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To all whom it may concern :

STATES

JOSEPH PEARSON GITLL, OF NEWARK, NEW JERSEY.

IMPROVEMENT IN TREATMENT OF MINERALS, ORES, &c.

Speclhca,tmn forming pavtof Letters Patent No. 17’9,&70, dated J uly 4, 1376; ﬂ;pp].lcchtlon filed

June 17,

18:6

Be it known that 1, JOSEPH PEARSON GILL,

of the c¢ity of Newark, in the county of Hssex,

and State of New Jersey, have invented cer-
tain new and useful improvements 1In the
treatment and manufacture of minerals, ores,

- and metals, and manufactures of metals by the
use of heating and illuminating gases, super-
heated stemn and air, in combination with

each other, or used .-.11'[‘:‘1 nately and in succes-
ston; and I do hereby declare that the follow-
ing 1s a full, clear, and exact deseription
thereof, which will enable others skilled in
the art to which 1t pertains to understand and
use the same. |

My mvention consists, first, in the direct
application ot hydrogen gas, either pure or
with a small admixture of carbonic-oxide gas,
and with air,as hereinafter specified, to “the

- ores of metals, to minerals, and to m(._,talb 11

proeess of manufacture, and to man ufactures

of metd,ls second, in the application of hy-
“drogen gas, either pure or with a small ad-
‘mixture of carbonic-oxide gas, to metals in
the process of manufacture, to minerals, and

to mannfactures of metals, together with hy-
drocarbon vapors or m,rbureted hydrogen

-gas, and mth or without superheated steam;
~ third, in the application of hydrogen g:,{LS,'

en;‘fier pure or with a small admixture ot car-

- bonic¢-oxide gas, in the manufacture of metals,
to minerals, “and to manufactures of metals,
in conne(,tmn with hydrocarbon vapors, car-
Dureted-hydrogen gas, and carbouic-acid gas;

fourth, in 111te_rp0t:111g between the gas-holders

and t’he blast, or other tfurnaces or forges, a

gas-regulator, Whereby the flow of the gas to
the furnaces, &e., is regulated.

- The appardtub referred to in the annexed
drawing, and employed by me to produce hy-
drogen gas, either pure or with a small ad-
mixture of carborilc-oxide gas, (as retorts H,)
to produee hydrocarbon vapors, (as vaporizers

I I and M N,) to produce superheated steam,

(as superheaters S and ¥/,) to produce carbu-
reted - hydrogen gas, (as retorts IL,) does not
here requirve further description, it being
the subject-matter of another application now
pending in the Patent Office; but I do not
confine myself to the preclse forms there des-

- tignated and described, claiming to use any

forms of apparatus suitable for such purposes.
From the gas-holders, in which are stored

the several gases named, 1 withdraw said
gases by means of connecting - pipes and
pumps, which are used to deliver the gas or
air to the furnaces, or to other points, as may
be required. The pumps may be either piston
or rotary pumps, of any description suitable
for the purpose, having an improved form of
regulator attached to them for the purpose of
automatically regulating the pressure-supply
and distribution of the gas or air. The regu-
lator is governed by the pressure in the out

let-pipe of the pump. This pressure is com-
municated by meauns of a pipe, K2, to cL lexi-
ble diaphragm, N2, in a chest, I?, Iflb 2, Or &
piston, -N° in a ¢y lmder I°, Flg 5. The flex-
1ble dia,phmgm in Hig. 2 is conu’ec‘tedfby neans
of the rod j to a valve, A%, and is weighted by
a weight, M? on a lever, LA, Another and
Ltrger pipe, Gr2 connects the outlet- -pipe O? of

the pump with th(, chamber /v of the regulator,

above the valve A% The flexible di*’mhmgm
N? is weighted in any suitable manuer, as by
the w 10[113 M? or lever L# or by a spring or
Welﬂ‘lltb, or by steam or air pressure, to pro-
duce the pressure required 1n the outlet-pipe
02, If the © pressure 1n the outlef exceeds the
required amount, it is communicated by means
of the pipe K to the diaphragm N2, which
rises, and in so doing opens or 11‘1{3&: the
ralve b2 The gas or air then returns through
the valve h? by means of the pipe G* to the
inlet of the air-cylinder, and the normal or re-
quired pressure is restored. 1f the pressure
in the outlet-pipe O? falls below the required
amount, the diaphragm N? or piston N° de-
scends and closes, or partially closes, the
valve %, thus reducing the backward flow of
the gas or air through the valve, and thereby
incereases the pressure in the outlet-pipe O?,
restoring the given pressure. ln this manner,

