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The present invention relates to a method of improv-
ing the aging characteristics of steel and, more particu-
larly, the present invention is concerned with reducing
the nitrogen content of elongated steel bodies of rela-
tively small cross-sectional dimensions so as to improve
the aging characteristics thereof.

One of the main causes of age deterioration of steel
is the presence of nitrogen which is dissolved in the iron.
The solubility of nitrogen in alpha iron at room tem-
perature is relatively low, namely less than 0.001%.
However, the solubility of nitrogen in diron increases
with increasing temperatures so that, for instance, at a
temperature of 590° C. up to 0.10% nitrogen may be
dissolved in the iron, provided that the steel melt con-
tains such relatively high proportion of nitrogen.

Conventional technical steel generally contains con-
siderably smaller proportions of nitrogen. For instance
basic Bessemer steel usually will contain between 0.06%
and 0.015% nitrogen and open hearth steel between
0.003% and 0.008%. The temperature at which about
0.015% nitrogen may be dissolved in iron dis in the neigh-
borhood of 300° C., and about 0.003% nitrogen are
soluble in iron at a temperature about 150° C.

When steel containing a cerfain percentage of nitro-
gen is heated to such temperature that part or all of
the nitrogen will be dissolved within the alpha lattice
of the iron, then, it should be expected that upon sub-
sequent cooling of the steel, the nitrogen would again
precipitate except for a very small residual proportion
of about 0.001% which may remain in solution even
at ambient temperature. However, the precipitation of
nitrogen upon cooling of the steel is a very slow proc-
ess. Even the longest cooling periods which conven-
tionally may be maintained in the smelter and rolling
mill installations are too short in order to again precip-
itate the nitrogen which had been dissolved in the iron
at higher temperatures. Only during prolonged stor-
age, slow precipitation of nitrogen in the form of iron
nitride will take place and this precipitation of iron ni-
tride will cause impairment of the mechanical properties
of the steel and generally is described as aging deteriora-
tion or just as aging. It is known that the degree of
aging deterioration depends primarily on the amount of
nitrogen contained in the steel and, in view therecf,
attempts have been made to reduce the nitrogen content
of the steel, preferably already during the smelting of
the same. This, namely the intended reduction in ths
nitrogen content of the steel, is one of the reasons why
it is more and more frequently attempted to blow pure
oxygen gas in place of air during the conversion of pig
iron into steel.

It has been found that it is also possible to reduce
the nitrogen content of the finished steel product or steel
body, provided that a cross-sectional dimension of the
steel body is relatively small. Reduction in the nitro-
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gen content of such steel bodies can be achieved by heat-
ing or annealing the steel body in an atmosphere in-
cluding a large proportion of hydrogen gas. -Appar-
ently favored by the catalytic effect of a small propor-
tion of steam, i.e. vaporized water, hydrogen will dif-
fuse into the steel and will combine with the nitrogen
dissolved therein under formation of ammonia. The
ammonia will escape from the steel and immediately
will be diluted and distributed in the surrounding pro-
tective gas atmosphere, provided that sufficient circu-
lation of the gas atmosphere is maintained and fresh
protective gas is admixed in sufficient proportions to
maintain the atmosphere in which the steel body is ex-
posed to annealing substantially free of ammonia.

The above method, as well as the improvement there-
of in accordance with the present invention which will
be described further below, is applicable to all types
of steel with the exception of such steel which includes
a metal having a high affinity to nitrogen. Thus, the
present invention is primarily applicable to unalloyed
steel and generally to all types of steel with the excep-
tion of steel containing 0.02% or more of aluminum.
Generally, removal of nitrogen according to the present
invention is stifl possible with steel containing up to
0.01% aluminum and such steel containing not more
than about 0.01% aluminum will be called herein “sub-
stantially aluminum-free steel.”

While there are limitations, in fact severe limitations,
with respect to the aluminum content of steel which is
to be treated according to the present invention, it is
possible to treat in accordance with the present inven-
tion steel containing relatively large proportions of sili-
con, even containing 2% of silicon or more, by anneal-
ing such steel in a hydrogen gas-containing atmosphere.

For annealing of steel in gas mixtures including hy-
drogen gas, it is desirable that the hydrogen gas con-
tacts substantially the entire surface of the steel body
and that the thickness of the steel bodies is within cer-
tain limitations so that the treatment will affect not only
the surface portion but the entire steel body.

