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The present invention relates ‘to the hardening of car 
bonaceous briquettes by an oxidizing heat treatment, more 
particularly, to a process for hardening briquettes formed 
of a carbonaceous material and a binding agent by sub 
jecting the briquettesto oxygen-containing gases. 

in the low-temperature carbonization of pit coal, a 
previous oxidizing treatment with oxygen-containing 
gases has been successfully carried out below the decom 
position pointof the coal, preferably at temperatures of 
from 200 to 250° C., in order to minimize the caking 
capacity and to avoid any agglomeration of the pieces of 
coal during the carbonization thereof in the coke oven. 

It is also known ‘to bind ?ne-grain pit coal or ?ne 
grain coke with high-boiling-point fractions of coal tar 
or coal tar pitch to form briquettes and to subsequently 
treat the green briquettes with oxygen-containing gases at 
temperatures of from 200 to 300° C. in order to set or 
harden the briquettes. This hardening of the briquette 
is essentially accomplished by the polymerization of the 
binding agent under the in?uence of the oxygen. Gen 
erally, the hardened briquettes are subsequently sub 
jected to a carbonization in order to completely coke or 
degasify the polymerized binding agent. The oxidizing 
treatment to harden the briquettes is carried out as rapid 
ly as possible so that the briquettes can be subjected to a 
subsequent heat treatment in a simple apparatus, prefer 
ably a furnace. For this reason, the oxidizing treatment 
is generally carried out by oxygen-containing gases cir 
culating in counter?ow or cross-?ow relation through the 
charge of briquettes. 
An oxidizing treatment below the decomposition tem 

perature of coal has also been successfully applied to 
render smokeless pitch-bonded briquettes formed from 
non-caking hard or semibituminous coals. Such briquettes 
are usually subjected to two successive heat treatments. 
The ?rst treatment removes the readily volatile matter 
of the binding agent to render the briquettes porous and 
is carried out with a small quantity of air. The second 
heat treatment carbonizes the oil residues and is carried 
out with an excess of air. 

In the manufacture of solid fuels for ultimately pro 
ducing gas, the carbonaceous briquettes have been heated 
in an oxidizing atmosphere to temperatures ranging from 
650 to 800° C. and then the treatment is continued with 
less oxygen after the carbonization has been completed 
in order to partly decompose substances contained in the 
briquettes to facilitate the subsequent gasi?cation thereof. 

Briquettes have also been subjected to a sudden heating 
in the presence of a small quantity of oxygen to rapidly 
harden the outer surface thereof so that the briquettes 
can subsequently be further carbonized and degasi?ed. 

Briquettes formed of pit coal and a tar binder have 
been rendered smokeless‘ by subjecting the briquettes to 
two successive steps of a heat treating process wherein 
the ?rst step takes place in a strongly oxidizing atmos 
phere and the second step in an atmosphere ranging from 
weakly oxidizing to neutral. Both of these steps are 
carried out below’ the decomposition temperature of the 
coal and the binding agent. 
The above-known processes are generally carried out 

by moving the charge and then circulating suitable gases 
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in counter?ow or cross?ow relation to the moving charge. 
These processes as thus conductedhave the disadvantage 
that because of the ever present risk of ?ammation of the 
coal either several oxidizing stages are required or the 
process must be carried outwith a thin layer of the charge. 
Further, the oxygen content of the gases must be rela 
tively low. For these reasons the oxidizing treatment of 
such briquettes has generally been carried out in multi 
stage chambers, in a thin layer of a charge having a thick 
ness from 0.4 to 0.6 m. and disposed on a continuous 
conveyer belt, or the charge has been placed in containers 
which are successively moved through a continuous 
furnace. 

In viewof the low oxygen content of the treating gases, 
a relatively long period of at least 2-3 hours is usually 
required for carrying out the treatment. This necessitates 
the use of expensive and complicated installations which 
jeopardize the ‘economy of the operation because of both 
the high operating and initial expenses as well as the fact 
that such complicated pieces of apparatus are susceptible 
to various operating difficulties. 

