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To all whom it ma,g:/ COTLCETTL:

Beitknownthatl, AUcUSTE J. ROSSI, aCIt;l--
zen of the United States residing in the bor-

ough of Manhattan, elty, eoun‘ry, and State

of New York, have mvented anew and usefual
‘article of manufaetm e, being a compound or

- alloy of copper-and tlta,mnm and a new and

IO

‘useful process for the produetion thereof and

of kindred alloys derived from metals in the
metallic state combined with metals pre-
viously in an oxygenated state, of which the

following is a specification.
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The object of my invention is to plod uce :
not only the aforesaid compound or alloy of
copperand titanium,butalsoa simple,readily-
-carried-ouf,and 111dustrmlly—econom1ea,1 proc-
ess for plOdHClDﬂ‘ the same, as well as other
~ kindred alloys into which are combined a de- |

sired metal normally available in its metallic
state with another metal or metflle emstmw

in the form of ox1ds. --
My invention (301:1513175 amenn‘ othel thm%,

‘in utilizing in the ploduetmn of said alloysa
bath cenelstmg of molten aluminium and an-
‘other molten metal or metals introduced into

the charge in the metallic state, then intro-

‘ducing mto the bath the oxygenated metal or
- _metals and applying to the molten mixture

while supported such heat as to cause the
separation of the oxygen from the said oxy-

‘genated metal and its combination with the

aluminium, whereby the ingredients of the

charge become separated into two general di-

visions,the one consisting of the molten mmetal,

which was introduced in its metallic etete,-
other than the aluminium, and combined or
alloyed with the metal Whleh wasintroduced
in its oxygenated state, and the other consist-
Ing of a slag eempeeed of the combined oxy-
gen and aluminium in the form of alumina,
and also otherimpurities presentinthecharge,

~which slag 18 1eac111} sepm able frem the smd
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alloy.

Letters Patent of t.he Umted Sbates No |
643,439 were granted to me on the 1st.day of
Ma,y, 1900, for a process for preducmn‘ alloys

of iron a,nd titanium, which process consisted,

broadly,inintroduecing titanic acid intoa bath

of molten iron and aluml_mum and supplying
to the mixture while supported heat suilicient

r—

use in manufactures and the arts.

| toinstitute the requisite reaction betweenthe =~ =
aluminium and the oxygen of the acid, and
I then believed that the molten iron as such-._"-_-;
played an im portant if notindispensable part -
in facilitating and promoting the said reac- o
‘tion; but I heve since discovered that molten ~
or a,ny iron is not essential or indispensable = =
in the charge, but that other molten metals— - .
as, for instance, molten. eopper—may besub- . .
_'stltuted therefor without impairing the re-
‘duetion of the titantic acid by the alummlum Sl
‘| and that thus, due regard being had to- the-’ .
application and maintenance of the requ1redj.’-~
heat, an alloy of titanium and eopper or of
such other metals may be readily and eco- 65 ..
nomically produced on an‘industr 13,1 scele for .

My present invention, like that eovered by:':" .

the case of two given metals may be identi-

my previous Letters Patent depends in. a
‘measure upon. the fact that the heat of a
given metal’s combination with oxygen varies . -
at different temperatures, diminishing gener- - . -
ally as the latter rise, and that whlle the
heats of such combination of formation in

75

cal at a certain very high temperatme such.

‘heals vary ebsolutely, and particularly rela- -
tively to each other as the temperatures vary,
-so that atlower tempemturee said heatofoxid =~
formation of the one metal used in my proec-
‘ess as the reducing agent may be enormouslyg'i

8o

oreater than the GOI’l@SpOHdII]U' heat at the
same temperature of another similarly-used o
metal or substance—as, for instance, assum-

ing that the temperatures of oxid formation

of carbon and aluminium per one atomic
weight of oxygen are substentla,lly identi- -

cal at the tempemture of 2;000° centigrade

or thereabout, at the reduced temperature of, e

say, 0° centwrade to 500° centigrade the heat_

of formatmn of alumina is substentla,lly one -
hundred and thirfy thousand caloriesand that .~
of carbon only twenty-eight thousand calories, -

while at temperatures above.2,000° theheatof -
formation of carbon monoxid becomes O‘Pe&tel
than that of alumina and carbon ben‘ms to
From this it follows_ R
that certain metals may be employed with
ogreat advantage under conditions hereinaf-
te1 deserlbed ee 1eduemﬂ' aﬂ'ents for such a

decompose alumina.
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refractory oxid as that of titaninm, for in-
stance, and my experiments and tests have
demonstrated such to be the fact.