In the case of steel strip or wire, this can be easily
accomplished by uncoiling the steel strip or wire and
passing it suspended through a continuous-type or tunnel
furnace. However, particularly with respect to steel strip
it is also possible to form loose coils of the same so that
between adjacent coils there will be a distance of several
miilimeters which can be penetrated by the circulating
hydrogen-containing atmosphere during annealing of the
loose coil.

However, annealing as described above, namely in a
somewhat moist, i.e. steam-containing, atmosphere which
includes a major proportion of hydrogen gas and at rela-
tively high temperatures, generally will also cause partial
or complete decarbonization of the steel. Such decar-
bonization will occur even if the protective gas atmos-
phere contains only a very small proportion of steam.
At conventional annealing temperatures, apparently,
steam is decomposed into hydrogen and oxygen, and the
free oxygen will oxidize the carbon located in the surface
of the steel body under formation of carbon monoxide
which is then removed by the circulating protective gas
atmosphere. Carbon from the interior portion of the
steel body will then diffuse into the surface portion
thereof and again will react with oxygen, until a nearly
complete decarbonization has taken place. Such de-
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carbonization may beé desirable in the casé. of ‘verysoft'

strips and wires,” however, decarbonization -of the steel
is ‘most undesirable in those cases where the steel: must
have a certain, relatively ‘high degree of mechanical
strength, for instance in ‘the case of steel used for baling

straps, spring strip, conveyor bands, wire ropes and the-

[

like, in which the hardness and the mechamcal strength is '

strongly: dependent-on the-carbon content. However, re-
duction of the nitrogen content of the last mentioned types
of steel bodies is frequently of great importance in.order
to avoid ‘increase in the brittleness thereof during aging.
In view thereof, it has been proposed to first subject such
steel bodies to.annealing in an atmosphere containing a

relatively large proportion of hydrogen gas,.and thereafter.
to restore.the lost carbon’ by further anmealirig of the

steel body in a carbon-supplying medium. -Cbviously, to
proceed in- this manner’ is uneconormcal and" time
»consummg

It is therefore an ob]ect of the present 1nventron to

overcome the above discussed difficulties in the reductron,

of the nitrogen content of steel- bodies.

It is another object of the present invention to prov1de

a method which will permit reducing the nitrogen:content
of steel bodies substantrally thhout aﬁectmg the carbon
content thereof:

It is yet another object of the present 1nventron to pro--
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It is thus possible, according to the present invention,
in a single annealing process, to reduce the nitrogen con-
tent of the steel strip or wire ‘without, however, substan-
tially affecting the carbon content of the steel.

Table T below illustiates. the reduction in carbon and
nitrogen-content of basic Bessemer steel and open hearth
steel upon-annealing at various temperatures in a protec-

. tive" gas. atmosphere: consisting of 78% hydrogen, 2%
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. steam, the balance being mtrogen

Table 1
UNKILLED BASIC BESSEMER STEEL STRIP 0.9 MI\I
THICKNESS
°Q. Percent G | Pereent Ny

“Prior 0 annealmg ___________ e Eemmiuiien 011 0.010
After annealing at_ e 530 0.11 0..007
Dol 2z 560 0.11 0. 002
Do.. 590 0.11 0. 001
Do.. 620 --0.09 0.001
‘Do_._: 650 ~0.06 0. 001
- Doz 700 0.01 0.001
DO-.--...-- ______ 750 “0.01 1 0.001

r— U\TKILLDD OPEN HEARTH STEEL STRIP 08 MM.

95

vide-a method for reducing.the nitrogen content of stesl -

‘bodies which method can be carried’out in a 51mple and
economical manner;
Other objects. and advantages of :the. present mventron

30

will become apparent. from a:further reading.of the de- -

scription -and of the appended claims.

With the above and other objects in" view, the present '

invention contemplates a method of improving the aging:
characteristics of substantially aluminum-free steel, com--

prising the step. of subjecting the-steel in an atmosphers
consisting essentially ‘of ‘nitrogen, hydrogen and.steam
to a heat treatmeni at a temperature between a first tem-

perature being the temperature of incipient decarboniza-

tion of the steel and.a second temperature being 100° C.

