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My invention relates to internal combustion
engines and particularly to valve elements for
use therein having improved corrosion resistance

. to the produicts of combustion of gasolines con-
taining anti-knock compounds such as tetraethyl
lead, improved hardness and strength at temper-
atures of the order encountered by exhaust valves
in actusal service, and improved. strength and

hardness retaining characteristics after exposure

to such temperatures.

Valve elements of the-general type referred to
herein are shown in the accompanying drawing,
but since the ihvention resides in the composition
of the elements rather than in their form or
shape, the showing must be understood as merely
{llustrative of the commoner forms of such ele-
ments.

Pig. 1 is an elevation view of a poppet valve for
an internal combustion engine; .

Pig. 2 is a plan view of a seat or seat insert for
such a valve; and

Fig. 3 is a section of Flig. 2in the plane 3.

Fig. 4 is a diagram illustrating how the charac-

“ter of the microstructure of the alloy used in my
valve elements varies with the carbon and chro-
mium contents when the manganese is about 10%
and the alloy hag been quenched in water from
2000° P, o '

The valves embodying my invention are formed

of steel containing the following, essential, alloy-

ing elements within the ranges set forth below:

Per cent by weight
CArbOn o cmmccccc e m— e ———— 0.80- 2.70
Chromium —-c——wu- e — e m———— 22.00-26.00
MANEANEeSe -~ —-—-—wm-m == m= === 8.50-20.00 *

For various reasons, which I shall point out, the
limits within which each of the above elements
may be employed are quite critical. At least 22%
of chromium is necessary to provide adequate
resistance to scaling and burning because, as the
chromium content is decreased below this pre-
seribed minimum there is a marked decrease in
this resistance, particularly in. the range,
229,-30%. I have also determined the maximum
amount of chromium which may be used in the
production of-my improved valve elements and
find that it is related to the carbon content in
such & manner that ag the chromium is increased

* from about 23 to.26% the carbon must also be -

increased from a minimum of not less than 0.80%
to at least 1.25%. It has been found that if the
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chromium is increased without a corresponding -

increase in the carbon content the alioys will be
- partly ferritic and that such alloys, especially if
there is a considerable percentage of the ferritic
structure in them, do not have the necessary
hot hardness and hot strength and, furthermore,
that the high chromium ferrite structure tends to
change at valve operating temperatures into what
has been referred to in the literature as the brit-
tle constituent, the sigma constituent, or the in-
termetallic compound FeCr. Therefore, 1 find
it necessary to limit the maximum chromium con-

-alloy and it also adds,

tent in my valve elements to about 26% because
certain manufacturing difficulties are encountered
when the carbon content is increased so as to

keep the desirable balance between it and chro- -

mium in quantities above 26%. In a preferred
range of chromium I may use about 22 to 23.5%
which provides good scaling and burning resist-
ance and if I use with this chromium content
a carbon content of about 1 to 1.1%, I have an
alloy which can be produced in the wholly austen-
itic condition. For the higher chromium con-
tents, I find it desirable to use higher carbon con-
tents, up to 1.25% or more, in order to make the
alloy wholly austenitic. In addition, the increased
carbon content has certain other advantages, for
example, improved hardness and improved wear
resistance. While a carbon content of about
1.25% seems to be the preferred upper practical
limit for my alloys when they are used for the
production of valve elements by hot working proc-
esses such as forging, upsetting, extruding, and
the like, it is feasible to use higher carbon con-
tents up to 2.70% when the valve elements are’
manufactured by processes in which hot werking
properties are not.a controlling factor.
Manganese is an important and an essential
constituent of my alloy. Among other things,
manganese contributes to the stability of the
austenitic structure and makes it possible for this
structure to be retained at valve operating tem-
peratures which would not be the case were the
manganese present in concentrations substan-
tially below the ranges specified in the claims.
From extensive researches it has been found that
manganese in the range of about 8.5 to 20%
should be employed to obtain satisfactory results.
For some purposes, a manganese content in the
range of about 9 to 12% is satisfactory and good
results have been obtained with 10% of man-
ganese. Increasing the manganese content above
about 8.5% tends to improve the stability of the
contrary to certain patent
and technical literature, other desirable charac-
teristics such as improved resistance to scaling
and corrosion in the products of combustion of
gasoline containing such anti-knock compounds
as tetraethyl lead, and to some extent improves
the hot hardness and hot strength. Manganese
also functions to a degree in promoting the for-
mation of austenite in the steel but it is more
important in contributing to the stabllity of the
austenitic structure. - Manganese is & cheaper
alloying element than nickel which has been used
in some of the steels of the prior art and there-
fore effects some saving in the production of
valve elements. It also appears to be superior
to nickel in improving resistance to corrosion in
the products of combustion of leaded gasolines as
well as those containing relatively high sulphur.
As indicated above, the carbon content of al-
loys of this type is important and must be rela-
tively high in order to .obtain an austenitic or
substantially austenitic structure, as will more
clearly appeatr hereinafter. The machinability
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of my alloys can be improved by .djusun‘ the
chromium/carbon ratio to provide some ferrite
in the structure. In general, the msuchinability
is improved as the quantity of ferrite is increased

