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9 Claims. (C. 148-21.8) 
This invention relates to a metal and to a 

(nethod of heat treating for producing the metal. 
One object of the invention is to provide a 

inethod or process of heat treatment for treat 
5 ing a ferrous metal to give it strength without 

unduly reducing its toughness or its ductility. 
Another object of the invention is to provide 

a method of heat treatment of malleableized iron 
Whereby it is strengthened without appreciably 
reducing its malleability. 

ther objects will appear from time to time in 
the Specification and claims. 

While the method finds its most important 
application to the treatment of malleableized iron, 
it is not linited to the treatment of that aa 
terial. One application of the method is, there 
fore, il connection with the treatment of naille 
ableized inton and that treatinent will now a de 
Scribed. 
Where malleableized cast iron is to be treated 

by this method, the castings, whether of black 
in eart malieable or white heart malealoie, are 
ii'eated in Substantially the same fashion. The 
"7 hite heart iron, for the purposes of this method, 
differs inainly froga black heart iron in thi, ii, is 
Saade fron an iron having a higher sulphur con 
tent. This method nakes usable iron castings 
formed of this higher Sulghur iroi for certai 
purposes in connection. With which such iron has 
not eretofore been Sable and thus the ield of 
usefuliness of this type of iron is expanded when 
the parts have been subjected to the treatignant 
set out beloy. 
The Inettinod Inay be used in the treatment of 

irons which contain certain alloying elements. 
lhus it raight be used in the treatinert of iron 
containing almost any suitable alloy. Among 
the Yost common may be mentioned nicke, 
Iinolybdenum, copper, manganese and vanadiun, 

40 although many other alloys or combinations of 
alloys inay be used and it is within the contein 
plation of my invention to treat iron alloyed with 
any Suitable alloy. 
The iron that is to be treated, whether White 

heart or black heart iron, is malleableized in any 
Suitable manner. When ready for treatment by 
the method of this invention, it is ordinarily in 
the form of nailleableized iron castings. These 
castings are then placed in a suitable furnace 
and are initially raised to a temperature approxi 
nating, or slightly above, the effective critical 
temperature, that is to say, they are initially 
raised to a temperature at or slightly above that 
actually necessary in commercial practice, to in 
itiate the combination of the carbon with the 
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iron. In practice, this initial temperature is 
requently higher than the theoretical critical or 
carbon coyabining temperature of the raaterial, 
but in practice the initial heating is held at or 
slightly above, but close to, the temperature at 
which carbon Coimbining commences. The tem 
perature is thus held at a point where only very 
Small quantities of carbon can recombine and at 
this temperature the actual effective practical 
recornbination of the carbon does not occur, since 
the temperature is carefully kept below the tern 
perature at which this general recombination 
can occur in practice. The temperature of this 
initial heating Wii vary somewhat, depending 
Lapon the analysis of the metal under treatment 
aid depending also upon the quantity of Onetal 
Agder treatment, at a given tias, upon the size 
of the pieces and upon other factors. Thus the 
castings of other parts which are to be treated 
are raised slowly to this initiai temperature, 36 
waica, in oria example, is approximately 3,400 3. . 
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axnd held at this temperature, being allowed to 
'soak.' Antil all of the material in the iurnace 
ags avenly reached this temperature, -n one 
typical cycie, this may take from an hour to an 
holar aindi three-quarters. Whatever the quian 
ity OS Xaaterial being treated and Whatever tie 
&Sigth of time during which it is subjected to 
this initial aeating, cafe is taken that the initial 
heating is held at or very slightly above a ten-i 35 
gerature ai, whici carbon combining contences, 
in practice, This initial teringerature to which 
the natelia is first eated in the first step of 
this method, although definitely below that at 
which satisfactory general recombination or car- 20 
oon can occur, is relatively close to the final ten 
pserature at which this recorabination Will oc 
Cui, and, therefore, after the soaking, the Anate 
3riai may be rapidly raised to a suitable tea (pera 
ture to cause effective general carbon reconoia 
tion. 
After the completion of the initial heating and 

the “soaking' the material is raised anoe rapidly 
to the next temperature; ordinarily this next 
temperature is approximately 1475 F. and the 
material may be raised to this temperature quite 
rapidly. It is then held at that temperature for 
a short period-in one cycle it is held at that 
temperature for five rainutes, and it is raised from 
1400° F. to 1475 F. in from twenty to twenty 
five minutes. 
After the material has been held at the second 

heating temperature, it is quenched, preferably 
in oil, and when cooled it is removed from the oil 
and reheated to approximately 1200°F. at which 
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2 
temperature it is held for a while, usually for 
about fifteen minutes, and it is then quenched 

O 

in water. This completes the treatment. 
If the Imaterial is to be given a wear resisting 

Surface, the first heating, that is, the heating to 
approximately 1475 F. and the oil quenching, 
are carried out in a carburizing atmosphere, but 
the last heating to 1200F. and the water quench 
ing are carried out as above. 

the details of the above method may be varied 
considerably. The materials treated may be 
varied. The times of treatment will under 
certain circumstances be quite different from 
those given, which are taken from a typical cycle 
in the treatment of a charge of 500 pounds. For 
the treatment of a larger or a smaller charge, the 
times involved might be increased or reduced. 
Where in the specification and claims the ex 

pression "effective practical critical temperature' 
occurs, there is meant that temperature at which 
in practice effective carbon recombining takes 
place, in distinction to the theoretical critical 
teniperature. 

