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1 
COMPOSITE PRODUCTION WITH 

CONTINUOUS METAL AND CERAMIC 
PHASES 

TECHNICAL FIELD 

The present invention relates to a method for the produc 
tion of continuous phase composite compositions having a 
continuous phase metal and a continuous phase ceramic and 
the compositions produced from the method. The present 
invention preferably relates to a silicon nitride (Si3N4) 
copper (Cu) titanium (Ti) composite composition (Si3N4/ 
Cu/T i), more speci?cally to a (Si3N4/TiN/Cu-Ti) composite 
composition, and a method for forming such composite 
composition. 

BACKGROUND ART 

Composite materials comprised of alloy and ceramic 
materials are knoWn and are ideally suited for use in 
products requiring high temperature tolerance and Wear 
resistance, Which is typically associated With ceramics, and 
toughness, Which is typically associated With metals or 
alloys. As such, the composite materials provide desirable 
Wear, thermal, and hardness characteristics to products made 
from such materials. When products are made from only a 
ceramic or only an alloy the products often lack the neces 
sary combination of characteristics required for certain uses. 
For instance, steel alloys have been used to form a variety 
of products, but the use of steel has been undesired because 
it often does not impart suf?cient thermal resistance for use 
in certain types of products. Ceramics impart high thermal 
resistance, but are generally not strong enough and do not 
have a high fracture toughness. For these reasons compos 
ites are desirable because they combine the desirable char 
acteristics of both alloys and ceramics. 

Engine components, such as valve guides and mechanical 
seals for eXample, are subject to high temperature environ 
ments and are also subject to harsh conditions Which test the 
strength and Wear resistance of the components. For these 
types of components it is desired to use a composite material 
comprised of an alloy or metal and a ceramic because of the 
desired combined characteristics. Speci?cally, the men 
tioned engine components require high temperature toler 
ance and increased hardness and Wear resistance 

characteristics, so that the components require the charac 
teristics associated With the alloys and the ceramics. 

The composite compositions, hoWever, have typically not 
been used to form the above-mentioned types of components 
and devices because the process for forming products from 
such composite compositions has generally been too eXpen 
sive. Hot isostatic pressing is an eXample of a method that 
has been previously used to produce ceramic alloy compos 
ite compositions. Unfortunately, hot isostatic pressing is 
currently an expensive process to perform and the composite 
compositions have to be produced and then machined into a 
?nished product. Machining composite compositions into a 
?nished component or product is generally eXpensive. For 
these reasons, it is desired to have a process, other than hot 
isostatic pressing, for producing composite compositions. It 
is further desired to have a process for forming composite 
compositions Which is presently not economically prohibi 
tive and Which is suited for use in the production of various 
engine components. Additionally, it is desired to have a 
process for forming composite compositions Which does not 
require eXtensive machining of products made from the 
composite materials, but Which instead alloWs for the pro 
duction of the component during formation of the composite 
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2 
composition. In other Words, it is desired to form a ceramic 
of the desired component shape and then form the composite 
composition. 

DISCLOSURE OF THE INVENTION 

The present invention relates to a method for forming a 
continuous phase composite composition and the continuous 
phase composite composition formed from the method. The 
composite composition Will be comprised of an alloy and a 
ceramic substrate, With the alloy spontaneously in?ltrated 
into the ceramic substrate. Preferably, the continuous phase 
composite composition Will be comprised of an Si3N4 
substrate, a titanium-nitride layer, and a copper titanium 
alloy layer, so that an Si3N4/TiN/Cu-Ti composite compo 
sition is formed. 

The method includes the steps of press forming a ceramic 
into a ceramic substrate, ?ring the ceramic substrate to form 
a ?red ceramic substrate, and spontaneously in?ltrating the 
?red ceramic substrate With an alloy. First, a ceramic is 
chosen to form the ceramic substrate. The ceramic is pref 
erably a ceramic nitride and more preferably is selected from 
the group consisting of alumina, aluminum nitride, silicon 
nitride, and combinations thereof. Once selected, the 
ceramic is form pressed into a ceramic substrate having a 
density ranging betWeen about 40% and about 50%. It is 
preferred if the ceramic is form pressed into a shape resem 
bling the ?nished product. 

Next the ceramic substrate is ?red to further densify the 
ceramic. Any of a variety of methods can be used to ?re the 
ceramic so long as the ceramic has a porosity ranging 
betWeen about 10% and about 50%. The porosity Will 
determine Whether the composite composition has charac 
teristics more similar to the alloy or the ceramic. 

