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HIGH TEMPERATURE VACUUM FURNACE
HOT ZONE WITH IMPROVED THERMAL
EFFICIENCY

FIELD OF THE INVENTION

This invention relates to high temperature vacuum heat
treating furnace hot zones that include electric resistance
heating elements, high strength, high density, low conduc-
tivity, and low moisture-sensitive graphite insulation boards,
retention systems and high pressure cooling nozzles for
producing high thermal efficiency during a high temperature
heat treating cycle.

BACKGROUND OF THE INVENTION

With rising energy costs, especially high electric costs,
and electricity use restrictions placed on heat treating com-
panies 1n many states and countries, the need to develop
more energy ellicient heat treating furnace hot zones 1s a key
priority. The furnace hot zone 1s the area withuin which a
work piece 1s placed to be heat treated. The present invention
includes some notable improvements over prior art hot zone
arrangements for saving energy and reducing the overall
costs of manufacturing, owning and operating a vacuum
furnace. A uniquely designed insulation arrangement, heat-
ing elements and their connection joints, and lower mass
cooling nozzle size and shape, result in 1improved energy
consumption by the vacuum furnace, improved ease of
fabrication and maintenance, and a significant reduction 1n
the 1mitial cost to build the furnace compared with current
graphite vacuum furnace hot zones.

It 1s well known 1n prior art vacuum furnace fabrication
that the hot zone contains an inner msulating wall and an
outer wall known as the support ring—U.S. Pat. Nos.
9,187,799, 7,514,035, 4,559,631; 4,259,538; 6,021,155; and
US2013/0175256A. The outer wall support ring typically 1s
fabricated as a stainless steel or carbon steel ring and 1is
situated and 1solated within a water-cooled chamber. The
inner nsulating wall typically 1s fabricated with all metal
radiation shields or a combination of graphite felt and foil,
or rigidized graphite board. In one instance found in U.S.
Pat. No. 4,489,920 (920 patent), there 1s described a hot
zone insulated by ceramic oxide fabricated boards. It 1s
stated 1n the patent that the ceramic oxide fabricated boards
are much lower 1n cost and the oxide will not interact with
materials that evaporate from the work pieces, as does the
graphite felt which the ceramic oxide boards replace. In tests
using the ceramic oxide boards claimed 1n the “920 patent,
major catastrophic failures occurred after several repeated
process cycles 1n at least three production furnaces. The
ceramic oxide boards were more hygroscopic (water absorb-
ing) than the graphite felt predecessors. This resulted 1n
longer turnace pump-down rates, especially during humid
weather, causing lost production time. In the *920 patent the
ceramic oxide boards were supported by multiple types of
abutment supports, suggesting that the strength of the
ceramic oxide boards were less than desired. The use of
these multiple supports adds mass to the furnace and 1s a
source of conductive heat loss from the hot zone where the
work piece 1s being treated to the cold side of the support
ring, resulting 1in higher energy usage and costs. In practice
alter a certain amount of usage the ceramic oxide boards
began to fracture and deteriorate rapidly due to thermal
shock during high pressure quenching. The weakness of the
ceramic oxide boards was found to be due to the fact that the
ceramic fibers were not mterwoven or iterlocked, resulting
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in a loss of strength when they were exposed to rapid heating
and cooling. These two significant failures, extreme mois-
ture absorption and brittleness, led to very costly down time,
and repair and replacement costs. Heat treating furnace
manufacturers returned to the use of graphite felt and foil
insulation, and eventually felt/foil and board combinations
in the manufacture of graphite imsulated vacuum furnaces.

