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To all whom Lt may corncermn : --
Be 1t known that I, CHARLES A. STETE-

FELDT, of the city, county, and State of New

York, have invented a new and Improved
Furnace for Desulphurizing Ores; and I do
hereby declare that the following is a full,
clear, and exact description thereof, which
will enable any person skilled in the art to
make and use the same, reference being had
to the accompanying drawings, making part
of this specification, in which— o
Figure 1 represents a front elevation of my
“invention. Fig. 2 is a transverse vertical sec-
tion of the same, the line 2’ ", Fig. 4, indicat-
ing the plane of section. Fig. 3is a longitudi-
‘nal vertical section of the same, talzen. in the
plane indicated by the line 3/ v, Fig. 1. Fig.
418 a plan or top view of the same. Fig. 5is
& side elevation of the same. Figs. 6, 7, and
S are diagrams illustrating the shape and po-
sition of the terraces. B
- Similar letters of reference indicate the same
parts in all the figures. - o
- This inveution relates to certain ‘improve-
ments in that class of furnaces known as *‘ up-
right terrace-furnaces;”” and the object of these
Improvements is to regulate the velocity with
which the charge passes through the furnace
and to reduce the time necessary for a perfect
roasting or desulphurization of the ores by the

peculiar shape and construction of the ter-

races, and by their peculiar position in re-
lation to each other; also to reduce the ex-
penditure of fuel and to regulate the tempera-
ture throughout the furnace by the applica-
tion of hot-air apparatus and cold-air pipes
In combination with the terraces,and to make
such disposition in the internal arrangement

‘that the furnace is applicable for the reduc-

tion of gold, silver, quicksilver, and other
Ores. | | D R
The process of roasting is undoubted] y the
mostimportant of all metaliurgical operations,
not only bcecause By means of it metals are
directly produced from ores and furnace pro-
- duets—as, for instance, in the manufacture of
lead in reverberatories,the production of COP-
per from copper matte, and the extraction
quicksilver from cinnabar—but this process
also forms the basis of all other metallurgical
operations. |

The_necessar.y.cond_it-ions for a qui_(jl{ and |

‘neath.

‘slide off from the same. _ .
| care must be taken to make the angle Q of the

ofl

complete desulphurization of ores are as fol-
lows: - I . |

First. Minute division of the ores and pre-
sentation of the greatest possible surface. -.

Second. Introduction of the steady move-

ment of the roasting-charge against the cur-
rent of combustion gases and air. Experience
shows that when the charge is left pertectly
stationary, or even when it is moved with the

~eurrent of air, the result is an Incomplete de-

sulphurization. |

heat generated by the process itself aside from
fueling. - - -
- Fourth. A continuous and uniform modeof
procedure, which renders the sucecess of the. |
process move independent of the attention and
skill of the workmen. = o

~ My furnace is construeted with the view to

Third. Greatest possible use made of the

Tulfill these-conditions, The pulverized-ore is

allowed to fall. over a succession of terraces
through an inclosed space or shaft, while a

heated current of air or flame is conducted in

the opposite direction. In the construction

~of such a furnace the form and arrangement
~Of the terraces is the essential element, as will

be apparent from the following thorongh and
scientific investigation. The greatest or nat-

‘ural slope or talus 6f loose masses is measured

by theangle of friction, Q, inclosed by theplane
of the talus and a horizontal plane. This an-
gle will naturally be smaller when the pulver-
1zed ore, on arriving on the slope, possesses a,
certain initial veloeity than it is when the ore
18 heaped thereon by careful racking from be-
If, therefore, the angle of friction be
determined by the latter method, 1t may be

surely assumed that the ove arriving on the

terraces with a certain initial velocity will
At the same time

talus as small as possible, to prevent the ore
from passing too quickly throngh the furnace,
By various experiments with different ecrushed -

‘ores the angle of friction for careful piling

was found to be about thirty-five degrees.
The slope of the terrace measured by the an.
gle B A D, Fig. 6, therefore, is to be thirty-
five degrees, and consequently the angle A B
D inclosed by the two sloping sides of terraen
will be cne hundred and ten degrees, -

In order to determine the position of the .
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several terraces in relation to.each other, it 1s
nécessary to follow a single particle of the ore
in its course through the furnace. The ore on
leaving the feeder arrives on the firsi terrace
with a certain:velocity which depends upon
~ the vertical distance between the point B of

the terrace and the slide or feeder F, Fig. 7.

If this- distance be designated by S, we have
the velocity C, with which the ore arrives at
the terrace, expressed as follows:

O /98000,

where ¢ represents the acceleration of gravity.

