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W’ILLIAM I‘RANK BROWNE OF N EW YORK N Y

PROCESS OF AND APPARATUS FOR DESULPHURIZING ORES

SPECIFICATION fmmmn* part 0f Letters Pa.tent I\To 284 1'?7 da,ted September 4 1883

ot LT T 0 a;ZZ whom it ??wzJ concern :

5.:the city, county, zmd State of New York, h&ve;.
E R zmvented certain new and useful Improvements |
w5 inProcessofand Appamtus forDesulphumzmg-
et o Oress and I do hereby declare that the follow-

oo ing IS a clear and full description thereof, ref-
... erence being had to the accompanying dra,w 0
111'3'8 Wth]l form a part of this specification.
e “This invention relates to devices and appa-
__1'1 atus for desulphurizing ores, and has for its
© = objectthe combination of a de,sulphumzmg ap-
'_p&ra,tus with a hwh -pressure-steam generator,
. the onebeing essentml to the successful 0pe~1'a

s tion of the other.

B Applmatwn ﬁled J &nuary 28, 1882

(Nu mndel 3

Beit Lnown th&t I, WM. FRANK BROWN E of

. conduit by means of a volume of high-press-

e e 200
~ . said coil and another volume at the eduction :
© . end of the coil, wher eby a combined, 1111138]111]G‘;f '
oo oand e\pellmg foree is brought to bear in the |
. ‘same direction upon the. current of ores pass-
. 25 ing through the coil for the purpose of desul-
. ophurizing the 01es as wﬂl be more. fuﬂl}r hel e- :;--
et I _'..-111&ft61 described. e L -
S0 - 'This invention fmthel conmsts in the eon—*
-, struction and arrangement of the 1mpelhng'
s o300
R 3 i_?‘SePa,l ating-chamber, and other detmls as wﬂl-
,;;fgf_f-_';_,;1]101e fu]ly hereinafter appear. = |

... generating and desulphurizing apparatus. Fig.

35 .
?ié_?f-?,',%nd desulphmumg- Ebppalatus showing the | i

oo injector and ejector for forcing and: dmwnwi
. ... the ore through the conduit, and the: 1eeepm : BT

-dmlble extralap-welded pipe of from one hun- ~ =
| dred and fifty to two hundred and fifty feet |
long.
I be from twotothreeinches.
" | or less diameter can be used; but for pmctlcal

“ure steam injected into-the mductlon end of

and expelling dewce&,, the feeding device, the

- Figure 1 is a vertical seetmn Of 'a Steam
2 is'a horizontal section of the combmed steam

- “conduitin which the ore is. desu]phm Lfed the

j;:__gcle into which the ore is dischar ged.. -

50 ture

gether, as shown, they form a coiled sectional
Steam-generator, Whlch is capable of sustain- =
Ing a very. hlgh pressure, and especially so .

‘when the sections are made from double extm.
lap-welded pipe. - - . _

tions x project p&r&llel to each other through ~
the outer and inner shells, ¢ and ¢, where ~
‘they are prowded with suitable regulatlon or . . -
speclal ﬂ"a,s -pipe. ﬁttmn*s whereby a free eir- - -
rculatlon is obtained throuﬂ*h the series of sec- -
| tions x. |
- oy generated is forced. into the upper section
© 7 To this end the 111V6nt1011 eons.lsts in means’ ',through conuectmg pipe o' by steam-pump E"
R i;_--for inducing and: exhagustmg a current of fine- |

Qf?f'ifii;':7?;-5’7:@;-?:5If:"}flﬁé:-z.;]y -pulver 1.46(1 ores through a coil of pipe or | ral turns of the upper section, from whence it

ing-pipe l.

