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United States Patent Office 3,233,295 
Patented Feb. 8, 1966 

3,233,295 
METH6D FOR CASTING MAGNET BODES 

Robert L. Conroy, Murray Hill, John J. Jesmont, Spots 
wood, and Sanuel Weimersheimer, Rockaway, N.J., 
assigriors to U.S. Magnet & Alloy Corporation, Bloom 
field, N.J., a corporation of Delaware 

Fied Feb. 7, 1962, Ser. No. 171,664 
8 Clains. (C. 22-212) 

The present invention relates to permanent magnets, 
and more particularly to a new and improved process for 
casting magnet bodies of improved unidirectionally 
oriented columnar grain structure and greatly increased 
magnetic properties from magnetically anisotropic alloys 
such as Alnico V and Alnico VI. 

It has long been recognized that the magnetically 
anisotropic properties of Alnico V alloys can be greatly 
improved by achieving long, substantially unidirectional 
grain growth within the castings, the resultant magnets 
being known as Alnico V-DG. By so doing, the subse 
quent heat-treatment of the cast bodies in a magnetic 
field coinciding with the axis of the grain structure results 
in magnetic properties of relatively high strength. Al 
though Alnico VI alloys exhibit anisotropic properties, 
heretofore it has not been considered possible to achieve 
unidirectional grain growth. 

It is the aim of the present invention to provide a new 
and improved process for casting permanent magnet 
bodies of magnetically anisotropic alloys and achieving a 
high degree of grain orientation and larger grain structure 
than heretofore possible to obtain greatly enhanced mag 
netically anisotropic properties. 
Another aim is to provide a new and improved process 

for achieving directional columnarization in castings hav 
ing a larger ratio of effective length to maximum trans 
verse dimension (L/D ratio) than heretofore considered 
possible. 

Still another aim is to provide a process for achieving 
directional grain columnarization in castings having 
shapes deviating from rectangular bars and cylindrical 
rods. 
A specific aim is to provide a new and improved process 

for casting permanent magnets of Alnico V alloys to ob 
tain unidirectionally oriented columnar grain growth and 
greatly enhanced magnetically anisotropic properties. 

Another specific aim is to provide a method for casting 
Alnico VI B alloys to obtain substantially unidirection 
ally oriented columnar grain growth and greatly enhanced 
magnetically anisotropic properties. 

Other aims and advantages of our invention will be 
readily apparent from the following detailed description 
and claims and by reference to the attached drawings 
wherein: 

FIG. 1 is a vertical section of a mold assembly con 
structed in accordance with the present invention for 
producing cylindrical magnet bodies; 

FIG. 2 is a fragmentary plan view of the mold of 
FIG. 1; 
FIG. 3 is a vertical section of an alternative embodi 

ment of a mold assembly for producing horseshoe mag 
nets; 
FIG. 4 is a vertical section of another embodiment of 

mold assembly for producing multipole magnets; 
F.G. 5 illustrates the macrostructure of a transverse 

section of an Alnico V magnet body cast in accordance 
with the present invention in molds similar to that illus 
trated in FIGS. 1 and 2; 
FIG. 6 is a similar illustration of the macrostructure 

of a transverse section of an Alnico VI B magnet body; 
FIG. 7 illustrates the macrostructure of a horseshoe 

magnet cast from Alnico V alloy in the mold assembly of 
FIG. 3 in accordance with the present invention; 
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FIG. 8 illustrates the macrostructure of a multipole 

magnet cast from Alnico V alloy in the mold assembly 
of FIG. 4; 

FIG. 9 shows the demagnetization curves of Alnico V 
magnets cast according to the present invention and that 
of the highest grade commercially available directionally 
grained Alnico V magnets prior to the present invention; 
FIG. 10 shows demagnetization curve of directionally 

grained Alnico VIB magnets cast according to the present 
invention and that of conventional Alnico VI B magnets; 
and 

FIG. 11 is a plot of the ratio of mold pattern area to 
metal area (mold chamber cross-sectional area) against 
depth of columnarization. 

