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g: 
This invention relates to a fui'nace Suitable for: 

use in producing macrocrystals, especially those 
wihich aire produced at high tenaperatures. More 
specifically the invention relates to a portion 
of such a furnace which may be referred to as a. 
“to heater.' 

In the production of macrocrystals, the mate 
rial from which the crystal is to be produced is 

ned at a te:perature. above the melting 
point of the material slowly into a compartment 
which is inaintained at a tenperature Sonaewhat 
below the melting point of the islaterial. By 
adjusting the speed at which the crucible moves: 
to the late at which the crystal-groWs; the liquid 
solid bo:ndary can be saintained, at the junc 
tion of the two corapartinents mentionéd... FiOl' 
to the present invention it has been proposed to 
ise Slapiite heating elements in furnaces of this: 2 
kind, both ge:erally cylindrical. elements, for. 
heating, the ... vertical: walls of the cylindrical. 
crucible and flat, circular elements for heating. 
the top of the crucible. Accordingly, I do... not 
clain broadly the general arangement. Of... the. 
heating elements, but only the Specific construct. 
ion, as Set forth it the 2.jppended clairns...}, 
The present invention has, reference...to ims. 

provements in... the top heater and to its relation. 
to. other elements in the furnace, having, as its: 
principal object, the...provision of a novel top 
heater which will present, to the t0). SI:fac3. Of, 
the rateria in the crl Icible, a Substantially uni 
foliily heated surface covering. Substantially the 
e?hire area, . Within the croSS. Section. Of the Side. 
heater. A further soject is to proVidea, Shield, 
surrounding the top, heater, and tending t0. 
Stooth, out any slight irregularities not removed. 
by the heating element design, whereby to main 
tain. Within the heated... compartinentS.a.S. Illuch. 
as possible cf the heat generated within the fur- . 
nace. Other objects will become... apparent...as 
the description proceeds. 

In the accompanying diaWings, FigS. 1 and 2 
are top plan views of the two complementary 
heating elements making up the top heater; Fig. 
3 is a vertical fragmentary Sectional view, through 
a furnace embodying the invention, and Fig. 4 is: 
a fragmentary view corresponding approxiinately 
to the line 4-4 of Fig. 3, omitting everything, ex 
cept the two heating elements and the supporting 
ring for the top shield. 

In the drawings, the nurneral indicates gens : 
erally a furnace-shell which may be composed of: 
steel and provided with, a jacket. for...the cir 
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2. 
culation of cooling; fluid, suitably water. Within 
the shelli Caiafe cylindrical conductors: 2, only. 
the upper, ends, of which are shown, but which it. 
Will be...understood are connected with a suitable: 
Source of electric . Current,..., , he sco; aductors, 2: 
:aay... be... maintained at...a... temperatuie approxi 
mating that of the inner surface. of the shell'? O, 
preferably a little-higher, by-adjusting its cross 
Section to avoid any great heating due to passage 
of current, or by water cooling by means of in 
ternal-paSSages, or by...being composed of mate 
rial of good-heat conducting properties. Secured 
to the upper ends of the conductors 2 are: Sup-. 
porting. links - 3, which may be attached to the 

5. CCnductors 3 by means of studs: 4. At their 
Other ... ends, the links ..f3 serve to support ...and 
energize a pair of top heater, elements - 3 and 6: . 
These may be spaced apart by means of blocks: 

;: and the elements. 3, 5, 6, and - 7 irnay all 
be secured together by...means of bots: 8: Ali 
these elements, 2 to 8, inclusive, ray becom 
pOSed. Of...callsbon, preferably, graphite, 

