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To all ivhom it may concern:

Beit known that I, FRANK E. YOUNG, a citi-
zen of the United States residing at Canton,

in the county of Stark and State of Ohio, h.gwe
Invented a new and useful Impmvement in

- the Art of Making Steel, of which the follow-
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ing is a speelﬁcatlon

My invention relates to an improvement in
the pneumatic process of converting molten
iron into malleable iron or steel; end the gen-
eral objects of my 1mprovement are to oxi-
dize the bath slowly, more perfectly, without
agitation, and under complete control, and at
the same tlme to utilize the blast for remov-

ing the slag from the surface of the metal,
wmh a lesultlnﬂ‘ elimination of all the metal-

loids, mcludmﬂ'sulfur and phosphorus, which
renders it posmble to make steel out of serap
and low-grade irons.

In my process I seek to combine all the dis-

tinetive features of the Bessemeér process, the

hand-puddling, and the open-hearth methods,
which are, briefly, the rapid elimination of the
metalloids in the Bessemer, the mechanical
rolling in the hand- puddling, and the perlod
of rest or still melt in the open -hearth.

In convertingecrude iron into malleableiron
or steel by the nse of air or other aeriform
oxldizing agents for.the pmpese of oxidizing

the combuetlble elements held in combma,tlon
with the iron several essential fundamental
conditions underlie a perfection of the proc-
ess and must be properly codrdinated in one
general action to produce the best results.

Fnet 1t 1s essential that the oxidizing agent.

shall be brought into contact with all portions
of the molten metal in a gradual, even, and

continuous manner to secure a perfe(,b 0}(1(1&- "'
tion of all -the parts without an overoxida-

tion of any portion; second, it is important
that all slag or scoria should be immediately
removed flem the molten metal as soon as it
rises to the surface to prevent its mechanical
admixture with the iron, as well as to prevent
the sulfur, and espeelally the phosphorus,
from reeombmme: therewith, and, third, it is
very important that the air should be as com-
pletely deoxidized as possible, so that nomore
alr need be used than is necessary to thor-
oughly oxidize the combustlble materials con-
tained in the iron.

In thepneumatic processes heretofore used,

| whether pragticed in a movable or stationary
converter, the blast is injected either from

the bottom, as in the Bessemer, or from the
side below the surface of the metel, as in the
Roberts, or just above the metal, as in the
Tropenas bust in all these methods it is pro-
Jected upward from the surface of the metal
to an exit at or near the top of the con-
verter, and the slag or scoria rises to the sur-
face, where it accumulates and shields the
iron from the air above or becomes more or
less mixed or combined with theiron; but in
my process I project the blast under con-

stant pressure directly across the entire sur-.
face of the molten metal , iIlnmediately remov- -

ing therefrom all the elefr Oor seoria as soon
as it rises, setting the met_al into a rolling

motion by the mechanieal action of the blast
on its surface and holding the air in close con-

tact with the metal in proportion to the pres-
sure of the blast. This prevents any excess-
ive agitation, and a perfect union of the OXy-
gen of the alr with the metalloids of the iron
takes place with a less volume of blast.

In carrying out my process I make use of
a converting apparatus, which apparatus will
be made bhe subject of another application
for pa,tent and may be of the construction
shown in the eeeompanymg drawmﬂs, in
which-—

-Figure 1 is a longitudinal vertical section
of the converter, and Fig. 2 is a horizontal
section through the inlet, and outlet apertures.