It has now been found that the foregoing and related 
objects can be attained by preheating a refractory mold 
assembly providing a reservoir above the mold chambers 
defining the magnet bodies to a temperature of 1200 to 
2700 F., and then introducing anisotropic magnet alloy 
Superheated to a temperature at least 200° F. above the 
liquidus point but below the point at which twin grain 
formation occurs into the mold assembly in an amount 
sufficient to fill said mold chambers and provide a body 
of Superheated alloy in the reservoir. The mold and 
metal temperatures are coordinated to provide a steep 
thermal gradient so that the superheat and heat of solidifi 
cation of the alloy in the mold chambers are extracted 
Substantially entirely from a chill member at the bottom 
of the mold assembly to obtain a unidirectionally oriented 
columnar grain structure. 
As will be pointed out in detail hereinafter, the various 

conditions of temperatures of metal and of size and Spac 
ing of the mold chambers must be closely controlled to 
achieve the desired extraction of the superheat and the 
heat of solidification through the chill member at the 
bottom of the mold assembly with minimization of trans 
verse heat loss. Generally, the mold assembly is pre 
heated to temperature of 1200 to 2700°F. and preferably 
1800 to 2700 F., and the metal is Superheated at least 
200 F. above the liquidus point and preferably 400° 
thereabove. 

By the present invention, it has been possible not only 
to greatly enhance the magnetic anisotropy of Alnico V 
alloys but also to permit directional orientation of Alnico 
VIB alloys which heretofore has not been considered 
possible. 
The relationship of the mold cavities or chambers to the 

mold pattern area, which is the area in which the pattern 
of mold chambers is located and exclusive of the rein 
forcement therearound, is quite critical to achieving the 
desired result. Basically, the mold material should be 
kept to a minimum commensurate with maintaining 
proper dimensioning and strength at the elevated tempera 
tures. Accordingly, molds produced from refractory ma 
terial bonded by alkali metal silicate or other high tem 
perature refractory binders are utilized, which molds will 
maintain strength and dimensioning at the temperature of 
the preheat. 
The terminology "cross-sectional area of the mold 

chambers' as used herein refers to the area of the hori 
Zontal cross-section taken through the mold chamber cavity 
and to the sum of Such cross-sectional areas in any given 
mold. 
The terminology "cross-sectional area of the mold 

pattern portion” as used herein refers to the area of the 
cross-section of that portion of the mold having its mar 
gins defined by the outermost portions of the outermost 
mold cavities in any given mold and including the area of 
the mold cavities therewithin, but not including the rein 
forcement area of the mold pattern which extends about 
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the outer margins of the mold pattern, i.e., the outer 
peripheral portion. 
As shown in FIG. 11, the ratio of the mold pattern area 

to mold chamber cross-sectional area should be less than 
about 3:1 in order to obtain columnarization substantially 
throughout the height of the magnet. To minimize the 
transverse heat loss still further, the reinforcement area 
of the mold surrounding the mold pattern area should 
also be minimized with about /2 to 1 inch being satisfac 
tory dependent upon the overal size of the mold. At a 
ratio of greater than 3:1, the depth of columnarization 
rapidly falls off as shown in FIG. 11. 
The thermal gradient relationship of the superheated 

metal and of the preheated molds is critical in that the 
chilling of the metal in the mold chambers must take 
place substantially entirely through the chill member to 
produce the directional columnarization, and the super 
heated metal in the reservoir above the mold chambers 
must ensure a steep thermal gradient throughout the mold 
chamber while avoiding substantial transverse heat loss 
during the chilling. Accordingly, the ratio of the effec 
tive length to the maximum transverse dimension of the 
mold chambers is also a significant factor for ensuring 
the necessary steep thermal gradient without appreciable 
transverse heat loss during chilling of the metal through 
out the effective length of the mold chamber. However, 
by the present invention, it has been found that unidirec 
tionally oriented magnets can be produced at an effective 
length to diameter (or maximum transverse dimension) 
ratio of up to 10:1, although the preferred ratio is less 
than about 6:1. 
The term “steep thermal gradient' as used herein refers 

to a large difference between the temperatures of the solid 
ifying metal and the molten metal spaced upwardly there 
from. 

