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Patented Mar. 22, 1932 1,85 0,953 

UNITED STATES PATENT office 
PERCY A. E. ARMSTRONG, OF NEW YORK, N.Y. 

HEAT, RUST, AND ACID RESISTING FERRous ALLOY 
Application filed June 19, 1925. Seria No. 38,70. 

My invention relates to a ferrous alloy con- alloys that have to withstand 1700 degrees F, 
taining chromium, aluminum and iron with and line 3 the minimum alloy content that 
or without carbon. Manganese can be used, should be used if a temperature of 1550 de 
also high melting point elements, and silicon grees F. is to be employed. The representa 

6. can be used to replace in part the necessary tion of the chart does not afford an absolute- 5s 
aluminum content in about the same volume ly accurate representation for obviously no 
as the portion of aluminum replaced. hard and fast line can be drawn as the con 
My alloy will contain the usual phosphorus ditions under which the alloy works, type of 

and sulphur generally found in high grade heat, and composition of heated gases to 
20 alloy irons. The phosphorus and sulphur which it is subjected all play an important Go 

content should be kept low. part. Nevertheless the chart affords a very 
The essential elements are aluminum, excellent guide for ordinary heat applica 

chromium, and iron. Aluminum can be re- tions and for short time runs at heat. The 
placed in part with silicon. The chromium following tabulation gives the analysis of a. 

6 content should be over 1% and under 20%, number of embodiments of my invention and G5 
aluminum under 6%, silicon under 4%, man the temperature at which they can generally 
ganese under 2%, carbon under 1.25% and run without progressive scaling at elevated 
preferably under 75%. Nickel under 5% temperatures. 
may be used, but the alloy is preferably 

3 nickel free, as nickel detracts from the heat Taipei 20 
resisting surface properties. which the 

o C Cz A Si Mn Fe a High melting point elements such as tung- YE 
sten, molybdenum, uranium, zirconium, tan- sals. 
talum, columbium, boron, vanadium, copper m- -- 

25 and cobalt, should be under 5% each, par- :S 36s E3 E3 SE: ES: 75 
- .5 ance. 550 F. ticularly boron, which induces great brittle .65 i. 60 3.50. .41 .31 Balance 1550°F. 

ness, unless the quantity used is very small. :: S S : BES: E.E. 
Boron seems to have the effect of maintain- ; ; ; ;3 : EEEI. SSF: 
ing a small crystal size in the forged bar 3: ; ; ; 3. EE: E.F. 

8 and in a small casting, about .001 to .002% : ;8; ; ; ; ER: EE 80 aCell. of boron seems to be sufficient. 149 : . . . .38 Balance--- SEF. 
Chromium and iron alloyed together be- 3: ... : : EE: S.S. 

come increasingly scale resistant to high tem- .35 3.26 3.40, .30 60 Balance. 700°F. 
a to .15 5.10 3.00 20 .3 Balance--- 700°F. peratures as the chromium content is in- is 5 3.5 is i Baiae... iii. 

creased ; : S 3 : EEE ESS.E. 85 se o - is ange--- 99. This valuable property is greatly enhanced 3: 35 ; ; ; ; R. S.E. 
in the lower ranges of chromium by addi- 3: E. : 33 3: E. E. E. 
tions of aluminum 3% of chromium in iron S6 3.3 : 6: E. E. 

6) with nearly 6% of aluminum is as non-cor- 9 : E : BER::::::::: 
rosive to heat oxidation at high temperatures, (9 E. : S: ; E. S.E. 90 

o o - ... 13 i. - - alce--- . as 18 to 20% of chromium with practically .04 2.05 5.60 62 .25 Balance 1900°F. 
no aluminum .08 4.18 5.20 .56 .15 Balance 1900°F. 

O . 12 5. 40 4.80 00 .58 Balance.-- 1900 F. 
In the accompanying drawing the single. S: 33 3: 3. EEI. S.E. 