It is therefore the principal object of the present in— 
vention to provide a novel and improved process for the 
hardening of briquettes formed of carbonaceous material 
and binding agents. 

It is a further object of the present invention to pro 
vide a process for hardening briquettes by an oxidizing 
treatment with oxygen-containing gases carried out at tem 
peratures below the decomposition temperature of ‘the 
carbonaceous material from which the briquette was 
formed. _ 

The ‘disadvantages of the known processes as discussed 
above are eliminated and the objects of the present inven 
tion are attained by the present invention wherein the 
oxygen required for the hardening of the briquettes is in 
troduced in a regulated quantity in the same direction of 
movement as the charge of briquettes is being moved 
continuously through a furnace. The oxidizing agent is 
introduced concurrently with the charge of briquettes into 
the furnace and then in the heat~treatrnent zone of the 
furnace meets and mixes with the circulating gases which 
heat the briquettes. As a result, the briquettes are ex 
posed to the maximum oxygen content during the heating 
thereof in such a way that the oxygen content is regulated 
to bring about both the maximum oxygen content and 
‘the maximum temperature at whichv no ignition of the 
carbonaceous material will occur. The oxidation pro 
cess is so effectively controlled that it is possible to harden 
pitch-bonded briquettes in a vertical continuous furnace. 
This was previously not considered possible since because 

‘ of the ‘softening of the briquettes, the briquettes either 
crumbled to pieces or aggregated to form large masses. 
The critical feature‘of the improved process of the 

present invention is the introduction of the oxidizing agent 
into the treating zone in the same direction‘ of movement 
as the movement of the charge through the zone. De 
pending upon the alternate purpose for which particular 
briquettes are intended, the process can be terminated 
after the oxidation of the briquettes and the oxidized 
briquettes can be cooled subsequently to this oxidizing 
treatment. However, the oxidized briquettes can be sub 
jected to a low-temperature carbonization or degasi?ca— 
tion process in order to obtain harder briquettes having 
a smaller content of volatile matter. 

Other objects and advantages'of the present invention 
will be apparent upon reference to’ the accompanying de 
scription when taken in conjunction with the following 
drawings wherein: 
FIGURE 1 is a schematic representation of an installa 

tion for carrying out the process of the present invention; 
and 
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FIGURE 2 is a view similar to that of FIGURE 1 but 
wherein the apparatus provides for a further heating of 
the briquettes after the oxidizing treatment. 
With particular reference to FIGURE 1, the process of 

the present invention is carried out by introducing the 
briquettes which are to be treated into the loading hopper 
1 of a vertically disposed continuous furnace or kiln. 
The hopper 1 is directly connected to the treating zone 2 
of the furnace located therebelow. Transversely extend 
ing roofiike structures 12 are positioned in the furnace at 
the entrance of the treating zone 2 to support a substan 
tial portion of the weights of the charge before the 
charge enters the treating zone. These structures 12 can 
also be used for the introduction of cold gases containing 
air into the furnace. 
Hot gases which have been reheated in a combustion 

chamber 5 by the combustion of gas, oil or coal dust with 
air, are introduced into the charge through inlet channels 
13 under the action of a blower 4 and are circulated 
downwardly through the charge in the oxidation zone. 
The gases are reheated to temperatures ranging from 
about ZOO-400° C., and preferably about 300° C., with 
the temperature of the gas depending upon the nature of 
the coal or coke and the binding agent used in the form 
ing of the briquettes. These temperatures, however, are 
below the temperatures at which the tar is begun to be 
removed from briquettes formed of pit coal. 
These heated gases are circulated in the oxidation zone 

