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[ 5 7] ABSTRACT 

A method and apparatus that decrease the time nor 
mally used in a high-pressure, high-temperature fur 
nace for heating a material to be treated to a desired 
temperature prior to treatment and cooling that mate 
rial to low temperatures after the treatment. The mate 
rial is heated prior to insertion into the furnace and 
held within a thermally insulated container having a 
means of communicating with the hot zone of the fur 
nace until insertion is desired and the normal treatment 
carried out. Subsequent to the treatment the material , 
is again placed within the container and allowed to cool 
or possibly subjected to further thermal treatments 
within the container. The use of this holding apparatus 
allows greater utilization of the high-pressure, high 
temperature furnace by freeing it from the function of 
routine heating and cooling of the treated materials. 

5 Claims, 4 Drawing Figures 
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APPARATUS FOR LOADING A HIGH~PRESSURE 
FURNACE 

BACKGROUND OF THE INVENTION 

This invention relates generally to an apparatus for 
loading and unloading a workpiece from a furnace and 
more particularly to apparatus for loading and unload 
ing a high~pressure, high-temperature furnace such as 
disclosed in U.S. Pat. No. 3,427,011, Boyer et al. 
The invention is particularly adapted to use with 

high~pressure furnaces used for gas-pressure bonding 
and hot isostatic compaction of particulate materials. 
Brie?y, the gas-pressure bonding process utilizes iso 
static gas pressure and elevated temperatures to form 
a solid-state bond between metal or ceramic parts. The 
process of hot isostatic compaction uses high 
temperature gas and high pressures to compact and 
bond particulate metal or ceramic materials into a fully 
dense component. While the feasibility of bonding and 
densifying various materials with a high-temperature, 
high-pressure process has been successfully demon 
strated, several inherent shortcomings of the batch 
type process have precluded commercial acceptance of 
this technique. 
As this technique is now used, the cold workpiece to 

be treated is placed in the cold furnace cavity, insula 
tion is packed above the furnace, the sealing head for 
the vessel is replaced, and the furnace is brought to 
temperature, while applying the gas pressure. After a 
speci?ed time at high temperature and pressure, the 
pressure is released and the furnace is allowed to cool 
permitting the treated workpiece to be removed. A 
process of this type can consume 12 hours which can 
severely limit the availability of the equipment and 
therefore the cost ef?ciency of the process. 
The present invention seeks to alleviate the ineffi 

cient use of the high-pressure furnace by providing a 
means to load and unload the workpiece while it is hot. 

SUMMARY OF THE INVENTION 
The present invention consists of a means of hot 

loading and unloading a furnace with a device consist 
ing of two coaxial metal shells separated by a layer of 
thermal insulation with the device partially inserted 
into the furnace chamber through the main head open 
ing. A workpiece is suspended inside the device and 
may be preheated either by a previous treatment or 
process or by heating coils within the device. The work 
piece can be inserted into the preheated furnace while 
hot, thereby eliminating a time consuming heat-up cy 
cle. The device may be provided with seals to prevent 
excessive heat escape during the loading process. The 
same device is also used for removal of the workpiece 
subsequent to the pressure cycle. Upon removal of the 
workpiece from the furnace into the device, the device 
and workpiece can be removed from the high-pressure 
furnace and further cooled thereby freeing the high 
pressure furnace for reloading. The use of the present 
invention may reduce cycle times of the process 75 per 
cent and thereby enhance the commercial feasibility of 
gas-pressure bonding and isostatic compaction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I is an isometric view ofa high-pressure furnace 
with the present invention in place and the workpiece 
within the furnace; 
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2 
FIG. 2 is a cross~sectional view of a high-pressure fur 

nace with the closure head and internal heat shields in 
place in view a and removed in view b; 
FIG. 3 is a cross-sectional view of the high~pressure 

furnace having the present invention inserted into the 
furnace opening with the workpiece contained within 
the device; and 
FIG. 4 is a cross-sectional view of the device separate 

