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United States Patent Office 3,233,294 
Patented Feb. 8, 1966 

3,233,294 
METHO) AND APPARACUS F9R CASTING 
WERICALLY STACKED WAGNETBODES 

Arthur Carpousis, Irvington, Robert L. Conroy, Murray 
Hii, and oila J. Jesmont, Spotswood, N.J., assignors 
to U.S. Magnet & Alloy Corporation, Bloomfield, 
N.J., a corporatio of Delaware 

Filed Feb. 7, 1962, Ser. No. 171,624 
17 Claims. (C. 22-212) 

The present invention relates to permanent magnets, 
and more particularly to a method and mold assembly 
for casting a plurality of magnet bodies having an im 
proved unidirectional grain structure resulting in increased 
magnetically anisotropic properties. 

It has long been recognized that the magnetic proper 
ties of Alnico V alloys containing about 8 percent by 
weight aluminum, 14 percent by weightnickel, 24 percent 
by weight, cobalt, 3 percent by Weight copper and the re 
mainder principally iron, can be so cast as to impart a 
highly directionally oriented grain structure by extracting 
the heat of the metal from one or both ends of the mold 
cavity by direct contact of the metal with a chill mem 
ber at one or both ends. After subsequent heat-treatment 
of the cast bodies in a magnetic field coinciding with the 
longitudinal axis of grain growth, anisotropic magnets of 
relatively high maximum external magnetic energy prod 
uct (BHmax) are produced. 

it is the aim of the present invention to provide a meth 
od for casting a plurality of vertically stacked magnet 
bodies having a substantially entirely unidirectionally 
oriented columnar grain structure for production of per 
manent magnets having greatly enhanced anisotropic char 
acteristics with high energy content, remanence and co 
ercive force in the direction of columnar grain growth. 
Another aim is to provide a relatively economical and 

easily fabricated mold assembly for casting a plurality of 
vertically stacked magnet bodies having greatly improved 
columnar grain structure. 
A further aim is to provide a method and mold assem 

bly to produce substantially entirely unidirectionally ori 
ented, vertically stacked magnet bodies which will have 
vertically differentiated and improved columnar grain 
structure and resulting enhanced magnetically anisotropic 
properties upon subsequent heat-treatment in a magnetic 
field. 

Other airns 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 -stacked mold assembly 
embodying the present invention; 
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FIG. 2 is a plan view of a mold tier of the mold as 

sembly in FIG. 1; 
FIG. 3a is a representation of the grain structure of 

the magnet bodies produced by the lowermost mold tier; 
FIG. 3b is a representation of the grainstructure of the 

magnet bodies produced by the intermediate mold tier; 
FIG. 3c is a representation of the grainstructure of the 

magnet bodies produced by the uppermost mold-tier; 
FIG. 4 is a plot of the effect of the ratio of mold vol 

ume/gate volume against percentage of columnar crystal 
lization; and 

FIG. 5 is a graph showing demagnetization curves of 
typical Alnico V magnets produced commercially accord 
ing to the present invention and of directionally grained 
magnets commercially produced according to the practice 
heretofore utilized. 

It has now been found that the foregoing and related 
objects can be attained by a method using a mold as 
sembly of a plurality of tiers of heated refractory molds 
each having a plurality of closely spaced apart mold cham 
bers seated upon a chill member with the mold cham 
bers of the lowermost tier extending upwardly from the 
chill member and the mold chambers of the several tiers 
being interconnected by centrally disposed, vertical gate 
passages of lesser cross-section than the cross-section of 
the mold chamber. The mold assembly should also pro 
vide a reservoir of molten metal above the uppermost 
mold chambers to ensure a steep thermal gradient during 
chilling of the metal in the mold chambers and to pro 
vide a reservoir of heat. The superheat and heat of 
solidification of the metal is extracted by the chill mem 
ber through the metal in the cavities of the lowermost 
mold tier and the metal in the gate passages acts as a 
conduit for heat extraction from the metal of the upper 
tiers. Since the grains in the cast bodies have been 
found to decrease in frequency and size as the distance of 
the mold tier from the chill member increases, it is con 
sidered that the column of metal in the upper tiers de 
fined by the cross-section of the vertical gate passages 
chills more quickly than the remaining metal in the mold 
chambers and thereby acts as a directionally crystallized 
core and chilling reservoir for the remainder of the 
metal to enhance the formation of directionalized colum 
nar grains in the magnet bodies of the upper tiers. 
By the present invention is has been found that the uni 

directional columnar grain growth of various anisotropic 
permanent magnet alloys can be enhanced throughout 
the various tiers of the mold assembly. Under commer 
cial operating conditions, Alnico V magnets frequently 
have been produced with a BHma of 8.0 to 8.3X106 
gauss-oersteds. Under more closely controlled condi 
tions, Alnico V magnets having an energy product of as 

