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This invention relates to processes for producing a 
steel having a good weldability and a high toughness at 
a low temperature. 

In order that a steel may be tough at a low tempera 
ture, its transition temperature must be low enough for 
the using condition. Such transition temperature is a 
criterion for judging the low-temperature brittleness of 
a steel but it is remarkably affected by the chemical com 
position, producing process, and thermal hysteresis of the 
steel. 
Carbon has the greatest effect among the chemical 

components. With the increase of the carbon content, 
the transition temperature will increase. Phosphorus 
and nitrogen together will increase the transition tem 
perature. Manganese is an effective component. The 
ratio of Mn/C of not less than % is considered accept 
able. Such gases contained in a steel as oxygen, nitro 
gen, and hydrogen will make the steel brittle. In case 
the steel is not well deoxidized, the transition temperature 
will increase. 

In spite of such harm, on the other hand, nitrogen 
in the steel results in favourable toughness at low tem 
perature when aluminum nitride is separated at the tem 
perature of A3 transition point. Therefore, a certain 
amount of nitrogen rather favours aluminum contained 
steel. By taking the above mentioned points into con 
sideration it is possible, especially with the recent top 
blowing converter steel making process and vacuum 
degassing process, to produce a low temperature tough 
steel in which the transition temperature is low enough. 
According to such treating process, the chemical com 
ponents in the steel which act in the direction of in 
creasing the transition temperature can be remarkably 
reduced but the oxygen in the steel can not be so easily 
removed. 
We have confirmed that, when the nitrogen content in 

a molten steel of a carbon content of not more than about 
0.15% as refined in an open-hearth furnace, electric fur 
nace or converter is adjusted to be about 0.008 to 0.04% 
by adding additional nitrogen in accordance with this 
invention and said molten steel is degassed in a vacuum, 
the oxygen content will be remarkably reduced. As a 
result, a low-temperature tough steel superior to any 
conventional one will be obtained. 

In an ordinary open-hearth steel, electric furnace steel 
or converter steel, nitrogen is removed only slightly. 
This is because the nitrogen content in the molten steel 
is of a value (of not more than about 0.008%) near the 
balanced solubility under a pressure of 1 to 40 mm. Hg 
in degassing. If the nitrogen content is made higher than 
about 0.008% and the molten steel denitrified under a 
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pressure of not more than 40 mm. Hg, this results in 
promoting an ardent foaming phenomenon within the 
vacuum vessel and serves to increase the surface area of 
the molten steel in the vacuum. In this manner the 
CO reaction and therefore deoxidation will be acceler 
ated. On the other hand, the nitrogen content after the 
refinement in vacuum will be reduced to near the amous: 
as of before the addition. But the necessary amount of 
nitrogen will remain to obtain a steel having excelled toughness at low temperature. 
The present invention has succeeded in obtaining a steel 

of a very low oxygen content by accelerating deoxidiza 
tion by utilizing the above-described phenomenon, and 
separating residual nitrogen as aluminum nitride. ' 

In the process of the present invention, it is for such 
reason as is mentioned above that the nitrogen content 
in the molten steel is adjusted to be higher than about 
0.008% in the first step. However, if the nitrogen cone 
tent is too high, it will not be economical. It is, there 
fore, preferable that the maximum be about 0.040%. 

In order to adjust the nitrogen content, nitrogen may 
be added in the state of gaseous nitrogen or as a nitrogen 
alloy. The thus adjusted molten steel is to be degassed 
in a vacuum. According to the present invention, there 
is used a method wherein a part of molten steel in a ladle 
is successively sucked into a vacuum vessel, remains 
therein for a short time and is returned to the ladle. By 
carrying out such vacuum degassing, not only the dis 
solved hydrogen can be removed and any internal defect 
in the steel material can be prevented but also the re 
action C--O=CO is promoted and oxygen can be e 
moved in the form of CO gas. As a result, a steel of a 
remarkably low oxygen content can be obtained. 
Depending on the circumstance, any desired alloying . 

elements may be added to the molten steel vacuum-de 
gassed according to the present invention so that the 
composition may preferably be not more than 0.15% C., 
0.01 to 0.10% Al, 0.5 to 2.0% Mn, 0.01 to 1.0% Si and, 
as required, a total of 0.01 to 0.02% of one or more of 
Nb, Ta and V. By thus limiting the composition, a steel 
which is tough at a lower temperature can be obtained. 