(5. figure is a chart depicting in graphic form $3 5 i? 4: Ealance. E. the scale breakdown point of my alloy at 3: S : SS ig E. E.E. 
various temperatures. Line 1 represents in : ES 53 : 3|E: E.E. 
a rough way the minimum chromium and 3 E. 3. 86 E. F. 
aluminum that can be if the alloy is to E. 3. 1. 2. Ea. is: E. 

h 6 40 eace 900. S. withstand a temperature of 1900 degrees F.; ; ; ; ; ; ; East 1999 F. C 
line 2 the minimum alloy content for those 
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All the foregoing examples can be forged. 
Ta Scaling 

O. Or Al Si Min W and Zr Wa NiMo Fe tempers 
Cb w ature 

2.101.75, 24ll.90---------------- ----. Balance 1650 F. 
s 1,802.301, Ralance 1700°F. 
352.753.05. - Balance 1700°F. 
.075,104.10. Balance 1800°F. 
607.003,801, - Balance 1700' F. 
.039.404.90 --- Palacc 1900 F. 
07 9,923.801. -- Balance 1900 F. 
108.763.981. o Balance 1900 F. 

.45 8.503.25. Balance 1800°F. 
as 3.642,051. - Balance 1750 F. 
428,323.40. - Balance 1800 F. 
.50 8.90.801. ... Balance 1800 F. 
.658.803.26. ---- Balance 1800 F. 
is 633.6 - Balance 1800 F. 

.457,062.50. Balance 1800 F. 
07:13, 101.25. Balance 1800 F. 
0515.00, 75. Balance 1850 F. 
105.20.89. ----. Balance 1850 F. 
.0614.80.90. IBalance 1850 F. 

All the foregoing examples can be forged. 
It will be observed on comparison with the 

chart that in the fifth sample of the Second list 
containing 3% of nickel, the scaling point is 
reduced by at least 150° F. by the nickel 
present. 
The acid and rust resisting properties of 

the alloy are dependent upon the content of 
aluminum and chromium plus the amount of 
other elements also included. Generally 
speaking it is the iron that rusts, therefore, 
the less the quantity of iron present by volume 
the less the alloy will corrode in the atmos phere. 
My alloy owes its non-corrosive property 

to its film forming characteristic and the 
great speed in which another film is formed 
in the event of the protecting film being 
broken. 

It is well known that aluminum has this 
property, hence it is generally considered 
to be non-corrosive to some atmospheres. 
This property is present in my alloy, though 
somewhat different in extent and kind. 
The film that forms on my alloy is gen 

erally cathodic to the underlying metal and 

O 
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would cause corrosion in the presence of an 
electrolyte such as a damp atmosphere if it 
were not for the non-porous nature of the film. 
Should the conditions to which the alloy is 
subjected be excessively corrosive, then the 
film becomes thicker and the alloy has the 
appearance of surface discoloration or even 
superficial rust. For resistance to hot oxida 
tion the film is generally sufficiently protec 
tive if the alloy content of aluminum and 
chromium is at least 8% by volume of the 
total and more than 40% by volume is not 
necessary for the purposes of this invention. 
For atmospheric corrosion resistance I prefer 
to use not less than 12% by volume of the 
total alloying content. The alloy is increas 
ingly resistant to all forms of corrosion as the 
alloying content is increased. Owing to the 
chromium content of my alloy it is not very 
resistant to sulphuric, hydrochloric or hydro 
fluoric acids, but the high volume content 
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alloys are very resistant to air diluted fumes 
or very dilute acids. Passivity is generally 
readily produced under these conditions. 
Pickling the surface with nitric acid causes 

the alloy to take on an oxide like film that is 
very resistant to atmospheric corrosion. 
Where circumstance will permit I prefer a 
nitric acid pickle surface finish. The sur 
face of my alloy can be polished but care 
should be taken not to scorch the surface, as 
by dry polishing, since such surface seems to 
be very easily corroded. 

