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INFILTRATED POWDERED METAL COOKING U'I'ENSIL 
This invention relates to articles made by powder metallur 

gy techniques and is particularly concerned with an article of 
this nature having novel characteristics imparted thereto by 
the combining of materials. 
The manufacture of articles by powder metallurgy 

techniques is known and extends to the formation of articles 
of widely varying con?gurations and formed of substantially 
any sort of metal or alloy thereof capable of being reduced to 
a ?ne powder and compacted and then sintered to bond the 
particles together. 

Articles formed by powder metallurgy techniques are nor 
mally of a porous nature because the particles of metal bond 
together at the interface thereof during the sintering process 
forming a skeleton like structure having voids therein. The 
term bond as used herein describes intermetallic diffusion and 
the resulting joining of adjacent particles which may or may 
not take place in the presence of a liquid phase, depending 
upon the sintering temperature and the speci?c metallic ele 
ments contained in the powder compact. The amount of voids 
will vary with the particular metal and the degree of compac 
tion thereof prior to sintering and with the temperature and 
duration of sintering. 

It is relatively simple, however, to produce a structure 
which is 70 to 80 percent or more of the density of the solid 
form of the same material. More porous structures are ob 
tained when the compacted powder originally consists of 
uniformly spherical shaped particles of uniform size. Irregu 
larly shaped particles of ductile materials, such as the ferrous 
alloys, are easily deformed during the compaction which 
reduces the pore size in the matrix to a greater degree than 
will occur with smoothly shaped or spherical particles. Also 
effecting a reduction of pore volume is the presence of rela 
tively ?ne particles mixed with coarse particles, in which case, 
the ?ne particles occupy the spaces between the compacted 
coarse particles. 
The majority of the voids present in a powder compact, 

formed in the manner described above, are interconnected ex 
cept when the compaction is performed at extremely high 
pressures so that pore volume is less than about 7 percent of 
the total volume. The present invention is primarily concerned 
with compacts having interconnected voids. 

It is also known that the voids in a sintered piece of the na 
ture referred to can be in?ltrated with another material in 
liquid form, for example, another metal or a plastic material. 
The impregnating material, when cooled or cured to a solid 
state becomes an integral part of the article and seals the pores 
and imparts certain characteristics to the in?ltrated material 
different than it had before in?ltration. Such a composite is 
sometimes known as a biskeletal structure, with each integral 
component present accomplishing speci?c functions of the 
material system as will be explained in the following. 
With the foregoing in mind, the present invention has a pri 

mary objective, the provision of an article of manufacture and 
. a method of making the article in which powder metallurgy 

techniques are employed for making the article and in?ltra 
tion and/or impregnating techniques are employed for impart 
ing certain desired characteristics to the article. 
A particular object of the present invention is the provision 

of an article formed by powder metallurgy techniques through 
which heat is to be transferred and to improve the heat con 
ductivity in the article in at least a certain area thereof by in?l 
tration of the area with a high heat conductivity metal. 
A still more speci?c object of the present invention is the 

manufacture of cooking vessels, or the like, formed of‘ metal 
powder, such as stainless steel powder, and having the region 
thereof through which heat is supplied to the contents of the 
vessel, ordinarily the bottom thereof, impregnated with 
copper. 
A further object of the invention is the provision of cook 

ware and similar heat-conducting vessels which are less expen 
sive to manufacture than those made according to prior art 
practices. 
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2 
A still further object is the provision of cookware and the 

like made by powder metallurgy techniques which are more 
ef?cient with regard to heat consumption, more effective with 
regard to appropriate heat distribution within the cookware, 
and more efficient with regard to time required to transfer 
heat than conventional cookware. 
The foregoing objects and advantages of the present inven 

tion will become more apparent upon reference to the follow 
ing detailed speci?cation, taken in connection with the ac 
companying drawings, in which: 

FIG. 1 is a perspective view partly in section, showing a sim 
ple vessel constructed according to the present invention; 

FIG. 2 is a schematic view showing how the powder from 
which the vessel is made could be compacted by pressing into 
the form of the vessel; 

FIG. 3 schematically illustrates the manner in which a slurry 
of the powder material of the vessel could be formed by slip 
casting; 

FIG. 4 schematically illustrates the manner in which a slurry 
of the powdered material could be formed by centrifuging; 

FIG. 5 schematically illustrates one manner in which the 
bottom of the vessel could be in?ltrated with copper during or 
subsequent to sintering of the article; 

FIG. 6 illustrates a sheet formed of the powdered material 
and having a region thereof in?ltrated; 

FlG. 7 illustrates the manner in which a blank taken from 
the sheet of FlG. 6 could be formed into a vessel by pressing or 
drawing; and 

FIG. 8 is a sectional view showing still another type of vessel 
adapted to be manufactured according to the present inven 
tion. 