2 by ?owing downwardly through the furnace in the same 
direction or“ movement of the charge through the furnace 
and are withdrawn from under the bat’?es 14 which are 
preferably arranged in two staggered rows. 
The oxygen content of the heated gases withdrawn from 

the furnace is indicated by an oxygen-recording apparatus 
20. This apparatus is suitably connected to an automatic 
control circuit so as to regulate the quantity of oxygen 
introduced into the furnace in response to the oxygen 
content of the gases withdrawn from the furnace. 
The air required for the oxidation is introduced into 

the oxidation zone 2 in a regulated quantity together with 
the briquettes introduced through loading hopper 1. As a 
result of introducing the air concurrently with the bri 
quettes, the briquettes are in a cold condition when they 
reach the treating zone 2. 

In the treating zone 2 the cold air, or a cold oxygen 
containing gas, is mixed with the heated circulating gases 
introduced through the inlets 13. As a result, the heating 
gases are reduced in temperature from the inlet tempera 
ture of 300 to 200° C. A portion of this heat is also used 
for heating the briquettes. The temperature of the heat 
ing gases, however, soon increases due to the initiation of 
the exothermic reaction and by the time the gases reach 
the end of the treating zone they are at a temperature 
of about 300° C. 
The oxygen content of the heating gases entering at 13 

is approximately 6% and is ?rst increaesd to about 8-— 
10% because of the air entering the treating zone 2. 
During the oxidation process the oxygen content of 
these gases is again reduced to about 6%. The oxygen 
content of the treating gases removed from the furnace 
is indicated at the oxygen-recording device 2%, which is 
operatively connected to a control system to regulate 
the flow of air into the furnace and thereby to control the 
oxygen content of the circulated gases. 
Depending upon the quantity of air introduced through 

the hopper 1, a portion of the circulating heating gases 
is discharged into the atmosphere through pipe 19 after 
the circulating gases are withdrawn from the treating 
zone so that the gases and vapors produced during the 
oxidation treatment are also discharged. These gases 
and vapors can either be discharged into the atmosphere 
after puri?cation and/or cooling, or they can be intro 
duced wholly or in part into the combustion chambers 
of the hardening stages or a carbonizing stage of the 
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briquettes for combustion of the gaseous hydrocarbons 
contained therein. 
The treated briquettes then pass through connecting 

channels 15 into cooling zone 3. Gases which are at 
a temperature of about 30° C. and having an oxygen 
content of less than 2% are introduced into the cooling 
zone by the blower 9 below the ba?ie structure 16 in 
order to cool the briquettes. These cooling gases are 
flowed through the briquettes in counter?ow direction and 
discharged from the cooling zone at a temperature rang 
ing from 200 to 250° C. These warmed cooling gases 
are passed into a heat exchanger 7 to preheat the air 
destined for the burners of the hardening zone or for 
a low-temperature carbonization zone. This air is di 
rected to the heaters by a blower 6. The residual heat 
energy of these cooling gases is removed through an 
injection cooler 8 by the evaporation of water or by 
Washing with large quantities of water. The cooled bri~ 
quettes are then discharged through outlet 10. 

Thus, by way of summary the oxidation treating zone 
of the furnace receives ‘the required air which has an 
oxygen content of about 21% by volume and this air is 
?owed through the charge of briquettes in the same di 
rection of movement as the briquettes. When the air 
is mixed with the circulating heating gases, the oxygen 
content of this gaseous mixture is about 10% which 
then decreases to about 6%. The ?nal oxygen content 
is determined by the temperatures of the reaction and 
the manner in which the process is carried out. 
When readily oxidized materials are being processed, 

a mixture of waste gases of combustions, including smoke, 
and gases containing air can be employed in order to 
maintain the oxygen content at the desired level. For 
this purpose, the gases which have been circulated through ~ 
the heat-treating zone are cooled. A modi?ed appa— 
ratus, such as illustrated in the dotted lines of FIGURE 
1, may be employed. These gases are ?rst passed through 
a spray cooler 25 and are then introduced by blower 
18 into the furnace above the oxidation zone underneath 
the roo?ike structures 12. Utilizing this modi?cation, 
the oxygen content of the oxidizing agent introduced 
together with the charge can be reduced. This will en 
able higher processing temperatures and higher tempera 
tures of the circulating heating gases to be used. 
The process can also be carried out by introducing 