I am aware that aluminium is a very pow-
erfulreducingagent and has long been known
as such, and that it has been prior to my said
invention used to a limited extent for the re-
duction of metallic oxids; but according to
my information the aluminium and mtlds in-
volved have in such cases been prelimina-
rily reduced to a state of impalpable powder
and intimately mixed or subjected to the ac-
tion of additional reagents—as, for instance,
fluorids of the alkaline metals and alumini-
um. In this manner under ordinary tem-

perature one point of the mixture has been |{

raised to a temperature sufficiently high to
commence the desired reaction, whereupon
the latter is then continued exothermally un-
til complete—that is, without the assistance
of any external heat; but the expense of the
aforesaid previous preparation of the alu-
miniaum has proved prohibitory of industrial
utilization of such reaction at least in many
fields, among them conspicuously those in
which 1t has been desired to produce alloys
of titanium with other metals, aund, moreover,
the comparatively brief duration of the great
heat produced by the said reaction and the
combination of the oxygen of the metallic
oxid with the reducing metal has proved in-
adequate to secure such reaction completely
1n all ingredients of the charge subject there-
to, the comprehensiveness of the extent of
reaction secured 1n such cases being depend-
ent upon and proportional to the intimate-
ness with which the powdered particles of
the reducing metal are mechanically approxi-
mated to and commingled with the corre-
sponding powdered par ticles of the oxygen-
ated metal. I am not aware that it has ever
prior to my present invention been even at-
tempted to produce alloys even of iron and
titanium by the use of such processes involv-

ing the preliminary reduction of the reducing |
and refractory oxygenated metal into condl-

tionsof fine powder toinsure mechanical mix-

“tare and dependent thereafter upon the exo-
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thermal heat developed by thereaction; but I
am satisfied from experiments made by me

that aside from the expense involved in such

preliminary preparation of the materials—an
expense prohibiting the application of such
processes on an industrial scale—such proe-
esses are incapable of producmn either with
certainty or with any requisite uniformity
thatcompletenessof reaction through all parts
of thecharge requisitetoinsure the production
of an alloy of the metal sought to be combined
with the normally oxygenated metal,free from
uncombined remnants of the 1educmw meml
as well as other undesirable impurities.

T'he process of producing the alloys in-
volved in my present uw'entlon is as follows:
I provide in any convenient way for the sup-
port of the oxygenated metal and the metal

to be alloyed therewith a bath consisting in |

700,244 " .

" whole or in part of a liquefied metal, (prefer-

ably aluminium,) the heat of the form:{btmn
of the oxid of which is at a certain high tem-
perature, presumably greater than that of the
formation of the oxid of the sald oxygenated
metal—that is to say, in a crucible or other
convenient supporting .vessel I prepare a
bath of molten aluminium by utilizing for
that purpose in any convenient manner tem-—
peratures sufficient to reduce the aluminium
to and retainitin a molten state. I then fuar-
ther introduce into the erucible and into such
molten aluminiam such proportion of one of
the metals to be alloyed as will be required to
form an alloy of the composition desired.

This metal being in the metallic state I like-

wise melt it down in the crucible, so that it
snall becomeacomponent of the bath. Inext
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introduce into the bath such proportion of the

oxygenated metal—as, for mstance, rutile—

as will insure in the resulting alloy the de- -

sired proportion of such meml—as, for in-
stance, titanium—and it will be observed
that the ingredients thus entering into the
bath are introduced therein not 116068931‘11}

| in a powdered condition, but merely in their

natural condition of s:.uch coarse subdivision
as will tend to accelerate their reduction to
the molten state. I next raise the temper-