combustion of & fuel containing tetraethyl lead.
Scaling tests were run under both oxidizing (ex-
cess air) and reducing (excees fuel) conditions
since both conditions exist at various times in

up to 10 to 20% of this structure. On the other 5 the operation of an internal combustion engine,

Table I.—EKffect of chromium on the resistance
ofamad:teelbantoeorrocbcatuckbv
molten lead compounds

Chemical composition Loes in mg./minute/em.?

l%‘eat
0. PbOPBbry | PbO_ | 3Pb0O,2PbSO
C | Mn} C | 8 | “Poger 1800 | LeteF.
1845....| 0.02 | Tow_.| 212]0008.. w0l 1380 141.0
18480 1) |...do_l| 11.3 | Low__ 2.0 .0 1.0
1851.-..- do-f 198 |.._do. 2.0 4.0 s
18852..00C 1) |-oodo--| 226 |---do_- 710 4.0 0.4
1083.._.. 1) |...do..} 2.6 |._.do-. 4.0 4.0 Nil
1854 ... 0-05 wdo_.! 28.4 . 20 3.0 Nil

1 Carbon .02 to .05%.

hand, the hot strength and the creep resistance ‘Table II.—Eflect of chromium on resistance to

_ tend to decrease as the amount of ferrite in the scaling in products of combustion of fuel con-
structure increases so that it is necessary to limit taining tetraethyl lead !

the quantity of ferrite. The quantity of ferrite in 28

the structure can be determined by microscopic .Chemical composition vg"e!cht lo-hgn

examination and also by magnetic permeabmty - & /Bpec

tests Heat No. . Bed‘
The preferred silicon content for this alloy steel c lor | Mo 8 - ?ﬁ#‘f,‘ 1,m“d§.‘

is relatively low, usually of the order of .20 to 30 max,

.50%. It the silicon content is materially in- -

creased, it is necessary to make a corresponding gz L. Low..| Low.. %2 o

adjustment of the chromium content becduse o) 1255 | do do 60 87

silicon, like chromium, is a ferrite promoter. It 0.06 | 28.4 |..do..} .07 60 7

is preferable to keep the sulphur and phosphorus .. { Tests ram abodt 200 bours,

contents of the alloy at low values,

Steels of the type of my invention when melted
under usual conditions and using commercial
materials in the charge will generally contain
of the order of .04 to .06% of nitrogen but such

3 Carbon 0.02 to 0.05%.
-Table I1I.—Effect of chromium on corrosion at-
tack in molten lead compounds using steels of
40 about 1% carbon and 10% manganese

nitrogen contents are not considered detrimental . Chemical com-"

in valve elements. Other alloying elements may Heat position m in mg./minutefom !

be present in small amounts provided they do No. :

not harmfully affect the desirable properties out- 45 0| or |Mn|s1] FPQEPEr | BO | SPHOZELEO0.

_lined above. et At )
In Tables I, I, III and IV are presented scal-

ing and corrosion data showing how additions of g}% { gg% 18 gg &% e “7‘12 8:3.

chromium improve the scaling and corrosion re-  8177--L.07123.4) 8.86l0. 43 13 |- i o2

sisting properties of steel base alloys as well as go * )

Table IV.—Effect of chromium on resistance to
scaling in products of combustion of fuel con-
taining tetraethyl lead using steels of about
1% carbon dnd 10% manganese

alloys containing the other essential elements
.disclosed in my application.