Electrolytic pickling gives good results 
against atmospheric corrosion. I prefer to 
have the alloy the positive terminal of an 
outside E. M. F. direct current, and if the 
pickling medium is chromic acid there is a 
very excellent oxide appearing film formed 
upon the surface of one alloy, which in this 
instance is very heat resisting, beside being re 
sistant to atmospheric corrosion. 
The outside E. M. F. can be direct current 

of any ordinary voltage; 6 to 300 volts seems 
to work very well. 
My alloy will not harden when quenched 

from high temperatures unless the carbon 
is carried to the higher side of my limit. 
Where hardening is required the carbon 
should be over .20% and the aluminum un 
der 5% if the chromium is on the low end of 
my range, and under 2% aluminum if the 
chromium is at the high end of my range. 
Where hardening can be produced the al 

loy should be heated to 1800 to 1950 F. and 
quenched in oil. Annealing for all analysis 
is preferably at 1550 to 1650 F. and slow 
cooling is necessary only if maximum softness 
is required. 

If high carbon is employed the carbides 
will cause corrosion, as they are cathodic and 
the film that forms seems to be easily broken 
down by these cathodic areas, therefore, the 
carbides should be rendered as harmless to 
the surface as possible by dissolving them as 
far as convenient by a heat treatment proc 
ess. The carbides seem to fairly readily dis 
solve in the alloy if heated to about 1900° F. 
and can be maintained in the dissolved state 
by fairly speedy cooling as by quenching in 
oil. Subsequent reheating to remove strains 
and undesirable hardness, if any is present, 
will cause the surface to more readily dis 
color than if the alloy was not reheated after 
the carbide dissolving treatment. No ad 
vantage with respect to corrosion is obtained 
by heat treatment when the alloy is heat 
treated and afterwards subjected to hot ox 
idation. There are, of course, some physical 
advantages. Carbon seriously detracts from 
the scale resistant properties of the alloy. 
Therefore, unless high physical properties 
are required carbon should be as low as prac 
tical. 
The high melting point elements, such as 

tungsten, molybdenum, tantalum, colum 
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bium, vanadium, and zirconium, have a marked effect upon the alloy as far as the 
physical properties are concerned, tending to 
raise the proportional limit in the soft con 
dition and also to increase the strength of 
the alloy where raised to high temperatures, 
There does not seem to be any particular rea 
son for using more than 5% each and gener 
ally 1% to 3% is sufficient. High melting 
point elements such as tungsten, tantalum, 
columbium and zirconium increase the re 
sistance of the alloy to hot oxidation at high 
temperatures, also add to the corrosion re 
sistant surface film at atmospheric tempera 
tures, and the resistance to corrosion arising 
from steam, salt water and the like. These. 
added properties are not present if the 
aluminum or aluminum and silicon contentis 
very low, that is under .25%. 

Nickel somewhat improves the acid cor 
rosion resistant property of my alloy and 
often adds to the toughness, it detracts from 
the scale resisting property of the alloy at 
high temperature, and adds to rolling and 
machine troubles, therefore, for general ap 
plications I prefer to keep the nickel low or 
leave it out. - 

In melting my alloy prefer to use an elec 
tric furnace, either induction type or the in 

3. direct arc, although the direct arc type can 
be used. Also crucible melting can be em ployed. 
The high aluminum content is not readily 

obtained as aluminum will readily reduce 
the slag and contained oxides, therefore, 
special attention has to be paid to the addi 
tion of this element, and the bath must be 

4) 
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well degasified either by addition of alumi 
num to the molten metal or by some other degasifier. 
The bath should be kept as cool as possible, 

preferably just above freezing point, before 
adding the aluminum. If the slag is rich in 
alumina the aluminum loss is lower. Shut 
ting of the arcs and letting the slag cool is 
very excellent way of preventing aluminum 
loss. The induction furnace is well suited 
to making the alloy because the slag is always 
fairly cool, as the current does not flow 
through the slag as readily as through the 
metal. The basic furnace is well suited, as 
with an acid slag the silica is apt to be re 
duced, raising the silicon content to undesir 
able quantities. A very excellent way for 
making the addition of aluminum is to melt 
down in one furnace, add all the desired ele 
Enents, except aluminum, then either just be 
fore pouring add molten or solid aluminum 
to the bath, or teem the melt into a ladle and 
add the molten or solid aluminum at that 

