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Our invention relates to the manufacture of
compact junctions of light metals or their alloys
anhd objects made therefrom with heavy metals
or their alloys and objects made therefrom
whereby these compact junctions are made with-
out any welding or soldering process.

According to our invention beryililum, alumin-
fum, magnesium and their alloys may be used as
light metals, whereas copper, lead, tin, gold, sil-
ver, Zine, iron, nickel, chrom tungsten, molybde-
num, titanium, thorlum and their alloys may be
used as heavy metals,

Our invention may bhe employed over a very
wide range, so for Instance, for the junction of
tubes, pleces of tubes, cylinders, sheets, rods,
wires and so on, made from light metals, with the
same or otherwise formed objects, which are
made from heavy metals, or vice versa. Accord-
Ing to our inventlon, for instance, tubes made
from heavy metals may be manufactured with
intermedlate pleces from light metals, or tubes
may be formed which consist out of alternate
nearly equal parts of heavy metals and light
metals, Furthermore, it is possible to join sheets
of heavy metals with those made from light
metals. Objects, such as for lnstance, sheets of
light metal, may be coated with heavy metals or
may be bordered with them. A further object of
our invention conslsts in manufacturing, for in-
stance, a cylinder from soft metal which Is en-
closed in a cylinder of heavy metal in such a
manner that the outer wall of the Internal cylin-
der and the inside wall of the external cylinder
are in contact with each other. Sheets of light
metals which are bordered with ledges of heavy
metals or the llke may be used, for Instance, for
the manufacture of cases or the like,

According to our Invention the Jjunction of
light metals and their alloys with heavy metals
and their alloys will be carrled out as follows:
The junction points are brought into contact with
each other and then heated to temperatures ly-
ing below the melting polnt of the lowest melting
constituent. During the heat treatment the ob-
Jects to be Joined are subjected to sintering by
means of pressure. These very simple proceed-
ings resuit in excellent junctlons between light
metals and heavy metals according to the fact
that a diffusion process takes place at the junc-
tion polnts of the metals. We have found that
the penetration of one metal into the other or the
alternate diffusion between the metsls develops
quicker with higher temperatures. Therefore it
has been proved advantageous to use tempera-
tures which are near the melting point of the
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lowest melting constituent. MNevertheless, lower
temperatures will yield also to satisfactory junc-
tlons. In cases which require an absolute sta-
bility of form and constancy of volume we have
found it advantageous to use temperatures con-
slderably below the meiting temperature of the
lowest melting constituent. It is necessary to
extend the duration of treatment in such cases.

An important feature of our Invention Is the
effect of pressure during the heat treatment.
The use of pressure involves a better, more uni-
form and remarkably quicker diffusion. Of
course the rate of diffusion depends also on the
constants of material.

The duration of heat treatment depends on the
consistency of the metals to be joined with each
other and on the other conditfons of work, such
as helght of temperature, helght of pressure and
50 on, Usually a heat treatment of about one to
five hours is sufficlent. In some cases 10 minutes
or about half an hour will suffice.

According to our Invention higher pressures,
for instance, 50 to 100 kgrs/qcm or more may
alsp be used. In many cases lower, even consid-
erably lower pressure will be sufficlent, A low
pressure 1s, for iInstance, well suited of soft
metals, such as copper or lead, are to be treated,

The pressure may be produced after well
known methods, for instance, by compression.
Sometimes the use of compression will be super-
fluous, for Instance, if one of the metal compo-
nents, such as the border part or the outer cas-
ing will be able to exert a pressure on the in-
cluded metal part during the heat treatment on
account of Its thermal properties. PFor Instance,
a light meta] sheet, made from beryllilum, which
is to be joined tightly with a border of a heavy
metal, such as copper, may be worked in such a
manner that the copper border is shrinked on.
Furthermore, the metals may be joined with
each other in such a manner that the desired
pressure at the junction area originates from the
irregular dilatation of the metals. According to
our Invention double cylinders, junctions between
tube connecting pleces and so on mhy be manu-
factured in this manner.

If necessary the metal areas which are to be
Joined with each other may be subjected to a pre-
cleaning. Very good junctlons may be obtained,
however, if the special cleaning processes such as
descaling, treatment with chemicals and so on
are not employed. .

OQur Invention may be illustrated with the fol-
lowing example of a junctlon between copper
and berylllum: A temperature of 850° C. and a
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pressure of, for instance, 70 to 100 kgrs/gem dur-
Ing a time of about one hour will result in a dif-
fusion layer of about 1 mm thickness which
proves to be an intimate and solld junction be-
tween the objects to be jolned with each other.

Our invention is of speclal advantage insofar
a5 & junction of light metal parts with heavy
metal parts or objects therefrom tnay be carrled
out with absolute consistency of volume and sta-
bility of form. Fuithermore, our invention 1s
especially sulted for metals or metal alloys which
may be soldered or welded only with difficulty,
such as, for instance, berylllum and certain
berylium alloys.

An important fleld for the employment of the
process according to our Invention Is, for In-

1o

stance, the manufacture of windows for X-ray
emanatlon, tubes or other emanation tubes which
Serve for the formation of electromagnetic or
corpuscular rays (electron microscope, radlo ac-
tive, i, e. atomic conversion phenomena). OQur
invention is especlally suited for these purposes
glving the possibility to border windows from
beryllium which is not weldable or solderable
per se with a ring of a sultable heavy metal, for
Instance, copper, Those windows may then be
Insérted vacuum tight after a known method
into vacuum apparatus of all kinds, for Instance,
by welding or soldering.
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