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This invention relates to a process and ap-
paratus for gaseous treatment of granulated
or finely divided material, and more particu-

~larly to the treatment of ores, and provides
# improvements therein.
This application is in part a continuation
of my application Serial No. 135440, filed
- September 14, 1926. :
~ Inthe treatment of finely divided material,
19-such as ground ores, pulverized ores, flotation
concentrates, and admixtures, the desirabil-
ity of bringing gases, and especially hot gases
and corrosive gases, into intimate contact with
thy ores or other material has been recog-
18 nized (see for instance Bureau of Mines Bul-
letin #72—1927), but great difficulties have
been encountered in obtaining an intimate
contact of the gas with all parts of the ore,
in treating material on a large scale, in effi-
ciently using large volumes of gas in closely
regulating the témperatures of the gases and
reactions, and in avoiding reverse and unde-
-sired reactions. Furthermore, great diffi-
culties have been encountered in carrying out
such treatment in a continuous manner, ow-
ing to limitations upon the use of apparatus
comprising moving conveyors, particularly
in the presence of hot or corrosive gases.
The present invention provides a method
and apparatus for the gaseous treatment of
finely divided material, (such as ores) in
which movement of the material through the
furnace is effected by impacts of gas against
the underside of a layer of material on the
furnace hearth, thereby avoiding the use of
moving parts within the furnace, and is
hence particularly adapted for gaseous treat-
ment of material carried out at relatively
high temperatures (red heat for example).
The gas or gases pass through the layer of
material on said hearth and an intimate and
efficient use of the gas is thereby provided.
The invention further provides a method
& and means for closely regulating the temper-
atures of the gases and reactions; and for
withdrawing said gases after passing
through said ore, whereby reverse and unde-

40

sired reactions in the material on the hearth.

are avoided.

8 " Pha invention further provides a process

and apparatus for carrying out a number of
gas treatments upon the material, whereby to
effect within the furnace one or more com-
plete steps in the treatment of such material.
For example, in the treatment of complex
ores, the steps of roasting, reduction, or of
roasting and reduction, or in some cases of
selective roasting or re(iuction, or both, may
be carried out. S

The -invention further provides improve-
ments in the construction of a furnace, where-
by replacements are facilitated, heat con-

-served, space economized, and a simple and

serviceable structure provided. _
The invention provides other featurss of

advantage which will appear in connection

with the description which follows:

An embodiment of the invention is illua-

trated in the accompanying drawings, where-
m:
Figures 1 and 2 are vertical sectional views
of said embodiment, Fig. 1 being a section
at the feed end of the furnace, and Fig. 2 be-
ing a sectional view at the discharge end. of
the furnace. _ _
Figs. 8 and 4 are related views, showing &
horizontal section of the part shown in Figs.

.1 and 2, the section being on the lines 3—3,

Fig. 1, and 44, Fig. 2. . -
ig. 5 is a transverse sectional view on the
line 5—5, Fig. 1.- .

Fig. 6 is a transverse sectional view on the
line 6—8, F'ig. 2. .

‘Fig. 7'is an enlarged transverse sectional
view through the furnace at an intermedia
part. . o

Fig. 8 is a view on the same scale as Fig.
7, being o transverse sectional view on the
line 8—8, Fig. 7, looking in the direction of
the arrows, the steel posts in front of the line
of section, however, being shown.

- Fig. 9 is a section throug‘l: a part of the
structure shown in Fig. 7, being on the line

9—9, looking in the direction of the arrowa
Fig. 10 is a longitudinal vertical section

‘through a portion of the hearth ;

Fig. 11 is a transverse sectional view
throngh the hearth &t the left-hand side of
the furnace, Fig. 7; and

Fig. 12 i3 a vertical sectional view showing
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s modification of the impeller and ducts,
shown at the upper side of Fig. 4.

Referring to said drawings, numeral 1
designates the furnace, comprising base 3,
side walls 4 and 5, and roof 6.

