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This invention relates to monocrystalline nickel titanate 
and to methods of making the same. 

Nickel titanate powder material has been prepared by 
various methods but prior to this invention large single 
crystals cf nickel titanate have not been prepared. 
An object of this invention, therefore, is to provide 

monocrystalline nickel titanate as a new article of manu 
facture. Another object is to provide a method for pro 
ducing monocrystalline nickel titanate. These and other 
objects will become apparent from the following more 
complete description of the invention. 

Broadly this invention contemplates monocrystalline 
nickel titanate formed by crystallizing fused nickel titanate 
particles. 

This invention also contemplates a method for the prep 
aration of monocrystalline nickel titanate by fusing 
powdered nickel titanate in an oxyhydrogen flame, and 
crystallizing the molten material to form a monocrystalline 
mass of nickel titanate in the form of a boule. 
This invention also contemplates a method for anneal 

ing the so-formed nickel titanate boule, which comprises 
heating said boule at temperature from about 650 C. to 
about 1500° C. to relieve the strains in the single crystal. 
The term nickel titanate is intended to embrace both 

pure NiTiO3 and NiiO3 which contains impurities or 
added coloring or modifying agents, either present or 
added, which are of a nature and in amount so as to not 
adversely affect the monocrystalline structure nor alter the 
desired physical characteristics of the nickel titanate ma 
terial produced. In most cases the impurities are held 
to a minimum and ordinarily will not exceed a few tenths 
of a percent, and modifying or coloring agents are added 
in the amount necessary to produce the desired effect, 

It has been found that the temperature of the flame 
should be maintained somewhat above the melting point of 
the nickel titanate feed material, but should not exceed a 
temperature where the molten material tends to flow over 
the edges of the pool at the top of the boule. The flame 
temperature may be maintained by adjusting the quantity 
and rates of flow of both the hydrogen and oxygen gases, 
but it is important that the flame be kept as constant and 
quiet as possible. The temperature range should be held 
between about 1620 C. and 1680 C. 
The preferred apparatus used in the instant invention is 

similar in its general construction to that shown in appli 
cation Serial No. 335,343 filed February 5, 1953, by Leon 
Merker, said application being assigned to the same as 
signee as the instant invention. 

In the apparatus shown in the drawing, the burner com 
prises three substantially concentric tubes 10, 22, and 4. 
The powdered nickel titanate is introduced through the 
center tube 10 with a portion of the oxygen, and the re 
Imainder of the oxygen is introduced through the outer 
tube 14. The hydrogen is introduced through the inter 
mediate tube 12. Tube 14, if desired, may be slightly 
longer than the tubes 50 and 12. The boule 6 is formed 
on a pedestal 18 of suitable refractory material, such as 
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firebrick or zirconia and, as the boule grows, the pedestal 
13 is lowered so that the top of the boule always remains 
at about the same location in the fame. 
The boule 56 and top of the pedestal 8 are surrounded 

by a chamber 20 of firebrick, or the like, and this chamber 
preferably surrounds the lower end of the outer tube i4. 
The gases are rareferably fed at such rates that the flame 
fills and extends through the entire chamber 28 around the 
boule, and in this way the temperature and other condi 
tions around the boule are kept substantially constant. It 
has been found that smaller flames may be unsteady due to 
currents within the chamber, and variations in the flame 
may cause damage to the boule. 

