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7o alt whom. it ma .c'oncem':.":. S
‘Be it known that T, Orro THATEKER, a
subject -of the German Emperor, residing

at Remscheid, in Germany, have invented a |
5 new and useful Process of Improving the

Quality of Malleable Tron and Steel, of
which the followin% is-a specification. -
* My invention relates to s process for

.
. breating, liquid malleable. -iron or steel to’
10 ‘obtain ‘an’ maprove

f.;?irh‘d iving ‘a pe-

‘culiar crystalline’gram very similar to, or
substantially ident%c,;,l with, the 'gmin-:;qy}’xich
has always been observed in' erucible steel
and which apparently gives to such steel its

15 great tenacity. ;

proceess - consists substantially in the

. treatment of liquid malleable iron or steel
in the manner hereinbelow stated and meore
particularly claimed in the appended claims.

20 -~ My process may be operated in a hearth-
furnace (using this term to distinguish from

the crucible or pot) and more particularly
- in an electric arc furnace, also on either

an acid hearth or a basic hearth, whether
%5 .the heat be furnished by gas, by electricity,

or in any other suitable manner.

The characteristic steps of my process, -as
‘operated in practice, consist in adding to
the slaf;, or providing therein for the pres-

, a metallic oxid capable, under the
conditions of melting practice, of giving
oxygen to the bath of liquid malleable iron
or steel ‘which is covered by the slag; and
‘also to add carbon to such bath. For in-

. 85 gtance, when working on an acid hearth|
 with acid slag, I add to the slag a quantity

of iron ore, and simultaneousty provide for
the presence of carbon in the bath by insert-
ing carbon therein. This carbon is pref-

40 ‘orably in the form of the solid cooked mix-

ture of iron, carbon, and tar, known as
“carburite,” which is particularly deseribed
in German Letters Patent No. 161,610, dated

difficulty is experienced. in, providing. car-
bon both in and below the slag in an exactly
caleulated and desired manner during the
process. I may, however, provide oxygen
.n any other manner than that above de-
scribed which may be suitable for the pur-
poses of the precess, and I may also provide
“for the presence of the carbon in any other
guitable manner, although I find that by
. far the hest results are obtained by adding

the carbon curing the procees substantially

April 25, 1902. By using this carburite no |
: {-speeific. process, but it may be stated that I 200

m tihé manner above described. While I

prefer to commence with a liquid bath of .
metal which has been carburized to that
content of carbon which is required for the
finished metal, it is not essential that this be 60
done, as T may, during the operation of my
"process and parallel thereto, carburize the
metal to a higher degree of carbon. ‘

It is not possible to state any definite
proportion of iron ore to the amount of 66
metal in the liquid bath as this amount will
have to be determined in each case by the
particular circumstances thereof. However,
the amount of iron ore should not be so
great as to provide an excess of oxygen ‘70
which will thereafter remain in the bath and -
cause the resulting metal to be “red-short” .
or to contain “blow holes.” - The iron ore
should, of course, be sufficient in quantity
to insure the satisfactory performance of 26
the process. Génerally, it will be found that
the iron ore should be somewhere between -
one and two and a half per cent. of the
weight of the liquid metal.” It will also'not -
be possible to state exactly what. proportion 780
of .carbon is to be added to-the bath as this -
proportion depends upon the many circum- -
stances of the case, for instance upon the
amount of carbon already in the metal and
the amount of carbon desired in the finished 785
product. g .

I may, for instance when working with
a bath of five thousand (5000) kilograms of
liquid metal carburized to the content of
carbon desired in the finished metal, for ex- 90
ample to‘one per cent. of carbon, place
therein from nine (9) to fifteen (15) kilo-
grams of carbon in the form 6f carburite,
but I may also add a larger quantity of
carbon and withdraw the excess when sam- 95
ples taken from the bath show the required
carbon content and the desired grain. I do
_not limit myself to the exact proportions or
specific ingredients of the slag used in this

may use 80-35% sand, 30-35% of lime and,
to increase fusibility, 5~10% manganese ore,
and add to this mixture 25-80% of iron ore.
I may treat a bath of refined iron or steel
in a basic furnace with a basic slag in a %05
similar manner. The slag which I may
use, without, however, limiting myself to
any particular materials or proportions, may
be composed of from about 40-50% lime
and 20-25% fluorspar which may be par- 110




 tially displaced by sand, and to which is
added 30-35% of iron ore. .
I may precede each of my operations by a
preliminary treatment of the metal, in a
b basic furnace, with a non-oxygenous slag,

that is to say, a slag free from oxid of iron,,

for the purpose of eliminating sulfur. The

- -purified metal may be transferred to an acid
earth and therein subjected to the acid