TABLE ONE 
Energy products of vertically-stacked magnets 

Ho Br BHinax 
Dimension Tier Gausses. Oersteds Gauss 

Oersteds 

Lower 13,000 800 6.75x100 
0.725" DiameterX0:470" Length.....------------Middle 13,380 831, 7.64X106 

Upper 13,400 839 7.85X106 
Lower 13,100 790 6.8X106 

0.79 Diameterx0.560 Length.------------------ Middle 13, 200: 800 7.2X106 
Upper 13,330 839 7.9X108 
Lower 13,850 760 7: OX106 

0.870 Diameterx0.650. Length.----------------- Middle 13,900 762 7.2x106 
Upper 14,070 784 7.7x108 
Lower 13, 200 '782 7.X106 

0.950"Diameterx0.575" Length.--------------- Middle 13,500 795 7.6X08 
Upper 13,686 80 8.2X08 
Lower 13, 200 750 7.2X106 

1.i.0"Diameterx0.670 Length.-----------------. Middle 13,350 770 7.4x106 
Upper 13,500 780 7.9X106 
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high as 8.5 x 106 gauss-oersteds have been produced. 
Macroscopic examination has shown as few as 4 to 10 
columnar crystals in the magnet bodies produced in the 
upper tier of the mold assembly. 

Significantly, within the operating ranges set forth here 
in, the process has proven highly effective even when sub 
jected to the variables of commercial foundry operation. 
Indicative of this efficacy is the data set forth in Table 
One above wherein magnet bodies of Alnico Valloy were 
cast in commercial foundry operation. 
For a more specific understanding of the apparatus 

and method, reference is made to FIGS. 1 and 2 of the 
attached drawings wherein a mold assembly embodying 
the present invention is illustrated. Assembled on top 
of the metal chill plate 2 are three refractory mold tiers 
4, 6 and 8, each of which has a plurality of closely spaced 
apart mold chambers 10a, 10b and 10c, respectively, 
which extend upwardly from the lower face of the mold 
and terminate inwardly of the upper face. Extending 
from the upper ends of the mold chambers 10a, 10b 
and 10c to the upper face of the mold are centrally 
disposed vertical gate passages 12a, 12b and 12c, respec 
tively, which thus provide a continuous vertical passage 
or column through the several tiers. In assembling the 
tiers, the gate passages 2a, 2b and 12c and thereby 
the mold chambers, are vertically aligned, and a high 
temperature adhesive (not shown) is placed about the 
periphery of the mold junctures to secure them in proper 
alignment. To distribute metal into the mold cavities, 
a riser 14 having an enclosed chamber 15 or reservoir and 
a funnel 6, both fabricated from refractory material, 
are placed on top of the several mold tiers and secured 
in place by high temperature adhesive (not shown). 

Initially, the assembly of refractory molds, riser and 
funnel is preheated to a temperature of about 1200 to 
2700° F. and preferably 1800 to 2700° F. and then is 
placed upon the chill member 2 after which the super 
heated magnet alloy is introduced into the funnel 16 to 
fill up the mold chambers 10, the gates 12 and extend up 
into and preferably fill the reservoir 15 of the riser 14, 
as illustrated in the attached drawing, to provide a 
reservoir of superheated metal above the uppermost mold 
chambers 10c. 
The molten magnet alloy in the lowermost mold 

chambers 10a is quickly chilled by the extraction of heat 
through the chill member 2 and the solidification process 
continues up through the gate passages 12a. Since a 
steep temperature gradient is effected between the chill 
plate 2 and the superheated molten alloy, the metal in 
the central portion 18 of the mold chamber 10b defined 
by the cross-section of the gate 12a and indicated by the 
dotted lines in FIG. 1 rapidly chills to form a columnar 
grain structure directionalized in the direction of heat 
flow. The chilled metal in the central portion of the 
mold chambers 10b then extracts the heat from the 
surrounding metal in the mold chambers and produces a 
columnar grain structure similarly oriented but of even 
larger size because of the lower rate of solidification in 
this chamber. Similarly, the process of chilling proceeds 
upwardly through the gate passages 2b into the central 
portion of the mold chambers 10c to effect chilling of 
the alloy therein. The reservoir of molten metal in the 
riser 14 maintains the steep thermal gradient in the column 
18 of alloy defined by the cross-section of the gate 
passages 12 to ensure the continued extraction of heat 
by the chill member 2 at the bottom thereof which in 
turn produces the desired directional grain growth. 

