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To all whom it may concern:

Be it known that I, GUSTAF M. WESTMAN,
a subject of the King of Sweden, at present
residing in the city, county, and State of New
York, have invented a new and Improved
Furnace, of which the following is a full,
clear, and exact description. |

The object of the present invention 18 to
provide a new and improved furnace to per-
mit the reduction of iron or zinec oves, and the
manufacture of phosphor, sodium, and other
substances. |

The invention consists in certain parts and
details and combinations of the same, as wiil
be fully described hereinafter, and then point-
ed out in the claims.

Reference is to be had {0 the accompanying
drawings, forming a part of this specification,
in which similar letters of reference indicate
corresponding parts in all the figures.

Tigure 1 is a plan view of the improvement
with parts in section. Iig. 2 is a sectional
side elevation of the same on the line x x of
Fig. 1. Fig. 3 is a similar view of the same
on the line 4 y of Fig. 1. TFigs. 4, 5, and 0
are sectional views of valves for connecting
various pipes, as hereinafter more fully de-
scribed. . |

The reducing-furnace A, of any approved
construection,is provided atits upper end with
an aperture, B, leading to a pipe, C, extend-
ing downward on the outside of the furnace
A and branching into the pipes D and L, each
being provided with avalve, D’ or E’, respect-
ively. The pipes D and E lead into the bot-
tom of the condensing-furnaces F and G, re-
spectively, which are alike in construction,
each being filled with a suitable filling mate-
rial, such as coke, &e. " |

Into the lower end of the reducing-furnace
A lead the pipes I and I’, extending to the
outside of the furnace A and connected with
the bottom of the condensing-furnaces I and
G, respectively, each of the channels I and I’
being provided with a valve, I*, for closing
the connection between the reducing-furnace
A and the respective condensing-furnace I
or G. From the tops of the condensing-fur-
naces IF and G lead the pipes J and J’, re-
spectively, to a valve, K, illustrated in Fig. 6,
and arranged in sueh a manner that the two

one of its heads leading to the outside.

pipes J and J’ discharge into either of the
two pipes L. and L./, as is plainly seen by re-
ferring to the said Fig.6. The pipe L’ is con-
nected by the branch pipes L*and L°® with the
coolers N and N/, respectively. I
The coolers N and N’ may be of any ap-
proved construction, preferably, however, pro-
vided with a cooling-chamber, through which
the atmospherie air or water passes, as shown
in Fig.2. The gases passing through the cool-
ers N and N’ pass through the pipes sur-
rounded by the cool atmospheric air or water.
Each of the coolers N and N’ discharges into
a receptacle, N?, connected by a pipe, N® with
a blasting - engine, O, of any approved con-
struction. -
The blast-engine O discharges into a pipe,
O’, connected with a valve, P, (shown 1n de-
tail in Fig. 4,) and provided with the pipes I’
and P2, leading to the bottom of the regener-
ators R and R/, respectively. The valve P

is also connected with a pipe, P?, leading to

the chimney Q. The pipes O/, P/, P? and P?
are so arranged that the gases from the blast-

engine O can pass either to the regenerator

R by means of the pipe P/, or to the regener-
ator R’ by means of the pipe P? and while
one of the regenerators is connected with the
pipe O’ the other regeneratoris connected by
its respective pipe with the pipe P®, leading
to the chimney Q, as is plainly understood by
reference to Fig. 4, to carry off the products
of combustion. Each of the regenerators R
and R’ is provided with a channel, R? con-
nected with the top of the interior of the re-
generator and leading into the bottom of the
reducing-furnace A. The valve 5, located 1n
the said channel R?, serves to connect the re-

spective regenerator with or disconnect 1t

from the reducing-furnace A.

The pipes L and 1./ are surrounded by a
jacket, T, having an opening in its rim or in
A
pipe, U, leads from the jacket T downward
and connects with a valve, V, located near

‘the valve P and provided with pipes U’ and

U? leading to the regenerator R, and also pro-
vided with pipes U?and U* leading to there-
cenerator R’. A pipe, U’ extends from the
valve V to the pipe 1, so as to draw off any

- surplus gas not discharged to the coolers N
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and N’. The valve V is so arranged that the
air passing from the jacket ' to the pipe D
and the surplus gas from the pipe L can be
discharged into either of the regencrators R
or RV to he bHurned.