S -The n*eneml (:-0115131 uction of the. Stemn n*e:[:1~ |
;j_;.,_ijl',j'ﬁ_}_5;;.1Qﬁ_',_;jj_-_gzjx._._era,tmg apparatus (shown in Fig. 1) is Sl]]lll&l“ :
. to one for which an. &ppll@‘btlon for Letters_
}f?é;.;;%;.;;;}f;"'é__,;‘_5-;§f'fi_gf?.f--§s’{"5_?fP"Ltent was filed Alwllst 16, 1881, SR
" 45  The steam- ﬂenemtmn appmra,tus B A (3011-';
T R ,S1sts of an outer and inner shell, ¢ and ¢, se-
xp '33;' L cured to the base A. The interior shell is |
EER ~ lined Wlth a coatmn of ’leEStu& cement 2 or
W:lth Some othel mmteual of an analoﬂ*ous na,--‘

The combustlon chmmber 18 prowded Wlth a

i - Iwhlch are preferably made 31)11 d,l in form and

in horizontal planes, and when grouped to- -

The two ends of the plpes WhlG]fl f{)rm the Sec

The water from whlch the steam is

J. This water iS now forced tthllﬂ‘h the spi--

is’ discharged into the next section below,

through which it is foreed into the next Jower
jsectlon and so on through the series, until -~
finally dlseharged into the separator or cham .
‘ber H in the form of highly-heated steam un- 7 5
der a corresponding high pressure.. This press- =
‘ure should be at least two hundred and fifty

pounds, thereby containing nearly 410° of -

. sensible heat, which is of the utmost impor- s
| tance when . employed as. a desulphurlzmg 80

“The steam is dischar ged from the: separator o

or chamber H through pipe K into dome M, -
0 from whence.it is conducted through Slllt&ble e
‘pipe-connections to the plaee or plaees Te-
quired. - Steam from the pump is. conducted -
-from the dome through pipe P and connect- =~
A qa,fety dewee is attached to pipe
| P. This device is: provided with pipe m, for'
feonduetmg steam toa motor or other places of 90!_.'-_-_ L

use.  The ore-conduitO Should be madefrom -

Theinternal diameter of the pipeshounld
However, greater. 9 5

work the pipe which is but two to three. mches

_11:1 diameter will be the most economical. S
The length of pipes which compose the 0011 s
"fnmst be joined together into one. contmuous IOO |

length of pipe bgweldmﬂ' their ends together.
| Great care should be exer clsed while form.lng
‘the joints, in order to preserve an-even and

Sl:llt'tble munbel ef colled plpes or condmts x, l umform bore When weldmg the tw*cr ends 130
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~ therein.

15

i

“‘Bthel Should obstructions or unevenness
occur at the welds, they would obstruct the
ore and be liable to effect agglomeration, which
might, in time, clog the pipe; and also these
lengths of . 1:)11:)6 should never be connected by
right and left couplings, for at each joint an
annular recess would be formed of about one-
fourth of an inch in depth, which would fill

with ore, and 1f agglomeration did not take |
place the end of the pipe receiving the cur- |

rent of ore would be soon worn away by the
cutting or abrasion of the silica contained
Afterthe lengths of pipe are welded
together, until the required pipe for forming
the coil 1s obtained, 1t1s then heated and bent
1nto a circular or helical coil of a suitable diam-

eter, which, t6 a certain degree, will depend
11p011 the dla,metel of the pipe. Thus a pipe

two and one-half inches in internal diameter

- 20

should be bent or coiled within a circle the
circaumierence of which should notbe less than
fifteen feet. This coil can be made in the

- form of the frustum of a cone and of any
~ length required; and, furthermore, the turns

25

30

- be maintained, and in which the abrasion of

35

of the coil can be made to fit a fire-box which
1s polygonal in form by bending the pipe at

‘the angles of the box and leaving 1t straight

on the faces thereof but coils W}uch eontemn

straight runs and augles—-—elthel right, obtuse,

or acute——m e objectionable,asthe clreular form

-offers the least obstruction or resistance, and

it 18 the one in which an even flow of ore can

the internal surface will be equalized through-
out the entire length of the coil when used In

-~ the followi ing manner:

