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ABSTRACT

A method comprising pouring of molten metal into a
mould, cooling of its base and subsequent cooling of
the mould from the bottom up for crystallization of
the melt. This method is carried out in an apparatus
comprising a mould having a main cavity ““A” follow-
ing the shape of an article, and an auxiliary cavity “B”
made in the form of a downwardly diverging truncated
cone which has a horizontally extending wedge-shaped
projection disposed at the lower base of the cone. The
mould base is cooled by gradually moving a chill from
the underside towards the mould. In so doing a sole
natural nucleus of the article crystal is formed at the
point of the wedge-shaped projection, which rapidly
propagates over the perimeter of the base thereby pre-
venting the formation of parasitic crystals.
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METHOD AND APPARATUS FOR
MANUFACTURING MONOCRYSTALLINE
ARTICLES

The invention relates to metallurgical production and
more particularly to a method of manufacturing mono-
crystalline articles and castings.

The invention may be used in manufacturing ingots
and articles of metals and alloys thereof with arbitrary
or predetermined crystallographic orientation, such as
blades for turbine engines, permanent magnets, etc.

Monocrystalline articles differ from conventional
polycrystalline articles primarily by the absence of
boundaries between differently and arbitrarily oriented
crystals, said boundaries often representing a weak
zone during the operation of articles, especially at ele-
vated temperatures. In addition, since crystals exhibit
anisotropy, that is, their properties, especially magnetic
and mechanical ones, depend upon crystallographic
orientation, optimum orientation of a crystal may be
used when utilizing monocrystalline articles, said orien-
tation imparting the most improved characteristics to
the article under operating conditions. Studies show
that the service life of monocrystalline blades in a tur-
bine engine is about four times longer at maximum op-
erating temperature and about eight to ten times longer
at moderate temperatures as compared to that of poly-
crystalline blades, and the capacity of monocrystalline
permanent magnets is about three to four times greater
than that of the magnets having polycrystalline struc-
ture.

Known in the art is a method of manufacturing
monocrystalline articles comprising the pouring of mol-
ten metal into a mould, the base of the mould being
cooled, with subsequent crystallization proper by grad-
ually cooling the mould from the bottom up after nu-
cleation of many crystals formed as a result of the cool-
ing.

In this prior art method a ceramic mould is used hav-
ing a bottom comprising a water-cooled metallic plate,
the mould being attached to said plate by means of a
flange and bolts.

Molten metal is poured into the mould. In so doing,
a plurality of small-size equiaxial crystals having an ar-
bitrary crystallographic orientation are formed on the
mould bottom as a result of abrupt supercooling of the
melt, as it generally occurs during crystallization of
metal poured into a cold mould adjacent the walls and
the bottom thereof.

The concurrent growth results in the survival of only
the most rapidly growing crystals, which have the direc-
tion of growth parallel with respect to the edge of a
cubic crystal cell referred to as 001 in crystallography.
These crystals are substantially paralle! with each other
and grow normally to the surface of the water-cooled
plate. At some distance from the plate the vertical cav-
ity of the mould changes into a horizontal cavity (con-
struction), whereby the selection of these crystals
which are adjacent to this transitory portion takes
place. Columnar crystals are converted into plate crys-
tals. Then, by using the next transistory horizontal cav-
ity normal to the first one, one crystal adjacent to the
transitory portion is withdrawn from this group of the
plate crystals, and this crystal is introduced into the
vertical cavity of a mould to form an article. Thus, a
crystal seed having the crystallographic direction 001
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is actually selected, and an article, such as a blade for
a turbine engine, is grown from this crystal seed.

This method exhibits a number of disadvantages, one
of which consists in that the articles can be produced
only with one crystallographic orientation, namely 001.
This excludes the possibility of obtaining articles hav-
ing other crystallographic orientations, such as 112,
111 which could be better than those of the 001 orien-
tation in regard to a number of operational characteris-
tics.

