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This invention relates to steels for elevated the cobalt and titanium tests based on the follow 
temperature service having improved harden- ing steels are included herein: 
ability characteristics. -en-marummar 
The medium alloy ferritic or pearlitic, steels. V Ti 

used for elevated temperature service usually steel T C Mn Si -M C 
contain sufficient molybdenum to give enhanced No. ype I S - MO is Total 0. 

Ole creep resistance. A commonly used grade of 
this steel contains from .05 to .20% carbon, .15 
to .50% manganese, .05 to .30% silicon, 40 to 
.60% molybdenum, .25% balance iron except for 
residual amounts of other elements and impuri 
ties. Such composition provides most of the 
mechanical properties needed for pressure vessels --- 
but the high hardehability thereof renders it 15 . The mechanical properties of these steels de 
unsuitable for use in structures subjected to termined on 1' square bars normalized by hold 
dynamic loading after the steel has been rapidly ing for 15 minutes at 1700°. F. followed by air 
cooled from the above the upper Critical tem- cooling and machined into standard 0.505'' round 
perature. test bars and V-notch Charpy impact specimens 

It is accordingly an object of this invention to 20 are given in the following Table A. 

13 . 15.11 ---------------------- 
.15 .21 ... 10 : 43 002 . 012.-- 
.12 .14 ... 10 .44 .009 .03.45 

... 12 . 20.067 .44 .007 .27 --- 
.11 .27.093.42 006 .29 .44 
.10 .2I. . .22 .004 .30 .52 

i.li .25 ... 14. .. 61.------- .26 .28 

Table A 

Tensile Yield Elonga Reduc 
- 'r Strength, Point, tion, Per-tion of Impact Steel No. Type - if isich". A E. 

! square Square 2' Percent. 

C--------- 56,780 43,865 37.0 67.9 35 
C-Mo----- 60,795 41,780 35, 3 70,1 139 
Mo-Co.--- 59, 670 40,030 36.5 70.5 76 
Mo-Ti---- 67,050 49, 200 31.8 75.5 80 
Mo-Co-Ti, 65,795 47,350 33.3 77.8 186 
Mo-Co-Ti. 63,310 43,705 33.5 79. 201 
Mo-Co-Ti. 61,950 41,650 35.2 74.3 28 

Figures of the above table show that the in 
pact strength of Mo-Co-Ti, group of alloys is far 
superior to that of all other steels, while the 
tensile strength, yield point, elongation, and re 
duction of area may be considered as being with 

provide a molybdenum steel of the type designed 
for high temperature steel which has a greatly 
reduced hardenability. 

It is a further object to provide a molybdenum- 40 
bearing steel of the type designed for high ten- in the generally similar ranges. 
perature service having a reduced hardenability Creep-test results obtained on some of the 
which is economical to produce. above steels are given in the following Table B. I have discovered that the foregoing and fur 
ther objects can be obtained by alloying both 45 Table B 
titanium and cobalt with the steel. While stabis Stress fo Stress f 
lizing additions of titanium have heretofore been Steel No Type off of E. 
made, the conjoint additions of cobalt and tita- 93.9 g; 
nium of my invention in amounts of between y v 
25 to 50%titanium and 25 to 60% cobalt give" lbs./in. lbs.fin. 
greatly improved dynamic loading characteris- 8-vio- - - - - - i8 8 
tics as shown by the hereinafter set forth impact Mo-Co.... 14,660 23,666 
and hardenability properties. ME-fi. H; 8 28 
To illustrate the desirable results obtained by ---- 
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It can be seen from this tabulation that molyb 
denum cobalt steel leads other alloys from the 
standpoint of creep properties, carbon steel is at 
the bottom of the list and the remaining alloys 
occupy an intermediate position. 

Hardenability characteristics of these steels de 
termined by quenching properly prepared speci 
mens from 1700 F. according to the standard 
practice recommended by the American Society 
for Testing Materials (A 255-42T) are listed 10 
below in Table C, giving ROckWell C hardness 

s 

as a function of the distance from the quenched 
end expressed in sixteenth of an inch. 

Table C 

Type of Steel . . . 

Distance a C-Mo Mo-Cal Mo-Til Mo-Co-Ti Mo-Co-Ti Mo-Co-Ti 
() (7) (2) - (5) . (3) (4) 

24 35.5 
22 3. 
it. 5 27 
13 2. 
8 9 
45 6.5 

-- - - - - i4 

2.5 
5. 1. 

An analysis of figures given in the above tabu 
lation indicates that conventional carbon-molyb 
denum steel exhibits the greatest hardening 
characteristics and is followed by the molyb 
denum-cobalt steel, both of which are definitely 
more hardenable than the plain carbon steel hav 
ing the same carbon content. Molybdenum 
cobalt-titanium alloys show varying harden 

4. ability but in most cases this hardenability is Sub 
stantially lower than of the other Steels. 
The above illustrative examples show that the 

steels of the present invention have a greater 
impact strength and resistance to hardening 
than the conventional steels used for pressure 
vessel manufacture and accordingly such steels 
are better adapted for use in Such vessels. 

3. 

45. 

specific embodiments of my invention, it will be 
understood that these embodiments are merely 
for the purpose of illustration and description 
and that various other forms may be devised 
within the scope of my invention, as defined in 
the appended claim. 

I claim: 
A steel of the type designed for high tempera 

ture service having reduced hardenability and 
good impact properties after heating to above 
the upper critical temperature and rapidly cool 
ing, said steel comprising .05 to .20% carbon, 
.15 to .50% manganese, .05 to .30% silicon, 40 to 

(6) 

.60% molybdenum, .25 to .50% titanium, .25 to 

.60% cobalt, balance iron and residual impurities. 
DARWYN I. BROWN. 
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