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'I'his invention relates tb a8 proéess for the iso-

lation of alloys of beryllium and copper. More-.

over, this invention affords s process for the
continuous manufacture of commercial berylli-
5 -um-copper alloys directly from the oxide, such
continuous manufacture having hithertc been
impossible in actual practice. -~ :
The fact that aluminum could be reduced
from its oxide by carbon in the presence of cop-
10 per and other metals, thereby yielding alloys of
-these metals, has been known ever since the
work of Cowles in 1884, The process was tech-
nically quite feasible on & large scale, but it
- Talled to survive commercially because the cheap
"’electrolytic method for manufacturing pure
aluminum from bauxite made the co-reduction
procedure unnecessary. In view of the resem-
blance of beryllium to aluminum, it seemed,
from the very first, reasonable to assume that
. this procedure of co-reduction would succeed
just as well with beryllium.. The first technical
work along this line was that of Lebieau, who, in
1897, formed small amounts of alloys of berylli-
um by co-reduction of the oxides, or by reduc-
86 tlon of beryllium oxide in the presence of the

. metals, using the electric arc as a source of heat.”

iIn connection with the work of Lebeau, see

Comptes rendus, vol. 125, 1897—pages 1172-1174.

- At about the same time Licbmann (see Ger-

80 ‘man Patent No. 94,507) discussed the same gen-

eral type of process. Later developments and

disclosures ‘were made in this fleld by Rohn

(U: 8. Patents Nos. 2,025,614 and 2,025,616) and

' 35 Burgess (U. S. Patent No. 1,905,340). As late
(Wiss. Veroffent. Siemens Konzern, 11, 88-92).

‘While the foregoing accomplished the produc-

tion of some alloys, especially in small scale or -

0 experimental operations, & number of difficuities
‘were Inherent in the processes proposed, espe-
clally when considering commercial operation on
any practicable scale. For instance, alloys pro-
duced were found to be non-homcgeneous, so

45 that on liquating, what appeared to be a vertible

. felting or skeleton of crystals remained behind;

these being of a red color, representing a double

oxide of the two metals employed in the process. -

Furthermore, the prior work was hampered by
50 impurity of the alloys produced. Still further,

at .least some of the prior processes involved .
even’
- though Rohn obviated the presence of the mixed .

the use of specidl equipment. Thus,

oxide compound in beryllium-copper, this was

55 only accomplisied by the use of a special at-

“as 1932, scientific work was carried on by Kroll .

- mosphere, thereby displacing the normal carbon '

equilibrium. . :

The present invention has as one of its pri-
mary objects to overcome difficulties of the type
mentioned and to provide a procedure which &
would be at once simple and effective, yet re-.
quire nothing but relatively standard equip-
ment. This I have accomplished as set forth
below, my new procedure yielding an alloy free
from the above-mentioned red double oxide, and 10
fowing readily out-of the furnace.. Thereby I
have made possible a continuous process, in it-
self a sharp differentiation from previously
known procedures, wherein it was necessary to
stop a batch run, dig out the arc-treated ma- 18
terial, and separate the metal from the residue.

Not only does the beryllium-copper alloy
formed under normal operafing conditions con-
tain what appears to be & skeleton of double
oxides, as indicated by Lebeau, but I have also 20
observed that much of it.remains physically en-
trapped in the larger mass of beryllium oxide-
carbon mixture. This latter condition inter-
feres, certainly because of physical factors; and
probably also by virtue of mass action, with the 23

- further continuance of the reduction. I have

found, as one part of my invention, that if after
the usual preliminary heating of & mixture of
carbon, beryllium oxide, and finely divided cop-
per (or an oxide of copper with sufficient excess 30 -
of carbon to reduce it to metal) I subsequently
add more metal and pérmit it to melt and fiow
down through the reaction mass, the metal
washes down the beryllium-copper alloy already
formed and thereby permits the reaction to be 885
renewed. Simultaneously, the alloy is freed, by
this molten metal washing action, from the

-skeleton of double oxide, which latter is then

ieft, in open, highly reactive coundition,. unpro-

- tected "by the alloy, for further:reéduction. 40

This washing down procedure, of course, di-

-lutes the alloy somewhat, but not merely to the

extent that might be assumed from earlier work-
ers’ results. For example, alloys of about 5%
beryllium can be obtained in small quantity by &8 .
remeliing away from - the oxide skeleton in ac-

. cordance with the procedure first indicated by
‘Lebeau; my procedure permits manufacture, on

a much larger scale, of an alloy running regu-
larly 3%2% in beryllium, and occasionally con- 859

-siderably higher. Yields are high; - practically

all the beryllium values are recovered, either as
metal or as re-usable oxide. : )
It will be understood that the addition of

‘massive gopper to wash down the alloy formed
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can be made with copper metal of any reason-
able macroscopic particle size. There is no ad-
vantage to using finely divided metal at this
point of operation, but it will be understood, in
the claims, that “massive metal” refers to any
copper suitable for washing down the alloy al-
ready formed.