Referring to the drawings somewhat more in detail, vessel 
10 in FIG. 1 has an upstanding sidewall portion 12 and a bot 
tom 14. According to the present invention the vessel 10 is 
formed by powder metallurgy techniques utilizing, for exam 
ple, iron powder or stainless steel powder. Stainless steel 
powder has obvious advantages in connection with cookware 
and the like,'because it is corrosion resistant and does not rust 
and presents a good appearance and is easily cleaned. 
The heat conductivity of stainless steel is, however, quite 

low and it presents a disadvantage in respect to cookware for 
this reason. Cookware made of iron powders has a somewhat 
higher heat conductivity than stainless steel, but still lower 
than that of solid iron, and also lower than copper in?ltrated 
iron powder. For the purpose of the present disclosure, stain 
less steel will be referred to, but it will be understood that the 
present invention is applicable to substantially any type of 
metal powders which can be compacted into useful structures, 
and have a higher melting point then that of the desired im 
pregnating material. 

In FIG. 1, the bottom portion 14 of the vessel, and up to 
about the dash line 16, is impregnated with copper, or copper 
alloy. Copper alloys exhibit high heat conductivity and'by in 
?ltrating the bottom of the vessel with this material, the rate of 
heat transference through the bottom of the vessel is substan 
tially enhanced. The heat conductivity through the sidewalls 
of the vessel, which would represent heat loss for stove-top 
cooking, remains that of the powdered metal, and where the 
powdered metal employed is stainless steel, is substantially 
lower than that of the bottom of the vessel. 
The sidewalls 12 of the vessel may be impregnated with a 

plastic material, such as polyester resin, or the vessel may be 
lined as indicated by the layer at 18 with Te?on which is 
polytetrafluorethylene, or similar plastic material. Either the 
Teflontlining or the impregnation of the sidewalls of the vessel 
will seal the porous sidewalls against the passage of any liquids 
therethrough and will further assure a somewhat lower ther 
mal conductance through said sidewalls. The vessel may have 
a lid 11, made from powdered metal and impregnated or 
coated with plastic or in?ltrated with metal. 

In forming the body of the vessel, the powders may be 
pressed as shown in FIG. 2, in which die parts 20 and 22 de?ne 
therebetween a cavity 24 in which the metal powder is 
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disposed. This powder may be admixed with a lubricating 
material, such as lithium stearate or the like, which assists in 
causing the powder to flow into the cavity uniformly and to 
?ow within the cavity when the pressing takes place. Some 
sacri?ce is made in the strength of the compacted material in 
the case of ferrous metal powders when such lubricants are 
used; however, the enhanced flow characteristic of the materi~ 
al in the die cavity greatly improves the uniformity of the den 
sity of the compact which is obtained; and, therefore, the pore 
volume within the compacted structure. 

Sintering of the compact taken from the die cavity takes 
place at a temperature of about 1,900” to 2,400° F for a period 
of ‘2% hour to 1 hours. Sintering temperature is normally con 
trolled to within plus or minus 25° F. and the desired tempera 
ture is selected within the above-stated range depending upon 
the speci?c alloy and desired sintered properties. The sinter 
ing furnace atmosphere is ordinarily reducing or at least 
nonoxidizing, such as produced by cracked ammonia, 
hydrogen, or mixtures of hydrogen and carbon monoxide, as is 
well known in the art. The lubricant will volatilize and dis 
sipate from the compact during the heating and, therefore, 
will not be present once the sintering temperature is reached. 
A known method for in?ltrating copper or copper alloys 

into ferrous metal powder compacts during the sintering 
process is described in (1.8. Pat. No. 3,307,294 by Arthur B. 
Michael, dated Mar. 7, 1967. Following the method of this 
patent, a second compact is pressed from the powder form of 
the impregnating alloy. This second compact being placed 
upon the ferrous metal compact over the region to be in?l 
trated, and the assembly is placed within the sintering furnace. 
Fusion of the impregnating alloy occurs during the initial 
stages of sintering and results in a sintered and in?ltrated 
structure at the end of the sintering cycle. Also following this 
method, the in?ltrating material is admixed with a parting 
compound so that any adhering surface residue on the sin 
tered and in?ltrated object may be quickly and simply 
removed subsequent to sintering. Alternative methods in 
which the in?ltration is carried out subsequent to sintering are 
discussed in the following 