It will also be noted that the molten alloy initially flow 
ing through the upper mold tiers heats the refractory 
material thereof to minimize further the tendency for 
transverse heat loss therein. - 
The molds, riser and funnel are fabricated of refractory 

material which will maintain its strength and dimension 
ing at the preheating temperatures of 1200 to 2700 F. 
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4. 
In practice, metallic oxides such as aluminum oxide, 
forsterite, Zircon and mullite have proven advantageous 
when bonded by alkali metal silicates. Other bonding 
agents which have been used in mold production are 
Oxychlorides, phosphates, organic silicates and netallo 
organic compounds. 
. The chill member may be a metal plate fabricated 
from a high temperature resistance and corrosion resistant 
alloy and may utilize a collant medium such as water, 
liquid metal or gasses, to aid in heat dissipation if so 
desired. 
Upon cooling of the molds, they may be disassembled 

by striking them with a mallet and solidified metal will 
fracture readily in the area of vertical gate portions due 
to the brittleness thereof. 
As best seen in FIGS. 3a, b and c, representing the 

grain structure of magnet bodies of an Alnico V alloy 
obtained commercially by a three-tier mold assembly, 
the grain structure is entirely unidirectional in the (100) 
plane and the number of grains decreases with attendant 
increase in the size of the grains as the distance from the 
chill member increases. 
The demagnetization curves of three tiers of magnets 

commercially produced according to the present invention 
from Alnico V alloy are shown in FIG. 5 in comparison 
with the demagnetization curve (X) of Alnico V-DG 
magnets commercially produced according to prior art 
processes. The curves A, B and C represent the magnets 
obtained from the lowermost, middle and uppermost 
tiers, respectively. It can be seen that the magnetic prop 
erties of the uppermost tier (C) are most greatly en 
hanced. 
The relationship of the mold chamber to the gate 

passage is extremely important to proper functioning of 
the present invention. Initially, the cross-sectional area 
of the mold chamber must be 1.75 to 64 times that of 
the cross-sectional area of the gate passage, and pref 
erably 9 to 16 times, in order to provide the necessary 
capacity for heat extraction commensurate with a. high 
degree of effective columnarization of the metal in the 
mold chamber area surrounding the vertical column 
defined by the cross-section of the gate passage. 

Similarly, the relationship of the volume of the mold 
chamber to the volume of the gate passage is significant 
as shown in FIG. 4 of the attached drawings wherein 
the degree of columinarization rapidly falls as the volume 
ratio is increased above 35:1. Accordingly, the mold 
chamber volume should be not greater than about 40 
times that of the gate passage in order to effect optimum 
thermal extraction from the metal in the upper mold 
tiers, and the molds are preferably dimensioned to pro 
vide a mold chamber/gate passage volume ratio of 10 
to 35:1 for optimum efficacy and economy in utilization 
of the mold material commensurate with Sufficient 
strength. 

Similarly, the effective height of the magnet column 
must not be so great as to exceed the capacity for the 
chill plate of the assembly to extract the heat of solidifi 
cation of the molten alloy prior to the onset of significant 
heat loss transversely of the molds and interference with 
the growth of the unidirectional columnar crystals of in 
creasing size. Thus, an effective upper limit for the mag 
net column height is 10 times that of the maximum 
transverse dimension of the mold chamber. The opti 
mum relationship will vary somewhat with the conditions 
of operation but is preferably in the range of 1 to 6:1. 
As pointed out in the copending application of Robert 

L. Conroy, John J. Jesmont and Samuel Weimersheimer, 
Method and Apparatus for Casting Magnet Bodies, Serial 
No. 171,664, filed February 7, 1962, the thermal factors 
of the molten alloy and the mold must be very closely 
controlled to ensure that the chill member at the bottom 
of the mold assembly will extract substantially all of the 
Superheat and latent heat necessary to chill the molten 
alloy. In this application, it is pointed out that the cross 
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Sectional area of the mold chambers must be greater than 
about one-third that of the mold pattern area, and further 
that the mold (and riser and funnel) should be pre 
heated to a temperature of about 1200 to 2700 F. and 
preferably 1800 to 2700 F. Also, the molten magnet 
alloy should be superheated at least about 200 F. above 
the liquidus point so as to provide a steep thermal gradient 
in the molds relative to the chill member by providing a 
large reservoir of heat in the upper portion of the mold 
during heat extraction and also by minimizing the effect 
of heat loss transversely of the mold through the side re 
fractory material. 
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 
reinforcement area of the mold pattern which extends 
about the outer margins of the mold pattern, i.e., the 
outer peripheral portion. 
The term "steep thermal gradient' as used herein refers 

