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This invention relates to a method of heat treating heat 
sensitive particulate material and more particularly to a 
method of shock heating briquets prepared from caking 
coal and porous inert ingredients. 

For many years industry has been seeking a method of 
preparing high strength low density uniform size lumps 
of coke from caking coals, particularly high volatile caking 
coals. Virtually all coke employed by industry today is 
prepared in expensive by-product coke ovens which re 
quire for preparation of satisfactory coke an extensive ex 
posure of caking coal to high temperature conditions. 
High volatile caking coals are, in general, unsuitable for 
use as a coke oven feed material unless blended with low 
and/or medium volatile coals. 

In copending U.S. application Serial No. 61,318, filed 
October 7, 1960 entitled "Method for Preparing Coked 
Briquets From Caking Coals,” now Patent No. 3,018,226 
there is described a method of preparing briquets from 
caking coals which permits preparation of satisfactory 
coked briquets. One essential step in the method described 
is the shock heating of the pressed briquets to convert the 
briquets into coked forms possessing a continuum of car 
bonaceous structure, low density and high strength. The 
shock heating step includes maintaining the briquets at a 
temperature of between 900 and 1250 F. for a sufficient 
period of time before being subjected to further thermal 
treatment. 
The process described in the above-mentioned copend 

ing U.S. application describes preparing under pressure 
briquets of finely divided caking bituminous coal and 
porous inert ingredients. The formed briquets are there 
after subject to shock heating whereby the outer surface 
of the briquet is virtually instantaneously raised to a tem 
perature in the range of 900 to 1250 F. The outer sur 
face of the briquet is maintained at that temperature until 
the entire briquet has attained a temperature in the range 
of 900 to 1250 F. It is preferable during the initial 
stages of the shock heating to maintain the briquets in 
touching relation with each other and without relative 
movement one to the other. After the briquets have been 
heated they are then calcined at temperatures in excess of 
1550 F. to volatilize the material further and to graph 
itize the carbonaceous continuum of the briquet. After 
calcining, the briquets are cooled to a temperature below 
the kindling temperature of the briquet as quickly as pos 
sible and the cooled briquets are recovered as product. 

This invention is directed primarily to a new and im 
proved method of shock heating the pressed briquets and 
providing an improved and more efficient continuous 
method for heat treating a fragile heat sensitive material. 
With my improved method a dense phase fluidized bed 

of inert material is maintained in a heat treating vessel. 
An inventory of raw briquets is introduced into the heat 
treating vessel adjacent the top portion of the dense phase 
fluidized bed of inert material. The inventory of raw 
briquets is confined to a section of the heat treating 
vessel and, because of the slight difference between the 
apparent density of the raw briquets and the fluidized 
density of the dense phase fluidized bed of inert material, 
the briquets descend into the dense phase fluidized bed of 
inert material and a substantial portion of the briquets 
remains below the top surface of the fluidized bed in 
heat exchange relation with the inert material in the 
fluidized bed. The raw briquets are contiguous and form 
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a unitary mass. There is no substantial relative move 
ment of the briquets one to the other. The mass of bri 
quets is maintained below the top surface of the fluidized 
bed for a predetermined period of time. A second inven 
tory of briquets is introduced into the heat treating vessel 
and, because of their weight, move the first inventory or 
mass of briquets downwardly through the dense phase 
fluidized bed to a point in the heat treating vessel where 
the briquets are permitted, because of their buoyancy, to 
rise to the top surface of the dense phase fluidized bed. 
The treated briquets are withdrawn from the upper Sur 
face of the fluidized bed. It should be appreciated that, 
although described as a semi-continuous process, a con 
tinuous feeding of the raw briquets to the heat treating 
vessel is also within the scope of this invention. The 
critical factor involved is maintaining the briquets below 
the top surface of the dense phase fluidized bed of inert 
material a predetermined time until the entire briquet 
reaches a predetermined temperature. 
My improved method for treating heat sensitive par 

