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This invention relates to the treatment of pulverised or 
finely granular materials with gaseous or vaporised media, 
and in particular to the heat treatment of such materials 
with hot gases for the purpose of creating reactions of any 
kind within the solid material being treated or heated, 
especially reactions such as endothermic reactions be 
tween the solid material and the gases. 
An example of a heat treatment for which the present 

inventicn is particularly suited is the low temperature 
carbonisation or de-gasification of bituminous coal with 
the recovery of the volatile constituents of the coal in 
the form of valuable fuel gas and tar. 
A similar heat treatment is for example called for in 

the firing of limestone for the production of lime (cal 
cium oxide). 
As an example of carrying out reactions between solid 

and gaseous media there may be mentioned the reduc 
tion of iron oxides (ore) with reducing gases for the 
production of elementary iron (spongy iron). 
The invention will be explained in greater detail here 

after with reference to the low temperature carbonisa 
tion of coal. 
The de-gasification or carbonisation of coal is frequent 

ly employed in order to recover the valuable volatile 
constituents of the coal before it is used for firing boilers 
or like purposes, or to produce a diluent which is ad 
mixed with highly bituminous or Swelling coal prior to 
coking in order to produce a hard coke. 

Various kinds of devices have already been proposed 
for the carbonisation and de-gasification of pulverised or 
granular coal. Most of the known processes employ a 
rotary oven in the form of a long cylinder which is slight 
ly inclined so that the raw coal received at the higher 
end is gradually moved towards the lower end, on rota 
tion of the tube drum, in contra-flow to the hot gases. 
The same apparatus has also been suggested for the so 
called oxidation of bituminous fuels in which the coal 
is heated in a stream of cxygen or air, so that the coal 
takes up oxygen with decomposition of the coal bitumen. 
in this way, there is produced a diluent material which 
does not cake and can be added to swelling coals prior 
to coking for the production of hard coke. 
The usual rotary tube oven, even if provided with addi 

tional installations has the disadvantage that the con 
tact surface between the coai and the gaseous phase is 
relatively small. Cn account of this the transmission of 
heat by the hot gases to the coal is bad. Another dis 
advantage is that it is practically impossible to heat 
retary ovens externally. The heat required for the heat 
treatment must instead be transferred exclusively to the 
solid material by the hot gases. 
The invention provides a new way for treating or heat 

treating pulverised or finely granular solids. 
The idea underlying the invention consists essentially 

in that the solid material to be treated is injected tangen 
tially or approximately tangentially and if necessary with a 
slight inclination to the longitudinal axis, into a stationary 
substantially cylindrical oven heated by hot gases in 
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an external heating chamber, for example by means of 
hot gases introduced from the heating chamber into the 
oven at a plurality of points along the oven, so that the 
mixture of finely divided coal and gas moves along the 
Wall of the oven in a substantially helical direction of 
ficw. 
The considerable advance which is obtained by means 

cf this fundamental method of operation is explained in 
the following: 

In order to transfer heat from the hot gases to the 
finely divided material a definite relative movement over 
a large Surface between the two media is of decisive im 
portance. Whilst the mixture of finely divided solid ma 
terial and hot gases is moved along a fixed wall the move 
ment of the Solid bodies in the mixture is more strongly 
retarded than the movement of the carrier gas and there 
fore relative movement in a considerable degree takes 
place between the solid bodies and the gas atmosphere. 
The employment of a stationary drum oven has in addi 

tion the advantage that the treatment chamber can be 
externally heated. This provides a substantially quicker 
and more extensive heating of the finely divided coal 
than with the usual rotary tube ovens operating with in 
terior heating. 
By means of a suitable composition of the carrier gas 

it is easy to ensure that the coal entering into the reac 
tion chamber operating at a higher temperature stage is 
readily oxidised on the surface of the separate particles 
of coal. In this way the caking together of the coal par 
ticles is conteracted in the initial zone of the oven. 
The reaction chamber may be in the form of a vertical, 

horizontal or inclined cylinder or the like. The desired 
substantially helical movement of the solid bodies may 
also be obtained even when the reaction chamber is con 
structed with a horizontal axis. 
At the discharge end of the oven there is provided a 

container preferably water-cooled, in which collects a part 
at least of the material coming from the heat treatment. 
The finer particles of the treatment material escape with 
the gaseous constituents approximately in the centre of 
the oven cover. On this account the reaction chamber 
can with advantage be shaped substantially in the form of 
the known dust, separators (cyclones). 
From the gas-dust mixture which is being withdrawn 

