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This invention relates to sintered powdered metal piston 
rings, containing aluminum oxide particles and particularly 
to a sintered, forged and/or pressed powdered ferrous base 
metal piston ring of this type characterized by high wear 
resistance. 

Porous metal bearing parts have been commonly used 
in industry during recent years. 
porous metal parts. have not been successfully used in pis 
ton rings because of their relatively low wear resistance. 
A principal object of the present invention, therefore, is to 
provide; a novel. sintered and forged or sintered and cold 
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pressed:powdered metal piston ring having good anti 
friction properties, and a high degree of wear resistance 
due to the presence of aluminum oxide particles. A fur 
ther object of this invention is to eliminate the necessity 
of:expensive chromium plating of piston rings without sac 
rificing wear resistance by providing a powdered ferrous 
base piston ring containing hard aluminum oxide particles. 
Still a further object of the invention is to provide a simple 
and inexpensive process for forming a sintered, forged 
and/or pressed powdered metal piston ring having proper 
porosity. 
The above and other objects are attained in accordance 

with my invention by, a sintered and worked powdered 
metal piston ring having controlled porosity and high wear 
resistance due to the presence of 'dispersed particles of 
aluminum oxide. -. 

Tests on piston rings formed in accordance with my 
invention.indicate that the wear resistance of these rings 
compares favorably with that of chromium-plated rings. 
Moreover, a sintered powdered metal piston ring of this 
type can be-inexpensively manufactured to close dimen 

isional tolerances because of the elimination of the expen 
sive machining operations otherwise necessary. Since 
little or no machining is necessary, there is little scrap or 
Waste. - 

Recently, sintered powdered ferrous base piston rings 
have been provided with increased wear resistance by the 
inclusion of either nickel-titanium or titanium-aluminum 
particles in the powdered metal mix. These developments 
are respectively disclosed in co-pending patent application 
S. N. 317,737, filed October 30, 1952, in the name of 
Alfred L. Boegehold; now abandoned, and co-pending pat 
ent application S. N. 444,402, filed July 19, 1954, in the 
names of Robert F. Thomson and Eric W. Weinman. 
However, the use of aluminum oxide particles in the mix, 
in accordance with the present invention, affords certain 
advantages over the use of nickel-titanium or titanium 
aluminum particles. The hard, crystalline aluminum 
oxide particles are preferable from an economic standpoint 
silee Alundu in and corundum, for example, cost appre 
ciably less than other typical nickel-titanium alloys or 

30 

40 

50 

60 

titanium-aluminum powders. Of course, aluminum oxide 
also does not contain any relatively critical materials, such 
as nickel or titanium. 
On sintering, moreover, the high-melting aluminum 

oxide particles alloy with the powdered metal mix to 
70 

2 
which they are added to a negligible extent as compared 
with nickel-containing compounds and tend to remain in 
substantially the same form in which they are introduced. 
Maximum wear resistance normally cannot be obtained if 
the particles alloy, excessively with the base metal of the 
powdered mix. 
Other objects and advantages of the present invention 

will more fully appear from the following detailed descrip. 
tion of a preferred embodiment of my invention. . . 
A piston ring is preferably formed in accordance with 

my invention from a mixture of powdered iron containing 
finely pulverized aluminum oxide. Even a relatively min 
ute amount of the aluminum oxide powder improves the 
wear resistance of the piston ring to an appreciable extent, 
and the range of this constituent may vary from a small 
but effective amount to a quantity constituting approxi 
mately 20% by weight of the ring. However, in order to 
reduce costs and to provide the piston ring with the desired 
strength, particularly impact strength and shock resistance, 
the aluminum oxide content. normally should be main 
tained between about 0.25% and 10%. When more than 
10% powdered aluminum oxide is used in a sintered 
powdered ferrous base piston ring, the tensile strength 
and ductility of the ring are somewhat reduced. This re 
duction in physical properties becomes quite pronounced 
when the aluminum oxide content is raised above. 20%. 
The brittleness of such a piston ring is evidenced by 
chipping or cracking of wear test specimens when they are 
being ground. Optimum properties are usually obtained 
when the ring contains approximately 1.5% to 6% of the 
crystalline aluminum oxide powder. 

