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This invention : relates . to.
-alloy articles .for use:-.at.hi

ferrous-.alloysi -and ferrous
igh temperatures, referring

-especially to alloy .articles suitable for use in applications
.where high strength at.elevated temperatures is required.

The trend in.modern engineering is towards. the wutili-
zation ‘of high temperatures.for many and diverse: opera-
-tions. -As an-example,;chemical processes are conducted

today- at high temperatures,

a notable instance being in

the field of petroleum refining. Alloys with high strength
.at -elevated temperatures are also required as furnace
-parts.in the form of supports. and channels: of one kind
-or another in.which processes are operated-at high tem-
speratures. .. Such furnaces  may contain tubes, either.cast

- or:wrought, or.rolls that act

as conveyors for parts mov-

-ing through the furnaces, or they may contain metal trays
-that-are ‘constantly being brought in-and.out.of the fur-
+nace with: frequent: heating .and cooling resulting in dras-

‘tic -changes -in .temperatures. In some instances, ends. -

-of metal tubes, usually referred to in. the art-as reactor
.tubes, “are: operated in such fashion that one end is hot
and the other is cool. In this case the necessity for hav-

.ing available metal:that will

-ations. as well :as -rapid-changes. in temperature is a re-::

quirement that is difficult to

withstand : temperature vari-

meet.

The :aforementioned furnaces and furnace parts that

‘have -been used successfully
:the past have: been: produced

in ‘commercial processes"in
from. alloys that.contain .in

-addition to chromium .substantial proportions. of nickel.
-Invariably, these alloys-have contained anywhere from

rabout:30% t0-60% nickel,

It is a-well known fact that

in recent years -the industrial - demands  for nickel -have

‘been :at least equal to, and:
-availability.

in some- cases in excess of,

This state.of -affairs:has created an.unfavorable .con-
~.dition in regard-to the economic use-of alloys at the high

temperatures. - It has brought stress on the-users of high-

snickel-content - alloys - to- such: an extent . that .substitutes

" have-been tried with resulting unsatisfactory service and-

increased cost in operation.

The supply .of .nickel  has

‘not .increased to such -an  extent-that-it is:a.iree com-
. ‘modity, andcontinued -hardship will confront . both -the
:producers.and users of:the: high-nickel-content alloys.in
-order : to ‘obtain -materials of construction that are eco-
:nomically suited:for high-temperature applications.

" Other applications in which high-nickel alloys. are. used
.are: in-such devices as-superchargers, gas turbines; jet pro-
;pulsioncapparatus,.and the like,.and it.is-necessary in these

. instances for:the-materials to withstand deterioration: at

chigh temperatures-and under-high -mechanical stress - with-

ot failure-due: to zexcess.deformation. or cracking,
Usually the temperatures involved in ‘all such-types.of

applications are in excess of

1200° F., and in many in-

stances the temperaitires generally exceed 1500° F.. Typi-

¢al of the compositions that

have been used in such ap-

plications are alloys containing from 15% to 20% of
chromium and from 35% to 60% of nickel, the remainder

being iron with minor perce
such as carbon, manganese,
as phosphorous and sulphur.

ntages of other constituents
silicon and impurities such

- 2
The principal object of this invention is to provide new
ferrous alloys which contain much less than about 30% of
nickel and which will successfully resist oxidation and
‘will withstand -high applied stresses at temperatures of

5 from about 1200° F. to somewhat in excess of about
-1500° F.

This object is attained by .the present: invention ‘which
-provides alloys of new compositions-and properties. The
principal ingredients of the alloys of' this invention are

10 “carbon, chromium, ‘nickel,” manganese, -nitrogen ‘and co-
Iumbium with adequate. percentages of silicon for quality
-purposes, and incidental impurities, such as phosphorous
and sulphur,

“It"is- important that-certain of these elements should

15 be present in the proper proportions and ‘percentages.
The nickel should not be less than about 15% nor more
-than about 25% and the.combined chromium and nickel

~content should range between about 25% and about 50%,
‘and the manganese should range between about 5% and

90 “about 15%. ~When columbium and nitrogen are present
in’ cerfain percentages in alloys containing those percent-
ages of chromium, nickel and manganese, the alloys will
have high temperature’ strength quite comparable with
that of prior high' chrome, high nickel alloys containing

o5 from'35% to'60% of nickel. And even when the nickel
content is as low as 10% or 15%, the present alloy will
‘have high temperature strength heretofore thought to be
impossible to attain in alloys of that low mnickel content.
This new and unexpected “high temperature strength -is

3 -fraceable in'large part to’ the presence of the three ele-
ments, high manganese, columbium and nitrogen, asis
‘indicated by the fact that when either columbijum or ni-
trogen is omitted, the high temperature strength is great-
1y reduced.