ature of the bath so constituted to a point

sufficiently high to insure the commencement
of the re ElCtIOll in which the refractory oxy-
genated metal parts with its oxygen and the
latter combines with the aluminium to form
alumina. The intense heat resulting from
the said reaction supplements uninjariously
the temperature already previously secured,

and in faet this exothermal excess of heab
would during its continuance permit of the
reduction of the temperature first applied to
the charge as aforesaid were such reduction
ofanyeeonmnwﬂl importance; but it will be
observed that as the etathemml heat of the
reaction diminishes I take pains to supply
from the original external source such con-
tinuance or addmou of heat as to maintain
the ingredients of the charge at the temper-

ature I‘GQIIISItB to insure flmdlty, and the full
accomplishment of the aforesaid reaction
among such partieles of the charge as may
have failed to become requisitely associated

during the comparatively brief duration of

the exothermal heat arising from the said re-

action taking plﬂ,oe in the major portion of
the charge.

The result of my aforesaid improved proe-
ess and treatment of tne ingredients of the

charge is as follows: Astho m{ywenated com-

pound becomes reduced its molten metallic

constituents become associated wilth the mol-
ten metal with which i61s sought to make the

alloy, while the liberated oxygen is simulta-

‘neously taken up by the aluminiam, produe-
g an alaumina slag which either: ﬂoa,ts upon

the surface of the bath and can be thus sepa-
rated and withdrawn by any of those numer-
ous methods which will be obvious to those
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- ated metal or the metal to be alloyed there-.
-~ with, or both, will on-the. sufficient continu-
- ance of the hlfrh temperature required enter.
- intoand beeome constituents of the said sle,_,,

:I-o

o eorporated substantially all 1mpur1t1es of the-

- mo02ae

' ”skllled in the alt or I‘Gctdlly Sepamted aftel

cooling the charge. Other impurities in the
charﬂ'e, whether derived from the materials

of the vessel in-which the operation is car-

ried on or from the gangues of the oxygen-

into which, on the one hand, will become in-

- charge, leaving, on the other ‘hand, in the
S _.nether portions of the bath a eubstantlally

20

~extension of the reactlon to all pa,ttleles ca-
- pable of participating therein.-
30
 of my process, I find it preferable to derive
the required heat through the instrumental-
ity of an electric fnrna.ce or other application
of high eleetmeally derived temperaturee,;

38

- aequamted ‘A convenient manner of utiliz-

ing in the application of my ptocess such |
electrically- -derived heat congists in support-
~ing the ingredients of ‘the charge in a eruci-
ble contained in a farnace and surrounded
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| loy The mtensu;y of the external heat to'be

puremetallicalloy of the desired metals.
regards temperature, the requirements are
_-.the applieation of an external initial heat
- sufficiently high not only to llquefy the me-

tallie censtltuents of the charge, but also to
~ set up the aforesaid reaetlon

exothermic action is oceurring, and conse-
quently high tempemtmes generated there-

by, the amount of external hea,t may, if de-
sired, be diminished; but upon the termina-

tion of the exothermw action the heat de-

rived from an ezternal SOUrce ehould be again

I'EtlSBd to’ sueh a temperature as te insure the

......

the requirements of temperetme in the use

singce sueh means of hea,tmfr are more read-

ily controlled during the various stages of

my process than any ether with WhICh I am

by carbon, into which are pregected the elec-
trodes, such an apparatus being illustrated

in the drawingd of Letters Patent of the

United States previously granted to me, No.
609,466, on August 23, 1898 but it will be

rmderetood that any othe1 means of produc-

ing in the charge, eleetrleally or otherwise,
the required high temperatures will be suffi-
The em011nt of heatrequired is merely -
such as to insure the liguefaction of the me-

cient,

talhc censtltuents of the charge and the rais-

ing of the bathof aluminium to and its main-
ficiently high temperature to
reach the point of the hea,t of formation of.
~alumina as a maximum, which is suppesed-'
"to be in the vicinity of 2 000" centwmde or
- | esses.