Numeral 10 designates the hearth. For
conservation of space and also of heat, the
hearth is conveniently divided into a plu-
rality of superposed sections, here shown as
three.

Numeral 12 designates a hopper for feed-
ing finely divided material onto the hearth,
and numeral 114 designates a bin, which is
preferably a closed bin, as shown, for receiv-
ing the treated material at the discharge end
of the furnace.

The divided material is moved along the
hearth by means of a succession of impacts of
gas against the underside of the layer of ma-
terial on the hearth. The hearth is prefer-
ably level or approximately level.

Beneath the layer of material on the hearth
there are arranged gas passages 16, Fig. 10,
which gas passages 16 are upwardly inclined
with relation to the ore layer, and are adapied
to direct impacts of gas against the underside
of the ore layer in such manner as to move

or push the ore layer along the hearth in a di-

rection to move it toward the discharge end
of the furnace. The inclination of the pas-
sages 16 is preferably such as to direct the

-impacts at a small angle to the underside of

the layer of material on the hearth.
The passages 16 are conveniently formed in

"the hearth itself. The hearth for this pur-

pose may be composed of a number of bars
18 extending across the inside of the furnace,
and spaced slightly apart, so as to aliow an
opening between adjacent bars. Each of the

bars 18 is provided with an extension 20 (= -

plate for example), the extension on one bar
extending over an extension on an adjacent
bar and leaving a narrow space (for example,
one-eighth of an inch between the plates),
the said overlapping extensions 20, together
with the top side of the bars 18, constituting
the walls of the passages 16. The extensions
20 preferably extend across the furnace and
thereby provide narrow gas-passages 16
running from side to side of the furnace.
"Inasmuch as the material being treated is
usually considerably smaller than the width
of the passages 16, and furthermore inasmuch

‘as at elevated temperatures, as for example

500 or 600° C., the material has a mobility

- very similar to dry talc, the passages 16 are

60

formed throughout, or at least with a part,
so little inclined that the finely divided ma-
terial, will not run down through the same.
As shown in Fig. 10, the bars 18 are pro-
vided with such a portion 22 for preventing
the material running through the said pas-

- sages. Asshown, this portion 22 has b slight

SR -]

inelinatipn in the reverse direction to the up-
per portion of the said passage 16, '

1,802,959

Gas chambers 24 are preferably arranged
beneath the bars 18, with which the passages
16 communicate. - The chambers 24 are con-
veniently formed of blocks or plates 26 which
extend across the furnace and constitute the
bottom of the gas-chamber 24. In case of
breakage of one or more of the bars 18, the
material would be caught by the said blocks
or plates 26.

The hearth is preferably divided longitudi-
nally into zones for carrying out different
treatments of the material. For this pur-
pose, among others, the chambers 24 are di-
vided transversely, as shown at 28, so as to
admit of gases of different composition being
introduced to the hearth at different lon-
gitudinal zones. The gases are introduced
to the chambers preferably through lat-
eral passages 80 in one of the side walls
of the furnace, as for example in the
side wall 4, and these passages 30 prefer-
ably communicate with the ducts 32, 33, 34,
35 running longitudinally of the furnace,
and preferably arranged in one of the side
walls, as for example the side wall 4. Four
of these ducts are shown, and these ducts may
carry gases of different composition. For
example, the duct 32 may carry an inert gas.
The duct 33 may carry a similar gas, and
ducts 34 and 35, a reducing gas, as for ex-
ample producer gas, water gas, etc. The
ducts may be conveniently and advantageous-
ly formed as channels in a block or blocks 38
Iaid up in the side wall 4, so that the open
sides communicate with the lateral passages
30. Gas to the ducts 34 and 35 is conven-
iently supplied from producer 40, or other
similar source, the gas from the said producer
conveniently flowing to the said duct 34,
through a main 42, manifold 44, pipes 46,
manifold 48, opening 49, impeller 50, and
thence into said duct 34.

The producer gas may also be supplied to
the opposite ends of the duct 35, by an im-
peller 52 in communication therewith and
taking producer gas from the wmanifold 44
through the openi.g 53.