It has been found that the several factors are correlated 
in the following formula within the method of the present 
invention: 

W= or<(k1--k2) (MB) (MM) 
wherein 

W=ratio of effective length of the mold chamber to maxi 
murn transverse dimension (L/D). 

k=2.1 for cylinders and plates, 1.9 for bars and rectangles 
K-0.75 
MB = superheat-ch-l.) and D200°F. 

Ms-(4-t.) 
C=Specific heat=0.18 (B.t.u./lb. F.) 
A=Latent heat of fusions: 120 (B.t.u./lb. F.) 
t=Temperature of the superheated magnet alloy 
is=Liquidus temperature of the magnet alloy 
t=Temperature of preheat for the molds and 1200 to 

2700° F. 

Since the thermal factors correlated by the above equa 
tion establish minimum conditions for substantially com 
plete columnarization, the L/D ratio can be less than 
the factor resultant from the right hand portion of the 
equation. 
As will be readily apparent to those skilled in the art, 

the liquidus temperature will vary with the composition 
of the magnet alloys. By proper relationship of the 
thermal factors, the present invention has been found 
not only highly effective with Anico V alloys contain 
ing 6 to 11 percent by weight aluminum, 16 to 30 percent 
by weight cobalt, 12 to 20 percent by weight nickel, up 
to 7 percent by weight copper and the remainder prin 
cipally iron, but also with Alnico VI B alloys additionally 
Containing up to 2 percent by weight titanium. General 
ly, the liquidus temperature of Alinico V alloys is about 
2680 F. and that of Alnico VI Baoys is about 2700° F. 
in practicing the present invention, Alnico V alloys 
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4. 
3450 F. and preferably 3200 to 3450° F. Alnico Vi B 
alloys should be superheated to temperatures of 2900 to 
3500 F. and preferably 3200 to 3500 F. The maxi 
murn temperature of the superheat is determined by the 
point at which twin grain formation will occur in the 
alloy. 
The term "magnet alloy' as used herein refers to ferrous 

alloys capable of developing a high degree of anisotropy 
during heat-treatment in a magnetic field coinciding with 
the axis of columnarization and particularly to ferrous 
base alloys containing aluminum, nickel, cobalt and iron 
known as Anico V and Valloys. 
The term "superheated” as used herein refers to magnet 

alloys which are heated to temperatures at least 200 F. 
above the liquidus temperature but below the tempera 
ture at which twin grain formation occurs, which tem 
perature is Sufficient to permit the extraction of the heat 
of the molten metal substantially entirely by the chill 
member to enable the columnar grain growth in com 
bination with preheated refractory molds and process of 
the present invention. 

For a more specific understanding of the present in 
Vention, reference is made to FIGS. 1-4 of the attached 
drawings wherein mold assemblies for practicing the 
present invention are illustrated. Referring first to FGS. 
1 and 2, a typical mold assembly for casting cylindrical 
magnets is illustrated. Assembled on top of a metal chill 
plate 2 is a refractory mold 4 having a plurality of 
closely Spaced mold chambers 6 extending upwardly 
from the chill member 2 and terminating inwardly of 
the upper face of the mold. Extending upwardly from 
the upper end of the mold chambers 6 to the upper face 
of the mold are gate passages 8 of lesser cross section than 
the mold chamber 6. To distribute metal into the mold 
chambers 6, a riser 16 having an enclosed chamber or 
reservoir 2 and a funnel 4, both fabricated from re 
fractory material, are placed on top of the mold 6 and 
Secured in place by a high-temperature adhesive (not 
shown). 