no matter what is the quantity of the gas or

~air used, whether smaller or larger, up to the
full capaeltv of the pump, the Supply is main-
tained at a uniform pressure, which 1s fixed,

or may be varied, to coutorm to the purpose
réquired, by means of the adjustable weight
on the flexible diaphragm or piston.
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When gas and air are used simultaneously | thus made into a separate holder without pu-

In this process, a regulating and distributing
capparatus will be required tor each.

I do not here restrict myself to the counical
formof valverepresented mthe drawing, as at-
tached to the movable diaphragm or piston,
but employ any othier suitable form of valve.

The delivery of the gases from each gas-
holder is thus regulated, and the distribution
maintained, either with or without receiver R?,
through pipes O? or O° to the tnyeres of a

blast-furnace, as IR?, the inlet of a forge, as A%,

or to any other apparatus for the treatment
of minerals, ores, metals, or manufactures of
‘metals. '

Suitable and special forms of ftpparatus for
the purposes enumerated, and the uses thereof,
form the subjects of further applications for
patents therefor. :

I employ the agents named—hydrogen, car-
bonic oxide, hydrocarbon gases and vapors,
carbonic-acid or other acid gas, superheated
steam and air, either hot or cold—separately

and in combination with each other, in such :

~quantities, under such degrees of teinperature,
and at such times, as are required by the arti-
cles undertreatment, and the puarpose intended
to be accomplished, and apply them to the re-
“duction of ores in furnaces and erucibles of all

kinds, to the removal of mineral impurities,

to the casting of pig-metal, to puddling, to
the conversion of iron into steel or semi-steel,
to the manufacture of malleable iron, to the
production of a steel surface upon all manu-
factures of iron, to forges, to the welding of
‘metals, and to the treatment of iron castings.

I make hydrogen gas puare, or. with a small
admixture of carbonic-oxide gas, cheaply, and
in large quantities, by the apparatus and
methods described in the application herein-
before referred to, and its use in combination
with the other agents named is attended with
great economy, thoroughness, and expedition
in the removal of sulphur, phosphorus, silicon,
and other miuneral impurities, in the deoxida-
tion, carbureting, and the removal of carbon,
and in the general treatment of minerals, ores,
metals, and manufactures of metal.
treatment of intractable materials and manu-
factures of wrought-iron and castings 1 se-
cure a degree of perfectness and rapidity of
execution which is not attained by any other
known method.

Referring to the drawing, the hydrogen or

heating gas is made in the retorts H, the car-

bureted- hydrogen gas in vetorts I, and the
superheated steam in retorts or superheaters
S and S!. This may all be done in one bench
by passing the gas made in the different kinds
of retorts to separate holders; or there may
be separate benches of retorts for the manu-
facture of the difierent kinds of gases. The
“hydrocarbon vapors are made in the vapor-
izer Ik I, and I make the hydrogen gas acid
by producing in the hydrogen retorts an ex-

_clmmcter.
reduction of metallicores in the blast-furi.ace.

1in the ore.
of iron is produced, which requires no further

treatment, except to be manufactured.
In the.

rification; or the gas may be made acid with
sulphur or other negative element. Two or
more holders are bullt in which to store the

different gases made zmd used in this process.
The principle of the method in the treatment
~of the different substances and for the differ-

ent purposes named 18 essentially the same,
although the results may be different in their
Kirst, I apply hydrogen gas to the

When the ores are treated in the usual man-

ner with anthracite coal and the air-blast they

are deoxidized, and at the same time the iron

18 carbureted by the action of the fuel upon

it. A cast-iron is thus produced which has
to undergo a subqequent treatment for con-
version into wrought-iron or steel. By my
process with hydwﬂen the ore 18 deoxidized
without the iron becommg carbureted. The
hydrogen being both the fuel and purifying-
agent a pure. iron is produced in the one pro-

CESS.

