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To all whom it may concern: 
Be it known that I, FREDERICK. W. YosT, 

a citizen of the United States, residing at 
of Illinois, have invented certain new and 
useful Improvements in Processes of Treat 
ing Materials, of which the following is a 
specification. 
My invention relates to the treatment of 

materials; and it comprises a process where 
in a reaction-producing gas is conducted 
through the interior of a mass of material 
and by its aid one reaction is propagated 
through the mass toward the surface of gas 
entrance and another reaction is propagated 
through the mass toward the surface of gas 
exit; and it comprises more particularly, but 
not exclusively, the calcining, roasting, or 
reducing and clinkering of finely divided 
material in a stationary or movable mass; 
all as more fully hereinafter set forth and 
as claimed. 
One of the chief objects attained by my 

invention is the high efficiency of the proc 
ess, because the gaseous element is brought 
to the zones of reaction uncontaminated by 
the products of reaction, since the reaction 
supporting gas is conducted through the 
material toward the surface of initial re 
action. And since the waste products of re 
action are not conducted through the un 
treated material both reactions are suscep 
tible of full control, because the untreated 
material is acted upon only by the energy 
developed at the zone of initial reaction. 
Another important object attained is the 

lengthened life of any apparatus employed, 

40 

because in my process the volatile products 
escape from the interior of the mass at the 
same surface at which the first reaction is 
initiated; therefore, the destructive agencies 
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are all confined to one region of the appa 
ratus and that part of the apparatus may be 
formed of material largely uninfluenced by 
such agencies. 
A further attainment is the independent 

control of the various stages of the process 
due to the separate propagation of the two 
reactions. 
My process can be carried on intermit 

tently in the well known forms of pot roast 
ing apparatus or in any reverberatory roast 
o rnace provided with a perforated 
hearth, or it can be carried on continuously 

in well known forms of chain grate stoker 
furnaces. 
My process may be used for clinkering 

finely divided oxidores. Such material may 
be in a finely divided state as found in na 
ture, or it may be finely divided as the re 
sult of treatment by concentration, or it may 
be a finely subdivided metallurgical waste 
such as blast furnace flue dust. The finely. 
divided ore to be clinkered is intimately 
mixed with powdered coal, coke, charcoal 
or other combustible material and is charged 
into one of the types of furnace referred to. 
The upper surface of the -charge is heated 
by contact with the hot furnace gases; air is 
introduced at the lower surface of the charge 
and is conducted upward through the in 
terior of the mass of ore; the heat, applied 
to the upper surface of the charge, is prop 
agated by internal combustion downward 
through the mass to the lower surface of 
the charge; when the zone of combustion. 
reaches the lower surface of the charge a 
clinkering reaction is propagated upward 
through the mass, from the lower to the 
upper surface, by the continued blowing of 
air through the charge; and the volatile 
products of combustion escape at the upper 
surface and join the furnace gases. When 
my process is carried on in a reverberatory 
furnace, provided with a fixed perforated 
hearth, the heat is first propagated down 
ward through the charge and the clinker 
ing reaction follows the conclusion of the 
heating stage. When the material is clink 
ered in a chain grate stoker furnace the va 
rious stages of the process take place simul taneously, one portion of the charge being 
heated while another portion of the charge 
is being clinkered. It will be evident that 
an important feature in the economy of the 
treatment is in maintaining, in the interior 
of the charge, the least degree of reduction 
that will initiate the agglomerating reaction 
and this condition necessitates the use of the 
minimum amount of combustible material 
in the charge. The carbonaceous component 
in the charge may be still further reduced 
in quantity by adding combustible gas to 
the air, conducted through the mass, or by 
substituting hot air for cold air. When it is 
desired to produce clinker containing the 
lower oxids of more or less reduced metal it 
will be necessary to maintain, in the interior 
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2 
of the charge, conditions that are more 
highly reducing than those required for the 
production of high oxid clinker. Such 
highly reducing conditions may be secured 
by the use of larger proportions of carbona 
ceous material in the charge; or by the ad 
dition of combustible gas to the air used for 
the propagation of both reactions; or by the 
use of air for the propagation of the initial 
reaction and combustible gas for the propa 
gation of the Second reaction. The finished 
product may be made into large and rela 
tively dense blocks of clinker, such as are 
desirable for open hearth furnace use, or 
into highly porous and relatively small 
pieces of clinker, such as are desirable for 
blast furnace use, by varying the amount of 
air blown through the charge during the 
progress of and after the completion of the 
clinkering reaction. 
My process may also be used for roasting 

