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This application is a dwrsronal appli catron of my earher

filed application Serial No. 88411, filed February 10,

1961, which 1s more partroularly drrocted to the composr-

~ tion of nitride bearing steel.

This invention relates to processes for prodhctron of

nitride-bearing low carbon ductile steel.
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tho a{orementroned molton steel. Theroartor there is

added zirconium or titanium or both, to yrold even more

- stable nitrides, and thereby convert the excessive nitrogen

o

10

This invention is concerned with obtaining a new ni-

tride-bearing low carbon ductile steel containing from

20

0.015% to 0.090% by weight of a stable nitride selected

from the group consisting of beryllium nitride, columbium

nitride, a combination of aluminium nitride and beryllium

~ nitride, a combination of aluminium nitride and colurn— |

bium nitride, a combination of beryilium nitride and co-
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Jumbium mmdo and a COIIlb‘IlatIOH of said three nitrides

. which possess certain degree of solubility info the solid -
 state steel at an elevated temperature and/or from 0.01%

to 0.10% by weight of another kind of nitride selected
from the group consisting of titanium nitride, zirconum

into a further nitride or nitrides. Thereafter, if desired,
the steel thus produced may be heat treated to precipitate

out a part of the nitride, whereafter the steel is subjected
to a pl soo doformatlon at an elevated temporature by '

suoh rolimg or forgmg or the like. |

The steels utilized in this process are pure iron, low
carbon steels with approximately 0.35% carbon or less,
or low carbon low alloy steels containing alloymg ele-

‘ments other than carbon in less than 1.0% each.

I have found that when from 0.010% to 0.10% of ni-
tride or mnitrides of metal or metals such as aluminum,
beryllium, or columbium are present in a steel, the said
steel possesses superior mechanical properties at atmos-

- pheric and elevated temperatures, particularly as regards

its 1mpact strongth at a low temperature while the transi-

‘tion temperature is remarkably shifted to a lower tem-
perature, as compared to the properties expected of a steel .
‘with the same components except the nitride. |

The nitride-bearing steel may be successfully produood: .
using any one of an over-blowing converter, an open-
hearth furnace, an electric arc furnace, or a hrgh-fre—
quency electric furnace, and the production method can

“be placed intc two categories, as now erl be descrrbed

~ more fully in the following.

The first category consists in blowmg into molten steel

 nitrogen gas or a mixed gas composed of nitrogen and a
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nitride and a mixture of both nitrides which has practi-

cally no solubrlrty in the steel either in the solid or molten

~ state and further less than 0.35% by weight by carbon
and if desired, less than 1% by weight of alloying element

selected from the group consisting of nickel, chromium,

‘molybdenum, vanadium, manganese, silicon and like.

1 discovered that a stee! containing a nitride or a plu-
rality of nitrides, a part of which is dissolved in the matrix

" thereof and another part of which exists as free nitride

therein, 1is capable of precipitating out dlsporsedly its

" npitride at its grain boundaries and within its grain during
1ed at an elevated temperature, |

and that such steel with the structure as described above -

. POSSESSES mechanical properties far superior to a steel with
the same composition, partrcularly as regards its low tem-

~ the plastic working perfor

oo
b

- bearing ouctﬂo steel.

gas or gasses that is inert thereto (for example, a mixed
oas constituted of nitrogen and argon or helium or the
like), subsequently adding thereto one or more than one

kind of metal that reacts with nitrogen to form a hard
nitride having a certain degree of solubility to solid state

steel, such metal being selected from the group consisting
of aluminum, beryllium, or columbium, to form a nitride-
- One practical oxamplo of producing
ductile steel in an electric arc furnace by the process men-

- tioned above 1S nOW dosorrbed in dptarl
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~ perature toughness which is remarkably improved and the
transition temperature wnrch is. markedly shifted towards