Initially, the assembly of mold 6, riser 10 and funnel 
14 are preheated to a temperature of about 1200 to 
2700 F., and preferably 1800 to 2700° F., and then the 
assembly is placed upon the chill member 2. The super 
heated metal is then introduced into the funnel 4 to fill 
up the mold chambers 6, the gates 8 and to extend up 
into and preferably fill the reservoir or chamber 12 to 
produce a reservoir of Superheated metal above the mold 
chambers. 
The molten metal in the mold chambers 6 is rapidly 

chilled by extraction of heat through the chill member 2 
until a columnar grain structure is produced throughout 
the height of the mold chamber since the body of molten 
metal in the gate passages 8 and reservoir 12 maintains 
a steep thermal gradient during chilling of the metal 
Within the mold chambers 6 and provides a reservoir of 
heat for the assembly to prevent premature chilling of 
the metal at the upper end of the mold chamber through 
transverse heat loss. After chilling and cooling, the mold 
assembly is readily disassembled by striking with a majlet 
and the solidified metal will fracture readily in the gate 
passages 8 due to the brittleness of the alloy and thus 
Separate the desired cylindrical castings. 

indicative of the highly undirectionally grained struc 
tures produced by the present invention in cylindrical or 
bar magnets are FIGS. 5 and 6 which show, respectively, 
the grain structure of transverse sections of Alnico V and 
Alnico VI B magnets produced in the mold of FIGS 1-2. 
The grains are columnar and oriented in the (100) direc 
tion which can then be heat-treated in a magnetic field 
parallel thereto with resultant greatly enhanced magnetic 
anisotropy. 

Referring now to FIGS. 3 and 7, the present invention 
enables the casting of irregularly shaped magnets such 
as the illustrated horseshoe shapes which evidence co 

should be Superheated to a temperature of 2880 to 75 umnar grain structure throughout Substantially the entire 



3,233,295 
5 

body as shown in FIG. 7. More particularly, the mold 
20 has a plurality of horseshoe-shaped mold cavities 22 
having the legs thereof extending upwardly from the steel 
chill plate 24. The cavities 22 terminate inwardly of 
the upper face of the mold, but gate passages 26 extend 
from the center of the bridge portion of the cavity to 
the upper surface of the mold. The riser 28 provides 
a reservoir chamber 39 by which molten alloy introduced 
into the funnel 32 is distributed into the gate passages 
26 and thereby into the moid cavities 22. As shown, the 
molten alioy is introduced in an amount sufficient to 
provide a body of the superheated alloy above the mold 
chambers. 
The mold assembly illustrated in FIG. 4 is utilized 

for producing multipole magnets which similarly exhibit 
columnar grain structure not only throughout the legs 
of the magnet but also through the bridge portions, as 
illustrated in FIG. 8. It has been found that the colum 
narized grains in the leg portions which cirectly communi 
cate with the chill plate produce parallel columnarization 
of the metal in the bridge portions. As shown, the mold 
assembly in FIG. 4 similarly has a mold 40 with a plural 
ity of E-shaped mold cavities 42 having their leg portions 
extending upwardly from the chill plate 44. Gate pas 
sages 46 extend upwardly from the center of the mold 
cavities 42 and communicate with the reservoir chamber 
48 of the riser 50 to distribute metal thereinto. 
The molds, riser and funnel are fabricated of refractory 

material which will maintain its strength and dimensioning 
at the preheating temperatures of 1200 to 2700 F. In 
practice, metallic oxides such as aluminum oxide, forster 
ite, zircon and mullite have proven advantageous when 
bonded by alkali metal silicates. Other bonding agents 
which have been used in mold production are oxychlo 
rides, phosphates, organic silicates and metallo-organic 
compounds. 
The chill member may be a metal plate fabricated from 

a high temperature resistance and corrosion resistant alloy 
and may utilize a coolant medium such as water, liquid 
metal or gasses, to aid in heat dissipation if so desired. 
As specific examples of alloys which have proven par 

ticularly advantageous in the practice of the present inven 
tion are the following: 

ALNCO W 

Preferred Specific Com 
Element Range. Percent position, 

by Weight IPercent by 
Weight 

Aluminum ---------------------------- 8,0-S. 8 S. 3 
Nickel------- 3. 0-140 13.3 
Cobalt--- 23.5-25.0 24.5 
Copper. --- 1.5-3.5 2.9 
Colinbium 0.5-0.5 3.2 
Titainium-. 0.5-0.5 G.3 

NOTE-Remainder principally iron With minor impurities. 