A major drawback to felt/foil and outer rigid isulation
board designs 1s the need to hold the msulation package in
place by retainers to prevent damage and breakage of the
woven fibers during high pressure gas quenching. These
retainers are typically made from graphite or molybdenum
rods that are connected to the face of the insulation package
and pass through the insulation to connect to the cold side of
the support ring. Each connection from the inside of the
inner hot zone wall to the outer support ring 1s a potential
source for thermal losses during the heat treating cycle. The
retainer pins according to the present invention are used only
in those newly designed insulating board segments which do
not have any other connection means to the hot zone support
ring. This includes cooling nozzles that screw 1nto the outer
support ring, and heating element supports that connect the
heating elements to the outer support ring. These three forms
of connection means all serve as thermal loss conduits from
the hot zone to the support ring, which in turn radiates out
to the water-cooled outer chamber wall. Any design that
reduces the number of insulation retamner pins helps to
improve thermal efliciency in the hot zone. For example, a
furnace with a 48 inch hot zone diameter and 50 1nches 1n
length may require up to 300 retainer pins as support for the
telt/fo1l insulation package. This results 1n 500 apertures that
are a source of thermal losses due to conduction between the
hot zone and the outer support ring. The current design,
which utilizes the high strength HEFVAC graphite boards
according to the present invention, reduces the number of
insulation retainer pins from 17 to 4 around the circumfier-
ence of the furnace outer support ring. The overall number
of retainer pins required according to the prior art designs
decreases from approximately 500 to approximately 125.
The number of heating element supports 1s also decreased 1n
the current design from an average of 9 at the circumierence
to 4, or by greater than 50%.

As vacuum furnaces have improved through the use of
high quality seals and valves, 1ssues with oxygen exposure
have been virtually eliminated, thus making the statements
in the 920 patent, regarding the dangers of graphite felt n
vacuum furnaces no longer relevant. It has therefore been
the practice for the past 30 plus years to continue to use
graphite insulation 1n vacuum furnaces that utilize graphite
or molybdenum electrical resistance heating elements. It 1s
customary for these types of heat treating furnaces to use
clectrical resistance heating elements, as shown and
described in U.S. Pat. Nos. 4,559,631 4,259,538; and 6,021,
155. During the life of a vacuum furnace, the heating
clements are subjected to many expansions and contractions
as a result of hundreds of heating and cooling cycles. As the
state of high pressure gas quenching has advanced, the
thermal shock experienced by the heating elements has
increased with each increase in pressure levels. Such
increases 1 quench pressures are described in U.S. Pat. No.
9,187,799, where gas quench pressures up to 20 Bar 1n
nitrogen are utilized. The advent of higher heat treating
temperatures for specialty alloys has also introduced more
stress on the heating elements, leading to increases in the
number of failures. The increased stress from higher tem-
peratures and more rapid cooling leads to increased occur-
rences of Iracture of the heating elements, requiring
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improvements 1n heating element design for ease of replace-
ment 1n the heat treating facility, as opposed to replacement
in the furnace manufacturing facility. The polygon design
shown and described in U.S. Pat. No. 6,021,155, uses a
plurality of compensator bars to join straight molybdenum
heating elements. Each compensator bar requires 4 nuts and
bolts made of refractory material, and has a center aperture
which allows connection of the heating element through the
insulation package to the hot zone chamber outer wall. For
cach bank of heating elements there 1s a 2 to 1 element to
retainer pin ratio in thus prior art design. Each retainer pin
adds to the overall level of conductive heat loss, as each pin
1s directly connected from the heating element to the hot
zone outer stainless steel support ring. Reduction of the
number of retainer pins and heating element locking fasten-
ers helps to reduce the overall mass and number of penetra-
tions 1n the hot zone, thereby reducing energy requirements
for heating the hot zone to the required furnace operating
temperature. This results 1n increased furnace efliciency and
reduced operating costs.

Another improvement of the present invention over the
prior art vacuum Iurnaces designed to further reduce the
overall mass of the hot zone, and thereby increase furnace
elliciency, 1s the design of the cooling nozzles. The current
design nozzles are of a reduced size and a streamlined shape,

and thus a lower mass when compared with the standard
nozzles described and shown in U.S. Pat. Nos. 9,187,799
and 7,514,033.

SUMMARY OF THE INVENTION

These and other deficiencies of the prior art are overcome
by the present mnvention. In one of 1ts aspects this invention
provides 1n a high temperature vacuum furnace including a
hot zone comprising an inner wall and an outer support
means, the inner wall comprising a plurality of high density,
high strength, low conductivity, and low moisture-sensitive
graphite insulation board means, each board means con-
nected at one longitudinal edge thereof to an adjacent board
means to form a continuous ring around the hot zone, and
cach one of the board means overlapping and engaging the
adjacent board means to provide a tight fit with virtually no
gap therebetween, whereby thermal radiation losses from
the hot zone are virtually eliminated, the hot zone further
including a plurality of electrical resistance heating element
means arranged in a continuous ring within the hot zone
adjacent to the board means ring, each one of the heating
clement means being operatively connected to an adjacent
one of the heating element means at each of their respective
longitudinal edges by a first connection means, and the
heating element means ring being operatively connected to
the insulation board means ring by a plurality of heating
clement standoil means.