to a large difference between the temperatures of the 
solidifying metal and the molten metal spaced upwardly 
therefrom. 
By proper selection of the metal temperature, mold 

temperature, and mold dimensions as hereinbefore set 
forth, it has been found that a number of anisotropic 
magnet alloys can be cast into bodies having a totally or 
highly unidirectionally oriented columnar grain structure 
with resulting enhanced magnetic properties. Thus, the 
invention has been found not only highly effective with 
Alnico V alloys containing 6 to 11 percent by weight 
aluminum, 16 to 30 percent cobalt, 12 to 20 percent 
nickel, up to 7 percent copper, and the remainder prin 
cipally iron, but also with the Alnico VI B alloys addi 
tionally containing up to 2 percent titanium. 
The term "magnet alloy' as used herein refers to fer 

rous alloys capable of developing a high degree of ani 
sotropy during heat-treatment in a magnetic field coin 
ciding with the axis of columnarization and particularly 
to ferrous base alloys containing aluminum, nickel, cobait 
and iron known as Ainico V and V alloys. 
The term “superheated” as used herein refers to mag 

net alloys which are heated to temperatures at least 
200 F. above the liquidus temperature but below the 
temperature at which twin grain formation occurs, which 
temperature 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 
combination with preheated refractory molds and process 
of the present invention. 
For example, the superheated temperature range effec 

tive in the present invention for casting Alnico V alloy 
is 2880 to 3450°F. and preferably 3200 to 3450° F., and 
that for casting Alnico VI alloys is 2950 to 3500 F. and 
preferably 3200 to 3500 F. 

In practice, it has been found that high metal and mold 
temperatures produce the optimum results. Generally 
speaking, the thermal gradient or difference in tempera 
tures between the metal and the mold is found to affect 
optimum performance in that a lesser gradient tends to 
improve the resultant magnetic properties. In accordance 
with the preferred aspect of the invention, the molds are 
preferably preheated to temperatures of 1800 to 2700°F., 
and the metal is preferably heated to a temperature above 
3200 F. but below the point at which twin grain forma 
tion takes place. 
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6 
As specific examples of alloys which have proven par 

ticularly advantageous in the practice of the present in 
vention are the following: 

ALNICO W 

Element Preferred Specific Com 
Range position, 
Percent Percont 

Aluminum-------------------------------- 8.0-8.8 8.3 
Nickei------. ---- 13. 0-14.0 13.3 
Cobalt- --- 23.5-25.0 24.5 
Copper------- - - - - 1.5-3.5 2.9 

Columbium ---- 0.15-0.5 0.2 
Titanium--------------------------------- 0.5-0.5 0.3 

Remainder principally iron with minor impuritics. 

AiNICO W 

Preferred Specific Con 
Element Range, position, 

Percent Percent 

Aluminum-------------------------------- 8.0-8.5 S. 5 
Nickel------- -- 14-7.5.5 15.5 
Cobalt. 23.5-25.0 24.3 
Copper--------- - 2.5-3.5. 3.0 
Coluiniuin.---- - - - 0.5-1.5 (.8 

Titanium--------------------------------- ... 0.5-1.5. 1.1 

Remainder principally iron with minor impurities, 

Illustrative of the efficacy of the present invention are 
the following specific examples wherein superheated mag 
Jiet ailoy was cast in stacked refractory molds according 
to the present invention. 

EXAMPLE ONE 

Moids having a plurality of moid chambers as illus 
trated in FIGS. 1 and 2 were prepared from aluminum 
Cxide using sodium silicate as a binder. The mold cham 
bers were 0.870 inch in diameter and 0.650 inch in height 
and the gate passages were 0.208 inch in diameter and 
0.375 inch in height, providing a volume ratio of about 
31.2:1. The mold chambers were closely spaced apart 
to provide an area ratio of nioid chamber cross-section to 
mold pattern area of about 1:2.5. 
Three molds were then assembled with the gate pas 

Sages in vertical alignment and bonded together with a 
high temperature adhesive (Liquagrip, a product of White 
head Brothers, New York, New York). A refractory 
riser and pouring funnel were then placed thereon and 
secured in place by high temperature adhesive. 

