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1. 
This invention relates to wrought steel articles 

having Superior impact resistance at tempera 
tures below 0° C. 
Most steels when cooled below room tempera 

tures become less resistant to shock or impact. 
The resistance to impact does not ordinarily de 
crease proportionally with the temperature but 
decreases precipitously when the steel is cooled 
below a critical temperature which is referred to 
as the transition temperature. Machine parts 
and structural members subjected to impact at 
low temperatures must be made of steel having 
a transition temperature lower than their oper 
atting temperatures or else compensations must 
be made in the design of Such articles to provide 
for their greatly diminished resistance to impact. 

It is an object of the invention to provide 
articles for use at sub-zero temperatures which 
have an increased resistance to impact. 
Another object of the invention is to lower the 

transition temperature of certain steels and thus 
render articles made from such steels more use 
ful for jobs in which the articles are subjected 
to impact at low temperatures. 

Efforts in the past to improve the low temper 
ature properties of steels have resulted in the 
discovery that the addition of aluminum to cer 
tain steels has a beneficial effect. For example, 
the addition of aluminum to chromium-nickel 
copper steels has been taught for the purpose of 
lowering the transition temperature of these 
steels. The present invention is based on the 
discovery that articles having Superior low ten 
perature properties can be fabricated from 
chromium-nickel-copper steels to Which have 
been added specified percentages of both alumi 
num and nitrogen. The Steels thus obtained 
have greater resistance to impact and lower 
transition temperatures than those steels to 
which aluminum alone is added despite the fact 
that nitrogen is taught by the art to be an en 
brittling agent. 
The objects of the invention are accomplished 

by fabricating articles from steel having the 
following composition: carbon not to exceed 
0.25%, not over 2% manganese, not over 1% 
silicon, 0.25% to 1.25% copper, not over 5% 
nickel, 0.25% to 3.25% chromium, 0.08% to 
0.3% aluminum, 0.013% to 0.03% nitrogen, bal 
ance substantially all iron. 
A preferred composition falls within the foll 

lowing range: 0.01% to 0.2% carbon, 0.2% to 1% 
manganese, 0.02% to 0.8% silicon, 0.25% to 
1.25% copper, 0.5% to 3% nickel, 0.5% to 1.5% 
chromium, 0.08% to 0.3% aluminum, 0.013% to 
0.03% nitrogen balance substantially all iron. 
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2 
Steels manufactured by conventional methods 

have a nitrogen content of about 0.007%. The 
advantages of this invention are not obtained 
unless the nitrogen content of the steel is above 
at least 0.013% and unless this higher than nor 
mal nitrogen content is coupled with a soluble 
aluminum content of at least 0.08%. Any pro 
portions of the two materials Within the ranges 
0.013% to 0.03% for nitrogen and 0.08% to 
0.3% for aluminum will impart to the steel from 
Which the articles of the invention are fabri 
cated an improved resistance to impact at low 
temperatures. It is of interest to note that while 
a nitrogen content of 0.03% is within the pre 
ferred limits of the invention, a nitrogen content 
of no more than about 0.02% is required to ob 
tain most of the improvements in the low tem 
perature properties of the steel. 
Table I Sets forth data showing the improve 

ments accomplished by the invention. The tests 
were conducted on a Charpy machine using 
standard keyhole specimens. The compositions 
of the specimens were substantially all iron plus 
the elements listed in the table. The specimens 
were cooled by immersion in a petroleum-ether 
which was cooled by liquid oxygen or nitrogen. 
After immersion in the cooling fluid for one hour, 
the test specimens were quickly transferred to 
a Charpy machine and the hammer of the ma 
chine released immediately. 
Most of the specimens tested and reported in 