and clinkering finely divided sulfid ores, 
concentrates or flue dust. The finely di 
vided ore is charged into any suitable appa 
ratus; air is introduced at the lower surface 
of the charge and is conducted upward 
through the interior of the mass; the oppo 
site Surface of the charge is ignited and the 
heat is propagated downward by internal 
combustion; when the plane of ignition 
reaches the lower surface, the clinkering re 
action is propagated upward, from the 
lower to the upper surface, by the continued 
blowing of the air through the charge; and 
the volatile products of combustion escape 
at the upper surface. If there is sufficient 
Sulfur in the material for self-supporting 
combustion, after ignition, the process can 
be carried on in an open top receptacle; if 
there is not sufficient sulfur to support com 
bustion, after ignition, the process may be 
carried on in a reverberatory furnace with a 
perforated hearth, or in a suitable form of 
chain grate stoker furnace, where a moving 
body of hot gases, generated by the combus 
tion of extraneous fuel, can be maintained in 
contact with the upper surface of the 

Material containing the maximum 
amount of sulfur, found in ores and concen 
trates, may be treated in one of the types of 
furnace referred to without the use of an 
igniting flame generated from the combus 
tion of extraneous fuel; because, when the 
brickwork of the furnace has once been 
lheated to a high temperature, the radiated 
heat will ignite the sulfur of the ore and 
the combustion of the sulfur, will maintain 
the temperature of the hot brickwork; 
therefore, the Waste gases, escaping from 
the charge, may be used for sulfuric acid 
manufacture or other' by-product purpose. 
When the sulfur in the charge is too low for 
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Self-ignition and when, nevertheless, it is de 
sirable to use the waste sulfur gases for by 
product purposes, the heat from the combus 
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tion of extraneous fuel may be transmitted 
to the charge through; muffle walls, thereby 
Separating the heating gases from the sulfur 
gases. The air, conducted through the mass, 
reaches the zones of reaction uncontami 
nated by the products of reaction, hence the 
air acts with great efficiency and only the 
minimum volume need be used; therefore, 
the waste Sulfur gases are highly concen 
trated and are very valuable for by-product 

Where the material is too low in sul 
fur for the propagation of internal combus 
tion it will be necessary to add other com 
bustible elements to the charge. The heat 
ing and clinkering functions are divided 
into separate stages, each of which is subject 
to independent control, thus making it pos 
sible to produce at will clinker of either 
high or low sulfur content to suit the re 
quirements of the Subsequent Smelting op 
eration. 
My process is also well adapted for the 

clinkering of cement materials. The finely 
ground raw mix is intimately mixed with 
finely divided carbonaceous material and is 
charged into one of the types of furnace 
referred to. The upper surface of the 
charge is heated by contact with the moving 
body of hot furnace gases, generated by the 
combustion of extraneous fuel, air is intro 
duced at the lower surface of the charge and 
is conducted upward through the interior of 
the mass; the heat, applied to the upper sur 
face, is conducted downward through the 
mass by internal combustion from the upper 
to the lower surface; when the plane of com 
bustion reaches the lower. Surface the clink 
ering reaction is propagated upward, from 
the lower to the upper surface, by the con 
tinued blowing of air through the interior 
of the mass; and the volatile products and 
gases formed from the components of the 
charge escape at the upper surface and join 
the furnace gases. 
charge are decomposed during the first or 
heating stage of the process and the clinker 
is formed during the second stage. 
termixed fuel in any region is consumed by 
the internal reaction only when the hot com 
bustion Zone, in its initial and downward 
progress, or in its Second and upward prog 
ress, reaches that region; therefore, the 
small particles of fuel release their heat only 
at the time and at the place when and where 
it is needed. Small clinker with a highly 
porous structure is more readily crushed and 
ground into finished cennent than is dense 
clinker of large size, and this desirable play 
sical quality may be obtained by a suitable 
variation in the amount of air conducted 
through the charge during the progress of 
and after the completion of the clinkering 
reaction. 
In the treatinent of any of the materials 