10 treatment above described; or it may be

left in the basic' furnace and therein sub- |

jected to - the basic treatment as deseribed
above. S S '

As the exact course of the reactions in a-

16 process of this kind, particularly at the high
teriperatures involved, is most difficult, if
not impossible, to determine, I am not able
to state positively what chemical changes
take place in-the metal bath when treated as

20 above described. In submitting the follow-
ing theory as to the reactions I desire to be
understood as putting forward no more than

" a hypothesis, by which I desire in no way
to be bound. The amounts of the various

-26-ingredients - actually employed by me in

“working this process apparently justify the

. - above hypothesis, and I have received much
" aid therefrom in determining what amounts
to employ under various conditions and cir-
cumstances. : .

, In the iron bath there are present, during

-~ the process, iron, carbid of iron and oxygen
-at a high temperature without acting upon

one another. The reason for this inaction

will be hereinafter explained. If the
process is worked on a basic hearth, the slag
will contzain calcium oxid as well as iron ore

(Fe,O, or Fe,0,); and carbon, which is
preferably added in. the form of carburite,

will be present both in the slag and in the

bath. The calcium oxid reacts with the car-
bon, or with the earbid of iron of the bath,

‘to form calcium carbid.

45 (A) Ca0430=CaC,+CO

or ' \
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- (B) Cao—l—gFeaC:CaCz_'*_gFe_l_Co.;

The calcium carbid reacts with the iron of
the bath and the oxygen dissolved therein to
form calcium oxid, the carbon in nascent
condition uniting with the iron to form
carbid of iron.

(C) CaC,+-5Fe+ (Fe--0) =CaO-+2Fe,C.
~ In the above formula (Fe+4O) represents
iron holding oxygen in solution. :

It is my theory that the peculiar grain
which is characteristic of crucible steel is

50

55

due, not only to the action of nascent silicon .

- 60 on iron as is commonly believed, but to a
large extent to the presence in the iron or

steel of molecules of. carbid of iron formed
by the union of nascent carbon with iron.
This would explain the necessity of provid-
'65 ing carbon in combination with anot er ele-
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ment of such a nature that at the te:npera-
tures in question, the affinities are such as to
permit the carbon and-the iron to unite.

The CO produced by reactions A ‘or B
probably unites in part with iron according
to. the following formula: '

. {D) 4Fe+CO=Fe,C+(Fe-+0),

in which case again nascent carbon unites
with the iron.

. As the liquid metal at these temperatures
will hold in solution only small quantities
of oxygen, and part of the oxygen, in the
form of CO is lost by rising out of the bath,
it is clear that to obtain enough nascent car-

.bon the oxygen at least must continuously

be replaced. This is done by adding the
Fe,O, or Fe,0, to the slag, which substances

.decompose at the high temperature into

Fe, 0O, and (Fe+-0). .
2Fe,0,4-Fe=Fe,0,+ (Fe-+0).

~ This is the (Fe+0) referred to in re-
action (C). It is the oxygen thus dissolved
in the iron which appears at these high
temperatures, to be a necessary active n-
gredient in my process. '
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As much of the carbon is lost in the form .

of CO (formulas A and B), the .carbon

must be replaced and this is done by adding-
the carbon as above described. If rez_i,ctio‘n,,l..

A takes place, as I believe, then ‘the pres-
ence “of the added carbon undoubtedly

hastens the formation of caleium carbid and - -
TLFi0o
When the process is operated on an acid )

thus speeds and cheapens the process.

hearth the course of the reactions is prob-
ably analogous to those above

the lining or that which is present in the
slag, or both takes the t}tl)l.f:tce'of the CaQ. .
- While it is known"

(FeO) is reduced by carbid of iron; it:is .

also known that oxygen -dissolved in .iron

“will not react on -carbid-of iron. The af-

finity of *iron and.carbon increases as the

temperature rises; carbid of iron being an - -

endothermic body.  The affinity of iron for

-oxygen, and of carbon for oxygen, decreases .
as the temperature rises, protoxid.- of iron

and carbon monoxid being. exothermic
bodies. At a temperature which hds not yet

been exactly determined, the affinity. (heat " -
tension) of the carbid of jron‘‘overtakes
_ 120
monoxid; this temperaturg is, however, Jess "
than that at which ‘my process is worked.” =
Therefore, oxygen, iron and carbid: of iron, . ' -

that of protoxid of iron and of carbon

can exist side by side, undisturbed, under
the temperature conditions of my process.

