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To all whom it may concern :

Be it known that I, JULES GARNIER, of
Paris, France, civil engineer, have invented
Tmprovements in the Manufacture of Nickel
and its alloys from its oxides or silicates or
other salts; and I do hereby declare that the
following is a full, clear, and exact descrip-
tion of the same.

My invention relates to improvements in
the manufacture of nickel and its alloys, the
‘nickel. being extracted from ores having. a
base of oxide of nickel.’

Since the working on & large scale of the
ores with a base of oxide of nickel, known as
“Garnierite,” which I was the first to discover
in New Caledonia, I have, after many experi-
ments, invented a simple metallurgical treat-
ment of these ores, which I will proceed to
describe, it being understood that the process
is also applicable to all ores of nickel similar
to those of New Caledonia.

I. Nature of the Ores.—The ores of New
Caledonia are hydrosilicates of nickel and of
‘magnesia. Chromium is frequently met with,
and likewise manganese and cobalt, which,
associated with iron, form small black veins
and speceks, distributed in the ore.  The quan-
tity of iron contained in the ore often equals
and even exceeds that of the nickel. The pe-
culiar composition of the above ores: and
their-congeners has led me to devise a metal-
Iurgical treatment which has for its principal
object the elimination of the iron, because un-
less the iron Dbe eliminated the molten slag
would carry off the particles of nickel, while,
when the iron is in the slag, it flows off freely,
leaving the carbureted nickel in the furnace.
To this end I proceed in two prineipal opera-
tions, viz:

A. Fusion, with reduction of the ore, to ob-
tain a crude product in which, without the
addition of sulphur or sulphides, the nickel
and the greater part of the other metals which
accompany it are concentrated. This is a
peculiar product quite new in metallurgy, to
which I have given the name of ¢carbureted
nickel,” its characteristic composition being
also shown by the following average analysis:

Nickel, 60.90; iron, 32.35; silicon, 0.85; car-
bon, 3.40; sulphur, 1.50=59.00.

B. Refining the earburet to obtain nickel,
both pnre and alloyed.
T will now describe the practical working
of the'above process.
UL Irusion of the Ore to Obtain the Carbu-
reted Nickel.—The ores are first pulverized and
sorted in the usual way, the hard lamps be-
ing allowed to pass, while the friable portions
are ground up and added to the dust and ag-
glomerated with the tlux. In the case of ores
of New Caledonia, which are very silicious, I
add about forty per cent. in weight of lime-
stone. The charges of nickel and flux are
placed alternately with the fuel in a reduc-
ing - furnace supplied with a hot or ecold
Dlast through one or several tuyeres. I first
commenced with a farnace 4.50 meters in
height, with cold blast through two tuyeres,
and, although difficult to work and requir-
ing much fuel, I succeeded in regularly cast-
ing the carbureted nickel. I have since then
increased the height of the furnaces to eight
meters and supplied them with a blast heated
to 4000 centigrade. The area of the furnace
is so caleulated as to afford the silica ample -
time to combine with the lime, the magnesia,
and the other bases; but, on the other hand,
S0 that the oxide of iron accompanying the
oxide of nickel shall not be entirely reduced,
but a portion be allowed to pass into the slag,
T have found, by esperience, that the form
and area of the furnace is only of importance
from the point of economy in working, as all
furnaces which are of about four meters in
height and over will produce carbureted
nickel. Asregards fuel, wood, charcoal, coke,
and even coal, may be employed. ‘When us-

‘ing wood-charcoal in a furnace of little height

I charge with equal weight of ore and char-
coal, the proportion of fuel being only fifty
per cent. of the weight of the ore, or even
forty per cent. when higher furnaces and a hot
Llast are employed. The advantage of em-
ploying charcoal is that a purer and more
easily refined carbureted nickel may be ob- .
tained. The difference in the cost of the fnels.
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is, however, the chief consideration. With
fuels containing much sulphur, such as coke
and coal, I use as much as five hundred kilo-
grams of limestone-flux per ton of ore, and I
add very purcoxides of manganesetothemelted
mass, 80 as to have one or two per cent. of
manganese in the slag. In this way the greater
part of the sulphur in the fuel passes away
into the slag in the form of a basic compound
of lime.

It is unnecessary to mention that the sco-
rire, rich in nickel, produced in the later steps
of-the refining process, hereinafter referred
to, axe again passed through the above fur-
naces, ~ud that, if it is desired to produce
alloys of nickel and copper, the ores of nickel
are mixed with natural oxides or carbonates
of copper.

IIL. Refining Carbureted Nickel in the Ee-
verberatory Furnace—The carbureted nickel
is refined in the same way, whether for pro-
ducing at once alloys of nickel and copper or
pure metallic nickel, the only difference be-
ing in the temperature, which is necessarily
lower in the case of an alloy of nickel and cop-
per.