Finely divided graphite, preferably 80 mesh or finer, 
may be mixed with-the-metal powder and improves the 
quality of the piston-ring if it is present in amounts not 
larger than about 4% by weight. An initial carbon con 
tent of about 0.3% to 4% is satisfactory, but to prevent 
loss of strength and hardness of the piston ring the graphite 
content should not exceed 4% in most instances. Alter 
natively, the desired amount of carbon may be added, or 
the initial carbon content adjusted, by subsequent heat 
treatment, such as carburizing, of the piston ring. It will 
be understood, of course, that a measurable amount of the 
carbon is usually lost during the sintering operation, and 
that it is the residual-carbon which is important in deter mining... the strength of the piston ring. Inasmuch as 
sintering may reduce, the initial carbon content by ap 
proximately one-third, it is desirable to control the carbon 
additions and sintering operation so that the residual car 
bon content in the piston ring is between approximately 
0.3% and 3% by weight. Thus, my preferred retained 
carbon content of about 0.6% to 1.5% normally requires 
the presence of between 1% and 2.3% carbon before 
sintering. 

In view of the above considerations, I have found that a sintered powdered metal piston ring having optimum 
wear resistance properties in accordance with the present 
invention comprises approximately 1.5% to 6% by weight 
of crystalline AlOs powder, 0.6% to 1.5%. by weight of 
carbon, and the balance substantially alliron. 

If the ferrous metal piston ring is to be formed by means 
of a multiple pressing operation, as hereinafter described, 
a small but effective amount of zinc stearate not in excess 
of about 2.5% may also be beneficially included in the 
powdered iron mix. The zinc stearate eliminates any 
necessity for coating the dies with a lubricant during the 
briquetting operation. In general, I have found that best 
results are obtained with a mix having a zinc stearate con 
tent between approximately. 0.3% and 2%. Other die 
lubricants, such as stearic acid in powder form, can also 
be used in place of the zinc stearate. 
Among the aluminum oxides which may be used are 

  



form of natural AsO3); ish emery.” Corundu. ... : : - - - - - . 

di Al2O3) likewise can be suc tabularicorundum (calc. 
tion. Specific examples of these forms of crystalline alu 
minum oxides include the commercially available com 
pounds identified as Alundum 600X, Alundum 320B, 

1300, tabularicorundum - 100-200 and Turk 
- : 3 

classification in each instance indicate the approximat 
particle size of the alumina particles. The proper use of 
appropriate amounts of any of these forms of aluminum 
oxides in the manner hereinafter described results in th 

Moreover, ron powders 

riquetting pressure of about 30,000 

Square inch may be used. Before briquetting, it is im 
portant that the powdered metal constituents be thor 
oughly mixed in order to provide the resultant piston 
ring with uniform properties and structure. 
The green briquette is then sintered under suitable 

conditions of time, temperature and atmosphere. Sinter 
ing temperatures between approximately 1900 F. and 
2300. F. and sintering periods between one-half hour 
and one hour are highly satisfactory. These sintering 
times are not critical, however, and sintering periods as 
short as four minutes and as long as 90 minutes are satis 
factory. Excellent results have been obtained by sinter 
ing the briquette at 2100 F. for one hour under a non 
oxidizing furnace atmosphere, such as "Drycolene' gas 
or a gaseous mixture of “Neutralene' and a small amount 
of natural gas. 
The dry Drycolene gas normally is composed of ap 

proximately 20% carbon monoxide, 3% hydrogen and 
77% nitrogen. The Neutralene atmosphere mentioned 
above is a closely related gaseous mixture which usually 
consists of approximately 1.5% carbon monoxide, 1.5% 
hydrogen and 97% nitrogen. It has proved advantageous 
to mix about 100 parts of Neutralene with one part of 
natural gas. Other furnace atmospheres can be used, 
of course, but Drycolene and Neutralene are readily 
available and each provides a highly effective protective 
atmosphere. Gases with high hydrogen and very low 
carbon monoxide contents generally are less desirable 
because they have a greater tendency to decarburize the 
briquette and are more costly. . . .. 

After sintering, the strength of the piston ring blank 
may be appreciably increased by cold pressing or forg 
ing it in a contour-shaped annular die into the desired 
piston ring blank shape. The forging operation is prefer 
ably one of hot forging, and it is usually expedient to 

fused Also, such as Alundum, and the impure Also, con 
taining minor amounts of iron oxide and known as "Turk 

cessfully employed in accordance with the present inven- 5 

The numerals following the alumina 

dered iron, pulverized aluminum oxide, and graphite 
powder, if it is desired to add the latter, at an appro 

: . . . . . . pounds per squar 

: inch has proved to be highly satisfactory, but pressures 
between approximately 20,000 and 120,000 pounds per 
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ring blank, but generally a hot forging operation is prefe 

mits scoring under ily 
is desirable to carefully control the forging so as to pr 
vide the piston ring with proper porosity. More sp 

s pe 

a's 

cheated to a temperatire app a v : r 
ging temperatures approaching those used for sinte 

ing are generally suitable for use in the present inven 
n. In order to obtain particular properties, however, 

ermissible to cold forge or cold press the piston 
forging or hot coining increases the tensile ; especially as the porosity 

therefore, I have found it advisable to ico oform a piston ring having between 
orosity, thereby improving resi 

he ring blank is to be cold 
than forged, a pressure of ; ; ; ; ; ; 
r square inch is appropriate. 
Another method of forming the wear-resist: rly satisfactory 

to the contour of the ring in its free and open position, 
the blank still being in the shape. of a complete ring, 
however. 