The scaling and corrosion data presented here-
in were obtained from tests designed especially -
to reproduce, as nearly as possible, the kinds of g5

attack resulting from the products of combus- Chemical composition .| Loss in mg./spectmen
tion of gasolines confaining tetra ethyl lead. The . -

scaling tests were designed to simulate the types Heat No. ) : Oxidizing |[Reducing
of atmosphere existing in the combustion cham- | C | O | Mn | Bl e 130T
ber of an internal combustion engine after igni- 60 ' .

tion of the gaseous charge. The specimens were 6165 ... 102 19.68| 9.96| 0.35 1,835 1,118
alternately heated (maximum temperature 1800° 6172, .. Lea| 28| 10.08) 0.46 ix .
F) and cooled (minimum tempersture about St LU | 2| 2| 08 ws| s
600° ) in an atmosphere of the products of

Table V.—Efféct of chromium on structure and hot hardness ot steels of about
. 1% carbon and 10% manganese

. hot hardness,

Chernioal composition B o e
Heat No. . Mioro-structure -

of or| Mn| 8t L10° F. | 1,20° F. | 1470 T,
02| 008 | 9.08 | 0.35 | Wholly sustenitio.....cooecnceec 148 17 82
032218 | 10.06 | 0.46 |.... o 150 110 7
et a0 s | 0% [aman s jarvice Yis Hie 72
002571 ] olo8 | 02| A ‘matrix with some feerite. - 120 % 62
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Corrosion tests in molten lead compounds were
designed to test specifically the resistance of a
particular alloy to the attack of each of the lead
compounds, lead oxybromide, lead oxide and lead
oxysulphate which are recognized, by those versed
in the art, ‘as probably being the most corrosive
of the products resulting from the burning of
gasolines containing tetraethyl lead.

It is apparent from the data contained in the
foregoing tables that chromium largely deter-
mines the scaling and corrosion resistance of the
alloys to the attack of these products. It is like-

(=3

10

wise apparent both in the straight iron-~

chromium series (Tables I and II) as well as the
carbon, chromium, iron, manganese series
(Tables IIT and IV) that a minimum chromium
content of about 22% is essential for obtaining
adequate .scaling and corrosion resistance.

As was indicated previously the maximum
chromium content of my alloy was placed at 26%
because with the carbon range found most de-
sirable for the purposes herein considered, higher

15

20

chromium contents resulted in a reduction of

strength and hardness at both room and elevated
tempersture. The data given in Tables V and VI
show these relutions at. elevated temperatures.

This reduction in mechanical properties is re-
lated to the appearance of the high temperature
ferritic (delta) phase found in the austenitic
matrix of alloys of the type disclosed in my ap-
plication when the chromium/carbon ratio is not
‘balanced to provide a wholly austenitic structure.

25

30

In the higher ranges of chromium (24-26%) the ‘

more desirable carbon content, on the basis of
other requirements, is not sufficienfly great to
provide & wholly austenitic structure thus result-
ing in the presence of the ferritic (delta) phase.

Despite the lower mechanical properties of
alloys represented by the higher chromium ranges
of composition of my disclosure, such alloys do
have a field of application, namely, where serv-
ice requirements are not too severe or wherein the
more favorable conditions of machmabxhty are a
special consideration.

Table VI.—Eﬂ‘ect of chromium on structure and
~ strength af 1600° F. of steel of about 1% carbon

and 109% manganese
Chemical composition
Heat No Microstructure
C Cr Mn 8i
9.96 | 0.35 | Wholly austenitic.
10.05 | 0.46 Do,
9.9510.43 Do.
9.94 | 0.20 | Austenitic . matrix
with some ferrite.
Yield - .
Tensile | Elongation | Reduection
Heat No. sgrggg%he?t strength, | in2in, of ares
'p. ‘é. i p.s. i. percent percent
13, 000 20, 900 93. 6 80,7
12, 600 20, 300 120.0 90.0
10, 600 18, 400 88.5 87.4
8, 200. 14 100 . 120 71.4

In Table VII are given data indicating the ef-"

fect of manganese on the structural stability of

the austenite found in alloys of the type disclosed .

in my application, One method of determining

40
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ritic (delta) phase.