the oxidizing agent into the upper portion of the furnace 
at points other than through the opening into which 
the charge is introduced. As may be seen in FIGURE 
1, additional roo?ike structures 17 may be provided in 
the upper portion of the furnace. When waste gases 
from the heat-treating process are employed as the oxidiz 
ing agent, these gases are introduced underneath the roof 
like structures 17 by the blower 18. The gases then 
?ow downwardly through the charge in the same direc 
tion as the movement of charge through the furnace, 
and air is introduced underneath the ro'o?ike structures 
17. 

Depending on the intended application of the bri 
quettes being processed, a cooling stage 3 is directly 
connected to the oxidation zone 2 in order to cool the 
briquettes which have been heated to about 300° C. 
during the oxidizing treating process. This cooling brings 
the temperature of the briquettes down to about atmos 
pheric temperature and is carried out in a neutral at 
mosphere or in an atmosphere having a very low oxygen 
content so as to preclude any further oxidation of the 
treated briquettes. 

Proceeding next to FIGURE 2, there is illustrated one 
form of an apparatus which can be used to produce 
briquettes which are completely free from tar or which 
have a low content of volatile matter. In this appa 
ratus a low-temperature carbonization or degasi?cation 
stage is directly connected to the heat-treating zone 2 in 
one structural unit. 
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After the briquettes have been treated as previously 
described in oxidation zone 2, the briquettes are intro 
duced into the car‘bonization zone 11 which can be heated 
either directly or indirectly by hot gases. These bri 
quettes are then subjected to a treating process carried 
out by circulating gases having a temperature of 500 to 
600° C. These heating gases are introduced underneath 
transverse ba?‘les 23 and flow upwardly through the charge 
in counter?ow to the movement of briquettes downwardly 
through the furnace. The gases are discharged from the 
upper portion of this carbonization zone at a tempera 
ture of about 370° C. The gases are circulated by means 
of a blower 21. 
The necessary heat for the gases is supplied by a com 

bustion chamber 22 wherein gas, fuel oil, or coal dust 
is burned to produce the gases of the necessary tempera 
ture. These circulating gases are virtually oxygen-free. 
Any excess gases produced through this second carboniza 
tion step may be used for heating the gases in combus 
tion chamber 5 which gases are to be used in oxidation 
zone 2. 

Subsequent to this carbonization treatment the bri 
quettes are cooled in a manner as previously described 
in the cooling zone 3, wherein cooling gases having a 
very low oxygen content are circulated in eounterflow 
relation with the movement of the charge of briquettes 
through the furnace. The cooling gases are introduced 
into the lower portion of the cooling chamber at a tem 
perature of about 30° C. through the blower 9 and are 
removed from underneath the roo?ike structure 16 at a 
temperature of about 400° C. These warmed cooling 
gases are then passed through a heat exchanger 7 and 
are further cooled in a manner as previously described. 
The cooled briquettes are then discharged from the 

furnace through the discharge hopper 10. The rate of 
travel of the briquettes through the furnace is regulated 
by a valve-like structure indicated at 24. 
Thus it can be seen that the present invention provides 

an improved process and apparatus for treating of 
briquettes by an oxidizing process employing oxygen 
containing gases. 

It will be understood that this invention is susceptible 
to further modi?cation and, accordingly, it is desired to 
comprehend such modi?cations within this invention as 
may fall Within the scope of the appended claims. 
What is claimed is: 
1. In a process for an oxidizing heat treatment of 

briquettes formed of a carbonaceous material and a bind 
ing agent, the steps of circulating heated gases containing 
oxygen at temperatures of 200 to 400° C. in the direc 
tion of movement of briquettes moving through a fur 
nace to heat the same, and introducing cold air into the 
moving briquettes upstream of the inlet for the circulated 
heated gases in the direction of movement of the briquettes 
to replace the oxygen consumed from the circulating heat 
ed gases. 