Furthermore, the entire system of transitory portions
and cavities disposed under the article-forming cavity
is lost as waste material, that is its purpose consists
solely in the selection of one crystal to be introduced
into the article-forming cavity of the mould. The same
system of auxiliary cavities results in considerable dis-
tance between the article and the chill thereby hamper-
ing intensive cooling of the article, whereby its me-
chanical properties are impaired.

It is an object of the invention to provide a method

which ensures the production of monocrystalline arti-

cles by growing each time only one crystal in a mould,
the cavity of the mould following the article shape and
having no system of auxiliary transitory portions.

It is another object of the invention to provide an ap-
paratus for manufacturing monocrystalline articles
having any desired crystatlographic orientation of the
crystal.

The invention consists in the provision of a method
and apparatus for manufacturing monocrystalline arti-
cles, wherein a mould adapted to be poured with a melt
of the article material and the conditions of cooling of
this mould are such as to obtain an article grown di-
rectly from one crystal nucleus formed on the mould
bottom, with the crystallographic orientation of the
crystal being predetermined in conformity with the re-
quirements of the article.

The above object is accomplished by the method
comprising pouring of molten metal into a mould hav-
ing a flat horizontally extending base, said base being
cooled from the bottom, with subsequent crystalliza-
tion proper by gradually cooling the mould from the
bottom up after nucleation of a crystal formed as a re-
sult of cooling and its propagation over the perimeter
of the mould.

According to the invention a monocrystalline article
is obtained in a mould comprising two cavities: a top
main cavity following the article shape, and an auxiliary
bottom cavity adjacent thereto and made in the form
of a downwardly enlarging truncated cone, said cone
having a horizontally extending wedge-shaped projec-
tion at the lower-base thereof, a chill creating the con-
ditions of the most abrupt supercooling at the point of
the projection so as to form a sole natural crystal nu-
cleus and to ensure its rapid propagation over the pe-
rimeter of the base. '

Since the crystal is anisotropic, i.e., its properties in
different directions depend upon the crystallographic
orientation, then, in order to obtain an article with ab-
solutely definite and repeated characteristics, it is nec-
essary to manufacture it in a definite crystallographic
orientation. For this purpose, an artificial seed is intro-
duced into the place of formation of a natural seed.

The method according to the invention is carried out
in an apparatus comprising a mould adapted. to be
poured with a melt of the article material, said mould
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having a flat horizontally extending base and a chill ar-
ranged under the mould base in parallel therewith.

Artificial seeds may determine not only the axial ori-
entation of an article but also orientation in the hori-
zontal plane, which can affect the characteristics of an
article in its operation. ‘

According to the invention the mould comprises two
cavities: a main top cavity following the article shape,
and an auxiliary bottom cavity adjacent thereto and
made in the form of a downwardly enlarging truncated
cone, said cone having a horizontally extending wedge-
shaped projection at the lower base thereof.

In order to achieve convenient accommodation of
the article mould in a heated chamber and rational uti-
lization of its volume, it is advantageous that the auxili-
ary bottom cavities of at least two moulds be connected
with the points of their wedge-shaped projections to
form a connection, with the point of this connection
being located over the central part of the chill and rep-
resenting the point of formation of a sole natural nu-
cleus of a crystal forming at least two articles each hav-
ing an identical crystallographic orientation.

The employment of the rods in the disclosed method
is stipulated by the necessity of cooling the article while
operating, e.g., a turbine engine blade wherein the
cooling is effected through the internal space of the
blade formed by a special fire-proof rod placed into the
model of an article. Then, the mold is made according
to the model of the article. After manufacturing the
mold, the model is removed by dissolution or smelting,
the rod remaining rigidly fixed in the mold by its one
end. The other end of the rod being fitted is given cer-
tain freedom to ensure its movements under the effect
of temperature.

Since the seed pocket is provided in the bottom of
the mold and is protruded downward, and a crystal
seed is rabbled in said pocket, and for giving birth to a
crystal, the cooler should be brought into contact in its
upper space with the bottom of the mold, said cooler
is furnished with a seat to accommodate the seed
pocket when the cooler is brought to the bottom of the
mold.