In another of its aspects this mmvention provides an
improved gas cooling nozzle means which 1s tapered and has

a reduced mass for providing greater thermal energy eftli-
ciency and reduced conductive heat loss from the hot zone.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate a preferred
embodiment of the invention, as well as other information
pertinent to the disclosure, in which:

FIG. 1 1s an end view of the furnace hot zone according
to the present mmvention showing the arrangement of the
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HEFVAC graphite insulation boards, the insulation board
retainers, the heating elements, the gas cooling nozzles and
the power supply terminal.

FIG. 2 1s a cross-sectional view of the HEFVAC 1nsula-
tion boards as shown in FIG. 1, particularly illustrating the
unique Z-shaped profile locking configuration between adja-
cent boards; and also showing the gas cooling nozzles and
theirr means of retention to the insulation boards and the
outer support ring, and the retainer pins and their means of
retention to the isulation boards and the outer support ring.

FIG. 3 1s a perspective view ol a polygonal heating
clement as shown in FIG. 1, particularly showing the
connection means between each heating element segment.

FIG. 4 1s a side view of a heating element connector plate
for individual heating element segments.

FIG. 5A 1s a side view showing two individual heating
clement segments connected by a connector plate, as shown
in FIG. 4.

FIG. 5B 1s a perspective view showing two connected
heating element segments, as shown in FIG. 5A.

FIG. 6 1s a cross-sectional view of a lower mass, stream-
lined gas cooling nozzle, as shown 1n FIG. 1.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Referring to the drawings in general and particularly to
FIGS. 1 through 6, where like numerals 1dentily like ele-
ments, there 1s shown a vacuum furnace 100 1n accordance
with the present mvention. Furnace 100 typically includes
an mner water-cooled chamber wall 120 which supports a
hot zone chamber 121. Chamber 121 includes an outer wall
support ring 122, which 1s typically a stainless steel ring
designed to support the mner wall comprised of isulation
boards 130, insulation board retainers 131, and gas cooling
nozzles 132. Furnace 100 also includes a water-cooled
power terminal 138 and heating elements 151. Power ter-
minal 138 supplies electrical power to the heating elements
to cause them to heat hot zone chamber 121 to a desired
temperature. Water-cooled power terminals have been
described 1n various prior art patents such as U.S. Pat. Nos.
4,559,631, 4,259,538; and 6,021,155; and they will not be
turther described with regard to the present invention. A pair
ol connector reinforcement plates 160 are an improvement
over prior art furnace arrangements and are designed to
stabilize the power terminal to the segmented heating ele-
ments 151. Between the water-cooled furnace mner chamber
wall 120 and the outer stainless steel rnng 122 1s an open
space which serves as a plenum 123, where high velocity
cooling gas can flow from a quench fan (not shown) through
the gas cooling nozzles 132 to the work piece (not shown)
in hot zone 121. During vacuum heating, plenum 123 1is
under vacuum, and any radiative or conductive heat losses
to support ring 122 could result in radiation losses from
support ring 122 to the furnace chamber 1nner water-cooled
wall 120.

Nozzle radiation shields 135, as shown and described 1n
U.S. Pat. Nos. 9,187,799 and 7,514,033, are utilized 1n the
present invention in their entirety. Shields 135 are made
from molybdenum sheet that reflects heat back to hot zone
chamber support ring 122 and away from the furnace
chamber mnner water-cooled wall 120. Since nozzles 132 are
open during the heating cycle, there will be some radiation
loss from hot zone 121 through the nozzle apertures. Radia-
tion shields 135 restrict further losses to water-cooled wall
120, allowing furnace hot zone 121 to reach a set tempera-
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ture and thus maintain a tight tolerance for temperature
uniformity without an excessive mput of electrical energy.