By reference... to Figs, 1 and 2, it will be seen. 
that the heating, elements. 5 and . . . are con 
verted by means of saw-cuts into substantially 
ribbon foln, the various-reaches of which are of 
approxiranately the Sane width, and cross-section. 
With the exception that at the turns the width is 
not uniforn. It will be seen that the Saw-outs in 
the €lerilent...f5:extend at an angle to those in the 
element 6 whereby when they are superposed, 
the Saw-cuts will intersects at substantial angles: 
S0, that... the .irinuin. Of... area, in the composite 
will be uncovered. Preferally said Saw-cuts will 
make: an angle. With an axis gassiing through the 
projections. 35.of from 20°. of arc to 85% of arc. 
These angles are not critical,...it, being inportant, 
Cill; that the S&W-cutsiin, the upper and lower 
heaters 5 and is intersect at a substantial angle. 
in: no case-can the angle-exceed 90°. since if the . 
WO. piates were Superposed and rotated, as soon 
as the angle of intersection... would reach. 90°. 
there Would be. upon further rotation, an inter 
Section at an angle of less than 90°. A. Sixhall 
opening 9 in the center of each of the elements. 
45 and 3, 6: is useful for receiving a probe, not. 
shown; which may be: employed for determining 
the height., of the Solid-liquid boundary in the 
material.., being treated, and aiso, results in , a 
SaWrcut following an arcuate path whereby, the 
outside: reaches :20 are of substantially uniform. 
Width. It will be seen...that when the elements 
5 and 6 are Superposed, the cold corners 2 will 
not lie One above the other but will be positioned 
'in 'Spaced angular relation to each other: Iraas 
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much as the outer-most edges of the elements 
f5 and 6 project beyond the side-heater, which 
is generally indicated by the numeral 22, the ir 
regularities of heating Surface not compensated 
for by the angularity of the SaW-cutS in elementS 
f5 and 6 Will be located at points far enough 
from the center that such irregularities will be 
unimportant in the general combination illus 
trated. 
The side heater 22, which, per se, forms no 

part of the present invention, nay also consist 
of carbon, preferably graphite, sawed to ribbon 
form, Suitably connected to a Source of current, 
not shown. OutSide the Side-heater 22 is a car 
bon shield 23 Suitably supported and on the top 
of which 3gs a ring 24, having formed therein 
notches 34 through which the arms 35 of the 
heaters 5 and 6 may pass without contacting 
the shield or the ring 24 and which supports a 
top shield 25, preferably also composed of car 
bon. Superposed upon the top shield 25, which 
rests on the ring 28, being supported in spaced 
relation thereto by lugs 26, is a molybdenum sheet 
2. Superposed on the sheet 2 is another disc 
of carbon 28 upon which rests another sheet of 
molybdenum. 29. The flange 30 of the shield 25 
carries inner and outer molybdenum sheets 3 
and 32. The molybdenum sheets may be rela 
tively much thinner than shown and are pro 
vided with bright surfaces Whereby to reflect 
the radiant heat instead of transmitting it. 
Within the Side heater 22 is an elevator 33 

which is movable up and down therein, and which 
is adapted to Support a crucible containing the 
material to be heated. 
The Structure illustrated and described has 

been designed with primary reference to use in 
a vacuum type furnace and the structure other 
than the top heater and related structure has 
been shown in a diagrammatic fashion. For ex 
ample, the shell 0 would actually be, in practice, 
provided with means at the top to facilitate 
handling by means of hoisting equipment and the 
SupportS 2 innight be provided with passages for 
Cooling fluid Which have not been shown. Again, 
the cylindrical shield 23 may be covered With 
molybdenum sheet or a pair of spaced molyb 
denum sheets covering the entire cylindrical Sur 
face thereof. 
The principal feature of the invention is to be 

Seen in FigS. 1 and 2, it being understood that 
the element 8 is superposed on the element 5, 
the right hand projection as seen in Fig. 1 being 
Superposed On the right hand projection as seen 
in Fig. 2, and the left hand projection as seen in 
Fig. 1 being Superposed on the left hand pro 
jection aS seen in Fig. 2 whereby the saw-cuts 
Which divide the circular portion of these ele 
ments will interSect each other at fairly sharp 
angles, leaving Only the Smallest possible area 
Which is not covered by a highly heated portion 
of one of the elements, 5 or G. Such slight 
irregularities as result from small uncovered por 
tions at the interSections of the saw-cuts and the 
central Opening 9 Will be Smoothed out by the 
Shield 25 and the molybdenum sheets 2 and 29. 
Another feature of the structure disclosed is 

that the croSS Section of the links 3 is less than 
the combined croSS Sections of the projections 35 
So that the links 3 will be relatively highly 
heated by the passage of the curent so as to sup 
ply heat to the cooled conductors 2 without 
pulling Such heat from the heating elements 5 
and 6. Thus, the cooling of the conductors 2 
will maintain them at a temperature sufficiently 
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4. 
near the temperature of the inner surface of the 
shell O to avoid irregular heating of the mate 
rial in the crucible without interfering with the 
function of the top heater elements 5 and 6. 