described in these examples various modifi 

The carbonates of the 
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cations will suggest themselves to those 
skilled in the art. It may be desirable to 
moisten the charge to form interstices for 
the uniform distribution of the combustion 
supporting gas through the mass. The tem 
perature in the zone of reaction may be reg 
ulated, or the character of the reaction may 
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ditional air conducted through the charge 
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be varied, by the addition of steam, volatile 
products of combustion or other modifying 
elements to the air-conducted through the 
interior of the mass. When the material to 
be clinkered is of a highly refractory nature 
it may be desirable to add a flux to lower the clinkering temperature whereby the fuel 
consumption may be lessened. The combus 
tible components of the charge may be less 
ened in amount, or wholly eliminated, by 
the use of highly heated air conducted 
through the mass with or without an ad 

: mixture of combustible gases. Where the 
ash from the combustion of solid fuel is an 
undesirable ingredient of the clinkered prod 
uct liquid or semi-liquid fuel may be used 
as the heat developing component of the 
charge. 
This process requires that the conditions 

relating to the composition of the charge, 
the composition and temperature of the ig 
niting or heating gases, and the composition, 
temperature and pressure of the combus 
tion-supporting gas, be properly correlated, 
so that a heating zone unaccompanied by 
a clinkering reaction will be propagated 
downward through the charge to the lower 
surface during the first stage of the process, 
and so that during the second stage the ad 
and acting upon the heated material, will in 
itiate a clinkering reaction at the lower sur 
face and will aid in propagating this clink 
ering reaction upward through the charge 

45 

to the upper surface. IDuring the first stage 
of the present process, the charge must be 
maintained in a loose, granular condition, so 
that the material of the charge can be prop 
erly calcined, roasted or otherwise treated 

602,980) 
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before it is clinkered; and in this respect, 
the present process differs essentially from 
that described in my co-pending applica 
tion, Serial No. 516,306, filed September 4, 
1909, (renewed Jan. 16, 1911, Serial No. 

wherein there must be such a 
change of correlations of the controllable 
conditions that during the first stage a clink 
ering reaction will be initiated at the up 
per surface, and will be propagated down 
ward through the upper portion of the 
charge, coincidentally with the heating of 

60 
the charge from the upper to the lower sur 
face; and that during the second stage a 
clinkering reaction will also be initiated at 
the lower surface, and Will be propagated 
upward through the unclinkered portion of 

65 
the charge. 
Ido not wish to be limited to treatment 

8 

of the specific materials described in the ex 
amples, nor do I wish to be limited to the 
specific details of treatment there described, 
nor merely to the specific process of treat 
ing iron oxids as herein described, since it 
will be evident to those skilled in the art that 
this invention applies to the treatment of any 
material, or any mixture of materials, of such 
a nature that an initial reaction can be prop 
agated through a mass in one direction, and 
a second reaction can be propagated through 
the mass in another direction, by the means 
described. It will be further evident that 
the kinds of treatment accorded the material 
are not limited to calcining, roasting, or re 
ducing and clinkering, but may include any 
treatment which can be carried on in sepa 
rate stages, as described. It will be also evi 
dent that the gaseous element can vary widely 
as to composition, and may be either an oxi 
dizing or reducing agent, provided that un 
der suitable control of conditions, it has the 
property of aiding in propagating one re 
action toward the surface of gas entrance 
and another reaction toward the surface of 
gas exit. Neither do I wish to be limited to 
the use of one kind of gas for the propaga 
tion of both reactions, since it will be evi 
dent that for some purposes it may be de 
sirable to use an oxidizing gas to propagate 
one reaction and a reducing gas to propagate 
the other reaction. In all of the examples, 
I have described a downward propagation 
of the initial reaction and an upward course 
for the reaction-supporting gas; but for dif 
ferent conditions, may prefer to propa 
gate the initial reaction upward, or in any 
other direction, provided the gaseous ele 
ment is Ele in a direction other than 
the course of initial reaction. I also have 
described, in the examples, conditions which 
result in the formation of volatile products 
of reaction, but it will be evident that non 
volatile products of reaction will be formed 
when the reactions are of such a character 
that the gaseous element, conducted through 
the interior of the mass, is absorbed by the 
material of the charge. n 