2. In a process for an oxidizing heat treatment of 
briquettes formed of a carbonaceous material and a bind 
ing agent, the steps of circulating heated gases containing 
oxygen at temperatures of 200 to 400° C. in the direc 
tion of movement of briquettes moving through a fur 
nace to heat the same, and introducing cold air into 
the moving briquettes upstream of the inlet for the cir 
culated heated gases in the direction of movement of the 
briquettes to replace the oxygen consumed from the cir 
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culating heated gases, and regulating the quantity of cold 
air introduced into the moving briquettes in response to 
the oxygen content of the circulating heated gases. 

3. In a process for an oxidizing heat treatment of 
briquettes formed of a carbonaceous material and a bind 
ing agent, the steps of circulating heated gases contain 
ing oxygen at temperatures of 200 to 400° C. in the di 
rection of movement of briquettes moving through a fur~ 
nace to heat the same, and introducing cold air into the 
moving briquettes upstream of the inlet for the circu 
lated heated gases in the direction of movement of the 
briquettes to replace the oxygen consumed from the cir 
culating heated gases, and cooling the heated oxidized 
briquettes in neutral atmosphere to preclude any further 
oxidation thereof. 

4. In a process for an oxidizing heat treatment of 
briquettes formed of a carbonaceous material and a bind 
ing agent, the steps of circulating heated gases contain 
ing oxygen at temperatures of 200 to 400° C. in the di 
rection of movement of briquettes moving through a fur 
nace to heat the same, and introducing cold air into the 
moving briquettes upstream of the inlet for the circu 
lated heated gases in the direction of movement of the 
briquettes to replace the oxygen consumed from the cir 
culating heated gases, and cooling the heated oxidized 
briquettes in neutral atmosphere to preclude any further 
oxidation thereof, and ?owing the cooling gases dis 
charged from the moving briquettes in heat exchange re 
lation to the heating gases prior to circulating the heated 
gases through the moving briquettes. 

5. In a process for an oxidizing heat treatment of 
briquettes formed of a carbonaceous material and a bind 
ing agent, the steps of circulating heated gases contain 
ing oxygen at temperatures of 200 to 400° C. in the di 
rection of movement of briquettes moving through a fur 
nace to heat the same, and introducing cold air into the 
moving briquettes upstream of the inlet for the circulated 
heated gases in the direction of movement of the 
briquettes to replace the oxygen consumed from the cir 
culating heated gases, heating the oxidized briquettes to 
temperatures above 400° C. to remove residual volatile 
components therefrom, and cooling the heated oxidized 
and reheated briquettes in a neutral atmosphere. 

6. In a process for an oxidizing heat treatment of 
briquettes formed of a carbonaceous material and a bind 
ing agent, the steps of circulating heated gases contain— 
ing oxygen at a temperature of about 300° C. in the di 
rection of movement of briquettes moving through a fur 
nace to heat the same, introducing cold air having an 
oxygen content of about 21% into the moving briquettes 
upstream of the inlet for the circulated heated gases in 
the direction of movement of the briquettes to replace 
the oxygen consumed from the circulating heated gases, 
and circulating gases having a temperature of about 30° 
C. and an oxygen content of less than 2% through the 
heated oxidized briquettes to cool the same. 

References Cited in the ?le of this patent 

UNITED STATES PATENTS 
‘2,164,933 .Maurel _______________ __ July 4, 1939 
2,869,992 Brown et al. __________ __ Jan. 20, 1959 
3,117,918 Batchelor et a1 _________ __ Jan. 14, 1964 

FOREIGN PATENTS 
‘843,618 Great Britain __________ __ Aug. 4, 1960 