ticulate material employs the advantages of the fluidized 
bed type heat exchanger. The fluidized bed heat ex 
changer may be defined as a vessel having an inventory of 
particulate solid particles suspended therein by means of 
a fluidizing gas passing upwardly therethrough. The par 
ticulate solid particles so suspended define a fluidized bed 
which exhibits many characteristic properties of a liquid 
confined in a heat exchange vessel. The fluidized bed acts 
as a heat reservoir and exhibits a rapid rate of heat trans 
fer. This rapid rate of heat transfer is ideal for shock 
heating or instantaneously heating the outer surface of a 
raw briquet to form a hardened shell thereon and mini 
mize cracks and fissures in the outer surface of the bri 
quet. More important, the shock heating prevents the 
clustering of the individual briquets as occurs when slow 
heating rates are employed such as in conventional in 
directly heated calciners or coke ovens. The relatively 
constant temperature and uniform rate of heat exchange 
between the heated fluidized inert material and the briquet 
provides an ideal manner of uniformly heating the entire 
briquet while the surface temperature remains substan 
tially constant. The difference between the apparent den 
sity of the briquets and the fluidized density of the fluidized 
bed of inert material provides a means for conveniently 
discharging the heat treated briquets from the heat treat 
ing vessel. With my improved method the briquets are 
retained in contiguous relation and without relative move 
ment one to the other during the heat treating operation. 
This provides for minimum abrasion of the briquets. 

Accordingly, the principal object of this invention is to 
provide an improved method of heat treating heat sensi 
tive particulate material. 
Another object is to provide an improved method of 

heat treating briquets in a manner that the briquets are 
maintained in contiguous relation and without relative 
movement one to the other. 
Another object of this invention is to prevent clustering 

of briquets prepared from caking coal and porous inert 
ingredients as they are heated. 
A further object of this invention is to provide an im 

proved method of heat treating a heat sensitive particulate 
material in a dense phase fluidized bed of inert material. 
These and other objects of this invention will be more 

particularly pointed out and distinctly claimed in the fol 
lowing specification, the appended claims, and the ac 
companying drawings. 

In the accompanying drawings, to be taken as part of 
this specification, there is clearly illustrated a preferred 
embodiment of this invention, in which drawing FIGURE 
1 is a sectional view in elevation illustrating apparatus 
that may be employed to practice my improved process. 
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FIGURE 2 is a section taken along the line 2-2 of 
FIGURE 1. 
Referring to the drawings and particularly to FIGURE 

1, the numeral 10 generally designates a heat treating 
vessel which may be substantially cylindrical in shape and 
having a conical lower portion 22 and a conical upper por 
tion 4. A gas inlet 6 is provided at the bottom of the 
vessel. A grid or screen 18 extends across the vessel ad 
jacent the inlet i5. There is provided an outlet 26 at the 
top of the vessel is through which the gas and entrained 
vapors are withdrawn. There is an inlet conduit 22 
through which briquets or heat sensitive fragile material is 
introduced into the heat treating vessel 10. A lock hopper 
type of valve means 24 is provided in conduit 22 to regu 
late the feed of the briquets into the heating vessel 18 and 
prevent the escape of gas and vapors through conduit 22. 
A briquet withdrawal conduit 26 extends from heat treat 
ing vessel 9 preferably at an inclined angle as illustrated 
so that the briquets and a portion of the inert material 
flow by gravity therethrough. The conduit 26 has a plu 
rality of openings 28 of a predetermined size to permit the 
Smaller inert particulate material to pass therethrough and 
the briquets thereover. Although not shown, valve means 
may be provided in conduit 26 to control the rate of 
withdrawal of the inert particulate material and the 
treated briquets from vessel 0. The valve means may be 
similar to valve means 24 in conduit 22 and serves to pre 
vent the fluidizing gas and vapors from escaping through 
conduit 26. 
A collector means 36 is positioned below the openings 