In practice, the powdered nickel titanate is generally 
introduced periodically into the pipe 10 with a minor por 
tion of the oxygen, and the major portion of the oxygen is 
introduced through pipe 14. In one burner the oxygen in 
the inner pipe 10, the oxygen in the outer pipe 14, and the 
hydrogen in the internediate pipe 2 are introduced in the 
preportions 4:26:16 respectively. 
A cone 22 forms within the flame below the pipes 0 

and 12, and the pedestal 18 is preferably positioned so that 
the molten top of the boule 16 is at or near the point of 
the cone 22. In order to start such a single crystal to 
form it is desirable to first form a seed on the pedestal, 
and then gradually build up the amount of molten ma 
terial on the seed to form the crystal. Such a procedure 
allows the crystal to build up upon itself, gradually in 
creasing in diameter until a boule or carrot-shaped single 
crystal of nickel titanate is formed. The size of the 
orifices of the oxygen-hydrogen torch determines the size 
of the intensely heated Zone which, in turn, determines the 
diameter of the carrot-shaped crystal produced. 

It is preferred to employ nickel titanate in finely 
powdered form. The nickel titanate starting material 
should be substantially free from cbjectionable or incom 
patible impurities which detrimentally affect the crystal 
structure or the physical properties of the crystal. Start 
ing material should be finely divided and fairly uniform 
in size. For most efficient results, the nickel titanate start 
ing material should possess an open structure with units 
capable of being rapidly melted. A nickel titanate start 
ing material having an ultimate unit particle size of less 
than 1 micron has proved especially satisfactory. Aggre 
gates of these small particles greater than 100 mesh should 
also be avoided as they do not tend to melt completely. 
The feed material should be free-flowing in order to feed 
properly. A satisfactory nickel titanate feed material is 
more fully described and claimed in co-pending applica 
tion Serial No. 381,114 filed by Leon Merker and entitied, 
"Preparation of Metal Titanate,” now U. S. Patent No. 
2,767,050 issued October 16, 1956, and assigned to the 
Same assignee as the instant application. 

Using an oxygen-hydrogen burner having concentric 
orifices, the center orifice carrying the oxygen gas and 
powdered nickel titanate feed material entrained in the 
oxygen, the intermediate orifice carrying the hydrogen gas, 
and the outer orifice carrying the rest of the oxygen gas, a 
single crystal boule of nickel titanate was prepared. The 
total gas flow of oxygen was 30 liters per minute, 4 liters 
through the center orifice, and 26 liters through the outer 
orifice, while the flow of hydrogen was 16 liters perminute 
through the intermediate orifice. The boule was then 
Subsequently annealed at temperature between 650° C. 
and 1500 C. to remove the strains. The time of anneal 
ing varies upon the size of the boule and the temperature 
employed. However, it has been found that from 6 hours 
to 24 hours are satisfactory for producing relatively strain 
free crystals, although longer times may be used if desired. 
The single crystal of nickel titanate possesses useful 

electrical properties for resistors and the like. The single 
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crystal has a dielectric constant of 20 and has a power 
factor of 0.05% at room temperature over a frequency 
range of 100 cycles to 10 megacycles. The temperature 
coefficient of the dielectric constantis. --220 parts per mil 
lion per degree centigrade from -50 C. to 150 C. 
When electron acceptor and donor type impurities are 

added to the feed material, the single crystal of nickel 
titanate becomes a semi-conductor, and if various types 
of impurities are added, alternately to the feed material, 
and n and p type junction may be formed in the single 
crystal thus producing a rectifier. 
While this invention has been described and illustrated 

by the example shown, it is not intended to be strictly lim 
ited thereto, and other modifications and variations may 
be employed within the scope of the following claims. 
We claim: 
Monocrystalline nickel titanate boule formed synthet 

ically by introducing powdered nickel titanate into a 
of oxygen, Surrounding said stream of oxygen with a 
stream of hydrogen and forming a flame having a central 
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oxygen cone, melting the powdered nickel titanate in said 
flame, forming the monocrystalline nickel titanate at a 
temperature from between 1620 C. and 1680 C., crys 
tallizing the molten nickel titanate in the form of a boule 
adjacent the end of the oxygen cone, maintaining the flame 
about the boule and subsequently annealing said boule by 
heating at a temperature from about 650 C. to about 
1500° C. from about 6 hours to about 24 hours to remove 
the strains therefrom. 
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