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{Spemmens )

To all whom it may concermn: -

Beit known that we, JAMES P. WITHEROW,
HENRY W. OLIVER, Jr., JoaN F. WILCOX,
and GEORGE E. TENER, all of Pittsburg, in
the county of Allegheny and State of Penn-
sylvania, have invented a new and useful Im-
provement in Process of Making Ingot Iron
and Steel; and we do hereby declale the fol-
lowing to be a full, clear, and exact descrip-
tion thereof. | |

Our improved process of manufacturing in-
got 1ron or steel by the pneumatic process,
while especially adapted to the manufaeture

of soft or low carbon steel, may be employed

in the plodueblon of other orades higher in
carbon. Ttiswell knownin the art that Besse-
mer metal or steel containing over .12 per
cent. of phosphorusis unfit for “most industrial
Consequently when an ore con-
tained more than .06 per cent. of phosphoraus,

1t was not suitable for use in the manufacture.

of pig metal for use in the Bessemer process
as heretofore practiced, unless subjected to
the expensive and troublesome basic or other
dephosphorizing process. Afleast four-fifths
of the ores 1n use contain too much phosphor-

- us for making Bessemer pig, and are conse-
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quently cheaper than those applicable there-

to. Huarthermore, there are enormous depos-
its of iron ore on this continent and elsewhere
which have heretofore been considered entire-
iy worthless, owing to the high proportion of
such impurities as phosphorus, sulphur, &ec.,

- contained therein, which rendered 1t 1mpossi-
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ble to produce marketable iron therefrom by
any of the processes mentioned or known. By
our improved process we are enabled to pro-

~ duce a very superior metal by the use of cheap
- ¢old or red short pig-iron made irom Such
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ores without dephosphorizing, which metal is
applicable to many uses to which Bessemer
metal has not been heretofore applied, and is
much better for many purposes than wrought-
iron, while at the same time 1t is much cheapel
thfm the latter..

Briefly statecl our 111%11131011 consists in de-
siliconizing phosPhouc pig-iron 1n the pneu-
maftic or like process by OXIdIZlIJU‘ the metal

as the metal becomes more fluid.

| and immediately renmoving the ,shc- 1'¢ sultmﬂ‘

from said oxidation. .

Our improved process may be carried on in
a stationary converter having one or more tuy-
eres extending horizontally thlouﬂh 1ts sides

at proper intervals, preferably at or about mid-

way of the height of the column of metal in
the converter, a cinder-notch about eighteen
or twenty mches above the metal- lme, and

means for supplying a mild blast, say, of six -

or eight pounds pressure, or othermse regu-

| latmﬂ* the same as regards heat and pressure.

TxVhlLe we speak of a stationary converter,
we do not limit ourselves thereto, because, as
is evident to those skilled in the art OUur pro-
cess may be carried on in a tipping converter,
ladle, open-hearth or other vessel or furnace
having means for tapping off the slag where
the meta,l can be subjected to the deSlllcomz-

6C

ing and decarbonizing action of a blast of air

or like agent, as will be understood.

We will now describe the process as it has
been practiced by us in the stationary con-
verting-vessel hereinbefore particularly men-
tioned. A charge of, for example, say, three
thousand four hundred pounds of molten pig
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metal, containing, say, 1.8 per cent. of silicon 75

and .55 of phosphorus,isputintothe converter.
Assoon as the metal begins to flow into the con-
verter, the blast is gradually turned on until,

- when the entire chﬂrﬂ*e hasbeen introduced, the

maximuin pressure, whmh 18 from six to elght
pounds, is attained. The pressure of the blast
is then slowly reduced to about five pounds
The eftect;
of the blast on the metal is to oxidize a por-

tion of the same, thereby forming a base with
which the silica unites, producing a slag con-

taining the silica, which, being li._ghter than

the metal, rises and is separated tnerefrom.

The action of the blast causes the charge to

foam up until in five or 8ix minutes the slag

begins to flow out at the cinder-notch, which
flow will continue for one or two minutes.

‘When it ceases, the cinder-notch is stopped

up with clay, and the blow is continued un-
til the flame drops, which indicates that the
carbon has been consumed, a period usually of
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five or six minutes. The fluid metal is then | made from pig-iron containing .5 per cent. of

tapped off as quickly as possible into a ladle, | phosphorus is better than that made from the
and, if desired, is recarburized by the addi- | best Bessemer stock, the latter lacking the de-
tion of a sufficient quantity of ferro-manga- | sirable stiffness which the former possesses. 7c
5 nese, preferably heated, or other suitable re- | The important features of our process are the
carburizer. The manganese of the addition | treatment of the phosphoric metal as de-
~ bas its usual functions. The metal is then | seribed and the tapping off or otherwise re-
- poured into the ingot-molds. moving the slag containing the silica as soon
- 'The average of a number of analyses of the | as it is formed. By this process we obtain a 75
rc slag which is run off during the blowing of a | product practically free from oxide of iron
charge of the character aforementioned shows | and gases which produce piping, and practi-
that 16 has the following composition, viz: | cally free from silicon, and containing about
silica, sixty-two percent.; oxide of iron, 30.21 | the same percentage of phosphorus as was in
per cent; manganese, 7.79 per cent; phos- | the charge. We obtain uniformity of produet g5

15 phorus, a trace. This slag is, therefore, es: | and a minimum waste of manganese. as there
sentially a silicate of iron and manganese | is little or no oxide of iron present in the
tormed by the oxidation of these elements, and | charge when tapped. |
no dephosphorization of the metal takes place The process is applicable to use with any |
in the converter. The phosphorus conse- | pig metal, whether containing much or little Ry

20 quently remains-in the metal, and its propor- | phosphorus, but, as has been stated, it is par- |
tion in the product is about the same as in the | ticularly advantageous with phosphoritic pig,
charge, owing to a slight loss in conversion. | because it enables it to be used for the produc-

- The average of a number of analysesof the | tion of an improved ingot iron or steel, where-
slag from the ladle after the addition of the | as before this material was unfit for general QO

25 ferro-manganese shows the following compo- | use without dephosphorization.