My alloy rolls very well and casts very 
solid. With about the middle range of alumi 
num it gives no trouble at all in rolling and 
pierces readily into tubes. If the aluminum 

3 

is carried to the upper limit more care has to be exercised duringhot working. 
The alloy to be pierced contains prefer 

ably not higher than 18% of chromium as a 
certain amount of brittleness is present with 
the high chromium content. . . . 
My alloy cold 'rolls very well and a high 

finish is readily produced for cold rolling or 
working. The carbon is preferably kept on 
the low side. - 

My alloy offers great resistance to abra 
sive wear, which adapts it for many work 
ing parts that rotate or reciprocate. 

y allow is particularly well suited for 
automobile engine valves because the pro 
tecting surface film is tightly adhering and 
of smooth surface texture, does not readily pick up bits or pit, the protecting film aris 
ing from the high aluminum alloyed with 
the chromium and iron is not of a ily 8 
ture that is present with chromium and sili 
con that is aluminum free. 
With the carbon substantially over .20% 

the tappet ends of the valves, which are pref 
erably made all in one piece, that is to say, 
formed from a single piece of metal, can be 
hardened so as not to be battered up by the 
cam or tappet blows, the stems run well in 
the guides and appear to take on wear re 
sisting characteristics from rubbing in the 
guides, and the valve head and valve seat do 
not scale when subjected to the very high 
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heats encountered in use, as in aeroplane ex 
haust valves, for example. 
My alloy gives excellent service used as 

containers subject to elevated temperatures, 
or for apparatus required to resist acids and 
liquid or atmospheric corrosion, such as sa 
line solutions, sea water, river water, or 
various chloride solutions. For these pur 
poses and where great malleability is desired, 
as particularly for cooking utensils, prefer 
to use an alloy that has an alloying content 
of more than 12% by volume of the total, and 
having a ratio by volume of aluminum con 
tent to the chromium content of about 1 to 5. 
The lower the volumetric ratio, i.e. 2:5, and 
so forth, of aluminum to chromium, with a 
given amount of chromium, the greater in 
general is the resistance to corrosion by any 
medium to which the alloy is at all resistant. 
The chart of the accompanying drawing 

can be used as a guide to choose alloys that 
are resistant to corrosion other than that due 
to hot oxidation. Generally speaking, the 
higher the temperature the alloy will with 
stand before beginning to scale progressively, 
the greater will be the resistance of a similar 
analysis in withstanding ordinary corrosion. 
As shown in the examples set forth above, 

I have in two cases incorporated as many as 
three of the high melting point elements and 
in other cases two of these elements, and as 
stated these may, if desired, be used in quan 
tities up to 5% each. Also, as stated above, 
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the manganese content may range up to 2% 
and the carbon content may go as high as 
1.25%, and these taken with two of the high 
melting point elements in their maximum 
quantity, together with the phosphorus and 
sulphur, make a total of approximately 14%. 
Thus when in the ensuing claims I use the 
phrase “the balance being principally iron” 
intend that the sum of the iron, chromium, 

aluminum and silicon shall be not less than 
about 86% of the whole. 

I claim: 
1. A stable surface alloy steel which is re 

sistant to hot oxidation and is readily work 
able containing about 9% chromium, about 
3% aluminum, and silicon within the usual 
ranges encountered in steel making practice 
but not more than about 1%, the remainder 
being principally iron. 

2. A stable surface alloy steel which is 
resistant to oxidation under heat containing 
about 6% to 10% chromium, 14% to 4.5% 
aluminum, and silicon within the usual ranges 
encountered in steel making practice, the re 
mainder being principally iron. 

3. A ferrous alloy comprising chromium 
between about 1% and 20%, aluminum be 
tween about .4% and 4.5% and silicon under 
2% and not in excess of the aluminum, the 
balance being principally iron, and the sum 
of the silicon and aluminum ranging between 
about .5% and 5.5% and the sum of the chro 
mium, silicon and aluminum amounting to at 
least 3.5%. 

4. An alloy as specified in claim 3 in which 
the chromium is between 4% and 20% and 
the sum of the silicon and aluminum does not 
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exceed 5%. 
5. An alloy as specified in claim 3 in which 

the chromium is between 4% and 1% and 
the sum of the aluminum and silicon is be 
tween about 75% and 5%. 