THICKNESS
Prior to anmealing. o~ o o ____ 0.05 0.004
Affer annealin at._ : 52 0.05 0. 003
Do_.__. 560 0. 05 0. 001
Do.. 590 0.05 0. 001
Do.. 620 0.03 0. 001
Do_._-.. 650 0.01 0. 00L
Do, i il 750 0,01, 0. 001

The length of time for ‘which annealing is to be‘ car-

Cried out, under otherwise equal conditions, in order to

40 -

lower than the first temperature and for a period of time -

sufficient to. substantially reduce the nitrogen ¢ontent of
the steel, whereby the aging characterrstlcs of the: steel

are improved due to reduction .of the nitrogen content -

thereof without- substantlally affecting the carbon content
of the steel.
In a preferred-manner of improving the aging charac-

45 -

reduce-the mtrogen conitent of the above: described basic
‘Bessemer :ste¢l at a temperature of 590° C., depends on
the concentration. of hydrogen in the protective -gas.. At
a -hydrogen concentration: approaching: 100%, only 4

. hours-will. be requrred On the other hand, if the hydro-

gen concentration in, the protective gas is reduced, the
annealing time will be prolonged, for instance, at a hydro-
gen concentration of 60%,:to 8 hours; at a hydrogen con-
centration of 40%;.to 17 hours and at.a hydrogen con-
centration of 30%),to 22 hours.

Thus, while it is techmcally possible, it is 1mpract1ca1
and “uneconomical to anneal in-a protectrve gas atmos-

“-phere which contains less than 40%  hydrogen, and pre-

teristics of an elongated substantially aluminum-free steel -
body: having :a maximum cross-sectional dimension of

about 4 mm., the methdd of the present ifvention com-'

prises the step of subjecting the steel body in an atmos-
phere consisting essentially of: Between .75% and" 80%

50

by volume-of hydrogen gas, between 5% and 0.5% by -

volume of steam, the ‘balance being nitrogen to a heat

treatment within a temperature. range: of ‘between - abont

500 to 600° C. and for a period-of time sufficient to sub- :

stantrally reduce the nitrogen content of the steel, whereby
the "aging characteristics of the steel body are. improved
due to reduction of the nitrogen content- thereof without

substantially - affecting the carbon content of the steel

body.
Thus, according to the present invention, the nitrogen
content of steel bodies, particularly steel bands and strips

Jhaving a thickness of up to about 3 mm. and. steel wire. - -
having a diameter ‘of up to about 4 mm., is reduced by an- -

nealing the steel body (which should be substantially free
of aluminum) in an atmosphere consisting of nitrogen,
hydrogen and steam, within a température range such that

the -annealing temperature is not higher than the lowest -

temperature at which appreciable decarbonization -of the
steel will take place and not more than about 100° C.
lower: than. such temperature of incipient decarbonization.

Particularly in the case of conventional unalloyed ‘steel, -

this temperature range will correspond to between about
500 and 600° C,

70

ferably the protective. gas atmosphere should contain at
least. 50%  hydrogen, while best ‘results usually -are
achieved . with -even hlgher concentrations .. of - hydro-
‘gen gas. )
It'is clearly apparent from ‘Table I that decarbomza—
tion - of ‘the ‘steel will také place -only at. temperatures
higher than 590° C., while the nitrogen. content. of the
‘steel will be greatly reduced already at temperatures'such
as 530° C. and nitiogen will be ‘practically. completely
remoyed at about 590¢-C., since. the residual proportion
of -nitrogen -being -only of the magnitude of 0.001% is
without practical -importance. It follows from Table I
that .the temperature range starting below the tempera-
ture. at. ‘which . substantial decarbomization of the steel
will take place and reaching to. about 100° below. such

- incipient. decarbonization temperature, will be the: tem-

perature range within which it is possible, in accordance

“-with the present invention, to reduce. the nitrogen content

of the steel ‘without apprec1ably 1nﬂuencmg the carbon
content thereof.

When it is desired to reduce the mtrogen content of
heavily -alloyed steel in accordance with the -above de-
scribed method of the present invention, then it will be
frequently desirable first to determine experimentally the
lowest. temperature - at ‘which -decarbonization will take
Pplace and, in accordance with such findings, to prescribe
the desired annealing temperature or temperature range,
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which will be between such temperature of incipient de-
carbonization and a temperature which is about 100° C.
lower than the incipient decarbonization temperature.

Broadly, the protective gas atmosphere under which
annealing is carried out in accordance with the present
invention in the indicated temperature range, will con-
tain between 40 and 99.5% by volume of hydrogen gas,
preferably between 68 and 89% and most preferably be-
tween 75 and 80%.