The design of nozzles 132 represents another unique
feature of the present invention. These nozzles have a
smaller outer radius (thinner wall) to reduce the mass of the
nozzle as compared to the nozzles described and shown in
U.S. Pat. Nos. 9,187,799 and 7,514,035. The present lower
mass nozzle design results 1n 1mproved energy efliciency
and 1s an important improvement of the present mnvention.
Nozzles 132, as shown 1n FIG. 1 and with more detail in
FIG. 6, are preferably made from low thermal conducting
refractory material, desirably and more specifically graphite.
Nozzle 132 has a threaded end 134 that 1s screwed 1nto hot
zone support ring 122. The nozzle 1s tightened into place by
retaining nuts 136. One nut 136 1s screwed 1n at the inner
wall formed by insulation boards 130, and a second nut 136
1s screwed 1n against the outside of support ring 122, which
1s adjacent to insulation boards 130, such that the second
retaining nut 1s 1n the plenum 123 side of the furnace.
Retaining nuts 136 are placed on each side of a board 130
to ensure that nozzles 132 stay in place. Nuts 136 are
typically manufactured from graphite, but they can be made
from molybdenum (or its alloys) or from ceramic material.
The key feature of the nozzle 132 design resides 1n 1ts lower
overall mass.

Insulation boards 130, shown 1n greater detail in FIG. 2,
are made of highly eflicient, high strength, high density, low
conductivity, and low moisture-sensitive graphite (HEF-
VAC), manufactured according to a proprietary process.
Boards 130 are manufactured to tightly set specifications 1n
order to fit the cylindrical hot zone 121 diameter. Each
insulation board 130 segment 1s connected at one of the
longitudinal edges thereot to one of the longitudinal edges of
an adjacent board 130 segment by means of a unique
Z-shaped edge design 140 on each longitudinal edge of
every board. Each board is placed in an inverted position
against an adjacent board such that the boards fit together 1n
a complementary engagement manner with each other, and
Z-10mnts 140 overlap and engage each other to form a
cohesive ring around and the inner wall of hot zone chamber
121. This arrangement of board 130 segments joined
together at Z-joints 140 1s clearly shown in FIG. 2. The
Z-101nts do not require any manual cutting to properly {it the
furnace hot zone 121 during construction of furnace 100.
The Z-joints are designed to self-adjust during the heating
cycle to provide a tight fit without leaving major gaps at the
board junctions 140. Standard right-angled rigid graphite
boards, currently used 1n prior art felt board construction, are
not capable of overlapping at the joint between two boards
to form a cohesive insulation ring like the present Z-shaped
boards described and shown 1n FIG. 2. This causes large
openings at the junctures of these right-angled rigid boards,
which results i radiation losses from the hot zone during the
heating cycle. The dimensions of each insulation board 130
according to the present design 1s determined by the overall
diameter of hot zone 121, such that a polygon layout 1is
formed within the hot zone. This layout results in the flat
board 130 segments making limited contact with hot zone
support ring 122. The reduction of direct contact points
between nsulation board 130 segments and support ring 122
reduces conductive heat loss that 1s typical with prior art

designs, another factor resulting in an increase 1n energy

elliciency. A void 150 between the flat side of board 130
segments and hot zone support ring 122 1s under vacuum
during the heat treating cycle, providing isulation between
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boards 130 and support ring 122, thus further decreasing
thermal conductive losses from the hot zone during the heat
treating cycle.

While the present preferred embodiment utilizes flat insu-
lation board 130 segments, 1t should be understood by those
skilled 1n the high temperature vacuum furnace art that
curved (or other-shaped) insulation boards could be used
that would form a continuous curved layout within hot zone
121 when connected together i1n the unique manner
described and illustrated herein, without departing from the
scope of the present invention. Such a design would, how-
ever, climinate the additional advantage of the thermal
vacuum gap 150 provided by the flat boards 130 and circular
support ring 122.

The design of board 130 segments 1s show 1n greater
detail 1n FIG. 2. The HEFVAC graphite boards are cut 1n
such a way that each board has a Z-shaped profile at each
longitudinal edge. When the boards are placed end-to-end,
they form a Z-joint 140, which 1s designed 1n such a way that
alternating boards are inverted, and each board lies against
the adjacent board forming a seal. The design of Z-joints 140
provides a means for self-adjustment as 1t swells and shrinks
slightly during heating and cooling, and also provides a tight
fit during the heating cycle. This reduces radiation thermal
losses that would occur from a gap between the boards, as
in prior art designs.