I have found that good results are obtainable
from the use of “massive metal” in the form of
chunks or pieces of copper, such chunks or pieces
being introduced into the furnace preferably al-
ternately with charges of a mizture of carbon,
finely divided copper and beryllium oxide.

Thus, after the preliminary heating of a batch
of carbon, finely divided copper and beryllium
oxide in the furnace, some massive copper is
added so as to initiate the washing down action
and operation of the furnace is carried out con-
tinuously, with periodic additions, desirably alter-
nated, of & mixture of carbon, finely divided cop-
per and beryllium oxide, on the one hand and
massive copper, on the other hand. I have found
that in a furnace appropriate for carrying out
the present process, introduction of a mixture of
carbon, copper and beryllium oxide may suitably
be effected at intervals of the order df about one
hour. Massive copper may suitably be added
at similar alternate intervals, although when
using chunk copper, the addition thereof is effect-
ed at more frequent intervals, for instance several
times between each addition of the mixture of
carbon, copper and beryllium oxide.

The intervals of introduction of both the mix-
ture and the massive copper will, of course, vary
in accordance with & number of conditions, in-
cluding furnace size, size of particles of massive
copper used, etc., although as a general guide it
may be stated that the massive copper should be
added in a manner which will practically con-

. tinuously maintain a reserve of copper present

adequate to perform the washing down process
above referred to.

. It is obvious that not only beryllium oxide as
such, but any of the compounds which will break
down under heat and/or reduction to yield the
oxide, can be equally well used. For example,
the hydroxide, the basic carbonate, the sulfate,
the nitrate, and organic derivatives, are all equally
well usable for the purpose of my. invention. In
general, the oxide has been found most econom-
ical to use, and the phrasing of this patent is
therefore in terms of the oxide itself. In the
claims, it will be understood that “beryllium
oxide” refers to ore and to the compound itself
whether added as such to the mixture or whether
formed by decomposition or dissociation in situ.

While I have found it most convenient and eco-
nomical to use finely divided copper in elementary
form for the preliminary reduction, it is an obvi-
ous alternative, which I have found equally sat-
isfactory, to use & mixture of finely divided oxide
of copper, with sufficient excess carbon or other
reducing material to yield copper on heating.
Where the term “copper” is used in the claims, it
should theerfore be understood that such, copper
may be added either in elementary form or in

-the form of an oxide or similarly reducible com~

pound to yield the metal in the reacting zone.

In carrying out my process the following con-
ditions, at least in part, must be taken into ac-
count to obtain maximum success.

In arc reduction, there is a central core of very

'small volume, in which the full temperature of

the arc (about 4000° C.) holds sway. Beyond

this, the following various zones may be considered
to exist.

(1) The first of these zones may be viewed
as represented by the sphere wherein occurs the
greatest temperature drop, from about 4000° C. 8
to about 2300° C. In this sphere, no liquid metal
can exist, since both beryllium and copper are
vaporized above 2300° C. '

(2) This volume will, in turn, be followed by
a shell representing the 2300° C. to 1900° C. drop. 10
In this shell, carbon is soluble in copper (a factor
of great importance in the reduction of the
beryllium oxide), while any beryllium which may
form will have a very high vapor pressure, even
in the presence of alloying copper. 18

(3) In the next shell, from 1800° C. to 1500° C.,
molten copper will no longer dissolve carbon, but
the other conditions are esSentially the same..
Copper is in the fused state, while beryllium vapor
pressure is still quite high. 20

(4) In the zone which follows, from 1500° C.
to 1285° C., there is both copper and beryllium
still in a state of free fusion, with comparatively
low vapor pressure on the part of the berylium.
This represents the condition of optimum alloy- 38
ing if reduction problems were not inherent in
the situation, and nothing else were involved
but the union of free elementary beryllium and
copper. )

(5) In the next shell, from 1285° C. to 1083° C., 80
the former being the melting point of beryllium
and the latter the melting point of copper, one
of the components, beryllium, is no longer in
the molten state.