The pipes 46 containing the producer gas
are preferably arranged in a heating chamber
in the bottom 3 of the said furnace, the pipes

70

80

85

90

100

-

05

e

[
bes
(4]

being supported in spaced relationship in a -

chamber 55, to which space is delivered prod-
ucts of combustion, as for example producer
gas which is burned to supply hot combus-
tion products to heat said chamber. As here
shown, producer gas which has been previ-
ously utilized for cooling the ore, and theré-
by preheated, may be burned in said cham-
ber 55. ,

The inert gas from the chamber 55 is con-

“veniently delivered to the passages 32, 33 by

impellers 60, 61, arranged at each end of the.
furnace ini communication with the ends of
the said ducts 32, 33 and in communication -
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with the said chamber 55 through ducts 62,
63 (see Figs. 5 and 6). . '

As the gases in the chamber 55 are at a
higher temperature than the producer gas exi-
tering through pipes 46, the said producer gas
will be heated to approximately the tempera-
ture of said chamber.

The gas passing through the hearth' 10,
and the layer of material thereon, is-carried
away in any suitable manner, as through
lateral ducts 65 communicating with longi-
tudinal ducts 67, 68, 69 refer%ﬁaly arranged
in the side wall 4 of the furnace.

Above the layer of material on the hearth
and between it and said ducts 65 there is
preferably arranged a filter 72 of any suit-
able construction, as fer example asbestos.
The fine dust caught by said filter 72 falls
back onto and mixes with material on the
hearth which has received the same degree of
treatment as it has.

The ducts 65 serve to carry off the gases
immediately after passing through the Iayer
of material on the hearth (and through the
filter) and thereby carry them away from
said material where they might otherwise
react undesirably or reversely. '

The ducts 67,68, 69 may lead to a stack,
or to a recovering apparatus for recovering
such produets from the gas as may be of

value, and also for returning to the system,

gas which may be again used in the process
with or without regeneration, as may be
necessary. or desired. '

The impeller 52 is conveniently of similar
construction to the impeller 50. The action
of these impellers is to produce sharp quick
impacts of gas against the underside of the
layer of material on the hearth, through the
inclined passages 16 (by way of chambers 24,

. lateral passages 30 and channels 32, 33, 34,

45

50

55

80

65

385 in the illustrated construction). Any suit-
able impellers for effecting this action may
be used. As here shown, the impellers com-
prise a reciprocating part or piston 75, work-
ing in a cylinder or sleeve 77, the parts 75 and
77 preferably being slightly spaced so as to
avoid rubbing action at hjgh temperatures.
The front of the piston 75 1s preferably pro-
vided with a valve disk 79 adapted to open
when the piston 75 is pulled back, and to close
when it is shot forward. The disk 79 on the
back movement of the piston, opens and al-
lows gas to pass to the front side of the piston,
and also avoids suction or drawing back of
the gases by the piston. In order to further
avoid drawing back of the gases by the piston
75, a valve 81, opening toward the passage
35, may be placed in the cylinder 77 or other
suitable location ahead of the said piston 75.
Or, as shown in Fig. 12, a valve 150 (such for
example as a so-called “flutter valve”) may
Le placed in said sleeve or eylinder 77, ahead
of .the piston 75, and adapted to open on the
backstroke of said piston and admit gas from

the supply duct to the front of the piston.
The piston 75 is reciprocated in any suitable

manner so as to strike sharply against the gas,

as by means of a crank or by means of a pis-
ton operated by compressed air or steam in
such manner that the return stroke is relative-
ly slow compared to the forward stroke, or by
mechanical means, whereby the piston rod is

shot forward by compressed air as in an air.
_gun or by a spring, the return stroke being
made by cams at a relatively slow speed..