Following the forging or pressing operation, whichever 
is employed, the piston ring blank is preferably heated 
for about 30 to 60 minutes to a temperature between 

restraining the shape of the ring blank. This operation 
reduces stresses from cold pressing and tempers the mar 
tensite formed during rapid cooling of the forged blank. 
It also may be used to correct the shape of the ring blank 
if it has become distorted during hot working. Temper 
ing for approximately 45 minutes at 900 F. has proved 
to be highly satisfactory. If hot forging has been used, 
it is desirable to rapidly die cool the blank before heat 
treatment. 
When the heat treatment has been completed, a small 

segment of the piston ring blank is removed by a machin 
ing operation to produce the necessary gap in the ring 
in its free position. After machining, the piston ring 
may be advantageously surface treated with a phosphate 
type of anti-friction material, such as iron-manganese 
phosphate. Other appropriate surface treatments could 
be used, of course. . - - - 

It will be understood that a sintered powdered metal 
piston ring containing dispersed particles of aluminum 
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oxide in accordance with this invention may be manufac 
tured under the usual porous metal techniques as dis 
closed in a number of patents, such as Patents Nos. 
1,738,163, 2,097,671, 2,075,444, etc. It is likewise ob 
vious that other powdered iron alloys, as well as powdered 
steel and iron, can be used as the principal constituent in 
the piston ring. Also, instead of briquetting the metal 
powder as hereinbefore explained, it may be molded to 
shape as suggested in Koehring Patent No. 2,198,702 in 
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which event the forging operation, as before, is used to 
provide the sintered powdered metal piston ring with 
optimum porosity: Allr of these modifications" are to 
be considered as within the -seope-of the present" inven 
tion, which broadly comprehends the provision-of-a-sin 
tered powdered ferrous base metal piston ring containing 
dispersed particles of aluminum oxide; 
Wear tests, were conducted to... compare sintered pow 

dered piston ring-materials formed in accordance with 
my invention with conventional cast iron piston ringma 
terials. Each sample to be tested was machined to pre 
pare a V8 inch by 1% inch rubbing surface. The speci 
mens were next successively locked in a fixture of the 
wear test machine and placed in contact with a rotating 
smooth-surfaced cast iron wheel having a face width of 
one inch. Increased wear resistance was measured by 
decreased weight loss in grams and in decreased volume 
loss in cubic inches. Score resistance, on the other hand, 
was indicated by the load required to cause scoring under 
prescribed test conditions. The severity of this test is 
indicated by the fact that an amount of equivalent wear 
to that undergone in approximately 10,000 miles of en 
gine operation occurs in an 18/2 hour test run period. 
A wear test using this apparatus was conducted in 

which the specimen load was increased during the 18% 
hour period from zero load and automatically adjusted 
to produce a constant frictional load of 64 pounds. At 
the end of this test period the cast iron specimens showed 
an average weight loss of approximately 0.016 gram, 
while sintered powdered metal specimens containing 
crystalline Al2O3 particles lost an average of only ap 
proximately 0.004.5 gram. Similarly, while the conven 
tional cast iron samples underwent a volume loss averag 
ing about 140x10-6 cubic inches, the specimens formed 
in accordance with the present invention changed on the 
average only 22x 10-6 cubic inches. The results of this 
test, showing the low weight and low volume loss of my 
new piston ring under severe wear tests, illustrate its high 
wear resistance. 

Likewise, tests indicate that my new and improved 
wear-resistant piston ring material has considerably better 
anti-friction properties than cast iron. This property was 
measured by means of the specimen load required to 
produce a 64 pound frictional load. Thus, samples 
formed of sintered powdered iron containing the afore 
mentioned dispersed particles of crystalline AlO3 re 
quired an average of about 830 pounds specimen load 
to produce the 64 pound frictional load as compared with 
an average of only approximately 650 pounds specimen 
load when the cast iron samples were tested. 
The importance of the aluminum oxide particles in my 