I admit the hydrogen gas into the 1last-
furnace by means of the tuyeres, and aGmitf,
at the commencement of the operation, suffi-
clent air, either hot or cold, but preferably
hot, to insure a thorough wmbuqtlon of the

gab, and bring the temperature of the furnace -

up to the melting-point of the ores. The air
is then cut off, or partially so, in order to give

an excess of hydloﬂ*en to act upon the ore,

the heat being maintained and increased by

‘the chemical union of the hydrogen and oxy-

genin the ore. The hydrogen unites with this
oxygen, forming water, which passes out of the

furnace with the other waste products of the

treatment. 1t nnites with the sulphur, form-

ing sulphureted - hydrogen gas, with phos--

plhorus, forming phosphoretted-hydrogen gas,
with the carbon, when present, formmg car-
bureted- hydmﬂen gases, which are consumed
in the furnace, adding to the heat thereof, and
so with the other earthy or mineral 1mpuutles
With proper care a pure article

If re-
quiring further treatment to rander the opera-

tion pertect, the iron while hot may be run in.

a puddling-furnace or 1into a converting-tfur-
nace for further treatment under this method ;
or the melted iron may be run into molds and
be allowed to cool, for such treatment there-

alter.as may be reqmred

Unless the hydrogen gas or a nearly pure
hydrogen is made in very large quantities,
and cheaply, this method of treatment is 1m-

possible, and, for want of such a cheap and

rapidly - produced volume of hydrogen gas,
this method or a similar one has been hereto-
fore impracticable, all attempts being tailures
and all claims therefor bemg simply hypothet-
ical.

By my method of manufacture and treat-

ment the process is practically operative, and

cess of carbonic-acid gas, and pass the gas | can be conducted on a large and useful scale.
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In the puddling-furnace in whleh by the | face whleh adds to fhen‘ strength, and lessens

present methods, cast-iron made 1u the blast-

furnace 1s redueed to wrought or malleable

iron by the use of the fur—b]ast and carbon-
aceous materials for fuel—as coal, liquid hydro-
carbons, or carbureted - hydrogen gases, or
carbonic-oxide gases—the process is delayed,
and is an involved one, the carbon in the
burning fuel yielding carbon, which 1s the
element in the iron to be removed by the ac-
tion of the oxygen in the air or in the steam,

“when that is used ; and, still further, the iron

is partially OXIdlZLd throuah the use of the
oxygen, which was the element removed 1n
the bl%t furnace.

With bydrogen as the purlfymw agent, 1
remove the carbon directly without any addi-
tion of it, and without any oxidation of the
1ITO11.

The h}dl‘ooren is admitted to the fm'n%e-

and direetly applied to the iron by means of
tuyeres, properly located and inclined, air be-
ing admitted, when unecessary, to msure the
requisite degree of heat by the combustion of
the hy dwﬂ‘eu The supply of air 1s then di-
1111111&3]16(1 or cut off entirely, to give an excess
of hydrogen, which unites WIth the ¢arbon in
the iron; forminﬂ carbureted-hydrogen gas,

which, l)v the chemical union of the hydrogen
and earbon, and by its combustion in the fur-

‘nace, adds to and maintains the heat thereof.

The hydregen being greatly in excess, also
combines with the oxygen of any air that may
enter, forming water, which passes off with
the other waste products of the operation, and
prevents auny oxidation of the metal. "The
carbon being thus removed, theironis treated
in the usnal manner of a puddling-furnace.

A similar operation takes place in the manu-

factire of malleable or wrought iron in crucl-
bles of all kinds.

In the converting-furnace, in which cast-
iron made in the blast-furnace 1s, by the pres-

~ent methods, converted into steel by the use
of the hot-air blast and spiegeleisen or frank-

linite, I use the hydrogen in a manner similar
to its use in the puddling-furnaces. It com-
bines with the carbon in the iron, forming a
carbureted-hydrogen gas, which, by its com-

bustion in- the furnace, intensifies the heat

thereof. It also combines with the other 1m-
purities in the iron.