Table I exhibited a precipitous decrease in re 
sistance to impact when cooled below a certain 
temperature. The impact resistance of other 
specimens decreased more gradually within the 
temperature range used in the tests. For pur 
poses of comparison, an impact value of 15 foot 
pounds, representative of a significant value, was 
chosen as the reference point. The temperature 
at which a steel exhibits an impact strength of 
15 foot-pounds is designated the transition ten 
perature in the table. 
The proportions of the elements in the steel 

were varied from one specimen to another to 
establish more clearly the effect of the Combina 
tion of nitrogen and aluminum, within the Speci 
fied limits, on the impact strength of the Steel. 
For convenience in making comparisons, the 
tests results are grouped so that within any group 
one element in addition to the aluminum and 
nitrogen is the principal variant. No nitrogen 
was added intentionally to those alloys contain 
ing 0.007% nitrogen, this being the normal nitro 
gen content of the steels made by conventional 
methods. 
The specimens were also given several differ 
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ent heat treatments. The values appearing in 
column I of Table I are those obtained with 
specimens normalized at 925 C. The values in 
column II are those for specimens normalized 
at 925 C. and stress relieved at 593 C. The 
values in column III are those for Specimens 
normalized at 925 C. and stress relieved at 

5 

4. 
The steels from which articles of the invention 

are fabricated have a normal crystal structure 
and require no special treatment during fabrica 
tion. Welded pressure vessels fabricated from 
steels according to the invention give excellent 
Service, when subjected to low-temperatures dur 
ing use. Conventional fabricating techniques, 

650° C. Such as welding, forging, and rolling, can be emi 
Table I 

Charpy Keyhole Impact Strength (Ft.-lb. per Sq. Cm.) 

II III Chemical Composition-Per Cent 
Element -- 

Waried Test Test 
Tenp., Temp., 
O C. Transition o C. Transition 

Temp., C. Temp., O. 
C Mn Si Cui Ni Cr Al N -160-183 -160-183 

0.0450.230. 110. 51.450.920.18 ... 5.0- 4.1. Above -60 5.7 3.0. Above -160, 
Carbon-----0.0520,270.130.511. 480.980, 16 8.0 5, 2 -70.--------- 49.5 3.8-170. 

0.14 0.520.260.441.441.0.0.15 3.. 6 5. 4.--- - - w v- - 7. 
0.17.0.50:0.270.531.471.06.0.15 11.8 5.5------------------, 9.9 
0.045 0.270. 2.061.450. 970.15 6.3 4.0. Above -160- 6.5 2.8 Above -160. 

Manganese--- 040,280.171. Oil. 501,000. If 43.0 4.2 Above -160 38.5 3.4 - 70. 
0,0470,780.19,081, A31.010, 26 7.0 4.2 - - - - - - - 

0.0480,290.150.531.96 1909, 26 4.2 5.1 5.0 3.4. Above -160. 
Silicon -------- 0.0460,220. 10.511.500.910, 17 76.0 8.8 O 5.3 -170. 

0.0850. 420,290.93.400. 710.09 23.0 19.0 -- 
0.0480,290,150.531.96:1, 000.26 4.2 5.1 3. 4. Above -160. 

Copper------- 0.0460,220. 10,511. 500. 910. 17 76.0 8.8 5.3 -70. 
0.0450.270.12.061.450. 970.15 6.3 4.0 . .2.8, Above -160, 
0.0380.300.09.091.440,960.230.02) 48.531.0 Below -183--. 3.0 - 170-------------------- 
0.0450.270.121.061.450. 99. 150.007 48. O 6.3----- 170---------- 5. 4.0 2.8. Above -160. 

Nickel-------- 0.03S0.300,091,091.440,960.230.02 4s. 5. 31.0 Below -183-- . 17.5, 3,0; -170.-------------------. 
0.0750. 44.0.310.502. 630,770.210.007 16.0 3.4------i60-------...----------- 
0.0320,260. 130, 50 2.61.000. 130.02 90.0 - 5.5 
0.0880. 480.330,501. 510.760.200.007 54.0 ll. 4.------170---------------------------------------------- 

Chronium---0.0850. 420.290.931. 40.0. 710. 09:0.015.----- 23. 0----- Below -183--------, 24.3 -183-------------------- 
0.14 0.520.260.441. 441.010.150.007 32.8 3.6------170---...----------- 5.4-------------------------- 
0.130.420.230,551. 601.050, 60.09:----- 6.0 4.0 -190-----...---- 40.0.10. 0-75-------------------- 
0.0880. 480,330, 50l. 510,760,200, 007 54.0 11.4----- 170.-------------------------------------------- 