This refractory assembly was initially preheated to a 
temperature of about 2000 F. and then placed on top 
of a steel chill plate 1 inch in thickness. 
The magnet alloy containing 8.14 percent by weight 

aluminum, 24.25 percent by weight cobalt, 13.5 percent 
by weight nickel, 2.9 percent by weight copper, 0.15 per 
cent by weight titanium, 0.45 percent by weight colum 
bium and the remainder principally iron (Alnico V (with 
silicon and carbon impurities of about 0.13 percent) was 
superheated to a temperature of about 3400 F. and 
poured into the preheated mold assembly to fill the riser. 
The superheat and heat of solidification were extracted 
through the chill plate. After the metal had solidified 
and the molds had cooled sufficiently, the components 
were disassembled and the magnet bodies removed. Up 
on fracturing, the magnets from the several tiers were 
found to be unidirectional in grain orientation and the 
grains were found to increase in size from the lowermost 
to the upper mold tier. 
The castings were then normalized at about 1700 F. 

for one-half hour and cooled in a magnetic field par 
allel to the axis of grain orientation for about fifteen min 
utes. 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. 
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The magnets thus produced were determined to have 
the following magnetic properties: 

Bimax 
Tier B. Gausses. He Oersteds Gauss 

Oersteds 

Lower---------------------------- 13,400 85 6. SX106 
Middle--- 13,500 825 7.1X06 
Upper---------------------------- 13,600 840 7.8X106 

EXAMPLE TWO 

A mold assembly similar to that in Example One was 
prepared except that it utilized only two tiers of molds. 

5 

10 

8 
An alloy containing 8.3 percent by weight aluminum, 

13.3 percent by weight nickel, 24.5 percent by weight 
cobalt, 3.0 percent by weight copper, 0.2 percent by 
weight columbium, 0.3 percent by weight titanium, and 
the remainder principally iron (with about 0.12 percent 
by weight carbon and silicon impurities) was preheated 
and introduced into the mold assemblies in an amount 
sufficient to fill the riser. In the instances of the first and 
third groups of mold assemblies, the temperature of the 
metal was 3450 F., and the temperature of the metal 
introduced into the second group of assemblies was 
3400 F. 

After chilling, the castings were heat-treated similarly 
to those in Example One. The magnetic properties of the 

The mold assembly was similarly preheated to a tem- lb several groups of magnets were as follows: 
perature of about 2000 F., placed upon a steel chill plate 
and the alloy of Example One which was similarly super- Mold Metal BH 
heated to about 3400 F. was introduced thereinto in an Magnets TAS. fail B. Gausses H, Oersteds is 
amount sufficient to fill the riser. o F. o F. Oersteds 
Upon cooling, the magnet bodies were heat-treated 20 

imilarly to those i a e neti Group I: simil y those in Example One, and the magnetic Lower ------ 1,800 3, 450 13, 200 760 6.75X106 
properties were determined as follows: Middle----- 1,800 3,450 13,300 810 7.2X108 

Upper------ 1,800 3, 450 13, 500 840 7.6X106 
Group II: 

BHimax Lower.------ 2,200 3,400 13,250 780 6.9X105 
Tier B. Gausses E. Oersteds Gauss- 25 Middle------| 2,200 3,400 13,500 790 7.3X06 

Oersteds Upper------ 2, 200 3,400 13, 550 820 7.8x108 
Group III: 

Lower.----- 2,400 3, 450 13,400 790 6.9X103 
Tower---------------------------- 13, 250 760 6.8x108 Middle------ 2,400 3, 450 13,400 780 7.5X100 
Upper---------------------------- 13,390 800 7.1X106 Upper------ 2,400 3,450 13,680 840 8.3X106 

30 EXAMPLE THREE We claim: 

A three-tier mold assembly was similarly prepared to 
that in Example One. The mold chambers had a diam 
eter of 0.85 inch and a length of 5.0 inches to provide an 
L/D ratio of 6:1. The gate passages had a diameter of 
0.50 inch and a length of 0.50 inch to provide a volume 
ratio of 33:1. The ratio of the cross-sectional area of the 
mold chambers to that of the mold pattern area was ap 
proximately 1:2. The refractory mold assembly was pre 
heated to a temperature of 2000 F. and placed upon a 
metal chill plate. 
An alloy containing 8.3 percent by weight aluminum, 

13.5 percent by weight nickel, 24.3 percent by weight co 
balt, 2.8 percent by weight copper, 0.2 percent by weight 
columbium, 0.3 percent by weight titanium, and the re 
mainder principally iron (with about 0.12 percent by 
weight carbon and silicon impurities) was preheated to a 
temperature of 3100 F. and introduced into the mold 
assembly in an amount sufficient to fill the riser. 
Upon cooling, the magnet bodies were removed and 

heat-treated similarly to those in Example One. The re 
sultant magnets were found to have the following mag 
netic properties: 

