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Yo alt whom it may concerm:

BeitKnown thatl, AUGUSTEJ. R0SSI, a citi-
zen of the United States, residing in the bor-
ough of Manhattan, city, county, and State of

5 New York, haveinvented certain new and use-
ful Improvements in Processes for Producing
Alloys of Iron and Titaniuam, of which the

- Tollowing is a specification.

The object of my invention is to produce

1o such an alloy containing very much less car-
bon than heretofore and also by a process
more rapid and economical than those now
used.

My invention, among other things, consists

15 in utilizing in the production of said alloy a
bath consisting in whole or in part of a molten
metal whose heat of formation of its own oxid
is greater than that of the oxid of titanium
atlike temperatures and in the other features

20 of novelty, which will be hereinafter de-
scribed.

Letters Patent of the United States No.
609,466 were granted to me on the 23d day of
August, 1898, foran alloy of iron and titanium

25 and process of producingit. In the practice
of that process I utilized carbon subjected to
an intense heat—say not less than 3,500° Fah-
renheit—as the principal agent for reducing
the oxygen of the titanic acid while in the

30 presence of and supported by a bath of mol-
teniron. Whilethat process has proved emi-
nently usefnl and satisfactory, occasionshave
arisen in which it is desirable to produce the
aforesaid alloy of iron and titanium freer

35 from carbon and also at an expenditure of
heat smaller than was in many cases possible
by the use of my previous process. My pres-
ent invention subserves the aforesaid special
requirements and depends in a measure upon

4o the fact that the heat of a given metal’s com-
bination with oxygen varies at different tem-
peratures, diminishing generally as the latter
rise, and that while the heats of such combi-
nation of formation in the case of two given

45 metals may be identical at a certain very high
temperature such heats vary absolutely and
particularly relatively to each other as the
temperatures vary, so that at certain lower
temperatures said heat of oxid formation of

50 the one metal used in my process as a redue-
ing agent may be enormously greater than the

corresponding heat at the same temperature
of another similarly-used metal or sub-
stance—ag, for instance, assuming that the
temperatures of oxid formation of carbon and 55
aluminium per one atomic weight of oxygen
aresubstantially identical at the temperature
of 2,000° centigrade, or thereabout, at the re-
duced temperature of, say, 0° centigrade to
500° centigrade the heat of formation of alu- 6o
mina is substantially one hundred and thirty
thousand calories and that of carbon only

twenty-eight thousand calories, while at tem--

peratures above 2,000° the heat of formation
of carbon monoxid becomes greater than that 65
of alumina, and carbon begins to decompose
alumina. From this it follows that certain
metals may be employed with great advan-
tage, under conditions hereinafter prescribed,
as reducing agents for such a refractory oxid yo
as that of titanium, and my experiments and
tests have demonstrated such to be the fact.
I am aware that aluminium is a very power-
ful reducing agent and has long been known
as such and that it has been heretofore used 75
to a limjted extent for the reduction of me-
tallic oxids; butaccording to my information
the aluminium and oxids involved have in
such cases been preliminarily reduced to a
state of impalpable powder and intimately So
mixed or subjected to the action of additional
reagents—as, for instance, fluorids of the al-
kaline metals and aluminium. In this man-
ner under ordinary temperature one point of
the mixture has been raised to a temperature 83
sufficiently high to commence the desired re-
action, wherenpon the latteris then continued
exothermally until complete—that is, with-
out the assistance of any external heat; but
the expense of the aforesaid previous prepa- go
ration of the aluminium has proved prohibi-
tory of industrial utilization of such reaction
at least in many fields, among them conspicu-
ously that of ferrotitanium production.