in conduit 26 to recover the particulate inert material 
which passes through openings 28. The collector 36 is 
connected by means of conduit 32 to a return conduit 34. 
The return conduit 34 is connected to a source of gas 
under pressure which conveys the inert material with 
drawn through apertures 28 back to the heat treating 
vessel is through opening 36. The gas entering conduit 
34 may be, if desired, a combustion supporting gas that 
will burn the abraded carbonaceous particles and heat the 
inert material as it is conveyed through the conduit 34. 
A vertical piate 38 is positioned within the vessel 10 

and extends thereacross as illustrated in FIGURE 2 to 
form a first chamber 40 and a second chamber 42. The 
plate 38 has a top edge 44 which extends above the con 
duits 22 and 26, and bottom edge 46 which is substantial 
ly below the conduit 22. There is formed by means of 
piate 38 a third chamber generally designated by the 
numeral 50 which is below both chambers 40 and 42 and 
which connects these chambers to each other. 

Within the vessel 8 there is an inventory of inert 
particulate material such as sand, quartz or the like. The 
inert particulate material is of such a size that it will form 
a dense phase fluidized bed with a top portion 48 which 
extends slightly above the lower portion of the discharge 
conduit 26. The height of the fluidized bed of inert ma 
terial is dependent upon the size of the particulate ma 
terial and the velocity of the gas entering through inlet 16 
as well as the total inert inventory and the recycle rate 
through conduit 34. The inert particulate material is 
maintained at a temperature of between 900 and 1250 F. 
by means of employing an oxygen free fluidizing gas at 
an elevated temperature. The heat of the gas is trans 
ferred to the inert material to thereby provide a heat sink 
of heated inert particles in a fluidized state. It should be 
understood that heat may be provided to the vessel in 
other ways such as through the side wall of the vessel or 
the like. The exterior walls of the vessel may be provided 
with an insulating material or the like to minimize heat 
loss by radiation. 
As an example of one application of my method, raw 

briquets, that is, briquets prepared by the formulation and 
method discussed in copending U.S. application Serial No. 
61,318, filed October 7, 1960, now Patent No. 3,018,226, 
are introduced through conduit 22 into chamber 46. The 
fluidized density of the fluidized bed of inert material is 
preferably about 70 pounds per cubic foot. The apparent 
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4. 
density of the raw briquets is preferably about 54 pounds 
per cubic foot. As the briquets are introduced into the 
chamber 40 there is a tendency for the briquets to float 
on the upper surface 48 of the fluidized bed. As addi 
tional briquets are introduced into chamber 40 their cumu 
lative weight is such that the bottom-most layers of 
briquets move downwardly below the top surface of the 
fluidized bed and are submerged in the heated fiuidized 
bed of inert material. The addition of other raw briquets 
through conduit 22 causes the lowermost briquets in the 
mass to progress further downwardly through the fluidized 
bed of inert material. It should be noted at this point 
that the fiuidized bed of inert material has substantially 
the same temperature throughout so that the briquets, al 
though progressing downwardly through the dense phase 
fluidized bed, are subjected to substantially the same tem 
perature. As the briquets progress downwardly from 
chamber 43 into chamber 56 the agitating action of the 
fluidized bed and the difference in gravities between the 
fluidized bed and the briquets causes the briquets to move 
upwardly through chamber 42 to the top surface of the 
fluidized bed and to float thereon. 
A predetermined amount of particulate material is con 

tinuously withdrawn from the vessel 0 through outlet 
26. The withdrawn inert material carries the treated 
briquets therewith and both the inert material and treated 
briquets progress by means of gravity downwardly through 
inclined outlet conduit 26. The inert material passes 
through apertures 28 into collector 30. Abraded car 
bonaceous particles are also carried with the inert mate 
rial into collector 36 and then the inert material is re 
turned to the heat treating vessel 9 through conduit 34 
to inlet 36. As previously discussed, the carrier gas which 
returns the inert material from collector 30 to the vessel 
16 may be a combustion supporting gas which will burn 
the abraded carbonaceous material withdrawn with the 
inert material through apertures 28. 