The ore jis carried through the coll by im-

pelling and exhausting forces by means of

~ which the ore can be kept in a comminuted

40

state,-and which cannot be done as effectually as
when but one force is employed, for the reason

‘that all bodies when projected by an impelling

foree tend to move in straight lines and never

~ out of that course, unless 111terrupted by some

45

50

counter force, and when so interrupted the re-
sultant cour se will be in accordance with the
two forces. Therefore when the ore is pro-
Jected through the coil by an impelling force
the ore tends to move 1n a straight line, but
being limited 1n 1ts course by the walls of the

- pipe 113 is projected agalnst the exterior inner

SINN

60

- the same.

circumference,- aga,inst which 1t abrades the
entirelength ot the pipe onits passage through
In consequence of this abrasion
the pipewill soon be worn away unless a coun-
ter force is employed, whereby the resultant
course of the ore, caused by the two forces, can
be cehanged to the center of the pipe. If on]y
the dmwmﬂ* or exhausting force is employed,

the ore . will be Ppro] jected or drawn dgalnst
the interior inner circumference of the coil,

thereby wearing it-away in undue time; but
“when the two forces act mmultzmeously the

axis of the resultant course will: be at or

near the center of the coil, whereby any un-

due. abrasion of the coil is obwated and the

‘ore held in suspension, and no aﬂ'glomelatlon

by the right-and-left coupling n*.

284,19

of the particles will occur during its transit
through the same, in-consequence of which
the ore and steam will be intimately mingled,
and when highly heated, or heated to about
850° Fahrenheit, the volatile portion of the
ores will be sepwrated and the highly-heated

steam will be decomposed and form fixed gases,
some of which can be condensed by well-

known means, while the precious metals, the
oxides, and pulverized rock will be precipi-

tated 111t0 properly-constructed receptacles for
further treatment.

The 1mpelling and exhausting forces %bove
mentioned are of great 1impor tfmee and should
be employed on all oceasions, or whenever ore

70

30

is to be desulphurized or oxidized in a coiled -

conduit; but the ore can be drawn through by
the exhausting force, which would be far bet-
ter and morereliable than when forced through

by the impelling force, as when only the im-

pelling force is employed the ore would be

compact form.

Amnother serious objection to the 11111)61111]0‘
force when used alone is in consequence of the
ore being thrown upon the inner exterior cir-
cumterence of the pipe, so that by the specifie
gravity and cohesion of the particles of ore
upon themselves and upon the pipe they will
become retarded and agglomerated, while the
steam will low on through the unobstructed

portion of the pipe, and by a constant. influx-
of ore, with a decreasing velocity in conse-
quence of the friction, aggregation must take

place, and the pipe soon becomes filled and the
ore 80 Impacted that 1t 18 impossible to remove
1t by the aid of steam, however great the press-
ure thereof.

The devices for impelling and exhausting the

ore through the coil O consists of an 1nJector
o k, and ejector R', which are connected to the
two ends of the coil. The Injector is connect-
ed to the end A’, while the ejector is connect-
ed to a nipple, o n, and the nipple to the coil
The inject-
or 18 counected with the steam-pipeo Jywhile
the ejector is connected with the steam-pipe o

Both of these pipes communicate with the
dome M by means of pipe P. The dome is
held in position by braces’%’: The steam-gen-

‘erating coﬂs are supported in the shell by a
v, upon one side of the furnace, and

rack,

driven against the outer interior diameter of
the co1l, and will pass through the same in a

90

95

100
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120 -

upon the opposite side by the inner ploject -

ing end of the coils, and at right angles to these
two points of support by a series of cross-

pipes, !, which are shown only in section.
p1lpes, ¢, y

These pipes project through the two opposite

by proper fittings, which will admit of a free

circulation of water through the same. These

cross-pipes will, when water is circulating
throughthem, preventthe coiled section  from
sagging down when very high heatis required.
‘Whatever condensation of steam occurs in the
dome will return to the separator H by way
of draln-pipe s.