- sition, viz: silica, 58.30 per cent.; oxide of | When starting with a cold cupola and a
iron, 35.84 per cent.; manganese, 5.86 per | fresh converter, we prefer to use about two
cent. | { per cent. of silicon for two or three heats, and

We have used in our process common mill | then reduce it to 1.6 or 1.7 per cent. or there- g5

30 1ron containing as high as.5 per cent. of phos- | about. This can be done by adding a proper

| phorus, and produced steel therefrom con- | quantity of castor wroughtiron or steel scrap, o
taining from .4 to .5 per cent. of phosphorus, | and if the charge is working too hot the tem-
which has been utilized for various purposes | perature can be reduced by adding suchscrap

| and shows remarkable physical tests. either in the cupola or converter, as the case 100

'35_ The following is a table of the physical tests | may be. :
of a steel containing.54 per cent. of phosphor- When steel is desired, the amount of ferro-
us made by our process, viz: Tensilestrength, | manganese or other recarburizer added will
seventy thousand to eighty thousand pounds; | of course depend upon the quality of steel de-
elastic limit, fifty thousand pounds; elonga- | sired. For very soft steel about .8 per cent. rog

40 tlon, twenty per cent.; reduction of area, | of ‘‘eighty-four per cent.”’ ferro-manganese is
thirty-five per cent. Its working qualitiesare | ordinarily used. |
perfect ease of welding, extreme ductility, A large mumber of analyses demonstrate
spreading freely, and absence of tempering | that the process gives remarkably uniform re-
properties. Itis particularly adapted for use | sults. Theecarbonand silicon are almost com- 110

45 1n the manufacture of nail-plate,tacks,spikes, | pletely eliminated, especlally the latter, asin
rivets, bolts, chains, shovels, spades, and all | no case have we found more than a trace.
kinds of stamping-ware,wire, rails,crow-bars, | No appreciable amount of oxide of iron has
harrow-teeth, wood-choppers’ wedges, picks, | been found in the resultant steel, and the sat-

- mattocks, &e., pipes, tubes, and flues, tin | isfactory working of the steel is to a consider- 17 5

5o plates and sheets, tank and boiler iron, and { able extent attributable to its absence.
all kinds of blacksmithing and merchant iron. We have discovered that the phosphorus

With regard to the working qualities above | may be utilized as a steelifying agent for iron
- mentioned, the metal being low in carbon pos- | in place of silicon or carbon, which have here-
sesses a constant welding property which is | tofore been considered essential to the produe- 125

55 not present in other low steels, and when it is | tion of steel, and in proportion as the other
made from Bessemer pig containing from .10 | metalloids are reduced or eliminated. This
to .12 per cent. of phosphorus its welding | property of the phosphorus is utilized, so that
properties are equal to the best Swedish iron | the necessity of the final additions of carbon

~orthe finest open-hearth steel. | and manganese heretofore used in the basic 125

6o For welded shovel-blades, which is one of | and other oxidizing processes is more or less
the most thorough welding tests in use, we ob- | obviated. If it is desired that the steel should
tain perfect results with steel made by our | contain these elements as well as the phosphor-
process containing .35 per cent. of phosphor- | us, they may be added in quantities to suit

~.us and .12 per cent. of sulphur. For nail- | the particular grade of metal required,as will 130
‘65 plates we obtain the best results from a mod- | be understood. The presence of the phosphor-

~erately cold short pig. The nail-plate we have | us assists in keeping up the heat of the bath
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atter the eliminationof thesilicon and carbon,
and also imparts to the resultant product
hardness, stifiness,
value for many uses in the arts, while it has

5 been found by us that it does not detract from

- the working or malleable qualities of the metal.
“We do not limit ourselves to the use of a
stationary converter, but claim the right to
use our 1mproved process in any apparatus

10 suitable therefor, as hereinbefore stated.

We do not herein claim the phosphoringot
iron or steel which can be produced by our im-
proved process, as such product forms the sub-
ject of a separate application of even date here-

15 with.

What we claim as our 111‘%’611131011, and desire
to secure by Letters Patent, is— -

1. Theprocessof making phosphorsteel here-
1n described, which consistsin blowing a charge

20 of molten pig metal high in phosphorus, and.

and rigidity, properties of |

{ removing the slag containing thesilicon when

formed, substantially as and for the purposes
described.

2. The process of making phosphor steel
herein described, which consists in blowing a 25
charge of molten pig metal high in phosphm-
us, removing the slag during the earlier pe-
riod of the blow,and eontmumw the blow until
the carbon is consumed.

In testimony whereof we have hereunto set 30

our hands thls 30th day of January, A. D.

188D,
. AMES P. VVITHERDW.
HENRY W. OLIVER, Jr.
JOHN F. WILCOX.
GHORGE II. TENER.
W itnesses: '

C. D. FRASER,
ROBERT (GFARLAND.
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