6. An alloy as specified in claim 3 in which 
the chromium is between 5% and 16% and 
the sum of aluminum and silicon is between 
about .75% and 5%. 

7. A ferrous alloy comprising chromium 
between about 1% and 10%, aluminum be 
tween about 1% and 4.5%, and silicon under 
2% but not in excess of the aluminum, the 
balance being principally iron. 

8. A stable surface alloy steel which is re 
sistant to oxidation under heat containing 
about 6% to 14% chromium, 1% to 4.5% alu 
minum and silicon within the usual ranges 
encountered in steel making practice, but un 
der 1%, the balance being principally iron. 

9. An alloy steel valve characterized by its 
resistance to hot oxidation within the follow 
ing analysis: chromium 6% to 16%, alumi 
num 1% to 4.5% and silicon within the usual 
ranges encountered in steel making practice, 
but under 1%, the balance being principally 
O 

10. A valve for internal combustion engines 
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characterized by its resistance to hot oxida 
tion, of substantially the following analysis: 
chromium between about 1% and 20%, alu 
minum between about 4% and 4.5%, and sili 
con under 2% and not in excess of the alumi 
num, the balance being principally iron, and 

70 

the sum of the silicon and aluminum ranging 
between about 5 and 5.5% and the sum of . 
the chromium, silicon and aluminum amount 
ing to at least 3.5%. 

11. An alloy steel valve element for inter 
nal combustion engines characterized by its 
resistance to hot oxidation and by its forge 
ability and ability to be hardened, of an anal 
ysis within the following ranges: chromium 
between 4% and 18%, aluminum between 
about .4% and 4.5% and silicon under 2% 
and not in excess of the aluminum, the balance 
being principally iron, and in which the sum 
of the silicon and aluminum is between about 
1% and 4% for chromium in the middle 
range, but is not less than 1.5% for the lower 
end of the chromium range, or over 2.5% for 
the upper end of the chromium range. 

12. An alloy steel valve for internal com 
bustion engines characterized by its resist 
ance to hot oxidation, of substantially the fol 
lowing analysis: chromium between about 
1% and 10%, aluminum between about 1% 
and 4.5%, and silicon under 2%, but not in 
excess of the aluminum, the balance being 
principally iron. 

13. An alloy steel valve for internal com 
bustion engines, characterized by its resist 
ance to hot oxidation, of the alloy specified in 
claim 7. 

14. An alloy steel valve characterized by 
its resistance to hot oxidation of substantially 
the following analysis: chromium about 9%, 
aluminum about 3%, and silicon within the 
usual ranges encountered in steel making 
practice but under 2%, the balance being prin 
cipally iron. 

In testimony whereof, I have signed my 
name hereto. 

PERCY A. E. ARMSTRONG. 
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CERTRICATE OR CORRECTION, 
Patent No. 1,850,953, Granted Barch 22, 1932, Go 

ERCY A. E, AERRESTRONG. 

the above Ranbered patent requirigg correction as follows: Page . 
"75%" read, 75%: page 4, after Eise 89, irises: the following as claii. 22: 

12. An all oy steel valve eleneat for inters a coatabagio: 
characterized by is resistance to ho: Oxidatia and by its 8 
and ability to be hardered, of the foll owing analysis: clas'OSaissa i. 
6% and 4%, aissaintain between about 1% and 4.5% and silicon under 2% 
agad got in excess of the ail Saisaraia, the balanace being principally iro, 
the sign of the silicon and a saintain being between .75% asad 5%.; . 

g g S. 

Eige 90, for claim in Saber "12" ead 13; satise page, strike O & Bianes 98 to 80i, 
comprising present claire 13; asid that the said Letters Paken should be read witÉ. 
these corrections there in that the Sagae Saay confore to the record of the case a 
the Paten. Office, 

Signed and cealed this 17th day of Ray, A. D. 1932. 

M. J. Woose, 
(Sea) Acting Conaissiose of PateSats, 

  