It is advantageous that a mould for a large-size arti-
cle, which will occupy the entire heated chamber, have
two auxiliary cavities arranged under the main cavity,
said cavities being connected at the point of their
wedge-shaped projections, with the point of their con-
nection being located over the central part of the chill.

According to one embodiment of the invention an
artificial nucleus is introduced through a crystal seed at
the point of formation of the natural crystal nucleus,
said artificial nucleus allowing for obtaining a crystal
having a crystallographic orientation of the article axis
determined by the artificial nucleus.

According to another embodiment of the invention
a crystal seed comprises a body of revolution cut from
a crystal having a predetermined crystallographic ori-
entation, the crystallographic plane of the crystal seed
being set in parallel with the article axis by rotating said
body.

Since the seed has a measurable length, it should be
welded in its top part to attain necessary contact with
the smelt delivered into the mold and is preserved in a
solid state in the lower part.

Still another embodiment of the invention consists in
that at the point of formation of the natural crystal nu-
cleus the mould is provided with a seed pocket adapted
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to accommodate a crystal seed disposed normally to
the mould base.

According to a further embodiment of the invention
a unit for cooling the crystal seed is accommodated
under the crystal seed in contact therewith to control
melting of the top of the crystal seed.

Another embodiment of the invention permits ob-
taining hollow articles by placing a core into the mould,
said core being removed upon completion of crystalli-
zation.

Where an artificial crystal nucleus is used, the appa-
ratus according to the invention comprises disposed at
the central part of the chill a recess for a seed pocket
with a crystal seed and for a unit for cooling the crystal
seed received in this recess during the upward move-
ment of the chill.

The detailed description of the invention will now be
made with reference to the accompanying drawings, in
which:

FIG. 1 shows a diagrammatical generally longitudinal
sectional view of the apparatus for manufacturing
monocrystalline articles;

FIG. 2 is ditto, alternative embodiment;

FIG. 3 is a mould for manufacturing a monocrystal-
line ingot in longitudinal section;

FIG. 4 is a diagram of a unit consisting of two moulds;

FIG. 5 is a diagram of a unit consisting of six moulds
for manufacturing monocrystalline blades for a turbine
engine;

FIG. 6 is a diagrammatic view of a mould for manu-
facturing a large-size article;

FIG. 7 is a plan view of an auxiliary cavity of a mould
for manufacturing a monocrystalline ingot;

FIG. 8 is an auxiliary cavity of a mould for manufac-
turing a monocrystalline blade;

FIG. 9 is ditto, alternative embodiment;

FIG. 10 is a turbine blade;

FIG. 11 is ditto, alternative embodiment;

FIG. 12 is a side view of the blade lock;

FIG. 13 is a side view of the blade airfoil;

FIG. 14 is a cylindrical monocrystalline ingot;

FIG. 15 shows cylindrical ingots made from one crys-
tal nucleus in a unit consisting of two moulds;

FIG. 16 shows cylindrical ingots made from one crys-
tal nucleus in a unit consisting of four moulds;

FIG. 17 shows two cylindrical monocrystalline ingots
made from an artificial crystal nucleus introduced
through a crystal seed;

FIG. 18 is ditto, with orientation in a stereographic
triangle;

FIG. 19 shows orientation of ingots made in a unit
consisting of two moulds, in a stereographic triangle;

FIG. 20 shows orientation of ingots made in a. unit
consisting of four moulds in stereographic triangle; and

FIG. 21 shows two cylindrical monocrystalline ingots
with crystal seeds made in one unit therewith.