The Z-jomnt lying 1n the longitudinal direction also pro-
vides a simple means for replacement of insulation board
130 segments by the furnace owner or operator, as a dam-
aged board 130 segment can be removed and a new replace-
ment board segment can easily be slid into place 1n a matter
of several hours without the need to completely remove the
entire hot zone 121. When a prior art graphite felt insulation
package 1s damaged 1n a vacuum furnace hot zone, the entire
hot zone must be removed from the furnace, and the furnace
must be completely shut down for a period of several days
to weeks for maintenance. The prior art hot zones built with
rigid graphite boards require custom fitting to each hot zone.
This must be done during the actual hot zone construction 1n
the furnace manufacturing facility and 1s time consuming,
with a great deal of wasted product. The present HEFVAC
graphite board 130 segments are precut at the board manu-
facturing facility to tightly set specifications in order to {it
the furnace hot zone diameter. The boards are coated with
graphite polymer paint in order to seal each board for less
moisture absorption (especially on humid days), and then
the boards are pre-conditioned by being baked at a tempera-
ture of 1800° C. prior to delivery to the fTurnace manufac-
turer. This provides for minimal out-gassing and introduc-
tion of contaminating gasses during the heating up portion of
the cycle 1n the furnace. It also allows faster and deeper
vacuum levels for each given cycle, and reduced cycle times
with less energy consumption. The board 130 segments are
then positioned end-to-end and inverted with respect to each
other, with opposing Z-joints 140 overlapping to complete
the hot zone 121 insulation package 1n a matter of hours
rather than days. All necessary apertures for the components
of hot zone 121—nozzles 132, insulation retainers 131 and
heating element 151—are pre-drilled 1n board 130 segments
to the specifications of each component prior to assembly of
the msulation package. Maintaining tight specifications of
the apertures virtually eliminates thermal radiation losses
from the exposed space between insulation board 130 seg-
ments and hot zone support ring 122. Insulation retainer pins
131 are preferably made from graphite, but they can also be
made from molybdenum, and are threaded and held 1n place
by a self-adjusting graphite nut 133.
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FIGS. 1 and 3 show 1in detail the new polygon-shaped
heating element design. Each heating element 151 1s manu-
factured from a single high purity graphite block and cut into
segments having i1dentical dimensions, thereby providing
rectangular segments with equal resistance. The ability to
manufacture more than one element segment from a single
block of graphite significantly reduces the overall cost of the
heating element 151 ring compared to the standard curved
design, 1n which each graphite block produces only one
graphite heating element. An additional benefit of the pres-
ent design and method of production 1s that the process
reduces waste of the graphite block material, and therefore
1s environmentally friendly due to less waste matenal to
dispose of or recycle. This results 1n a significant cost saving
to the furnace manufacturer and to the furnace owners and

users.

In prior art designs any hardware used as a connecting
means to ensure that the heating elements function 1n series
introduces a means for wear and fracturing of the heating
clements during the lifetime of the vacuum furnace, result-
ing in furnace down time and added maintenance costs.
Reduction of the number of connectors not only reduces the
risk of fracture, but also reduces the overall mass of the
graphite element system, thus saving on the energy needed
to heat the elements to the desired furnace temperature. As
shown 1n FIGS. 3, 5A and 5B, each heating clement 1s
connected 1n series by an angled graphite connection mem-
ber 152 which 1s secured to adjacent heating element 151
segments by a bolt 153 and a nut 154. Connection member
152 1s manufactured preferably from graphite to an internal
angle of between 90° to 180°, and preferably between 100°
to 165° depending on the diameter of hot zone 121. For
example, a hot zone 121 with a 57 inch diameter would
require connection members with the angle between sections
152A and 1352B of 144°, as shown in FIG. 5A. Heating
clement 151 segment dimensions depend on the diameter of
the hot zone. The width, length and thickness of segments
151 are adjusted to provide maximum coverage and ensure
that each segment has a substantially similar, or preferably,
exact resistance to prevent electrical arcing.