The steam content of the protective gas atmosphere

‘should not exceed 5% by volume and broadly will be

between S and about 0.5%, preferably between 1 and 2%;
while the nitrogen content broadly should be maintained
between 59.5 and 0% and preferably between 10 and 30%.

Very good results are obtained with a protective gas
atmosphere containing 75% hydrogen, a small proportion
of steam as indicated above, the balance being nitrogen.
The proportion of hydrogen and nitrogen in such mixture
will be approximately the same as is obtained upon de-
composition of ammonia. The hydrogen content can also
be increased up to close to 100%, however, for economical
reasons as indicated above, namely in order not to unduly
lengthen the process, preferably the hydrogen content
will not be reduced to less than about 50% and, as stated
above, the balance will primarily consist of nitrogen.

"Steam which will be contained in the protective atmos-
'phere should be maintained at a low percentage, preferably
.not more than 2% and in any event not more than 5%,

since, under certain conditions, larger steam concentra-
tions might favor a decarbonization of the steel.
Theoretically the protective gas atmosphere may con-
tain up to 100% hydrogen with traces of steam, however
an increase of the hydrogen content beyond 80% dcesn’t
give an acceleration or an improvement of the reduction
of the nitrogen content in the steel. Therefore the pro-
tective gas atmosphere can obtain an additional, non-de-
carbonizing gas, i.e., non-oxidizing gas or rare gas. Most
economical is the use of nitrogen as additional, non-de-
carbonizing gas but rare gas for instance argon may be
used, too. Moreover the addition of non-oxidizing or

'rare gas to the protective gas atmosphere reduces the
"danger of gas explosion and therefore is opportune for

security. Apparently the use of nitrogen as additional,

‘non-carbonizing gas also seems to be advantageous be-

cause of a catalytic effect by primary formation of am-
monia,

Compositions of protective gas atmospheres according
to the present invention are summarized in Table II

Table 11
PROTECTIVE GAS COMPOSITION

Maximum, Preferred, Minimum,
percent percent percent
Hpoooo 9.5 68-89 40
‘N 59.5 10-30 0
HaO oo e 5 1-2 0.5

Table 1T shows S preferred compositions of the pro-
tective' gas or atmosphere:

Table 111
Compeosition...._. 1 I1 11T v v
Percent | Percent | Percent | Percent | Percent
oo 75 78 79 85 90
N 23.5 20 19 14 8
15 2 2 1 2

The following examples are given as illustrative only
of the present invention without, however, limiting the

invention to the specific details of the examples.

EXAMPLE I

A steel strip consisting of unkilled soft basic Bessemer
steel of the following analysis: 0.11% C. 0.01% Si,
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6
0.36% Mn, 0.045% P, 0.022% S and 0.010% N, and
which had been cold rolled down to a thickness of 0.9
mm. was annealed for 5 hours, suspended in a protective
gas atmosphere composed of 78% hydrogen, 20% nitro-
gen and 2% steam.

Depending on the annealing temperature, upon com-
pletion of the five hour annealing treatment, the carbon
and nitrogen content of the steel strip was found to be
as follows:

Annealing temperature C, N,
¢C) percent percent
530 0.11 0.007
560 0.11 0. 002
590 0.11 0.001
620 0.09 0. 001
650 0.06 0. 001
700 0.01 0.001
750 0.01 0. 001

Similar treatment of the same type of steel strip, how-
ever, in a protective gas atmosphere consisting of 90%
hydrogen, 8% nitrogen and 2% steam gave the follow-
ing results:

Annealing temperature C, N,

°C) percent percent
530 0.11 0. 006
560 0.11 0.003
550 0.11 0. 001
620 0.08 0,001
650 0.05 0. 0005
700 0.01 0. 0005
750 0. 005 0. 0005

It can be seen that in both cases annealing at a tem-
perature of up to 590° C. (and probably even somewhat
higher, but below 620° C.) caused the desired reduction
in the nitrogen content without affecting the carbon
content of the steel.

EXAMPLEII

A deep drawn strip of unkilled open hearth steel of
the following analysis: 0.05% C, 0.01% Si, 0.32% Mn,
0.012% P, 0.018% S and 0.004% N, and which had been
cold rolled down to a thickness of 0.8 mm. was annealed
for 5 hours, suspended in a protective gas atmosphere
composed of 78% hydrogen, 20% nitrogen and 2%
steam.