"a lower temperature. -

Nitride-bearing low carbon steels of this invention are |

-- produood by one of the following two processes. Accord-

- ing to these processes nitride-bearing low carbon steels may
~ be obtained by blowing into molten steel nitrogen gas or
a mrxed gas compound of mtrogen arrd ull mo‘t gas. thero-_ﬁ_ |
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- into ingots..
of two (2) roprosentatwe sieels prodoood by the aforo-_

| montrorrod process |

EXAMPLE 1

Frrstly, scrap steel was molted in an oloctrrc arc furnace |

and refined under oxidizing conditions, then 0.35% of

ferro-silicon and 0.70% of ferromanganese were added

for deoxidation, then nitrogen gas was blown into the
- molten steel through a conduit pipe for about 6 minutes:

at a pressure of 5 kg./cm.?, following which stage and -

-ﬁnally, 0.20% of alummrum in one case or 0. 10% beryl-
lium in the other was added prior to casting of the steel

The Table 1 shows the chemical composition

oo | .Ta.ble 1 L . -
 Steel ¢ | s | v | .P s | Ny | Al | AIN | A1Os | Be | BesN
B 1 oor| o25| oe6t| 0.015| 0.02| 0085 | 0.15 | 0.088] 0.020 |l
DL 0,07 | 0317 0.65 | 0.015 | 0.022 | 0.015 | 0.008 [-erein]oceeoo- 01207 0.024

~ ""'to or by blowrng culcrurn cyanamrdo mto tho melt Wlﬂl o

~ nitrogen or-an inert-gas or a mixture gas thereof during
. the reduction period of the steel-making process to render

- the molten steel nrtrogon-boarrng Subsequent to the nitro- -

- gen enrichment there is added one or more of such metal -
- .~ elements: as aluminium, beryllium, and columbium which
70 |
o trro between 1150° C. and 1250° C., which corrosPondsﬁ_' o

-~ combine with the nitrogen to: form metallic nitride that

- "-:'possesses a certain degree of solubility in the ‘solid state
o :steel 1o be thereby nrtrrdrzod by the said nrtrogen wrthrn_
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AS may bo seorl a part of tho alumrnum whrch is added .

is combined with the oxygen that was present at the

molten steel to bocomo alumrmum oxide, while the rest of

| “Also, the -

beryllium nrtrrdo Bo3N2, was oloarly ShOWIl by tho chem—
ical-analysis. : o |

the aluminum is. rotamod a8 alumrmum nltrrdo

~Nextly, ingots thus produced Wore brought to a tempera— |

to a stafo whero too mtrldo exrsts partrally 111 a drssolved'.j-



and partially in a solid phase, and the steel was then
forged thereat and finished at a temperature 850° C. The
steel was then left to cool to atmosrheric temperature,

subsequent to which process, the said steel was heated
again at 950° C. for one {1) bour, then cooled in air.

Table 2 compares the mechanical properties of steels pro-
duced by the above method with a commercially availabie
high killed mild steel with a comparable chemical com-
position,

Table 2

v |
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addition of about 0.03% to 0.3% thereof was seen to be
sufficient to achieve the purpose. The titanium nitride and
zirconium niiride resulting therein are all insoluble in
the molten steel, one part of which is eliminated there-
from, while the rest is-floating therein and becomes finely
and dispersedly suspended therein as the steel solidifies.
The particles of said metallic nitride in a form as described

~ above, have no adverse eﬁects whatsoever on the steel,

El"ld even have a favorable influence on the steel.

Tensile Yield Elon- |{ Reduction | Impact
Steel - strength, point, agation, of areg, vaiue,? | Tri}, T'rs,
kg./sq. mm.; kg./sq percent percent keg.-m./ °C. °C
M. sq. CIm. |
B & 42.0 32, 0 40, O 79.0 33. 5 —--105 —~85 -
D | 46.7 |  38.0 39.0 71,0 31.0 | —100 —70
Oild steel T__ o 44 30 28 57 S.0 -4 —30
10.13%, C. killed.
2At0°C.
From the table it can be stated that the present method In Table 3 are shown the chemical composition and

is fully capable of producing a

nifrogen-bearing ductile o5 mechanical properties of a steel produced by the process

steel. The present method can. be applied to, other than described above.
Table 3
Steel C i | Mo | P | s | Ny | Al | zr | AIN | ALO; | zrN
Bl o 0.08! 0.23] 0.57| 0.016| 0021 | 0.032| 0.085 | 0.06| 0.08¢| 0.021| 002
Tensile strength, Yieid Elongation, | Reduc.tiﬂn Iupact -' - Trils, Tra,
kg.[sq. mm. strength, percent - of arey, value,? °C. .. °C.
kg./sq. mum., - percent kg.-m.jsq. cm. .
41.0-42.2 . 31, 5-33. & 39,2-40.7 | 77.4-78.4 | 36,0 | —100 —~80

I Dyetile steel,
2At0°C.

an eleciric arc furnace as described above, such as for -

example to an over-blowing converter, an open hearth

furnace, a high frequency electric furnace, or the like

with the same result.

