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the unsolidified portion of the initial body of metal 
to mix homogeneously therewith. The rate at 
which the inoculant metal is added I make so 
slow that there is no bodily displacement of any 
portion of the metal initially contained in the 
nold, but on the contrary as the level of the total 
metal in the mold slowly rises, the softer inocu 
lant metal With great rapidity Spreads through 
the body of initial metal, the concentration of 
the softer metal, rather than its distribution, be 
coming greater as the inoculation slowly proceeds. 
It is thus the inoculated metal, and not the initial 
hard metal, which rises to fill the mold cavity 
fOr the upper rol neck. 
As inoculation proceeds, and the total volume 

of metal in the mold increases, the level of the 
metal rises upwardly beyond the upper mold 
space for one of the roll necks, and into the ad 
jacent hot top of the mold. By appropriate pro 
portioning of the total mold cavity and the level 
(about the body cavity of the mold) to which 
the mold initially is filled, I may add inoculant 
metal in a proportion of from 15% to 25% the 
total weight of the rol Without displacing any 
metal from the mold. 
The slow addition of the inoculant metal is a 

feature of my method. Which should be empha 
sized since. Such slow addition results in homo 
geneity in the composition of the metal in all 
regions of the roll, save the chilled surface of the 
body. This is resultant from the fact that the 
quiet inoculation renders it possible to avoid 
any such thrust of the inoculant metal as bodily 
to displace any of the still liquid metal already 
contained in the mold. This is in accordance 
with my discovery, above noted, that inoculation 
seems to proceed so rapidly throughout the body 
of initial metal in the mold that is still in the 
liquid state (i.e., that metal that has not been 
congealed by the body chill mold). I have found 
that, depending upon the conditions of the roll 
casting operation, I may vary the time of pouring 
the inoculant from 4 to 20 minutes; but in any 
case it is added slowly, and either continuously 
or in very small closely timed increments. 

It will be readily understood that my method 
of quiet inoculation avoids all the disadvan 
tageous effects incident to relatively violent dis 
placement of metal from the mold. By heat 
transfer through the body of metal in the mold, 
it tends to preserve uniformity of temperature in 
the entire metal of the casting, and tends wholly 
to eliminate gases from the metal during the 
relatively extended period in which the inoculant 
metal is added. Tests have shown the rapidity 
with which thet metal in the upper region of the 
mold becomes uniform in composition with that 
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in the lower mold regions, and that the progress 
of inoculation after the first introduction of the 
inoculant metal consists chiefly in progressive 
concentration of the inoculant. This is shown by 
the approximately complete homogeneity in 
character of the metal in the necks and body in 
terior of each inoculated roll. 
The method of my invention provides a prace 

tical process for making rolls in which it is de 
sired to combine strength with a desirably high 
surface hardness and hardneSS penetration. I 
have found that the advantages of my method of 
roll casting are realized in the casting of metal 
working rolls up to an 85 scleroscope hardness 
and with a chilled depth in the approximate pro 
portion of from 1 to 2 inches for a 12 to 18 inch 
diameter roll, and of from 2 to 4 inches for a 20 

given as follows: 

2,187,415 
mold; in the mold to percolate upward through to 40 inch diameter roll. They are, however, 

also realized in rolls which are surface hardened, 
but which do not have a sharply defined, Or 
"clear' chill Structure. 
The following are given as exemplary of many 

compositions of iron, which are advantageously 
used in my method as the hard metal constituent 
of the roll: 

2 3 4. 5 

C--------------------------------- 2.95, 3.15 3.28 3.20 3.46 
62 , 55 , 5 95 .96 

.25 .26 .24 .46 .43 
4.49 1.04 4.2 2.5 ------?? -------------------------------i 

O'r--------------------------------l------ 32 68 96 95 
- - - - - - - - - - - - || 45 . || 26 . ------ !?? ---------????????? --------- ? ? ? M0 

In each formula the percentages of alloying in 
gredients are given, as is usual, by weight, and in 
each the remainder of the composition is iron, 
except for small quantities of the usual in 
purities. 

In practicing my method it is advantageous 
that the "hard', initially cast, metal should be 
One of those ferrous compositions, or alloys, 
Which do not tend rapidly to thicken. When poured 
into the mold. The propriety of utilizing an 
initial metal, which tends to retain fluidity will 
be clear in view of the manner in which I per 
form the inoculation step; adding the inoculant 
metal slowly, and avoiding bodily displacement 
of any Substantial portion of the initial metal. If 
the initial metal be of a sort which tends rapidly 
to thicken, inoculant may in substantial quantity 
be nonetheless added. The proportion of inoc 
ulant which may homogeneously be distributed 
through the body of metal initially in the mold 
is, however, limited by the decreased time avail 
able for the inoculation due to obstruction to its 
Spreading presented by the thickening of the 
metal initially in the mold. 

Usually it is desirable that the softer inoculant 
metal be of such composition that it develops to 
a great extent a graphitizing tendency, so that it 
may Serve adequately to Soften and strengthen, 
the initially hard metal which it inoculates. A 
generally advantageous formula for the inoculant . 
metal may be given as follows: 

Formatic No. 1 
Per cent 

Carbon------------------------.3.25 --?? to 3.76 
Silicon--------------------------- 1.00 to 2.00 
Manganese ----------------------- .50 to i.00 
The remainder iron and Small quantities of the 

usual impurities. 
A formula for producing a graphitizing effect of 

the inoculant more extreme than produced by the 
inoculation formula first noted above, may be 

Formula No. 2 
Per cent 

Carbon---------------------------------- 4.00 
Silicon ---------------------------------- 2.10. 
Manganese------------------------------ 1:00 
The remainder iron and small quantities of the 

usual impurities. 

In connection with the duration of the period 
of quiet inoculation, given above as from about 
4 to about 20 minutes, I prefer to employ as much 
time in inoculation as the teeming temperature 
and composition of the metals will permit. Thus, 
if the initially cast metal be teemed at high tem 
perature, and be of a composition capable of 
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4. 
ducing at the bottom of the mold an inoculant 
metal softer than that first introduced into the 
mold, while permitting the level of the total metal 
to rise in the mold. 

5. In making composite cast-iron rolls having 
a hardened body surface of one composition and 
a body interior and necks of a different composi-. 
tion the steps of pouring into a mold contoured 
for the casting of rolls metal to be included in 
the hardened body surface of the roll to a level 
above the body cavity in the mold, forming a 
solidified shell on the body region of the initially 
poured metal in the body cavity of the mold, 
and then while retaining in the mold substan 
tially the total initially poured metal mixing a 
molten different metal with all the still-liquid 
portion of the total initially poured metal stand 
ing in the mold. 

6. In making composite cast-iron rolls having 
a hardened body surface and a body interior 
and necks of a softer and stronger composition 
than that included in the hardened body surface 
of the roll, the steps of pouring into a mold con 
toured for the casting of rolls metal to be in 
cluded in the hardened body surface of the roll 
to a level above the body cavity in the mold, 
forming a solidified shell on the body portion 
of the initially poured metal in the body cavity 
of the mold, then while retaining in the mold 
substantially the total initially poured metal 
mixing a molten strength-increasing and soften 
ing metal with the still-liquid portion of the total 
initially poured metal standing in the mold. 

FRED C. T. DANIELS. 
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