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[ 5 7 ] ABSTRACT 

The joining of beryllium to light metals, such as mag 
nesium and aluminum is performed according to the 
following method. The joining method according to 
this invention thus comprises the steps: 

a. dipping the solid beryllium workpiece in a molten 
bath of copper or copper alloy to form the 
desired beryllium copper alloy on the surface of 
the workpiece; 

b. dipping said beryllium - copper alloy treated 
workpiece in a molten bath of aluminum or 
aluminum alloy to form the 
beryllium-copper-aluminum alloy on the surface 
thereof; 

c. setting said solid workpiece alloy into a mold; and 

d. pouring a moiten light metal into the mold before 
the said beryllium-copper-aluminum alloy layer 
on the surface of said workpiece is solidi?ed, 
thereby to join beryllium to aluminum or 
aluminum alloy castings or to join beryllium to 
magnesium castings. 

6 Claims, 3 Drawing Figures 
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Example I Example 3 

Example 2 Reference 

o Aluminium Alloy 
b Be-Al alloy 
c Beryllium 
d Mixture 
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METHOD OF JOINING A BERYLLIUM 
WORKPIECE TO LIGHT METALS 

CROSS-REFERENCE TO PRIOR APPLICATION 

This application is a continuation-in-part of co 
pending Application Serial No. 130,257 ?led on April 
I, 1971 for “METAL JOINING METHOD", now 
abandoned. 

FIELD AND BACKGROUND OF THE INVENTION 

This invention relates to a method of joining a solid 
beryllium workpiece to light metals, especially, to light 
metal castings, such as castings of aluminum, aluminum 
alloys or magnesium. Brie?y stated, this invention re 
sides in performing the joining of the beryllium work 
piece to the above-mentioned light metal castings by 
way of a medium such as copper or copper alloy which 
metallographically holds said two metals ?rmly to 
gether on solidi?cation. 

Hitherto, light metal castings such as aluminum and 
magnesium castings have been expected to offer a di 
versity of applications as they are advantageous in sav 
ing weight of structural metals. However, the strength 
of such castings at high temperatures is not so satisfac 
tory. Therefore, the addition of beryllium having many 
excellent properties at high temperatures to such cast 
ings has been proposed as a means of improving 
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strength and properties of such castings. Beryllium is, 30 
however, dif?cult to form or machine, and especially 
dif?cult to cast into intricate castings. Moreover, an 
other disadvantage of beryllium is its higher cost. Fur 
thermore, beryllium is difficult to bond with light met 
als such as aluminum or magnesium on solidi?cation, 
and therefore produces no compound. Thus, even if be 
ryllium is directly joined to aluminum or magnesium, 
the resultant joint is nothing but a mere mixed layer, 
and therefore, the joining strength thereof is not so 
high. 

In view of the foregoing, it is an object of this inven 
tion to provide a method of joining a solid beryllium 
workpiece to aluminum, aluminum alloys or magnesi 
um-base light metal castings so that practically useful 
structural metals having improved joining strength can 
be produced. 

SUMMARY OF THE INVENTION 

This invention is based on the discovery that beryl 
lium can be metallographically bonded with copper, 
that copper can be so bonded with aluminum and that 
aluminum can be so bonded with magnesium. The join 
ing method according to this invention thus comprises 
the steps: 

a. dipping the solid beryllium workpiece in a molten 
bath of copper or copper alloy to form the desired 
beryllium copper alloy on the surface of the work 
piece; 

b. dipping said beryllium copper alloy treated work 
piece in a molten bath of aluminum or aluminum 
alloy to form the beryllium-copper-aluminum alloy 
on the surface thereof; 

c. setting said solid workpiece alloy into a mold; and 

d. pouring a molten light metal into the mold before 
the said beryllium-copper-aluminum alloy on the sur 
face of said workpiece is solidi?ed, thereby to join be 
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2 
ryllium to aluminum or aluminum alloy castings or to 
join beryllium to magnesium castings. 

