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ABSTRACT OF THE DISCLOSUIRE 
Method of combining iron-base sintered alloys and 

copper-base sintered alloys comprises steps of thinly coat 
ing mixed powder of copper and nickel onto joint surface 
of iron-base powder or sintered mass thereof, and sub 
jecting the coating to sintering process using tempera 
ture applicable to iron-base powder. Joint surface of cop 
per-nickel is then abutted with formed mass of copper 
base powder and again subjected to sintering process 
using temperature applicable to copper-base powder. In 
tegral piece is thereby obtained most suitable for fabri 
cating valve seats of internal combustion engines. 

BACKGROUND OF THE INVENTION 
The present invention relates to a method of combin 

ing iron-base sintered alloys and copper-base sintered 
alloys to produce an integral and solid alloy. These al 
loys have excellent adaptability for use as valve seats 
in internal combustion engines. 
When the head of an engine is made of cast iron and 

the valve seat is entirely made of a copper-base alloy, 
the copper-base material yields during use due to the 
difference in the coefficient of thermal expansion between 
the two materials. Also, the valve seat tends to move 
away from the engine head when the engine is cooled. 
This problem may be solved by applying copper-base 
sintered material to the part of the valve seat that en 
gages the face of the valve. Copper-base sintered ma 
terial is a highly suitable valve seat material. The re 
maining portion of the valve seat is fabricated of iron 
base sintered material which has a high heat resistance 
and coefficient of thermal expansion very close to that 
of cast iron. 
The above selected materials fully satisfy the require 

ments necessary for valve seat materials. However, when 
iron-base sintered material and copper-base sintered ma 
teiral are combined into an integral sintered mass, the 
conventional practice is not easily applicable since the 
iron and copper materials have different melting points. 
Conventional practice, namely, utilization of changes in 
size appeared during the sintering process, hot forging, 
brazing with copper or copper-tin compositions, or com 
binations of the above are not suitable for the purpose 
of combining iron-base and copper-base sintered alloys 
into an integral mass. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a method of combining iron-base and copper 
base sintered alloys into a unitary alloy useful for the 
fabrication of components subjected to high tempera 
ture. 

In accordance with the present invention a method is 
provided for combining iron-base sintered alloys and cop 
per-base sintered alloys wherein a mixed powder of cop 
per and nickel is thinly coated onto the joint surface of 

10 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

2 
a formed mass of iron-base powder or the sintered mass 
thereof. The coating is subjected to a sintering process 
utilizing the temperature applicable to iron-base powder. 
The joint surface of copper-nickel is then abutted with 
a formed mass of copper-base powder and again sub 
jected to a sintering process utilizing the temperature 
applicable to copper-base powder. A unitary composite 
material is thereby obtained, the material being most 
suitable for fabricating valve seats as used in internal 
combustion engines. 

BRIEF DESCRIPTION OF THE DRAWING 
Novel features and advantages of the present inven 

tion in addition to those mentioned above will become 
apparent to those skilled in the art from a reading of the 
following detailed description in conjunction with the 
accompanying drawing wherein: 

FIG. 1 is a top plan view of a valve seat fabricated 
of material processed in accordance with the present in 
vention; 

FIGS. 2 and 3 are cross sectional views of the valve 
seat of FIG. 1 illustrating the procedure of the present 
invention for combining different alloys into a unitary 
composite alloy materials; and 

FIG. 4 is a fragmental sectional view of the valve seat 
of FIGS. 1-3 in an internal combustion engine. 
DETAILED DESCRIPTION OF THE INVENTION 
Referring in more particularity to the drawings, the 

individual figures illustrate an annulus of copper-base 
material 1 associated with an annulus of iron-base ma 
terial 2. The interface between the annuli 1 and 2 com 
prises joint material 3. The copper-base 1, iron-base 2 
and joint 3 material are formed into a sintered mass 5 
in the shape of a valve seat. As shown best in FIG. 4, 
the valve seat or sintered mass 5 cooperates with a head 
4 of an internal combustion engine. 

According to the method of the present invention, iron 
base sintered material and copper-base sintered material 
are combined together into an intensified unitary sintered 
material. The material thus combined is particularly 
adaptable for fabricating those parts and components of 
machines for which anti-friction qualities and wear re 
sistance are indispensable, such as valve seats for auto 
mobile engines. 
As previously explained above, copper and nickel mixed 

powder is selected as the joint material 3. This mixture is 
composed of electrolytic copper powder of under 100 
mesh and carbonyl nickel powder having a particle size 
of about 4a. An iron-base formed mass or sintered mass 
thereof is thinly coated with a uniform layer of the joint 
material 3. Alternatively, the copper-nickel powder mixture 
may be uniformly coated onto an iron-base mixed powder 
after which the material is sintered at a temperature agree 
able to iron-base sintered material. By this heat treating 
copper melts and permeates into iron-base sintered ma 
terial, but by the existence of nickel, copper remains near 
the combined surface, and nickel rich material remained 
on the surface thereof. On the other hand, the surface of 
remained nickel (includes copper) becomes a rugged or 
rough. The sintered mass is then placed in a mold and 
copper-base powder is filled in on top of it. Pressing the 
copper-base mixed powder causes entangling engagement 
between the powder and the rugged or rough surface of 
the iron-base sintered material which is rich with nickel. 
After this mass is sintered, nickel diffuses into the copper 
base material to provide a very intense joint surface and 
excellent bond. 