It is highly desirable to provide a method of heat treat 
ing the fragile briquets in a manner that the briquets are 
in contiguous relation and there is a minimum movement 
of the raw briquets relative to each other. After the 
briquets have been heat treated and a firm shell is formed 
on the briquet surface, the movement of the briquets rela 
tive to each other is not of major importance. 
To introduce the briquets through conduit 22 into the 

heat treating vessel 10 in a manner that there is a mini 
mum of movement between the raw briquets, a periodic 
introduction of a batch or contiguous mass of briquets 
may be employed. The briquets may also be introduced 
continuously through conduit 22 into the heat treating 
vessel 50. It will be appreciated that it is highly desirable 
to maintain minimum movement of the raw briquets 
relative to each other and thereby minimize breakage 
and abrasion losses. 
My improved process has been described in connec 

tion with the shock heating of raw briquets of carbona 
ceous material and inert material. It should be under 
stood, however, that my improved process is equally appli 
cable to the heat treating of other heat sensitive solids 
wherein it is desired to maintain the heat sensitive par 
ticulate material at a desired temperature for a predeter 
mined period of time while there is a minimum relative: 
movement of heat sensitive particulate material. 
My improved process may also be employed in heat 

treating carbonaceous material at temperatures above 
the temperatures heretofore described. For example, my 
innproved process may be employed to calcine the shock 
heated briquets in another vessel at a higher temperature. 
My improved process provides a means for transferring 
heat to the carbonaceous material while maintaining ac 
curate control of the time the material is subjected to 
the heating process. 
According to the provisions of the patent statutes, I 

have explained the principle, preferred construction, and 
mode of operation of my invention and have illustrated 
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and described what I now consider to represent its best 
embodiment. However, I desire to have it understood 
that, within the scope of the appended claims, the inven 
tion may be practiced otherwise than as specifically illus 
trated and described. 
The embodiments of the invention in which an exclusive 

property or privilege is claimed are defined as follows: 
1. A method of heat treating heat sensitive particulate 

material which comprises maintaining an inventory of 
inert particles at an elevated temperature in a heat treat 
ing Zone, passing a gas upwardly through said heat treat 
ing zone at a velocity sufficient to maintain the inert par 
ticles in a fluidized condition so that said inert particles 
comprise a unitary dense phase fluidized bed, introducing 
heat sensitive particles into said heat treating zone, sub 
merging said heat sensitive particles in said dense phase 
fluidized bed of inert particles, maintaining said heat sen 
sitive particles submerged in said dense phase fluidized 
bed of inert particles for a predetermined time and in con 
tiguous relation without substantial movement of said 
heat sensitive particles relative to each other, and there 
after withdrawing said heat sensitive particles from said 
heat treating zone. 

2. A method of heat treating heat sensitive particulate 
material which comprises maintaining an inventory of 
inert particles at an elevated temperature in a heat treat 
ing Zone, passing a gas upwardly through said heat treat 
ing Zone at a velocity sufficient to maintain the inert par 
ticles in a fluidized condition so that said inert particles 
comprise a unitary dense phase fluidized bed, introduc 
ing heat sensitive particles into said heat treating zone, 
submerging said heat sensitive particles in said dense 
phase fluidized bed of inert particles, maintaining said 
heat sensitive particles submerged in said dense phase 
fluidized bed of inert particles for a predetermined time, 
maintaining said heat sensitive particles in contiguous rela 
tion without substantial movement of said heat sensitive 
particles relative to each other while submerged in said 
dense phase fluidized bed of inert particles, thereafter 
permitting said heat sensitive particles to rise through 
said dense phase fluidized bed of inert particles and float 
on the top surface thereof, and withdrawing said heat 
sensitive particles from said heat treating zone adjacent 
the top surface of said dense phase fluidized bed of inert 
particles. 