According to the method of this invention, the solid 
beryllium workpiece is closely joined with light metal 
castings by way of copper or copper alloy and a strong 
joint is obtained, irrespective of uneveness on the joint 
surface. Thus, this invention is capable of attaining high 
joining strength and is greatly useful in reducing the 
weight of structural metals. 
For an understanding of the principles of the inven 

tion, reference is made to the following description of 
typical embodiments thereof as illustrated in the ac 
companying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the Drawings: 
FIG. 1 is a graph illustrating the tensile strength test 

results on the joints in ?ve examples where beryllium 
is joined to light metal castings according to the 
method of this invention, as well as in a reference ex 
ample where beryllium is joined to aluminum alloy 
casting according to the conventional techniques; 
FIG. 2 is a microscopic structure diagram of the 

joints in three of said ?ve examples and the reference 
example; and 
FIG. 3 is a photographic representation of a piston 

made according to the invention. 

GENERAL DESCRIPTION OF PREFERRED 
EMBODIMENTS 

As a preparatory step, the foreign matter on the sur 
face of the solid beryllium workpiece is removed by a 
suitable treatment. The foreign matter means dust, dirt, 
oil particles or the like deposited on the surface of a be 
ryllium workpiece. The foreign matter, which adversely 
affects formation of Be-Cu alloy on the surface of the 
beryllium workpiece may be removed either by wash~ 
ing with trichlorethylene, alcohol and the like, or by 
shot blast with ?ne steel balls or glass particles. Then, 
beryllium is dipped in a molten bath of copper. In an 
other embodiment, copper alloy, such as Cu-Si or the 
like, is also used. The dipping is carried out for a suit 
able period of time, for example, about three minutes 
until the copper is metallographically bonded to the 
surface of a solid beryllium workpiece to form the 
beryllium-copper alloy layer on the surface. Then, said 
beryllium-copper alloy surface of the workpiece is 
quickly dipped in a molten bath of aluminum. Also, any 
suitable aluminum alloy listed in JIS ACZB (Japanese 
Industrial Standard) is useful. This second dipping is 
carried out for a suitable period of time, for example, 
about 2 minutes until the aluminum is metallograph 
ically bonded to the surface of copper or the copper 
alloy to form the desired beryllium-copper-aluminum 
alloy layer. Then, said beryllium-copper-aluminum 
alloy is set into a predetermined type of mold. Before 
said aluminum is solidi?ed, molten aluminum or alumi 
num alloy light metal is poured thereinto, thus joining 
beryllium to aluminum or aluminum alloy casting. In 
another embodiment, the said beryllium-copper 
aluminum alloy is set into a mold and then molten mag 
nesium-base light metal is poured thereinto in the same 
manner as described above, thus joining beryllium to 
magnesium castings. 

In this method, when cooling is performed under the 
condition where the beryllium-copper alloy is formed 
or under the condition where the beryllium-copper 



3,841,386 
3 

aluminum alloy layer is formed, the joining of beryllium 
to light metal castings is carried out in the same manner 
as described above by dipping them again in the molten 
bath of aluminum or aluminum alloy. 

Illustrations of tensile strength are shown in the graph 
of FIG. 1. Shown in the graph of FIG. 1 are the exam 
ples I through 4 wherein beryllium is joined with alumi 
num alloy castings, according to this invention, the ex 
ample 5 wherein beryllium is joined with magnesium 
alloy casting according to this invention, and the refer 
ence example wherein beryllium is directly joined to 
aluminum alloy casting. 
The following Table (see- attached page 8) shows 

conditions of preparing the metal joints according to 
the invention and according to a reference example 
without copper or copper alloy. 
From the foregoing examples, the advantages of the 

invention are illustrated. For example, the strength of 
the joints made according to the invention is seen from 
the tensile strength test results shown in FIG. 1. It will 
also be seen from FIG. 1 that the tensile strength in the 
reference example employing the method, other than 
the method according to the invention is 8.l kg/mm’, 
while those in the examples 1 through 4 employing the 
method of this invention are more than two times as 
high as that in the reference example. Furthermore, it 
will be seen that the tensile strength in the example 5 
is 1.5 times as high as that in the reference example. 
Referring to the microscopic structure diagram of the 
joint shown in FIG. 2, the structure in the reference ex 
ample is of a coarse mixed layer, while those in the ex 
amples 1 through 3 employing the method of this in 
vention are of a fine and complete alloy layer. In other 
words, the strength of joints obtained according to this 
invention is not only so much higher as to be remark 
able, but the conventional joints are seen to be so infe 
rior as to be regarded as practically useless. Further 
more, if the solid beryllium workpiece is dipped in a 
molten bath of Cu-Si, the joint strength becomes espe 
cially high. As shown in the Example 4, if the joining 
is carried out by performing cooling after 

a. 