On arriving upon the terrace the velocity of

the ore is cheoked and it is compelléd to fall
in an oblique direction along the inclined plane
" B A, and it moves toward thé point A with a
velocity - = - | |
C=-Csin Q.........2.
In falling over the inclined plane B A the
ore acquires a velocity which-is expressed by
v 2gh, when &k denotes the vertical height B C
of the terrace, and if b is equal to half the
width of the terrace the height & is equal to b
- tang Q, and -on arriving at the point' A the
velocity of the ore is . |

- C=C,+v2gh.........5. .
Those particles also which do not- strike
the terrace exactly at its apex, but some at
“point M lower down, will leave it at A with
. practically the same velocity, -since.in that

 case in the equation for C, the value of the

-first part, C, will be greater, while the value

of the second part, v2gh, will be smaller,

_ than in the first case. The falling body, sub-
~ jected to the further influence. of gravitation,

_ﬁ:lld to the uniformve]_oc]_tyol 1n the"'direc-
. tion B A, assumes a complex motion and de-

- seribes the parabola A P, Fig. 7. If a right-

~ -angled system of co-ordinates, A X and AY,
"be drawn through the point A, the point P | anad A.-. _
slope of the terrace. 'We shall then have—

¢an be determined where the ore will be found

the moment of leaving the terrace A. ‘The co-
ordinates-of that point are— -~ .
Cy=¢; t; co8 Q....... Y 2 ......... PR LA
X=g tang Q-3 iyl n AL
By means-of these two operations the rela-
{ive positions of the terraces.will be deter-
mined. L o

" The time t, which the Orer%qﬁire's to pass

from A to P is expressed by the following:

t =1 ( Je? sin® Q-F2gx—¢, 8siniq)....... PRPPOR ¢

 afterthe lapse of a period, t,, reckoned from |

VoA Dot et
| Andbyintroducing these values into the equa-

locity, Cy,
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ﬁhe-'ﬁrSt_'terr&ce_&nd that of the second be called
H, and the horizontal distance between the
nearest, edges A, and I place the second ter-

race so that the ore coming from the first may:

strike upon its apex B,, the ordinates of the
terminus B, of the parabolic path are—

tions 5and 9 we obtain the following equations:

A= ?Q‘( Jersin Q-2g(H,—hy—e,sin
Q)—b ............. ....... T PRSP Ry 12
- Hl::'::AﬁI—g b) tﬂﬂg Q‘I"gc(% 008 éQ,- SEARAEALAS 13 |

Thege two equations afford all the essential
elements for the construction of the first pair
of terraces, and it is only necessary to deter-
mine the velocity C,with which the ore begins
its. motion on the second terrace in order to
find the relation of H, and A, for all further. -
terraces. o | -~ o
 The component velocities of the ore in. the
point P of the parabola are (see Fig. 8)—

v,==¢; 81n Qg t;, |
v,—C, COS Q,

. ' . L

r, setting for f,1ts value fro._m- eqnationfﬁg

- v,—=+/¢? sin* Q-+2g (H,—h) -
Vv, Beparates itself info two components—
one perpendicular to the plane A B and one
in the direction P A. Calling the latter v,, we
have— - o
v,==V, Sin Q. | * S
In the same. manner we can separate v, 1n-
to a force, v,, in the direction A B, and a
force perpendicular to A'B, and we have—
v—=v,cos Q. |
These equations remain the same if wesup-
pose P to be the point at which the ore falls
upon the second terrace and A B to be the

C,=V— Vg, , s

or ¢,—sin Q v ¢} sin’ Q--2g (H,--h)—C, cos’ ]
Qs' ............. cvesnees ersversrriasterreernae Neavsneses + 14.
The ore leaves the Second terrace with a ve-
which 18— - | o

C,=C,+ V2gh.............. e rreeeeneeaes reereens 15
. The formulz 12, 13, 14, and 15 may be con-
sidered general. If H, be the vertical dis-
tance of the nth terrace from the (n-1)th, A,
their horizontal distances, C, the initial veloc-
ity of the ore upon the nth terrace, Cy the ter-
minal velocity upon the same, we shall have—

