is in effect ended. At this 
time, the raw material traveling through vessel 1 has 
reached a condition (during its cracking) such that it is 
not desirable to extract further products from it. 
When reaction belt 40 passes over roller 39, all of the 

material carried on the upper surface of this ‘belt drops 
off and falls to the bottom of the vessel. This includes 
both the regenerated material which is ‘being recycled 
through the vessel for heating purposes (and which 
reaches the vessel via pipe 10) and the fresh raw ma 
terial (reaching the vessel via nozzle 14) which has been 
thermally cracked upon one pass through the vessel and 
has thus become spent. 
At the right-hand end of vessel 1, at a location adja 

cent roller 39, the upper end of a vertically-extending 
nozzle member 42 is sealed into'the bottom of this vessel. 
By way of example, nozzle 42 may have the same cross 
section as nozzle 14. The upper open end of nozzle 42 
terminates at and is sealed into a (circumferentially 
extending) hole in the cylindrical wall of vessel 1, this 
end of the nozzle communicating with the interior of 
vessel 1 at a location such that the material dropping 
off belt 40 at roller 39' falls into the upper end of nozzle 
42. This material then moves downwardly through this 
nozzle. 
The upper end of a short chute member 43 is coupled 

to the lower end of nozzle 42, as by means of a ?anged 
coupling arrangement 44. The cross-section of chute 43 
is preferably the same as that of nozzle 42. The lower end 
of chute 43 is sealed into the side wall of a pipe or conduit 
45, at one end thereof. Pipe 45 is located below vessel 1 
and extends outwardly or away from vessel 1; purely by 
way of example (as illustrated), pipe 45 may extend in a 
direction at right angles to the longitudinal axis of vessel 
1. The material dropping off the belt at roller 39 moves 
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downwardly through nozzle 42 and chute 43 into pipe 45. 

In order to prevent the loss of hydrocarbon vapors 
(product) from vessel 1 via nozzle 42, steam is supplied 
from the steam source to a plurality of apertures 46 pro 
vided in nozzle 42, to provide in effect a sealing blanket 
of steam within this nozzle, through which blanket the 
exiting material moves downwardly out of vessel 1. 
A helical screw conveyer (auguer) 47 is rotatably 

mounted within pipe 45 and is driven by any conventional 
source of motive power, such as an electric motor. The 
rotating screw conveyer 47 moves the solid material 
through pipe 45, away from vessel 1. 
The solid material exiting at 42 from vessel 1 com 

prises a mixture of “clean” sand (to wit, regenerated mate 
rial which has been recycled through vessel 1 to serve as 
a heating medium) and spent sand (to wit, raw sand 
which has been retorted in vessel 1). The spent sand com 
ponent or portion of this mixture of solids, though spent 
insofar as the removal of valuable products therefrom is 
concerned, nevertheless has a combustible carbonaceous 
(carbon or coke) deposit or coating or residue thereon, 
which may be burned off, in a regenerator, to provide 
heat. This burning heats the material in the regenerator, 
as well as decoking the spent sand component thereof, 
and a portion of this (now “clean”) material may be re 
cycled through vessel 1 as the hot solid material which 
provides heat for heating the fresh raw material. It will be 
appreciated that this hot solid material is recycled through 
vessel 1 by way of inlet pipe 10 and member 13. 

In order to decoke the “dirty” or coked material, a re 
generator (which may be thought of as a decoking zone) 
is utilized. 

Pipe 45 extends from vessel 1 to a regenerator sche 
matically shown and denoted generally by numeral 48 
(see FIG. 1B). Pipe 45 serves as the feed pipe for the 
regenerator, and opens into the upper portion of the re 
generator. A coke burner 49, to which air is supplied at 
50, serves as the means for burning the coke deposit off 
the body of material in the upper part of the regenerator. 
The coke burner 49 is mounted at the lower end of the 
regenerator. In the regenerator 48, good contact of pre 
ferably preheated air with the mixture exiting from reac 
tor 1 (which is fed to regenerator 48 by means of pipe 
45, and is denoted by numeral 51) is afforded for a suf 
?ciently long period of time to ensure e?icient combus 
tion of the carbonaceous residue on the coked portion of 
this mixture, so as to produce the desired hot decoked 
solids. 

Gases produced during burning of hydrocarbons from 
the spent sand component of the material in regenerator 
48 can be passed into a cyclone 52, for separation of 
entrained ?nes therefrom, which ?nes can then be returned 
to regenerator 48 through a line 53. The gases ?owing 
from the cyclone 52 through line 54 can pass into a surge 
chamber 55 and then can be vented from the system in 
the form of ?ue gas, as by line 56. 
A portion of the spent solids from vessel 1 is disposed 

of as waste. This portion passes from coke burner 49 
through a cooler 57 and thence out of this cooler by 
way of a line 58, which leads to waste storage. 
The regenerator 48 may be started up by introducing 

liquid or gas fuel into the combustion zone, as by means 
of a line 59. For start-up, material would be fed through 
the reactor 1 and the regenerator 48 just as if the carbon 
or coke deposit were burning in the decoking zone or re 
generator. Then, a ?re would be lit in the regenerator 
(using the fuel supplied at 59) by a procedure similar to 
?ring up a boiler. Once the reactor has started producing 
gas of its own (at 25), the outside source of fuel could 
be closed off and the regenerator would burn the products 
of the reactor, this continuing until the regenerator has 
come up to operating temperature. Then, the regenerator 
would operate on the residual carbon or coke deposits on 
the spent sand portion of the reactor exiting mixture, in 
the manner described above. 
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As previously described, the exiting solids mixture con 