Other mechanical devices could be used. The
object to be attained is a rapid forward stroke
to give the shock to the air and a relatively
slow return to avoid back suction and also to
allow gas to continually pass through the ore.
TFor example, the piston %5 may be driven by
a piston 141 working in an air cylinder 142
(I'ig. 4). A rotating cam 144 serves to force
the piston 141 toward the back of the cylinder
142, compressing air, which, when the piston
is released by the cam 144, shoots the piston
141 forward, and likewise the piston 75,
thereby delivering a quick sharp impact to
the gas in cylinder 77. I have obtained good

3

70

80
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results within the range of one to six impacts -

- per second of the piston 75 against the gas.

The impacts of the gas are such that momen-
tarily, during such impacts, the passage of
the gas through the layer of material is
choked, in such manper that the resultant
pressure of the gas against the underside of
said material acts to impart movement to the
layer of material along the hearth. More-
over, the pressure of the gas against the un-
derside of the layer of material on the hearth

-is higher than that above the hearth, so that

95

100

there is normally a constant or steady flow of

gas through the material. The impacts of
gas against the underside of the material are

moreover effected in such a way as to avoid a-

jigging action on the material, which would
result in a separation of the fines from the
coarser material. It is preferable, particular-

‘ly in ore treatment, to maintain a nearly

homogeneous mixture of the fines and coarser
material. Separation of the fines from the
coarse material on the hearth is avoided by
my invention, and I attribute this largely to
the arrangement of the -passages 16 in the
hearth, whereby -the impacts are delivered
against the underside of the ore at a relative-
ly small angle to the plane of the hearth. I
have found that when the impacts are direct-
ed perpendicularly against the underside of a
layer of material on the hearth, or at angles

approximating the perpendicular, that sepa-

ration of the fines and coarse particles occurs,
Angles from 10° to 30° I have found most
suitable for my purposes; that is, of main-
taining a high degree of homogeneity of the

coarse and the fine material, and that up to

about 45° fair results may be obtained. .
The maintenance of a good mixture of the
fines and the coarse is of importance where

105
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interactions take place between the particles,
as for example in the treatment of complex
ores, in using materials which are mixed to-
gether expressly for interaction, etc.

To facilitate feeding of the material on
the hearth at the start, means are provided for
closing off the gas to those portions of the
hearth not covered by the material to be
treated. For this purpose dampers 80 are
provided for controlling the passages 30 lead-
ing to the gas-chambers 24 which communi-
cate with the passages 16 in the hearth. In
starting to feed material from hopper 12 to
the hearth, all dampers 80 are closed except
that controlling the flow of gas to the first
gas-chamber 24, and as the material is fed
forward, successive dampers are opened un-
til the layer reaches the discharge end of the
hearth. ) '

As heretofore described, the passages 80
and 65 and also the channels or ducts 32, 33,
34, 35, 67, 68, 69 are preferably arranged in
one side wall (4) of the furnace, leaving the
opposite side wall (5) free of passages and
adaptable for removal in whole or in part
for making replacements of parts within the
furnace, particularly the parts constituting

" the hearth 10 and filter 72.

30

To further adapt and facilitate the con-
struction to the ready replacement of parts,
the bars 18 are made of a length to extend

. across the furnace, and a recess 82 is pro-

35

40

45

KO

vided in the side wall 4 for receiving and sup-
porting an end of the bars 18. The filter
72 is also preferably made in transverse sec-
tions (see Fig. 8) extending across the fur-
nace, and a recess 84 is provided inside wall 4
for receiving and supporting an edge portion
of each filter section. Similarly, the plates
or blocks 26 are constructed in transverse
sections, and a recess 86 provided in the side
wall 4 for receiving and supporting an edge
of said sectional plates 26. Asbestos wool
may be placed in said recesses 82 and 84, as
indicated at 90, to pack the joint between the
walls of the recesses and the parts fitting
therein. : :

With a stationary hearth, as described, a
snug joint can be made with the side walls
of the furnace, and all gas.forced to pass
through the material, thereby securing great-
er efficiency and economy than possible with

~ a moving hearth."