This condensation can be

125

sides of the shell, where they are connected

130



.dlsehajrged from the sepera,to;t through plpe i

on opening plug-cock 8.
-The coiled sections of: steam- p1pe eam be in-

' B '_ereesed to any number required, or.until all of |
0. 5 theheat is absorbed by the Waterz on its ‘pas- |

- . sage downward through the series, and it is
. found that nearly all of the heat is utilized
.-+ when twenty of the sections are used and only
.. < natural draft employed. - Nearly one-half of |

.10

S outward upon hinges and expose the whole se- |
i ries.of coils or sections, whereby they can ‘be |
- 15 removed by dlsconneetmg their ends from the
oo fittings.
o be reedlly removed and replaced by new sec-

. tioms... The coil O can be readily removed by

. 10 the shell surrounding the combustion-cham-
.. ber, from the base A to above the upper coil |
...~ orsection,is made into two doors, which swin

Ifthe sections are damaged, they can

Bolieh '"dlSGOHHBGtII]ﬂ' the ends and opening the doors.

throuﬂ'h an annular row of holes b“‘ made. in

-;_jfi:i:i-_,..;f;_the bese A, where it enters an annular cham-

e tlcel ﬂa,nge o u, the base A; and the masonry

" pipe, o b, prejeets

eretor Tests. This annular chember 0 a fits

... the holes b* down. through the annular space |
.. a?into the annular chamber o «;, thence through

o o flueo b end pipe:o. b into the blower, from
ooy whenece it is forced or discharged throughplpe‘
.. ogandflue oc¢into the ash- plt B: O, thencebe-

tween the grate-bars N into the. furnace A O.

o T will be observed that the walls.of the fur- f[
e __'neee project inward from the inner shell to a
0 45 distance eorrespondmg to the internal: dla;me-f
ter ef the coil O The ﬂanﬂ'e 0, whleh s eest;-

pert for the coil.:

i f.’;_ﬁ.h()ppel 0 g,wherein it comes in contact with the

o revolving toothed wheel o A, which prevents
o0 . the ore from peckmg, and eeuses it to fall into
L pipe o4, from which it is blown and drawninto

. the 0011 O. The toothed wheel is revol‘ved by |
" meansof belt o f; passing overpulleyoe.
S ;*ﬁ-;*-;;}.fiéo

‘blower is also rotated by means of belt o7, - If
~the ore is dry, it should be heated to a degree

Just below the melting-point of sulphur before
bemg drawn: or fereed into the coil O, in con- |
- sequence of which their can be no eendensa- ;

tion when the steam and ore come in contact,
whleh would be the case if the contact Were

made Wlthout prehmmery heatlng, but 1n eny '

R “3254.1‘77

T The a,nnuler space 2°,between the outer and
" innershell,isemployed for heating the air prior |
il toits entermn* the fire-box.

S into a series of holes, b¢, which extend around
.. ... the:top of the outer shell
2 5

.Theair is drawn

‘The air passes

ThlS chamber is formed by the ver-

The_ |

event 1t wﬂl be better to dw end heet all of

| the ore prior to its entermg the desulphuriz- -

ing-coil; and, again, the ore should never- be
ellowed to pess through the coil withouteither

steam or water entering therewith, for Wlthout r; D
the aid of oxygen and hydrogen the pipe
_would fill up in a very short time, burn out, -
“and be rendered useless.
which is used in the eJeetor for exheustmg
~and exnelhng the ore is useless, so far asare- =~ - -
“agent is concerned. Therefore enough steam, =
g | which will vary according to the. pereentege'-_ TR
of the volatilizable base properties contained
“in the ores, must be used for oxidizing and
The hlgherthepel-’.,'.
{ centage of- impurities in the ore the slower. .-

‘must be the feed, and also the velocity of its

Of eoursethe Stea,m

desulphurmmg purposes.

| passage through the pipe, the velocityof which 85
‘can be regulated by the exheustlng dewee but-

not by the impelling foree.