3. A method of heat treating heat sensitive particulate 
material which comprises maintaining an inventory of 
inert particles at an elevated temperature in a heat treat 
ing Zone, passing gas upwardly through said heat treat 
ing zone at a velocity sufficient to maintain the inert par 
ticles in a fluidized condition so that the inert particles 
comprise a unitary dense phase fluidized bed having a pre 
determined fluidized density, introducing heat sensitive 
particles into said heat treating zone adjacent the top of 
said dense phase fluidized bed of inert particles, said heat 
sensitive particles having an apparent density less than 
the fluidized density of said fluidized bed, positioning said 
heat sensitive particles below the top surface of said 
dense phase fluidized bed of inert particles, maintaining 
said heat sensitive particles below the top surface of 
said dense phase fluidized bed of inert particles for a pre 
determined time, maintaining said heat sensitive particles 
in contiguous relation without substantial movement of 
said heat sensitive particles relative to each other while 
submerged in said dense phase fluidized bed of inert par 
ticles, releasing said heat sensitive particles so that said 
heat sensitive particles rise through the dense phase fluid 
ized bed of inert particles and float on the top surface 
thereof, and withdrawing the heat sensitive particles from 
said heat treating zone adjacent the top surface of said 
dense phase fluidized bed of inert particles. 

4. A method of treating heat sensitive fragile partic 
ulate material which comprises maintaining an inventory 
of inert particles at an elevated temperature in a heat 
treating Zone, passing gas upwardly through said heat 
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6 
treating zone at a velocity sufficient to maintain the inert 
particles in a fluidized condition so that the inert particles 
comprise a unitary dense phase fluidized bed having a 
predetermined fluidized density, introducing an inventory 
of heat sensitive fragile particulate material into said heat 
treating zone adjacent the top of said dense phase fluidized 
bed of inert particles, said heat sensitive fragile partic 
ulate material having an apparent density less than the 
fluidized bed density, maintaining said heat sensitive 
fragile particulate material in particle-to-particle con 
tact and without relative movement of said heat sensi 
tive fragile particles relative to one another while mov 
ing said heat sensitive particles downwardly through said 
fluidized bed of heated inert material a predetermined dis 
tance to thereby transfer heat from said inert particles to 
said heat sensitive fragile particles, thereafter permitting 
said heat sensitive particles to rise through said dense 
phase fluidized bed of inert particles and float on the top 
surface thereof, and withdrawing the heat sensitive par 
ticles from said heat treating zone adjacent the top surface 
of said dense phase fluidized bed of inert particles. 

5. A method of shock heating fragile briquets of car 
bonaceous material which comprises maintaining an in 
ventory of inert particles at a temperature of between 
900 and 1250 F. in a heat treating zone, passing a gas 
upwardly through said heat treating zone at a velocity 
sufficient to maintain said inert particles in a fluidized 
condition so that said inert particles comprise a unitary 
dense phase fluidized bed having a predetermined fluidized 
density, introducing an inventory of fragile briquets into 
said heat treating zone adjacent the top of said dense phase 
fluidized bed of inert particles, said briquets having an 
apparent density less than the fluidized density of said 
dense phase fluidized bed, maintaining said briquets in 
briquet-to-briquet contact and without relative movement 
of said briquets relative to one another, moving said 
briquets below the top surface of said dense phase fluidized 
bed, maintaining said briquets below the top surface of 
said dense phase fluidized bed for a predetermined time to 
thereby transfer heat from said inert particles to said 
briquets, thereafter permitting said briquets to rise through 
said dense phase fluidized bed of inert particles and float 
on the top surface thereof, and withdrawing said briquets 
from said heat treating zone adjacent the top surface of 
said dense phase fluidized bed of inert particles. 

6. A method of shock heating fragile briquets of car 
bonaceous material which comprises maintaining an in 
ventory of inert particles at a temperature of between 
900 and 1250 F. in a heat treating zone, passing a gas 
upwardly through said heat treating zone at a velocity 
sufficient to maintain said inert particles in a fluidized 
condition so that said inert particles comprise a unitary 
dense phase fluidized bed having a predetermined fluidized 
density, introducing an inventory of fragile briquets into 
said heat treating zone adjacent the top of said dense phase 
fluidized bed of inert particles, said briquets having an ap 
parent density less than the fluidized density of said dense 
phase fluidized bed, maintaining said briquets in briquet 
to-briquet contact and without relative movement of said 
briquets relative to one another, moving said briquets 
below the top surface of said dense phase fluidized bed, 
maintaining said briquets below the top surface of said 
dense phase fluidized bed until the briquets are heated 
throughout to a temperature of between 900 and 1250 
F., thereafter permitting said briquets to rise through said 
dense phase fluidized bed of inert particles and float on 
the top surface thereof, and withdrawing said briquets 
from said heat treating Zone adjacent the top surface of 
said dense phase fluidized bed of inert particles. 

