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To all whom it may concern: M 
Beit known that we, WILLIAM J. DiEDE 

RICHs and ANSON HAYEs, citizens of the 
United States of America, and residents of 

5 Ames, Story County, Iowa, have invented a 
new and useful Process for Treating Iron, 
of which the following is a specification. 
The subject matter of this application was 

originally included in but has been di 
vided from our application filed August 21, 
1922, Serial Number 583,370. 
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in our parent application above referred to. 55 

However this may be done at times if de 
sired, but by omitting it considerable time 
may be saved. When the packing is omitted 
the white iron castings may be supported in 
any suitable manner in the furnace to pre- 60 
vent sagging and warping under the in 
tense heat. - . . 

The process consists in heating for any 
length of time, raising the temperature of 
the white iron castings with convenient 

The object of this inyention is to provides rapidity, either rapidly or slowly, to any 
a new and improved process for treating 
white cast iron whereby an iron is produced 
having greater tensile strength than white 
cast iron and also capable of being bent and 
stretched to a considerable degree before 
breaking. A 
This and other objects of the invention 

will be more clearly described in the speci 
fication and pointed out in the appended 
claims. 
Any suitable type or form of furnace or 

so-called annealing oven may be employed 
in carrying out our improved process, and 
may be heated by any of the well known 
fuels such as gas, oil, or powdered coal 
burned in connection with air; or the heat 
may be secured electrically or by a combina 
tion of combustion and electricity, or in any 
other manner that may be desired so long 
as the desired temperatures and atmospheres 
are secured. ... " . . . . . 
The iron used in this process is known 

as white cast iron, differing principally from 
ordinary gray iron in that while both con 
tain carbon, the white, cast iron contains 
the carbon wholly or principally in the form 
of carbid of iron represented by the formula 
FeaC, while gray cast iron contains the car 
bon to a greater degree in the form of 
graphite or graphitic carbon. 
Through the use of this process we ob 

tain a product having a higher tensile 
strength than white cast iron and under cer 
tain conditions of procedure also having con 
siderable ductility or ability to bend, and 
stretch, and which is very useful for cer 
tain purposes. . . . . . 
In carrying put our improved process 

we do not necessarily pack the white iron 
castings in boxes or pots containing the . 
packing material, as is done on the or 
dinary malleabilizing process as referred to 
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point between the critical temperature of 
the material (about 740 degrees centigrade) 
and the point of incipient fusion, and hold ing at the chosen higher temperature for 
a period of fifteen minutes to five hours, or 
more. The actual time required will de 
pend upon the temperature chosen, lower 
temperatures requiring longer times, and 
upon the chemical composition of the white 
iron being treated. In any case it is only 
desired to maintain the higher temperature 
until the massive cementite is practically all 
absorbed in the solid solution. We are sat 
isfied that in most instances it would avail 
little to hold at the higher temperature for 
a longer period than about five hours, since 
ractically all of the desirable change would 
E. occurred in that time, especially if the high temperature employed is above 900 de 
grees centigrade; and that holding for 
longer periods would result only in a waste, 
of time without corresponding benefit. If 
a high temperature of less than about 900 
degrees centigrade is used the time required 
to practically complete the absorption of 
massive cementite into the solid solution will 
be very materially increased. . . . . 
The material is then cooled either rapidly 

or-slowly to a temperature in the neighbor 
hood of the critical temperature, either 
within or outside of the heating furnace. . 
This cooling may be accomplished, if de 
sired, in successive steps and holding for an 
appreciable time at each successive step, un- 100 
tila temperature in the neighborhood of 
the critical has been reached. This may be 
carried out in practice by holding three or 
four furnaces at the various temperatures 
desired and transferring the material suc- 105 
cessively from one to the next, which would 
usually be done without lowering the tem 
perature of the castings below that of the 
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next furnace during such transfer. We do 
not wish, however, to be limited to this 
method of cooling to the neighborhood of 
the critical temperature. 
may be cooled in the furnace, or they may 
be removed and cooled to a temperature be 
low that of the next temperature to which 
the material is to be treated, by quenching 
in any suitable material such as sand, ce 
ment, powdered mica or the like. The op 
erations of heating and cooling may be re 
peated for any desired number of repeti 
tions, that is to say the material may be 
alternately heated to a point above the criti 
cal temperature and cooled to a temperature 
in the neighborhood of the critical. It has 
been demonstrated by experiment that the 
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resultant product is an iron possessing con." 
siderably greater strength than the white 
iron castings and also having a consider 
able degree of ductility. The number of 
repetitions or alternate heatings and cool 
ings, as well as the rates of heating and 
cooling, may be varied in accordance with 
the properties desired in the product. Our 
experiments show that the variations above 
referred to in the treatment of the iron re 
sult in castings possessing (1) a high tensile 

80 
strength, of 85,000 to 90,000 pounds per 
square inch, with no ductility; to (2) those 
having a strength of about 60,000 to 85,000 
pounds per square inch or more, with two 
to eight percent elongation or more. 