The ?red ceramic substrate is then spontaneously in?l 
trated With an alloy. Any of a variety of alloys can be used 
as long as the alloy contains either titanium or chromium in 
an amount equal to up to 50% by Weight of the alloy. A 
variety of methods can be used to heat the alloy so long as 
the alloy is spontaneously in?ltrated into the ceramic sub 
strate. 

After performance of the method a continuous phase 
composite composition Will be formed. Preferably, the 
present method Will result in the formation of a Si3N4/TiN/ 
Cu-Ti composite composition. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The present invention relates to a ceramic metal continu 
ous phase composite composition and a method for produc 
ing the continuous phase composite composition, With the 
composite composition comprised of a continuous metal 
phase and a continuous ceramic phase. Preferably, a Si3N4/ 
TiN/Cu-Ti composite composition is formed Wherein the 
composite system has a silicon nitride (Si3N4) substrate, a 
titanium nitride (TiN) layer, and a copper-titanium (Cu-Ti) 
alloy layer, With the alloy spontaneously in?ltrated into the 
substrate. The composite composition is Well suited for use 
in the production of high temperature tolerant and impact 
resistant structural components such as engine components. 
The method is initiated by selecting a ceramic for use as 

a substrate, With any ceramic available for use that has a 
constituent that Will react With an alloy to form a bond 
betWeen the alloy and the ceramic. More particularly, the 
ceramic should alloW for spontaneous in?ltration of the 
alloy into the ceramic substrate. Generally, any ceramic 
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nitride can be used as the ceramic substrate material. 
Preferably, the ceramic substrate material is selected from 
the group consisting of silicon nitride (Si3N4), aluminum 
nitride (AlN), alumina (A1203), and combinations thereof. 
The most preferred ceramic for use as the substrate is Si3N4. 
It is also preferred if the substrate material is in poWder form 
so it can be readily shaped into a product. 

Once the ceramic has been selected it is form processed 
so that the ceramic, preferably Si3N4, is formed into a 
substrate having a shape resembling the desired ?nished 
product. The forming process for the Si3N4 substrate 
involves compressing the ceramic to form a pressed ceramic 
substrate having a density ranging betWeen about 40% and 
about 50%. Typically, a dry pressing method is used to form 
the pressed ceramic substrate; hoWever, any method can be 
used that forms the pressed ceramic material into a substrate 
having a density ranging betWeen about 40% and about 
50%. Among the methods available for form processing the 
ceramic material into the pressed ceramic substrate are 
dry-pressing, isostatic pressing, slip casting, gel casting, 
injection molding, and free-form fabrication. 

After formation of the pressed ceramic substrate, the 
substrate is ?red to further densify the ceramic material and 
form a ?red ceramic substrate. The particular time and 
temperature used to ?re the ceramic substrate Will be depen 
dent upon the desired density and grain siZe of the ?nished 
ceramic substrate. If the composite composition requires 
characteristics typically associated With the ceramic, then it 
is necessary to process the ceramic longer to increase the 
density and decrease the porosity. If the composite compo 
sition requires characteristics more typically associated With 
an alloy or metal than it is necessary to process the ceramic 
a lesser amount of time. Porosity, Which is directly related to 
density, in the ceramic can range betWeen about 10% and 
about 50%, With the lesser porosity the result of higher 
temperatures and longer processing times. Also, With 
increased temperature and time the grain siZe in the ceramic 
Will increase. As the porosity decreases less alloy can 
in?ltrate the substrate and, as such, the composite compo 
sition Will be characteriZed more by the ceramic than by the 
alloy. The ?ring step Will form a solid ?red ceramic 
substrate, With the heating or ?ring of the ceramic achieved 
in a number of Ways. Among the methods available for ?ring 
the ceramic are conventional sintering, microWave sintering, 
hot isostatic pressing, and plasma arc sintering. 

Conventional sintering or heating in a box furnace in air 
is the most preferred Way for ?ring the pressed ceramic 
substrate. The ceramic is typically processed by ?ring the 
Si3N4 at a temperature ranging betWeen about 1000° C. and 
about 1200° C. for a time period ranging betWeen about 30 
minutes and about ?ve (5) hours. More preferably, the 
pressed ceramic substrate is ?red for a period of time 
ranging betWeen about 60 minutes and about 120 minutes. 