55

- 30

L

The side wall 5 is conveniently provided
with a plurality of vertical columns 93 of

steel or the like, and brackets 95 fastened.

thereto, project inwardly and support the
adjacent edges of the sectional filter 72, and
hearth parts 18 and 26. Suitable blocks or
bars such as the blocks 97, 98, 99, 100 may be
inserted between the brackets to support the
parts 10, 26 and 72 at the proper level, and
to fill the side of the furnace. Suitable pack-
ing and lagging material, as asbestos wool 103
may be placed outside of said blocks 97, etc.,

1,802,859

to seal, insulate and fill out the wall 5. The

material 108 is readily removable, and after .

removal, the blocks 97, 98, 99, 100 may be
easily removed, and a section or sections of
the filter or hearth removed and replaced
with very taking down of the furnace or
loss of time. i

The ducts 32 and 33 have been described as
conveying hot inert gas to the hearth, which
gas may be used for decomposing material
on the hearth or for heating the material
preliminary to other treatment.

If it be desired to oxidize material, as for

10

5

example to roast sulphide ores, means are .

provided for introducing air into said inert
gas, and preferably in independently con-
trollable quantities into the gas introduced
into the several gas-chambers 24, For this
purpose pipes 105, controlled by valves 107
may be provided, communicating conven-
iently with the lateral passages 0. leading
into the gas-chambers 24. The several pipes
105 may connect with a main 109 supplied
with air under pressure, as from a low-pres-
sure blower 111. Letter O, Figs. 2 and 8,
designates a part of the oxidizing zome in
the embodiment shown.

In order to break up compounds which at
the temperature used do not dissociate under
continued oxidation, it is desirable to alter-
nately subject such compounds to alternate
reduction and oxidation. For example, in

the process of roasting sulphide ores, it is.

sometimes desired to subject the ores during
a stage of the roasting, alternately to oxida-
tion and reduction in order to break up sul-
phur-oxygen compounds with the metal of
the ore. For this purpose the hearth (an
intermediate portion designated by letters
O—R, Figs. 2 and 8, in the embodiment

8G

85

100

105

shown) may be constructed to receive in

alternate gas-chambers 24, oxidizing and re-
ducing gases. Referring to Figs. 7 and 8,
each' of the gas-chambers 24—R are shown
as communicating with the duct 34 contain-

110

ing reducing gas through lateral passages -

30—R (Figs. 7 and 9), and each of the cham-
bers 24—QO are shown as communicating with
the duct 83 (through lateral passages 30—O,
Fig. 9) and with an air pipe 105, whereby an
oxidizing gas is introduced to the chambers
24—0. The pipes 105 may be used for intro-
ducing. other gas than air into the gas-
chambers 24, where other treatment of the
material than that effected by air is desired,
and the valves 107 may be used for closely
regulating the temperature and character of
the reactions taking place at various parts of
the hearth. . ,

The after part of the hearth, in the illus-
trated embodiment a part of which is desig-
nated by letter R, may be used for reduction
of the 'roasted ores, for which purpose reduc-
ing gas is supplied from the duct 35 to the

1156

120

125

130



10

15

20

1,802,059

-chambers 24 in said after part of the
earth,

Before dischacging reduced ores, and many
other kinds of material into the air, it will
frequently be desirable to reduce the tem-
perature of the material after the treatment
with hot gas has been finished. For this
purpose the hearth 10 may have a prolonga-
tion 115 extending into the closed discharge
bin 114 in which prolongation cool or rela-
tively cool gas is used for moving the ore
layer. As shown, relatively cool gas from
the gas producer 40 is led through a pipe
117 to a duect 119 communicating through
lateral passages 121 with gas-chambers 24
in the hearth at said prolongation 115 there-

of, and an impeller 125, similar for example

to the impeller 50, is provided for produ m%
impacts of the gas admitted through pipe 11
on the material on the hearth for moving said

- material along said prolongation 115 of the

28

40

. 45

53

hearth. The gas may be led off and burned
to produce hot products of combustion for
the heating chamber 55. The said gas from
the prolongation 115 may pass off through
lateral.openings 127 above the filter 72 and
pipe 129, and be mixed with air from a pipe:
131, and burned as it issues from said pipe
129. : :