‘The converter is preferably made as an
elongated vessel 1, reduced in width at the
ends and having all the angles rounded. It
i8 lined with a refractory material, as with the

fire-brick 2, and the top is completely closed

over, as by the fire-brick slabs 3, placed on
edge. At one end is the inlet- a,perture 4, in
whlch 18 inserted the blast-pipe 5, and at the
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opposite end is the outlet- aperture 6, prefer-

‘ably of about the same size as the inlet-aper-

ture. The inlet and outlet apertures are lo-
cated at or near above the surface of the
molten metal 7, and the covering-slabs are
only a short distance thereabove, so that the

air-space 8 is as long and as wide as the sar-

face of the metal, but is not very deep. At a
convenient place in the bottom of the vessel
18 the tap-hole 9, which is kept closed, except-
ing when a charge is being tapped out. The
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blast-pipe may be inclined slightly dowuward |

at 1ts entrance into the converter, if desired,
and the air-blast is derived from a positive
blower, preferably of the Root type, (not
shown,) and is preferably regulated by the
valve 10. A gas orsteam pipe 11 is connected
with the blast-pipe at a convenient point and
18 provided with the regulating-valve 12, and
there may also be one or more hoppers, as 13,
provided with gates 14 for introducing pow-
dered carbon, silicon, or other chemicals into
the blast.  Upon entering the converter the
blast spreads out and covers the whole sur-
face of the molten metal, decreasing in speed
as the air-space increases in cross-area. At
the other end it converges and leaves the con-
verter at about the same speed with which it
entered. 'I'he blast thus described causes a
rolling motion of the molten iron, as indicated
by the arrows, which could well be called a
‘““pneumatic puddling,” and removes the slag
15 and other impurities which rise to the sur-
face,which could well be called a ** pneumatic
skimming.” The consequentexposure of the
entire surface of the metal and the retarda-
tion of the blast give a free and prolonged
opportunity for the chemical reactions of the
oxygen of the blast with the metalloids of the
iron, and the constant pressure of the air on
the metal facilitates these reactions and also
prevents somewhat a splashing or spluttering
or an undue agitation of the metal.

FFor charging the converter several of the
slabs 3 are removed from the mouth end and
gates or other scrap from previous melting
orothersteel or wrought-iron serap are nlaced
in the vessel 1. Gas is then turned on, with
a light blast, until the converter and contents
are well heated, when the gas and air are
turned off. Then some oxid of iron, as ham-
mer-scale or iron-rust, is thrown in and the
molten Iron from a blast or other melting
furnace (notshown)is run inand theremoved
slabs are replaced. The heat of the molten
iron melts the serap and liberates the oxyvgen
of the iron oxids, which combines with the
silicon to form silica and reduces their iron
to metallie condition. The silica rises to the
saurface and is immediately removed by the
bilast through the outlet-aperturs instead of
forming an acid slag by combining with the

1ron and manganese oxids. A light blast of air

1§ then used until the first reaction subsides,

which takes from two to four minutes, and .

the blast is then increased and continued as
long as flame appears. As soon as the flame
begins to disappear gasis turned on with the
air-blast, and the gas and air are used in vary-
ing proportions, accerding to the product de-
sired. DMore gas and less air produces a car-
bonizing or reducing flame, less gas and more
alr an oxidizing-flame, while a neutral flame
1s produced by the two being mixed in such
proportions as to produce perfect combus-
tion. T'he metal can be held almost indefi-
nitely by using the neutral flame, or carbon-

1zed by the reducing-flame, or the carbon |
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removed by the oxidizing-flame. The smelter
can soon tell the proper proportions to use,
and they are easily regulated by the respec-
tive valves. When the metal has been re-
fined, I can add a proper amount of granu-
lated ferromanganese, as from the hopper 15,
and in a few minutes it isready to pour. The
ferromanganese, as is well known, 18 added
for the purpose of eliminating the occluded
gases and for reducing the oxid of iron. I
prefer, however, to use gas at this period of
the blow, giving the bath a dead-melt and re-
carburizing to the point desired, as described
above. In case I do not have gas then I use
steam and oil, or steam and carbon in a di-
vided or powdered condition, along with the
atr. Silicon can also be added in this way at
the end of the blow to render the metal more
lignid, as for casting into molds.