tenence at a su:

thereabout.
The relative pleportwn of the 1nﬂ1ed1eute

of the charge cannot be stated by any hard
-and fast rule, but would depend in each in-

stance upon the varying quahmes of the in-

-gredients, as well as the respective percent-'

ages of the combmed metals desired in the al-

As

- While the

Such being

¥

‘of which suf
| produeed will prove suff

wﬂl depend in all cases on the more or 1ess |
refractory character of the alloy intended to

be obtained, and expenment and practice

elone can teach in each case which form of

heat is the most convenient or best adapted
therefor.
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~Asageneral rule it may be stated B .
that the oxygenated metal or metals should .
be supplied in such proportion relative to the

75
alumininm of the bath as to insure the com- = -

plete combination in the reaction of all alu-

minium and oxyvgen in the charge.

materials to determine in advance this pro-

rpertlon but one of the advantages of my proc-
ess consists in the faeility Wlth ‘which any

residunm of ‘aluminium remaining in the

charge after the completion of the reaction

may be refined out of the alloy merely by the

_ Experi-
ment will be required in each case of varying

addition of further metallic oxids while the

charge is maintained.

MV preference for perfm 'ming my process
by the aid of heat derived from an electrical
‘'source is not to be taken as excluding other

heating means. In many casesI find that for

certem ferro metels the high temperatures of
an electric furnace are not reqmred but that
those of an open-hearth furnace or any ether, |
' similar metallurgical contrivance by means

jeient] y hightemperaturescanbe -
ieient,the onlylimita-

.tempemtme and molten eondltlon of the-.j

go

tion being that the source of heat shall beof | L

such a charaeter and capacity as to maintain
the alloy in a molten condition after the re- . .
‘duetion of the oxids Ly the alummlum a,nd‘__,_- B
long enough to insure the separation of in- = . =~
| frredlents of the charge above described and =
-the resulting pumﬁcatlon of the alloy. Inall
cases of the applieation of my said process =
and Whatever may be the metalhe oxid re- . o
duced the aluminium oxidized into alumina . . =
at the expense of the oxygen of such-oxids =~ =
forms, as I have stated, a slag which is read- .
ily eeparated from the alloyed metals under-
neath it when cooled or which can be ta,pped:;ﬁ'--
out of the furnace, if desired. s
| alumina as asort of artificial corundum forms

L 11 Do
to natural corundum, which is impure alu- &
mina, and this by- pmduct of the alloy is. .=
_va,lna,ble fer use as such abrasive material,” - .
orit may be treated as baumte is in order_f'__f-
to remove such impurities as may be asso- 120 .
ciated with it as resultant slag from my proc: . . .
ess, impurities derived from the gangues-of - -
:the metallic oxids used, and thus preetlcally_-,_--_:-5,_};'-'} L
‘purealumina plodueed readyte bereducedto. =~ -~ - .
'_alummmm again by well - understood proec-: e
I have in this manner reeevered from - .
the use of the alumininm-bath in my process .=~ -
'elo*hty to nmety per cent. of the aluminium
used as a reducer, which appreciably in- -~
creases -the economy of my said process.

an excellent abraewe materlal somewhat akm

105 ._ | n B

120 ::_', _
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This melted

My experiments have also demonstrated that ~ -~ .

my process is particularly applicable, as
stated, to the introduction of ‘metals othe1--:j_i..;--_';;':l_"'_-,
eupphed during the operatlon of my ploeess . .then ir en mto eembmatten or alloy Wlth t1--_--
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~alumininm, eight pounds.

K0

%

taninm. For instance, T have been enabled
1n this way to produce the hitherto to me un-
known alloy of copper and titanium, which
alloy I have named °‘‘cupro- titanium.” In
such cases I have substituted for the bath of
iron, specified as essential in my aforesaid
Lettels Patent for the production of ferro-ti-
tanium, a bath of molten copper and have
charged into the furnace containing thesame