An apparatus for manufacturing monocrystalline ar-
ticles comprises a mould 1 (FIG. 1) enclosed by a
graphite heating element 2 mounted on power supply
leads 3. The mould I comprises a main cavity A follow-
ing the article shape, and an auxiliary cavity B adjacent
thereto from the bottom. A chill 4 is arranged under
the mould 1. The mould 1 together with the heating el-
ements 2 and the chill 4 are placed in a vacuum cham-
ber 5 having water-chilled walls. A vertical rod 6
adapted to reciprocate relative to the chamber 5 ex-
tends through the top cover of the chamber 5. The rod
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is provided with an internal passage for cooling with
water during the operation. A drive for the rod 6 com-
prises an electric motor with a reduction gear (not
shown). Mounted at the end of the rod 6 inside the
chamber § is a support member 7 adapted to fix the
mould 1 thereto. Extending through the bottom of the
chamber 5 is a vertical movable rod 8, the chill 4 being
supported at the upper end of this rod inside the cham-
ber 5. The rods 6 and 8 are coaxial. The chill 4 com-
prises a flat horizontally extending plate cooled with
water fed through a passage which is made in the rod
8 and communicates with a passage extending in the
body of the plate of the chill 4. The rod 8 is also driven
by means of an electric motor and a reduction gear
(not shown). The mould 1 is suspended to the support
member 7 by means of an adapter 9 functioning as a
grip for holding the mould 1. In order to obtain articles
having a predetermined crystallographic orientation, a
crystal seed is used. In this case the mould 1 (FIG. 2)
for the article is provided with a seed pocket 10 accom-
modating a crystal seed 11.

Mounted under the crystal seed 11 in the seed pocket
10 is a nut 12, a unit 13 for cooling the crystal seed 11
being fixed to said nut in contact with the lower end
face of the crystal seed. The unit 13 for cooling the
crystal seed 11 is adapted to remove heat from the crys-
tal seed and to control melting of the top of the seed.
In this case the chill 4 is provided at the central part
thereof with a recess 14 accommodating the seed
pocket 10 with the crystal seed 11 and the unit 13 for
cooling the crystal seed 11. The depth of the recess 14
is determined by the size of the crystal seed 11 and of
the unit 13 which should be completely received in the
recess 14 so that the chill 4 can contact the base of the
mould 1 for conducting the crystallization process.

The unit 13 for cooling the crystal seed 11 comprises
a metallic cylinder, such as a copper cylinder, disposed
in a sleeve 15 movable along the generatric lines of the
cylinder. Due to this embodiment the length.of the unit
13 may be varied to adjust the distance between the
base of the mould 1 and the chill 4. .

The mould 1 comprises two cavities: the main top 9
cavity A following the article shape, and the auxiliary
bottom cavity B made in the form of a downwardly di-
verging truncated cone, said cone having a horizontally
extending wedge-shaped projection at the lower base
thereof. This projection is formed by the method of in-
ventment pattern during the manufacture of the mould
1. Accordingly, a fusible mass, such as a mixture of par-
affine and stearine, or urea is poured into a metallic die
having a cavity following the shape and size of the arti-
cle to be produced. The resulting pattern is immersed
into a dense binding mass, and then a layer of a finely
divided granular material, such as electro corundum is
spread onto this mass through a sieve, after which dry-
ing is effected. The immersion, spreading with granular
material and drying operations are then repeated until
eight to ten layers have been applied.

Then the pattern is melt out or dissolved, and the en-
velope is roasted. The resulting mould 1 should have a
flat bottom of uniform thickness over the entire surface
area. This is required to ensure constant heat conduc-
tance of the bottom over the entire surface thereof.

The crystal seed 11 comprises a body of revolution,
such as a cylinder or a cone cut from a single-crystal
having a predetermined crystallographic orientation.
Therefore, the crystallographic orientation of the crys-
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tal seed 11 is also predetermined. By rotating the crys-
tal seed 11 about its axis the crystallographic plane
thereof can be set in parallel or at a predetermined
angle with respect to the article plane.

The capacity of the chill 4 is selected depending upon
the time necessary to cool the base of the mould 1 and
to supercool a melt of the material filling up the auxili-
ary cavity B thereof. If the chill 4 is too powerful, it may
not only result in cooling of the base of the mould 1,
but also of the zones of the peripheral surface thereof
adjacent to the chill, which is not desirable. With low
capacity of the chill 4 the process of supercooling of a
melt of the material in the auxiliary cavity B of the
mould 1 and the nucleation of a crystal will be too long,
which may disturb uniformity of the article single-
crystal as to crystallographic orientation at the begin-
ning of the growing thereof.