FolloWing the ceramic, preferably Si3N4, substrate 
formation, the substrate is spontaneously in?ltrated With an 
amount of an alloy or metal. Any alloy or metal can be used 
that contains a constituent that Will react With and sponta 
neously in?ltrate the ceramic substrate. The reaction that 
occurs should provide for Wetting of the alloy into the 
substrate, so as to alloW the ceramic to be spontaneously 
in?ltrated. Among the alloys suitable for use in the present 
invention are copper titanium (Cu-Ti), nickel-titanium (Ni 
Ti), iron-titanium (Fe-Ti), alloys of titanium, chromium (Cr) 
alloys of nickel, titanium (Ti), and copper, and titanium 
alloys of nickel, iron, and copper, With all of the alloys 
having up to 50% by Weight of Ti or Cr. Preferably, a 
copper-titanium alloy (Cu-Ti) is in?ltrated into the Si3N4 
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4 
substrate to form a Si3N4/TiN/Cu-Ti composite composi 
tion. The in?ltration of the Cu-Ti alloy into the substrate Will 
occur at a temperature ranging betWeen about 1000° C. and 
about 1200° C. for a period of time equal to betWeen about 
30 minutes and about 120 minutes. It is also preferred if the 
in?ltration occurs in a vacuum or in a reducing atmosphere 
containing approximately 5% H2 and With the balance being 
Argon. The atmosphere should be devoid of oxygen to 
prevent oxidation of the alloy. Any controlled atmosphere 
furnace can be used to in?ltrate the alloy into the ceramic 
substrate. Any amount of time can be used for in?ltrating the 
alloy into the substrate, so long as the alloy is suf?ciently 
melted; hoWever, preferably, the time for melting the alloy 
Will be equal to about 60 minutes. 

The alloy prior to in?ltration into the substrate and 
densi?cation can be in poWdered form, melted liquid form, 
sheet form, or ingot form. Any form can be used as long as 
the alloy is spontaneously in?ltrated into the ceramic sub 
strate and the composite composition is formed. Methods for 
heating the poWder alloy include placing the substrate alloy 
poWder combination in a hot press devoid of oxygen. 

The ?nished composite composition Will have an amount 
of ceramic equal to from about 50% to about 90% by volume 
of the composite composition and an amount of alloy equal 
to from about 50% to about 10% by volume of the composite 
composition. The preferred composite composition Will 
have the formula Si3N4/TiN/Cu-Ti. 

EXAMPLES 

A composite composition Was formed by ?rst dry pressing 
2.0 gms of Si3N4 poWder (Stock #SN-E10, UBQ 050002, 
Ube Inc., 2-3-11, Higashi-ShinagaWa, ShingaWa-Ku, Tokyo, 
Japan) Without a binder in a double acting steel die, at a 
pressure of 5200 psi. The Si3N4 poWder Was pressed into a 
pellet shape. Stearic acid Was used as the die lubricant. The 
dry pressing step formed a pressed Si3N4 substrate pellet. 
The pressed Si3N4 substrate Was then ?red in air in a box 

furnace (Model #26144, Lindberg, AUnit of General Signal, 
WatertoWn, Wis. 53094) for 3 hours at 1200° C. The density 
of the pellet after ?ring, as measured by Archimdes method, 
Was 47.6% of theoretical, or 1.52 gm/cc. The ?ring step 
resulted in the formation of a ?red Si3N4 substrate pellet. 
An alloy poWder in an amount equal to 2.1 gms and 

having the composition, 50% by Weight Cu (Cu Stock 
#A16234, Alfa Aesar, Wardhill, Mass.) and 50% by Weight 
of Ti, (Ti stock #10386, Alfa Aesar, Wardhill, Mass.) Was 
placed on the ?red Si3N4 substrate in a vacuum hot-press 
(Model #VHP-12-12-12-2100 100T, AVS Inc., 60 Fitchburg 
Rd., Ayer, Mass. 01432) Without applying any mechanical 
load. The base pressure of the run Was 10 mTorr. The sample 
Was ?red at 1000° C. for 1 hour. At the conclusion of ?ring 
a Si3N4/TiN/Cu-Ti composite composition Was formed. 