The process of prodacing ferrotitanium in- g3
volved in my present invention is as follows:
I provide in any convenient way for the sup-
portofthetitanicacid andiron involved abath
consisting in whole or in part of a liquefied
metal, the heat of the formation of the oxid 100
of which is at a certain high temperature, pre-
sumably greater than that of the formation of
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minium—that is to say, in a crucible or other
convenientsupporting vessel I prepare abath,
preferably, so far as my present observation
extends, of molten aluminium by utilizing in

any convenient manner temperatures suffi-.

cient to melt the aluminium. I then further
introduce into the crucible such proportion
of iron as will be required to form an alloy
of the composition desired, and this iron I
also melt, so thatit shall become a component;
of my bath. I next introduce into the bath
titanic acid—as, for instance, rutile or iron

ore containing titanic acid or a mixture of -

both—and I then raise the temperature to a
pointsufficiently hightoinsure the commence-

ment of the requisite reaction, in which the :

refractory titanic acid parts with its oxygen

and the latter combines with the aluminiam |

to form alumina, and I continune the operation
until the reaection is complete, whereby will
be produced in the crucible a button or other
mass of alloyed iron and titaninm—{ferroti-
tanium. '

As will be readily appreciated by those
skilled in metallurgical operations, the prepa-
ration of the ingredients charged into the
crucible will vary according to the circum-
stances. For instance, if titaniferous iron
ore is used it is possible that this will contain
in itself asufficient supply of iron oxid to fur-
nish the proportion of iron required in the
resultant ferrotitanium, or the ore may be
relied upon to furnish a part of snchiron and
the requisite remainder be charged into the
crucible in the metallic state. My experi-
ence, however, leads me to the conclusion
that in all cases it is preferable that a part
at least of the supporting-bath of molien
metal should consist of molten metallic iron,
as this facilitates the reaction. Ascarbon is
not relied upon as a reducing agent in this
process, it will be observed that it may be
substantially eliminated from the charge and
therefore from the resultant desired produect.
Tt will also be remarked that in the case of
aluminium owing to the great heat of forma-
tion of alumina the external heat applied for
the purpose of liquefying the metals and set-
ting up the reaction may he largely dimin-
ished, if not wholly discontinued, after the
exothermic action has commenced.

As regards temperature, the requirements
are the application of an external initial heat
sufficiently high to set up the required reac-
tion. While the exothermic action is occur-
ring, and consequently high temperatures
generated thereby, the amount of external
heat may, if preferable, be diminished. Upon
the termination of the exothermic action ex-
ternal heat should be again raised to such a
temperature as to insure the fluidity and ho-
mogeneity of the resulting alloy. To this end
I have found it convenient and economical
to use in the application of my said process
an electric furnace or electricity as the source
of heat, since by this means the heat may be

readily controlled during the various stages
of the operation aforesaid, and it will be ob-
served that the amperage required for the ap-
plication of my present process will fall ma-
terially below that requisite in my former
process, in which carbon exclusively was
used as the reducing agent. In the follow-
ing instances of the application of my proe-
ess I obtained the required heat by the use
of an electric current of moderate amperage
and intensity. The ingredients used were
supported in a graphite crucible constitut-
ing one of the electrodes, the other electrode
being brought into operative relation there-

to, so as to insure the formation of an arc

between them. It will be observed from the
results of the following applications of my
process that an alloy comparatively low in
titanium was secured owing to the fact that
the current available at the time was of such
low amperage as to be insufficient to secure
the homogeneity required in the alloy, and I
therefore approximately increased the pro-
portion of molten iron in the bath for the pur-
pose of facilitating the fusibility of the alloy
at a consequently lower temperature. It will
also be observed that other metals, such as
zinc, the heat of formation of whose oxids
proves at certain temperatures to be greater
than that of titanic acid may be substituted
in whole or in part for the aluminium, though
I prefer the latter. Furthermore, in cases
where the exclusion of carbon from the result-
ing alloy is not important carbon may be used
with advantage as an element of the charge
and as contributing to the reduection of the
iron oxids in the ores employed.

It will be observed that I do not confine my-
self to any particular formnula or preparation
of ingredients or otherwise in the application
of my invention. Such details will be fur-
nished by the experience of those skilled in
metallurgical processes and will vary accord-
ing to the requirements of ithe various ores
treated and the required proportions of the
various metals ir the resulting alloys. Iwill
now, however, for illustration, mention the
details of a few-actual examples of my appli-
cation of my said process.