ALNICO WI 

Preferred Specific Com 
Element Range, Percent position, 

by Weight Percent by 
Weight 

Aluminum. -- 8.0-8.5 8.5 
Nickel- 4.7-5.5 5.5 
Cobalt 23.5-25. O 24.0 
{Copper 2.5-3.5 3.0 
Columbium 0.5-1.5 0.8 
Titanium----------------------------- 0. 5-5 i. 

NoTE-Renainder principally iron with minor injurities. 

Indicative of the efficacy of the present invention are 
the following specific examples wherein columnar grain 
structure and greatly enhanced magnetic properties were 
obtained in Alnico V and Alnico VI B alloys: 
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Example one 

An assembly of a refractory mold, riser and pouring 
funnel was prepared and preheated to a temperature of 
2000 F. The refractory mold assembly was similar to 
that illustrated in F.G. 1 of the attached drawing. The 
mold chambers were 0.759 inch in diameter and 0.522 
inch in length, and the ratio of mold chamber cross-sec 
tional area to total mold pattern area was about 1:2. The 
preheated mold assembly was placed upon a metal chill 
plate 1 inch in thickness. 
An alloy containing 8.3 percent by weight aluminum, 

13.3 percent by weight nickel, 24.5 percent by weight 
cobalt, 2.9 percent by weight copper, 0.2 percent by weight 
titanium, 0.3 percent by weight columbium and the re 
mainder principally iron (with carbon and silicon impuri 
ties of less than 0.12 percent by weight) was superheated 
to a temperature of about 3350 F. and poured into the 
mold assembly to fill substantially the entire reservoir 
chamber provided by the riser. Upon inspection of a 
transverse section of the chilled castings, they were found 
to be unidirectionally grained and to have only ten 
columnar grains. 
The castings were then normalized at about 1700 F. 

for one-half hour and cooled in a magnetic field parallel 
to the axis of grain orientation for about fifteen minutes. 
The magnet bodies were then subjected to coercive aging 
at a temperature of about 1100 F. for about two hours 
and at about 1025 F. for twenty hours. 
The magnets had a residual flux density (B) of 13,400 

gausses, a coercive force (H) of 810 oersteds and a maxi 
mum energy product (BH) of V 8.1 x 106 gauss 
Oersteds. 

Example two 

A mold assembly similar to that in Example one was 
prepared having mold chambers 2 inches in diameter and 2 
inches in length and using a mold chamber to mold pattern 
area ratio of about 2:1. The refractory mold assembly 
was initially preheated to a temperature of about 2000 F. 
An alloy containing 8.5 percent by weight aluminum, 

13.0 percent by weight nickel, 23.8 percent by weight 
cobalt, 2.6 percent by weight copper, 0.3 percent by weight 
titanium, 0.2 percent by weight columbium and the re 
mainder principally iron was superheated to a temperature 
of about 3450 F. and poured into the mold assembly in 
an amount sufficient to fill the reservoir chamber in the 
riser. Upon inspection of a transverse section, the castings 
were found to be unididectionally grained and to have 
only about forty columnar grains. 
The castings were then heat-treated similarly to those 

in Example one. The magnets had a residual flux density 
(Br) of 13,200 gausses, a coercive force (H) of 810 
Oersteds, and a maximum energy product (BH) of 
7.6X 106 gauss-oersteds. 

Example three 

A mold assembly similar to that in Example One was 
prepared having mold chambers 2 inch in diameter and 2 
inches in length and utilizing a mold pattern area to mold 
chamber cross-sectional area ratio of slightly less than 
3:1, and was preheated to a temperature of 2200 F. 
An alloy containing 8.5 percent by weight aluminum, 

15.5 percent by weight nickel, 24.3 percent by weight 
cobalt, 3.0 percent by weight copper, 1.1 percent by 
weight titanium, 0.8 percent by weight columbium and the 
remainder principally iron was superheated to a tempera 
ture of about 3400 F. and poured into the refractory 
mold assembly in an amount sufficient to fill the reservoir 
chamber of the riser. Upon inspection of a transverse sec 
tion, the castings were found to be substantially unidirec 
tionally grained and to have only ninety grains at the 
chill face diminishing to sixty grains at the opposite face. 
The castings were then normalized at about 1670 F. 

for about one-half hour and cooled in a magnet field 
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parallel to the axis of grain orientation for about ten 
minutes. The magnet bodies were then subjected to 
coercive aging at a temperature of about 1225 F. for 
two hours and at about 1030 F. for twenty-four hours 
followed by cooling to room temperature. 
The magnets thus produced were found to have a 

residual flux density (B) of 10,600 gausses, a coercive 
force (H) of 930 oersteds and a maximum energy prod 
uct (BH) of 5.2 x 106 gauss-oersteds. 