Power terminal 138, which supplies electrical power to
heating elements 151, 1s connected at one end thereof to
water-cooled furnace outer wall 120 through an aperture in
an msulation board 130 segment, and at the other end thereof
to a connector plates 160 securing the two heating element
151 segments adjacent power terminal 138 together. The

heating element 151 ring 1s connected 1n part to support ring,
122 through apertures 1n insulation board 130 segments that
do not otherwise have any other connection means therebe-
tween by a plurality of element stand-ofls 139, which are
connected at one end thereof to one of the heating element
151 segments, and at the other end thereof to support ring
122.

Following are examples of energy elliciency comparisons
between the vacuum furnace design according to the present
invention and various prior art furnace designs. Numerous
tests were conducted 1n a laboratory sized vacuum furnace
to compare the overall temperature of the hot zone support
ring 122 for various standard msulation packages versus the
HEFVAC 1nsulation board 130. Additional testing was con-
ducted for those 1instances where cooling nozzles were added
to the mnsulation board 130 segments, and the geometry of
the hot zone included void 150, which was achieved by
attaching a curved plate to the flat insulation board material,
thus introducing a void similar to void 150 1in FIG. 1. The
data for each test 1s listed 1n Tables 1 and 2 below:
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TABLE 1
HOLD HOLD HOLD
INSULATION TYPE 1750° F.  2000° FE  2250° L.
a. All-Metal 551° F 650° F. 733° L
(3 Molybdenum, 2 Stainless)
b. Foil/Kaowool 452° L. 54%8° L. 640° T.
¢. Foil/Rayon Graphite Felt 2" 456° T. 544° L. 616° F.
d. Foil/Pan Graphite Felt 2" 490° L. 574° L. 659° T.
e. Std. 2" Felt + CFC Graphite 517° L. 572° I 622° T.
Board (Average)
f. HEFVAC 2" Board w/Foil Face 334° L. 367° I 405° L.
& Flat Stainless Steel Plate
g. HEFVAC 2" Board w/Foil Face 309° F. 332° . 365° L.
& Curved Stainless Steel Plate
TABLE 2
THERMAL IMPROVEMENT HOLD HOLD HOLD

HEFVAC BOARD 1750° F. 2000 F.  2250° L.

a. Direct Temperature - HEFVAC 31.79%  48.22%  52.09%
Flat Plate vs. Std. Felt/Board
b. Direct Radiation Loss Improvement 48.46%  61.16%  63.97%

Percentage - HEFVAC
Board vs. Current Std. Package

The lower temperatures shown of support ring 122
achieved 1n tests 1. and g. 1n Table 1 for the two configu-
rations of HEFVAC 2" Board, as compared with the various
prior art insulation packages shown 1n tests a. through e. in
Table 1, 1s evidence of the conclusion that there was less
radiative and conductive heat loss from hot zone 121, and
therefore increased thermal efliciency with the umique HEF-
VAC 1sulation board configuration.

While there have been described what 1s believed to be a
preferred embodiment of the invention, those skilled in the
art will recognize that other and further modifications, may
be made thereto without departing from the spirit and scope
of the invention. It 1s therefore intended to claim all such
embodiments that fall within the scope of the invention.

What 1s claimed 1s:

1. A high temperature vacuum furnace including a hot
zone being formed to accept and heat treat a stationary
workload, said hot zone comprising an mner wall and an
outer support means, said mner wall comprising a plurality
of high density, high strength, low conductivity, and low
moisture-sensitive flat graphite insulation board members,
cach insulation board member being connected at one lon-
gitudinal edge thereot to an adjacent board member to form
a continuous ring around said hot zone, and each one of said
insulation board members overlapping and engaging the
adjacent insulation board member to provide a tight fit with
virtually no gap therebetween, each longitudinal edge
thereof formed 1n a z-shaped profile including a first sub-
stantially vertical angled surface extending from a first
substantially horizontal surface of said board member and a
second substantially vertical angled surface extending from
a second substantially horizontal surface of said board
member, said first and second substantially vertical angled
surfaces being connected therebetween by a third substan-
tially horizontal surface, and each board member being
placed against an 1nverted one of said adjacent board mem-
bers such that the z-shaped edge profile of each board
member {its 1n a complementary engagement position with
said adjacent board member and forms a tight fit with
virtually no thermal or radiation gap therebetween, whereby
thermal radiation losses from said hot zone are virtually
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climinated, said hot zone further including a plurality of
clectrical resistance heating element means arranged 1n a
continuous ring within said hot zone adjacent to said 1nsu-
lation board member ring, each one of said heating element
means being operatively connected to an adjacent one of
sald heating element means at each of their respective
longitudinal edges by a first connection means, said heating
clement means ring being operatively connected to said
insulation board member ring by a plurality of heating
clement standoil means.