3

the structural stability of austenitic alloys is to
note whether or not the magnetic saturation of
such alloys increases during prolonged heating at
elevated temperatures. This was the method
used in obtaining the data presented in Table
VII. It is apparent that when the manganese
content of the alloys indicated in Table VII is
below about 10%, the austenite of such alloys is
not entirely stable on heating at 1300° F, for 100
hours but undergoes an austenite to ferrite trans- '
formation. In the case of Heat P278 containing
5.859% manganese this transformation is complete
after about 100 hours of heating while in the case

. of Heat P283 (8.72% Mn) the alloy might be

characterized by being called essentially aus-
tenitie, 1. e., the rate of austenite decomposition
is far more sluggish and presumably would not
transform during the normal period of life of an
exhaust valve to such an extent that satisfactory
performance would not be obtained. Above about
9% manganese and up to the maximum man-
ganese content claimed herein (20%) the aus-
tenitic structure of such alloys is stable and ap-
pears to remain essentially so throughout long
periods of heating. -

From the data shown in Table VIII it appears
that manganese has some beneficial effects on
the corrosion resistance of my alloy to molten
lead compounds and it is certainly indicated that
it does not impair this property. It is probable
that other investigators, having run scaling tests
in an air or oxygen atmosphere, have erred in
concluding that because the scaling resistance of

‘high chromium-manganese alloys is not so good

under these conditions such alloys would likewise
be inferior in an atmosphere of the products of
combustion of gasolines confaining tetraethyl
lead.

The date presented in Table IX serve to show
the relation of carbon to chromium, at three dif-
ferent chromium levels and indicate the ratio of
chromium to carbon required in order to produce .
wholly austenitic alloys as quenched from 2000°
F, or alloys containing an austenitic matrix with-
in which are grains of the high temperature fer-
Somewhat similar data are
presented graphically in Fig. 4 of the drawings
under the same conditions of heat treatment.

Taﬁle vii—Effect of manganese on stabilily.of

austenite in aging tests at 1300° F. for 100
hours
Chemieal composition Mt‘i’gg:etéiﬁzgg;a'
" Heat No. - -

p : Before | After

¢ Cro |- Mn {8 Shegp | Ttest
PUS..omn.l 102 2222 58| 033 25 | 12,600
- I to4| 2252| 1003 o047 | 100 100
1o4| 2208 10.79| 042 2 100
Loa| 220 | 140 | 0| of . 0
) T o08| 2340 | 87| 03] 125 2560
8374l 104 239 | 905 | 082| 100 226
Dy — 103 2329 1089 | o038| 125 125
102 | 2571 200] 031] 280/ 12700
097 | 25.98| 7.14| 0.36| 3,080 | 7480
103| 2510 | 867 047 ] L9585 | 3770
104 25.08| 1079 | 0.47| L1655 226
12| 251 | 196 | 0.5 1,100 )
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Table VIII—Eflect of manganese on resistance
of about 1% carbon and 25% chromium steels
to corrosive attack by molten lead compounds

Chemical composition Loss in mg. minute/om.?
Heat No.
PbOPbLBrs | PbO | 3Pb0.2PbSO4

¢ | CrMn{| 8 15650° F. | 1800° F. | 1800° F.
1.0 |25 0.5 | Low_._ 2.2 3.0 0.3
1.0 |25 2.0 |...do... L 3.2 0.3
1.0 |25 5.9 |...do.__ 1.9 3.0 0.4
1.0 125 7.5 {..do._. 1.4 2.7 0.4
1.12 | 254} 9.9 0.45 L2 1.8 0.2
1.12 | 25.1 | 19.6 0.53 0.2 1.7 0.2