Example four 
A refractory mold assembly similar to that of Example 

One was prepared having mold chambers 0.875 inch in 
diameter and 3 inches in length and utilizing a mold pat 
tern area to mold chamber cross-sectional area ratio of 
about 2:1. The refractory mold assembly was preheated 
to a temperature of about 1950 F. 
An alloy containing 8.60 percent by weight aluminum, 

15.25 percent by weight nickel, 23.5 percent by weight 
cobalt, 2.9 percent by weight copper, 1.3 percent by weight 
titanium, 0.9 percent by weight columbium and the re 
mainder principally iron (with impurities consisting main 
ly of silicon and carbon constituting less than 0.12 per 
cent by weight) was superheated to a temperature of 
about 3500 F. and poured into the mold assembly in an 
amount sufficient to fill the reservoir chamber of the Iiser. 
Upon an inspection of a transverse section, the castings 
were found to be substantially unidirectionally grained 
and to have only eighty grains at the chill face dimension 
ing to forty grains at the opposite face. 
The castings were then treated similarly to those in 

Example Three. The resultant magnets had a residual 
flux density (B) of 10,300 gausses, a coercive force (H) 
of 950 oersteds and a maximum energy product (BHa) 
of 5.6X 106 gauss-oersteds. 

Example five 
A mold assembly similar to that in Example One was 

prepared having mold chambers 0.50 inch in diameter and 
4.0 inches in length and utilizing a mold pattern area to 
mold chamber cross-sectional area ratio of 2:1, and was 
preheated to a temperature of about 2150 F. 
An alloy containing 8.2 percent by weight aluminum, 

13.2 percent by weight nickel, 24.4 percent by weight 
cobalt, 2.9 percent by weight copper, 0.3 percent by weight 
titanium, 0.3 percent by weight columbium and the re 
mainder principally iron was superheated to a temperature 
of about 3300 F. and poured into the refractory mold 
assembly in an amount Sufficient to fill the reservoir cham 
ber of the riser. Upon inspection of a transverse section, 
the castings were found to be substantially unidirectional 
ly grained. 
The castings were then heat-treated similarly to those 

in Example One. The magnets had a residual flux density 
(B) of 13,500 gausses, a coercive force (H) of 870 
Oersteds and a maximum energy product (BHa) of 
7.9X106 gauss-oersteds. 

Example six 
A mold assembly similar to that in Example One was 

prepared having mold chambers 1.0 inch in diameter and 
0.75 inch in length and utilizing a mold pattern area to 
mold chamber cross-sectional area ratio of 1.8:1 and was 
preheated to a temperature of about 1400 F. 
An alloy containing 8.3 percent by weight aluminum, 

13.2 percent by weight nickel, 24.5 percent by weight 
cobalt, 2.9 percent by weight copper, 0.3 percent by weight 
titanium, 0.3 percent by weight columbium and the re 
mainder principally iron was superheated to a tempera 
ture of about 3300 F. and poured into the refractory 
mold assembly in an amount sufficient to fill the reservoir 
chamber of the riser. Upon inspection of a transverse sec 
tion, the castings were found to be substantially unidirec 
iionally grained. 
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The castings were then heat-treated similarly to those 

in Example One. The magnets had a residual flux den 
sity (B) of 13,400 gausses, a coercive force (H) of 760 
Oersteds and a maximum energy product (BHmax) of 
6.9X106 gauss-oersteds. 
As will be evident from the foregoing detailed specifica 