(6) Below 1083° C., and reaching to about 850° 38
C., we have a zone of primarily theoretical al-
though not devoid of practical interest, wherein
beryllium-copper alloy remains liquid, freezing
at some. point within that temperature range,
corresponding to its composition. Below 850° 49
C., the melting point of the copper-beryllium
eutectic, all possible components are of course-
solid, and neither reaction nor alloying can take
place.

Experiment has shown that conditions for re- 48
duction of the beryllium oxide, for alloying of
the nascent metal, and for maintenance of the
alloy undecomposed, are all different, and that,
therefore, furnace construction must be such as
to give each of these essential factors opportunity &0
to play its normal part. It appears, from the
unpublished work of others, that while they did
maintain conditions satisfactory for the reduc-
tion of the beryllium oxide, and perhaps also
for alloying action, these conditions were such §§
as to decompose the alloy almost as rapidly as
it was being formed. As a consequence; recov-
eries were always so low as to make the arc re-
duction method impractical, ~ .

.Whether carbon can reduce beryllium oxide 60
alone in the 4000° C.—2300° C. core is purely of
theorctical interest; evén. if reduced to metallic
state, the beryllium so-formed, lacking copper as

‘a collecting agent (the zone is above the normal

boiling point of copper), would immediately be 68
volatilized away or, more likely, converted to car- -
bide. What little did escape carbonization, or
reoxidation by reversal of the reaction.
BeO+C—Be+CO )

would condense in.-the cooler .portions of the

- furnace in the form of thin metallic films on the,

reaction mass, or be volatilized completely out of
the furnace. ~ .
Where' reductxon reactlon does oceur is pri- 75
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It is here .

marily in the 2300° C.-1800° C. shel‘l
that carbon dissolves in copper, and it is this

copper-carbon alloy that appears to react best:

with the beryllium oxide, dissolving the beryl-
Hum immediately as formed.
But this zone, in which beryllium can best be

divorced from its oxygen, is ‘not conductive to .

maintenance of the alloy just formed. The high
vapor pressure of elementary beryllium in that
temperature range will gradually cause that ele-
ment to volatilize away from the alloy; once
alone as an element, either as vapor or as con-
densate and unprotected by a preponderance.of

copper around it, the beryluum is rapidly car--

bonized or oxidized.
It is consequently %sential that there be, best
completely surrounding the 2300° C.-1900° C.

. zone, or certainly above and below it in the fur-

nace, an appreciable zone in which the tempera-
ture ranges of 1900° C.-1500° C. and 1500° C.-
1285° C. exist, It is in the latter zone that vapor-
ized beryllium will tend to condense, in liquid
form, and will alloy with liquid copper to re-
form the alloy. It is even desirable to have suf-
ficient cross section of reaction material to have
a surrounding zone of from 1285° C. to about
850° C.

The furnat:e construction factors therefore

called for in my invention are;: There must be
sufficient heat conductivity from the bottom of -

the crucible or container, or, more accurately,

- from the liquid alloy already formed, to main-

. tain its temperature below the point where the

_beryllium vapor pressure becomes strong enough

to afford material loss. This ‘may be done by
water cooling, for example.

* sufficient “head” of reaction material above the
" arc zone to peimit the existence of at least s

1500° C.-1285° C. shell, without that shell over-
heating, by conduction and by contact with the
heated carbon monoxide resulting from the
chemical reduction, to beyond the 1500° C. where

- beryllium begins to vaporize away appreciably.

55

70

It is also very desirable that the 1500° C.-1285°
C. zone extend around the sides of the arc as
well-as around the top and bottom; to accom-
plish’ this, it is necessary that the arc furnace

“be of sufficlent diameter to permit conduction
.and convection effects to counteract the heat of

the arc, and reduce the temperature on the out-

_side periphery-f{o 1500° C.-1285° C. desired for

alloy maintenance. And finally, it is preferable
although not essential to have a diameter which
provides a surroundlng zone of from 1285° C..to
850° C.

