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2 Claims. (Cl. 148-4) 
This invention relates to the treatment of iron 

in converting it into malleable iron castings and 
more particularly to the treatment of a cast 
article in such a manner as to differentially ac 

5 celerate the graphitization of different portions of 
the article. 
In the manufacture of certain metallic articles, 

such as the valve tappets for internal combustion 
motors, it is desirable that a portion of the article, 

10 such as the stem, be readily machinable‘ while 
another portion, the head, must be extremely 1 
hard and wear-resistant. An object of our in 
vention is to prepare a cast article, one portion‘ 
of which is of hard or substantially ungraphitized 
iron and another portion of which is of graphi~ 
tized iron, and readily machinable. We accom 
plish this by subjecting the cast article to our 
novel procedure of controlling the degree of 
graphitization in each such portion. Another ob 
ject is to produce an article having diiTerent de 
grees of machinability or hardness, which hard 
ness may vary gradually throughout the length 
of the article. A further object is to decrease the 
time required to produce such articles. Other 
objects will become apparent. 
In describing our invention reference will be 

made particularly to its application to the pro 
duction of valve tappets having heads which are 
of hard or substantially white iron and having 
stems of iron which is readily machinable. It is 
not intended, however, to restrict the use of our 
‘invention to the production of these articles, it 
being applicable wherever a differential hardness 
or machinability is desired. 

In describing our invention, reference will be 
made to the diagrammatical drawing, in which: 
Figure 1 represents a sectional view of a par 

tition supporting a number of valve tappets. 
Figure 2 represents a cross-sectional view of 

40 the electric furnace, and 
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Figure 3 represents a cross-sectional view of a ' 
quenching tank. 
To illustrate an application of our process, the 

valve tappets (A), of iron containing carbon, sili 
" con, phosphorous and sulphur in the proportions 
normally found in white iron used for making 
malleable iron castings, are removed from their 
molds and allowed to cool to a temperature below 
the critical temperature of the cast iron. They 
are then supported upon a plate (B) of asbestos 
or other ‘poor heat conducting material, with 
their stems extending through the plate. The 
stems of the valve tappets are then subjected to 

- heat by placing the plate (B) in a suitable heat 
55 ing furnace such as the electric furnace (C) . The 

50 

_ the. coils (H) . 

plate (B) may be supported by brackets (D) and 
(E) and the lower portion of the furnace may be 
heated by the heating element (F). The tem 
perature in the furnace (C) is so controlled that 
the stems of the tappets may be uniformly heat- 0 
ed to a temperature well above the critical (A1) 
temperature (for example to 900-1000" 0.). The 
asbestos plate (B) will protect the heads of the 
tappets which should not be heated to a tem 
perature substantially above 750° C. 65 
When thestems of the tappets have been uni 

formly heated to the’ desired temperature, the 
plate (B) is removed from the furnace (C) and 
the stems only are subjected to a quenching or 
cooling action such as that described in Patent 70 
No. 1,688,438 granted to Harry A. Schwartz Oc 
tober 23, 1928. This may be accomplished by 
placing the plate (B) in a quenching tank (G), 
'?lled to the bottom surface of the plate (B) with 
a suitable quenching liquid, such- as oil or water. 75 
The temperature of the quenching liquid may be 
controlled by circulating a cooling liquid through 

The temperature of ' this bath 
should be maintained at such a value that the 
tappet stems will cool rapidly. The rate of cool- 30 
ing of the stems may be approximately 5° C. per 
second or faster, while the heads of the tappets, 
being insulated from the cooling liquid, will cool 
much more slowly. - ‘ = 

After the tappet stems have been rapidly cooled 85 
to substantially below the critical (A1) tempera 
ture, the plate (B) may be inserted in an an— 
nealing furnace in which the stems are sub 
jected to a suitable graphitizing temperature, 
preferably above the critical temperature. This 90 
elevated temperature should be maintained from 
two to four hours, or a sui?cient time to decom 
pose cementite and graphitize the iron to pro 
duce the desired degree of machinability. 
The plate is then removed and the tappets may 95 

be emptied into quicklime, sil-o-cell (powdered 
infusorial diatom'aceous earth), sand, or other 
material wherein cooling at a moderate rate may 
be effected. The rate of cooling may be ap 
propriately varied to produce the degree of hard- 100 
ness which is desired. . _ ' 