BErnax 
Tier B. Gausses Fe Oersteds Gauss 

Oersteds 

13, 500 800 7.3X100 
13,490 830 7.5X106 

Upper---- 13,480 844 7.7x108 

EXAMPLE FOUR 

To indicate the effect of lesser thermal gradient be 
tween the temperature of the metal and of the mold, three 
groups of mold assemblies similar to FIG. 1 were pre 
pared for casting plugs having a diameter of 0.87 inch 
and a length of 0.650 inch. Each of the mold assemblies 
employed three tiers of molds, and the gate passages had 
a diameter of 0.50 inch and a length of 0.375 inch. The 
ratio of the cross-sectional area of the mold chambers to 
that of the mold pattern area was about 2.5:1. 
One group of mold assemblies was preheated to a tem 

perature of 1800 F., the second group to 2200 F., and 
the third group to 2400 F. 
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1. A process for casting a plurality of stacked metallic 
bodies having directionally oriented columnar grain struc 
ture comprising: providing an assembly having a chill 
member, a plurality of tiers of refractory molds vertically 
disposed thereon and a riser member upon the uppermost 
of said tiers, said tiers each having a plurality of closely 
spaced apart mold chambers, the mold chambers of adja 
cent tiers each being interconnected by centrally disposed 
vertical gate passages of lesser cross-sectional area than 
the mold chambers and the mold chambers of the tier 
adjacent said chill member extending upwardly there 
from, said riser member providing a reservoir chamber 
Substantially closed to atmospheric heat loss communicat 
ing with and disposed above the mold chambers of the 
uppermost of said mold tiers, said mold tiers each having 
a mold pattern portion defined by the periphery of the 
outermost mold chambers and a reinforcing portion ex 
tending thereabout with a ratio of mold chamber cross 
Sectional area to the area of said mold pattern portion of 
greater than about, 1:3, preheating said tiers of molds 
and riser member to a temperature of about 1200-2700 
F.; introducing Superheated anisotropic ferrous magnet 
alloy into said mold chambers and said reservoir chamber 
in an amount sufficient to fill said mold chambers and 
provide a reservoir of superheated alloy above said mold 
chambers, said alloy having been superheated to a tem 
perature of at least 200 above the liquidius point but 
below the point at which twin grain formation occurs, 
Said mold and alloy temperatures being selected to pro 
vide 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 solidification to occur through ex 
traction of the heat from the molten metal in said mold 
chambers through said chill member; and allowing said 
metal to cool by extraction of heat through said chill 
member to form magnet bodies having a unidirectionally 
oriented columnar grain structure. 

2. The process in accordance with claim wherein 
said ferrous magnet alloy contains essentially 6-11 per 
cent by weight aluminum, 12-20 percent by weight nickel, 
16–30 percent by weight cobalt, up to 7 percent by weight 
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copper and the remainder principally iron, and wherein 
said alloy is at a temperature of about 2880-3450F. 

3. The process in accordance with claim 2 wherein said 
ferrous magnet alloy contains 1-2 percent by Weight 
titanium. 

4. The process in accordance with claim wherein the 
cross-sectional area of said mold chambers is 1.75-64 
times that of the cross section of said gate passages. 

5. The process in accordance with claim wherein the 
upper end of the mold chamber in the uppermost of said 
mold tiers is spaced from said chill member a distance 
not greater than 10 times the maximum transverse dimen 
sion of the mold chamber. 

6. A process for casting a plurality of stacked metallic 
bodies having directionally oriented columnar grain 
structure comprising: providing an assembly having a 
plurality of tiers of refractory molds and a riser member 
on the uppermost of said tiers, said tiers each having a 
plurality of closely spaced apart moid chambers with the 
mold chambers of the lowermost tier extending upwardly 
from the lower surface thereof and the mold chambers 
of adjacent tiers each being interconnected by vertically 
aligned, centrally disposed vertical gate passages, said 
mold chambers having a cross-sectional area 1.75-64 
times that of the gate passages and a volume not greater 
than about 40 times that of said gate passages, said riser 
member providing a reservoir chamber substantially 
closed to atmospheric heat loss communicating with and 
disposed above the mold chambers of the uppermost of 
said mold tiers, said mold tiers each having a mold pat 
tern portion defined by the periphery of the outermost 
mold chambers and a reinforcing portion extending there 
about with a ratio of mold chamber cross-sectional area 
to the area of said mold pattern portion of greater than 
about 1:3; preheating said mold assembly to a tempera 
ture of about 1200-2700 F.; placing said preheated mold 
assembly upon a chill member with said mold chambers 
vertically oriented, the mold chambers of the lowermost 
tier opening directly thereon; introducing Superheated 
anisotropic ferrous magnet alloy into said mold assembly 
in an amount sufficient to fill said mold chambers and said 
reservoir chamber and provide a reservoir of superheated 
alloy above the alloy in said mold chambers, said alloy 
having been superheated to a temperature of at least 
200 F. above the liquidus point but below the point at 
which twin grain formation occurs, said mold and alloy 
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 therefron, said reservoir 
of superheated alloy in said reservoir chamber providing 
a reservoir of heat for the alloy in said mold chambers to 
avoid premature chilling thereof and to enable solidifi 
cation to occur by extraction of the heat from the molten 
alloy in said mold chambers through said chill member; 
and allowing said metal to cool by extraction of heat 
through said chill member to form magnet bodies having 
a unidirectionally oriented grain structure. 