2. The high temperature vacuum furnace hot zone in
accordance with claim 1 wherein one end of said heating
clement standoil means 1s operatively connected through a
first aperture 1n a first one of said insulation board members
to said hot zone outer support means and the other end of
said standoil means 1s operatively connected to a first one of
said heating element means.

3. The high temperature vacuum furnace hot zone in
accordance with claim 1 wherein said hot zone further
comprises gas cooling nozzle means and wherein one end of
said gas cooling nozzle means i1s operatively connected
through a second aperture in a second one of said 1nsulation
board members to said hot zone outer support means and
another end of said gas cooling nozzle means 1s operatively
connected to a second one of said insulation board members.

4. The high temperature vacuum furnace hot zone in
accordance with claim 3 wherein the ones of said isulation
board members that are not otherwise secured to said hot
zone outer support means by said heating element standoil
means and said gas cooling nozzle means are secured to said
hot zone outer support means by retainer pin means, one end
thereol being operatively secured to said outer support
means and the other end thereof being operatively secured to
said 1nsulation board members.

5. The high temperature vacuum furnace hot zone in
accordance with claim 3 wherein said gas cooling nozzle
means has a reduced mass for providing greater thermal
energy efliciency and reduced conductive heat loss from said
hot zone.

6. The high temperature vacuum furnace hot zone 1n
accordance with claim 1 wherein said hot zone further
comprises power terminal means for supplying electrical
power to said heating element means, said power terminal
means being operatively connected at one end thereot to an
outer wall of the furnace and being operatively connected at
another end thereof through said hot zone outer support
means and through a third aperture in a third one of said
insulation board members to said heating element means.

7. The high temperature vacuum furnace hot zone in
accordance with claim 1 wherein said heating element {first
connection means 1s 1n the form of a connector plate means
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having more than one aperture therein formed to accept
fastening means for securing said connector plate means to
two adjacent heating element means.

8. The high temperature vacuum furnace hot zone 1n
accordance with claim 7 wherein said connector means 1s
formed with an angle of between approximately 90° to 180°
between the ends thereof.

9. The high temperature vacuum furnace hot zone in
accordance with claim 7 wherein said connector means 1s

formed with an angle of between approximately 100° to
165° between the ends thereof.

10. The high temperature vacuum furnace hot zone in
accordance with claim 7 wherein said connector means 1s
formed with an angle of approximately 144° between the
ends thereof.

11. The high temperature vacuum furnace hot zone in
accordance with claim 1 wherein a void 1s formed between
said insulation board members and said hot zone outer
support means to provide an additional vacuum barrier
resulting 1n 1mproved thermal 1nsulation and reduced con-
ductive heat loss from said hot zone.

12. The high temperature vacuum furnace hot zone in
accordance with claim 1 wherein the furnace includes a
water-cooled outer wall and a void between said furnace
outer wall and said hot zone outer wall forming a plenum for
the transmission of high velocity cooling gas to tlow through
said gas cooling nozzle means to the workpiece 1n said hot
Zone.

13. The high temperature vacuum furnace hot zone in
accordance with claim 1 wherein said insulation board
members are in the shape of a polygon.

14. The high temperature vacuum furnace hot zone in
accordance with claim 1 wherein said insulation board
members are 1n a continuous curved shape.

15. The high temperature vacuum furnace hot zone in
accordance with claim 1 wherein said heating element
means 1s 1n the shape of a polygon.

16. The high temperature vacuum furnace hot zone in
accordance with claim 1 wherein said hot zone outer support
means 1s 1n the shape of a continuous ring.

17. The high temperature vacuum furnace hot zone in
accordance with claim 16 wherein said hot zone outer
support ring 1s made of stainless steel.

18. The high temperature vacuum furnace hot zone in
accordance with claim 1 wherein said insulation board
members are coated with a polymeric graphite coating
means for providing faster pump down rates, deeper vacuum
levels, and reduced cycle times with less energy consump-
tion during a heat treating cycle.
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