Further, according to the present invention, if the 
nitrogen content in the molten steel as refined in an open 
hearth furnace or the like is adjusted to be between about 
0.008 to 0.04%, at the same time the ratio of C/O in the 
molten steel is adjusted to be about 3/4 by adding such 
adjusting agent as a deoxidizing agent or a carburizing . 
agent. Said molten steel is then degåssed in a vacuum . 
whereby carbon and oxygen contents will be reduced to 
an extreme low. 
In the case of vacuum-degassing the molten steel, car 

bon and oxygen will be removed at an equivalent mol 
ratio, that is, at a weight ratio of C/O=3/4. Therefore, 
in order to reduce both carbon and oxygen, it is advan 
tageous to degas the molten steel with the C/O ratio kept 
at about 3/4. In the present invention, from such view 
point, the nitrogen content in the molten steel is adjusted 
according to the present invention, and at the same time 
the C/O ratio is maintained 'at about 3/4 so that the car 
bon and oxygen contents may be reduced to extreme low 
and a steel having excellent low-temperature character 
istics obtained. 



3,208,844. 
In order to adjust the C/O ratio of the starting molten 

Example of chemical composition 

4. 
ample, the same effects will be obtained with electric fur 

steel, any known deoxidizing agent or carburizing agent . . . . nace steels and convertersteels. 
TABLE1 

Sample Carbon - Silicon 
------m-m-m-m-m-m--wa-l-m-----well 

A.------- 
B------- 

C------ 0.15 - 0,25 

Manga Phos *Sulphur Nitrogen: Oxygen '. 
phorts ; 

0.016 
0.05 

0.08 

0.023 
0.022 

0.025 
;0.004 
:0:003 t arnirm. . 

su up. . . Divacuum 80,005, 3:0; 
sucking up after 

. • 1. Steel of the present invention. 
may be used. The deoxidizing agent to be added may be 
Al, Si or C. In case carbon is used, there will be a fea 
ture that no deoxidization product will remain in the steel. 

. Further, such compound as Si-C-Fe can be also used. 
: The above mentioned addition of carbon will act for 
carburization under the normal pressure and will perform 
a deoxidizing action under arreduced-pressure. There 
fore, in the present invention, there is no:distinction be- .. 

25 tween "the deoxiding agent” and "the carburizing agent." 
The present invention shall be explained more particu 

larly with reference: to the following example... 'Table 1 
shows the: chemical: compositions of 'sample:A which is 
a; steel refined by an ordinary process: in asic open 
hearth furnace; sample; B, which is a steel made by re- - ity as pared in an open-hearth furnace:;and containing 0.15% 

... by weight: carbon to raise 5the nitrogen content. 
ducing oxygen by vacuum-sucking up and degassing a mol 
ten steel in a ladle after tapping and then adding such ele 
ments as Mn, Si and Ali within and vacuum vessel; and 
sample C which is a low-temperature tough steel of the 
present invention is made by refining a molten steel ordi 
narily in a basic: open-hearth;furnace, then adding man 
of tapping so that the nitrogen content might be 0.013%. 

i and further vacuum-degassing:the molten steel to remark 
ably reduce; oxygen, and then adding such elements as Si 
and Al within vacuum vessel. Each of these steels was 
rolled into a steet sheet 25 mm.:thick and was normalized. 
for 1 hour. In the steel of the present invention, the ni 
trogen content become "0.005% due to degassing, being 
removed by 0.008% to be the amount as of before the 
addition. The deoxidization was accelerated by the in 
crease of foaming due to denitrification. Though the 
sample C was degassed for the same time as in the sam 
ple B, the oxygen content of C decreased to 0.002%. 

Table 2 shows the V-notch charpy 15 ft.-lb. transition 
temperature (abbreviated as Vtr. 15): and "the pressed 
notch charpy coated surface transition itemperature: (ab 

... breviated as PTC) of each of said:steels. 
According to the results of the charpy tests, the sam- . 

"ple C of ther present invention was superior: to the sam 
ples A and B due to the deoxidizing effect. On the other 
hand, in the double-tension test crack stopping tempera 
ture' (abbreviated as Tra.), the effect of removing oxygen 
appeared more clearly. The sample by the process of the 
present invention showed, an especially high Tra, value. 
Though open-hearth furnace steels are shown in the ex 
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- TABLE 2 
Yarious transition temperatures 

Samples vitri 15 (c.). PTC (c.) Tra. (C.) 
A.--- 
B.-- 

The stress used was 34 the yielding point stress. gasi parate:till P . . . . . . 
What is claimed is: . . . . . . . . . 

process for producing low-temperature tough steel omprises addingsa.nitride: toasmolten:steel;pre 
said 

molten steel to between: 008 to about 0.04% by 
the subsequ at degassing treatment, Bucking 
isively apart of the thus obtained molten:steeli 
'uum degassifying vessel, idegassifying 

Hg, said sidegassifying "reducing 
(said molten steel to not more than 0.002% 
the nitrogen content to about that which it was: 
adding nitrogen thereto, and vering the product. 

2.3. A method for producing a kilow-temperature::tough 
: steel: claimed in clai chimanganese nitride is 

2,068,78. 
2564;498: 
2,714,065 
2,755,181 
2,815;273. 
2,865,736 
2,893;860, 7/5 
2,993,780 7/ 
BENJAMINHENKIN, Primary:Examiner. 

  

  

  