It is to be understood that the words, 
“finely divided,” as herein used, have refer 
ence to any degree of subdivision that best 
adapts the material to treatment by ny proc 
ess, as some materials respond to treatment 
better when in a relatively coarse eondition 
while other materials respond to treatment 
only when in a finely divided state. It is to 
be also understood that, where the material 
is described in the claims as containing vari 
ous components, the various components 
may be originally contained in the material, 
or they may be added to the material to pre 
pare it for treatment. m 
In my co-pending application, Serial 

Number 516,300, filed September 4th, 1909, 
(renewed Jan. 16, 1911, Serial No. 602,980) 
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I have described and claimed a specific em 
bodiment of this invention wherein, by 
proper control of thernal and other condi 
tions, one clinkering reaction proceeds 

5 through the mass in a direction other than 
the course of the gas current and another 
clinkering reaction proceeds in a different 
direction, and this specific embodiment of 
my invention I do not claim herein; in the 

10 embodiment which is specifically claimed in 
the present application, the clinkering reac 
tion proceeds through the mass in one direc 
tion only. 
What I claim is: 
1. The process of treating finely divided 

material capable of undergoing propagative 
reaction, which comprises initiating a prop 
agative reaction at a surface of a mass of 
the material, transmitting a current of reac 

20 tion-supporting gas toward the surface of 

15 

initial reaction, causing the initial reaction 
to travel through the mass in a direction 
other than the flow of the reaction-support 
ing gas, and propagating a second reaction 

25 through the mass toward the surface of ini 
tial reaction, substantially as described. 

2. The process of treating finely divided 
material containing heat developing com 
ponents, which comprises initiating a re 

30 action in a region of a mass of the mate 
rial, conducting a reaction-supporting gas 
through the mass toward the region of in 
itial reaction, propagating the initial re 
action through the mass in a direction other 

35 than the flow of the reaction-supporting gas, 
and propagating a second reaction through 
the mass in the direction of flow of the re 
action-supporting gas, substantially as de 
scribed. 
3. The process of treating finely divided 

material containing heat developing com 
ponents, which comprises initiating a re 
action at a surface of a mass of the material, 

40 

introducing a reaction-supporting gas at an 
45 other surface of the mass, conducting the 

reaction-supporting gas through the mass, 
propagating the initial reaction through the 
mass in one direction, and propagating a 
second reaction through the mass in another 

50 direction, substantially as described. 
4. The process of treating finely divided 

material containing gas forming compo 
nents, which comprises initiating a reaction 
in a region of a mass of the material, con 55 ducting a reaction-supporting 
the mass toward the region of initial re 
action, propagating the initial reaction 
through the mass in a direction other than 
the flow of the reaction-supporting gas, and 

60 propagating a second reaction through the 
mass in the direction of flow of the reaction 
supporting gas, Substantially as described. . 

5. The process of treating finely divided material containing gas forming compo 
65 nents, which comprises initiating a reaction 

as through. 
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at a surface of a mass of the material, in 
troducing a reaction-supporting gas at an 
other surface of the mass, conducting the 
reaction-supporting gas through the mass, 
propagating the initial reaction through the 
mass in one direction, and propagating a 
second reaction through the mass in another 
direction, substantially as described. 

6. The process of treating finely divided 
material containing heat developing com 
ponents, which comprises heating a surface 
of a mass of the material, introducing a re 
action-producing gas at another surface of 
the mass, conducting the reaction-producing 
gas through the mass, propagating the heat 
through the mass by internal reaction in 
one direction, and propagating a second re 
action through the mass in another direc 
tion, substantially as described. 

7. The process of treating finely divided 
material containing heat developing com 
ponents, which comprises heating the upper 
surface of a mass of the material, introduc 
ing a reaction-producing gas at the lower 
surface of the mass, conducting the reaction 
producing gas upward through the mass, 
propagating the heat downward through 
the mass by internal reaction, and propagat 
ing a second reaction upward through the 
mass, substantially as described. 