As shown in Fig. 5, the air from the pipe
U passes into 111@ pl[;e U’, leading to the
cnannel IR* of the regener .:It(n' R, m1d the sur-
plus gas entering ﬂl](}ﬂ”h the pipe U” passes
to the same ehamwl h— of the regenerator R
by means of the pipe U’ I the valy ¢ is re-
versed the air entering the pipe U can pass
through the pipe U? into the channel B2 of
the regenerator R/, and the gas entering
through the pipe U can pass by the pipe U
into the channel R? of the regenerator R/.

The operation is as follows: When it is de-
sirable to reduce zine ores, for instance, then
the reducing-furnace A is charged with zine
ores mixed \th coal, and the condensinge-
furnaces I and G are preferably filled with
coke. Now, when one regenerator, R or R/,
is connected with 111010{111@11& fm*mwe A, 111e
other regenerator is closed to tht} said redue-
mﬂ-fmn wee by the valve S, The reducing-
furnace A isthus supphied with earbonic-ox-
ide gas heated in the regenerator T or T7, and
the gases now arising 1111110 reducing-furnace
can elihu be taken offt at the t(}p through
the opening B orthrough the pipe I orl’, near
the lower end of said reducing-furnace A.
When the opening B is wmwcted with the
condensing - furnace .G, the valve D' in the
pipe Dis closed, while the valve I in the pipe
| D]
from the opening B through the pipe C and
the 1)]1}6 K with the (*m](len%mﬂ-Imnluje .
The valve 1* in the pipe T’, (*01111@(*11110 the re-
ducing-furnace A with said (,()lldmlalnmhu-
nace F 18 open, so that the highly - heated

gases in the bottom of the reducing-furnace
A pass through the plpe I into the condens-
ing-furnace I'1 while the gases of a lower tem-
pemiuw in ﬂm top of the reducing-furnace
A pass through the opening B into the con-
densing-furnace . Thus the condensing-
furnace F isin operation to condense the zine-

apors, while the other furnace, G, is cooled
off by the waste gases coming from the top of
the reduci nﬂ-fm nace A,

The mldw:-mnem juss described can he re-
versed by closing the valve E’ in the pipe E
and opening the v alve D7 in the pipe D, and
by closing the valve I7 in the pipe I, leading

from the reﬂuunu furnace A into t]w CON-

densing-furnace I¥, and by opening the valve
I? infto the fi]ldml(ll’ 101(1111“ from the reduc-
mg-furnace A into ﬂl{‘ ‘()]Idﬁ]lhlll”-[ urnace (3.
Iu this case the zine-vapors are condensed in
the condensing-furnace G, while the condens-
ing-furnace I is cooled off by the gases of a
lower temperature coming from tlm topof the
reducing-furnace A. The g gases after passing

t]nmuﬂh the respective C(}II{ILHSIHU—-i urnace K
and G pass into the pipes J and J' and by
means of the
pipes L and 1.,

IC are directed into the
<atd valve Ix.

alve
leading from

is opened, thus establishing a connection

| 1110 t;lnmnel IR?

pass from the pipe L into the valve
from the latter,

!
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The air passing through the jacket V, sur-
rounding said pipes L and 1./, partly cools the

cases passing through the pipes L and 1.,
The g gases from the pipe L passinto the cool-
ers ’\T’ and N’, and are still more reduced {o a
lower temperature, and then pass into the re-
ceptacle N- in which they are purified from
dust which settlesin the bottom of the recep-
tacle. 'The gases are then drawn into the cir-
culating blast-engine O, which discharges

ih]mwh the pipe O’ into ths valve P, from

\\.]11(:*11 the gases are led into the 10%1)(}(*11*»*0
regener ator R and R’ used for su pplying the
reducing-furnace A with heated carbonic-
oxide gas. The other generator, R, which is

nhot connected with the reduc mg-f_ nrnace #’1,

oases which
Y, and
with a sufficient mixture of
e U, passes into

1R’

18 used for burning the surplus

alr, entering i]nnun i the pipe
of the other regenerator,
to be burned in the usual manner.

