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This invention relates to nickel alloys and 
methods of producing same; and it comprises a 
new composition of matter containing an alloy of 
metallic nickel with lithium or an alkaline earth 

5 metal in an amount less than 10 per cent of the 
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weight of nickel and with carbon in an amount 
less than 1 per cent of the weight of the nickel, 
said' composition usually possessing a hardness 
produced by heat treating and ageing after com 
pounding; and it further comprises a process of 
producing a hard nickelv alloy of high tensile 
strength wherein a nickel alloy containing- small 
percentages of carbon and of an alkaline earth 
metal or lithium is heated to a high temperature, 
suddenly quenched, and then kept at a moderate 
ly high temperature for an extended period of 
time; all as more fully hereinafter set forth and 
as claimed. 
In the art are known various alloys of nickel, 

cobalt or copper with beryllium; which alloys it 
is possible to improve for various useful purposes 
‘by heat treatment. In particular, the hardness 
of such alloys is increased by heating them to 
comparatively high temperatures and cooling to 
lower temperatures with subsequent annealing 
treatments. It has also been proposed to add 
other elements to such alloys in amounts which 
result in substantial reduction of the content of 
beryllium required in the ?nished alloy. Beryl 
lium appears to have the power of imparting to 

. the alloy the property of hardening under such 
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heat treatment. Beryllium is one of the rarer 
‘metals. ‘ _ 

Ilhave discovered that certain other and more 
available metals, upon being alloyed with com 
mercial nickel permit of improvement of the alloy 
by heat ‘treatment. The metals which I have 
found particularly bene?cial in this relation be 
long to a group of metals which may be desig 
nated as base-forming. To this group belong 
lithium and the alkaline earth metals, namely, 
calcium, strontium, barium and magnesium, the 
latter metal being classed for present purposes as 
an alkaline earth metal. For example, an alloy 
made in any of the known ways from commercial 
nickel and small proportions of magnesium, of an 
order between 0.5 and 10 per cent can be given a 
large increase in hardness measured in Brinell 
number by heating to around 1050° C. and 
quenching to about 500° C. with subsequent heat 
treatment at the latter temperature for 12 hours. 
I have found for instance ‘that the hardness of 

' the alloy is increased bythis treatment’from an 
initial value not substantially below 130 Brinell 
to a ?nal value of about 250 Brinell. vThe alloys 
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of nickel with the other alkaline earth metals and 
with lithium in like small amounts are likewise 
capable of being improved in hardness and in 
tensile strength by a simple heat treatment. 
For example, the increase of hardness in a nickel 
calcium alloy containing 1 per cent calcium, when 
employing treatment as above outlined, amounts 
to about 40 Brinell, that for a nickel-lithium al 
loy with about 1 per cent lithium to about 70 
Brinell. The percentage of the alloying metal re 
quired to bring about the increase of hardness 
upon the heattreatment is quite small. Advan 
tageously, its percentage is kept at not over 10' 
per cent of the weight of the alloy or of the weight 
of the nickel. 

I have‘also discovered that an additional ben 
e?t by way of increased hardness and increased 
tensile strength is obtained when, in addition to 
one or more of the above-named group of base 
forming metals, the nickel contains a small per 
centage of carbon, say, not more than about 1 
per cent of the weight of the vnickel. I have 
found that when the alloy containing the base 
forming metal is made from nickel containing 
some such small percentage of carbon and when 
the heat treatment is e?ected with exclusion of 
air, an extraordinarily large increase of hardness 
may be obtained in such alloys. 
Another feature of my invention is in coordinat 

ing to each other the content of the carbon and of 
base-forming metal so that a certain content of > 
carbon is associatedwithacertainadditionof mag 
nesium, for example, in order to obtain increased 
hardness and structural strength in the ?nished 
alloy. Alloys with 1 per cent of carbon and 10 
per cent of magnesium are susceptible of hard 
ening by the heat treatment, but ordinarily car 
bon is employed in amounts as low as 0.10 to 
0.20 per cent and the content of magnesium is 
usually between 0.8 to 1.8 per cent. A useful com 
position of an alloy for hardening under heat 
treatment contains magnesium 0.50 per cent, car 
bon 0.10 per cent. Such an alloy has, in a rolled 
state after quenching from 1050° C., a hardness 
of 121 Brinell ‘and a tensile strength of 59 kg. 
per square millimeter at 38 per cent elongation. 
Upon 24 hours heat treating at 500° C. after 
quenching from 1050° C., the tensile strength 
increased to 108 kg. per square millimeter at 10 
per cent elongation. > 