is used about mines or reduction-works.

required for crushing and pulverizing the ore.

| _Therefere the a,pperetus herem ehown a,nd de-

reered te genelete the steam, which does the
| work ‘of erushmg and pulverlzmg said ore.
| This item - of expense 18 of great importance =~
%whe11 the high price ef fuel in some loealltles'- L
is considered. | -

This combined steam- generetmg and desul s
phumzmg apparatus is intended to be em: -
- ployed about mines, where steam for motive g0 =~
power 1s employed for breaking and pulveriz- .
‘ing ore, and other purposes for which steem_ : ,-;;;__ SIS
~escaping heat from the desulphurizing- furnaee i
g | is more thansufficientto generateall the steem
... B B, forming the fire-box on which. the gen- |
Sl e 300
; 3 over or’ eorresponds to a flue, o b, whleh 18 |

. "made in the masonry B B, and thh is pro-
~ vided with an outlet into which an exhaust---
_ - This -exhaust-pipe con-
< nects with a blower, Vf*‘ ‘which is for the pur-

-pose of exhausting 01 drzm ingthe air threugh;_

“This: combmed a,ppel etus can be mede port s

able ‘when necessary, simply by dropping the 105
}base between the grate-bars and lengthening =~
| the shells, all of which is shown in the appli- -
. eetmn refe1 red to in the foregemw speelﬁea,
rtlon . | S 5
" The Operatlen ef desulphm 1zing ores is ‘tsj-' 110

| follows: Steamisatfirst genemtedmthe coilsz -
| from the water, which is forced therein by the .
pump E'J end discharged into the chamber =~ =
S e or separator H, from whence it is conducted = = .
i_i;ji_j-'.';:;;;;5-5_-';{2;_@;_;;}};j'._;..};‘[_?'_pose of eovermg the brleks aud formmﬂ‘ a sup--. |

to thedome M. . Thenee itisconducted thr eugh

115

jector o k.and ejector R’ in suitable pr0por—._."-

The receiver can be supphed w1th screens'

gases can be dlseharged beneath the surface of
water, which will Tetain the ore a,nd ellow the
'gases te escape. - |

“All classes of desulphurued ores can be dls—- S .
_charged directly beneath water, and the-rehj;r
save any metals which might beeome volatil- - - :
1zed bjr the hlgh heet reqmred In desulphu— o '-; E

| pipes P o s and o4 and dlseherged into thein- - . .
: -~ Fuel is fed to the ﬁre box through the door | --
F whlle the ashes are taken out throngh door .;
R 0. The pulverized ore is conducted throngh
o pipe o d, from: whence it is discharged into

‘tions, as above mentioned, where, owingtothe -

_aetmn of steam, the ore is ceused to passfrom = -
-pipe o i into and through the coil O, where, 120
| 'when highly heated, the sulphur end S1m113,1 .
impurities become: Voletlhzed and d1sche,rged e
~with the desulphurlzed ore by eJ eetor R" 111t0:_
K closed or open receiver, o . . e
125 =
-for the retention of the ores, ‘while the geses-_;i-_-l;;_
“are allowed free egress; and also0 - the oreand

I 30 e



a4 ' - 284,177

~ rizing cinnabar the quicksilver would become |
volatilized and could be easily condensed and

recovered when discharged below the surface

~of the water, and the same may be said ot all

10

~ the ore through the highly-heated desulphu-
rizing-coil, and a result obtained thereby which

I5

- 20

other meta]s which volatilize at low tempem |
tures.

One of the advantages derived from the use
of the high-pressure-steam generator is that a
very high pressure steam can be generated,
which wﬂl be required to exhaust and for ce

cannot be accompllshed by steam from an or-
dinary steam-boiler, owing to the tact that 1t
cannot resist the pressure of the generative
force in the desulphurizing-coil, which can,
however, be overcome by the high-pressure

- Steam generated in the coiled sectional gener-

ator herein shown and desecribed.
The heat of the steam which enters the coil

‘with the ore should approximate nearly to the
heat required to volatilize the sulphur, there-

- by absorbing but a very little more heat to ef-
- fect the decomposltlon thereof in connectmn

26

with, the sulphurous and metalliferous vapors.

