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To all whom it maz Y concern - _
- . Be it known that, I HERMANN NIEWERTH

a citizen of the German Empire, residing at
Berlin, Germany, have invented certain new
and useful Improvements in Processes of Re-

duecing Ores, of which the fOHOWII]ﬂ'lS a speel- |

ﬁcatlen
This invention relates to processes of reduc-

_ ing ores for obtaining the contained metal or
{o

mete]s and the obJect of the invention is to
prowde a process of this kind which may be

carried on with economy and convenience |

and by which a rapid and effective reduction

of the ore can be practwally accomplished.
For this purpose the invention consists of

the process herein desecribed of reducing ore,

which comprises the steps of heetmﬂ' the :
with openings a ¥’ 62 which can be hermet-

ically closed by suitable valves V V' V?

mass of ore to be reduced heating two bedlee

of earbonaceous material, feremﬂ' aheated re-

ducing-gas from one of said earboneceous
bodies into the ore for reducing the same,
withdrawing the decomposed gas from the
ore back mto the first eerbena.eeoue body for

regeneration, forcing a quantity of reducing-

gas from the second carbonaceous body mte

_ the ore for reducing the same, returning the

decomposed gas mto the second ca,rbona,eeoue
body for regeneration, and alternately contin-
uing the movements of the heated reducing-
gases through the ore until the leduetlon of
the same is completed. S

~ In the drawings, Figure 1 is a vertical cen-
tral section of the preferred form of appara-

‘tus used; and Figs. 2 and 3 are transverse

sections showmw twe modlﬁeamone, both on

line 2 2, Fig. 1.

The epperetue preferably used consists of
three chambers or retorts A, B', and B?, which
are preferably built in smteble mesenry—work
C and connected with each other by the pipes
G’ G% pipe G’ connecting the upper ends of
retorts A B, and pipe et connecting the
lower ends of retorts A B*° The ehambers
B’ B? are connected, respeetwelv at the
upper and lower ends by pipes R’ and R-?

with inlet-pipes H' and H* of a pump- eylm-'
der P without valves.
~ Intheéconnecting-pipes R’ and R? there mey.

bearranged,atany desired point,gas-receivers

F' and F2~es forinstance, in Fig. 3—or they

may be arr enﬂ'ed in any other smteble man-.
ner.

(No specimens,)

erated by a erank motion (Shown in Fig. 2)

or directly by a steam-engine S, asin Fl“‘ 3,
‘or by any other suitable ‘motor meehemsm

The pump has the object to forece the gas in
the apparatus forward and beekwald——that

1S t0 say, the gas is caused to-make a motion-

first in one and then in the other direction

without leaving the apparatus as the piston

of the pmnp makes its forward or return
stroke. -

In place of the pump any other mechanism

may be used with which the same effect can

be produced—as, for instance, two vessels

| valves or similar arreugemenbs and it is op-
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which are alter nete]y ﬁlled w1th wetm and. .

then emptied. |
The apparatus A, B/, and B? is provrded

and which permit in. case it should be nec-

"o’

essary new substances to be fed under exelu- :

ston of the gas into the different parts of the

apparatus. The construction of these clo-
suresisnotnewand can readily be understood
from the drawings and can be carried out in
any suitable manner. The chamber A has,

furthermore, a slide d and a closing device D |

to enable the emptying of the same.
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The echambers or retorts A, B/, end- B? are -

[ shown in the drawings in the form of tubes;

but they can have any other suitable form.
They are preferably made from suitable fire-

‘proof material, sueh as fire-clay; but metal

may also be used for the same., The cham-

bers or retorts A, B’, and B*have to be heated

up in carrying out my improved process, and
this heating can be accomplished either di-

rectly by means of a fire underneath or by

means of gas. In the dlawmn*s it1s assnmed

that they are heated by gas, the gas - inlet
openings being shown at ¢ and H* I
The retorts B’ B? may be conveniently emp-