35- In-alloys of the foregoing composition it is to be under-
stood: that the remainder of the composition is iron with
usual impurity ‘amounts of sulphur and phosphorous,
medium carbon, and moderate amounts of silicon.

This. invention is- also embodied in alloys having the

40 following intermediate composition range within the fore-
-going broad range: '

Carbon ——ccee- .From about .30% to about .50%.

Chromium .- From about-15% to 25% maximum.
‘Nickel —.——__._.-From about 10% to about 25%.
‘Manganese - _..-...-From about:5% to about 15%.
’Siliconi ——————... From about .9% to about 1.5%.
Nitrogen —ceeee— From about .05% to about .5%."
Columbium - From about .75% to about 1.5%.

50 .the remainder being iron with not more than about .03%
.of-each of phosphorous and sulphur. )
A narrower and.preferred range of ingredients is as
.-follows;

55 Carbon i From about .30% to about .50%.

?  Chromitm ————e-- From. about 19% to about-22%.
BT/ ) R From about 19% to-about 22%.
“Manganese —o-———-- From about 8% to about 11%.
SiliCOn - e From about .9% to about 1.5%.

60 Nitrogen —ocmmem- “‘From about 05% to about .5%.
‘Columbium .- From about .75% to about 1.5%.

the. remainder being iron with not more than about .04%
‘of each of phosphorous and sulphur. .
‘A preferred alloy:has.the following composition:

05, CAFDOM o i i About .38%.
»CHromium .
Nickel wocemee
MANZANESE Lwercm o e mm o e = = About 9.30%.
SIHCOR o e m e e About .94%.
70 NItTOZEN o mem e mmm e = About .20%.
COIUMBIUM oo e mm e i e About 1.02%.,
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w1th the remainder being iron with not more than about
025% of phosphorous and not more than about .022%
of sulphur.

Physical properties of the preferred composition are

shown in the following table: 5
1,400° F, | 1,600° F,
Short Time High Temperature Properties
Tensile Strength (p.s.i) 54,100 30, 600 10
Elongation in 2”_____. 11.5 14,0
Reduction in Area...... 10.4 37.8
Room Temperature Physieal Properties:
Yield Point (D.S.1)uomcee oo cac e 53, 250
Tensile Strength (p.s.i.)... - 83, 750
Elongation in 2”/.__ - 11.0
Reduction in Area.._. 12.6
Stress rupture at 1,600° ¥..and 7,000 p.s.1. load: ,
Time in Hours to Rupture. ... ... 1,103 Hrs.
Alr Oxidation Resistance at 1,800 °F....__... .0097696 inch per year.

The air oxidation resistance factor is determined in the
customary way, that is, by exposing the specimen to the
specified temperature for a prolonged period of time and
then removing the oxidized surface portions of the speci-
men and determining the depth of penetration in inches
and then calculating the amount of such penetration
which would be obtained if the specimen were subjected
to the same temperature for a year.

Alloys embodying this invention are stronger at both
room temperature and at elevated temperatures, and are

20

25

more resistant to air oxidation, than alloys which have

been used extensively heretofore to resist high tempera-
tures and which contained a much higher nickel content.
Since it was generally believed that a high nickel con-
tent was required to confer high heat resisting properties
on the alloy, it is a surprising and unobvious discovery
that even better properties at high temperatures can be
obtained by this invention wtih greatly reduced amounts
of nickel.

It is to be understood that many different alloys may
be made within the limits of the foregoing broad com-
position ranges and that each such alloy will embody the
present invention and will, at least to an apprec1able ex-
tent, possess the above-stated propertles

All of the test results described in the foregoing
tables have been obtained on cast samples, but it should
be pointed out that this in no way limits the invention
as all of these alloys are capable of being hot worked
into various and sundry items such as billets, forgings,
bars, sheet, and strip. It should be understood that when
it is necessary to produce such items. for fabrication into
equipment serving at temperatures of about 1200° F.,
this practice is also included and forms a .part of the
invention.