In a further typical embodiment of my inven 
tion, a nickel-magnesium alloy containing 1.8 
per cent of magnesium and 0.02 percent of car 
bon, the balance of the alloy being nickel, upon 
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quenching and subsequent ageing under heat 
treatment, increases in hardness by 32 per cent 
above the initial value. Another alloy with 0.53 
per cent of magnesium and 0.20 per cent of car 
bon increases its hardness by 155 per cent above 
the initial value, namely, from 129 to 330 Brinell. 
It may be mentioned here that nickel containing 
carbon alone, without the alloying base-forming 
metal is practically incapable of being improved 
in hardness and tensile strength by heat treat 
ment, although nickel at 1300° C. takes up 0.5 
per cent carbon in stable solution and at room 
temperature only 0.17 per cent. When however 
the base-forming metal, and particularly mag 
nesium, is added to nickel containing carbon in 
amounts which may be below 0.17 per cent a 
pronounced hardening e?ect is produced by‘ 
quenching and ageing. \ 
The most favorable quenching temperature is 

about 1100° C. but. good results are obtained at 
temperaturesas low as 750° C. and increase of 
the quenching temperature to 1350° C. still gives 
useful results. The most favorable heat treat 
ing or ageing temperature is around 500° C. with 
a period of treatment of 24 hours, but good effects 
are also obtained at 380° C. If a temperature 
above.500° C. is used in ageing, it-is advisable to 
shorten the time of heat treatment. 

I have also ascertained that the same improve 
ment in‘properties as described above is obtained 
by similar additions of the named base-form 

. ing metals to nickel alloys containing copper, 
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among others the so-called “Monel metal”. As 
an example, the Monel alloy with additions of 
magnesium and carbon giving a composition of 2'? 
per cent copper, 0.8 per cent magnesium, 0.2 per 
cent carbonand 72 per cent nickel, showed in a 
quenched state a hardness of 159 Brinell, and 
after a heat treatment at 500° C. a hardnessof 
345 Brinell. 
Generally speaking, additions of other alloy 

ing metals to the nickel-magnesium carbon-con 
taining alloy are possible without interference 
with the bene?ts of heat treatment. I have found 

. that the hardness and tensile strength are in 
creased by a heat treatment of alloys of nickel 
with such elements as aluminum, boron, cerium, 
chromium, cobalt, iron, copper, manganese, 
molybdenum, silicon, tantalum, titanium, vana 
dium, tungsten, zinc and tin, to which have been 

' added one or more of the base-forming metal. 
group. In quantity, the proportion of these 'al 
loying elements may be as high as 45 per cent by 
weight of the ?nished alloy. 
By the expression “balance substantially nickel” 

occurring in the claims, I means that the alloys 
called for may also contain in addition to nickel 
small proportions of the metals enumerated above 

1,986,585 
in proportions insu?lcient to substantially change 
the nature and characteristics of these alloys. 
In the case of an addition of silicon, in par 

ticular, a slight improvement in the hardening 
capacity could even be observed. Various of the 
metals named, in particular tantalum, molyb 
denum, chromium, silicon and tungsten, act fa 
vorably on the corrosion resistance of - these al 
loys. Of importance are, in particular, the nickel 
chromium and the nickel-chromium-iron alloy 
which become highly susceptible to heat'treating 
by an addition of magnesium and carbon. In 
stead of magnesiumother alkaline-earth metals 
or lithium may be employed. The hardening ca 
pacity of such alloys is of particular importance 
if they are to be employed for the manufacture 
of high-speed tools, hammers and the like. 
What I claim is:— . _ 

1. A heat-hardened beryllium-free nickel alloy 
comprising at least one base-forming metal in 
proportions ranging from a small but effective 
amount up to about 10 per cent and selected from 
a group consisting of lithium, calcium, strontium, 
barium and magnesium, and also comprising 
about 0.05 to 1 per cent of carbon with abalance 
substantially nickel, and having the structure, 
hardness and other properties produced by 
quenching said alloy from temperatures of about 
750° to 1350° C. followed by prolonged heating 
at temperatures from about 380° C. to 500° C. 

2. A heat-hardened beryllium-free nickel alloy 
comprising from about 01.5 to about 10 per cent 
of at least one base-forming metal selected from 
a group consisting of lithium, calcium, strontium, 
barium and magnesium,land from about 0.05 to 
1 per cent of carbon with a balance substantially 
nickel, and having the structure, hardness and 
other properties produced by quenching said alloy 
from temperatures ranging from about 750° to 
1350° C. followed by prolonged heating to tem 
peratures from about 380° C. to 500° C. 

3. The alloy of claim 1 wherein the base-form 
ing metal is calcium. 

4. The alloy of claim 1 wherein the base-form 
ing metal is strontium. . 

5. The composition of claim 1 wherein the base 
forming metal is magnesium. 

6. The composition of claim 2 wherein the base 
forming metal is magnesium. 

'7. A heat-hardened beryllium-free nickel alloy 
comprising from about 0.8 to 1.8 per cent of 
magnesium and from about 0.05 to 0.2 per cent 
of carbon with a balance substantially nickel, and 
having the structure hardness and other prop 
erties produced by quenching said alloy from tem— 
peratures ranging from about.'750° to 1350° C. fol 
lowed by prolonged heating to ‘temperatures of 
about 380° to 500° C. 
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