Upon completion of the five hour annealing process,
and depending on the annealing temperature, the carbon
and nitrogen content was found to be as follows:

Annealing temperature C, N,
¢ C) percent percent
530 0.05 0. 003
560 0.05 0.001
590 0.05 0.001
620 0,03 0. 001
650 0.01 0. 001
750 0.01 0. 001

Similar treatment of the same type of steel strip, how-
ever, in a protective gas atmosphere consisting of 60%
hydrogen, 38% nitrogen and 2% steam, and extension
of the annealing treatment to 10 hours gave the follow-
ing results:

Annealing temperature C, N,
¢cC) percent percent
530 0.05 0.003
560 0.05 0. 002
500 0.05 0. 001
620 0.04 0.001
650 0.01 0. 0005
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Here agam annealing at a temperature of up to 590"'

C., resulted in the desired reduction of the nitrogen con-
tent without reducmg the carbon:¢ontent of the steel.
-However, in.view of the. lowet hydrogen content of ‘the
protective - gas ‘atmosphere applied <in - the -second test,
-the anmealing time had to ‘be prolonged; )

EXAMPLE I

A stnp of unk111ed open hearth steel havmg a tensile
strength of 37 kg./mm.2 and the following analysis: 0.16%
C, 0.01% Si, 0.34% Mn, 0.015% P, 0.028% .S and
0.005%: N, and which has.been cold rolled down to a

thickness of 0.75 mm., was annealed in. open-coil condi-"
tion for 25 hours at a- temperature of 630° C., in a protec- 3

tive gas atmosphere consisting of 79%. hydrooen 19% ni-
trogen and 2% steam.
Upon . completion. of the annealing: treatme"zt it was

found that -the nitrogen content had Been reduced to-
0.0005 %- while the carbon content had only been slightly

_reduced to 0.14%.. Thus, the strip had been substantially
completely freed of nitrogen with only a relatlvely msrgmf-
_icant reouctxon in-its carbon content . .

EXAMPLE IV

A steel wire of electro furnace quality, -destined to be
incorporated in .a” wire rope and having the followmg
analysis: 0.52%. C,.0.22% -Si,  0.60% Mn,.0.010% P
-0.008%:S.and 0.007% N.was drawn to a diameter of 0. 7
mm. and thereafter annealed for 4 hours at various tem-

-peratures ‘while being:suspended in a protective gas at-

5
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: : 8.

-lower than said first temperature and for a period of time-
.sufficient to substantially reduce the nitrogen content of -
said steel, whereby the aging characteristics: of said steel

are -improved -due to reduction .of the nitrogen .content

thereof without substantially aﬁectmg the carbon ‘content

“of said steel.

2. A method of improving nthe aging: characterxstlcs of
an elongated substantially aluminum-free steel body hav-
ing a maximum- thickness ‘of ‘up-to about 4 millimeters
and containing up to. 0.01% aluminum and more than
0.001% - nitrogen, -comprising - the "step ‘of subjecting:said
‘steel body:in an atmosphere consisting-essentially of be-
tween 40% and 95.5% by volume of hydrogen gas, be-

- tween 5% and 0.5%: by volume of steam and up to 59.5%

by volume of at least one gas selected from. the group
consisting of nitrogen gas and rare gases to. a heat treat-
ment at-a temperature between a.first temperature being
. the temperature of incipient decarbonization of- said steel

-.and a second temperature being 100° C: lower than said

-20

25

3

-‘mosphere consisting of 85% hydrogen,. 14.7% ‘nitrogen

and 0.3% steam.” Depending on the annealing tempera- -

ture, the following carbon and nitrogen contents were .

found in the steel wire after- completion of the: four hour
“annealing treatment:

Annealing temperature C, N,
C)- -~ |- “percent pereent
500 0.51 ¢ 0. 006
540 . j 0,50 - 0. 004
_ 5680 - 0.-50 0.001
620 - ©0.48 - 0. 0005
660 0.42 0. 0005

O_

first temperature and for a period.of time sufficient to: sub-
“stantially reduce the nitrogen content of said steel, where-
. by ‘the aging characteristics of ‘said steel ‘body are im-
_proved due-to réduction of the nitrogen content thereof
without, substantially affectmg the carbon content of -said -
steel body.