8. The process of treating finely divided 
material containing gas forming compo 
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nents, which comprises heating a surface of 
a mass of the material, introducing a re 
action-producing gas at another surface of 
the mass, conducting the reaction-producing 
gas through the mass, propagating the heat 
through the mass by internal reaction in 
one direction, and propagating a second re 
action through the mass in another direc 
tion, substantially as described. 

9. The process of treating finely divided 
material containing gas forming compo 
nents, which comprises heating the upper 
surface of a mass of the material, introduc 

100 

05 

0. 
ing a reaction-producing gas at the lower . 
surface of the mass, conducting the reaction producing gas upward through the mass, 
propagating the heat downward through 
the mass by internal reaction, and propagat 
ing a second reaction upward through the 
mass, substantially as described. 

10. The process of treating finely divided 
material containing combustible compo 
nents, which comprises heating a surface of 
a mass of the material, introducing a com 
bustion-supporting gas at another surface 
of the mass, conducting the combustion 
Supporting gas through the mass, propagat 
ing the heat through the mass by internal 
combustion in one direction, and propagat 
ing a second reaction through the mass in 
another direction, substantially as described. 

11. The process of treating finely divided 
material containing combustible compo 
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nents, which comprises heating the upper 
surface of a mass of the material, introduc 
ing a combustion-supporting gas at the 
lower surface of the mass, conducting the 
combustion-supporting gas upward through 
the mass, propagating the heat downward 
through the mass by internal combustion, 
and propagating a second reaction upward 
through the mass, substantially as described. 

12. The process of treating finely divided 
haterial containing carbonaceous compo 
nents, which comprises heating a surface of 
a mass of the material, introducing a colm 
bustion-supporting gas at another surface 
of the mass, conducting the combustion-sup 
porting gas through the mass, propagating 
the heat through the mass by internal com 
bustion in one direction, and propagating a 
second reaction through the massin another 

20 

25 

30 

35 

40 

45 

direction, substantially as described. 
13. The process of treating finely divided 

material containing carbonaceous compo 
nents, which comprises heating the upper 
surface of a mass. of the material, introduc 
ing a combustion-supporting gas at the lower 
surface of the mass, conducting the com 
bustion-supporting gas upward through the 
mass, propagating the heat downward 
through the mass by internal combustion. 
and propagating a second reaction upward 
through the mass, substantially as described. 

14. The process of treating finely divided 
material containing combustible compo 
nents, which comprises producing ignition 
in a mass of the material, feeding a gas cur 
rent through the mass, causing a backward 
propagation of the plane of ignition against 
the flow of the gas current by means of a 
reaction internal to the mass, and propa 
gating a clinkering reaction forward with 
the flow of the gas current, substantially as 
described. 

15. The process of treating finely divided 
material containing heat developing compo 
nents, which comprises transmitting heat 
from a body of hot gases to a surface of a 
mass of the material, introducing a reaction 

50 
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producing gas at another surface of the 
mass, conducting the reaction-producing gas 
through the mass, propagating the heat 
through the mass by internal reaction in one 
direction, and propagating a second reaction 
through the mass in another direction, sub 
stantially as described. 

16. The process of treating finely divided 
material containing heat developing compo 
nents, which comprises transmitting heat 
from a body of hot gases to the upper sur 
face of a mass of the material, introducing 

60 a reaction-producing gas at the lower sur 
face of the mass, conducting the reaction 
producing gas upward through the mass, 
propagating the heat downward through 
the mass by internal reaction, and propagat 

5 

ing a second reaction upward through the 
mass, substantially as described. 

17. The process of treating finely divided 
material containing gas forming compo 
nents, which comprises transmitting heat 
from a body of hot gases to a surface of a 
mass of the material, introducing a reaction 
producing gas at another surface of the 
mass, conducting the reaction-producing gas 
through the mass, propagating the heat 
through the mass by internal reaction in one 
direction, and propagating a second reac 
tion through the mass in another direction, 
substantially as described. . 

1S. The process of treating finely divided 
material containing gas forming compo 
nents, which comprises transmitting heat 
from a body of hot gases to the upper sur 
face of a mass of the material, introducing 
a reaction-producing gas at the lower 'sur 
face of the mass, conducting the reaction 
producing gas upward through the mass, 
propagating the heat downward through 
the mass by internal reaction, and propagat 
ing a second reaction upward through the 
mass, substantially as described. 

