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It is known fo harden a metal-and more par-
ticularly an iron alloy by making diffusq into _;t‘ ab
in¢reased temperature a metalloid such as nitro-

4 Claims. (CI, 148—13.2)

gen, for example by heating in an- atmospheére,

or a molten mass containing -a compound of
nitrogen. Reaction of nitrogen diffused in the
metal with one or more constituents of the metal
to be hardened has the effect of producing-di-
trides, resulting in‘ hardening. ‘Such ‘g nitride
hardening is wutilised for obtaining a hardened
superficial Jayer of a metal. : RSN
The Belgian Patent Specification 454,567 ‘de-
scribes an alloy, more particularly:of silver, cop-
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per or nickel, which is to be hardened by making

oxygen diffuse into it at increased temperafure,
which leads to the production of sub-microscopic
oxides in the alloy, which: bring about the har-
dening effect. This so-called oxidation harden-
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ing may serve for a superficial hardéning as well ..-

as for a hardening through the whole of the al-
loy. - L e

'The alloys hardehed by indiffusion of & metal-
loid are frequently. brittle, dué to which their
use is in definite ¢ases rendered impossible. .

According to the invention, for redicing the
brittleness the alloy is hardened in the mono-
crystalline state.

The invention is particularly of importance for
alloys, such. as copper and silver alloys, which
are hardened by indiffusion of oxygen. The brit-
tleness is in this case suppressed so strongly that
the monocrystalline alloy, after being hardened,
may be readily formed into rods, supports, strips,
etc. by rolling, drawing or a similar operation,
even at room temperature.
to obtain products which are hard, ductile and
have a highielectrical conductivity and which,
for example, lend themselves very well to the
manufacture of cemponents in thermionic tubes,
such as grid backbones and wires. Also with
indiffusion of nitrogen, alloys of considerable
less brittleness are obtained by utilising the in-
vention.

If with the use of the invention the alloy,
after being hardened, is not rolled or deformed
In another manner, it remains in the mono-
crystalline state, although one cannot say that
in the above-mentioned embodiment of the in-
vention, in which the hardening process is fol-
lowed by a deformation, the alloy becomes poly-
crystalline in the usual sense of the word.

In the latter case the monocrystalline struc-
ture is broken, however, by shearings of crystal
parts relatively to one another, resulting in slide
lines. The monocrystalline alloy deformed sub-

It is thus possible
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sequent to the hardening process has a very par-
ticular structure which becomes manifest in' the
fact that the deformation does not bring about
any further appreciable increase of hardness and
that upon -annealing, the deformed alloy neither
recrystallises, nor does there occur a decrease in
hardfiess:” We mean here an annealing process
under  conditions “in which ‘the same deformed
alloy in’ which ' only 'no ‘mietalloid is indiffused,
does recrystallise. For the practical use it is of
the ubtmost importance that the hardness is re-
tained after anhealing, - =~ -~ - - o

.. During the annealing the alloy does riot reach
the very soft’ state which recrystallizing alloys
usually pass at the tilie of their recrystalliza-
tion and which, When déformed alloys are being
annealéd, cause variations of shape if these ai-
loys:‘are” exposed- to any stréss during the an-
nealing process. R -
The' improvement ‘in- brittleness obtained “by
the invention is probably connected with the fact
that the nitrides: and oxides which are formed
during the hardening process also separate out
at:the: surfaceswhere the crystals adjoin ong

5 another.: "WHhen suich crystal boundaries are not

presentiin the alloy; ifi the case of a’ monocrystal
for instance, brittleness is considerably:smaller,
Small inclusions and pores in a monocrystal are,
of course, not detrimental to the hardness and
the expression “monocrystalline state,” conse-
quently comprises monocrystals having such in-
clusions and pores.

In manufacturing an object or constructional
part according to the invention it will sometimes
not be necessary that the whole of the object
or constructional part has minimum brittleness.
In such a case it suffices if the portion of the
object which is exposed to a mechanic load and
whose brittleness should be decreased is in the
monocrystalline state during the hardening
process.

Ezxamples

I A monocrystal in the form of a circular rod

5 of 3.5 mm. in diameter and 60 mms. in length,

consisting of silver containing 0.3% by weight of
magnesium, was completely hardened by anneal-
ing it in air for 27 hours at 800° C. The hdrdness
was 122 kgs./mm.2, measured according to the
method by Vickers. Subsequently, the mono-
crystal was rolled cold into a plate of 0.5 mm.
thick, during which treatment the hardness
raised to 146 kgs./mm.2. This plate was entirely
free from cracks. After annealing in nitrogen for
half an hour the hardness was 122 kgs./mm.2.
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Any recrystallisation did not occur’ during this
process. The slide lines produced during rolling
were still clearly visible. :
II. A monocrystal of copper conta.ining 02%
by weight of beryllium of same dimensions as in

Example I was completely hardened by heating -

it in air for 26 hours at 950° C.. _After removal of
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3. The method of manufacturing a hardened
body, comprising the steps of heating a mono-

~crystalline copper-beryllium alloy body to a tem-
*perature -of about 950¢ C., diffusing oxygen into

the oxide film, the diameter of the monocrystal ®

was 1.6 mms. The Vickers hardness was 120
kgs./mm.2,
rolled cold into a plate of-0.5.mm. thick;during
which treatment the harduess '.remainedun-
varied. Annealing for half an hour at 800° C. in
nitrogen did not vary the hardness and:any. re=
erystallisation did not occur during:this: process.

When the monocrystal was annealed in air for
17.5 hours only, a core of aboiitt 0.5 mm. in di-
ameter remained unhardened. This core did re-

crystallise during annealing in nifrogen:. .The.

crystals produced during this process did not
grow_through the boundary,of. theunhardened
core. a,nd the hardened. superﬁcial la.yer, ;

“UITT A rod-like monocrystal ‘of 3 ‘mmS.; -in di~
:a.meter‘ and cons1st1ng of .iron. contai.ning 2% by

and brea.ks during coohng at. the cr(stal bounda-
L. he: hardened monocrystal Was- very -re-

‘hat. we S
"1. The method of manufacturing & hardened
body, comprising :the steps of- hea,ting 8- MMORO-
crysta.]hne alloy. body to.an elevated temperature,
diffusing 2 metallmd selected from the group con-
sisting. of oxygen and nitrogen into said-alloy body
Wwhile the said alloy body is: maintained at the said
elevated temperature, and thereafter deforming
the said alloy body.
.2.-The :method .of: manufacturing a ha.rdened
body, comprismg ‘the- steps. of- heating: -a.-mono-
crystalline silver magnesium alloy-body to & tems
perature of ‘about 800°.-C., diffusing oxygen- into
said alloy ‘body while the said alloy body is:main-

tained. at the -said temperature,-cooling. theso- .

treated alloy body, and thereafter deforming the
saidﬂa.lloy body. [ ol

Subsequently, -the: monocrystal: was.: 10
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said alloy body while the said alloy body is main-

~tained at the said temperature, cooling the so-

treated alloy body, and thereafter deforming the
said alloy body.
~4,-The method of manufacturing a hardened

-body- having hardened surface portions, compris-

~ing the steps of heating a monocrystalline copper-

beryllium alloy- body to a temperature of about
950° C., -diffusing oxygen into said alloy body

while: the-alloy. body is maintained at the said
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.and annealing the deformed alloy body at a tem-
--perature of - about 800° C.
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teniperature, deforming the so-treated alloy body,

in a nitrogen at-

mosphere.
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