In the process as described the oxygen of
the oxids is set free by the heat of the molten
iron and the iron of the-oxids is reduced to
metallie iron. The oxygen uniting with the
metalloids of the molten iron generates an in-
tense heat. Thesilicon first becomes oxidized
and generates seven thousand eight hundred
and thirty heat units (centigrade) and forms
silica, which i1s immediately removed by the
blast and does not unite with the ferrous and
manganous oxids to form an acid slag, as in
thie other pneumatic processes. It is this si-
licious or acid slag that prevents the oxida-
tion of the phosphorus in the other proc-
esses. That the acid slag on the iron pre-
vents the removal of the phosphorus in the
acld-lined converters is well known by steel
men, and by removing thesilica as soon as it
is formed, as 1s done in my process, the phos-
phorus is left free to be oxidized. If, how-
ever, any of the phosphorus does combine
with the iron oxids, it is removed in the
afterblow by reason of the hydrogen of the
gas combining with the oxygen to form
H,0. Phosphorusbyits combustion to phos-
phoric anhydrid generates five thousand
seven hundred and forty-seven heat units,
(centigrade,) which generation of heat can-
not be produced in the other processes, as
explained above, and constitutes one of the
very 1mportant advantages of my inethod.
‘T'The combustion of carbon generates eight
thousand heat units, (centigrade.) In the
other processes it passes off as earbonie oxid
and 18 imperfectly consumed, and, further-
more, the carbonic oxid, as is well known,
carries away a great amount of heat; but in
my process the carbon is reduced to carbonie
acid by reason of the pressure of the gases
against the entire surface of the metal and
their more tardy exit. Owing to the mora
perfect combustion, there is not so much es-
cape of flame asin the other processes, where
the carbon monoxid escapes into the air to
form carbon dioxid, so that while some of
the silicon is removed without being oxi-
dized and some of the graphitic carbon es-
capes 1n the form of ‘‘kish,” yet owing to
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the use of less volume of blast and the lower ] end below the surface of the metal, excepting

pressure of the same I get a more perfect
oxidation of the metallmds and. especially
of the carbon and phosphorus In this way
I accomplish in an acid-lined converter that
which has heretofore been possible only by
the basic process.

At the end of the blow in all pneumatle
processes the iron has the characteristics of
burned iron, being spongy or porous and brit-
tle. "This is owing to the large amount of
oceluded gases and the oxids of iron it
contains. To remedy this, additions of
spiegeleisen or ferromanganese are usually

made in order to eliminate the oxygen and

add carbon. I acecomplish this in a cheaper,
easier, and more perfect way by the gas re-
ducing-flame, as deseribed above. The hy-
drogen of the gas unites with the oxygen to
form water, and the carbon unites with the
The carbonizing of the iron depends

 upon the length of time the reducing-flame

25

1s used. In case a test-piece shows it too
high in carbon, the oxidizing-flame is used to
reduce it. In this way steel of anv degree

of hardness can be made without a,ddmons_ |

In the Bessemer process, the action being so
violent, the blow must be finished in from fif-

“teen to twenty minutes, while in my process,
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~into a converter open at the end near above |
- the surface of the metal.
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the action being controlled and moderated
by the limited blast, it can be extended for
thirty or more minutes, and by reason of the
extended period and the constant pressure
of the gases on the metal the reactions are

accomphshed more perfectly and a better

steel is made, especially for casting 1nt0
molds, and at a less cost.

It has not been found practicable to use
fluxes or chemicals with advantage in the
pneumatic processes heretofore pr ae‘meed S0
no impurities have been removed excepting
such as can be oxidized out, and sulfur and
phosphorus have always remained, while in
my process fluxes can be added and their
products removed by the blast. Additions,
such as graphite, spiegeleisen, ferromanga-
nese, or ferrosilicon, can also be iniroduced
in a powdered or ﬂ*ranulahed form by way of
the blast toward the latter part of the blow.