By the use of a proper quantity of the gas,
which is ascertained by a gas-meter and by
the appearance of the metal nndergoing treat-
ment, I decarburet the iron to any required
deﬂree, and produce a steel of any desired
quality. The melting of spiegeleisen or other
ores contaming earbou, and the mixing of it
with the iron in the converter, are thus avold-
ed, and the expense and time required for the
GOIIT&IbIOH are lessened.

I also apply the hydrogen g’ts to the treat-
ment of iron castings, to “soften and toughen
their surfaces by reducing them to steel, semi-
steel, or wrounght-iron, thus giving them a sur-

| quality of 1ron reqguired.

| their liability to breakage or fracture by an ex-

nlosive force. The castings are first beated in a
furnace to a temperature bordering on the soft-
ening-point, which is graduated by a pyrome-
ter, when Iadmlta, carrent of hvdrogen, which
unites with the carbon, reducing the surface,
by the removal of the earbon, to the degree of
softness required. To facilitate the operation,
I admit a small quantity of carbonic-acid or
other acid gas into the furnace, which, by its
presence, gives energy and umformlty to the
action of the hydrogen. I also employ 1t In
giving surfaces of steel to wrought-iron manu- -
factures, such as articles of rolled iron. Iron

‘has the property of-occluding or absorbing and

retaining hydrogen in its pores, 1 therefore
first treat.such manufactures with a bath of
hydrogen gas, which facilitates the subsequent

“combination of the carbon and iron. 1 also

apply it to the roasting, separating, and re-
ducing of ores (,ont.:unmn other metals than
iron, such as gold, silver, copper, &¢., and in
the treatment of Such metelb, its action in -
such cases being strictly analogous to that

deseribed above.

Second, 1n the ’lppll(}&tl()ll of hydrogen gas
to metals in the proeess of nmnumetme, to
minerals, and to manufactures of metals, to-
cether with hydrocarbon vapors, carbureted-
bydrogen gas, and with or without superheat-
ed steam, and carbonic-acid gas. When the
ore in the blast-furnace is thoroughly deox-
idized Ly the action of the hydrogen, and iron
in the metallic state is produced, 1 admit a
blast of carbureted-hydrogen gas, etther light
or-heavy, or a hydrocarbon vapor, for the pur-
pose of carbureting 1t, and pxodumn a steel
or cast-iron of any desired quality. 1 propor-
tion the quantity of the hydrocarbon to the
The quantity of car-
bon in the light and heavy carbureted-hydro-
gen gases, and in the hydrocarbon vapor, be-
ing known by analy sis, and the quantity of it
1eqmred by the iron to produce a steel contain-
ing {from five-tenths to two per cent. of carbon,
or & gray or white cast-irou containing as
high as five per cent. of carbon, also being
Lnown 1 admit the quantity of gas or vapor
1to the iurnace which 1s- 1‘equlute to supply
the right amount of carbon to the iron,

As a less quantity of heavy carbureted-
hydrogen gas, and a still less quantity of
h )drocarbon vapor, contains as much carbon
as a greater quantity of light carbureted-hy-
drogen gas, I further regulete the quantity
of the hydrocarbon according to the kind
used. In this manner I make a pure, or near-
ly pure,iron and steel, or cast-iron, of ditferent
qualities in the blast- mrmee at the one treat-
ment. I also use the hydrocarbons 1 regu-

‘lated and definite proportions in the puddling-

furnace, (in which cast-iron 1s being reduced
to wrouﬂht iron,) for the produection of steel,
the reqmred quantity of carbon being admit.

 ted to give to the iron the necessary percent-




age of carbon. Iy this method steel may be
produced in the puddling as well as in the
“blast furnace, the principle of action of the
agents beingidentical. I also usesuperheated
steam as a purifying agent in the puaddling-
furpace. By its dryness, high temperature,
agitating power, and supply ot oxygen, it 1s
a valuable aid, as is also carbonic-acid gas, in
the treatment Of the iron, in combinatiou with
the hydrogen gas, giving energy to the aetion
and certainty to the results.

The action of the hydrocarbouns and other
agents in the treatment of iron 1n crucibles 1s
analogous to the preceding.