It will be seen that either of the regener-
ators R and R’ can be used for supplying
heated earbonic oxide to the reducing-furnace
A, while at the same time the other regener-

- ator, not used for this purpose, is employed

to burn the surplus gases in connection with
other gases derived from an outside source.
It will further be seen that a continuous
stream of gases passes through the reducing-
furnace, the condensers, the coolers, blasting-
engine, and regenerators, and the said gases
are used over and over again for condensing
and for supplying the necessary heat in re-
ducing.

In demunﬂ my invention with greater clear-
ness, I w ould state that in the .I.Lﬂl]{“‘t.l(_}.ll of
zZine ores it 1s not only necessary that the
gases should convey heat enough for the op-
el ration, but also that they should bhe abso-
_II{LIVJH ¢ from oxidizing matters. Ordinar Yy

producer gases made thi ough introduecing air

into coal cannot be free 1'.1.'0111 carbonie acid.

In the cir culating gases that I intend to
use the oxyeen is taken from the zine oxide
and the carbon from the fuel, and, as herein
deseribed, 1 avoid the admixture of air or
oxXygen “11]1 the gas. Thesolid carbon mixed
mlh the zine ore acts as the 1 educing agent.
The reduetion of zine oxide
tected by means of carbonie oxide alone—
a fact that is practically demonstrated Dby
the oxidation of zinc wh(}]l 11{1 Ltml in Con-
tact with carbonice acid CC

cally by the greater .;11r1f;:1111t (Ji ]mtt rlm"(ll-
ope % by the combustion of zine than by the
combustion of carboni 1¢ oxide with the same
quantity of oxygen.  Moreover, when no air
18 1ntroduced in the furnace, a chemical
change of the gases cannot take place, and
thus the only Ob]ect of the carbonie oxide gas
is to introduce from the outside the heat nec-
essary to the reducing operation, which con-
sequently 1s of the most material importance
in My process. |
In the reduetion of zine ores it has by this
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system been possible to make a considerable
saving in time, labor, and fuel as compared
with my former system.
of the zine-gases in mixture with permanent
oases depends exclusively upon the tension of
the zinc-gases. With this process one must
entirely regulate the gas-outlets, so that only
the surplus of permanent gases may follow
the zinc-gases. While the zine that tollows
the above escaping gases will condense inside
the reduction-furnace and enrich with zinec
the lower escaping gases, these will go off
with the zine - gases in maximum tension.
When all the permanent gases follow the zinc-
cases, only so much of their sensible heat can
be utilized as the difference in temperature
by their inlet in the reduction-furnace and

the temperalure at which the zine is gasified.
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Considerable quantities of heat can be de-
livered for preheating the charge after their
temperature has gone below the boiling-point
of the zinc, and evidently the heat of the gases
will be more fully utilized when a larger
quantity passes through the whole inrnace.
By this system passes through the whole
fuarnace one (to the whole circulating mass ot
oas) corresponding part, which must be con-
sidered as an important circumstance. As
the surplus gases consequently are drawn off
by their formation the circulating stream of
oas will be of a constant volume. An indi-
rect advantage by this arrangement is, that

the blower need not transport the new-made

oases, which go directly to be burned in the
regenerator. Therefore by this system can
more heat than formerly be transported with
the same power. | |

In order to produce phosphorus 1 use the
furnace in a similar manner as above de-
seribed in reference to the treatment of zinc

ores. The metaphosphate is mixed with char-

coal, silicic acid, and asphaltum in the form
of briquettes, and the latter are subjected to
a white heat in the reducing-furnace A with
the execlusion of oxidizing substances, so that
phosphor is distilled according to the follow-
ing formula: 2Ca(P0,),+2Si0,+10C=2CaSi
0,-+P+4-10CO0. |

Instead of using metaphosphate of lime, I
may employ orthophosphate of lime.

