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(’i"e epeelmens )

B ’Ta @ZJ wham it mc&y coneern

-Be it known that I, JAcoB REEE:,E a eltlzen

ef the United States, r651d1ng at Allegheny, in|"

pure and 51mp1e a8 prectleed in. the 0pen
hearth and 18 eondueted as follows: . .
The 0pen -hearth: furneee is furmshed W1th

S the couuty of Allegheny and State of Penngyl- | i |
5 vania, have invented a new and useful Im- __;fﬂ'eneretors steek endgas predueers—a,ndhav- o
;';:_51;;_;:;_-:3 plovement in Processes’ of Dephosphomzmg:._,mg the metal ch&mber lined. with a‘lime or

Iron and Steel in an Open-Hearth Furnace ; | magnesian- Jime 11111ng the method of prepar-

s iy §.  : ~and I declare the following to be a full elea,r 5_
o i :;md exach deseuptlen thereof, -
o - Previous to the dlscovery of thls mventmnfj
the open- health process was 01d1]3&r11y con-
~ducted “in a metel ehember whleh was llned_.

Wlth sand.

i tamed, and, mdeed was consider ed 1mp0581b1e-
. I 5 -at such a hwh temperetme as existed in such

In the course of my mvestlgetlen;,
~of the subJeet I: discovered that when phos- .
" phorus was removed from molten iron -it.was
coxidized to - 1)h0$phor1e acid, (P,0,,) which

a, furnaee

i ?--ééffff":f@f;‘;_lffleo united with a base oxide of iron or oxide of

40 through a slag having a phosphate in: it the
et e&rbeme oxide: robbed the phoslahate of its
~oxygen and the  phosphide returned to the.
=L then eeneewed the idea of- ehmmat

§*f;;_§:-;?j}i'.{ré}?;;;f::]'lf:j;:;45 sence of silicic aeid and cerbome oxide, and
o o in the presence of ‘a basic lining and a basm,
bcmth dephosphorlzmg the metal and remov- |
~ing the phosphate with the slag, and I shall
e s NOWR desellbe a;nd cleﬂmtely 11m1t the present';
50 mventm i '

Thle mventlon 1elates te the baele proeess,

~calcium, forming a phesPhate, and as the sand
-lining wes eomposed principally « of silicicacid |
(SlO)_,) the silicic acid possessing- a . greater

IR a,fﬁmty for the oxide of iron and oxide of cal-
':2 5 cium than phespherus has, when silicie ecld_

was present in a free state, 1t robbed the phos

ph‘mte of its base oxide of 1 1r011 or oxide of cal-
cium and the phosphorus went back into the.
metal beeause it conld not.exist under the con-

30 dltlons:, exeepb as. ephosphwte in the slag or as
o ; -1 therefore con-
eluded to chspense w1th the ‘LGId llnmg, end_' '.

2 phosphide in the metal.

||||||
......

35 that the phesph ete when once formed mi ghtj

be held in the slag’ W1th0ut coming in eoutaet.
Wlth the deeompesmg mﬂuenee of silicic acid.

~ In my further researches in this line I discov- .
~ered that when. carbonic oxide (00) passed .

. metal.
ing the carbon  entirely, and then, in the ab-

?'-sehdlﬁed and har dened

_ﬁ-tlen W]:ueh I term the

‘ing, indurating, and- 13ut‘r1ng the lining into
| the furnace being fully and clearly set forth in
~patent issued to. me November 15, 1881, No.. -
249,548, and pending appheetmn ﬁled Melch*- LU
14, 1881 Serial No. 28,274, and epplleetlen.j R
x _.ﬁled Februery 15, 1889 Serial No. 52,778. L
The lime should be burued at a ]11g111 tempera- e
_ture, preferably so high that it is indurated, -~ .
It is then. groundtf?;;_ R
~and - mmed with tar or other carbonaceous ~
“matter, and while in a semi-pasty condition'it -~ - -
-18 plaeed in the furnace and the bettom made
by ramming the material in place: ~ - .. ..
I prefer to use lime-brick for the mdes and' R A
roof of the metal chamber but when - thls BE R
1ot practical the furnace walls and roof may = T
be made of other brick..
| place a layer of coke- dust, plumbago, or other
i eerboneceeus matter between the hme llmng ST
and the brick walls of the furnace, in order = ..
to prevent the lime and the brick from ﬂuxmg_-- BRI ]
‘each'other; or instead of the carbonaeeeus mat-
‘ter the omde of chromium or any other hlghly .
5.'-_111fus:,ble basic material may.be used. n
It will be understood that I-do 11013 elelm_ ;'
1 ﬂlIS partmular eonstruetlon ef furneee as myf L
il 1nvent1011 R : _ I
~When the furneee has been thus 1111ed aind;:f,-._ el sl
;?-.1eajdy for use the fire is hghted and it is slewly. S
‘dried. Theheatisthenincreased graduallyun- - -
.;t11 the hnmg is. glezed When the furnace 1sf R
.'-W1th metal duect frem e blast fulneee oreu- .
3;1)01&, or the metal may be charged in theform . .
of pig or cast-iron scrap, with ten totwenty - - -
‘per cent. of oxide of ] iron, and the temperature . - -
‘of the furnace kept up | to a high point. -
_soon ag the oxide mndmeta,l have become thor- - . "
;;;oughly fused aQ ehemlcal actlon tekes place,, e

|||||||

In’ the ]ettel case I

AS

of- the oxlde the iron of the. OXIdG going 1111:0-_:- TESEE
‘the metal and the silicon going into the: slag 100 .
| as silicie acid, (Si0,.) This first chemical ac- .~ .+
{PSﬂIGOIl perlod & Wlll-..:j_;.-:;; CorenE



" the amount of -silicorr in the metal.
this silicon period but little gas is evolved,

- state of reSt

. 294.233_,

contmue from-threé to five hours, accordmg to
During

hence but little ebullition takes place, the
metal being consequently in a comparative

inated, the carbon is attacked by the oxygen

" of the oxide and carbonic oxide (C,) is formed.