And if t designates the time which the ore re- Co=sin Q V2, sin’ Q—Ij—2g(fin_:1 —h)
~ quires to pass from the feeder to the terrace, | = —Cyx_; €08’ Q.. coovviiineniininenn, Cerrens i 16
gnd t% iilshzligme ;’t;egﬁtil;ed by t}},e‘o;;e in sliding | Cy==C,-- v2gh. ....... eereseeerieeiirenernienniens 17
ver the slope é terrace, we have— | e o o g(AyEDb)?
t: %;:. ----- .--I.--_rl-‘-'nt_------....;.hu bh bbb st st rsartaarna 7 HII*HH(AH-{.—gb)tang (:I i 20% COS:"L(.Q) ......... 18
— 1 5 N Cy €08 Q i — .
SN Q ¢ (Vei+2gb tang Q—c,)iveo. 8 | Ap=i——p R JOTSI' Q198 (Hy—h)—C,
By introducing the value of t, into equation |  sin Q)erreereressisieenereestenreereens. erienie 19
4 Wg gc%i;—-(; | : N From these two last equations it will be seen.
G ¢ T T Y O —— | that the essential proportions and dimensions
Y {r (Vei sin® Q+2g x—¢,8InQ)..... J for the whole apparatus are not constant; but

If the vertical distance between tae base of | they will vary, since, in order to find Hy,, and
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A, the distance between the (n--1)th and the
(n-+2)th terraces we must substitute in these
equations for Cy the different value Cxq.- It
is therefore by no means indifferent whether
we first assume a value for H and find the cor-.
responding values for A, or whether we de-
rive, vice versa, the values of H from A.
Trom 2 simple consideration it will be appa-
rent that we must take A as constant, since

by this quantity the horizontal dimensions of |

the furnace will be regulated, and if A should

3

' in consequence therefrom the furnace would

be made variable -the practical execution of |

the furnace upon correct principles would be
impossible. A being constant,. the values of
H would be different for each successive pair
of terraces—a condition which can be easily

satisfied.  From a further consideration of the

equation 18 it will be seen that it contains only
one variable factor—viz., the velocity with
‘which the ore leaves the terrace. H, there-
~ fore consists of a sum of two membess, of
. which the first, (A—+-2b,) tang Q, is the same
~ for all terraces,while the second, g(A- 2,b).,is
S D ~720% cos'Q
variable. Of these two members the first or
~ constant one is by far the greatest, since In the
~ second the value Cy, which will always be
considerable, appears squared.as a divisor.
“In order to ascertain between what limits
‘the value of H may vary it is necessary to.
consider the equation 16, which shows that
the velocity with which the ore begins to move
“upon the nth terrace is not always positive,
" but, on the other hand, can become zero or
negative. This will be the case when
sinQ v C7Q+2g(Hx=h)=Cx._; 008'Q
 Since the equation 16 is general we can sub-
stitute N for N—1 and obtain for that value
of Oy for which the initial velocity upon ‘the
next terrace will be zero, the equation
sinQ v/ CZsinQ-2g(H,—h)—cxeos'Q=0
The solution of this equation gives
o SInQV2g(H,—h)

AN T il

lllllllllllllllllllllllllllllll

JoosQ—sin'Q . . o
the ore will fall in such a manner as to tend
" to run up instead of down the slope of the ter-

" race and to leap over the summit. The ter-

" races being double, however, thislatter motion
would be resisted by a similar tendency of

the particles coming from the opposite slope.
This periodic pause.in the downward motion
of the -ore is extraordinarily favorable for the

' roasting proecess, since by it the ore is Te-

tained for a longer period in the furnace. The.|

v e ek —

minimum value of ey is of course cy==+v 2ghand
the maximum value of H therefore Hj..==
(A-+-2b) tang Q. The minimum value of H
‘cannot be in general terms exactly stated, but
it is evident that H must always be somewhat
smaller than (A--2b) tang Q. The height H

depends further pon the values assigned to

the dimensions A and b. The ¢uestion- first
arises whether A shall be taken as positive,

zero, or negative. Positive it cannot well be.|
~ taken, since in that case the vertical distances
of the terraces or height H results too great,and

- Since—

afford room for only a few terraces. The dis-
tance A must therefore be zero or negative,
and its limits are o and —b. For the latter
value H will be equal to b tang Q=-h—that is,

all the terraces will form a single inclined

plane. From these comsiderations it might
seem advantageous to make the value of A as
nearly as. possible —b, and by doing so the
largest possible number of terraces might be
crowded into a comparatively small space,and

thereby the ore delayed in itsfall; but in that

case the resistance to the current of air is in-
creased to such an extent that the pressure of
the draft from the bellows will have to be in-

creased in proportion, and in consequence

thereof the formation of dust, &e., isangment-

| ed, and the regularity in the operation of the

fupnate is disturbed. By making A=o all
the formulwe are simplified, and we obtain for

H R I
) . 7 _ .
Hn—w_zb tlﬂ ( ,";"'—" gul-b-n-— ....... .llll;llt:--- .......... l'
| ngq deieost) | | 23

and | | - |
s PO ¢ b(1--8s1n’Q) '
Hnmx‘“‘:2b te e o ~ | L.25
-l ang Q 4hecos’) "4sinQceosQ) >
The width of the terraces 2b must be fixed
by practical experience. If taken -too large
it would make ‘H very great; but it must be

large enough to meet the requirements of du-

rability, absorption of heat, and resistance of

ailr. |

The bearing and scope of the equations :
hereinbefore given will be fully understood
from the following exampie:.