Sodium is similarly produced as follows:
The carbonate of soda is well dried at a high
temperature, and then mixed with well dried
and pulverized charcoal and chalk ground to
a very fine powder, the success of the opera-
tion depending in a great degree on the fine-
ness of the mixture. The latter is formed
into bricks with an addition of asphaltum.
The chalk is for the purpose of making the
mixture less fluid and more porous. The
bricks are subjected to a preliminary caleina-
tion, whieh is continued until all moisture
and carbonic acid cease coming oif. The
bricks are then further treated in the reduc-
ing-furnace, as above deseribed in reference
to zine. -

When the furnace is to be used for redue-

The condensation

charged with the ore to be reduced in the
usual manner.
filled with coal and now beccme coke-turnaces.
When the blast-engine O is set in motion, the
Jatter draws in the carbureted gases tfrom
the condenser I and G through the pipe 1.,

‘the coolers N and N/, and the pipe N°. "The
carbureted gases are exhausted by the en-

oine O into the valve P,from which the gases
pass to the respective regenerator R and R/,

“are very highly heated,and rise to the top,from

which they pass into the respective channel
R?, which leads the carbureted and heated

_gases into the bottom of the reducing-furnace

A. The carbureted and heated gases ‘now
pass through the ores held in the reducing-
furnace A, thus reducing the ores.

The gases arising in the Teducing-furnace
can either be taken off at the top through the
opening B or through the pipe I or I’, near
the lower end of said reducing-furnace A.

When the opening B is connected with the

coke-furnace G, the valve D’ in the pipe D 1s

closed, while the valve ¥’ in the pipe K 1s
opened, thus establishing a connection from
the opening B, through the pipe C and the pipe
E, with the coke-furnace G. Thevalvel*in the
pipe I’, connecting the reducing-furnace A

“with the coke-furnace F,is open, so that one (to -
‘thenew-made gases) corresponding part passes

through the pipe I into the coke-furnace I,
while the circulating gas passes at the top ot
the reducing-furnace A through the opening
B into the coke-furnace . | |

The arrangement just described can be re-
versed by closing the valve E’ in the pipe E
and opening the valve D’ in the pipe D, and
by closing the valve I*in the pipe I and open-
ing the valve I? in the pipe 1.

In the coke-furnace connected with the re-
ducing-furnace A at the lower outlet a small
quantity of air is introduced, thus producing
ordinary producer gas, which, together with
the surplus gases from the reducing-furnace,
oo through the pipe L to the valve V to heat
one of the regenerators. | | o

By the inlet of air the coal is transformed
into glowing coke, which, after reversing the
valve I8, D/, and E’/, serves for carbureting
the circulating gases. When the coke in the
latter furnace is cooled to such degree that
the gases are no more carbureted, the coke in
the other furnace has during the time been
heated to be used for the carbureting. In

ing ‘iron ores, the reducing-furnace A is

The furnaces F and G are
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this manner no interruption takes place. The

carbureted gases are drawn from the top of
the condensers by the action of the blast-en-
oine O and pass into the pipes I/, from which
they pass to the cooler, &c., as above de-
scribed.
are treated in a similar manner, but in mix-
ture with cole, to that above described in ret-
erence to 1ron ores. S

Instead of the herein-described shaft-fur-

nace for reducing lump ore, I will, for reduc-
ing pulverized ore, uge an open heat furnace

Other ores—such as manganese—.
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with one or more compartments in which the
ore 18 spread over the bottom of the furnace |
and the gases pass over the ore

The same observations as wer e made by the
deseription of the zine process with regard to
the outlets may here be made.

Having thus described my invention, what 1

claim as new, and desire to secure hy T...ettel‘s
Patent, is-—

In a furnace, the combination, with a re-
ducing-furnace, of regenerators mmmcted al- |

401,088

ternately with the reducing-furnace, condens-
ers, each connected by two or more pipes with
the said reducing-furnace, coolers connected
with the said mndemel‘s,_ and a blast-engine
connected with the said coolers and the said

regenerators, substantially as shown and de-
&Cl‘lbed.
| USTAE M. WESTMAN.
Witnesses:

THEO. . 1LOSTER,
C, SEDGWICK.
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