‘soon as the glag is tapped off a fresh charge
. of about ten per cent. of fresh oxide should
20
~or a mixture of oxide of iron and lime.
“oxygen of the oxide will then attack the phos-
phorus and-oxidize it to phosphorie acid,

25

This being a gas, it causes ebullition and |

the metal boils. - This boiling-period, in which
the carbon is bemﬂP eliminated, will last from’

twoto three hours, aecordlng to the percentage -
" of carbon in the initial charge.

boiling ceases and the carbon is eliminated,
the slag should be tapped off, as it will then
contain all' the silicie acid resultmg from the
oxidation of the silicon of the metal. As

- This niay be oxide of iron alone,

be charged.
The

(P,0,), which will unite with oxide of iron
and abide 1n the slag as a phosphate.
the phosphorus has been thus eliminated, the
phosphoritic slag should be tapped off and the

‘metal deoxidized by the use of speigel, ferro-

-manganese, or silicon, as a silicious pig or a

3¢

ferro silicide, and the metal then run into the

ladle and molds or the metal may (minus the-
‘phosphoritic slag) be run into the ladle and
In- either case care |

deoxigenated therein.

- should-be taken to separate the metal from

35.-
“charge for deoxigenating, as a portlon of the

the phosphoritic slag before making the final

- carbon in the final charge will be changed to

- phosphate there may be in the slag and cause |

'.1310116(1 method will be about ten hours;

carbonic oxide, (C,,) which will reduce any

the phosphorus to go back into the metal.
The time required to perform the aforemen-
but

- when serap-iron or scrap-steel can be obta,med

45

50.
~ having no silicon and but little calbon n 1it,

to advantage the initial charge of cast-iron
need not be more than three or four tenths of
the whole weight per heat. In this case the
oxide is omitted, and :wrought-iron or steel-
scrap (preferably heated) is put into the mol-
ten metal from time to time until the - full
charge is made. By this method, the serap

. the average amount of silicon and carbon in
- the whole charge will be greatly reduced and

._ 55

the oxide coating of the scrap will rapidly de-
siliconize and decarburize the metal and ex-

| pedlte the practice, so that a heat may be

made in this manner in much less time than
when pig and ore only are used. When the
heat formed of pig and scrap is thoroughly

“desiliconized and decarburized the silicious

slag .should be withdrawn and from five to

dephoslahouzed then removed from' the slag

- .and deomgemzed as before explained.
65

Care should: be taken that the metal shall
be kept in a highly fluid condition during the

When thesilicon has been elim-

When the

1

When |

]

‘reous-magnesian linings to furnaces

tially as and for the purpose set. forth.

.entire process, that the oxide employed should

‘be as free from silica and: phosphoric acid as
possible, and that no carbonic oxide, and as
little silicic acid as possible, shall be present 70
during the dephosphorlzmg period, as both
-carbonic oxide and silicic acid will reduce the
‘phosphate and " cause the: phosphorus to go
back 1nto the metal. |
The metal-chamber should be carefully ex- 75
amined after withdrawing each heat, and where
the lining has wasted away, either on the sides
or the bottom, a portion of the mixture of tar

~and well- burned lime should be put inand well

rammed on the old lining prewous to charg-
1ing a new heat.

When molten iron is kept in a highly ﬂuld ,
condition in the presence of a basic lining un-
til the silicon and carbon have been eliminat-
ed, and then subjected to a highly -basic bath.

_80

?-_85.

“the phosphorus may be entirely removed from

the metal to the slag, and the metal be thus

~converted into- ingot iron or steel free from
‘phosphorus.

In thisapplication T donotclaim any method go
of preparing and applying calcareous or calea-
, such lin-
ings and their preparation being covered by

‘patents or pending apphc&tlons for patents
‘hereinbefore cited.. Nor do I claim the pro- 95

cess of desiliconizing or decarbonizing in a’

‘gilicious-lined vessel and then conveying the
“iron into a basic-lined vessel and therein de-

phoslahorlzmg it in presence of a basic bath,
such process having been patented by me J une 100 .
5, 1883, No. 278, 738 Nor do I claim that the -
use of 031des of iron 1n connection with an
open-hearth furnace in the process of purlfy

‘ing iron or steel 1s new; but

What I do claim is— 105
1. Thewithin- described process f01 convert- -
111cr iron into steel, which consists in, first,

| cha,rging the metal, together with Suitable me-

tallic oxides, into a lime-lined open-hearth fur-
nace and there maintaining them at a high
temperature until the metal is desiliconized,
decarbonized, and dephosphorized, and, _see
ond, deoxidizing and 1ecarbur1z1ng the metal |
a,fter being separated from the slag, substan- -

11O

2. The within-described process for convert-
ing iron into steel, which consists in, first,
-chargmﬁ' a lime-lined open hearth’ with iron -

‘and suitable oxides of iron and maintaining =~
120

them at a high temperature until the silicon
and -carbon are eliminated; second, tapping .

‘off  the silicious slag; third, addmﬂ* a second

charge of suitable oxides and heat1ng until the

'phOSphorus is eliminated; fourth, tapping off .
‘the phosphoritic slag: ﬁfth deoxidizing and 125

recarburizing the metal apart from the slag,

‘substantially asand for the purposes described.
ten per cent. of oxide charged and the metal | - |

‘JACOB REESE.

Witnesses: ) |
J. M. ROURKE,
" JAMES SIPPDY
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