I am aware that gas, steam, graphite, sili-
con, &c., have been introduced into the con-
ver ber _by others; butthey blow them into the
molten iron at the bottom or side and into a
converter-open at the top, while in my proe-
ess the fluxes and additions are introduced
on the surface of the metal by the blast and

one charge the converter being covered and
having a thick lining remains well heated and

s ready for receiving another eharge without

any preliminary heating..

I haveillustrated and descrlbed a converter
having theinlet-aperture inthe end justabove
the Surfaee of the metal; but the nature of
the process would not be aﬁe’cted if the inlet-

aperture were in the top at the end or in the | first side and accelerating 1t at the farther

After tapping out

that in the latter case the blast would have

to be strong enough to keep the iron out of
the aperture

Convertershave ﬂenerally been eonstructed
on the pedestal-and-trannion plan in order to
charge and empty them quickly. This of

course greatly increases the cost of construe-

tion and maintenance, as well as that of op-
erating. As I have no accumulation of slag
to empty and can readily tap out the finished
steel, I prefer to make the converter for my
process stationary and of about two tons ca-
pacity; but it can be made of the tilting va-
riety and also varied in-form and eapaclty to
sult the exigencies of the case. The converter
necessary to practice my process is cheaper
to construet, cheaper to operate, and requires
less repair, as there are no submerged twyers
to burn out and no movable parts to become
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deranged. There is,furthermore,a great sav-

ing in the use of a blast of small volume and
low pressure, usually from two to four pounds
per inch, instead of one of large volume and
high pressure, as of twenty to twenty-five
pounds,"which is necessary in the Bessemer

process and wherein only a minor portlon of

the oxygen is consumed.
By my process I combine the three chief dd-

vantages of each of the three principal meth-

ods of making steel—-viz., the Bessemer, the
open-hearth, and the puddhng methods. The
three chief advanta?eb of the Bessemer are
great capacity, great uniformity, and great
economy of labor and expense. The three
chietf advantages of the open hearth are the

.use of steel-serap, perfect control, and the

dead-melt, and the three chief advantages

of hand-puddling are the use of inferior pig-
iron and scrap, the removal of the sulfur and

phosphorus, and the superior quality of the
steel produced. Fuarthermore, I can make
steel of uniform quality of molten iron taken
directly irom the blast-furnace.

‘What I claim as my invention, and desire

to secure by Letters Patent, 13-—-—-

1. The process. of slmultaneously skim-
ming, puddling, and converting molten iron
into malleable iron or steel, consisting in pro-
jecting a blast along a,nd across hhe entlre
surface of the molten metal.

2. The process of simultaneously 'skim-
ming, pud’dling, and converting molten iron
into malleable iron or steel, consisting in pro-

jecting a Dblast under pressure alonﬂ' and
across the entire surface of the molten metal ‘

- 8. The process of simultaneously skim-
ming, puddlmg, and converting molten iron
into malleable iron or steel, conmsmnﬂ’ in pro-
jecting a blast and retardmﬂ the same along
and across the entire qurface of the molten
metal.

4. The proeess of Slmulta,neously skim-
ming, puddling and converting molten iron
into malleable iron or steel, con31st1ng in pro-
jecting a blast and ret&rdmo* the same at the
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side alonﬂ' and across the entire surface of the ! iron oxid and molten iron and then project-

molten meml

. The process of simultaneously skim-
mmg, puddhng, and converting molten iron
into malleable iron or steel, consisting in pro-
jecting a blast under pressure and l'et,arding
the same along and across the entire surface
of the molten metal.

6. The process of simultaneously skim-
ming, puddling and converting molten iron
into malleable iron or steel, consisting in pro-
a blast under pressme and retaldmn‘
the same at the first side and accelerating it
at the farther side along and across the ent,-ire
surface of the molten metal.