1 Calculated charge analysis.

In Fig. 4 of the drawings which illustrates how
the microstructure of the alloy varies with the
carbon and chromium contents when the man-
ganese is about 10% and the alloys have been been
quenched in water from 2000° F', the flelda bcd
is confined to the preferred carbon range for use
in the production of valve elements by hot work-
ing processes, but it is to be understood, as stated
above, that higher carbon, up to 2.7%, may be used
where the elements are manufactured by processes
in which hot workability is not a controlling fac-
tor. Line a g indicates approximately the bound-
ary between wholly austenitic alloys (below) and
alloys which contain increasing amounts of ferrite
(above) as the distance above the line ¢ g increas-
es. The line e f is drawn to indicate the approxi-
. mate limit of the amount of ferrite which may be
present in such alloys for satisfactory use in valve
elements but for some applications, where scaling
and corrosion resistance are the principal require~
ments, alloys above line e f may be used with satis-
factory results. Increasing the manganese above
10% tends to shift slightly the position of line a ¢
to higher chromium values but, as pointed out
above, manganese serves a more important func-
tion in stabilizing the austenite so that it does not
decompose or transform on reheating in the tem-
perature range in which exhaust valves are known
to operate. The point X at 23% chromium and
1.10% carbon indicates a preferred composition
within the fleld of wholly austenitic alloys so as
.to provide a safe melting range as is required in
steel melting practice. .

In Table IX alloys considered as wholly austen-
itic have a magnetic saturation of the order of
0-100 gausses while alloys having some of the fer-
ritic (delta) phase have magnetic saturatons in
excess of 100 gausses with those alloys having the
greatest amount of ferrite (delta) having the
highest magnetic saturation. In Fig. 4 the alloys
designated by solid circles are wholly austenitic
while those designated by open circles have an
austenitic matrix in which grains of ferrite (del-
ta) are present. The amount of ferrite (delta) in
a particular alloy is not indicated, although for a
clearer understanding of the diagram it may be
stated that for a given carbon content the amount
of ferrite will increase with an increase in chrom-
ium. In like manner it may be said .that the
amount of ferrite (delta) for a fixed chromium
content increases with a decreasing carbon con-
tent.

25

30
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Table I1X.—FEffect of cagrbon and chromium on
magnetic saturation of steels containing about
109% manganese as quenched in water from
2000° F.

Magnetic

Chemical composition saturation:

-gausses as

Heat No. - w“‘i,'ed
queng!

G | Or | Mn | Bi pomon0eF.
0.70 | 21.96 | 11.76 | 0.35__ 1,230
0.82 ;2218 ) 10.23 { 0.47___ 75
1.04 | 22.52 1 10.03 | 0.47___ 100
0.74123.52 | 9.73|10.23... 3,260
0.90 123.17 | 9.8 |0.27.__ 25
1.06 | 23.64 | 9.95| 0.43.__ 0
0.53 | 25.61 | 9.83 | 0.59.__ 8,490
1.00 | 25.71 | 9.93 | 0.26_._ 3,160
1.42 | 25.26 | 10.4 Low - 0

Thus, from the data presented in Table IX and
in Fig. 4, it is apparent that consideration must be
given to the chromium-carbon relation in select-
ing a particular composition having the proper-
ties desired. For example, I have found that the
wholly austentitic alloys have higher tensile

. strength at both room and elevated temperatures

50
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and, in general, this is also true of hardness and
other mechanical properties. On the other hand,
alloys having an austenitic matrix in which grains
of the high temperature ferritic (delta) phase
exist have better machinability although poorer
mechancal properties.

Thus if a wholly austenitic alloy is desired hav-
ing a chromium content of 229% the carbon range
could vary over the entire range claimed, namely,
0.8 to 2.7%. However at higher chromium levels
the permissible carbon range would be narrower,
e. g, at 23% chromium wholly austenitic alloys are
limited to carbon in the range of about 0.90% and
up while at 24% chromium the wholly austenitic
alloys are limited to carbon in the range of from
about 1.05% and up.

Improved machinability can be obtained in

‘alloys of my invention by readjustment of the

carbon and chromium relation so that the result-
ing alloy contains some of the ferritic (delta)
phase. This, however, results in some decrease in
mechanical properties. For example, if a more
readily machinable alloy is’ desired containing
about 23% chromium this could be accomplished
by lowering the carbon content to within the
range of 0.8-0.9%. In like manner a similar ad-
justment can be made at lower or higher chro-
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mium contents. 'The same result can also be ob-
tained by holding the carbon constant and in-
creasing the chromium content. Such alloys of
improved machinability fall mostly in the range
between linesa gand e f in Fig. 4. .