In order to obtain hollow articles, such as the blades
for a turbine engine having a cavity for cooling, a core
16 is placed into the mould 1, the core following the
shape of the internal cavity of the article.

The disclosed method enables also to manufacture
hollow articles, e.g., a turbine blade with air cooling,
shown in FIG. 12 from the side of the lock and in FIG.
13 from the side of the upper bandage shelf.

The important feature of the method of manufactur-
ing monocrystalline articles consists in that a layer of
melt poured into the mould 1 will be the thinnest in the
point of the wedge-shaped projection of the auxiliary
cavity thereof. In addition, the heat conductance of the
melt over the central part of the auxiliary cavity is sub-
stantially higher than the heat conductance of the ma-
terial of the mould 1 over the thin layer of the melt at
the point of the wedge-shaped projection.

Due to this fact, abrupt supercooling is carried out
under the inftuence of the chill 4 in the wedge-shaped
projection, this supercooling gradually diminishing
along the perimeter of the base thereby contributing to
the creation of a radial temperature gradient directed
towards the point thereof. All the above reasons con-
tribute to the nucleation of a crystal at the point of the
wedge-shaped projection of the mould 1 and to its
rapid propagation over the perimeter of the base,
whereby the nucleation of parasitic crystals in this zone
is eliminated.

FIG. 21 shows two monocrystalline ingots (C) and
(D) produced in one unit with monocrystaliine seeds
(IN. To manufacture such a unit, a model is made up
of two ingots with the models of seeds being connected
to them on a common base. The model assembled in
such a manner is fed to produce the mold.

The apparatus functions as follows.

The mould 1 accommodated in a vacuum chamber §
is heated by means of the heating elements 2 at a tem-
perature above that corresponding to the beginning of
the melt crystallization.

Then a metal melted in a separate furnace is poured
into the mould 1. The temperature of the melt is
checked by means of an immersion thermocouple im-
mediately beforehand. The temperature of the melt at
the instant of its pouring into the mould 1 should be
about 100°- 120°C higher than the temperature corre-
sponding to the beginning of crystallization, but some-
what lower than the temperature of the mould 1 so that
after the pouring in the zone adjacent to the base the
temperature should be about 30°~ 40°C lower than the
temperature of the walls of the mould 1 at the same al-
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titude. When too overheated, the metal will require
other cooling conditions, which may result in the for-
mation of parasitic crystals adjacent the mould base.

During the heating of the mould 1 the chill 4 is
spaced at such distance from the base thereof, that its
cooling action upon the mould is practically elimi-
nated.

FIG. 6 shows a large-size article which, due to its
large dimensions, can be manufactured only in the
copy. In this case, two auxiliary spaces are arranged
below the main space of the article, said two spaces
being connected by the points of the wedge-shaped
projections, and the place of their connection being
disposed above the central part of the cooler. FIG. 7
shows a plan view of the lower space of the article pro-
duced in the mold whose drawing is given in FIG. 3.
Symbol A denotes the upper base of the article’s space,
and symbol B the lower base.

FIGS. 8 and 9 show a plan view of the lower space of
the mold to produce monocrystalline blades depicted
in FIGS. 10 and 11 respectively.

Upon pouring of metal into the mould 1 it is allowed
to stay so during a time necessary for achieving the cor-
respondence between the temperature of the melt and
the mould 1.

By the end of the curing period the temperature of
the melt immediately adjacent the base of the mould 1
should about by 30°- 40°C higher than the temperature
corresponding to the beginning of crystallization.

In order to effect the nucleation of a crystal the chill
4 mounted on the movable rod 8 is fed towards the base
of the mould 1 at a speed ensuring its contact with the
mould 1 at the instant, when the temperature of the
melt adjacent the base of the mould will become about
30°- 40°C lower then the temperature corresponding to
the beginning of crystallization. In this example the
process continues for 10 ~ 12 minutes.

At the instant of the contact between the chill 4 and
the base of the mould 1 the melt in the wedge-shaped
projection of the auxiliary cavity thereof and slightly
higher has been already solidified. Thus, during the pe-
riod of gradual movement of the chill 4 towards the
base of the mould 1 a supercooling of the melt was cre-
ated in the point of the wedge-shaped projection
thereof and the formation of a sole crystal nucleus took
place which subsequently propagated over the perime-
ter of the base of the mould 1.