Alloys embodymg the present mventmn may be made
either from virgin metal or scrap metal. A convenient
way to make these alloys is to select scrap metal of the
chrome-nickel types and to proportion such scrap in a
manner to obtain the above-specified chrome-nickel con-
tents. Since the chrome-nickel scrap contains iron and
iron contains such elements as .carbon and impurity
amounts of phosphorous and sulphur, the desired amounts
of iron and such elements may be provided by propor-
tioning the chrome-nickel scrap or_adding iron or iron
containing alloys. The manganese may be in the form
of ferro-manganese. The nitrogen may be conveniently
added in the form of high- nickel bearing ferro-chrome
alloy. All these metals may be melted down at the
same time.

Havmg thus described thlS invention in such full, clear,
concise and exact terms as to enable any person skllled
in the art to which it pertains to make and use the same,

30

35

40

45

50

55

60

65

4
and havmg set forth the best mode contemplated of car-
rying out this invention, we state that the subject-mat'ter
which we regard as being our invention is particularly
pointed out and distinctly claimed in what is claimed, it
being understood that equivalents or modifications of, or
substitutions for, parts of the above specifically described
embodiments of the invention may be made without de-
parting from the scope of the invention as set forth in
what is claimed.

‘What is claimed is:

1. A nickel chrome iron alloy having a tensile strength
above about 50,000 pounds per square inch at 1400° F.,
an air oxygen resistance of less than about .010 inch per
year at 1800° F., and a resistance to rupture for about
1100 hours under a stress of about 7000 pounds per
square inch applied at about 1600° F. and consisting es-
sentially of not less than about 10% or more than about
25%, of nickel sufficient chromium not exceeding about
25% to bring the combined nickel and chromium con-
tent to between about 25% and about 50%, between
about 5% and about 15% of manganese, between about
75% and about 1.5% of columbium, between about
.05% and about .5% of nitrogen, the remainder being
moderate amounts of silicon and iron containing medium
carbon and usual impurity amounts of sulphur and phos-
phorous.

2. A nickel chrome iron alloy having a tensile strength
above about 50,000 pounds per square inch at 1400° F.,
an air oxygen resistance of less than about .010 inch
per year at 1800° F., and a resistance to rupture for about
1100 hours under a stress of about 7000 pounds per
square inch applied at about 1600° F. and consisting es-
sentially of between about .30% and about .51% of car-
bon, between about 15% and about 25% of chromium,
between about 10% and about 25% of nickel, between
about 5% and about 15% of manganese, between about
9% and about 1.5% of silicon, between about .75% and
about 1.5% of columbium, and between about .05% and
about .5% of nitrogen, the remainder being iron with
not more than about .05% of each of sulphur and phos-
phorous,

3. A nickel chrome iron alloy having a tensile strength
above about 50,000 pounds per square inch at 1400° F.,
an air oxygen resistance of less than about .010 inch
per year at 1800° F., and a resistance to rupture for
about 1100 hours under a stress of about 7000 pounds
per square inch applied at about 1600° F. and consisting
essentially of between about .30% and abount .50% of
carbon, between about 19% and about 22% of chromi-
um, between about 19% and about 22% of nickel, be-
tween about 8% and about 11% of manganese, between
about 9% and about 1.5% of silicon, between about
.75% and about 1.5% of columbium, and between about
.05% and about .5% of nitrogen, the remainder being
iron with not more than about .04% of each of sulphur
and phosphorous,

4. A nickel chrome iron alloy having a tensile strength
above about 50,000 pounds per square inch at 1400° F.,
an air oxygen resistance of less than about .010 inch
per year at 1800° F., and a resistance to rupture for
about 1100 hours under a stress of about 7000 pounds
per square inch applied at about 1600° F. and consisting
essentially of .38% of carbon, about 21.4% of chromium,
about 20.6% of nickel, about 9.3% of manganese, about
.94% of silicon, about 1.02% of columbium, and about
.20% of nitrogen, the remainder being iron with not
more than about .04% of each of sulphur and phos-
phorous, .

No references cited.