7. The process of converting molten iron
into malleable iron or steel, conswtm o in pro-
jecling alternate 0x1dlz1ng and carbonizing
blasts along and across the entire surface of
the molten metal.

8. The process of converting molten iron
into malleable iron or steel, consistiag in pro-
jecting alternate 01{1dlzmn' and carbomzmn‘
blasts ander pressure alonﬂ' and across the
entire surface of the moltan metal.

9. The process of converting molten iron
into malleable iron or steel, consisting in pro-

jecting alternate oxidizing and carbonizing
blastsand retardingthesamealongand across
the entire surface of the molten metal.

10. The process of converting molten iron
into malleable iron or steel, consisting in pro-
jecting alternate oxidizing and carbonizing
blasts under pressure and retarding the same
along and across the entire surface of the
molten metal. |

11. The process of converting molten iron
into malleable iron or steel, consisting in pro-
jecting alternate oxidizing, carbonizing and
neutral blasts along and aeross the en tlre sur-
face of the molten metal.

12. The process of converting molten iron
into malleable iron or steel, consisting in pro-
jecting alternate oxidizing, carbonizing and
neutral blasts under pressurealong and across
the entire surface of the molten metal.

13. The process of converting molten iron
into malleable iron or steel, conmstmﬂ In pro-
carbomzmﬂ' and
neutral blasts and 1etdrd1ncr the same alonn'
and across the entire surfaee of the molten
metal.

14. The process of converting molten iron
into malleable iron or steel, consisting in pro-

Jecting alternate oxidizing, carbonizing and

neutral blasts under pressure and retarding
the same along and across the entire surface
of the molten metal.

15. The process of making malleable iron
or steel, consisting in mixing heated scrap,
iron oxid and molten iron and then project-
ing a blast along and across the entire sur-

- face of the metal.

65 or steel, consisting in mixing heated scrap, |

16. The process of making malleable iron

ing a blast under pressure along and across
the entire surface of the metal.

17. T'he process of making malleable iron
or steel, consisting in mixing heated serap,
iron oxid and molten irpn and then project-
ing a blast and retarding the same along and
across the entire surface of the metal.

18, The process of making malleable iron
or steel, consisting in mixing heated serap,
iron oxid and molten iron and then project-
ing a blast under pressure and retarding the
same along and across the entire surface of
the metal.

19. In converting molten iron into malle-
able iron or steel, the process of adding fluxes
by projecting them and skimming the molten
metal,with a blast along and across theentire
surface of the molten metal.

20. In converting molten iron into malle-
able iron or steel, the process of adding fluxes
by projecting them and skimming the molten
metal, with a blast under pressure along and
across the entire surface of the molten metal.

21. In converting molten iron into malle-

able iron orsteel, the process of adding fluxes
by projecting them and skimming the molten

metal, with a blast and retarding the same

‘along and across the entire surface of the

metal.
- 22, In converting molten iron into malle-
able iron or'steel, the process of adding fluxes

t by projecting them and skimming the molten

metal, with a blast under pressure and retard-
ing the same along and across the entire sur-
face of the molten metal.

23. In converting molten iron into malle-
able 1ron or steel, the process of making ad-
ditions by projecting themn with a blast along
and across the entire surface of the molten
metal.

24. In converting molten iron into malle-
able iron or steel, the process of making ad-
ditions by projecting them with a blast un-
der pressure along and across the entire sur-
face of the molten metal.

256. In converting molten iron into malle-
able iron or steel, the process of making ad-
ditions by projecting them with a blast and
retarding the same along and across the en-
tire surface of the molten metal.

26, In converting molten iron into malle-
able iron or steel, the process of making ad-
ditions by projecting them with a blast un-
der pressure and retarding the same along
and across the entire surface of the molten
metal.

In testimony whereof I have signed my
name to this specification in the presence of
two subseribing witnesses.

FRANK E YOUNG.

Witnesses: |
HARRY I'REASE,
JOSEPH I'REASE.
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