At the temperature of my process the '
affinity

between iron and carbon is greater
than the affinity between carbon and oxygen
dissolved in iron, and this fact explains the

| #bove veactions C and D,

—

) given, except .
that 8i0,, either that which is present in

at protoxid -of .iron’
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When I speak in the claims of “ heating

~ the metal” I mean that the metal is heated
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to a temperature at which-the result de-
scribed will be attained, that is to say, as I
understand the matter, to a temperature at
which the oxygen dissolved in the iron will
not decompose carbid of iron. When I
speak in the. claims of malleable iron, I re-
fer to liquid iron which does not contain
more than substantially 29 of carbon.

I claim: :

1. The herein described process of im-
proving the quality of malleable iron or steel
by causing a metallic oxid and carbon to re-
act at the same time thereon in a hearth fur-
nace at a temperature at which oxygen dis-
solved in the iron will not decompose carbid
of iron. _

2. The herein described process of -im-
proving the quality of malleable iron or steel
which comprises covering it in a hearth fur-
nace with a slag containing a metallic oxid
capable of supplying the metal with dis-
solved oxygen, heating the metal and adding
carbon thereto, so that the dissolved oxygen
and carbon may be simultaneously active
within the metal substantially as and for the
purpose described.

3. The herein described process of im-
proving the quality of malleable iron or
steel which comprises covering it in a hearth
furnace with a slag containing iron ore

- capable of supplying the metal with dis-

solved oxygen, heating the metal and adding
carbon thereto so that the dissolved oxygen
and carbon may be simultaneousiy active
within the metal substantially as and for the
purpose described. o

4. The herein described process of im-
proving the quality of malleable iron or
steel which comprises covering it in a hearth
furnace with a slag containing a metallic
oxid capable of supplying the metal with
dissolved oxygen, heating the metal and add-
ing carburite thereto, so that the dissolved
oxygen and carbon may be simultaneously
active within the metal substantially as and
for the purpose described.

5. The herein described process of im-
proving the quality of malleable iron or steel
which comprises carburizing the same, then

covering it in a hearth furnace with a slag

containing a metallic oxid capable of sup-
plying the metal With dissolved oxygen,
heating the metal and adding carbon thereto
so that the dissolved oxygen and carbon may
be simultaneously active within the- metal
substantially as and for the purpose de-
scribed.

6. The herein described process of im-
proving the quality of malleable iron or steel

8

which comprises carburizing the same, then
covering it in a hearth furnace with a slag
containing iron ore capable of supplying the
metal  with: dissolved oxygen, heating the
metal and adding carbon thereto so that the
dissolved oxygen and carbon may be simul.
taneously active within the metal substan-
tially as and for the purpose described.

7. The herein described process of im-

65
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proving the quality of malleable iron or -

steel which comprises carburizing thesame,
then covering it in a hearth furnace with a
slag containing a metallic oxid capable. of
supplying the metal with dissolved oxygen,
heating the metal and adding carburite
thereto so that the dissolved oxygen and car-
bon may be simultaneously active within the
metal substantially as and for the purpose
described.

8. The herein described process of im- '

proving the quality of malleable iron or
steel which comprises covering the iron in a
basic hearth furnace with a non-oxygenous
sulfur removing slag, heating the metal

75 °°

80

85

until the sulfur is eliminated, then removing .

the slag and with it the sulfur, then cover-
ing the metal on. a hearth with a slag con-
taining metallic oxid capable of supplying
the metal with dissolved oxygen, heating
the metal and adding carbon thereto so that
the dissolved oxygen and carbon may be
simultaneously active within the metal sub-
stantially as and for the purpose described.

9. The herein described process of im-
proving the quality of malleable iromn or
steel which consists in covering the metal in
an acid hearth furnace with a suitable slag
and with iron ore capable of supplying the
metal with dissolved oxygen, heating the
metal and simultaneously adding carbon so
that this oxygen and carbon may be simul-
taneously active within the metal, substan-
tially as and for the purpose described.

10. The herein described process of im-
proving the quality of iron or steel which
consists in covering the metal in an acid
hearth furnace with an acid slag consisting
of lime, sand and manganese ore, and with

.iron ore capable of supplying the metal with

dissolved oxygen and in heating the metal

“and simultaneously adding ecarbon thereto,

so that the oxygen and carbon may be simul-
taneously active within the metal, substan-
tially as and for the purpose described.

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

OTTO THALLNER. [r.s.]

Witnesses: :

Rricuarp ScHWETT,
THEODOR (FEILENKIRCHEN.
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