‘Therefore by the use of the highly - heated

- steam a greater quantity of ore can be desul-

_30

phurized in a given time than when done by
the use of steam at the low pressure of forty
toseventy pounds, which would contain heat of
only 260°to 300°. Therefore, as the ordinary

boiler now in use cannot sustain the high press-

- urerequired inmy method of treating ores, and

39

as these refractory ores cannot be properly
treated without these high heatsand pressure,
I consider the steam-generator herein shown

- and described of great importance when taken

40

: desulphurlzel and which would be lost were

45

in.connection with adesulphurizing apparatus,

‘and still more so when combined with said de-

sulphurizing apparatus in a manner that it
will utilize the heat which escapes from the

it not for the steam- -generating apparatus con-
nected therewith, as shown and described.
I am aware that it is old to convey ores
through an externally-heated pipe in conjunec-
tion with steam for the purpose of desulphuriz-

- 1ng, and do not theretore claim such method,

50 -

broadly.

‘What I claim, and desire to secule by Let-
ters Patent, IS—- |

1. In the desulphumz.atlon of ores by means
of external heat in connection with steam, the

- method which consists in highly heating Steam

355

in the manner described and carrying the pul-
verized ore through an externally-heated con-

duit in conjunction with a current. of air and |

dry orsuperheated steam, in the manner herein
described

2. In an apparatus for des‘ulphuﬁzing ores,
the combination of a heating-chamberprovid-

~ed'with a fire-box, adesulphurizing-coil placed -

above said fire-box, provided with a feeding
device, a steam-injector at the induction end

in front of the hopper, a coil, and an ejector

60

65 .

at the discharge end of said coil for the pur-

pose of Inducing a. current of air and steam
through the desulphumzmg coil, as-and for

‘the purpose desecribed.

3. -In an apparatus for desulphurizing or es,

the combination of a heating-chamber having
a fire-box, with a coll-pipe steam-generator

placed Wlthm said heating- chamber and the
connected desulphurizing- 0011 prowded with a
feeding device and a steam-injector at the in-
duction end of said coil and an ejector at its

70

/

75

discharge end, whereby a highly-heated cur-

‘rent of steam and pulverized ore is forced

through said coil in such manner that by the

“extreme heat from the furnace on the exterior
~of the coil and the extreme heat and pressure
~of the steam on the interior of the coil in di-
‘rect contact with the ores a eomplete desul-
~phurization of the ores is effected.

4. In a desulphurizing apparatus the com-
bination of the fire-box provided with air-flues,
as described, of a base-plate placed upon said

fire-box and forming an annular air-conduit
therewith, of an 1nner and outer casing, the

latter bemg provided with air-inlets, and of an
exhausting and forcing device, all connected

and arranged as deseribed, Whereby the air 1s

heated in passing through said channels and is

forced into the fire- box for the better combus
tion of the fuel.
5. In a desulphurizing a,pparatus the coil-

pipe steam-generator provided with a super-
heater, in combination with a desulphurizing
helical coil arranged belowsaid generator and
immediately abovethe fire-place, substantially

‘as described.
- 6. The combmatlon in a desulphurlzmg ap-

paratus, of the heatmg -chamber and fire-box

with a coiled- -pipe steam-generator and a heli-

cal desulphurizing-coil armnged oneabove the
other, the air-inclosing casing for the purpose

of preventing radiation and to heat the air for

the furnace, the hollow base provided with air-

conduits for supplying air to the farnace, and

the exhausting and forcing device for dI’&WlIlg
the air fram the hollow casing and foreing it
to the fuel 111 the furnace and connections, as
described.

WM. FRANK BROWNE.

Witnesses:
- 'W. T. JOHNSON,
J. L. MOCDANIEL.
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