new sintered and worked piston ring material is apparent 
when the results of the above tests are compared with 
tests conducted on the same sintered and forged powdered 
iron material to which aluminum oxide had not been add 
ed. For example, the specimen load required to produce 
a 64 pound frictional load on the latter samples averaged 
only approximately 568 pounds, thus indicating that the 
coefficient of friction of such a material is substantially 
reduced by the presence of the crystalline AlO par 
ticles. Likewise, under the aforementioned test condi 
tions, the ordinary sintered and forged powdered iron 
piston ring material lost an average of 0.028 gram and 
underwent a reduction in volume averaging about 
238X10-6 cubic inches. 
When these piston ring materials were also subjected 

to a score test and compared, the specimens formed from 
the conventional powdered iron mix required a load av 
eraging only 590 pounds to produce scoring, but an av 
erage load of approximately 697 pounds was required to 
cause any indication of scoring of my new sintered pow 
dered metal piston ring material. 

While the present invention has been described by 
means of certain specific examples, it is to be understood 
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6 
as being within the scope of the present invention asset 
forthin the following claims. - 

I claim: 
1. A porous piston ring for an internal combustion 

engine, said piston ring being characterized by high wear 
resistance and being formed of a sintered and worked 
powdered metal mix comprising: approximately 0.3% 
to 3%. carbon, 1.5% to 6% of crystalline Also, and the balance...substantially all iron. 

2. In , an internal combustion engine, a highly, wear 
resistant piston ring formed of a sintered and worked 
powdered metal consisting essentially of approximately 
0.3% to 3% by weight of carbon, 0.25% to 10% by 
weight of dispersed, hard particles of aluminum oxide, 
and the balance substantially all powdered iron. 

3. The process of forming a powdered iron piston ring 
characterized by high wear resistance, said process com 
prising compressing a powdered metal mixture into an 
annular briquette, said mixture comprising approximately 
0.3% to 4% graphite, 1.5% to 6% aluminum oxide which 
has been pulverized to form particles of -100 to -600 
mesh size, and the balance substantially all iron; subse 
quently sintering said briquette; thereafter sizing the 
annular briquette at a pressure of about 40,000 to 150 
000 pounds per square inch in a die which is shaped to 
the contour of the ring in its free and open position; 
and thereafter working said sintered briquette to provide 
it with optimum strength and porosity. 

4. A process of forming a porous piston ring which 
comprises mixing pulverized AlO3 with iron powder, 
briquetting the resultant mix at a pressure between 20,000 
pounds per square inch and 120,000 pounds per square 
inch into an annular form, sintering the formed briquette 
under a nonoxidizing atmosphere for a period of time 
ranging from four minutes to 90 minutes at a temperature 
between approximately 1900 F. to 2300° F., subse 
quently forging said sintered briquette to a porosity be 
tween 2% and 13% in a die which is shaped to the con 
tour of the finished ring in its free and open position, 
die cooling the formed piston ring blank, and thereafter 
tempering said blank for approximately 30 to 60 minutes 
at a temperature between 800 F. and 1100 F. 

5. A process of forming a powdered metal piston ring 
characterized by high wear resistance, said process com 
prising forming a powdered iron mixture containing ap 
proximately 0.25% to 10% by weight of hard particles 
of finely pulverized Al2O3, briquetting said mixture at a 
pressure of about 30,000 to 90,000 pounds per square 
inch in an annular die, sintering said briquette at a tem 
perature between approximately 1900 F. and 2250 F. 
for about 15 minutes to two hours, thereafter sizing the 
formed piston ring blank at room temperature at a 
pressure of about 40,000 to 150,000 pounds per square 
inch in a die which is shaped to the contour of the ring 
in its free and open position, and subsequently tempering 
said blank for approximately 30 to 60 minutes at a tem 
perature between 800 F. and 1100° F. 

6. A process for forming a powdered metal piston 
ring characterized by high wear resistance, said process 
comprising forming a mixture consisting of 1.5% to 6% 
by Weight of finely divided crystalline aluminum oxide, 
0.3% to 4% by weight of graphite and the balance sub 
stantially all powdered iron, briquetting said mixture at 
a pressure of about 30,000 to 90,000 pounds per square 
inch in an annular die, presintering said briquette at a 
temperature between approximately 1600 F. and 
2100 F. for about 10 minutes to two hours, thereafter 
sizing the formed piston ring blank at room temperature 
at a pressure of about 40,000 to 150,000 pounds per 
Square inch in an annular die, again sintering said blank 
for approximately 15 minutes to two hours at a tempera 
ture between approximately 1900 F. and 2250° F., 
thereafter again sizing said blank at room temperature at 
a pressure of about 40,000 to 150,000 pounds per square 

that other forms may be adopted and are contemplated 5 inch in a die which is shaped to the contour of the ring 
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