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ABSTRACT OF THE DISCLOSURE 
A method of growing from the melt extended filaments 

of c-alumina and other inorganic materials. The method 
involves producing a liquid column of the melt material 
by capillary action, introducing a seed crystal into a se 
lected region of the column in which the thermal distri 
bution is conducive to crystal growth propagating axially 
in the column, and withdrawing the seed crystal at a 
speed corresponding to the rate of crystal growth. Several 
filaments may be grown simultaneously. 

This application is a continuation-in-part of my prior 
copending application Ser. No. 582,420, filed Sept. 27, 
1966, for “Growth of Sapphire Filaments.” 
This invention is related to the invention disclosed and 

claimed in the following co-pending applications of Abra 
ham I. Mlavsky and Harold E. La Belle, Jr.: Ser. No. 
621,731, filed Feb. 14, 1967, for "Method and Apparatus 
for Growing Inorganic Filaments”; and Ser. No. 666,304, 
filed Sept. 8, 1967, for "Method and Apparatus for Grow 
ing Inorganic Filaments, Ribbon From the Melt.” 

This invention relates to growth from the melt of ex 
tended filaments of inorganic refractory materials. 

It is recognized that a number of well known materials 
exhibit a marked improvement in certain of their me 
chanical properties, notably a great increase in tensile 
strength, when produced in the form of Small single 
crystal fibers (also called “whiskers"). It is further recog 
nized that strong composite structural materials can be 
made by inclusion of such fibers in selected metal or 
plastic matrices. Depending upon the composition of the 
reinforcing fibers and the matrix in which the fibers are 
dispersed, such composite materials have utility in the 
fabrication of a variety of structural members, e.g., parts 
for vehicles, motors, electrical devices, etc. Among the 
materials that offer substantial potential with respect to 
reinforcing metal matrices to provide high temperature 
structural components are beryllium, boron, and refrac 
tory oxides such as BeO, MgO, ZrO3, and ot-Al2O3. How 
ever, in the form of small crystal fibers their utility is 
limited-they are difficult to handle and the task of dis 
persing them more or less uniformly in a matrix material 
is formidable and time consuming at the present state of 
the art. 

In my copending application Ser. No. 582,420, I have 
disclosed a method by which alumina and other high 
melting point inorganic materials can be grown from the 
melt as indefinitely long filaments with favorable me 
chanical properties. While such filaments do not have quite 
the tensile strength of small whiskers, they offer the ad 
vantage of being easier to handle because of their larger 
diameters and indefinite lengths. Furthermore production 
of extended filaments offers the promise of lower manu 
facturing costs. 
The present invention constitutes an improvement over 

the methods disclosed in my copending application Ser. 
No. 582,420 but utilizes the same concept of growing fila 
ments from a melt under conditions conducive to growth 
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propagated vertically in the melt. My earlier method 
utilizes a radiation shield that floats on the surface of the 
melt and has an orifice through which a seed crystal is 
inserted into and withdrawn from the melt. The seed 
crystal is held in the melt just long enough for crystal 
growth to occur thereon and is withdrawn at a rate not 
exceeding the rate of crystal growth in an axial direction 
So that successive accretions of grown crystal form an 
eXtended filament of indefinite length. 
My prior method operates well but suffers from several 

limitations. The radiation shield must float evenly on the 
melt's surface. Occasionally, however, it will tilt in the 
crucible and will not right itself, in which case the angle 
between the orifice axis and the axis along which the seed 
is being withdrawn may be so large as to cause an inter 
ruption in the growth process. A further problem is that 
the radiation shield drops down in the crucible as the 
melt is depleted. If the height of the crucible is relatively 
large so that there exists a substantial temperature gra 
dient from top to bottom, the temperature at the orifice 
will tend to change as the radiation shield drops lower. 
Accordingly periodic adjustment of the heating rate may 
be necessary to perpetuate in the immediate vicinity of 
the orifice the thermal conditions conducive to crystal 
growth propagated vertically. An alternative approach 
is to limit the vertical temperature gradient by using a 
relatively shallow crucible. However this latter approach 
is objectionable because it limits the crucible's capacity. 
The general object of this invention is to provide an 

improved method and apparatus by which selected high 
melting point inorganic crystalline materials can be grown 
as indefinitely long filaments having improved mechanical 
properties. 
A further object of the invention is to provide an im 

proved method and apparatus for growing one or more 
extended filaments of selected high melting point ma 
terials from the melt by a growth process which appears 
to be dendritic, i.e., below the surface and in a super 
cooled region of the melt. 
A more specific object is to provide a method and ap 

paratus whereby filaments of materials such as sapphire 
(alpha alumina), beryllium oxide, chromium oxide and 
magnesium oxide can be grown from the melt at relatively 
high rates. 
The foregoing and other objects are attained by provid 

ing a melt of a selected high melting point material that 
melts congruently (i.e., a material whose composition re 
mains the same as it is converted from the solid to the 
liquid state and vice versa), producing a liquid column 
of said material from said melt by capillary action, con 
trolling the heating of the melt so as to establish at a 
selected zone in said column a thermal distribution that 
is conducive to crystal growth propagated vertically, in 
troducing a seed crystal into the said zone for a period 
sufficient for vertical growth to be initiated, and then 
withdrawing the seed at a rate not exceeding the rate at 
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which the vertical crystal growth occurs in said column. 
The column is established within a passageway defined 
by mechanical means disposed in the crucible and means 
including a radiation shield are provided for maintaining 
the necessary thermal distribution in the melt without in 
terfering with withdrawing of the seed and the extended 
filament grown thereon. Several filaments may be grown 
simultaneously by establishing a plurality of liquid col 
umns and using a plurality of seed crystals. 

Other objects and many of the attendant advantages 
of the present invention are believed to be apparent from 
the following detailed description which is to be con 
sidered together with the accompanying drawings, where 

FIG. 1 is an elevational section view, partly in sche 
matic form, of one form of furnace employed in growing 
