(prefembly, though not necessauly, an elec-

trical furnace for the reasons given above)
aluminium in ingots in qu‘mtlty sufficient to

accomplish the requlslte reaction and have
added to the charge in the requisite propor-

tions, as above stated, to insure a complete
reaction titanic acid in moderately-coarse
grains, andinitiating and maintaining in the
chargeatemperaturesufficient toinsure, first,

liquefaction of the metallic constituents, next,

theinception of the reaction between the alu-
minium and the oxygen of the oxid, and,
finally, the continued maintenance of the

charge in a molten condition until the requi-

site separation between the constituents has
been secured have thus obtained the said
new alloy of copper and titanium. I have

thus obtained sueh alloy containing in differ-
ent instances, according to requirement and

constitution of the charges, copper and, re-
spectively, 5.55 per cent., 8.45 per cent., and
14.15 per cent. of titanium and possessing
such properties of toughness as not to bend
even undera heavy sledge-hammer blow, and
some of which alloys have proved even at
their surface sufficiently hard to scrateh
glass. As an illustration of practically sue-

cessful working charges for thus producing

cupro-titanium T may men‘mon the following:

Copper, one hundred pounds; rutile, nine
pounds; . aluminium, five pounds. COppel

one hundred poundb, rutile, sixteen pounds,
Copper, onehun-
dred pounds 11113119, thirty pounds, alumini-
um, fifteen pounds. In the case of the first
two mixtures thus constituted I was able to
operate successfully the application of the
process in a wind-furnace with a strong blast,
the resulting cupro-titanium alloy contain-
ing, respectively, five per cent. and eight per
cent. of titanium and being sufficiently fluid
even under the heat thus employed to be
poured off in waffles. In the caseof the last
mixture above mentioned I used with equal
stuieccess the heat of an electric furnace.
Should 1t be desired to introduce nickel,
molybdenum, chromium, vanadiom, or any
other metal into alloy with the copnel the

" oxids of such other metals should be sub-

60

stituted for the titanic oxid, taking care that
the said oxids so substituted shall be as free
from impurities as available or even in some
cases specially purified for the purpose of the
process. In the case that molybdenum is

700,244

L]

[ used for instance molybdic acid, in the case

of vanadiam, vanadic acid, &e.,
used. , _
What I claim as new, and desire to secure

might be

by Letters Patent, is the following, viz:
1. The process of producing alloys of met-

als assembled in the metallic state with met-
als in oxygenated state which consists in pro-
viding a bath of molten reducing metal the

| heat of the formation of whose oxid is at &

given temperature greater than that of the
sald oxygenated metal; introducing into said
bath the said metals assembled in the metal-
lic state and reducing them likewise to a mol-
ten condition; introducing into said bath the

sald metals in ozygeuated state and develop-
ing in the charge a tempemtme sufficiently
hwh to Insure the requisite 1ea(,t10n between

genated metals leaving the liquefied metallic
1'esiduum of the latter to become alloyed with
theliquefied metals which were introduced in
the metallic state, substantially asand for the
purpo‘ies described.

The process of producing alloys of met-
als a%embled 1n the metallic state with met-
als in oxygenated state, which consists in in-

troducingintoabathofaluminiumandof such

metals in the metallic state molten together
the oxygenated metal and then developing in
the charge a temperature sufficiently high to

insure the requisite reaction between the sald

molten aluminiumand the oxygen of said met-
als in the oxygenated state leaving the me-
tallic residunm of said last-mentioned metals
to becomealloyed with thesaid liquefied metal
which was introduced inits metallic state into
the charge other than aluminiam, while the
latter combme.&, with the oxygen of sald oxy-
genated metals and as an alumina slag con-
taining also other impurities of the chcun*e:
18 separated from the metallic alloy afore-

‘said, substantially as and for the purposes

deser ibed.

3. The process of producingan alloy or com-
pound of copper and tltan_lum which consists
in Introducing, into a bath of aluminium and
copper molten together, titanic acid and then
developing in the charge a temperature suf-
ficiently high to insure the requisite reaction
between the said molten aluminium and the
oxygen of the titanic acid leaving the molten
titanium to become alloyed with the molten
copperwhilethealuminium combineswith the
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said reducing metaland the oxygen of the oxy-
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oxygen of the said titanic acid and asan alu-

mina slag containing also other impurities of
the charge is separated from the said alloy of
copper and titanium, substantially as and for
the purposes described.
S AUGUSTE J. ROSSI.
Witnesses:
WALTER D. EDMONDS,
PHILIP C. PECK,
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