Concerning other joint materials, in the case of a 100% 
nickel the diffusion of nickel into the iron-base material 
is insufficient and the resultant surface after the first 
sintering process is lacking in ruggedness or roughness. 
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As a result, when the copper-base mixed powder is formed 
on the nickel joint material the resultant joint or bond is 
most unsatisfactory since the copper-base material lacks 
entangling engagement with the nickel joint material. 
Also, joint materials of 100% copper or substances hav 
ing a melting point less than copper, for example copper 
tin alloys, are equally unsatisfactory since each of these 
joint materials diffuses in an excessive amount into the 
iron-base material. Additionally, when using such joint 
materials, very little remains on the surface after the first 
sintering process which is carried out at a temperature 
agreeable to the iron-base material. In the event some 
of the joint material remains, the surface thereof after 
sintering is quite smooth and almost the equivalent of 
the 100% nickel joint material. Moreover, since copper 
tin alloys have melting points close to the copper-base 
mixed powder the sintering conditions are difficult to 
Select and maintain. 
As is clear from the above, copper-nickel mixed powder 

should be utilized as the joint material in the present in 
vention. The advantageous result of the present invention 
is obtained by appropriately choosing the mixing ratio of 
copper and nickel by taking into consideration the con 
stituents of the iron-base and copper-base materials to be 
combined. The required joint strength is also important. 
A preferred embodiment of the present invention is 

described below with reference to the present drawing. 
EXAMPLE 

Mixed powder composed of 96% iron, 3% molyb 
denum and 1% graphite was filled into a metal mold. A 
mixed powder of 50% copper and 50% nickel was then 
thinly and uniformly applied to the annulus 2, and then 
formed under a pressure of 6 t./cm.2 into an annulus 
2 and 3, as best illustrated in FIG. 2, which may also be 
sintered under the sintering conditions agreeable to the 
iron-base material as specified hereinafter. The thickness 
of the uniform layer was 0.5 to 1.0 mm. The mixed joint 
material powder 3 of 50% copper and 50% nickel was 
also coated onto a powder of 96% iron, 3% molybdenum 
and 1% carbon. The latter iron-base powder was formed 
in a metal mold under a pressure of 6 t./cm2. Each of 
the above masses was then sintered at a temperature of 
1150 to 1180° C. for 60 minutes in an ammonia cracked 
gas which met the sintering conditions for the iron-base 
material. Each sintered mass thus obtained was put into 
a metal mold and covered with a copper-base mixed 
powder composed of 80% copper, 8% tin and 12% 
chromium. After pressing the copper-base material under 
a pressure of 6 t?cm. the copper-base material had a 
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shape similar to the annulus 1 shown in the drawing. 
Next, the material was sintered at a temperature of 900 
to 950 C. for 60 minutes in a nitrogen gas under condi 
tions agreeable to the copper-base material. The twice 
sintered mass was again pressed under 6 t./cm. to provide 
an accurately sized unitary composite material 5 com 
posed of an annulus 2 of iron-base sintered material 1, 
an annulus 1 of copper-base sintered material 1 and a 
joint material layer 3, as shown best in FIG. 3. 

For the purpose of evaluation, the sintered mass 5 
was inserted into the cast iron head 4 of an internal com 
bustion engine (see FIG. 4). The copper-base material 
of the mass 5 engaged the face of the valve. The internal 
combustion engine was run at 5,200 rp.m. for two hours 
under a full load after which it was cooled. This cycle 
was repeated and the iron-copper sintered material of the 
present invention was perfect even after 50 cycles. A 
copper-base sintered material of copper alloy (fusion 
material) fell away from the cast iron engine head after 
several cycles. 
What is claimed is: 
1. A method of combining an iron-base sintered alloy 

and a copper-base sintered alloy comprising coating a 
mixed copper and nickel powder as a bonding agent onto 
the joint surface of an iron-base mass, sintering the cop 
per and nickel powder at a temperature agreeable to the 
iron-base mass to thereby diffuse and permeate part of 
the copper and nickel of the bonding agent into the iron 
base mass and thereby form a rough nickel rich surface 
on the joint surface of the iron-base mass, abutting a 
formed mass of copper-base powder at the surface of the 
copper-nickel coating on the iron-base mass, and finally 
sintering the abutted masses at a temperature agreeable 
to the formed mass of copper-base powder to thereby dif 
fuse part of the nickel of the copper and nickel coating of 
the iron-base mass into the copper-base mass whereby the 
masses are intensely combined together. 
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