In the converfing-furnace I use the hydro-
carbon gas or vapor, in combination with the
hydrogeun, to produce a steel of any desired
quality. The carbon and other lwpuarities
in the cast-iron having been entirely removed
by the action of the hydrogen and superheated
steam, the hydrocarbons are admitted through
the tuyeres in given proportions, as described,
1n treating of thelr use in the blast-furnace,
to give to the 1ron the percentage of carbon
required to produce the quality of steel wanted.
The hydrocarbon under this treatment takes
the place of the spiegeleisen in the ordinary
treatment. |

I use the hydrocarbons to give to the sur-
faces of 1ron- as railroad-
iron and other manufactures—by rolling, a
surface of steel., After treating the iron by a
bath of hydrogen, as described 1n the treat-
ment of such articles by hydrogen, 1 treat
them 1 a hydrocarbon bath, the quantity of
the hydrocarbon being proportioned to the
amount of carbon required for combination
with the iron. In this manner a surface of
sufficient hardness i1s readily imparted to the
1ron,

By the addition of a larger proportion of
carbon, and a somewhat lonﬂer continuation
of the treatment, the W_l"'ought-imn 1S COD-
verted throughout into steel or cast-iron or
malleable cast-iron, 1 also treat iron, for the
purpose of giving it a surface of steel, or for
conversion into steel or cast-iron, in gas-re-
torts or other suitable apparatus, 1}y the de-
composition of superheated steam and hydro-
carbon vapors into hydrogen, as described in
United States Patent No. 171,117, and in my
application for patent filed June 6,1876. The
bydrogen thus made is used for heating pur-
poses, or for the treatment of minerals and
metals, as hereimnbetore desceribed.

In the application of the hydrocarbon .-1seq
and vapors, I use the lighter kinds, bllbh
the hight cm:'burete(l hydrogen for the tl‘t‘*::ht-
ment of 1ron requiring but a small percentage
of carbon, and the heavier kinds, such as the
heavy carbareted-hydrogen gas and hydrocar-
bon vapors for the treatment of iron, requiring
a large percentage ot carbon, such as hard
steel and cast-1romn.

By this process a very pure and superior
quality of iron is pl:oduoed equ..-,Ll in quality
fo charcoal iron.

_a;ud lever L2,
-dicates the welght on the
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The special form of gas-regulator 1 do not
here claim, that being the sulgeut of another
fbpphmtlon

Referring to the annexed drawing, Plate 1
Is a view partly vertical and partly in plan of
an apparatus, showing the connections between
the several parts, consisting mainly of boiler,
tanks, vaporizers, and a bench of gas-retorts,
the outlets of which arein a downward direc-
tion from the bottoms of the retorts; purify-
ing apparatus and gas-holder; also, an alr or

gas-pump having an automatic regulating ap-

paratus attached,
forge, &c.

Snmlar letters correspond to similar ]_J&I‘tb. |

Figure 1 is 'a vertical view of the gas pro-
(]ucmg and storing "Lppdl’:«ltus, mcludmg the
retorts in which the iron is treated. Ifig. 2 18
a vertical section of the air-pump with the
regulating apparatus attached, receiver, and
furnace. TFig. 3 is a plan of the air-punp,
showing the connections. Fig. 4 1s a view of
pipes connecting the outlet of- the pump with
a forge ; puddling, reverberatory, converting,
annealmn, m&]]mble, and welding furnaces ;
furnaces for giving iron a surface of steel, for
decarbureting the surfaces of iron castmgb,
also a roastm g-furnace, ore-separator, and me-
tallic refinery with chemical labomtory Fig.
5 is a section of cylinder and piston to sub-
stitute for the flexible duphmgm in the regu-

and a receliver, furna.ce,

lating apparatus.