95

tied by suitable scrapers or lifting devices in-
serted through the upper openings &' b2,

o

The oper amen of the apparatus is as fol-

lows: The freneret,mw chambers B’ and B?

| whichare extel 1orly heeted,are filled with car- .

bonaceous material, while the reducin o-cham-

ber A is filled with the material to be re-
‘duced—sayironore. Thegas-receivers F’ and

F* are charged with pure cerbon monoxid gas

100

The pump - cylmder P requires mno | or witha mlxtule of carbon monoxid and hy-
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drogen or with any other snitable gas directly

or during the process; but it must be a gas
that is capable of reducing iron from its com-
binations and which iscapable of doing it dur-
ing the course of the process.
bon monoxid, for example. When the cham-
bers are filled with the gas which is required
for the reduction process, the pump can be
worked for some time, so that all atmospheric
air which is contained in the apparatus is

forced to and fro through the glowing fuel, so

as tobe changed intocarbon monoxid. After

the cas is thus obtained or charged directly
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into the apparatus the motion of the pump
will keep the same continuouslyin motion, so

that the gas contained in chamber B’, which

is heated, is forced in contact with the ore in
chamber A, so as to exert a reducing action
onthesame. Bythereaction whichtakesplace
the carbon monoxid ischanged intocarbon di-

oxid (in oxid-containing ores) and metal iron

obtainedwhiech for the purposes of description
may be termed the ‘‘decomposed” gas from
theiron ore. The carbon dioxid obtained 1s
returned by the change of the piston-stroke
of the pump from chamber A back into cham-
ber I3', while simultaneously a new quantity
of the reducing-gas—carbon monoxid—1is
forced into the chamber A from the cham-
ber B2 The carbon dioxid, which is returned
to the chamber B, strikes the fuel, which 18
at red heat in the same, so as to reduce the
carbon dioxid into carbon monoxid, while

I

I willtakecar- |

the carbon monoxid forced into the chamber

A from the chamber B*reduces the ivron ore to
metallie iron and is again changed into car-
bon dioxid, as before. At the next change
of the stroke of the piston carbon dioxid 1s
returned from the chamber A into chamber
B* through the red-hot fuel and the same
changed into carbon monoxid, while, on the
other hand, from the chamber B’ carbon mo-
noxid is again forced into the chamber A,
which work is alternately performed with
each stroke of the piston of the pump P un-
til all the ore in the chamber A is reduced.
The oxygen of the ore is transferred in this
manner into the fuel-chambers and the fuel
changed into gas and returned to the oxygen
of the ore by the work of the pump. The
size of the gas-receivers F' and I¢ and the
connecting-pipes R’ and R* has to Le so di-

~mensioned that no hot gas is transferred to

the pump, so that the pump at ordinary tem-
perature forces highly-heated gases to and
fro, while the gas-filled spaces that are inter-

posed between the fuel-chambers and the

pump are isolated from the high temperature
of the same. -

As the gases never leave the apparatus and
as the continuous reduction of the iron ore

into iron takes place the quantity of gas

which is contained in the apparatus will be
steadily increased, as the gas formed from
the combination of the iron and of carbon
possesses a larger volume than the substance
from which this is obtained.

P—
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By the operation described continuously

new quantities of chemically-pure gases are
obtained, which increase the pressure of the
apparatus. Ashigher pressure promotes the
work of reduction, an additional advantage
is thus obtained. The pressure ean be con-
siderably raised within certain limits, so that

effects are obtained by which the expense of
the worlk of -reduction is essentially dimin-

ished. Assoon as the required pressure is
obtained or passed the surplus of gas can be
used for heating the apparatus-—such as, for
instance, for heating the reduction-chamber.
On the pressure-gages it is possible to observe
the progress—that is to say, to ascertain and
control the termination of the process of re-
duction on any quantity of ore charged into
the apparatus. |

When the reduction processis terminated,
the reduced metal is drawn off from the ap-
naratus by opening the door D and the slide
d at the lower end of chamber A and new
ore charged into the same. It is also pos-
sible, however, to increase the temperature
after the reduction has been completed and
melt the metal directly.