-In practice, I find it preterable to maintain,
above the arc, sufficient charge so that there is 2
full temperature drop to as low as 850° C. This
insures that all beryllium vapor rising out of the

more heated zones will be trapped, elther physi-'

cally by condensation on the relatively cold sur-
face, or by surface solution in the molten copper
or melten copper-beryllium alloy, -

"It is not necessary that the heat source be an
electric arc; any other appropriate method of
central heating will accomplish the same result.
For example, a carbon rod heated by electrical
induction can serve as heat focus, acting as a

central point equivalent to an:arc. The condi-

- tions surrounding ar¢ operations will- not be sig-

- nificantly changed as regard temperature Zones

" even if the mode of ‘heating is thus changed. 'To

L

" indicate the type of heating wherein the maxi- .-
mum temperature is at a focal point around or. ’

There should be a -

3
a.djacent which there are zones of lesser tem-
perature, I have chosen to term “focal heating.”

‘and in the claims this term is to be understood

as covering arc heating, inductive heating, ete.

Where the arc is used, I prefer to use a three §

phase furnace (three electrodes with alterna.ting
current). The electrodes should be of ample
cross section: to carry the current without over- -
heating because of resistance.

Reference has already been made to the neces- 10

sity for using finely divided copper in the prelim-.
inary reduction. That the factor of metal coarse-~

. ness or fineness plays an important role in this
" matter, from the standpoint of optimum results,
can’ be judged from the following quantitative 18

tests, all being run under conditions as identical
as possible other than for the changes in the
particle size of the copper used

A Dberylium oxide containing 304% Alea,

0.22% 8i0s, 0.2% Fe:O: was used throughout. 30

With- a relatively coarse copper powder, varying -
in mesh from 38 to 60 to the inch, an alloy of
only 1.47% beryllium was obtained, with aly-
minum at 0.20%. With copper at 60 to 10¢

mesh in particle size an alloy of 2.68% beryllium 35

was obtained, aluminum being 0.26%. When
identical reduction was accomplished, but using
& copper powder of still finer size, specifically 100

- to 200 mesh, beryllium was 2.72%, and aluminum

remainzd ‘the same as before. When copper
powder ran to finer than 200 mesh, approaching '
a copper dust, the beryllium content of the re-
sulting alloy dropped somewhat, to 2.38%, while
aluminum rose to 0.34%. In all cases reported, ¢
silicon was 0.08%-0.10% -and iron from 0.07%-
0.09%, indicating that particle size does not signi-
ficantly affect their ratio in the final alloy.

It will be seen that there is a definte prefer-
ability for copper powder of smaller than €0 mesh |
size. Beyond this, extreme fineness does not
significantly increase the yield. Because the per-

-centage of impurities remains constant in the

final alloy, it follows that the ratio of impurities

to beryllium is relatively higher in’ alloys COr- ¢g

responding to the use of coarse powder.

In all, the optimum alloy is to be obtained by
use of a copper powder of less than 60 mesh av-
erage pa'rtlcle size. Where, therefore, the term

“finely divided copper,” or its equivalent, is used gg

in this spesification or in the claims, it is to be

- understood as referring to'such metal preferably.

less than 60 mesh average in particle size.
The invention is not to be limited to copper-

" beryllium alloys, but is intended to include other gs

alloys producible by the process.

This application is.a contmuation-ln-part of
my application Serial No. 184 930 S

I claim:

'1. The process of forming copper-beryluum al- 80
loys in the electric arc furnace by reducing beryl- ’
Hum oxide by mesgns of carbon in the presence of
copper which includes charging the furnace with
a mass of reaction material comprising beryllium
oxide, carbon and copper, the mass providing suf- 65
ficlent reaction material laterally around the -

.arc to produce a drop in temperature to at least

about 1285° C., and sufficient. reaction material
above the arc to trap beryllium vapor, maintain-

. taining the temperature below the arc below the 70: h

point where the beryllilm vapor pressure causes
material loss, and adding massive copper to the

_reaction mass in .an upper region thereof after
-preliminary reduction to wgsh_ down alloy formed.

" 2. In the-process of formin&beryllium-copper,u
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alloys by thermal carbon reduction of beryllium
oxide in the electric arc furnace, the step of add-
ing massive copper to the reaction mass subse-
quent to preliminary reduction in the presence of
' copper of less than 60 mesh average particle size.

3. The process of continuous formation of
beryllium-copper alloys characterized by the

heating of beryllium oxide, carbon, and copper of
less than 60 mesh average particle size, in admix-
ture, with separate addition of more copper to
the heated mass and withdrawal of the resultant
beryllium-copper alloy in fluid form.

ANDREW J. GAHAGAN,.