tion and claims, the present invention enables the casting 
of magnets having a highly directionaily oriented col 
umnar grain structure even in irregular and multipole 
shapes and even when using alloys other than Alnico 
V-DG. 
We claim: 
f. The method of casting unidirectional grained mag 

net bodies of an anisotropic ferrous magnet alloy coin 
prising: providing a chill member and a refractory mold 
disposed thereon having a mold portion with a plurality 
of mold chambers therein extending vertically upwardly 
from said chill member and a portion providing a sub 
stantially closed reservoir chamber spanning the area 
above and communicating through restricted openings in 
the upper ends of said mold chambers with said mold 
chambers, said mold portion having a mold pattern por 
tion defined by the periphery of the outermost mold 
chambers and a reinforcing portion extending thereabout 
with a ratio of mold chamber cross-sectional area to the 
area of mold pattern portion of greater than about 1:3 
preheating the assembled mold and reservoir to a tem 
perature of about 1200 to 2700 F.; pouring thru said 
reservoir into said mold assembly anisotropic ferrous 
magnet alloy superheated to a temperature at least 200 
F. above the liquidus point but below the point at which 
twin grain formation cccurs in an amount sufficient to 
fill said mold chambers and provide a reservoir of super 
heated alloy above said mold chambers substantially 
closed to atmospheric heat losses, said mold and metal 
temperatures being selected to provide a steep thermal 
gradient during extraction of the Superheat and heat of 
Solidification of the alloy in said mold chambers while 
minimizing transverse heat loss therefrom, said reservoir 
of Superheated alloy in said reservoir chamber providing 
a reservoir of heat for the metal in said mold cavities to 
avoid premature chilling thereof and to enable solidifica 
tion to occur through extraction of the heat from the 
molten metal in said mold chambers through said chill 
member; and allowing said alloy to solidify in said mold 
chambers with the heat thereof being substantially entire 
ly extracted from the bottom of said chambers by said 
chill member to produce a substantially unidirectionally 
grained structure. 

2. The method in accordance with claim wherein 
said anisotropic ferrous magnet alloy contains 6.0 to 
11.0 percent by weight aluminum, 12.0 to 20.0 percent by 
weight nickel, 16.0 to 30.0 percent by weight cobalt, up 
to 7.0 percent by Weight copper and the remainder prin 
cipally iron, and wherein said alloy is superheated to a 
temperature of 2880 to 3450° F. 

3. The method in accordance with claim wherein 
said anisotropic ferrous magnet alloy contains 6.0 to 11.0 
percent by weight aluminum, 12.0 to 20.0 percent by 
weight nickel, 16.0 to 30.0 percent by weight cobalt, up 
to 7.0 percent by weight copper, 1.0 to 2.0 percent by 
weight titanium, and the remainder principally iron, and 
wherein said alloy is superheated to a temperature of 
3300 to 35OO. F. 

4. The method of casting unidirectionally grained mag 
net bodies of an anisotropic ferrous magnet alloy com 
prising: providing an assembly comprising a chill mem 
ber, a refractory mold thereon having a plurality of mold 
chambers therein extending vertically upwardly from said 
chill member and a superposed riser member for distrib 
uting metal into Said mold chambers and providing a sub 
stantially closed reservoir spanning the area above and 
communicating with said mold chambers thru restricted 
openings in the upper ends of said mold chambers, said 
mold having a mold pattern area defined by the periph 
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ery of the outermost mold cavities and a reinforcing por 
tion extending thereabout with a ratio of mold cavity 
cross-sectional area to total mold pattern area of greater 
than about 1:3, preheating the assembled mold and reser 
voir to a temperature of about 1200 to 2700 F.; intro 
ducing into said riser member anisotropic ferrous magnet 
alloy superheated to a temperature at least 200 F. above 
the liquidus point but below the point at which twin 
grain formation occurs and in an amount sufficient to fill 
said mold chambers and provide a reservoir of super 
heated alloy in said riser member above said mold cham 
bers substantially closed to atmospheric heat losses, said 
mold and metal temperatures being selected to provide 
a steep thermal gradient during extraction of the Super 
heat and heat of solidification of the alloy in said mold 
chambers while minimizing transverse heat loss there 
from, said reservoir of Superheated metal providing a 
reservoir of heat for the metal in said mold cavities to 
avoid premature chilling thereof and to enable solidifica 
tion to occur through extraction of the heat from the 
molten metal in said mold chambers through said chill 
member; and allowing said alloy to solidify in said mold 
chambers with the heat thereof being substantially en 
tirely extracted from the bottom of said chambers by 
said chill member to produce a unidirectionally grained 
Structure. 