Let b==0.4 ft., Q=35°, s=0.4 ft., g=32.2 ft.,
and we have. = - | .

H,=0.5601 ft.-4-3.8390 ft.
0.5601 ft. +0.2043 ft.==0.7644 ft.,

'.A.]ld. Hyax=
For— |
Cy—=Ca-- v 2gh,
We obtain— = - _
v=—4.2470 f6.-+-Cy oovrnenn. tirreeirieeeneininnn 20

- C=5.0754 ft. and C,=2.9111 ft.,

We have— T
C,=4.2470 *.--2.9111 ft.=7.1581 ft.,

And it follow * that— -
H=0""  t--0.0749 ft=0.6350.
0,=3.6152 {..—4.8031 ft.==—1.1879 ft.,

From which— . '

-, =4.2470ft. and H,will b’e the maximum H.

 H,—0.7644 f*
Further— .
0,=3.4950 ft.—2.8497 f6.==0.6453 ft.
O —4.2470 ft.--0.6453 f6.==4.8923 ft.
H0.5641 ft.--0.0164 ft.=0.5665 ft.
Again— T
0 =2.9434 f6.—3.28
H,=0.7644 ft,

28 ff. =-~0.3394 t.




4 ' 43,140

It is unnecessary to continue the caleulation |

~any farther, since the values of H will be al-
ternately 0.5663 feet and 0.7644 feet. The ve-
locity of the ore will therefore become zero
after passing two terraces, and a periodical
.. or Intermittent motion will be the result,
which is of the greatest importance for the
suceess of the roasting process. -
By the aid of the equations 6 and §, and b
using the values of C,, (H,—h,) C, C,,, and
(H,—h) as determined by the above example,
- we find the value of ', the time of one period:
1'=0.2299--0.1136-1-0.19764-0.0631 = 0.6042
seconds; and since each period covers two ter-
races, it follows that if the furnace contains
twenty terraces the ore will remain in it 6.042
seconds. | _ '
~ The quantity of ore which may be thrown
upon the uppermost terrace is limited by the

velocity of the current of air in the sections

~ of the furnace. This veloeity ought to exceed

- live feet per second, and taking the following
dimensions as a basis, we can find the quan-
tity of the charge: Let the length of the ter-
race be three feet, h, 2b, &c., the same as above
stated, and the charge consists of iron pyrites,
which are to be deprived of their entire con-
‘tents of sulphur—viz., 53 per cent. We as-
sume that 25 per cent. of the oxygen does not.
take part in the roasting, but escapes un-
changed. The temperature in the furnace
shall not exceed 700° centigrade, (1,223° Fahr-
~enheit.) Three English feet being 0.916 me-
ters, there will pass through the section of one
feeder in one second 340,840 cubic eentime-
ters of air heated to 700° centigrade. At a

temperature of 0° centigrade, and the barom-.

eter at-0.76 meter, (30 inch,) this air would
take up a space of 95,5694 cubic centimeters,
weighing 123.6 grams; but of this quantity
21.01 grams of oxygen act in the process and
unite with 21.01 grams of sulphur to sulphur-

ous acid, (50,.) This result corresponds to |

89,65 grams of pyrites per second, which will

give for twelve hours 1,713,000 grams, or 34.26

hundred-weight @ one hundred pounds 2 five
hundred grams to the pound. . For a furnace

with five feeders, the product of twelve hours |

will be one hundred and seventy-one hundred-
weight. Pulverized ores contain about one-
third of their volume in empty interstices,

and since the specific gravity of pyrites is 5/, -

the 39.65 grams of ore required per second
will take up a space of 11.9 cubic centimeters,
which the feed-rollers must supply. If the
latter are supplied with semicircular flutes, it

~will be easy to calculate the number of revo-

lutions required per minute.:

Guided by the results obtained by this in-
‘vestigation I built my furnace in the following
- manner: - | |

K represents an upright shaft of rectangu-
lar section built up of brick and lined with
fire-brick orany other suitable material. This
‘shaft contains the terraces I, whieh are dia-

mound-shaped, as clearly shown in Fig. 2 of

the drawings, so that they can be turned if the

desired quantities to the furnace.
ers may be fluted in a direction parallel to

upper side has been injured, -and't:h'us will be

more durable and absorb and recommunicate
more heat than they will if made with a tri-
angular cross-section. They must be made of
fire-clay and had better be covered with a coat-

ing of graphitic clay, which resists most per-

tectly the chemical action of the ‘roasting-
charge. A square iron rod is placed in the
center of each terrace, so that the same ean be

‘built in the rear and front wall of the furnace.