While the data used for Table IX and in Fig.
4 are largely based on alloys having dbout 10%
manganese, some displacement in the lines out-

lining the respective flelds of austenite or austen- -

ite plus ferrite (delta) may be expected from
variations in manganese. However, my investi-
gations indicate that, within the ranges of com-
position claimed, manganese has only minor in-
fluence on the amount of austenite formed and
that this is largely a function of carbon and
chromium. Thus for all practical melting pur-
poses the phase relationships  as indicated in
Fig. 4 hold. S :

A summary of road test data is given in Table
X in which exhaust valves made from alloys of
my invention were run in comparison with ex-
haust valves made from steels used extensively
today. These comparisons were made simulta-
neously, i. e., half of the required number of ex-
haust valves used in a particular engine was made
from my alloys while the remaining number used
was made from one of the commercial valve
steels. i

15

20

26

5

that they are neither coarsely crystalline as cast
nor do they become so as a result of hot work-
ing. Furthermore, extensive road and dynamom-
eter tests of my valves have indicated that they
are not susceptible to embrittlement resulting
from prolonged exposure to valve operating tem-
perature. .

By the term, “valve element” as used in this
specification and in the appended claims, I mean
to include valves and parts_thereof, valve seats, -
valve seat inserts, and other parts of internal -
combustion engines, which, in normal use, are
subject to contact with the fuel employed or tothe
products of combustion thereof. It is also to be
understood that the percentages mentioned are
percentages by weight.

What I claim is: .

1. An internal combustion engine valve ele-
ment formed, at least in part, from an alloy steel
characterized by being at least predominantly
austenitic as cooled from temperatures in the
range of about 2000° to 2300° F. and after re-
heating at temperatures up to 1600° ¥, by having

_high resistance to scaling and corrosion in the

products of combustion of gasolines containing
tetraethyl lead, by having high strength and high
hardness at valve operating  temperatures and
high retained strength and hardness after long

Table X —~Illustrative road-life test data for ex-
haust valves of steel of my invention and of

commercial steels

Type composition - Average .
Type steel miles to Status of test -
c | cr | Mn| si | x| fallure
Experimental ..| 1.0 | 25.0 [10.0}0.56 .. 167,479
Commercial_...| 0.45 | ‘8.5 | ... 3.2 315, 677 |0 Progress.
Experimental .| 1.0 | 25.0 10.0{ 0.5 |------ 144,673 Do
Commercial._..; 0.75 | 2L.0 2.0 | 1.6 | 335530 -
Experimental .| 1.0 [25.0 |10.0 0.5 j___. 129, 867 } Do
%ommercialgl... 0.'(])5 zz’ég o 3(5) L6 :ng,(lig .
xperimental .| 1. X X 3% 0 PO y
h - Test discontinued.
Commercial..._.| 0.45 | 23.75 [{M9-[hio | 475 | 137,281 }es

1 One or more valves included in this average have not failed,

1 All original valves included in this average have failed_and bave had to

placed one or more times.

One of the novel features of my alloy and valve
elements made therefrom is found in the combi-
nation with chromium in substantial quantities
of comparatively high carbon and high manga-
nese. Many of those who have heretofore investi~
gated chromium-manganese steels have . con-
cluded that it is essential to keep the carbon
low in order to impart desirable corrosion re-
sistance properties to the alloy. In my alloy I
have found that high carbon contents which are
necessary to produce austenitic structures can be
used without detracting from their scaling and
corrosion resistance at valve operating temper-
atures. Moreover, the high carbon content pro-
duces more hard particles in the steel which bene-
ficially affect its wear resistance and hardness.

Some investigators have concluded that addi-
tions of manganese in substantial quantities to
high chromium containing steels decrease scale
resistance and produce a steel having a large
grain size and coarse crystallization. Others have
concluded that such additions produce a steel
which becomes undesirably brittle upon prolonged
heating at temperatures of the order of 1200° to
1500° F. o

Tnsofar as steel alloys containing chromium,
manganese and carbon within my limits are con-
cerned, it has been quite definitely established

s
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exposure at such temperatures; said steel com-
prising a plurality of elements of which the fol-
lowing in the ranges stated are the only elements
necessary to attain said characteristics; chro-
mium in the range of 22.0 to 26.0%, manganese
in the range of 8.5 to 20%, carbon in the range
of .80 to 2.7%, with the balance substantially iron.