FIG. 3 shows a slip mold 26 into which a slurry of the 
powder is poured so that the liquid fraction of the slurry, 
usually water, can pass through the mold as indicated by ar 
rows 28 leaving a layer 29 of the powder within the mold. 
Mold 26 has the form of the cookware vessel to be made and is 
composed of a refractory material such as aluminum oxide 
and can, therefore, serve the additional purpose of being the 
sintering tray or container. The article is removed from the 
mold after sintering is completed. The in?ltration of the work 
piece may or may not be accomplished during sintering, as 
desired. 
A variation of this method may be performed whereby an 

additive is made to the slurry which provides for the function 
of binding the particles together after drying out of the slurry 
vehicle solution. Watersoluble stearates can be used for this 
purpose or the vehicle may be naphtha or a chlorinated 
hydrocarbon solvent used in conjunction with a para?n wax or 
methyl methacrylate binder. These binders, or suitable sub 
stitutes therefore, permit removal of the compacted powder 
part from the mold prior to sintering. As in the case where 
lubricants are used as additives, the binder is volatilized and 
driven off during the heating to reach the sintering tempera 
ture. Except as noted, the article is treated in the same manner 
as was described for the article removed from the mold ar 
rangement of FIG. 2. 

FIG. 4 shows a mold cavity formed by the outer and inner 
members 30, which is adapted for receiving a slurry of the 
powder material, with the mold being adapted for being cen 
trifuged to cause the powder to settle out from the slurry and 
form an article of the shape desired. In FIG. 4, the centrifuge 
arm 32 is pivoted to the mold arrangement at 34. When arm 
32 is driven in rotation at high speed, the mold will pivot out 
wardly so that the centripetal force on the powder will act 
toward the bottom of the cavity The time required for 
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4 
complete centrifugal sedimentation depends upon the speed 
of rotation, the viscosity of the slurry, and the character of the 
metal particles. When sedimentation is completed the ?uid 
decant, indicated at 31 in FIG. 4, is removed, and the powder 
sediment allowed to dry. Subsequent processing is accom 
plished in the same manner as described above for slip casting 
with an adhesive binder added to the slurry to facilitate 
removal of the otherwise fragile article from the mold cavity. 

In any of the molding arrangements illustrated, suitable 
parting agents, such as sprayed or preformed ?lms, can be ap» 
plied to the die or mold surfaces to assist in removing the arti 
cles from the die or mold and may, in some cases, be necessary 
due to the fragility of the articles prior to sintering and con 
sequently their propensity to being damaged if they do not 
separate readily from the mold walls. 

FIG. 5 shows a simple arrangement for in?ltrating the bot 
tom of the vessel with molten copper alloy. In FIG. 5, 40 
represents a container having molten copper alloy therein. 
The vessel to be in?ltrated is indicated at 42 and is mounted 
on a holder 44 as by clamps 46. Holder 44 has a suction 
passage 48 extending therethrough communicating with the 
interior of the vessel and connected by hose 50 with a source 
of suction. A seal member 52 may be provided about the 
upper edge of the vessel. The vessel to be in?ltrated is sub 
jected to suction and is immersed in the molten copper alloy 
up to about the level it is desired for the bottom of the vessel 
to be in?ltrated. 

After a predetermined time, determined by test and experi 
mentation, and depending upon the thickness of the bottom 
wall of the vessel and the size of the pores therein, the bottom 
will be completely in?ltrated with copper alloy and the vessel 
can be removed from the molten alloy and taken from the 
holder. 

In certain cases, depending upon the wetting ability of the 
in?ltrant to the sintered metal, it is not necessary to employ a 
variance of pressure or suction to induce complete in?ltration. 
In a variation of the above method, a predetermined quantity 
of the solid form of the in?ltrating material is placed within 
the sintered vessel and the assembly is heated until the in?l 
trant is melted and in?ltrates the sintered structure. 
When the entire article is to be in?ltrated, it can be placed 

in a chamber, the chamber evacuated, the article immersed in 
the molten in?ltrant, and the vacuum interrupted. 

Certain ?nishing operations can now be carried out on the 
vessel and which could include removal of any excess of the 
in?ltrant material on either the inside or the outside of the ves 
sel. Alternatively, any excess of the material could remain in 
place on the bottom of the vessel as a ?lm coating providing 
that the appearance and texture is consistent with that desired. 
The surface ?lm of highly conductive material, if allowed to 
remain, provides for more uniform heat distribution on the 
bottom of the vessel which presents an obvious further ad 
vantage. 

After the bottom wall of the vessel is in?ltrated, the 
sidewalls can be impregnated with plastic, by such techniques 
as are well known in the art, including vacuum techniques 
similar to that described in connection with the in?ltration of 
the bottom of the vessel. Such impregnation of the sidewalls 
with plastic material would seal the sidewalls without, how 
ever, modifying the heat conductivity thereof to any substan 
tial degree. 

Alternatively, or in addition to the impregnation of the 
sidewalls, the entire inside of the vessel could be provided with 
a Te?on ?lm according to well-known practices in this art. 