Furthermore, this process of nitrogen blowing has an

additional eﬁect of obtaining cleaner steel by virtue of -

the stirring action the nitrogen gas induces within ths

molten metal, thus stimulating the coagulation of various.

deoxidization products that are present therein,
If a nitride bearing steel is to be produced by the afore-

mentioned process and the ingot is not stabilized, or

killed, it becomes similar to a so-called rimmed ingot con-

D59

taining blow holes therein since an amount of nitrogen

gas that is left uncombined tries to escape therefrom as

the metal solidifies. However, even this kind of ingot is

of no disadvantage when oﬁered for sale on the market,

as far as the quality of the steel 1s concerned, since the.

60

aforementioned blow holes can readzly be. welded toge; th.,r |

during forging or rolling.

‘However, killed steels are often more desirable when

higher quality 1ngots are wanted.

1%.

I have <;.uccec?h.,n:fl in stablhzmg Or Lﬂhug, the mitri dc-bear— |
ing ductile steel by fixing the excessive nitrogen gas that
would escape therefrom upon its solidification by means of

In order to achieve
this purpose, it generally requires in heretofore known
processes a quantﬂy of alummmm if used alone of abnut.

G5

- It may be seen that the fixation of free nitrogen by
means of adding such metallic element selected from the
group consisting of zirconium and tltamum is evidently
effective for producing killed steel.

The second method involves- addmg calcmm cyanamide

| 'to the steel at the reduction period of steel-making process,
so that nitrogen is intreduced into the molten steel as a

result of - demmpomtmu of: said. agent. - The - calcium
cyanamide is added by blowing the calcium cyanamide into

‘the molten steel together with an inert gas for example,

argon or nitrogen or a mixed gas consz&stmg of nitrogen
and an-inert gas, so that. nitrogen is introduced into the

_steel as a result.-of decomposition of said agent or of a
~ direct reaction of gaseous nitrogen or both, and sub-
‘sequent to the above, an amount of a metallic element or

elements that yield the desired nitride is introduced as
before, thus rendering the steel nitride-bearing and ductile.
I therefore partlcularly pomt out and distinctly claim

as my invention::

1. A method of manufacturmﬂ mtnde-contammg ductile
steel, the nitride being selected from the group consisting
of aluminum nitride, beryﬂmm mtrlde, columbium nitride

- and mixtures thereof comprising 'impregnating molten

70

a metal or metals that form even more stable nitride or

nitrides than those of aluminium or beryllium and which -

do not dissociate at a solidification temperature of the ..

- steel.

Of metals with aforementioned property, titapium.

| and zirconium were found to be most suitable, and an 5

steel with nitrogen to a content of at least 0.010% nitrogen:

' _by blowing into said molten steel a gas selected from the

- group mnsmtmg of mtmge:n ﬂas and mixtures of nitrogen. .
-gas with gases which are inert to molten steel, said gas

being blown into 'said molten steel at a. pressure of sub-

. stantially 5 kg./cm.2 and then adding to the thusly nitro-
| gen—zmpregnatﬁd steel a- material selected from the group

consisting of - ulummum berylllum cohlmbmm and com-
bmatmns fthereof | - S

hy
&
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2. A method as 'claimed in claim Ibomprising adding

" to the nitrogen-impregnated molten steel a further material

selected from the group consisting of zirconium, titanium,

- and combinations thereof. |
3. A method as claimed in claim 1 comprising blowing

~ calcium cyanamide into the molten steel, along with said
" gas, under a pressure of substantially 5 kg./cm.2

4. A method as claimed in claim 1 comprising solidi-

fying the molten steel, heating the solidified steel to a
temperature sufficient to cause a portion of the nifrides

 formed with said material to exist in the free solid phase
- and the remaining portion to be dissolved in the matrix
" and then working the heated solidified steel. |

5
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