7. The process in accordance with claim 6 wherein 
said ferrous magnet alloy contains essentially 6-11 per 
cent by weight aluminum, 12-20 percent by weight nickel, 
16-30 percent by weight cobalt, up to 7 percent by weight 
copper, and the remainder principally iron, and wherein 
said alloy is at a temperature of about 2880-3450 F. 

8. The process in accordance with claim 6 wherein said 
ferrous magnet alloy contains essentially 6-11 percent by 
weight aluminum, 12-20 percent by weight nickel, 16-30 
percent by weight cobalt, up to 7 percent by weight 
copper, 1-2 percent by Weight titainium, and the remainder 
principally iron, and wherein said alloy is at a temperature 
of about 2900-3500 F. 

9. A process for casting a plurality of stacked metallic 
bodies having directionally oriented columnar grain struc 
ture comprising providing an assembly having a plurality 
of tiers of refractory molds and a Superimposed riser 
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member, said tiers each having a plurality of closely 
spaced apart mold chambers extending upwardly from 
the lower surface of the mold tiers but terminating in 
wardly of the upper surface of said mold tiers and ver 
tically aligned centrally disposed vertical gate passages 
extending from the upper end of said mold chambers to 
the upper surface of said mold tiers, said mold chambers 
having a cross-sectional area 1.75 to 64 times that of 
the gate passages and a volume not greater than about 
40 times that of said gate passages, said riser men 
ber providing a reservoir chamber substantially closed 
to atmospheric heat loss and disposed above and com 
municating with the mold chambers of the uppermost 
mold tier, said reservoir chamber distributing molten 
magnet alloy to the mold chambers of the several tiers, 
the upper end of the mold chambers in the uppermost tier 
being spaced from said chill member a distance not greater 
than 10 times the maximum transverse dimension of the 
mold chambers, said mold tiers each having a mold pat 
tern portion defined by the periphery of the outermost 
mold chambers and a reinforcing portion extending there 
about with the cross-sectional area of said mold cham 
bers being not less than /3 that of the cross-sectional area 
of the mold material in the mold pattern area; preheating 
said assembly to a temperature of about 1200 to 2700 F.; 
placing said preheated assembly upon a chill member 
with the mold chambers vertically oriented, the mold 
chambers of the lowermost moid opening directly thereon; 
introducing superheated anisotropic ferrous magnet alloy 
into said riser member for distribution into the mold 
chambers of the several tiers, said superheated magnet 
alloy being sufficient to provide a reservoir of superheated 
alloy in said riser member above said mold chambers, 
Said alloy having been superheated to a temperature of 
at least 200 F. above the liquidus point but below the 
point at which twin grain formation occurs, said mold 
and alloy temperatures being selected to provide a steep 
thermal gradient during extraction of the superheat and 
heat of solidification of the alloy in said moid chambers 
while minimizing transverse heat loss therefrom, said res 
ervoir of Superheated alloy in said reservoir chamber 
providing a reservoir of heat for the alloy in said mold 
chambers to avoid premature chilling thereof and to en 
able solidification to occur through extraction of the heat 
from the molten alloy in said mold chambers through 
Said chill member; and allowing said metal to cool by 
eXtraction of heat through said chill member to form 
magnetic bodies having a unidirectionally oriented co 
liminar grain structure. 

8. The process in accordance with claim 9 wherein 
Said superheated ferrous magnet alloy contains essentially 
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 copper, and the remainder principally iron and 
winerein said alloy is at a temperature of 2880 to 3450 F. 

11. The process in accordance with claim 9 wherein 
Said Superheated ferrous magnet alloy additionally con 
tains. 15 to .50 percent by weight titanium, and .15 to .50 
percent by weight columbium. 

i2. The process in accordance with claim 1é) wherein 
Said alloy contains 1 to 2 percent titanium. 