In refining carbureted nickel for the pro-
duction of alloys of copper and niekel the
operation is conducted upon the hearth of a
reverberatory furnace similar to those used
in refining copper, or oneheated by gas on the
Siemens system. This latter is much prefera-
ble, the operations being accelerated by the
high temperature employed, and the products
DLeing more perfectly refined.

The furnace-hearth, which is of fire-brick,
as usual, should be covered with ores having
a base almost exclusively of oxide of nickel,
a sufficient supply of which 1is obtained from
the mine. The charge of carbureted nickel
is placed upon the furnace-hearth with about
thirty per cent. of copper, the whole weighing
from twenty-five hundred to three thousand
kilograms. The mass quickly fuses, and
the bath soon presents a very lively reaction,
jets of oxide of carbon disengage, the silicon
is burned, and the manganese, and afterward
the iron, are eliminated by oxidation,

To facilitate the oxidation, currents of air
are admitted from time to time by partly
opening the furnace-doors, or by other means,
and the mass may then also De stirred. Me-
tallic oxides are also added, such as oxide of
copper, pure ores having a base of oxide of
nickel, and especially oxides of manganese.
These oxides are reduced in the midst of the
fused mass at the expense of the bodies for-
eign to the nickel and copper it is desired to
eliminate, and which are less oxidizable.

The oxides of nickel of the pure nickel ores
answer very well, for Dbesides the oxide of
nickel, they possess the further advantage of
introduncing silica, which hastens the elimina-
tion of the oxides of iron and manganese.

The surface of the bath is skimmed to remove
the scorice, and trial portions are taken from
time to time to ascerfain, by a physical and
chemical examination, the state of the opera-
tion. When only nickel and copper remain, it
is run in the ordinary way.

The operation occupies from twenty-four to
forty-eight hours, according to the skill of the
workmen, the temperature, and the amount
of impurities to De eliminated. The last
seorize are rich in nickel and are carefully col-
lected. . »

In refining carbureted nickel to obtain pure
nickel the operation is conduected in the man-
ner above deseribed, except that no oxide of
copper is used, and that the operation is con-
ducted on the hearth of a reverberatory fur-
nace heated by gas on the Siemens system,
although the Ponsard and other systems will
answer cqually well.

The furnace I use will treat from two thou-
sand to three thousand kilograms of carbu-
reted nickel containing fifty or sixty per eent.
of nickel. Therabbles employed are of nickel,
and this is of especial importance toward the
close of the operation, in order that impuri-
ties shall not be introduced into the bath, the
temperature of which is sufficiently high to
partially melt the rabbles. A. short time be-
fore running the metal I add to the bath, for
the purpose of properly tempering the nickel,
about one or two per eent. of an alloy of nickel
and manganese obtained in a crucible, for the
purpose of freeing the bath of the oxides and
slags which still remain in suspension. The
nickel is then run in small ingots or in granu-
lar form.

Metallic nickel thus obtained is of a purity
and quality hitherto unknown in commerce.

By ¢ tempering” I mean so to treat the
liguid metal that it will, when cold, be prop-
erly tempered. .

It is found of advantage to divide the refin-
ing operation into two parts, whether for ob-
taining alloys or pure nickel. In the first
operation the metal is refined until all but
about two per cent. of the impurities, which
consist chiefly of iron, sulphur, and scorie,
are removed. The metal is then run into in-
gots, whieh are afterward' introduced into a
refining - furnace having a perfectly eclean
hearth, where the metal is brought to a high
degree of purity.

I claim— .

1. The process herein described of deoxid-
izing nickel in a furnace without deoxidizing
the iron contained in the nickel ore by subject-
ing the pulverized ore, in the presence of lime-
stone, to a blast within the furnace, thereby
combining the silica, the magnesia, and other
bases contained in the ore with the lime, and
allowing the iron to pass off with the slag,
substantially as specified.

2. The process herein described of sepa-
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rating impurities from nickel during its treat-
ment on a reverberatory farnace by pass-
ing currents of air into the fornace, and the
simultaneous addition of pure ores having
a base of oxide of nickel, substantially as
specified.

3. The process herein described of temper-
ing the refined nickel while melted, and of
tfreeing the bath of the oxides and slags re-

N
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maining in suspension, by the addition of an
alloy of nickel and manganese to the bath of
nickel or alloy of nickel while on the hearth
of the reverberatory furnace or in a Bessemer
converter, substantially as specified. R
JULES GARNIER,
Witnesses:
Rosr. M. HOOPER,
JEAN BAPTISTE ROLLAND.



