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UNITED STATES

PaTENT OFFICE.

JAMES HENDERSON, OF BELLEFONTE, PENNSYLVANIA.

PROCESS OF DEPHOSPHORIZING IRON BY MEANS OF FLUORINE.

S5PECIFZCATION forming part of Letters Patent No, 347,349, dated August 17, 1886.

Application filed June 2, 1885. Serial No. 167:415. (No specimens.)

To all whom it may concern:

Be it known that I, JAMES HENDERSON, of
Bellefonte, county of Centre and State of
Pennsylvania, (formerly of New York city,)
have invented anew and useful Improvement
in the Process of Dephosphorizing Iron by
Means of Fluorine and Condensing the Gas-
eous Products Therefrom, of which the fol-

‘lowing is a full, clear, and exact description.

The object of one part of this invention is
to recover from iron eontaining phosphorus
the phesphorus practically free from gelafi-
noussilica; and my invention consists, mainly,
in treating the desiliconized molten iron with
a compound of fluorine and condensing the
phosphorus, as hereinafter described, and re-
cited in the claims at the close of this specifi-
cation. ‘

The object of another part of the invention
is to depurate crude iron of silicon and phos-
phorus by a continuous operation without re-
moving phosphoric slags from the molten de-
phosphorized iron before treating it with fer-

ro-manganese or ofher similar material,

In earrying out this invention I operate
upon either c¢rude iron containing silicon or
crude iron which has been freed of that ma-
terial.

As the crode irons generally found in the
market almost universally contain silicon, I
will first describe the application of my in-
vention to such irons, and the invention in
that case comprises two operations—viz., first,
the desiliconization of the crude iron, and,
second, the removal of the phosphorus and
its recovery. The first of these two opera:
tions may be performed in the well-known
Bessemer converter, and the second operation
may be performed in an open-hearth farnace
which is fitted with condensing apparatus, as
described in Letters Patent granted to me the
14th day. of August, 1883, No. 283,342, or any
other suitable condenser than that described
in'the said patent may be employed.

The preferred mode of operating the pro-
cess is to line the converter and the hearth of
thefurnace with some suitable basic material,
such as lime or magnesian lime, and to charge
the crude iron in a melted state direct from

50 the blast-furnace into the converter; but the

crude iron may be remelted in a cupola and
poured into the converter. The melted iron
in the converter is blown in the usual way
~with air as practiced in the Bessemer process,
with or without the use of solid or fluid re-
agents containing-or capable of evolving oxy-
gen. The operation is continued until desili-
conization takes place, which is indicated by
the color of the flame, as is well understood
in the Bessemer process. This desiliconiza-
tion constitutes the first operation.  When it

t

is effected the converter is turned down, and

the slag is removed from the surface of the
iron. As it may happen that some small
portion of silicon may remain in the metal,
which portion will be deleterous to the second
operation, if: is expedient to remove any traces
of silicon which may remain in the metal after
it appears to have been desiliconized, as indi-
cated by the character of the flame from the
converter. This removal may be effected by
charging quicklime upon the metal in the
converter and blowing the metal for about
three minutes, after which the econverter
should be turned down and the slag removed.
The quantity of quicklime whieh it is expe-
dient to use for this purpose is about thirty

¢

.pounds for each ton of metal in the converter,

The moltendesiliconized iron is now ready
for the second operation. For this purpose
it is run from the converter into the convert-
ing-hearth of the open-hearth furnace, and is
therein treated with a compound of fluorine
capable of evolving fluorine in the furnace.
The compound of luorine may be fluor-spar or
other suitable solid fluoride which may be
thrown info the furnace upon the metal, the
condition in which the finoride is charged be-
ing in lumps of one to three cubic inches area.
In order that the fluorine may be set free from
the fluor-spar, an oxidizing reagent is em-
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ployed, and this reagent may be oxide of iron '

practically free of silica and sulphur—such,
for example, as speculariron ore. The fluor-
ide used should be such as to furnish forty
pounds of finorine to each one per cent. of
phosphorous contained in one ton of crude
iron, more or less fluoride being used aceord-
ing to the greater or less quantity of phosphor-

usin the crude iron. The quantity of oxide of
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ironiemployed: should be about two and one-
half times greater than the fluoride. : By the
actioniof thehest andithei{luorine the phos-
phorus isivaporized: and mpasses off : from: the
hearth iwith the produets of combustion; and
is condensed 1in ther condenser, i The opera-
tion ds continuned nntil ithe dvon iis mearly or
wholly decarbonized, accordingito the guality

of metal;which it is: desived ito: protluce, and: |
1t expedient to add ferrosmanganese: Lo ithe: |
molten: metal during the: proeess ov at the endi
of the process, for the purpose of removing:

any oxideolironoroxygen thatmay be mixed: |

i

with the molten metal, the ferro-manganese be- |

ing: applied in the same manner and; in the

ture olisteel or homogeneous iron /inithe open-
hiearth process. 1 Desiliconized: cast-iron may;
if necessary, be added:during the depliosphor-
izing to maintain the liquidity ofi the metal.
The niolten metul isitapped from the Hurnaee
anc s ieasbi into ingotsiinithe nsual inanner.
The condensers are arvanged toicoal the gases
helow the: point a2t 609 Iahrenheit, at which
hydvollupric neidivolatilizes. : he condensa-
tion of the gases produces avatery hydrofAuorie
aeid, and, phosphorus, and the phosphorns is
separated: tromithe other products by draining
oft the lguid.  Milk-lime may be added to
theliquid produnets, inwhich case usolid luor-
ide: of s ealeinm  is; produced;  which: may: be
dried and used subsequently as the compound
of fluorine to besupplied to the iron in the
furnace.

I iplace of using o converter: for ithe first
operation and an open-hearth furnace for the
seeond; operation; as above  deseribed; both
opevations may be performed suecessively in
a converter, or ‘both may be performed suc-
cessively in an open-hearth furnace. When
both are successively performed inaconverter:
I'n this case the latter must be combined with
a condensing apparatus, such as is deseribed
in my aforesaid patent of August 14, 1883, or
the converter muost be employed in connection
withsomeothersuitable condensingapparatus.
When a converter is thus employed, the first
operation is conducted as before deseribed,
and after the slag is removed the fluorine com-
pound may be introduced during the second
operation. In this case the compound of
fluorine may be the vapor of hydrofluorie
acid, which is deecomposed by the heat of the
converter, and by its decomposition furnishes
fluorine and bhydrogen. Ifor this purpose com-
mercial hydrofluoric acid may be used, which
cousists of about one-third anhydrous acid to
two-thirds of water, by weight. This com-
mercial acid ischarged intoa vessel lined with
lead, andis heated so asto become vapor, and
it is then forced by an'air-pump into the air,

~whieh is conveyed in the blast-pipe to the

tuyeres of the converter. The airand hydro-
iluorie vapor passintothe converter. The hy-
drofluerie acid is decomposed and its fluorine
causes the liberation of the phosphorus pres-
ent in the iron. The phosplhorus passes off

with ithe products iof iecombustion: to the con:
denseriandiis eondensed tlierein, aspreviously
described.!  Tn thus ' performying the second
operation inn theconverter theiairwhich isin:
troduced through the tuyeres 'supplies a isaf:
ficient i quantity : of oxygen  to eause tlie de:
composition of the compoundiof:fluorine; and
the use of aisolidioxide is unneeessary:
Instead ' of msing ecominereials hydrofluorie
aeid or theiecomporind of fluorine; the hyvdvo:
fluorie acid whichiis received in ilie condenser
may be used: for ithe purpoese,  the quantity
used for each charge: of metal: being  propor:
tioncd to the strength of the aeid, 8o as to supt

Liply about forty pounds of flnoring to each one
same quantity as is practiced in the mavnufac-

per cent.of phosphorus contained invone toniof
erudeliron, ns previously deseribed.

The air and the hydrofloorie vapor may be
introduaced separately into thieiiron inthe con!
verter through separate tuyerves, but the two
should be introduced simaltancously)

I prefer to apply the hiydroflnoric acid in
armeasured proportion tothe quantity of air
used, whiel proportion inuy he obtained by
regulating the speed: of ‘the air-pump,which
forees the aeid viapor to thespeed of the blast:
engine whieh sapplies ‘the air) the: speed iof
the acidsairpumyp being so vegulated that: it
suppliesithe requisite amonnt of acid vaporito
furnishiaboutiforty poundsief flunorine fori¢ach
one peri centiol phiosphorus contained in o ton
of ironinithe converter during ithe timere:
quired for the decarbonization iof itlie dvon by
the action of the air-blast.

Instead of using tliel vapor 'of Thydrofiuorie
acid as: theicompound iof fluorine; fluor:spar
may beused. ' This latter compound: may: be
thrown:into the converter in dumps, or imay
be ‘powdered and Dlown in with - the  Llast
through the tuyeres. During the second op-
eration in the converter the blast must hekept
up,in order to maintain the heat of the metal.

When both operations are to he condueted
successively in thesame open-hearth furnace,
the hearth should be fitted with a tap-hole at
a suitable height for drawing ofl’ the slag from
the molten metal at the end of the first opera-
tion before the metal is treated with the com-
pound of fluorine; or the hearth may he low-
ered and tapped for the purpose ol diseharg-
ing the slag at the close of the first operation,
after which the hearth may be raised for the
second operation. The desiliconization is ef-
fected by the use of oxide of iron in the form
of iron ore as free as practicable from snl-
phur, phosphorus, and siliea, theironoreheing
thrown into the furnace on top of the iron in
Tumps of from one to three cubic inches area,
and in the proportion of about six hundred
weight of iron ore for cach ton of iron in the
farnace. The use of iron ore eflects both the
desiliconization and decarbonization of the
iron, and the operation is continued until the
iron becomes decarbonized, as indiecated by
samples removed from the furnace. Then the

slag is removed from the iron, and the desili-
conized metal is treated with the compound of
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fluorine, as above deseribed, for the second
operation. ’

