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This invention relates to alloys and particularly to an
addition alloy for imparting toughness and hardenability
to metals. It is frequently desirable to add one or more
of the rare earth metals and boron to a metal in order
- to 1ncrease its toughness and hardenability, In order to
‘accomplish this it has been the general practice to add
boron as ferroboron, boron silicon alloys and other boron
combinations and the rare earth metals either in the form
of the pure metals or in the form of rare earth metal salts
to the molten metal to be treated either in the ladle or
in the ingot. In the case of the rare earth metals this
has resulted in a substantial loss of metal through wva-
porization and failure of the metal to sink into the molten
mass of metal being treated.
large percentage of the boron reacts with nitrogen to
form nitrides and the alloying effect of the boron itself
is substantially lost. | |

We have discovered an alloy by means of which the
rare earth metals and boron may be incorporated into
molten metals without the substantial loss of rare earth
metals by vaporization common to the materials hereto-
fore used and without the substantial loss of boron by
the formation of nitrides. Qur alloy, morecover, has
the advantage of being much more dense than the forms
of rare earth metals heretofore used as additions and
as a result sinks into the molten metal being treated. At

the same time, the melting point of our alloy is lower

than the melting point of the usual addition alloys ordi-
narily added to iron and steel so that danger of segre-
gation of undissolved or partially dissolved additions is
avoided. |

The alloy of our invention, in general, has the follow-
ing broad range of compositions: |

About 10% to 95% manganese
About 0% to 75% nickel

About 5% to 60% rare earth metals
About 1% to 10% boron

Preferabiy,' however, we limit the range within the fol-
lowing composition: |

About 25% to 65% manganese

About 5% to 65% nickel

- About 10% to 30% rare earth metals
About 1% to 10% boron

The single preferred alloy composition is:

About 40% manganese

About 25% nickel

About 25% rare earth metals

About 5% boron | ,

‘Balance iron with residual impurities in ordinary amounts

In the manufacture of our alloy the boron may be
added by the use of ferroboron which carries into the
alloy considerable amounts of iron. This iron is not
detrimental . for most purposes and particularly for ad-
dition to iron and steel. Large percentages of iron,
however, do tend to raise the melting point of our alloy

In the case of boron, a
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and the iron content of the alloy should for that reason
be kept as low as possible. However, iron up to about
20% 1is generally not objectionable. In addition, our al-
:oy ordinarily contains small amounts of impurities which
result from the manufacturing process and are carried
in with the raw materials. For example, a certain amount

of carbon, silicon, sulphur, and phosphorus are found

in the ordinarily raw materials used in the production of
our alloy and these, as well as small amounts of other
impurities, remain as residual impurities in our alloy.
These usual residual impurities in ordinary amounts are
not objectonable. | o

The action of the boron in our alloy is greatly intensi-
iied over the same amount of boron in the ordinary alloy
used for boren additioms. This may be the result of
a greater affinity for nitrogen inherent in the rare earth
metals which thereby protect the boron against the nitro-
gen. At the same time, the rare earth recovery in the
molten metal is extremely good and is much higher
percentagewise than the recovers resulting from the ad-
dition of the pure rare earth metals or the salts to the
molten metal. The use of our alloy substantially elimi-
nates what is commonly termed “fading” in the steel in-
dustry, 1. e., the decrease in the boron. from the first
poured to the last poured ingot. The alloy of our inven-
tion is particularly useful in electric furnace practice
where, because of the presence of large amounts of

- nitrogen, the usual boron additions must be doubled or

trebled in order to get a given boron residual as com-
pared with the open hearth furnace.

While we have described a particular embodiment
of our. invention it will be understood that it may be
otherwise embodied within the scope of the following
claims. |

We claim:

1. An addition alloy for imparting toughness and hard-
cnability comprising about 10% to 95% manganese, up
to about 75% nickel, about 5% to 60% of rare earth
metals, about 1% to 10% boron, the balance iron with
residual impurities in ordinary amounts.

2. An addition alloy for imparting toughness and hard-
enability comprising about 25% to 65% manganese,
about 5% to 65% mnickel, about 10% to 30% rare
earth metals, about 1% to 10% boron, the balance iron
with residual impurities in ordinary amounts.

3. An addition alloy for imparting toughness and hard-
enabiiity comprising about 10% to 95% .manganese, up
to about 75% nickel, about 5% to 60% rare earth
metals, about 1% to 10% boron, up to 20% iron, and
the balance usual impurities in ordinary amounts.

4. An addition alloy comprising about 40% manga-
nese, about 25% mnickel, about 25% rare earth metals,
about 5% boron, and the balance iron with residual im-
purities in ordinary amounts. |

5. The method -of simultaneously adding rare earth
clements and boron to metals comprising forming a
molten bath of the metal to which the rare earth element
1s to be added, adding to said molten bath an alloy com-
prising about 10% to 95% manganese, up to about
75% mckel, about 5% to 60% of rare earth metals,
about 1% to 10% boron, the balance being usual im-
purities in ordinary amounts, permitting the alloy to
melt in said molten bath and solidifying the resulting
molten mass.

‘6. The method of simultaneously adding rare earth
eiements and boron to metals comprising forming a mol-
ten bath of the metal to which the rare earth element is
to be added, adding to said molten bath an alloy com-
prising about 25% to 65% manganese, about 5% to
65% nickel, about 10% to 30% rare earth metals, about

1% to 10% boron, the balance iron with residual im-
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purities in ordinary amounts, permitting the alloy to melt
in said molten bath and solidifying the resulting molten
mass. |

7. The method of simultaneously adding rare earth
elements and boron to metals comprising forming a
molten bath of the metal to which the rare earth ele-
ment is to be added, adding to said molten bath an alloy
comprising about 10% to 95% manganese, up to about
75% nickel, about 5% to 60% rare earth metals, about
1% to 10% boron, up to about 20% iron and the balance
usual impurities in ordinary amounts, permitting the
alloy to melt in said molten bath and solidifying the
resulting molten mass.
- 8. The method of simultancously adding rare earth
elements and boron to metals comprising forming a
molten bath of the metal to which the rare earth element
is to be added, adding to said molten bath an alloy
comprising about 40% manganese, about 25% nickel,
about 25% rare earth metals, about 5% boron and the
balance iron with residual impurities in ordinary amounts,
permitting the alloy to melt in said molten bath and
solidifying the resulting molten mass.
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