INDUSTRIAL APPLICABILITY 

The present invention relates to a method for forming a 
composite composition preferably of the formula Si3N4/ 
TiN/Cu-Ti and the composition. Composite compositions 
are often used to form components and devices used in 
engines, for example. It is desired to have a composite 
composition for use in forming components and devices, as 
the composite compositions ideally impart high temperature 
tolerance and Wear resistance. In particular, the Si3N4/TiN/ 
Cu-Ti composite composition is Well suited for use in 
applications requiring high temperature tolerance and Wear 
resistance. As such, the Si3N4/TiN/Cu-Ti composite com 
position is useful in forming various components and parts, 
especially engine components. 
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It is also desired to have a method for making this 
composite composition that is presently cost effective and 
easily forms the composite composition. The present 
method is a cost effective method for forming the composite 
composition and results in the formation of composite 
compositions having high temperature tolerance and Wear 
resistance. 
What is claimed is: 
1. A method for forming a ceramic alloy composite 

composition Wherein the steps of said method are: 

a) pressing a ceramic to form a pressed ceramic substrate 
having a density ranging betWeen about 40% and about 
50%; 

b) ?ring said pressed ceramic substrate at a temperature 
ranging betWeen about 1000° C. and about 1200° C. for 
a period of time ranging betWeen about 30 minutes and 
about ?ve hours to form a ceramic substrate; and, 

c) spontaneously in?ltrating said ceramic substrate With 
an amount of an alloy capable of spontaneously in?l 
trating said ceramic substrate and containing a con 
stituent that Will alloW Wetting of said alloy on said 
ceramic substrate, With said spontaneous in?ltration 
step performed at a temperature ranging betWeen about 
1000° C. and about 1200 C. for a period of time ranging 
betWeen about 30 minutes and about 120 minutes, With 
said method forming said ceramic alloy composite 
composition. 

2. The method of claim 1 Wherein said ceramic is selected 
from the group consisting of ceramic nitrides. 

3. The method of claim 2 Wherein said ceramic is selected 
from the group consisting of silicon nitride, aluminum 
nitride, alumina, and combinations thereof. 

4. The method of claim 3 Wherein said ceramic is pref 
erably selected from the group consisting of Si3N4. 

5. The method of claim 1 Wherein said alloy is selected 
from the group consisting of titanium alloys and chromium 
alloys. 

6. The method of claim 5 Wherein said alloy is selected 
from the group consisting of copper titanium, nickel 
titanium, iron titanium, alloys of titanium, chromium alloys 
of nickel, titanium, and copper, and titanium alloys of nickel, 
iron, and copper. 

7. The method of claim 1 Wherein said ceramic substrate 
has a porosity ranging betWeen about 10% and about 50%. 

8. The method of claim 1 Wherein said spontaneous 
in?ltration step occurs in an atmosphere substantially devoid 
of oXygen. 
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9. A method for forming a Si3N4/TiN/Cu-Ti composite 

composition Wherein the steps of said method are: 

a) pressing an amount of Si3N4 poWder into a pressed 
Si3N4 substrate having density equal to betWeen about 
40% and about 50%; 

b) ?ring said pressed Si3N4 substrate at a temperature 
ranging betWeen about 1000° C. and about 1200° C. for 
a period of time ranging betWeen about 30 minutes and 
about ?ve hours to form a ?red Si3N4 substrate having 
a porosity ranging betWeen about 10% and about 50%; 
and, 

c) in?ltrating said ?red Si3N4 substrate With a Cu-Ti alloy 
at a temperature ranging betWeen 1000° C. and 1200° 
C. for a time period ranging betWeen about 30 minutes 
and 120 minutes in a non-oXidiZing atmosphere to form 
said Si3N4/TiN/Cu-Ti composite composition. 

10. The method of claim 9 Wherein said Si3N4/TiN/Cu-Ti 
composite composition is comprised of an amount of Si3N4 
equal to from about 50% to about 90% by volume of said 
Si3N4/TiN/Cu-Ti composite composition and an amount of 
Cu-Ti alloy equal to from about 50% to about 10% by 
volume of said Si3N4/TiN/Cu-Ti composite composition. 

11. A ceramic alloy composite composition having an 
amount of alloy equal to from about 50% to about 10% by 
volume of said composite composition and an amount of 
ceramic equal to from about 50% to about 90% by volume 
of said composite composition, With said ceramic having a 
porosity ranging betWeen about 10% and about 50%. 

12. The composite composition of claim 11 Wherein said 
ceramic is selected from the group consisting of ceramic 
nitrides. 

13. The composite composition of claim 12 Wherein said 
ceramic is selected from the group consisting of silicon 
nitride, aluminum nitride, alumina, and combinations 
thereof. 

14. The composite composition of claim 13 Wherein said 
ceramic is Si3N4. 

15. The composite composition of claim 11 Wherein said 
alloy is selected from the group consisting of titanium alloys 
and chromium alloys. 

16. The composite composition of claim 15 Wherein said 
alloy is selected from the group consisting of copper 
titanium, nickel titanium, iron titanium, alloys of titanium, 
chromium alloys of nickel, titanium, and copper, and tita 
nium alloys of nickel, iron, and copper. 

* * * * * 