the solid material is separated in a dry state, at a tempera 
ture of about 500 by electric discharge. The gas is then 
led into the usual type of condensation plant in order to 
recover tar and other hydrocarbon oils. According to 
the amount of air introduced with the coal into the reac 
tion chamber, there may be produced a gas which after 
cleaning and cooling is ready for immediate use for light 
ing or heating in town gas systems. 
The walls of the cylindrical reaction chamber which 

alsc may be referred to as a stationary tube oven, may 
be made of heat resistant steel, but are preferably made 
from ceramic material. 
A further important characteristic of the invention pro 

vides that the hot gases are introduced into the reaction 
chamber serving for the treatment of the solid material, 
tangentially or approximately tangentially, at a plurality 
of points over the length of the reaction chamber. By 
means of this feature in longer reaction chambers, the 
desired helical movement is assured and correspondingly 
the course of the desired reactions, or the heat exchange, 
is improved. 

According to the invention heating flues for the indirect 
heating of the reaction chamber may be provided in the 
walls of the tube oven. 

Further important characteristics and applications of 
the invention will be evident from the following descrip 
tion of two forms of construction of a device constructed 
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according to the subject invention for the heat treatment 
of pulverised materials, particularly for the carbonisa 
tion of pulverised or fine coal, which is illustrated in the 
drawing and in which: 

Fig. 1 is a vertical section through one form of con 
struction of the apparatus, 

Fig. 2 is a longitudinal section on the line II-II of 
Fig. 1, 

Fig. 3 is a cross section on the line III-III of Fig. 1, 
Fig. 4 is a section on the line IV-IV of Fig. 1, 
Fig. 5 is a section on the line V-V of Fig. 1 and 

finally 
Fig. 6 shows a section through another form of con 

struction of the subject of the invention. 
The apparatus illustrated in the drawing has a tube 

like reaction chamber 1, the longitudinal axis of which is 
slightly inclined, for example at about 8-10. The reac 
tion chamber 1 is closed at one end and open at the other 
end 2, whilst gradually widening, into a chamber 3. 
The reaction chamber 1 and the chamber 3 are formed : 

of refractory brickwork 4 which is arranged, with the 
employment of suitable bad heat conducting mrterial in 
a housing 5 of sheet steel or the like, which is preferably 
gas-tight. In the walls of the reaction chamber 1 there 
are provided peripherally extending heating flues 6 which 
are provided underneath with burners 7 into which open 
the nozzles 8 and the pipes 9 for the combustion air. 
The heating media burn in the flues 7 and the resulting 
hot waste gases pass upwardly through the waste gas flues 
6 whereby they meet the wall 10 of the reaction chamber : 
1 and give up a considerable amount of their sensible 
heat to the same. The waste gases then pass through 
means in the form of a series of openings 65 for passing 
hot combustion gases from the flues 6 into chamber 1, and 
through the openings 11 into a waste gas collecting pas- : 
Sage 12 which is connected to the flue gas outlet 13. 
The reaction chamber 1 is, as can be seen in particular 

from Fig. 1, constructed in the form of a double truncated 
cone. Into its closed end, which lies in a reduced part 
14 of the housing, there opens the supply pipe 55 for 
the Solid material to be treated, for example finely granu 
lar or pulverised bituminous coal. 
The Supply pipe 15 extends, as can be seen from Fig. 

3, Substantially tangentially to the reaction chamber . 
It is, however, preferably placed slightly oblique to the 
axis of the oven so that the gases flowing into the reac 
tion chamber 1 through the passage 15 pass through the 
reaction chamber with a helical movement to its open 
end 2. 
The solid material to be treated is introduced into 5 

the supply pipe 15 through the pipe 16, for example from 
a bunker, not shown. In the pipe 15 the finely divided 
solid material is engaged by a stream of gas which is 
delivered for example through the pipe 17 and is injected 
in the form of a jet into the reaction chamber 1. 

Preferably air is delivered through the pipe 17, if nec 
essary preheated air, whilst a suitable fuel gas, for ex 
ample town gas is introduced through the nozzle pipe 
18 which opens into the pipe 15. The temperature in 
the pipe 15 is maintained in such a way that the gas 
and air burn either in the pipe 15 or immediately after 
leaving the same. If combustion or partial combustion 
is permitted in the pipe 15 certain advantages are ob 
tained. For example, in the treatment of bituminous 
coals these may be superficially oxidised by bringing 6 
them into contact with highly heated oxygen. Through 
this the bituminous coal completely or partly loses its 
coking properties, thus simplifying in some cases the 
Subsequent treatment in the reaction chamber 1. 
The helical movement of the finely divided solid ma 

terial and the carrier gas which is introduced together 
with the solid material, or even separately therefrcm, is 
characteristic of the invention. The effect is that the 
Solid material is gradually conveyed along the heated 
wall of the reaction chamber 1 from closed end of the 
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reaction chamber to the open end 2 and that a consider 
able relative movement takes place between the solid 
material and the carrier gas, which substantially im 
proves the transmission of heat from the latter to the 
Solid material. 