19. The process of treating finely divided 
material containing combustible compo 
nents, which comprises transmitting heat 
from a body of hot gases to a surface of a 
mass of the material, introducing a combus 
tion-supporting gas at another surface of 
the mass, conducting the combustion-sup 
porting gas through the mass, propagating 
the heat through the mass by internal com 
bustion in on direction, and propagating a 
second reaction through the mass in another 
direction, substantially as described. 

20. The process of treating finely divided 
material containing combustible compo 
nents, which comprises transmitting heat 
from a body of hot gases to the upper sur 
face of a mass of the material, introducing 
a combustion-supporting gas at the lower 
surface of the mass, conducting the combus 
tion-supporting gas upward through the 
mass, propagating the heat downward 
through the mass by internal combustion, 
and propagating a second reaction upward." 
through the mass, substantially as described. 

21. The process of treating finely divided 
material containing combustible compo 
nents, which comprises transmitting heat 
from a body of hot gases to the upper sur 
face of a mass of the material, introducing 
a combustion-supporting gas at the lower 
surface of the mass, conducting the combus 
tion-supporting gas upward through the 
mass, propagating the heat downward 
through the mass by internal combustion, 
and propagating a clinkering reaction up 
ward through the mass, substantially as de 
scribed. 

22, The process of treating finely divided 
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material containing combustible compo 
nents, which comprises transmitting heat 
from a body of hot gases to the upper sur 
face of a movable mass of the material, in 
troducing a combustion-supporting gas at 
the lower surface of the movable mass, con ducting the combustion-supporting gas up 
ward through the movable mass, propagat 
ing the heat downward through the movable 
mass by internal combustion, and propagat 
ing a clinkering reaction upward through 

15. 

a combustion-supporting gas at the lower 
20 

25 

30 

the movable mass, substantially as described. 
23. The process of treating finely divided 

material containing carbonaceous compo 
nents, which comprises transmitting heat 
from a body of hot gases to the upper sur 
face of a mass of the material, introducing 

surface of the mass, conducting the combus 
tion - supporting gas upward through the 
mass, propagating the heat downward 
through the mass by internal combustion, 
and propagating a clinkering reaction up 
ward through the mass, substantially as de 
scribed. - 

24. The process of treating finely divided 
material containing carbonaceous compo 
rents, which from a body of hot gases to the upper sur 
face of a movable mass of the material, in y troducing a combustion-supporting gas at 
the lower surface of the movable mass, con ducting the combustion-supporting gas up 
ward through the movable mass, propagat 
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lial, introducing a gas 

ing the heat downward through the movable 
mass by internal combustion, and propagat 
ing a clinkering reaction upward through 
the movable mass, substantially as described. 

25. The process of treating finely divided 
material containing combustion-supporting 
and other components, which comprises 
transmitting heat from a body of hot gases 
to the upper surface of a mass of the mate 

gas (which is reactive 
with Some of the components of the mate 
rial) at the lower surface of the mass, con ducting the reactive gas upward through 
the mass, propagating the heat downward 
through the mass by internal combustion, 
and propagating a second reaction upward 
through the mass, substantially as described. 

26. The process of treating finely divided 
metal-bearing material containing combusti. 
ble components, which comprises transmit 
ting heat from a body of hot gases to the 
upper surface of a mass of the material, in troducing a combustion-supporting gas at 
the lower surface of the mass, conducting 
the combustion - supporting gas upward 
through the mass, propagating the heat 
downward through the mass by internal 
combustion, and propagating a clinkering 
reaction upward through the mass, substan 
tially as described. . 

27. The rrocess of treating finely divided 

comprises transmitting heat 
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metal-bearing material containing combusti 
ble components, which comprises transmit 
ting heat from a body of hot gases to the 
upper surface of a movable mass of the ma 
terial, introducing a combustion-supporting 
gas at the lower surface of the movable mass, 
conducting the combustion supporting gas 
upward through the movable mass, prop 
agating the heat downward through the 
movable mass by internal combustion, and 75 propagating a clinkering reaction upward 
through the movable mass, substantially as 
described. 