Iig. 1-—DB indicates the boiler, from thence
to \«V that indicates the stand-pipes leading
from the retorts I. The apparatus shown in
the drawing is referred to in my application for
patent filed June 6, 1876. O indicates the
hydranlic main. ¢ indicates the pipe from
hydraulic .main O to condensers /. Q' indi-
cates the condensers. U! indicates the ex-
hauster. U? indicates the purifiers. V// in-
dicates the station-meter. H° indicates the
cas-holder. W' indicates the outlet-pipe from
gas-holder. | '

IFig. 2—A? indicates the pipe leading from
the holder to the air or gas pump B B? in-
dicates the steam-cylinder of the air-pump. C?
indicates the piston. DB3indicates the alr or
oas cylinder of the pump. C° 1udicates the
piston. D? indicates the rod of the pistons.
E? indicates the valves in the inlet-pipe AZ,

opening inward. H? indicates the compen-
sating-regulator. n* indicates the valve in
regulator. If?indicates the pipesleading from

chamber below valve 2? to the inlet-pipe A? of
the punp. I?indicates thechestcontaining the

flexible diaphragm N2, N?indicates the fexi-
ble diaphragm. j indicates the rod connect-
ing the flexible diaphragm with the valve /?
L2 indieates the lever. M? 1n-
lever. O7indicates
the cutlet- plpe trom the air or gas cylinder 13
to receiver IR%.  IR* indicates the receiver and
1tS safcty-valve,- which recelves the gas or wir
from the pump. O?indicates the pipe leading
from receiver R? to the tnyeres R® of a fur-

nace, inlet to a forge, or to any other apparatus
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for the treatment of minerals, ores, metals, and |

manufactures of metals. K2 indicates the pipe

~ leading from outlet-pipe O?, to communicate

the pressure therein to the flexible diaphragm
N2 in chest I2 of the automatic regulating ap-
paratus. G? indicates the pipe leading from
the outlet-pipe O? to the chamber & above the
valve N2 of the regulating apparatuas, for the

‘return of the gas or air to the inlet of the air

or ¢as cylinder when the valve 2? is open. O*

indicates the pipe leading from the outlet-pipe

O3 from the pump to the connecting-pipes of
different kinds of furnaces, &e.

Fig. 5—I° indicates a. cylinder. N° indl-
cates a piston to take the place of the flexible
diaphragm in the regulating apparatus. /7°
indicates the valve. M indicates the weight.

I am aware that it has been heretofore sug-
oested to consume hydrogen gas infurnaces, in

“combination with atmospheric air or carbona-

ceous substances, as a fuel, the atmospheric

air acting, so far as appears, to supply an

amount of oxygen to combine with the whole
of the hydrogen. I am also aware that pure
hydrogen has been suggested for treatment ot
castings, to decarburet their surfaces, andalso,
in'connection with other substances, to anneal
and toughen. -~

What I claim, and desire to secure by Let-
ters Patent, 18—

_1. In the reduction of ores and treatment of
molten metals, the direct application of hy-
drogen gas, either pure or with a small admix-
ture (less than ten per cent.) of carbonic oxide,
and without the presence of any other fuel or

]
4

Q)

purifying agent, said hydrogen gas being ap-
plied at the beginning of the process with a
supply of atmospherie air to produce full com-
bustion of the hydrogen, but subsequently
with an excess of hydrogen, as and for the pur-
pose set forth. | R |

2. The direct application of hydrogen gas

in succession, the hydrogen being applied first
inorder, in connection with hydrocarbon va-

pors or carbureted-hydrogen gas, and either
with or without carbonic-acid gas and super-
heated steam, in the manufacture of steel and
cast-iron or malleable east-iron from iron, or in
the process of giving a steel surface to articles
of wrought-iron, substantially inthe manner as
herein described, and for the purpose set forth.

3. A gas-regulator, substantially such as is
described, interposed between the gas-holders

“and the blast or other furnaces or forges, as
> ©

set forth. |
4. The direct application of hydrogen gas,

either pure or with a small-admixtare (less

than ten per cent.) of carbonic oxide, and with a
small percentage of carbonic acid, and with or
without superheated steam, to articles of cast-
iron, said articles having their surfaces wholly
exposed in a heated chamber, as and for the
purpose set forth.

In testimony that I claim the foregoing as
my own I affix my signature in the presence
of two witnesses.,

JOSEPH PEARSON GILL.

Witnesses:

JOSEPH W. BEATLEY,
WM. H. GRENELLE.
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