3. A mold assembly for casting stacked magnet bodies 
having unidirectional grain structure comprising a chill 
Inenber; a plurality of tiers of refractory molds disposed 
Vertically thereon, said tiers each having a plurality of 
closely spaced apart mold chambers with the mold cham 

ers of the lowermost tier extending upwardly from the 
chill member and the mold chambers of adjacent tiers 
each being interconnected by centrally disposed vertical 
gate passages, said vertical mold chambers having a 
cross-sectional area about 1.75 to 64 times that of the 
CrOSS-Sectional area of the gate passages and a volume not 
greater than about 40 times that of the gate passages, said 
mold tiers each having a mold pattern portion defined 
by the periphery of the outermost mold chambers and 
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a reinforcing portion extending thereabout with a ratio 
of mold chamber cross-sectional area to the area of said 
mold pattern portion of greater than about 1:3; and a 
riser member upon the uppermost of said tiers providing 
a reservoir chamber substantially closed to atmospheric 
heat loss communicating with and disposed above the 
mold chambers of the uppermost of said mold tiers. 

14. A mold assembly for casting stacked magnet bodies 
having unidirectional grair structure comprising a chill 
member; a plurality of tiers of refractory molds disposed 
Vertically thereon, said molds each having a plurality of 
closely spaced apart mold chambers extending upwardly 
from the lower surface of the mold tier but terminating 
inWardly of the upper surface of the mold tier and cen 
trally disposed vertical gate passages extending upwardly 
therefrom to the upper face of the mold tier to inter 
connect the mold chambers of adjacent tiers, said vertical 
chambers having a cross-sectional area about 1.75 to 64 
times that of the cross-sectional area of the gate passages 
and a Volume not greater than about 40 times that of the 
mold chambers, said mold tiers each having a mold pat 
tern portion defined by the periphery of the outermost 
mold chambers and a reinforcing portion extending 
thereabout with said mold chambers having a cross-sec 
tional area not less than about 1/3 the cross-sectional area 
of the mold material in the pattern area; and a riser mem 
ber upon the uppermost of said tiers providing a res 
ervoir chamber substantially closed to atmospheric heat 
loss communicating with and disposed above the mold 
chambers of the uppermost of said mold tiers. 

5. A mold assembly for casting stacked magnet bodies 
having unidirectional grain structure comprising a chill 
member; a plurality of tiers of refractory molds disposed 
vertically thereon adapted to be preheated to temperatures 
of about 1200 to 2700 F., said molds each having a plu 
Itality of closely spaced apart mold chambers with the 
nold chambers of the lowermost tier extending upwardly 
from the chill member and the mold chambers of ad 
jacent tiers each being interconnected by centrally dis 
posed vertical gate passages, said mold tiers each having 
a mold pattern portion defined by the periphery of the 
outermost mold chambers and a reinforcing portion ex 
tending thereabout with said vertical chambers having a 
cross-sectional area about 1.75 to 64 times that of the 
Cross-sectional area of the gate passages and a volume not 
greater than about 40 times that of the mold chambers, 
the ratio of mold chamber cross-sectional area to the 
area of Said mold pattern portion being greater than 
about 1:3; and a superposed riser member having a res 
ervoir chamber therein substantially closed to atmospheric 
heat loss communicating with and disposed above the 
mold chambers of the upper moid tier for distribution of 
molten metal to the mold chambers of the several mold 
tiers. 
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6. A mold assembly for casting stacked magnet bodies 

having unidirectional grain structure comprising a chill 
member; a plurality of tiers of refractory molds disposed 
vertically thereon adapted to be preheated to temperatures 
of about 1200 to 2700 F., said molds each having a 
plurality of closely spaced apart mold chambers extend 
ing upwardly from the lower surface of the mold tier 
but terminating inwardly of the upper surface of the 
mold tier and aligned, centrally disposed vertical gate 
passages extending upwardly therefrom to the upper Sur 
face of the mold tier to interconnect the mold chambers 
of adjacent tiers, said mold tiers each having a mold 
pattern portion defined by the periphery of the outer 
most mold chambers and a reinforcing portion extending 
thereabout, said vertical mold chambers having a cross 
sectional area about 1.75 to 64 times that of the cross 
sectional area of the gate passages and a volume not 
greater than about 40 times that of the mold chambers, 
Said mold chambers having a cross-sectional area not less 
than about /3 the cross-sectional area of the mold pattern 
area, the upper end of the mold chambers in the upper 
most mold tier being spaced from said chill member a 
distance not greater than ten times the maximum trans 
Verse dimension of the mold chambers; and a superposed 
riser member having a reservoir chamber therein sub 
stantially closed to atmospheric heat loss for distribution 
of molten metal to and disposed above the mold chambers 
of the several mold tiers, the vertical gate passages of the 
uppermost mold tier opening into said reservoir chamber. 

7. The assembly in accordance with claim 6 wherein 
Said molds and riser member are fabricated of metallic 
Oxide refractory material bonded by alkali metal silicate. 
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