2. An internal combustion engine valve ele-
ment formed, at least in part, from an alloy steel
characterized by being at least predominantly
austenitic as cooled from temperatures in the
range of about 2000° to 2300° F. and after re-
heating at temperatures up to 1600° F., by having
high resistance to scaling and corrosion in the
products of combustion of gasoline containing

~ tetraethyl lead, by having high strength and high

65

70

75

hardness at valve operating temperatures and
high retained strensth and hardness after long
exposure at such temperatures; said steel com-
prising a plurality of elements of which the fol-
lowing in the ranges stated are the only elements
necessary to attain said characteristics, chromi-
um in the range of 22-26%,; manganese in the
range of 10-15%, carbon in the range of .80 to
2.70%, and the balance substantially iron.

3. An internal combustion engine valve ele-
ment formed, at least in part, from an alloy steel
characterized by being substantially austenitic as
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cooled from temperatures in the range of about
2000° to 2300° F. and after reheating at temper-
atures up to 1600° F,, by having high resistance to
scaling and corrosion in the products of combus-
tion, of gasolines containing tetraethyl lead, by
having high strength and high hardness at valve
operating temperatures and high retained
strength and hardness after long exposure at
‘such temperatures; said steel comprising & plu-
rality of elements of which the following in the
_ranges stated are the only elements necessary
to attaln said characteristics, chromium and car-
bon in the ranges indicated by thearea g e fd in
Fig. 4, manganese in the range of 8.5-20%, and
the balance substantially iron.

4, An internal combustion engine valve ele-
ment formed, at least in part, from an alloy steel
characterized by being substantially austenitic as
cooled from temperatures in the range of 2000°
to 2300° F. and after reheating at temperatures
up to 1600° F., by having high resistance to seal-
ing and corrosion in the products of combustion
of gasolines containing tetraethyl lead, by hav-
ing high strength and high hardness at valve
operating temperatures and high retained
strength and hardness after long exposure at
such temperatures; said steel comprising a plu-
rality of elements of which the following in the
ranges stated are the only elements necessary to
attain said characteristics, chromium and carbon
in the ranges indicated by the area @ e f d, in
Fig. 4, manganese in the range of 10-15%, and
the balance substantially iron,

. 5. An internal combustion engine valve ele-
ment formed, at least in part, from an alloy steel
characterized by being wholly austenitic as cooled
from temperatures in the range of about 2000°
to 2300° F\., and after reheating up to tempera-
tures of 1600° F,, by having high resistance to
scaling and corrosion in the products of combus-
tion of gasolines containing tetraethyl lead, by
having high strength and high hardness at valve
operating temperatures and bhigh retained
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strength and hardness after long exposure at
such temperatures; said steel comprising a plu-
rality of elements of which the following in the
ranges stated are the only elements necessary to
attain said characteristics, chromium and car-
bon in the ranges indicated by the area ¢ ¢ d in
Fig. 4, manganese in the range of 10-20%, with
the balance substantially iron.

6. An Internal combustion engine valve ele-
ment formed, at least in part, from an alloy steel
characterized by being wholly austenitic as
cooled from temperatures in the range of about
2000° to 2300° F,, and after reheating up to tem-
peratures of 1600° F., by having high resistance
to scaling and corrosion in the products of com-
bustion of gasolines containing tetraethyl lead,
by having high strength and high hardness at
valve operating temperatures and high retained
strength and hardness after long exposure at
such temperatures; sald steel comprising a plu-
rality of elements of which the following in the
ranges stated are the only elements necessary to
attain said characteristics, chromium and car-
bon in the ranges indicated by the area @ ¢ d in
Fig. 4, manganese in the range of 10-15%, with
the balance substantially iron,

7. An internal combustion engine valve ele-
ment formed, at least in part, from an alloy steel
characterized by being wholly austenitic as cooled
from temperatures in the range of about 2000° to
2300° F., and’after reheating up to temperatures
of 1600° ¥. by having high resistance to scaling
and corrosion in the products of combustion of
gasolines containing tetraethyl lead, by having
high strength and high hardness at valve oper-
ating temperatures, and high retained strength
and hardness after long exposure at such tem-
peratures; said steel having the approximate
composition of 22.5-23.5% chromium, 9.5-10.5%
manganese, 1.05-1,15% carbon, with the balance
substantiaily iron.
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