A description -of the process of my inven-
tion and of a mode of procedure in which
said process is carried out, has been given in
connection with the foregoing description of
the apparatus and its operation. ‘

The apparatus of my invention may re-
ceive other embodiments than that herein
specifically illustrated and described, and the
process of my invention may be carried out
in other modes of procedure than that herein
specifically described. o

‘What is claimed is:— ,

1. Apparatus for the gaseous treatment of
finely divided material, comprising a hearth
on which a layer of said finely divided ma-
terial may lie, and means for moving said
layer of finely divided material along said
hearth, comprising a source of hot gas, and
means for imparting a succession of sharp
impacts of sald hot gas against the under-
side of said layer of material, said gas under
the pressure of said impacts being momen-
tarily choked in: its passage through said
layer of material and by the resultant pres-
sure against the underside of said material
effecting said movement of said layer along
said hearth. . S o

9. Apparatus for the gaseous treatment of
finely divided material, comprising a hearth

.on which a layer of said finely divided ma-

terial may lie, and means for moving said

- layer of finely divided material along said

hearth, comprising & source of hot gas, and
means for imparting & succession of sharp
impacts of said hot gas against the under-
side of said layer of material said gas under

5

the pressure of said impacts being momen-
tarily choked in its passage through said
layer of material and by the resultant pres-
sure against the underside of said material
effecting said movement of said layer along
said hearth, and means for maintaining 8
flow of gas through said layer of material
between said impacts.

8. Apparatus for the gaseous treatment of
finely divided material, comprising a hearth
on which a layer of said finely divided mate-
rial may lie, said hearth being divided into
a plurality of zones, and means for moving
said layer of finely divided material along
said hearth, comprising a plurality of means
for imparting a succession of sharp impacts
of gas against the underside of said layer of
material at said plurality of zones, and means
for supplying gases of different composition
to said zones. 3

4. Apparatus for the gaseous treatment of

finely divided material, comprising a hearth

on which a layer of said finely divided mate-

rial may lie, and means for moving said layer

of finely divided material along said hearth,
comprising means for imparting a succession
of sharp impacts of inert gas against the un-
derside of said layer of material, and means
for furnishing to said inert gas a limited
quantity of a constituent active upon said ma-
terial the proportion of which active constit-

“uent is such that reaction thereof on said ma-

terial does not produce such an increase of
temperature as to produce sintering.

. b. Apparatus for the gaseous treatment of
finely divided material, comprising a hearth
on which a layer of said finely divided ma-
terial may lie, and means for moving said
layer of finely divided material along said
hearth, comprising means for imparting a
succession of sharp impacts of hot gas against
the underside of said layer of material, and

means at the discharge end of said hearth'for.

supplying cooling inert gas to said material
whereby said material is made inactive on
meeting the air. - o

. 6. Apparatus for the gaseous treatment of
finely divided material, comprising a hearth
on which a layer of said finely divided ma-
terial may lie, and means for moving: said
layer of finely divided material along said

. hearth, comprising means for imparting a

succession of sharp impacts of gas against the
underside of said layer of material, and a
filter above said layer of material on the
hearth for the gas which has passed through
said material whereby to catch fine dust and
allow it to drop back upon the layer on the
hearth and means for £'awing as through

. the filter whereby to permit all the gas {

immediately pass off and thereby avoid coun-
ter-reactions. : ‘ . :

1. Asparat_us for the gaseous treatment of
finely divided material comprising a hearth
on which a layer of finely glwdeg material
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‘ may lie, and means for moving said layer of
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-said chambers, and means for regul

finely divided material along said hearth, said
means comprising upwardly inclined gas-pas-
sages and means for imparting through said
passages a succession of impacts of gas
against the underside of said layer of mate-
rial, said passages having at least a part so
little inclined that the finely divided mate-
rial will not flow downwardly through said
gas passages.