from the furnace showing the possible use of internal 
heating elements to preheat the workpiece. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. I, the high-pressure furnace 11 is 
comprised of an open-ended cylindrical steel pressure 
vessel 12 containing a cylindrical heating element sup 
port 13 with layers of thermal insulation 14 between 
the pressure vessel wall 15 and the heating elements 16. 
The pressure vessel 12 is not heated to signi?cant tem 
peratures since cooling water is circulated adjacent the 
inner wall 15 of the vessel. Access to the hot zone 18 
is provided by the removal of the closure head 50 and 
the internal heat shields 61 and 62 shown in FIG. 2 but 
not shown in FIG. 1. The removal of these components 
allows the loading device I9 to be inserted into the 
high-pressure furnace 11. 
The inner shell 20 of the device 19 has approximately 

the same inside diameter as the hot zone 18 and upon 
insertion abuts the heating element support 13. This, 
provides a smooth inner surface from the loading de 
vice 19 to the hot zone 18 preventing the workpiece 21 
from catching on any protrusions while being lowered 
or raised. The inner shell 20 of the device 19 is sepa 
rated from a second, shorter coaxial shell 22 by thermal 
insulation 36. This second shell 22 abuts the heat shield 
23 immediately adjacent to the heating elements 16 
thus preventing excessive heat loss while the device 19 
is in place. While these portions of the device 19 abut 
portions of the furnace 11, the weight of the device 19 
and the workpiece 21 when contained and fastened 
within it is carried by a support ?ange 24 that bears on 
the flat upper surface 25 of the high-pressure furnace 
11 created when the closure head 50 is removed. The 
interior cavity 26 of the device 19 is closed at the end 
opposite the hot zone 18 by a member 27 having 
enough strength to support the weight of the workpiece 
21 and transmit it to the support ?ange 24 when the 
workpiece 21 is retracted up into the interior cavity 26 
and fastened to the device 19 prior to removal of both 
the device 19 and the workpiece 21. A central opening 
28 in the member 27 allows a coupling 29 to be low 
ered through the device 19 to attach to the workpiece 
21. This opening 28 may contain a thermal insulating 
seal, not shown, to prevent heat loss out of the device 
19. 
FIG. 2 shows the two configurations of the high~ 

pressure furnace with view a showing it ready to accept 
the loading device through an access port 80, and view 
b showing it loaded and completely closed ready to 
pressurize. The members 61 and 62 are thermally insu 
lated baf?es that both reduce the heat conduction to 
ward the closure head 50 and prevent the formation of 
convextion currents of hot gases within the high 
pressure furnace during operation. The baffles consist 
of metal plates 65 and 66 with insulating material 68 on 
top of each plate. The metal plates 65 and 66 are sup 
ported by the coaxial shells within the furnace 65 by 
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the heating element support 13 and 66 by the adjacent 
shell 23. The baffles are removed by attaching a hook 
to an eye 70 and 71 on the plates 65 and 66 and simply 
lifting them out of the access port 80. 
FIG. 3 shows the loading device 19 inserted in the ac» 

cess port 80 of the high-pressure furnace 11 with ‘the 
workpiece 21 suspended within the device 19. This 
con?guration illustrates the manner with which the 
workpiece 21 and the loading device 19 are attached 
before loading. The workpiece 21 is suspended from a 
detachable coupling 29 that also forms a heat baffle re 
stricting heat flow out of the opening 28 in the top plate 
27 of the device 19. The coupling 29 is suspended on 
a shaft 44 having a means such as an eye to attach a lift 
ing device. On this shaft 44 is a projection 46 that rests 
on a removable plate 47 with the plate 47 preventing 
the projection 46 from passing through the opening 28 
and thereby suspending the workpiece 21 from the top 
plate 27 of the device 19. The workpiece 21 is lowered 
into the furnace hot zone 18 by lifting the workpiece 21 
slightly to facilitate removal of the plate 47 and then 
lowering the workpiece 21 down into the hot zone 18 
by a lifting device passed through the opening 28. 
When the workpiece 21 comes to rest on the bottom of 
the furnace hot zone 18, the coupling 28 is removed 
from the workpiece attachment and raised to the lower 
surface of the top plate 27 where the removable plate 
47 is again inserted. The device 19 can then be re 
moved from the furnace 11 allowing the high-pressure 
furnace 11 to be prepared for pressurization. 