7. A method of shock heating fragile briquets of car 
bonaceous material which comprises maintaining an in 
ventory of inert solid particles in a heat treating zone 
of a temperature of between 900 and 1250 F., said heat 
treating Zone being separated into a first chamber, a 
second chamber and a third chamber, said third chamber 
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being below and connecting said first chamber to said 
second chamber, passing a gas upwardly through said 
heat treating zone at a velocity sufficient to maintain the 
inert particles in a fiuidized condition so that said inert 
particles comprise a unitary dense phase fluidized bed 
having a predetermined fluidized density, introducing an 
inventory of fragile briquets into said first chamber ad 
jacent the top of said dense phase fluidized bed of inert 
particles, said briquets having an apparent density less 
than the fluidized density of said dense phase fluidized 
bed, maintaining said briquets in contiguous relation 
without substantial movement of said briquets relative to 
each other, moving said briquets below the top surface 
of said dense phase fluidized bed in said first chamber, 
moving said briquets downwardly through said dense 
phase fluidized bed in said first chamber at a predeter 
mined rate to thereby transfer heat from said inert par 
ticles to said briquets, thereafter introducing said briquets 
from said first chamber into said third chamber, introduc 
ing said briquets from said third chamber into said 
second chamber thereby permitting said briquets to move 
upwardly through said dense phase fluidized bed of inert 
particles in said second chamber and float on the top sur 
face of said dense phase fluidized bed in said second 
chamber, and withdrawing said briquets from said second 
chamber adjacent the top surface of said dense phase 
fluidized bed of inert particles. 

8. The method set forth in claim 6 which includes 
withdrawing a portion of said inert particles from said 
heat treating Zone with said briquets, separating said inert 
particles and abraded carbonaceous material from said 
briquets and introducing said separated inert particles 
and said abraded carbonaceous material into a conduit 
and conveying said inert particles and said abraded car 
bonaceous material in a combustion supporting gas to 
said heat treating Zone, said abraded carbonaceous mate 
rial being burned in the presence of said combustion sup 
porting gas to thereby heat a portion of said inert particles. 

9. A method of shock heating fragile briquets of car 
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bonaceous material which comprises maintaining an in 
ventory of inert particles in a heat treating zone, passing 
a gas at an elevated temperature upwardly through said 
heat treating zone at a velocity sufficient to maintain said 
inert particles in a fluidized condition so that said inert 
particles comprise a unitary dense phase fluidized bed 
having a predetermined fluidized density, said gas being 
at a sufficiently high temperature to maintain said inert 
particles in said unitary dense phase fluidized bed at a 
temperature of between 900 and 1250 F., introducing an 
inventory of fragile briquets into said heat treating zone 
adjacent the top of said dense phase fluidized bed of inert 
particles, said briquets having an apparent density less 
than the fluidized density of said dense phase fluidized 
bed, maintaining said briquets in briquet-to-briquet con 
tact aid without relative movement of said briquets rela 
tive to one another, moving said briquets below the top 
surface of said dense phase fluidized bed, maintaining said 
briquets below the top surface of said dense phase fluidized 
bed for a predetermined time to thereby transfer heat. 
from said inert particles to said briquets, thereafter per 
mitting said briquets to rise through said dense phase 
fluidized bed of inert particles and float on the top sur 
face thereof, and withdrawing said briquets from said heat 
treating Zone adjacent the top surface of said dense phase 
fluidized bed of inert particles. 

10. The method set forth in claim 9 wherein said 
unitary dense phase fluidized bed has a fluidized bed den 
sity of about 70 pound per cubic foot and said fragile 
briquets have an apparent density of about 54 pound per 
cubic foot. 
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