28. The process of treating finely divided 
metal-bearing material containing carbona 
ceous components, which comprises trans 80 
mitting heat from a body of hot gases to the 
upper surface of a mass of the material, in 
troducing a combustion-supporting gas at 
the lower surface of the mass, conducting 
the combustion-supporting gas upward 
through the mass, pepting the heat 
downward through the mass by internal 
combustion, and propagating a clinkering 
reaction upward through the mass, substan 
tially as described. 

29. The process of treating finely divided 

85 
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metal-bearing material containing carbona 
ceous components, which comprises trans 
mitting heat from a body of hot gases to 95 
the upper surface of a movable mass of the . 
material, introducing a combustion-support 
ing gas at the lower surface of the movable 
mass, conducting the combustion-support 
ing gas upward through the movable mass, 
propagating the heat downward through the 
movable mass by internal combustion, and propagating a clinkering reaction upward 
through the movable mass, substantially as 
described. . 

30. The process of treating a finely divided 
oxid-ore mixture containing combustible 
components, which comprises transmitting 
heat from a body of hot gases to the upper 
surface of a mass of the mixture, introduc 
ing a combustion-supporting gas at the lower 
surface of the mass, conducting the combus 
tion-supporting gas upward through the 
mass, propagating the heat downward 
through the mass by internal combustion, 
and propagating a clinkering reaction up 
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ward through the mass, substantially as de Scribed. 
31. The process of treating a finely di 

vided oxid-ore mixture containing combusti 
ble components, which comprises transmit 
ting heat from a body of hot gases to the 
upper surface of a movable mass of the mix ture, introducing a combustion-supporting 
gas at the lower surface of the movable mass, conducting the combustion-supporting gas 
upward through the movable mass, propa 
gating the heat downward through the 
movable mass by internal combustion, and propagating a clinkering reaction upward 
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through the movable mass, substantially as 
described. . W 

32. The process of treating a finely di 
vided oxid-ore mixture containing carbona ' p 

ceous components, which comprises trans 
mitting heat from a body of hot gases to the 
lower surface of a mass of the mixture, in 
troducing a combustion-supporting gas at 
the lower surface of the mass, conductin the combustion-supporting gas, upwar 
through the mass, propagating the heat 
downward through the mass by internal 
combustion, and propagating a clinkering 
reaction upward through the mass, substan 
tially as described. . 
'33. The process of treating a finely di 
vided oxid-ore mixture containing carbona ceous components, which comprises trans 
mitting heat from a body of hot gases to the 
upper surface of a movable mass of the mix 
ture, introducing a combustion-supporting 
gas at the lower surface of the movable 
mass, conducting the combustion-supporting 
gas upward through the movable mass, 
propagating the heat downward through the 
movable mass by internal combustion, and propagating a clinkering reaction upward 
through the movable mass, described 

34. The process of continuously treating 
substantially as 

finely divided material containing combusti 
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40 

ble components, which comprises continu 
ously feeding the material. to the moving 
perforated hearth of a reverberatory fur 
nace to form a moving mass of the material, 
continuously transmitting heat from a body 
of hot gases to the upper surface of the 
moving mass, continuously introducing a 
combustion-supporting gas at the lower sur 
face of the moving mass, continuously con ducting the combustion-supporting gas up 
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ward through the moving mass, continu 
ously propagating the heat downward 
through the moving mass in one part of the 
furnace by internal combustion, and con 
tinuously propagating a clinkering reaction 
upward only through the moving mass in 
another part of the furnace, substantially as 
described. 35. The process of continuously treating 
finely divided material containing carbona 
ceous components, which comprises continu 
ously feeding the material to the moving 
perforated hearth of a reverberatory fur 
nace to form a moving mass of the material, 
continuously transmitting heat from a body. 
of hot gases to the upper surface of the mov 
ing. mass, continuously introducing a com 
bustion-Supporting gas at the lower surface 
of the moving mass, continuously conduct 
ing the combusticin-supporting gas upward 
through the moving mass, continuously 
propagating the heat downward through the 
moving mass in one part of the furnace by 
internal combustion, and continuously prop 

7 

agating a clinkering reaction upward only 
through the moving mass in another part of 
the furnace, substantially as described. 