8. Apparatus for the gaseous treatment of
finely divided material comprising a hearth
on which a layer of finely divided material
may lie, and means for moving said layer of
finely divided material along said hearth, said
means comprising gas-passages and means for
imparting through said passages a succession
of impacts of gas against the underside of said
layer of material, said gas-passages having &
relatively small upward inclination not ex-
ceeding 80°, whereby stratification of said

 material under the action of said impacts of

gas is prevented. _

9. Apparatus for the gaseous treatment of
finely divided material, comprising a hearth
on which a layer of said finely divided ma-

ward the material on said hearth, separate
gas chambers for different portions of said
hearth, means for moving said layer of finely
divided material along said hearth comﬁri&
ing means for imparting a succession of sharp
impacts of said inert gas through said cham-
bers against the underside of said layer of
material, means for admitting limited quan-
tities of gas reactive toward said material to

amount of said reactive gas admitted to indi-
vidual chambers. o

10. Apparatug for the gaseous treatment
of finely divided material, comprising a
hearth on which a layer of said finely divided
material may lie, a source of gas, separate
gas chambers for different portions of said
hearth, means for moving said layer of finely
divided material along said hearth compris-
ing means for imparting a succession of sharp
impacts of said gas through said chambers
against the underside of said layer of ma-
terial, and means for individually opening
and ciosing said chambers, said latter means
being independent of said means for impart-
ing said impacts. '

11. Apparatus for the gaseous treatment

of finely divided material com(i)rising a

hearth on which said finely divided material
may lie, a source of reducing gas, a héating
chamber, pipes for said reducing gas Fassing
through saiﬁeating chamber, means for sup-
ing hot combustion products to said heat-

lyin
' Exg cﬁamber to heat said pipes, and means

.;5.

for supplying said heated reducing gas and
said hot combustion products to the under-
side of said layer of material on said hearth,

ating the
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whereby said gases may pass through and in
intimate contact with said material.

12. Apparatus for the gaseous treatment
of finely divided material, comprising a
hearth on which said finely divided material
may lie, a source of reducing gas, a heating
chamber, pipes for said reducing gas passing
through sald heating chamber, means for
supplying hot combustion products to said
heating chamber to heat said pipes, and
means for supplying said heated reducing

gas and said hot combustion products to the

underside of said layer of material on said

‘hearth, whereby said gases may pass through

and in intimate contact with said material,
and means for admitting regulated quanti-
ties of air to combustion products supplied to
the underside of said layer.

. 13. Apparatus for the gaseous treatment
of finely divided material comprising a
hearth on which said finely divided material
may lie, a source of reducing gas, a heating
chamber, pipes for said reducing gas passing
through said heating chamber, means for
supplying hot combustion products to said
heating chamber to heat said pipes, separate

earth, and means for conducting said heat-

70

75

80

83

90

terial may lie, a source of gas inactive to- l%a,s chambers for different portions of said

ed reducing gas to selected gas chambers, -

and means for conducting said hot combus-

tion products to other of said separate gas- -

chambers, and passages between said cham-
bers and- the underside of said layer of ma-
terial on said hearth, whereby said gases may
pass through and in intimate contact with
said material. : '

14. Apparatus for the gaseous treatment
of finely divided material, comFrising a
hearth on which a layer of said finely divided
material is adapted to lie, and through which
gas is adapted to pass to the underside there-
of, said hearth being made in replaceable
sections, ducts for conveying gas to said
hearth and for leading it off after passing
through said layer of material, said appara-
tus having a side wall through which said
ducts pass, and another side wall of readily
removable construction, permitting of lateral
access to said hearth for replacement of sec-
tions without necessitating the removal of
the side wall or parts thereof containing said
ducts.

