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Our invention relates to an improved crucible
for the purification of molten substances. More
particularly, our invention is in a self-heating
crucible of electrically-conducting-resistance ma-
terial which has specific utility in the purifica-
tion of metals and similar substances by what
may be called the process of dﬁerenma direc~
tional cooling.

‘According to a known process for the purifica-
tion of metals (for example, germanium), a 'sam-
ple of the substance to be purified is heated until
it forms a molten ingot extending along a given
axis in a mold. Heat fo the mold carrying the
ingot is then gradually reduced at one end so that
the ingot progressively cools, starting in a given
direction, along its axis. Obvicusly, the ingot
freezes or solidifies at the cooler end of the mold
first. As the ingot is further cooled gradually in
this fashion, a liguid-solid interface travels along
the ingot in a predetermined direction from one
end of the.axis of the ingot to the other, because
of the differences in temperature between the two
ends of the mold. In this process, impurities
which prefer or favor the liquid phase of the
material being purified are crowded ftoward the
end of the ingot which is last cooled to its solid
state. The growth of single crystals or large
crystals in the structure of the ingot is promoted
by this process, and impurities are readily sepa-
rated from the completed ingot. One way that
.this process is carried out is by having a crucible
heated in a constant temperature furnace and
then moving the crucible gradually out of an
opening in one wall of the furnace.

Known apparatus for carrying out this process,
which we have called differential-directional
cooling, is usually complicated, high in cost, diffi-
cult to control, subject to vibration during move-
ment of the crucible, and slow and uncertain to
operate. The objects of our invention are to pro-
vide a simple apparatus for this process, which is
Jow in initial cost and up-keep, which is easy to
conirol, rapid and eonvenient in operation, sub-
ject to no vibration because there are no mov-
ing parts, and in which single crystal or large
crystal growth in the ingot is therefore greatly
facilitated. )

The objecis of our invention are accomplished
generally by making a crucible generally wedge-
shaped or tapered, which crucible is in’itself the

electrical resistance element for heating the ingot ¢

mold and also forms the walls of the mold, the
ingot axis extending generally along the axis of
taper of the crucible-resistance-mold body.

Other objects and further details of that which .

we believe to be novel and our invention will be
clear from the following description and claims
taken with the accompanying drawing, in which
‘are illustrated three examples of crucibles em-
bodying the present invention and 1ncorporat1ng
‘the wedge or tapered shape.
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In the dlawmg, Fxg lisa slde view of.a crumble
according to our invention; Fig. 2 is a plan view
of the crucible of Fig. 1; Fig. 3 is a longitudinal
sectional view on a reduced scale of a modified

- form of a crucible according -to our invention,

and Fig. 4 is a vertical sectional view of- another
mod1ﬁcatxon

In carrying out t"xe process for . Wthh our
crucible is designed, it is.desirable tnat an ingot
mold be provided which is heated to.a tempera-
ture sufficient to melt the sample substance which
is to be purified. - For this purpose, we provide a
crucible body. of graphite or other suitable .elec-
trical conducting-resistance material, designated
generally by the numeral-{-in Figs. 1 and 2. In~
tegral with the ends of the crueible body, we pro-
vide conducting terminal blocks 2 and .3, - The
top.face & of the body between the terminal. Jblocks
is tapered or slanted downwardly from a highest
portion adjacent tha block 2 to a lowest portion
adjacent the block 2. It is understood that the
crucible will be placed or used in-a substantially
horizontal .position. Therefore, the end-to-end
wedge shape or taper in-this form may be called

a vertical taper. )

In each of the end blocks, we plov1de smtable
conductor terminal structures shown here in the
form. of holes 5 and § in the blocks 2 and 3 respec-
tively. These holes may be used fer the reception
of -cable terminal posts or connector plugs nob
shown.
. In the body of the crucible, we prov1de a mold
or cavity 1 for the ingof, in the form of a channel
extending -endwise in the body. . This mold opens
into the top face 4 of the body, has a generally
horizontal bottom, and is shown of uniform width
throughout its length. - Obviously, the side walls
of the cavity may be rounded or tapered to axd in
removing the completed ingot.. .

In addition to the vertical faper spoken of
above, we prefer. also to teper the sides-of the

.- body.  For this purpose, the side walls 8 and 2

are tapered or slanted toward each other from g
large or widest spacing at the block end 2 to the
narrowest spacing at block 3. This may be called
a horizontal taper.

In the form of cruclble shown in Figs. 1 and 2,
the bottom wall {9 of the crucible body is flat
and horizontal, and serves as a stable support for

“the entire crucible.

The combined vertical and horizontal taper re-
sults in a preferred reduction in the transverse
sectional area of the crucible body between the
end blocks of from about 10:1. That is, thé sec-
tional area next to the block 2 is about 10 times
as great as the area of the body where it joins
block 3. This wedge or tapered form . iz the
essence of our invention because it produces uni-

formly varying differences between cross-sections

along the length of the crucible and- consequent
differences in -electrical resistance. °Assuming
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that suitable power is applied to the terminals,
the joule heat generated by current passing
through the crucible walls differs from end to end
of the crucible, so that the end nearest the block

3 is hotter than the end nearest the block 2.