35 
We have also found that by a combina 

tion of the high temperature followed by a 
repetition of alternate heating and cooling; 
or vice versa, that is alternate heating and cooling, with a heating to higher tempera-, 

40 
ture following or interposed, we obtain a 
resulting material of the same properties 
as that obtained by either one of the methods individually. In speaking of the critical temperature of 
the material it should be borne in mind, 
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as is well known in metallur 

above the critical and cooling f 

critical temperature can be, and is, under 
cooled by a rapid cooling, and therefore 
willbe reduced by heating to a Spril rap1dly; 
so that in thereafter heating to the Ei 
temperature, it is obvious that a lower actual 
temperature will be involved than the orig: 
inal critical temperature. The ESE this specification and the appended claims 
is with this fact in mind and should 
be so construed. - - - - - 
As a concrete example of what we have 

obtained in our experiments, we give the 
following by way of illustration only. Bars 
of white cast iron were heated at 1000, de 
grees centigrade for ofie hour, were cooled 
to 850 degrees centigrade with the Eace and held at such temperature. for six hours, 
and then were cooled in the furnace to be: 
low the critical temperature. The material 

, that the 

1,574,876 
upon test showed a tensile strength of 62. 
600 pounds per square-inch and an elonga 
tion of five percent in two inches. 

he castings. Likewise by way of illustration, bars were 
alternately heated in the furnace to 850 
degrees centigrade and cooled in the furnace 
to about 650 degrees centigrade, for a num 
ber of repetitions. After thirteen such 
heatings and coolings the bars showed a 
tensile strength of 70,500 pounds per square 
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75. 
inch with five percent elongation in two 
inches; and after seventeen repetitions the 
showed 71,500 pounds per square inch wit 
five and one-half percent elongation. 
A series of experiments were conducted 80 

with white cast iron bars at various tempera 
tures and with different rates of cooling. 
First they were heated three hours at 927 
degrees centigrade, cooled to 849 degrees 
inforty-five minutes and left at that tem perature for three hours and then booled to 
649 degrees at the rate of 3.6 degrees per 
minute. The overall time required was 
eight hours, and the bars showed a tensile 
strength of 74,400 pounds per square inch 
and four percent elongation in two inches. 
Next, bars were heated three hours at 982 
degrees centigrade, cooled to 899 degrees in 
forty-five minutes and left at that tempera 
ture for three hours and then cooled to 649 
g at the rate of 2.8 degrees per minute. 

The overall time required was nine hours 
and the bars showed a tensile strength of 
69,000 pounds per square inch and four and 
one-half percent elongation. Then bars 
were heated three hours at 982 degrees centi grade, cooled to 849 degrees in eighty min 
utes and left at that temperature 2, 
and one-half hours, then cooled to 649 de 
E. at the rate of 2.2 degrees per minute. 
he overall time required was thirteen hours 

and the bars showed a tensile strength o 
60,380 pounds per square inch and an elon 
E. of six per cent. Finally, bars were eated three hours at 982 degrees centigrade 
cooled to 899 degrees in sixty minutes and 
left at that temperature for three hours, 
then cooled to 649 degrees at the rate of 1.7 
degrees perminute. The overall time re 
quired was ten and one-half hours, and the 
bars showed a tensile strength of 56,600 
pounds per square inch and an elongation 
of eight and one-half per cent in two 
inches. 
tion of properties produced as the final rate 

Attention is called to the grada 

of cooling was made slower. 
We claim as our invention- . . n/ 
1. The process for the heat treatment of 

castings from white cast iron which consists 
in (1) subjecting the casting to a tempera 
ture above the critical temperature of the 
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material for a period of from fifteen min 
utes to five hours or more but only until the iron carbid present is practically all, ab 
sorbed in the solid solution, which means 
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that in irons of commercial composition the 
combined carbon is reduced to approxi 
mately nine-tenths of one percent; (2) the 
cooling of the casting to a lower tempera 
ture in the neighborhood of the critical tem 
perature; and (3) the cooling of the casting 
at a rate not less than about seven degrees centigrade per hour. 

2. The process for the heat treatment of 
castings from white cast iron which consists 
in (1) the subjecting of the casting to a tem 
perature above the critical temperature of 
the material for a period of from fifteen 
minutes to five hours or more but only until 
the iron carbid present is practically all ab 
sorbed in the solid solution, which means 
that in irons of commercial composition the 
combined carbon is reduced to approxi 
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mately nine-tenths of one percent; (2) the 
cooling of the casting to a lower temperature 
in the neighborhood of the critical tempera 
ture; and (3) the cooling of the casting 
through a range from about 770 degrees to 
about 650 degrees centigrade at a rate not 
less than about seven degrees centigrade per 
hour. 

3. The process for the heat treatment of 
castings from white cast iron which consists 
in (1) subjecting of the casting to a tem 
perature above the critical temperature of 
the material; (2) cooling of the casting to 
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a temperature in the neighborhood of the 
critical temperature by successive steps and 
holding for an appreciable time at each suc 
cessive step, until a temperature in the neigh 

3 

borhood of the critical has been reached; 
and (3) cooling the casting to a lower tem 
perature at a rate not less than about seven degrees centigrade per hour. 

4. The process for the heat treatment of 
castings from white cast iron which consists 
in (1) subjecting of the casting to a tem 
perature above the critical temperature of 
the material for a period of from fifteen 
minutes to five hours or more, but only un 
til the iron carbid present is practically all 
absorbed in the solid solution; (2) cooling 
of the casting by successive steps and hold 
ing at each successive step for an appreciable 
time, until a temperature in the neighbor 
hood of the critical temperature has been 
reached; and (3) the cooling of the casting 
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to a lower temperature, at a rate not less 
than about seven degrees centigrade per 
hour. - 

5. The process for the heat treatment of 
castings from white cast iron which consists 
in (1) the subjecting of the casting to a tem 
perature above the critical temperature of 
the material; (2) the cooling of the casting 
to a temperature in the neighborhood of the 
critical temperature; (3) a repetition of the 
above named steps, alternately; and (4) the 
cooling of the casting at a rate not less than 
about seven degrees centigrade per hour. 

Signed at Des Moines, in the county of 
Polk and State of Iowa, this 18th day of 
June, 1925. 8 . 

ANSON HAYES... 
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WILLIAM J. DIEDERICHS. 