In order to support the formation of a helical move 
ment and, correspondingly of a hollow cylindrical gas 
mass in the reaction chamber 1, there may be formed in 
the central neutral zone of the reaction chamber in 
Scme cases a second waste gas column for which purpose 
nozzle 26 likewise opens tangentially into a narrow back 
ward projection 9 of the reaction chamber , fuel gas or 
other suitable gas being introduced through said nozzle. 
The finely divided solid material passes, after being 

heated to the desired temperature in the reaction chamber 
, into the separating chamber 3 in which the greatest part 

of the finely divided solid material separates from the 
carrier gas and collects at 21. The solid material outlet 
2i is provided with suitable closure members, not shown 
in the drawing. 
The carrier gas freed from a substantial part of the 

solid material passes out through the passage 22 and then 
passes into the cyclone 23 in the lower part of which 
the separated dust accumulates, and is withdrawn through 
the opening 24 whilst the hot gas, substantially freed 
from dust, escapes at 25. 

If the apparatus is employed for the low temperature 
carbonisation of coal, there escapes from the gas outlet 
25 a valuable fuel gas which contains tarry constituents. 
This fuel gas is conveyed to a plant, not shown on the 
drawing, for the recovery of the hydrocarbon cils and 
the like contained therein. 
The fuel gas can be used then for heating the reac 

tion chamber 1 or used in circulation as the carrier gas. 
The apparatus illustrated in addition to being appli 

cable to the carbonisation of bituminous coal may also 
be employed with advantage, for example, in the so 
called decarbonising of calcium carbonate or for other 
purposes. 

In the apparatus shown in Fig. 6 which is, as afore 
said, another form of constructicn of the subject inven 
tion, the arrangement shown in Figures 1 to 5 is modified 
as follows so as to have the hot heating gas pass into 
the reaction chamber frcm the heating chamber. Other 
wise the operation is substantially the same as that de 
scribed as above in connection with Figures 1 to 5, as 
shown, the reaction chamber formed for example from 
a slightly conical tubular member 60 is arranged in a 
heating chamber 61 which is formed of refractory brick 
work 62. A gas-air burner 64 opens into a lateral 
extension 63 of the heating chamber. The hot waste 
gases of the burner 64 can enter into the reaction cham 
ber by means cf openings 65 in the wall 60 of the re 
acticn chamber, and at a substantially tangential direc 
tion. As can be seen from Fig. 6 a series of openings 
65 is distributed over the length of the reaction pipe 60. 
The solid material to be treated is injected through the 
passage 66 which opens oblique'y and tangentially into 
the narrower end of the reaction chamber. 
The apparatus shown in Fig. 6 provides a particularly 

intensive helical movement of the media in the reaction 
chamber. 

Having now described our invention and in what man 
ner the same is to be performed we state that any other 
form of realisation not departing from the scope of the 
invention should be included within the following claims. 
What we claim is: 
1. Apparatus for the heat treatment of finely-divided 

solid material comprising a metallic shell having a heat 
resistant inner lining, an elcngated substantially cylin 
drical reaction chamber located within said lining, a 
nozzle disposed tangentially to said reaction chamber 
said nozzle being located adjacent one end therec? and 
so positioned that material passing therethrough will fol 

7(5 low a helical path through said reaction chamber, means 
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for feeding finely-divided solid material to said nozzle, a 
heating chamber located within said lining intermediate 
the reaction chamber and said shell means for supplying 
hot combustion gases to said heating chamber and means 
for passing hot gases from said heating chamber to said 
reaction chamber. 

2. The apparatus of claim 1 in which the longitudinal 
axis of said reaction chamber is inclined 8-10 from 
horizontal. 

3. The apparatus of claim 1 in which said means for 
passing hot gases from said heating chamber to said re 
action chamber comprises a plurality of passageways 
spaced along and tangentially disposed to the periphery 
of said reaction chamber. 

4. The apparatus of claim 1 in which the reaction 
chamber is in the form of double truncated cones the 
bases of which are located facing each other. 
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