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This invention relates to a method of making 
porous structures and especially impregnated po 
'rous structures suitable for use as gaskets, bear 
ings, or the like. ' ' 

An object of this invention is to provide a hard, 
porous base or matrix which is capable of being 
impregnated with softer materials. Another ob 
ject of this invention is to provide a method of 
producing a base or matrix having a largev num 
ber of ?ne pores. Still another objectis to pro 
vide a, hearing or gasket of porous copper im-' 
pregnated with softer materials. The above and 
other objects together with the novel features of 
this invention will be apparent from the follow 
ing description. ' 

To achieve the above-enumerated objects in 
accordance with this invention, a matrix is ?rst 
prepared from a suitable metal or its oxide. Any 
oxide of a‘metal may be used which is capable 
of being reduced and at the same time of being 
formed into a coherent mass in the manner of 
a porous honeycombed structure. However, it is 
preferred to employ copper and/or copper oxide 
in forming a matrix because of inherent charac 
teristics peculiar to this metal. Desirable re 
sults are obtained ‘with a comminuted- mixture 
of copper and copper oxide, but copper or copper 
oxide alone is also suitable. The copper and cop 
per oxide may be ?nely divided or pulverized and 
intimately mixed with a suitable reducing agent. 
Ammonium chloride provides the necessary chem 
ical constituents to perform the reducing reac 
tion and also acts as a binder to cause the cop 
per and copper oxide particles to adhere closely 
together. The limiting proportions of NHsCl are 
0 to 18% but I prefer to use from 4' to 15%. 
Above~18% there is a decided tendency for the 

' - formed article to crack and deform. Below 4% 
the reduction is insu?lcient to produce a 
bonded uniform structure. ‘ 
The mixture of'copper, copper oxide, and am 

monium chloride is molded in a form and com 
pressed‘into sheets or other convenient shapes. 
When the sheets are so prepared they are next 
placed in an oven, mu?le, or other heat-produc 
ing equipment and sintered. The temperature 
of the oven .is raised to substantially 900° C., at 
which temperature it is found that the reducing 
reaction will occur most speedily and e?iciently." 
An inert atmosphere, from which oxygen has 
been excluded, materially aids in making the re 
action complete, and it has also been found that 
an increase in pressure above atmospheric will 
tend to assist in speeding the baking process. 
The baking acts to sinter the molded sheets of 
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' powdered copper, leaving a porous, closely knit 
copper matrix. ' 

During the heating, ‘the ammonium chloride 
reacts with the copper oxide reducing the latter. 
The reaction is believed to (be as follows: 

Considerable ammonium chloride is volatilized 
and does not enter the reaction. However, the 
‘volatilized ammonium chloride serves as a,blow 
'ing'agent to produce porosity as well as to pre 
vent oxidation. This results in the sheets or 
molded material becoming honeycombed or ?lled 
with pores. The copper particles become fused 
together at intermediate points throughout the 
mass and. form a substantially rigid foraminous 
matrix which is not subject to crumbling nor to 
crushing under moderate pressure. ‘ 
When the sheets have cooled, they are suit 

able for use as gaskets in their then existing 
form. However, superior gaskets may be made 
by impregnating the porous matrices with gums, 
resins, or waxes, or with softer metals such as 
tin or lead. ~ _ ‘~ ‘ 

I have found that lead and lead-tin alloys are 
well adapted for this impregnation. This is best 
applied by soaking the porous matrix in molten 
lead or lead-tin alloy. The amount of lead taken 
up may vary from 6% for copper having a low 
porosity to as high as 105% for copper having a 
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higher porosity. When resins 'or the like are . 
used as impregnating material, the percentage 
will be much lower. Other suitable materials 
may be used for impregnation, such as rubber, 
vinyl polymers,‘ phenol formaldehyde condensa 
tion products, and the like. In nearly all in 
stances I prefer to use the largest amount of im 
pregnating material that the foraminousmatrix 
will take up; that is, the foraminous matrix is 
preferablysubstantially saturated with the im 
pregnating material. In most cases immersion 
in the molten material is su?icient. ‘ However, if 

' the introduction of more material is required, or 
if the material is viscous and does not penetrate 
with ordinary soaking, pressure methods can be 
resorted to. 
A matrix of copper which has been prepared 

in accordance with this invention and impreg 
nated with lead or tin or alloys of soft metals is 
admirably suited to. serve as a. bearing material. 
The relatively hard structure of~the matrix with 
stands the high pressures which are experienced 
in the contact of metal parts movable in rela 
tion to other and cooperating parts. The softer 
impregnated material serves- as an antifriction 
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medium and as agpartial binder so that a hard, 
long-wearing and shock-resistant bearing is as 
sured as well as one that will not crack or fail 
under severe compressive stress. ' 
When ‘the matrix is impregnated with gums. 

resins, graphite, or wax, it makes a suitable gas 
ket or packing material. The softer ?ller sub 
stance tends to iiow to the surface of the sheet. 
and prevents leaks from occurring ,in glands, 
stu?ing boxes, and between metal edges, as in 
engine blocks and tank covers. a ; 
Although a preferred method and resulting 

gasket and bearing materials have been de 
scribed, it will be understood that changes may 
be made without departing from the principles 
or scope of this invention. ' 
I claim: _ 

1. A method of making a porous structure com 
prising the steps of mixing an unalloyed ?nely 
divided oxide of copper with an ammoniacal salt; 
molding the mixture to a desired shape; and 
sintering the molded ingredients to form a porous 
mass of substantially pure copper. 

2. A method of making a. porous structure com 
prising the steps of mixing comminuted copper 
and copper oxide with ammonium chloride; 
molding the mixture to a desired shape; and 
heating the molded ingredients to- create a co 
herent porous material. 

3. A method of making an impregnated bear 
ing comprising the steps of mixing an unalloyed 
pulverulent oxide of copper with ammonium 
chloride; molding the mixture; heating the 
molded ingredients to form a porous structure of 
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substantially pure copper; and introducing a 
softer metal into the pores. - ' 

d. A method of ‘making an impregnated gasket 
comprising the steps of mixing unalloyed pulver 
ulent copper with ammonium chloride; molding 
the mixture; heating the molded ingredients to 
form a porous structure of substantially pure 
copper; and introducing an alloy of lead and tin 
into the pores. _ ' 

5. A method of making an impregnated mate 
rial suitable for use as gaskets, hearings or the 
like, comprising, the step of mixing comminuted 
copper and copper oxide with 4 to 18% am 
monium chloride; molding the mixture; heating 
the molded ingredients‘in a reducing atmosphere 
to form a foraminous structure; and introducing 
a softer substance into the pores. 

6. A methodof making an impregnated mate 
rial comprising the steps of mixing an unalloyed 
pulverulent oxide of copper with a combined 
blowing and reducing agent; molding the mix 
ture; heating the molded ingredients in a reduc 
ing atmosphere to produce a sintered structure of 
substantially pure copper; and introducing from 
6 to 105%. by weight of an alloy predominantly 
lead into the pores. ; 

7. A method of vmaking an impregnated mate 
rial comprising the steps of mixing a pulverulent 
oxide of copper with ammonium chloride; mold 
ing the mixture; heating the molded article in a 
reducing atmosphere to form a porous structure; 
and introducing a lead-tin alloy into the pores. 
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