Upon effecting the contact between the chill 4 and
the mould 1 the latter is disconnected from the support
member 7, and the mould 1 on the chill 4 is gradually
withdrawn by means of the rod 8 downwards from the
zone of location of the heaters 2. The speed of move-
ment of the chill 4 with the mould 1 supported thereon
is determined by the article shape.

In order to avoid the formation of parasitic crystals
on the article surface, the temperature of the walls of
the mould 1 should be maintained at a level higher than
the temperature corresponding to the beginning of so-
lidification of the metal, which is achieved by maintain-
ing a temperature gradient in the metal, in this example
of about 10°/cm.

The crystal growth is controlled in such a manner
that the melt-crystal inter-face that is the growth front
be maintained at one and the same level relative to the
heating element 2 of the mould 1. This control is ef-
fected by means of a thermocouple tracing the location
of the growth front, and the readings of the thermo-
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couple must be constant until the end of the lowering
of the mould 1 into the cold zone.

In this case, where hollow articles are to be pro-
duced, the core 16 (FIGS. 12 and 13) placed into the
mould 1 does not introduce any changes into the for-
mation and growth of the crystal nucleus. Thus, the
crystal while propagating over the surface of the base
of the mould 1, “flows” round the core 16 from all
sides. Upon the manufacturing of the article the core
16 is removed by the hydrodynamic or any other ap-
propriate method.

If the crystal seed 11 is used for manufacturing an ar-
ticle, it is placed into the seed pocket 10. The seed
pocket 10 and the unit 13 for cooling the crystal seed
11 are being introduced into the recess 14 at the cen-
tral part of the chill 4 during the movement of the chill
4. Thus, the movable sleeve 15 moves upwards into
alignment with the main cylinder of the unit 13 thereby
reducing the length thereof. At the instant of contact
of the chill 4 with the base of the mould 1 the seed
pocket 1¢ and the unit 13 are completely received in
the seat 14 and do not interfere with this engagement.

Further process of the manufacturing of the article is
performed similarly to the above-described embodi-
ment.

In order to ensure more rational utilization of the vol-
ume of the vacuum chamber 5, at least two articles are
generally made therein. In this case the auxiliary cavi-
ties of at least two moulds 1 are connected with the
points of their wedge-shaped projections to form a unit.
The point of connection is located over the central and
the coldest part of the cooler 4. The moulds 1 are ar-
ranged symmetrically with respect to each other. Four,
six and more moulds may be connected in the similar
manner. In this case the nucleation of a crystal takes
place at the point of connection of the wedge-shaped
projections, and the process continues similarly to the
case, where a single article is produced.

Similar method may be used for manufacturing crys-
tal seeds having a predetermined crystallographic ori-
entation determined by an artificial crystal nucleus
(FIG. 21).

FIG. 15 shows cylindrical monocrystalline ingots ob-
tained by the method according to the invention in a
unit consisting of two moulds.

FIGS. 19 and 29 illustrate the results of determina-
tion of the crystallographic orientation of the ingots ob-
tained in a unit consisting of two moulds 1 and in a unit
consisting of four moulds 1 respectively by the Laue
method. As jt will be apparent from the both stereo-
graphic triangles, differences in orientation do not ex-
ceed two degrees in both cases.

FIGS. 10 and 11 show turbine blades made by the
method according to the invention. FIG. 17 shows two
cylindrical ingots C and D with a common base, said
ingots having a crystallographic orientation predeter-
mined by the crystal seed 11.

FIG. 18 shows the result of determination of orienta-
tion of the both ingots as compared to the crystallo-
graphic orientation of the crystal seed 11. The results
are consistent within the range of two degrees.