‘When the second operation is conducted
with desiliconized metal, as above described,
the removal of the phosphorus from the iron
takes place during the decarbonization of the
latter; but I do not limit my invention to re-
moval of the phosphorus during decarboniza-
tion, as the metal may be decarbonized by
means of solid oxidizing reagents, as above
described, or by the action of jets of air, and
the metal thus decarbonized may then be
treated with the compound of fluorine, as
above described, whatever slag which has been
produced during the decarbonization being re-
moved beforethe decarbonized metal istreated
with the compound of fluorine.

Tbus far I have described the desiliconiza-
tion of the iron and the subsequent treatment
of the desiliconized metal with the compound
of fluorine, accompanied with the condensa-
tion of the phosphorus; but one portion of my
invention is not restricted to the desiliconiza-
tion of the iron, it being evident that iron
which has been previously desiliconized, or
iron which is practically free of silicon in its
natural condition, may be melted and treated
with thescompound of fluorinefor the removal
of phosphorus; and the phosphorus may be
recovered by condensation, as previously de-
scribed. : :

Instead of charging the fluor-spar and ox-
ide of iron (or other solid oxidizing reagent)
separately, the two may be powdered and
formed into lumps or small bricks, which are
thrown into the furnace; and in case the
flame employed to heat the open-hearth fur-
nace during the second operation is suffi-
ciently oxidizing to liberate the fluorine from
the fiuoride, the use of a solid oxidizing rea-
gent is not essential. Inevery case the crude
iron which is used should be practically free
of sulphur, for if an iron contairning sulphur
be used the hydrofluoric acid which is con-
densed during the process is mixed with sul-
phurie acid; besides,’if sulphur be present
in the iron under treatment, I have found it
expedient to increase the amount of fluorine,
supplied in the proportion of forty pounds

of fluorine for each one per cent. of sulphur.

contained in the metal, as I have found that
the sulphur combines with the fluorine, and
if the quantity of fluorine is not increased
there is not enough of it to effeet the removal
of the phosphorus.

The process above described not only depu-
rates the iron of phosphorus, but enables the
phosphorus to be recovered as a by-product,
the phosphorus being free of gelatinous silica
or hydrofluo-silicic acid. When the crude
iron is free from sulphur hydrofluoric acid is
also obtained as a by-produect.

By the process above described the phos-

phorus is separated from the desiliconized
iron almost wholly in the condition of gas or
vapor, and consequently the slag formed dur-
ing dephosphorization contains so little phos-
phorus that it does not recombine with the
iron when ferro - manganese or cast-iron is
added at the close of the dephosphorization,
and therefore the slag which is formed during
decarbonization need not be removed prior to
such addition. ’

I do not wish to be understood as limiting
my invention to the converter or furnace
herein described, as the processes may be prac-
ticed in a refining-fire connected with a con-
denser; orothersuitable furnace and condenser
may be employed.

In previous patents granted to me June 26,
1883, No. 279,947, and August 14, 1883, No.
283,342, I have described the depuration of
silicious phosphorie iron of phosphorus and
silicon simultaneously by the use of fluorine;
but in those cases the phosphorus recovered
is mixed with gelatinoussilica, and whatever
hydrofluoric acid is recovered is mixed with
hydrofluo - silicie acid, which greatly depre-
ciatesits value for some purposes. The pres-
ent invention is distinguished from that of
the said previous patents by the fact that the
phosphoric iron to be treated must either be
iron free of silicon, or, if containing that sub-
stance, must be desiliconized before the phos-
phorus is separated from it, the silicon and
phosphorus being separated from the iron
separately and consecutively, instead of si-
multaneously, as previously; nor do I wish to
be understood as now eclaiming subjecting
molten iron in a suitable chamber lined with
a basic or non-silicious material to jets of air
to desiliconize it, and pouring the silicious
slags from the chamber, and afterward treat-
ing the desiliconized metal with jets or blasts
of air and steam to remove the phosphorus,
as this is described in Patent No. 283,783,
dated August 28, 1883, already granted to me.

‘What I claim as my invention, and desire to

“secure by Letters Patent, is—

1. The process, substantially as before de-
seribed, of depurating desiliconized crude
iron‘of phosphorus and recovering the phos-
phorus by treating the molten iron with a

compound of fluorine and condensing the

gaseous products of the treatment.

2. The process, substantially as before de-
scribed, of depurating ecrude-iron of phos-
phorus and recovering the phosphorus by

first desiliconizing the crude-iron, and then.

treating the molten desiliconized iron with a
compound of fluorine and condensing the
gaseous products of the treatment.

JAMES HENDERSON.

‘Witnesses:
JOSEPH J. SULLIVAN,
JOHN K. ELMENDORF.
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