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CURVED GRAPHITE HEATING ELEMENT
FOR AN ELECTRIC RESISTANCE HEATING
FURNACE

This application 1s a continuation of U.S. application No.
29/053,583, filed Apr. 25, 1996.

FIELD OF THE INVENTION

The present mvention relates to heating elements for
furnaces.

DESCRIPTION OF THE RELATED ART

Many manufacturing processes require heat treatment in
vacuum. Processing in a vacuum prevents damage or
destruction of the processed materials due to chemical
reactions that would otherwise occur 1n a normal 20%
oxygen atmosphere.

Avacuum furnace typically includes a cylindrical vacuum
chamber having a plurality of electric resistance heating
clements on 1ts 1nterior surface. These heating elements may
be circular bands of a metal such as molybdenum, and may
be arranged at even intervals along the length of the cham-
Der.

When molybdenum heating elements are heated to
increasingly higher temperatures in vacuum, the possibility
of outgassing by the heating elements becomes a concern.
Such outgassing 1s undesirable, because 1t may result in the
processed workpieces becoming coated with a thin molyb-
denum film, or the surface of the workpiece may react with
the metal vapor.

An 1mproved heating element 1s desired.

SUMMARY OF THE INVENTION

The present mvention 1s a heating element formed of
oraphite. The heating element has a curved shape. The
heating element 1s capable of resisting electricity to generate
heat.

According to another aspect of the invention, a method for
forming a heating element, comprises the steps of: forming
a plurality of graphite heating element segments, ecach
segment having a curved shape; and assembling the plurality
of graphite heating element segments to form a heating
clement.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an i1sometric view of an exemplary heating
clement according to the present 1invention.

DETAILED DESCRIPTION

U.S. patent application No. 29/053,583, filed Apr. 25,

1996, 1s expressly incorporated herein by reference in its
entirety.

FIG. 1 shows a heating element 100. The heating element
100 1s formed of graphite. The heating element 100 has a
curved, circular shape. The heating element 1s capable of
resisting electricity to generate heat thereby.

One of ordinary skill in the art of fabricating graphite
components understands the fabrication challenges associ-
ated with using graphite. One of the most challenging
aspects of using graphite 1s 1ts limited ability to bend
clastically. Further, graphite 1s a very soft material. Forming
a large circular hoop of graphite from a single piece without
breakage may be difficult, and there 1s a chance of breakage
during use, due to thermal cycling.
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The 1nventor has determined that 1t 1s possible to over-
come these disadvantages of graphite by forming a plurality
of graphite arcs separately, and assembling the arcs together
to form the circle.

The heating element 100 comprises a plurality of seg-
ments. In the example, four segments 110-113 interface with
onc another. Each of the segments 110-113 overlaps two
adjacent ones of the plurality of segments. For example,
secoment 110 overlaps segments 113 and 111, segment 111
overlaps segments 110 and 112, segment 112 overlaps

secgments 111 and 113, and segment 113 overlaps segments
112 and 110.

As 1s readily apparent from FIG. 1, the overlap regions
120123 are substantially greater in length than the thick-
ness of the graphite arcs. For example, 1in a heating element
having a radius of about 19 inches and width of about 4.0
inches, there 1s an overlap region about 3.0 inches long at
cach end of the segment. The thickness of the non-
overlapping portions of each segment 1s about 0.125 inches.

Thus, the surface area of one of the overlap sections
120-123 1s substantially greater than the cross sectional area
of a single thickness of graphite.

Hence, even if the conductive interface between segments
in the overlap regions 120-123 1s not high, the electrical
resistance of the overlap regions should not substantially
exceed the resistance of the non-overlapping portions of the
arcs 110-113. Further, 1n the example, each overlapping
region 120123 has a respective fastener (not shown), such
as a molybdenum bolt, to improve contact and the thermal
interface between segments. The length of the overlap
regions 120-123 1s substantially less than the length of the
arcs 110-113. Thus, the primary resistance heating contri-
butions occur in the non-overlapping portions of the
clement, the dimensions of which are easily controlled.

Two of the segments 111 and 113 are outer segments, and
two of the segments 110 and 112 are 1nner segments. In the
example, the outer segments 111, 113 and the 1inner segments
110, 112 are all formed to have the same circular shape. Each
secgment 110-113 has a hole for receiving a center fastener
130-133, and 1s supported by its respective fastener
130-133. In addition, each segment 1s fastened to the two
adjacent segments.

Although there are a total of eight fasteners, only four of
the eight fasteners (one per segment) contact the wall.

Other conventional methods and fasteners known to those
of ordinary skill in the art may also be used to attach the
heating element 100 to the interior wall of the furnance.

One of ordinary skill recognizes that the segment shapes
may be varied, so the outer segments 111 and 113 exert an
inward force at each end of mnner segment 110. For example,
the outer segments may have a slightly smaller radius of
curvature, and the inner semgents may have a slightly larger
radius of curvature, so the inner segment 110 exerts oppos-
ing outward forces on outer segments 111 and 113. Similar
pairs of equal and opposite forces would be exerted at each
of the overlapping sections 120-123.

In the above described variation, a single fastener
130—133 may be used for each respective segment 110—113.
The fasteners 130-133 are used to attach the heating element
100 to the inner wall of a vacuum furnace (not shown).

As one of ordinary skill recognizes, graphite 1s naturally
black 1n color. In a vacuum furnace environment, thermal
radiation 1s the predominant mode of heat transfer, and a flat
black surface 1s the best finish for emitting diffuse thermal
radiation throughout the pertinent portion of the spectrum.
Thus, the claimed heating element has an advantageous
surface for emitting thermal radiation.
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Although the example shows four segments 110-113,
other numbers of segments may also be used.

Although the invention has been described in terms of
exemplary embodiments, 1t 1s not limited thereto. Rather, the
appended claim should be construed broadly, to include
other variants and embodiments of the invention which may
be made by those skilled 1n the art without departing from
the scope and range of equivalents of the 1nvention.

What 1s claimed 1s:

1. A heating element comprising;:

a plurality of segments 1nterfacing with one another, each
segment overlapping two adjacent ones of the plurality
of segments, the heating element having a substantially
constant width and thickness, except 1in portions where
segments overlap,

said heating element having a curved shape,

said heating element being capable of resisting electricity
to generate heat thereby,

said heating element being formed of graphite.

2. The heating element of claim 1, wherein the curved
shape 1s substantially circular.

3. The heating element of claim 1, wherein the plurality
of segments include four segments assembled 1 a circle,
two of the segments being outer segments, two of the
segments being inner segments.

10

15

20

25

4

4. The heating element of claim 1, wherein each segment
has a hole for receiving a single fastener that 1s connectable
to a wall.

5. The heating element of claim 1, wherein each segment
has the preformed shape of an arc.

6. A method for forming a heating element, comprising
the steps of:

forming a plurality of graphite heating element segments,
cach segment having a curved shape;

assembling the plurality of graphite heating element seg-
ments to form a heating element, including the step of
overlapping each segment with an adjacent one of the
plurality of segments, the heating element having a
substantially constant width and thickness, except in
portions where segments overlap.

7. The method of claim 6, wherein the step of assembling
includes forming a circle from the segments.

8. The method of claim 6, wherein the step of assembling,
includes assembling four segments 1n a circle, two of the

segments being outer segments, two of the segments being
Inner segments.
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