This is so because the resistance is greatest in the
narrow section and least at the wide section. A
uniformly varying temperature gradient along

the length of the crucible is therefore set up

whenever current is applied to the terminals. :

In operation, current is passed through the
. crucible until the sample is melted. The sample
may be kept liquid as long as desired. To start
cooling, the current is gradually reduced and the
larger end of the crucible cools first and freezing
or solidifying starts there. The crucible need not
be moved. As the current is progressively re-
duced, the liquid-solid interface travels towards
the smaller end adjacent the block 3 and those
impurities which prefer the liquid phase are
crowded in the ingot mold toward this smaller
end of the crucible. The shape of the crucible

itself is such that a proper and easily controlled

temperature differential will always exist between
the two ends of the ingot mold in the crucible.
Merely changing the applied current will change
the temperature. 'This increases speed and ease
of -control in operation of the apparatus when
it is used to carry out the differential-directional
cooling purification process, and eliminates vi-
bration which might result from moving the
crucible.

Obviously, the taper or wedge shape may be
produced in other fashions than that shown in
PFigs. 1 and 2. For example, in Fig. 3, there is
shown a crucible body (i with terminal ends
12 and 13. The bottoms of these ends serve as
supports for the crucible body in this form of
the device. The fop face {4 in this form of
crucible is flat and horizontal, Conductor ter-
minal structures 15 and 16 in the ends 12 and
13 respectively are also provided. The mold
cavity is the horizontal channel IT extending
endwise in the body and opening into the top
face. The bottom wall in this second form of
crucible is designated by the number (8 in Fig.
3 and is slanted upwardly so that the body is
tapered from a thickest section at the end {2
to a thinner section at the end (3. This slanted
bottom wall has the same effect as the slanted
top wall of the form of Figs. 1 and 2. Tapered

“side walls, not shown in Fig. 3, but like the side
walls 8 and 9 of the first form, may obviously
be used to provide further tapering. :

In the form of crucible shown in Iig. 4, the
electrical conducting resistance body is num-
bered 19, and has ends 20 and 21 separated by
a central tapered section 22. The taper may be
either conical or pyramidal in outer shape, as
long as the required reduction in cross-section
from end to end is maintained. Conductor ter-
minal connection details in the form of holes 23
and 24, in the ends 20 and 21 respectively, are
provided as in the other forms.

The ingot cavity 25 in this form of the cru-
cible extends longitudinally of the tapered sec-
tion, this time in a vertical direction because
all of the taper is about a vertical axis. Prefer-
ably the ingot mold axis is coincident with the
axis of taper of the body so that equal heating
is obtained on all sides of the cavity at any
given level. For ease in removing a completed
ingot from the crucible, the walls of the cavity
may be slightly tapered-from the upper open end
to a narrower section at the closed lower end.
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As current applied to the ends is reduced, the
bottom ‘end will ‘cool first, in this form of the
invention, and the open top of ‘the cavity will
allow. for possible expansion of the material as

-it solidifies, the top being the last to become

frozen. Obviously, if used with a material which
shrinks upon cooling, the taper of the crucible
body of this form might be reversed so that the

~top would cool first and the bottom 1last.
10

* If desired, the mold cavity may be lined with
2 material different from that of the body of
the crucible itself. For example, if the sub- .
stance to be melted reacts unfavorably with a
graphite crucible, a ceramic “boat” or “pocket”
may be snugly fitted into the mold cavity to pre-
vent such reaction. . Moreover, if the substance
to be melted conducts electricity to such an extent
that it upsets the resistance-produced tempera-
ture gradient; a non-conducting liner in the form

-of a poreclain or similar ‘coating for the cavity

may be added to any of the forms shown.

As will be evident from the foregoing descrip-
tion, certain aspects of our invention are not
limited to the particular details of construction
of the examples illusirated, and we contemplate
that various and other modifications and applica-~
tions of the invention will occur to those skilled
in the art. It is therefore our intention that
the appended claims shall cover such modifica-
tions and applications as do not depart from
the true spirit and scope of our invention.

What we claim as new and desire to secure
by Letters Patent of the United States is:

1. A crucible for the purification of metals
comprising a horizontally extending body of elec-
trical resistance material, top, bottom and side
faces on said body, electrical terminals at op-
posite ends of the body, said body having an
ingot mold cavity in its top face extending sub-
stantially along the length of said face, the faces
of said body being uniformly tapered in ecross
section from end to end in both horizontal and
vertical planes from a greatest cross section ad-
jacent one end to 2 smallest cross section ad-
jacent the opposite end, whereby, upon applica-
tion of current to said terminals, uniform end-
to-end temperature gradient will be impressed
on said mold cavity.

2. The crucible of claim 1 in which the reduc-
tion in cross-sectional area from end to end is
of the order of 10 to 1.

JOHN C. MARINACE.
THEODORE E. LE LOUP.
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