Having thus described my invention, What I 
claim is: 

1. A heater comprising a pair of Spaced, ap 
proximately parallel, carbon plates of approxi 
mately the Same Size, each plate having deep, 
narrow slits formed therein and spaced to form 
therebetween a ribbon, the slits in One of Said 
plates extending at a Substantial angle not ex 
ceeding 90° to the slitS in Said other plate at all 
points at which said slits overlie each other, the 
active heating areas of said plates together sub 
Stantially completely covering an approximately 
circular area and Substantially only such circular 
area, and means electrically connecting said 
plates to a Source of current. 

2. A heater comprising a pair of spaced, ap 
pl’OXimately parallel, carbon plates of approxi 
mately the same size, each plate having deep, 
narrow Siits formed therein and spaced to form 
therebetween a ribbon, the slits in one of said 
plates extending at a Substantial angle not ex 
ceeding 90 to the slits in said other plate at all 
points at which said slits overlie each other, the 
active heating areas of Said plates together sub 
Stantially completely covering an approximately 
circular area, and Substantially only such cir 
cular area, and means electrically connecting 
Said plates, in parallel circuit, to a source of 
Current. 

3. A furnace comprising a generally cylin 
drical side heater, a top heater covering the upper 
end of said side heater and comprising a pair of 
Spaced, approximately parallel, carbon plates of 
approximately the same size, each plate having 
deep, narrow slits formed therein and spaced to 
form therebetween a ribbon, the slits in one of 
Said plateS eXtending at a Substantial angle not 
exceeding 90° to the slits in Said other plate at 
all points at which Said SlitS overlie each other, 
the active heating areas of Said plates together 
SubStantially completely covering an approxi 
mately circuiar area of approximately the size 
of but not of leSS diameter than the upper end 
of Said Side heater, means for Supporting a re 
ceptacle containing material to be heated within 
said Side heater and below said top heater, and 
means electrically connecting said plates to a 
Source Of current. 

4. A heater comprising a pair of Spaced, ap 
proximately parallel, carbon plates of approxi 
mately the Same Size, each plate having deep, 
narrow SlitS formed therein and Spaced to form 
therebetween a ribbon of a width not less than 
about ten per cent of the diameter of Said plate, 
the SlitS in one of Said plates extending at a sub 
Stantial angle not exceeding 90° to the slits in 
Said other plate at all points at which said slits 
Overlie each other, and means electrically con 
in Scting Said plateS to a Source of current. 

5. The invention as defined in claim 1 where 
in further a heat reflecting shield is provided in 
Spaced relation to one of the plates and covering 
the circular portion thereof for reducing loss of 
heat in One direction, Said shield being provided 
With at least one heat reflecting surface covering 
the circular portion of said plate. 

6. A heater comprising a pair of carbon plates 
of Similar dimensions Superposed one upon the 
Other but Spaced apart, each of said plates having 
an approximately circular portion and opposite 
ly extending projections, Said circular portion 
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having deep, narrow, approximately equidistantly 
spaced slits formed therein and extending ti?ans 
versely thereof and making an angle With an axis 
passing through said projections and the Center 
of said circular portion of from 85 to 20 degrees 
of arc, being approximately parallel to each 
other and alternate said slits communicating 
with opposite edges and each terminating short 
of the edge opposite that with which it communi 
cates a distance approximating the distance line 
tween said slits, thereby dividing Said circular 
portion into a grid continuous with said pro 
jeactions offering approximately uniform heating 
characteristics over the Whole heater area except 
at the two return bends nearest each Said pro 
jection, one of said plates being a mirror image 
of the other as viewed from the top whereby said 
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6 
slits in the respective plates intersect at sub 
stantial angles and said return bends of non 
uniform characteristics are oppositely located. 

HARRY C. KREMERS. 
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