tinuously passes out of the exit end of the reactor 1 (which 
end, of course, is that at which roller 39 is located) to 
regenerator 48, by way of pipe 45. In the regenerator or 
decoking zone 48, the coked or “dirty” portion of the 
exiting solids mixture is continuously decoked by burning 
the carbonaceous residue in contact with air (supplied 
at 50), the material in the regenerator being heated to 
1200° F. by such burning. 
A more or less conventional steam stripping arrange 

ment, shown schematically at 60, is provided in regenera 
tor 48, for the purpose of abstracting from the regenera 
tor some of the hot “clean” solids for recycling to the 
reactor 1; it will be remembered that the remainder of the 
“clean” solids are disposed of as waste. The hot, entirely 
“clean” solids stripped out of the decoking zone at 60 
pass downwardly through an inclined pipe 61 into the 
upper end of a hopper 62. From hopper 62, the hot 
“clean” material, entirely decoked, is fed by means of a 
supply pipe 12 (schematically illustrated in FIG. 1B) to 
hot sand inlet pipe 10 of the reactor 1. Pipe 12 has at 
its end remote from hopper 62 a ?ange (not shown) 
which is coupled to ?ange 11 on inlet pipe 10. The hot 
“clean” material (hot solids) may be fed through pipe 
12, using steam as the motive ?uid to move this material 
upwardly to ?ange 11 and inlet pipe 10; such a steam 
motived arrangement is a well-known practice in “?uid” 
catalytic crackers (for moving the regenerated catalyst). 

Preferably, a throttle valve (not shown) is provided 
in line 12, for regulating the relative amounts of raw sand 
and recycled hot sand fed to reactor 1. 
As previously stated, the material in regenerator 48 

is heated to 1200° F. by burning of the carbonaceous resi 
due (i.e., decoking) in the regenerator. A portion of the 
“clean” hot solids is stripped out at 60, and fed as recycle 
(by way of pipe 61, hopper 62, and pipe 12) to the reac 
tor 1 for use in heating the fresh raw tar sand continu 
ously passing into the reactor by way of nozzle 14. That 
is to say, the coke-free hot solids which ?ow in the 
previously-mentioned path are recycled and used for heat 
ing the fresh raw material in reactor 1; the said hot solids 
(hot sands) are deposited as a layer on feed belt 8 by 
means of distributor member 13. As previously described, 
fresh raw material (tar sand) is deposited on belt 8 in 
superposed relation to the layer of hot solid (coke-free, 
recycled) material on this belt, followed by mixing of the 
two solids by belt 33, and so on. 
The invention claimed is: 
1. Apparatus for continuously treating carbonaceous 

solid material such as tar sand and the like, comprising 
an elongate vessel, an endless paltform belt passing over a 
pair of rollers one of which is located near one end of 
said vessel and the other of which is located at the other 
end thereof, a feed belt mounted in said vessel for move 
ment from said one end thereof toward said other end 
thereof, a vibratory mixing belt mounted in said vessel for 
movement from a location near said one end thereof to 
ward said other end thereof and interposed between said 
platform belt and said feed belt, said mixing belt being 
arranged to receive, at one end thereof, solid material 
leaving said feed belt and to feed a mixture of solids from 
its other end onto said platform belt; ?rst means at said 
one end of said vessel for feeding hot particulate solid 
material onto said feed belt, second means at said one 
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end of said vessel for feeding relatively cool particulate 
solid material which is to be treated onto said feed belt 
in superposed relation to said hot solid material, means 
associated with said second feeding means for providing 
a sealing blanket of steam through which the material to 
be treated moves on its Way toward said feed belt, said 
mixing belt acting to bring the particles of the hot mate 
rial and the particles of the relatively cool material into 
intimate physical and thermal contact with each other; 
means for removing vapors from said vessel, means at 
said other end of said vessel for abstracting from said 
vessel solid material which has been moved to such end 
by said platform belt, means associated with said abstract 
ing means for providing a sealing blanket of steam 
through which the abstracted material moves on its Way 
out of said vessel, 21 regenerator coupled to said abstracting 
means for receiving abstracted solid material therefrom 
and for burning a combustible carbonaceous deposit pres 
ent on such abstracted material, such burning serving to 
heat the abstracted solid material; and means coupled to 
the outlet of said regenerator for supplying the heated 
material to said ?rst feeding means, to provide the hot 
particulate solid material for feeding into said feed belt. 

2. Apparatus according to claim 1, wherein said sec 
ond feeding means includes a vibrating spreader to which 
the solid material to be treated is supplied, and a chute 
receptive of material from said spreader and adapted to 
convey such material to said feed belt, the ?rst-mentioned 
sealing blanket of steam being provided in said chute. 

3. Apparatus according to claim 1, wherein said ?rst 
feeding means includes an inverted funnel-shaped mem 
ber receptive of said hot particulate solid material and 
overlying said feed belt. 

4. Apparatus according to claim 1, where in said 
abstracting means includes an elongated nozzle member 
sealed into the wall of said vessel at said other end thereof 
and receptive of solid material dropping off of said plat 
form belt, the second-mentioned sealing blanket of steam 
being provided in said nozzle member. 

5. Apparatus according to claim 1, wherein the cou 
pling between said abstracting means and said regenerator 
includes a screw conveyor for conveying solid material 
from said abstracting means to said regenerator. 
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