3. A method of 1mprov1ng the agmg characterxstlcs of
an elongated. substantially aluminum-free unalloyed steel
body-having a' maximum thickness of up.to about 4.mil-
‘limeters and containing up to 0.01% aluminum and more
than 0001% mtrogen, comprising the 'step: of subjecting
“said steel-body in an atmosphere consisting essentially of
between 40% and.95.5% by volume of hydrogen gas, be-
tween 5% and 0.5% by volume of steam and up to 59.5%
by volume of at least one. gas: selected from the group
“consisting of nitrogen’ gas:and rare gases to a heat treat-

© .ment within a’ temperaturé range: of between about 500

and 600° C. and for a period of time ‘sufficient to sub-
stantrally reduce the nitrogen content of said steel, whereby
-the aging characteristics of .said steel body:are improved
* due.to reduction of the: nitrogen content. thereof without
substantlally affecting” the carbon content of said steel

" body.

It-is noted that all percentage ﬁgures relatmg to- the E

composition: of the protective gas are glven in percent by
volume.

50

Without fulther analysxs “the. foregomg will so fullyr '

reveal the gist of the present invention that others'can
by applying current knowledge readily adapt it for vari-
ous applications without omitting features that, from the
standpoint of prior art, fairly constitute essential charac-

teristics of the generic or specific aspects of this inven-
tion and, therefore, such adaptations should and are in--
60
- an elongated substantially aluminum-free steel body hav-

tended to be comprehended within the meaning and range
of equivalence of the following clainis. :

5

Q-

What is.claimed as-new and desired to be secured by :

Letters Patent is:
1.” A ‘method of improving the aging characterlstrcs of
substantially aluminum-free steel; comprising the step of

-65

subjecting steel containing up to 0.01% ‘aluminum and
more-than 0.001%' nitrogen in an atmosphere consisting. -

essentially of between 40% and 95.5% by ‘volume of hy-
drogen gas, between 5% and 0.5% by volume of steam

and up.to- 59.5% by volume of at least one gas selected.
“from the group consisting of mtrogen gas and rare gases to-

7

=

4 A method of 1mprovmg the -aging characteristics of
“an elongated substantially aluminum-free. steel body hav-
ing a maximum thickness of up to about 4 millimeters
“and containing up to 0. 01% aluminum and more than
0.001% nltrogen comprising the step of subjecting said
steel body in an- atmosphere .consisting essentially’ of be~
tween 68% and 89% by volume.of hydrogen gas, between
10% and 30% by volume. of nitiogen gas-and: between
1% and 2% by volume of steam to a heat treatment within
a-temperature -range -of bétween about 500 and 600° C.
- and for-a period of time sufficient to. substantially reduce
the nitrogen content of said steél, whereby the aging char-
acteristics:of said steel body are improved due to. reduc-
tion of the nitrogen.content theteof without substantially
affectmg the carbon:content ‘of said ‘steel body. .

5. A rnethod of ‘improving the aging charactéristics' of

ing a maximum thickness of up to about 4 millimeters and . )

containing up to 0:01% aluminum and more than 0.001%
nltrogen comprising the step: of: subjecting said steel body
in' an. atmosphere consisting’ essentially of between. 75%
and 80% by volume of hydrogen gas, between 5% and
0.5% by volume of steam, the balance ‘being nitrogen, to
-a heat treatment. within a temperature range- of between

" about 500'and 600° C. and for a period-of time sufficient

to’ substantially reduce the nitrogen content of said steel,

. whereby the aging characteristics “of. said steel body are

a heat treatment at a temperature bétween a first tem--:

perature being the temperature of ‘incipient decarboniza-
tion of said steel and a second temperature: being 100° C:

75

improved due to reduction of the nitrogen content-thereof
‘without-substantially aﬁeotmg the carbon content of said
steel body .
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6. A method of improving the aging characteristics of
steel, comprising the step of subjecting steel containing up
to 0.01% aluminum and more than 0.001% nitrogen in
an atmosphere consisting of between 40% and 95.5%

by volume of hydrogen gas, between 5% and 0.5% by 5

volume of steam and up to 59.5% by volume of at least
one gas selected from the group consisting of nitrogen
gas and rare gases to a heat treatment at a temperature
sufficiently high to reduce the nitrogen content of said

steel, said temperature being below the temperature at 10

which substantial decarbonization of said steel occurs.

10
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