Referring now to FIG. 4 where the device 19 has the 
added capability of heating the workpiece 21 before or 
after the high-pressure treatment through the use of 
self-contained heating elements 30. These heating ele 
ments may consist of conventional resistance heating 
elements or those similar to the pressure furnace. As 
disclosed, the means for heating the workpiece 21 con 
sist of heating elements 30 of the same type as the fur 
nace 11 being a cylindrical metal shell 20 with a series 
of cylindrical insulators 32 mounted thereon. The heat 
ing elements 30 are wound in a serpentine manner 
around the insulators 32. The elements 30 may be ar 
ranged in zones in the same manner as the heater 16 of 
the furnace 11 as to provide accurate temperature con 
trol of the workpiece 2] while it is contained within the 
device 19. 
To carry out the complete process utilizing the sub 

ject invention, the furnace 11 should be at an elevated 
temperature below that temperature where the heating “ 

“ so element would be damaged by exposure to the atmo 
sphere. This preheating of the furnace can be the result 
of a previdus cycle or the preparation for the next cy 
cle. The closure head 50 and the internal heat ba?‘les 
61 and 62 must be removed as shown in FIG. 2. The 
workpiece 2-1 is now contained in the loading device 19 
where it can be preheated either by an external heat 
source, a previous pressure-temperature cycle, or from 
the internal heater 30 as shown in FIG. 4. When the 
furnace 11 and the workpiece 21 are at the proper tem 
perature, any temporary insulation in place in the ac 
cess-poruof the furnace 11 is removed and the device 
19 with the workpiece 21 container is inserted into‘ the 
access port 80 as shown in FIG. 3. The workpiece 21 
is then lowered into the hot zone 18 of the furnace 11 
as shown in FIG. I and the device 19 is removed. The 
internal heat baffles and the closure head are replaced 
and the furnace 11 is ‘filled with pressurized inert gas. 
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4 
When the atmosphere in the hot zone 18 is sufficiently 
pure, the temperature and pressure are raised to the de 
sired values for the bonding or compaction process. 
When the high-pressure, high-temperature process is 

completed, the pressure and temperature are reduced 
to a point of atmosphere pressure and the temperature 
at which the furnace was loaded. The closure head and 
the internal heat baffles are removed and the device 19 
is inserted into the furnace 11. The workpiece 21 is 
drawn up into the device 19 as shown in FIG. 3 by 
means of a coupling 29 and the entire assembly of the 
device 19 plus the workpiece 21 is removed from the 
furnace 11. The furnace 11 is now in readiness for the 
insertion of another workpiece 21. 

After the previously treated workpiece 21 has been 
removed from the furnace 11, it can be allowed to cool 
slowly inside the device 19, removed, and allowed to 
cool rapidly or the device 19 equipped with an internal 
heater 30 can control the cooling rate or even perform 
additional thermal treatments. ‘ - 

The device 19 is also applicable to high-temperature, 
high-pressure furnaces that have removable heating as 
semblies 13 as disclosed by U. S. Pat. No. 3,427,01 I, 
Boyer et al. In that concept the heating assembly 13 is 
provided with convenient electrical connections and 
the workpiece 21 and the heater assembly 13 are 
moved as a unit. The device I‘) would then accommo 
date this unit with no need for internal heaters 30 pro 
vided in the device 19. 

It is to be understood that the description of the em 
bodiments of the invention in no way limits the scope 
of the invention with many possible modi?cations and 
variations remaining within the scope and spirit of the 
invention as herein disclosed and claimed. 
We claim: 
1. An apparatus for loading and unloading a furnace 

with said apparatus consisting of: 
a. a ?rst cylindrical shell having an inside diameter 

substantially the same as the hot zone of said fur 
‘ nace; 

‘b. a layer of thermal insulation surrounding said first 
shell disposed to prevent escape of heat from the 
cavity within said ?rst shell; 

c. a second shell surrounding said insulation and said 
?rst shell; 

d. a closure at one end of both shells provided with 
an access port to said cavity within the shells; and 

e. a radial protrusion from said shells at the end op 
posite said closure with said protrusion disposed to 
support said apparatus when said apparatus is in 
place over an opening having a diameter greater 
than that of either of said shells. 

2. The apparatus of claim 1 where said first shell proj 
ects below the extremity of said second shell at the end 
of said second shell opposite said closure and where 
said radial protrusion emanates from said extremity of 
said second shell. 

3. The apparatus of claim 1 where said cavity con 
tains heating elements disposed to heat material placed 
within said cavity. 

4. The apparatus of claim I where said closure in’ 
cludes thermal insulation. 

5. The apparatus of claim 4 where said thermal insu 
lation includes a means of preventing heat loss through 
said access port from said cavity. 
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