5. The method in accordance with claim 4 wherein 
said anisotropic ferrous magnet alloy contains 6.0 to 11.0 
percent by weight aluminum, 12.0 to 20.0 percent by 
weight nickel, 16.0 to 30.0 percent by weight cobalt, up 
to 7.0 percent by weight copper and the remainder prin 
cipally iron and wherein said alloy is superheated to a 
temperature of 2880 to 3450 F. 

6. The method of casting unidirectionally grained mag 
net bodies of an anisotropic ferrous magnet alloy com 
prising: providing a chill member and a refractory mold 
assembly thereon having a mold portion disposed thereon 
with a plurality of mold chambers therein extending verti 
cally upwardly from said chill member and a portion 
providing a substantially closed reservoir spanning the 
area above and communicating with said mold chambers, 
said mold portion having a mold pattern area defined by 
the periphery of the outermost mold cavities and a rein 
forcing portion extending thereabout with a ratio of mold 
chamber cross-sectional area to total mold pattern area 
of greater than about 1:3, preheating the assembled mold 
and reservoir to a temperature of about 1200 to 2700 
F.; pouring thru said reservoir and into said reservoir 
and mold assembly anisotropic ferrous magnet alloy 
superheated to a temperature at least 200 F. above the 
liquidus point but below the point at which twin grain 
formation occurs and in an amount sufficient to fill said 
mold chambers and provide a reservoir of Superheated 
metal above said mold chambers Substantially closed to 
atmospheric heat losses, said reservoir of Superheated 
metal providing a reservoir of heat for the metal in said 
mold cavities to avoid premature chilling thereof and to 
enable solidification to occur through extraction of the 
heat from the molten metal in said mold chambers 
through said chill member said mold and metal tempera 
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tures being selected to ensure a unidirectional grain pro 
ducing gradient according to the following formula: 

W= or <(k1--k2) (MB) (MM) 
wherein 

W-ratio of effective length of the mold chamber to 
maximum transverse dimension (L/D) 

k=2.1 for cylinders and plates, 1.9 for bars and rec 
tangles 

k=0.75 

MB = Superheat = (t-t') and D200 F. 

Mir-ct, -t.) 
C=Specific heat=0.18 (B.t.u./lb. F.) 
Al-Latent heat of fusion=120 (B.t.u./lb. F.) 
t=Temperature of the Superheated magnet alloy 
ts=Liquidus temperature of the magnet alloy 
t-Temperature of preheat for the molds and 1200 to 
2700 F. 

and allowing said alloy to solidify in said mold chambers 
with the heat thereof being substantially entirely extracted 
from the bottom of said chambers by said chill member 
to produce a substantially unidirectionally grained struc 
ture. 

7. The method in accordance with claim 6 wherein 
said anisotropic ferrous magnet alloy contains 6.0 to 11.0 
percent by weight aluminum, 12.0 to 20.0 percent by 
weight nickel, 16.0 to 30.0 percent by weight cobalt, up 
to 7.0 percent by weight copper and the remainder prin 
cipally iron and wherein said alloy is superheated to a 
temperature of 3200 to 3450 F. 

8. The method in accordance with claim 6 wherein 
said anisotropic ferrous magnet alloy contains 6.0 to 11.0 
percent by weight aluminum, 12.0 to 20.0 percent by 
weight nickel, 16.0 to 30.0 percent by weight cobalt, up 
to 7.0 percent by weight copper, 1.0 to 2.0 percent by 
weight titanium and the remainder principally iron, and 
wherein said alloy is superheated to a temperature of 
3200 to 3500 F. 
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