The roof N of the furnace which is formed of

fire-clay contains the feed-openings F, and

above these are situated the rollers E,by which

the ore can be conveyed regularly and in the
These roil-

their axis. From the rollers the ore drops
upon a roof-shaped surface, ¢, which checks its
velocity. The sides of this roof are perpen-

dicular to the slope of the sides of the feed-

openings. On both sides of the shaft K are
the fire-places G, which serve for heating up
the furnace, and in certain cases for keeping

up a fire during the process of roasting. The

fire-places and ash-holes are so.arranged that

a draft can be created from beneath through
After the ore has passed down

the pipes «a'.
over the terraces L, it collects in the lower part
of the shaft and can be removed through an
aperture, &', and a subterranean passage, d'.

When blende is roasted, it may be advisableto .

prolong the lower end of the furnace into a,

hearth. Above the argh of the fire-place in
each side of the furnace a pipe, d, is set, which
conveys the heated air from the bellows. This
pipe may set lower down into the furnace be-
low the fire-places on the sides of the pipes o/,
in which case the number of terraces may be

incréased by putting an additional number

below the level of the fire-bridge. Between
this level and that of the arch of the fire-place

| no terraces should be put, since they would

prevent the uniform distribution of the flame

1n the furnace,. o -

While building the front wall of the furaace,
holes 7’ should be left opposite each terrace,
50 that the temperature in the shaft may be
observed and disturbances may be remedied

by means of proper tools. During the roast-

ing these openings must be closed. _
Behind the shaft K is a chamber, K/, Fig.
3, which contains a series of oval pipes, ¢'.

These pipes communicate with the bellows,
and through them the air for the bellows is

heated. The shaft K communicates with the
chamber K’ by means of a flue, ', which is

partially occupied by the uppermost terraces.
| Onleaving the chamber-K'the gases pass into

the channel I, which leads to the chimney J,
and above this channel the wet ores from the
stamps are spread to be thoroughly dried.

This furnace is applicable to the desulphur-
ization of ores of every description, but par-
ticularly for treating auriferous sulphurets
and metals which are afterward to be treated
by amalgaivation. For materials rich in sul-

phur no fire will be required after the furnace
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has once been heated, It will then. run itself,
heating its own air, and requiring only to be
kept charged. Zine blende can be desulphur-
1zed with very little fire. ,
to desulphurize ores and furnace products only |
to a certain degree, (which is the case in most
smelfing operations,) the process can be per-
fectly regulated by the amount of ore con:
duneted through the feeders, the quantity of
air admitted, and the height given to the fur-
nace. | : S -
For many purposes, especially for roasting
- auriferous sulphurets, the bellows can be en-
tirely dispensed with and a chimney with a
strong draft substituted. . o
I am aware that a mode of roasting analo-
- gous to mine in its general principles is de-
Scribed in a patent granted to Keith, Beh r, and
Keith on the 9th of September, 1862; but my
process 1s superior to theirs, by reason of the
use of hot-air blast and the means afforded for
applying a greater amount of heat to the ore

within a given height of shaft.

I am also aware that the general idea of ter- | .

o

‘races is not new, and that a roasting-shaft is
described by Whelpley and Storerin their pat-
| ent of Jannary
When it is desired

12, 1864, |

- What I claim as new, and desire to secure
by Letters Patent, is~ E
1.- The employment or use of

. an upright ter
race-furnace, substantially such as herein de-
seribed, for the purpose of reducing gold, sil-
ver, quicksilver, and other metals from the
sulphureted ores. |
2. The peculiar construction, proportion,
and disposition of the terraces L in the shaft

K, as based on the rules deduced from the
formulee 1 to 24, whereby a complete and _

rapid desulphurization of the ores is accom-

Pplished.

‘8. The combination of a hot-air apparatus
with an upright terrace-furnace, for the pur-

- pose substantially as set forth.

CHARLES A. STETEFELDT.

Witnesses:
M. M. LIVINGSTON.
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