Table 1 shows the results of determination of stress-
rupture results obtained during the tests of samples of
a length of 38 mm and a diameter of 3 mm made of a
highly refractory nickel-based alloy at 980°C under a
load of 21 kg/mm?2. Monocrystalline samples K, L, M,
N and polycrystalline samples O, P, Q, R were tested
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after heat treatment, which consisted in their exposure
at 1220°C for four hours, cooling in the air and sub-
seqauent ageing at 870°C for 32 hours.

Table 1

Samples Rupture  Elongation Reduction Test type

time (%) of area

(h) %
K 283 20.0 30.0 Stress-rupture
L 141.5 20.0 30.0 do.
M 282.5 24.8 314 Creep rupture
N 321.0 25.5 31.5 do.
0 16.0 1.0 2.0 Stress-rupture
P 30.5 3.5 6.5
Q 29.0 2.0 6.5
R 11.5 3.5 6.5

As it will be apparent from Table 1, the results of the
tests of the monocrystalline samples K, L, M, N are
considerably better than those obtained for the poly-
crystalline samples O, P, Q, R, both in regard to time
to rupture, and elongation and reduction, which in the
case of monocrystalline turbine blades corresponds to
an increase in the service life of a turbine engine by 4
- 6 times.

What is claimed is:

1. A method of manufacturing monocrystalline arti-
cles comprising the steps of pouring molten metal into
a mould comprising a main top cavity following the ar-
ticle shape and an auxiliary bottom cavity adjacent
thereto and made in the form of a downwardly enlarg-
ing truncated cone, said cone having a horizontally ex-
tending wedge-shaped projection at the lower base
thereof, which defines the base of said mould; cooling
the base of said mould by means for cooling thereof so
as to create the most abrupt supercooling of the melt
at the point of said wedge-shaped projection, to form
at this point a sole natural crystal seed and to ensure its
rapid propagation over the entire perimeter of said
base; and subsequent gradual cooling of said mould
from the bottom up to effect the crystallization proper.

2. An apparatus for manufacturing monocrystalline
articles comprising a mould adapted to be poured with
a molten article material; said mould having a flat hori-
zontally extending base; said mould having a main cav-
ity following the article shape and an auxiliary bottom
cavity adjacent thereto and made in the form of a
downwardly enlarging truncated cone, said cone hav-
ing a horizontally extending wedge-shaped projection
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at the lower base thereof; a chill arranged under the
base of said mould in parallel therewith.

3. An apparatus according to claim 2, wherein the
auxiliary cavities of at least two moulds are connected
at the points of their wedge-shaped projections to form
a unit, with the point of their connection being located
over the central part of the chill and representing the
point of formation of a sole natural crystal nucleus
forming at least two articles having an identical crystal-
lographic orientation.

4. An apparatus according to claim 2, wherein the
mould for a large-size article has two auxiliary cavities
disposed under the main cavity and connected at the
points of their wedge-shaped projections, the point of
their connection being located over the central part of
the chill.

5. An apparatus according to claim 2, wherein an ar-
tificial crystal nucleus is introduced at the point of for-
mation of the natural crystal nucleus through a crystal
seed, said artificial nucleus allowing for obtaining a
crystal with the crystallographic orientation of the arti-
cle axis predetermined by the artificial crystal nucleus.

6. An apparatus according to claim 5, wherein the
crystal seed comprises a body of revolution cut from a
crystal having a predetermined crystallographic orien-
tation, the crystallographic plane of the crystal seed
being set in parallel with the article planeby rotating
said body.

7. An apparatus according to claim 5, wherein a unit
for cooling the crystal seed is arranged under the crys-
tal seed and in contact therewith, said unit being
adapted to control melting of the top of the crystal
seed.

8. An apparatus according to claim 5, wherein a
mould is provided with a seed pocket disposed under
the point of formation of the natural crystal nucleus
and adapted to accommodate the crystal seed, said
pocket being arranged normally to the base of the
mould.

9. An apparatus according to claim 2, wherein a core
is placed into the mould for obtaining a hollow article,
said core being removed upon completion of crystalli-
zation.

10. An apparatus according to claim 8, wherein the
chill is provided with a recess at the central part thereof
to accommodate the seed pocket with the crystal seed

and the unit for cooling the crystal seed.
* * * * *