FIG. 6 illustrates a sheet 60 made by powder metallurgy 
techniques and shown an area 62 which has been in?ltrated 
with a metal, preferably a copper alloy. From this sheet there 
may be cut a blank of the size indicated by the dashed circle 
64 and this blank can be formed into the shape of the vessel as 
shown at 66 in FIG. 7. Trimming of the formed blank along 
line 68 will produce the desired vessel. The region of the ves 
sel which forms the sidewall thereof can be impregnated with 
plastic either before or after the fonning operation, depending 
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upon the extent to which the forming will deform the original 
powder metal matrix. Large deformations of the porous struc 
ture may cause extrusion of some of the impregnant or be im 
paired by the presence of the impregnant and would, there 
fore, require that the impregnating of the plastic be carried 
out after forming of the vessel to shape. 

FIG. 8 illustrates an article 70 of cookware having integral 
with the bottom wall 72 thereof, channels 74 adapted for 
receiving an electric heating element. The bottom wall up to 
about the line 76 is in?ltrated with a high heat conductivity 
metal, such as copper alloy, and the sidewalls of the vessel 
above this line may be impregnated with plastic or the vessel 
may be lined with a Te?on ?lm, or both, as indicated at 78. _ 

In any case, whether the vessel is used for cookware or 
other purposes, it is characterized in having a region through 
which heat is supplied to the vessel which has substantially 
higher heat conductivity than the basic material of the vessel, 
while this basic material exhibits a lower heat conductivity in 
respect of other portions of the vessel than does the heat-con 
ducting wall of the vessel or a solid of the same material. 
By the practice of the present invention, the advantages of 

powder metallurgy techniques in respect to economy can be 
taken advantage of to produce work members at lower cost 
than they can be formed from solid material. 

It is understood, of course, that the articles can betumed or 
otherwise machine treated, such as by hot or cold forging in 
order to shape them following sintering thereof, if desired or 
necessary. Furthermore, machining operations for attaching 
legs and handles, and the like, can be performed on the arti 
cles the same as if they were made of solid metal. As to ?nish 
ing techniques, the articles can be burnished, polished, plated, 
or otherwise treated in order to impart desired surface charac 
teristics thereto, particularly with respect to appearance, ac 
cording to practices well known in the metal working art. 

Certain types of vessels used for cooking and other heating 
purposes, and which fall within the scope of my invention, are 
further characterized by specially shaped interior surfaces 
which are designed to impart correspondingly shaped surfaces 
to the item being cooked or heated. More speci?cally, this 
variation applies where the item being cooked or heated trans 
forms from a liquid, paste or powder form, or consistency, into 
a solid as a result of or during the heating. Typical examples of 
such vessels are griddles for cooking waffles and specially 
shaped omelettes, baking containers for breads and cakes, and 
curing presses for the making of articles from thermosetting 
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6 
plastic and rubber compositions. Articles in the latter category 
include automobile tires, silicone rubber electrical connec 
tors, children's toys and the like. Cookware and related heat 
ing vessels in which cooking or curing is performed which are 
made by the powder metallurgy techniques and utilize in?l 
trated copper alloy or similar heat-conducting metal may be 
designed for use with external heating sources, such as gas or 
electric stoves, or may be designed with integral electric heat 
ing elements, or may be provided with passages through which 
a heating ?uid is circulated. 

Articles having complex con?guration, such as, for exam 
ple, waffle irons or tire molds, can advantageously be made 
from powdered metals, thereby greatly reducing, or even 
eliminating machining, and in?ltrated with another metal ac 
cording to the present invention to enhance the heat-conduct 
ing properties of the article. The articles are inexpensive to 
make, are free of warpage and can be completely, or selective 
ly, in?ltrated and/0r impregnated to meet particular condi 
tions of use. 

Modi?cations can be made within the scope of the ap 
pended claims. 
What is claimed is: 
l. A cooking utensil comprising a member in the form of a 

porous skeletal structure of compacted and sintered powdered 
metal selected from the group consisting essentially of iron 
and stainless steel and another metal selected from the group 
consisting essentially of copper and copper alloys in?ltrated 
into said skeletal structure in at least that portion of said arti 
cle to which heat 18 applied to enhance the heat conductivity 
of the said portion, said in?ltrated metal extending completely 
through said portion of said cooking utensil. 

2. A cooking utensil according to claim 1 which includes a 
bottom wall part and an upstanding sidewall part and said in 
?ltrated portion comprises at least the entirety of said bottom 
wall part of said container. 

3. A cooking utensil according to claim 2 which includes a 
nonporous sealant material selected from the group consisting 
essentially of polyester resin and polytetra?uorethylene ap 
plied to said sidewall part of the container. 

4. A cooking utensil according to claim 3 in which said sea 
lant material impregnates said sidewall part. 

5. A cooking utensil according to claim 3 in which said sea 
lant material is in the form of a ?lm on the inside of said con 
tainer. 