I. On this occasion I proportioned the ma-
terials of my charge as follows: titaniferous
mixture, two hundred and seventy-five parts;
aluminium, one hundred parts, (reducing
agent;) iron-bath, fifty parts. Here, as in II
and III following, the titaniferous mixture
contained about fifty-six per cent. TiO, and
forty-four per cent. of oxid of iron, with but
a little silicon and earthy bases. The alu-
mininm was charged into the crucible and
melted and then the iron added and also melt-
ed. The bath being well liquefied and the
heat well up, the powdered mixture, agglom-
erated to the shape of bricks, cubes, or cyl-
inders, was then added. It meltedand gradu-
ally disappeared in the bath with incandes-
cence. Theintensity of the current was then
somewhat moderated until all the mixture

70

75

8o

85

0o

95

Joo

105

I10

115

120

125

130




IO

5

20

25

30

35

40

648,439

had melted in the bath. The temperature
was then raised for a short time sufficiently
to render the alloy fluid and homogeneous.
The ferrotitaninm contained 40.62 per cent.
of titanium, with but traces of carbon and a
few hundredths of silicon. In this instance
no carbon was added and aluminium was ex-
clusively used as a reducing agent.

II. Inthiscase, operating in the same man-
ner as above, I used carbon as a part of the
reducing agent for the oxid of iron of the
mixture. The proportions were: titaniferous
mixture, (same as above in I,) two hundred
and seventy-five parts; reducing agent, (car-
bon thirty-five to thirty-seven per cent. or
aluminium sixty to sixty-three per cent.,)
ninety-five parts; iron-bath, one hundred and
twenty-five parts. The alloy contained 29.46
per cent. titaninm and traces of carbon. The
carbon in the condition of fine powder was
mixed and agglomerated with the powdered
titaniferous mixture: i

IIL. In thisinstance, operating as in I and
II, the amount of carbon was increased to a
quantity just sufficient to reduce all the oxid
of iron of the mixture, the aluminium being
depended upon ounly to reduce the titanic
oxid. The proportions were as follows: tita-
niferous mixture, (same as in I and IT,) two
hundred and seventy - five parts; reducing
agent, (carbon fifty-eight to seventy per cent.
oraluminium twenty-five to thirty per cent. )
eighty-three parts; iron-bath, two hundred
and fifty parts. The alloy contained 19.82
per cent. titanium and a few tenths of one
per cent. of carbon,

IV. Inthis case, operatingalwaysasabove,
apartof the titaniferous mixture wasa highly-
titaniferous slag, containing some sixty per
cent. to sixty-two per cent. of titanic acid and
practically no iron, (0.90 oxid of iron.) The
titaniferous mixture was powdered and ag-

o

glomeratedas above. The proportionswere:
titaniferous slag, sixty to sixty-two per cent.
TiO,, one hundred parts; titaniferous ore,
about eighteen per cent. TiO,, one hundred
and seventy-five parts; iron-bath, two hun-
dred parfs; reducing agent, exclusively alu-
minium, ninety parts. The alloy contained
14.08 per cent. titanium,

Having now described my invention, what
Iclaim asnew, and desire to secure by Letters
Patent, is the following, viz:

1. The process of producing a compound or
alloy of iron and titanium which consists in
providing a bath of molten reducing metal
the heat of the formation of whose oxid is at
a given temperature greater than that of ti-
tanic acid; next supporting in said bath in
the presence of molten iron titanic acid, and
developing in the charge a temperature suf-
ficiently high to insure the requisite reaction
between said reducing metal and the oxygen
of the titanic acid leaving the liquefied me-
tallic titaninm to become alloyed with the
liquefied iron, substantially as and for the
purposes described.

2. Theprocess of producing a compound or
alloy of iron and titanium which eonsists in
providing a bath of molten aluminiuam; next
supporfing in said bath in the presence of
molten iron, titanic acid, and developing in
the charge a temperature sufficiently high to
insure the requisite reaction between said
alumininm and the oxygen of the titanic acid
leaving the liquefied metallic titanium to be-
come alloyed with the liquefied iron, substan-
tially as and for the purposes described.

AUGUSTE J. ROSSI.

Witnesses:
WALTER D. EDMONDS,
Puirip C. PECK,
GEO. G. MEASURES.
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