If the reduced ore is removed from the ap-
paratus in unmelted form, the same can be
treated by any one of the well-known proc-
esses—either by melting, alloying with other
metals, &e. |

If ammonia-gases are mixed with the gasof
reduction, then the gas which has passed the
chambers B’ and B® contains ammonium cy-
anid. If metal sodiumisplaced in thecham-
bers B’ B* or formed in the furnace by suit-
able compounds, the vapor of this metal 1s
contained in the gas of reduction. Thevapors
referred to can-then be used for the reduction
of metals which cannot be reduced by car-
bon monoxid or hydrogen gas. T'he vapors
employed are regenerated by being forced
through the chamber A into the chambers B’
B? in the same manner as before described in
connection with earbon monoxid or hydrogen
gas. Copper, silver, lead, &e., are treated in
the same manner. If reduction agents are
used which becomesolid orliguid when cooled
off, then proper receiving vessels have to be

arranged in the pipe-lines in which these

agents are collected and from which they are
then returned back to the apparatus.

In the same manner as just deseribed
other substances may he separated—as,{or in-
stance, calecinum carbonate into caleium oxid
and carbon dioxid—and the separation takes
place at a temperature which is below red
heat, while in the processes heretofore known
high white heat is necessary, so that a con-
siderable cheapening of the operation takes
place.

It can be readily seen from the foregoing
description and explanation that owing to the
reciprocating motion of the gases in the ap-
paratus the heat of the samne is not cut off by
the apparatus, but that the work accom-
plished is advantageously utilized, inasmuch
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- Inother processes.
‘requires time to carry out any desired work,

IO
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as the gases whwh are formed as the seccnd
ary product furnish combustible gas. Fur-
thermore, by the motion of the gases them-

selves the molecules or parts of the same are

set into Vlbratlon 1n such & manner that the
reduction is accompllshed more easily than
It isfurther known that it

may this time be as shortas is possible, whlle
in my process the gas has all the time neces-
sary for carrying out the proper work, inas-

~much as ‘at each stroke of the pump and of

s

20

the reversing of the direction of motion of the
2as a certam rest takes place in the motion,
by which the gases receive the nccessery tl me
for doing thelr work.

The ﬂ'reat simplicity of the apparatus, the

f urther fact that no heat is lost fromthesame,
the further fact that surplus gases which are
obtained by reduction can be utilized "as a

secondary produect, and, lastly; the 1ncreased

~capacity of reaction of the individual bodies

s

 toward each other, which is a peculiarity of

my improved process, &e., produce the effect

that any products obtalned by my improved

process can be obtained at a less cost than has
been the case heretofore, while also the han-
dling of the eppmetus IS much 51mp1er
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Generelly speekln
and obvlous adva,ntefres whlch can be cleerly'

SECHL.

Whet I clelm 18— | |

'The herein-deseribed plocess of I'edl;lclnﬂ‘
ores, which consists in heating the mass of ore
to be 1educed heetmﬂ‘ two bodies of carbon-
aceous meterlel forcmﬂ' a heated reducmﬂ’-
gasfrom one of sald carbonaceous bodies 1nto
the ore for reducmn' tlie same, ‘withdrawing

the decomposed gas from the ore back. 1nto-
40

the first carbonaceous body for regeneration,

‘the plOGeSS has many ;

.
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forcing a quantity of- reducmg—ges from the |

second cerbona,ceous body into the ore for re-
ducing the same, returning the decomposed

| gas mto the eecond carbonaceous body for re-

ﬂ'enemtlon, and alternately contmumg the
movements of the heated reducing- gases

throufrh theore untilthe reduction of the same

I ccmpleted substantially as set forth.

45

In testimony that I claim the foregoing as |

my invention I have sighed my name in the
prcsence of two subscubmﬂ' w1tncsees

IIERMANN NIE WERTII

Wltnesses |
- "EpwIN DWIRK
A HENNIGER
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