Aluminum.--0.0850. 429.299.931.499.19.99.95 23. 0----- Below -183--------, 24.3 -183.------------------- 
0.0940. 540,250. 531.600.870.260.007 19.7 5.0----- Above 150--------------------------------------- 
0.100.590.270. 521.550.780.230.01831.2 9.0----- 170---------------------------------------------- 

1 Test temp., -150°C; 
Carbon is the principal element, besides nitro 

gen, that is varied in four of the specimens tested. 
The data obtained from the testing of these 
specimens are recorded on Successive lines in the 
table. These data, indicate that those specimens 
having a high nitrogen content of 0.018% and an 
aluminum content, above the Specified minimum 
of 0.08% are generally more resistant to impact 
and have lowel transition tenperatures than 
those specimens having a normal nitrogen con 
tent of 0.007%. This relationship holds true 
Whether the carbon content of the specimen is 
in the relatively low range of 0.045% to 0.052% 
or, in the higher range of 0.14% to 0.17%. 

In the other groups of specimens in the table 
either. nanganese, silicon, copper, nickel, chro 
mium, or aluminum is the principal element 
Varied besides, nitrogen. The data for these 
groups show results similar to those for the group 
in which carbon and nitrogen are the principal 
elements varied. In each group, those specimens 
having a nitrogen and aluminum content within 
the Specified limits exhibited improved low tem 
perature impact resistance. The presence of a 
high aluminum content in a specimen does not 
impart to that Specimen the advantages of the 
invention. In this respect the last group in the 
table in which aluminum and nitrogen are the 
principal elements varied is of interest. Those 
Specimens having both a high nitrogen and alu 
minum content within the limits of the invention 
exhibited a substantially lower transition tem 
perature than those Specimens having a nitrogen 
content lower than 0.013% and thus outside.the 
limits of the invention. 
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ployed in making. the articles of the invention. 
What is claimed is: 
1. An article required to resist impact at tem 

peratures below 0°C., said article being composed 
of a Wrought steel having a composition compris 
ing. carbon in an amount not to exceed 0.25%, 
not over 2% manganese, not. Over 1% silicon, 
0.25% to 1.25% copper, not over 5% nickel, 0.25% 
to 3.25% chromium, 0.08% to 0.3% aluminum, 
0.013% to 0.03% nitrogen, the remainder iron 
and incidental impurities, and said steel having 
a transition temperature not higher than 
-170° C. 

2. An article required to resist impact at tem 
peratures below 0°C., said articles being com 
posed of a Wrought steel having a composition 
Comprising 0.01% to 0.2% carbon, 0.2% to 1%. 
manganese, 0.02% to 0.8% silicon, 0.25% to 1.25%. 
copper, 0.5% to 3% nickel, 0.5% to 1.5% chro 
mium, 0.08% to 0.3% aluminum, 0.013% to 0.03% 
nitrogen, the remainder iron and incidental in 
purities, and Said steel having a transition tem 
perature not higher than - 170° C. 

3. A Welded pressure vessel for use at tem 
peratures below 0°C., said welded pressure vessel 
being composed of a wrought steel having a com 
position comprising carbon in an amount not to 
exceed 0.25%, not over, 2% manganese, not over 
1% Silicon, 0.25% to 1.25% copper, not over 5% 
nickel, 0.25% to 3.25% chromium, 0.08% to 0.3% 
aluminun, 0.013% to 0.03% nitrogen, the re 
mainder iron and incidental impurities, and said 
steel having a transition temperature not higher 
than-170° C. 

4. A welded pressure vessel. for use at tem 
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peratures below 0° C., said welded pressure vessel 
being composed of a wrought steel having a com 
position comprising 0.01% to 0.2% carbon, 0.2% 
to 1% manganese, 0.02% to 0.8% silicon, 0.25% to 
1.25% copper, 0.5% to 3% nickel, 0.5% to 1.5% 
chromium, 0.08% to 0.3% aluminum, 0.013% to 
0.03% nitrogen, the remainder iron and inci 
dental impurities, and said steel having a transi 
tion temperature not higher than -170° C. 
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