36. The process of continuously treating 
finely divided metal-bearing material con 
taining combustible coniponents, which com 
prises continuously feeding the material to 
the moving perforated hearth of a reverber 
atory furnace to form a moving mass of the 
material, continuously transmitting heat 
from a body of hot gases to the upper sur 
face of the moving mass, continuously intro ducing a combustion-supporting gas at the 
lower surface of, the moving mass, contin luously conducting the combustion-support 
ing gas upward through the moving mass, 
continuously propagating the heat down. 
ward through the moving mass in one part 
of the furnace by internal combustion, and 
continuously propagating a clinkering re 
action upward only through the moving 
mass in another part of the furnace, sub 
stantially as described. 
3. The process of continuously treating 

finely divided metal-bearing material con 
taining carbonaceous components, which 

R continuously feeding the material 
to the moving perforated hearth, of a re 
verberatory furnace to form a moving mass 
of the material, continuously transmitting 
heat from a body of hot gases to the upper 
surface of the moving mass, continuously 
introducing a combustion-supporting gas at 

mass, con the lower surface of the movin 
tinuously conducting the combustion-sup 
porting gas upward through the moving 
mass, continuously propagating the heat 
downward through the moving mass in one 
part of the furnace by internal combustion, 
and continuously propagating a clinkering 
reaction upward only through the moving 
mass in another part of the furnace, sub 
stantially as described. 

combustible components, which comprises 
continuously feeding the mixture to the 
moving perforated hearth of a reverbera 
tory furnace to form a moving mass of the 
mixture, continuously transmitting heat 
from a body of hot gases to the upper sur 
face of the moving mass, continuously.in 
troducing a combustion-supporting gas at 
the lower surface of the moving mass, con 
tinuously conducting the combustion-sup 
porting gas upward through the moving 
mass, continuously propagating the heat 
downward through the moving mass in one 
part of the furnace by internal combustion, 
and continuously propagating a clinkering 
reaction upward only through the moving 
mass in another part of the furnace, sub 
stantially as described. 

39. The process of continuously, treating a 
finely divided oxid-ore mixture containing 

38. The process of continuously treating 
a finely divided oxid-ore mixture containing 
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carbonaceous components, which comprises 
continuously feeding the mixture to the 
moving perforated hearth of a reverbera 
tory furnace to form a moving mass of the 
mixture, continuously transmitting heat 
from a body of hot gases to the upper Sur 
face of the moving mass, continuously intro 
ducing a combustion-supporting gas at the 
lower surface of the moving mass, continu 
ously conducting the combustion-supporting 
gas upward through the moving mass, con 
tinuously propagating the heat downward 
through the moving mass in one part of the 
furnace by internal combustion, and con 
tinuously propagating a clinkering reaction 
upward only through the moving mass in 
another part of the furnace, substantially 
as described. 

40. The process of continuously treating 
finely divided iron oxid, which comprises 
mixing with the iron oxid finely divided 
fuel to form a mixture capable of being 
clinkered; continuously feeding the mixture 
to the moving perforated hearth of a rever 
beratory furnace to form a moving mass; 

continuously transmitting heat from a body 
of hot gases to the upper surface of the 
moving mass; and continuously conduct 
ing a combustion-supporting gas upward 
through the moving mass; the conditions 
relating to the composition of the iron oxid 

30 

mixture, the composition and temperature 
of the hot gases, and the composition, tem 
perature and pressure of the combustion 
supporting gas being so correlated that heat 35. 
unaccompanied by a clinkering reaction, is . 
caused to continuously propagate downward 
from the upper surface and through the 
moving mass in one part of the furnace, 
while a clinkering reaction initiated at the 
lower surface is caused to continuously 
propagate upward through the moving 
mass in another part of the furnace. 

In testimony whereof, I affix my signature 
in the presence of witnesses. * 

FREDERICK W. YOST. . 
Witnesses: 

G. W. FowLER, 
Edward A. BERN. 
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Copies of this patent may be obtained ior five cents each, by addressing the “Commissioner of Patents, 
... Washington, D. C.' 