4 
in a molten bath of copper alloy ( 16% Cu. remainder: 
Si) at a temperature of 950°C for two minutes to form 
the beryllium-copper alloy layer on a joint surface to 
which the aluminum alloy skirt portion is to be joined. 

5 Immediately thereafter, the top member is dipped 
into a molten bath of aluminum alloy (3% Al, 6% Cu, 
remainder: Si) at a temperature of 750°C, for two min 
utes to form beryllium-copper-aluminum alloy on the 
joint surface thereof. The thus formed top member is 

10 set into a mold having a cavity for the skirt position and 
a molten aluminum alloy (9.5% Al, 3.5% Si, 1% Cu, l% 
Mg, remainder: Ni) is poured into the mold before the 
beryllium-copper-aluminum alloy on the joint surface 
of the top member is solidi?ed. The thus formed piston 

5 is very light and excellent in thermal resistance and is 
adapted for use in racing cars. 
While speci?c embodiments of the invention have 

been shown and described in detail to illustrate the ap 
plication of the principles of the invention, it will be un 

20 derstood that the invention may be embodied other 
wise without departing from such principles. 
What is claimed is: 
1. Method of manufacturing a light metal alloy cast 

ing from a solid beryllium workpiece, comprising the 
25 steps: 

a. dipping the solid beryllium workpiece in a molten 
bath of copper or copper alloy and forming a layer 
of beryllium-copper alloy on the surface of the 
solid beryllium workpiece; 

30 b. dipping the so-obtained beryllium workpiece in a 
molten bath of aluminum or aluminum alloy and 
forming on said surface a layer of beryllium 
copper-aluminum on the beryllium workpiece; 

c. setting the said solid workpiece alloy into a mold, 
3 5 and 

d. pouring a molten light metal into the mold before 
the said beryllium-copper-aluminum alloy on the 
surface of said workpiece is solidi?ed, thereby to 
form a light metal casting together with said beryl 

40 lium as one body. 
2. Method of manufacturing a light metal alloy cast 

COPPER ALLOY DlPPlNG ALUMINUM Aufov' 
CONDITION DIPPING 

CONDITION 
CASTING REMARKS 

Alloy Temperature Time Alloy Temperature Time ALLOY 
"C min JIS min JIS 

EXAMPLE I Cu-l6% Si 950 3 AC2B 750 2 AC2B 
EXAMPLE 2 Cu-S0% Al 740 3 ACZB 750 2 AC2B 
EXAMPLE 3 Cu-l0% Mg 870 3 ACZB 750 2 ACZB 
EXAMPLE 4 Cu-l6% Si 950 3 AC2B 750 2 AC2B Cooled after 

dipping in 
aluminum 
bath and left 

. for one day 
EXAMPLE 5 Cu-I6% Si 950 3 ACZB 750 2 MCl 
Reference ACZB 750 2 AC2B 
Example 

the forming of the beryllium-copper-aluminum alloy 
layer on the surface of the workpiece and then by dip 
ping said workpiece in the molten bath of aluminum 
alloy again, a high strength is also obtained. 
FIG. 3 illustrates a piston of reciprocating engines 

whose top portion is made of beryllium and whose skirt 65 
portion is made of aluminum alloy (9.5% by weight of 
Al, 3.5% Si, 1% Cu, 1% Mg, remainder: Ni). The piston 
is formed as follows: A solid top member made of be 
ryllium is washed with trichlorethylene and then dipped 

ing, according to claim 1, wherein said light metal cast 
alloy is aluminum alloy. 

3. Method of manufacturing a light metal alloy cast 
ing, according to claim 1, wherein said light metal cast‘ 
alloy is magnesium or aluminum alloy. 

4. Method of manufacturing a light metal alloy cast 
ing, according to claim 1, wherein said light metal cast 
alloy is selected from the group consisting of magne 
sium, aluminum, an alloy of magnesium, and an alloy 
of aluminum. ' 
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5. Method of manufacturing a light metal alloy cast- 6. Method of manufactugng a light metal alloy cast 
ing, according to claim 1, wherein the molten bath of ing, according to claim 5, wherein the molten bath is 
copper is composed essentially of copper and silicon. about 16% copper b3’ wfigllt and [:16 balance is silicon. 
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