If still greater softness is. desired, the stems 
of the tappets may be subjected to further heat, 
as in an electric furnace or a lead bath, the tem 
perature being maintained as high as possible but 105 
below A1 critical temperature, or substantially 
at ‘700° C. The tappets may be allowed to re— 
main at this elevated temperature for a sufficient 
time tolproduce the degree of softening which 
is required. ~ This may vary from a few hours to 110 
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2 
obtain a slight increase in softening, to about 
?fteen hours for the maximum softening. The 
tappets are then removed and allowed to cool. 
In following the process described, the time 

required to graphitize the portion subjected to 
prequenching will be substantially shortened, 
with the result that the stems of the tappets will 
be suitably graphitized during the shortened 
period in the annealing furnace. The heads of 
the tappets, having been insulated during the 
heating and cooling periods, will remain hard or 
substantially ungraphitized, while the stems will 
be readily machinable. Even though there may 
be some conduction of heat from the stems to 
the heads of the valve tappets, this should not be 
sumcient to heat the heads above the critical 
temperature before quenching or to cool them 
through the critical temperature at a rate suffi 
ciently high to substantially shorten the period 
required for graphitizing. By varying the rate 
of cooling in the pre-quenching bath the time 
required to graphitize the stems may be varied, 
i. e., by increasing the rate of cooling, the period 
required for graphitizing will be shortened. 
Although we have described the process as ap 

plied to an apparatus in which the heads are 
insulated throughout the entire process from the 
heat and rapid cooling to which the stems are 
subjected, it is apparent that many modi?ca 
tions of this procedure may be used. For in 
stance, the stems only of the hot cast tappets 
may be subjected, while both stems and heads 
are still above the critical temperature, to the 
pre-quenching bath, and the entire tappet may 
be subsequently subjected to the graphitizing 
and subsequent steps. By following this modi 
?cation the acceleration of the graphitizing step 
will not be applied to the head of the tappet since 
the latter is not subjected to pre-quenching. In 
the subsequent graphitizing step the elevated 
temperature will not be maintained‘ a su?icient 
length of time to accomplish the graphitize. 
tion of that portion of the casting which was not 
subjected to the rapid precooling. 
By another modi?cation the cast tappets may 

be allowed to cool to below the critical temper 
ature and the stems only may then be heated to 
a temperature above the critical temperature. 
The entire tappets may then be subjected to the 
rapid precooling and the subsequent graphitiz 
ing steps. In this modi?cation, since the heads 
of the tappets were not rapidly cooled through 
the critical temperature, there will be no sub 
stantial acceleration of the decomposition of the 
cementite in the heads of the tappets and no 
resultant shortening of the period required for 
graphitization. The time required to graphitize 
the stem portions of the tappets, which have been 
rapidly cooled through the critical temperature, 
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1,926,116 
will not be su?icient to accomplish a like result 
in the head portions. ' 

It is apparent that, due to the conduction of 
heat through the stems of the tappets, there will 
be some graduation of the differential graphiti 
zation. By varying conditions, governing this 
conduction of heat, such as the rate of temper 
ature change or the insulating medium used, this 
graduation may be varied to meet the desired con 
ditions. . 

In addition to quenching before the graphi 
tizing cycle, the castings may, if desired, be rap 
idly cooled by quenching at the end of the high 
temperature graphitization. Such a quenching 
has the'bene?cial result of increasing the rate 
of decomposition of the remaining combined 
carbon when the castings so quenched are again 
heated to a temperature distinctly below the crit 
ical point and are h_'e1d~for a time at that tem-. 
perature. - ~ 

The graphitizing step may also be carried on 
entirely at an elevated temperature below the 
critical point, and the pre-quenching to which 
the article has been subjected will shorten the 
time required for such graphitizing.v The prod 
uct of such an operation is superior in ductility 
to the usual malleable iron castings. . 
By the reference to graphitization in the de 

scription and claims, we refer to the decomposi 
tion of the cementite in the iron and the result— 
ant deposition of carbon. This is a process often 
called “annealing” in the art of making malleable 
iron and which, as is well known, is entirely dif 
ferent in chemical principle from the annealing 
of articles made of other ferrous materials. 
An example of another application of our in 

vention is in the manufacture of pug mill blades, 
where it is necessary to keep the blade itself hard 
and resistant to abrasive _action andwhere the 
bolt (which must be machined) _must necessarily 
be relatively soft and shock-resistant. Many 
other applications will be apparent to one skilled 
in the art and it is not intended to hereby limit 
the invention to the particular applications de 
scribed. 
Now having described our invention, we claim: 
1. An integrally cast valve tappet having a 

head of white iron and a stem of malleable cast 
iron. ' 

2. An improvement in the art of making valve 
tappets, comprising cooling the, stem of a valve 
tappet containing the elements normally present 
in malleable iron castings, from a temperature 
above its critical temperature to a temperature 
below said critical temperature and subsequently 
graphitizing the stem of the valve tappet. 

HUBERT L. SPENCE. 
HARRY A. SCHWARTZ. 
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