100

105

110

115

15. In a furnace for the treatment of ore, -

a hearth constructed to permit the passage

of gas thereto, means for projecting puffs’

of gas through said hearth, and a filter above
the s}[iace for the passage of ore over the
hearth. '

16. In a furnace for the treatment of ore,
a hearth constructed to permit the passage

of gas thereto, means for projecting puffs of
gas through said hearth, and means for sup-
plying a plurality of different kinds of such

as. .
17. In a furnace for the tredtment of ore,

120 -

128

130
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a perforated hearth, a series of chambers
under the same, ducts leading into said cham-
bers, adapted to admit gas in puffs simul-
taneously into said- cham%)ers. ' o

18. In a furnace for the treatment of ores
a hearth adapted to permit the passage of

‘gas therethrough, means for supplying a

plurality of hot gases of different composi-

tion to the underside of said hearth, means -

for effecting passage of the hot gases through
said hearth and the ore body thereon, and

- means for (froducing variations in the pres-

15

20

30

35

40

45

- 50

55 terial comprising feeding said material along. -

a hearth by impacts of gas against the under- -

sure of said hot gases to produce propelling
impulses on the ore body to feed it along said.
hearth. . ) :

19. In a furnace according to claim 18,
said hearth having a long chamber beneath
the same, and means for admitting gases of
different composition to said chamber at dif-
ferent points along said hearth, whereby to
effect different chemical actions upon said
ore. '

20. In a furnace for the treatment of ore,

a hearth constructed to permit the passage of -

a gas thereto, means for projecting puffs of
aeriform material through said hearth, said
means for propulsion of aeriform material
comprising means for supplying a plurality
of different kinds of such material. -

-21. In a furnace for the treatment of ores,
a-hearth adapted to permit the passage of a

gas therethrdugh, means for supplying a hot

gas to the underside of said hearth, means
for effecting passage of said hot gas through
said hearth and the ore body thereon, and
means for producing variations in the pres-

sure of said hot gas to produce propelling

impulses on the ore body to feed it along said
hearth, said latter means comprising a valve
made with a sufficiently loose fit to permit

even when the valve is closed, an effective -
gas at all times for the treatment

passage of
of the ore.

22. Process of treating finely divided ma-
terial, comprising feeding said material along
a hearth by impacts of against the un-
derside of said body, said impacts being de-
livered sharply
of said material. :

'28. Process of treating fipely divided ma-
terial, comprising feeding said material along
a hearth by impacts of gas against the under-
side of said bog ,said gas being an inert gas.
24. Process of treating finely divided ma-

side of said body, said gas being a hot inert

ga;& Process of treating finely divided ma-
terial, comprising feeding said material along
said hearth by impacts of gas against the un-
derside of said body, said gas being an inert

so as to avoid stratification

‘7 |

96. Process of treating finely divided ma-

terial, comprising feeding said material along
a hearth by impacts of gas against the under-
side of said body, and withdrawing said gas
from the upperside of said material whereby

said gas after passing through said material

70

moves directly-a.ws:,iy therefrom, and counter-

reactions prevente

27. Process of treating finely divided ma-
terial with gases of different composition,
comprising passing gases of different com-
position to different parts of said material
spread out in a layer upon a hearth, and
moving said layer of material along said
hearth by impacts of said gases against the
underside of said material. _

28. Process of treating finely divided ma-

5

80 .

terial with gaseés of different composition, -

comprising
position to
spread out in a layer upon a hearth, and mov-
ing said layer of material along said hearth
by impacts of said gases against the under-
side of said material, said gases being prin-
cipally inert and reducing gases.

giassing gases of different com-

- 99, Process of treating finely divided ma-

terial with gases of different composition,

flerent parts of said material

85

90

comprising passing gases of different com-

position to different parts of said material
-spread out in & layer upon a hearth, and mov-

ing said layer of material along said hearth
by impacts of said gases against the underside

of said material, said gases being principally

inert and reducing gases, and admitting ac
tive gas to the inert gases at different parts

95

100

of said hearth to effect desired degrees of .

oxidation. ‘ ~
In witness whereof, I have hereunto signed

my name. -
FRANCIS M. SIMONDS,

gas, and admitting limited quantities of ac- . -

tive gas to said material at different parts of
said hearth. - S
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