he temperatures at which the process may be 
carried out vary widely, depending among other 
things upon the nature of the metal, its analysis 
&nd also tigon its previous heat treatment. Thus 
the 'effective practical critical temperature' may 
in gractice e found to vary widely and conse 
quently the initial heating and the second heat 
ing will, in SCIne cases, the carred out at tem 
peratures quite different from those mentioned 
Sigye. ... the heat treated ierrous metal, for 
instance, tie initial feating will be carried oit, 
at approxiraately 350° S. and the second heating 

ae carried out at 425 F. Thus the critical 
teaperstre Ray be higher of lower and when 
that critical terraperature is determined for 8. 
given Easetai or a give condition, the tempera 
tures for the irst and second heatings are de 
terraiaed accordingly and the temperature of the 
first heating willee as close as it is possible to go 
to the apprgximate effective practical critical 
teaperature without causing effective change of 
the metal So that when the heat has become uni 
for a throughout the an 88s of metal, it may here 
after le quickly raised to the final heating ten 
gerature and when so raised will not lose ini 
ormity of temperature throughout the mass, and 
thus all parts of the mass of metal can be raised 
r&pidly in the second heating and will retain uni 
of Elity of hest and consequent uniformity of 
treatment throughout the mass. 

air: 
... the Emethod of treating malleableized css, 

iron, which includes the following steps: heating 
it initially to approximately, but slightly below 
the effective practical carbon combining tem 
perature, holding it at that temperature a time 
sufficient to attain uniformity, subsequently rais 
ing it to a temperature definitely above the ef 
fective practical carbon combining temperature, 
thereafter quenching and reheating it to a ten 
perature below the carbon combining tempera 
ture. 

2. The method of treating malleableized cast 
iron which includes the following steps: heating 
it initially to approxirnately, but slightly below 
the effective practical carbon combining tempera 
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ture retaining it at that temperature to raise all 
of the material being treated to that temperature 
uniformly, subsequently raising it to a tempera 
ture definitely above the effective practical car 
bon combining temperature, thereafter quench 
ing it, reheating to a temperature below the ca's 

isldwly heating to a temperature approximately 

of temperature in all the material under treat 

lifteen minutes, and quenching in Water. . . 

-and-quenching it. 

- 1,984,818 
bon combining temperature, holding at that tem 
perature to attain uniformity throughout the 
material being treated, and thereafter quenching. 

3. The method of treating malleableized cast Y 
iron which includes the following steps: initially 80 
heating to a temperature approximately 1400' F., 
holding at that temperature a period sufficient 
to raise all of the material to a uniform tem 
perature, thereafter raising the material to a 
temperature approximating 145 F., quenching, 
after the quenching reheating the material to 
approximately 200' F., and quenching. 

4. The method of treating malleableized cast 
iron which includes the following steps: initially 
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1400' F., holding at that temperattire a period 
sufficient to raise all of the material to a uniform 
temperature, thereafter raising the material more 
rapidly to a temperature approximating 1475 F., 
quenching, after the quenching reheating the na- 95 
terial to approximately 1200 F., and quenching. 

5. The method of treating malleableized cast , 
iron which includes the following steps: initially 
heating to a temperature approximately 1400 F., 
holding at that temperature a period sufficient 
to raise all of the material being treated to a 
uniform temperature, thereafter raising the na 
terial to a temperature approximating 1475 F., 
holding at that temperature to attain unifornity 

100. 

105 
inent, quenching, after the quenching reheating 
the material to approximately 1200 F., and 
guercing. 

6. The method of treating malleableized cast 
iron which includes the following steps: initially 110 
slowly heating to a temperature, approximately 
409 F., holding at that temperature a period 

sufficient to raise all of the material to a uniform 
temperature, thereafter raising the Eaterial Filore 
rapidly to a temperature approximating 45 F., 5 
holding at that temperature approxiraately five 
ininutes, quenching in oil, after the queraching 
reheating the material to approxiInsteiy 5,200 F., 
holding at that temperature for appro: it nately . 

20 
. The Faethod of treating Finallesleized csst 

grog which includes the following steps: leating 
the neta to a temperature approximately and 
slightly below its effective practical carbon con 
ining temperature, maintaining that tenpera- 125 

ture until all of the metal is unifornly. heated, 
thereafter rapidly increasing the heat to a ten 
erature definitely above the practical effective 

carbon combining temperature, the initial heat 
ing eing such that when the second heating is i30 
carried out rapidly, uniformity of temperature 
throughout the mass of metal is retained. 

8. The method of treating rhalleableized cast 
iron, which includes the following steps: heating 
it initially to approximately, but slightly below 35 
the effective practical carbon combining tenaper 
ature, holding it at that temperature a tinae Suf 
ficient to attain uniformity, subsequentiy raising 
it to a temperature definitely above the effective 
practical carbon combining temperature, there- 4C 
after quenching. 

9. The method of treating maleableized cast 
iron, which includes the following steps: initially 
-heating to a temperature approximately 1400' F., 
holding the material under treatment, at that 
temperature a period sufficient to raise all of it 
to a uniform temperature, thereafter raising the 
materis to a temperature approximating 1475'. 
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