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This invention relates to- welding or soldermg alloys
and to processes of making such alloys.

This application is a divisional application of apph-
cation Ser. No. 279, 696 now - Patent No. 2796 345, is-
sued June 18, 1957.

.One object of tth invention is to prov1de a. welding
or soldering alloy which can be used to. unite metal parts

. including aluminum parts, without the necessity of em-
ploying careful cleaning procedure or fluxes, and with-
out. the necessity of employing the drastic cleaning meas-
ures or ‘using the corrosive fluxes or specialized. equip-
ment previcusly reqnireu with: aluminum - welding' or
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of wires to alummum or alurmnum alloy parts by solder-
ing the wires fo the welding metal.

Another object is to:provide -a- welding or soldermg

B alloy.for uniting metal parts, including aluminum or. alu-

minum alloy parts, wherein special grooving or other

. 'special preparatlon of the edges of the aluminum parts
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to be united is not necessary; because the welding alloy
of the present invention penetrates through the oxide film
to the interior of the metal to make a strong fusion; ‘and
flows readily without spattering or. creating lumps, and
without the production of the fumes or odors produced
when fluxes are used as in prior processes of uniting alu-
minumt or aluminum alloy . parts.

Another object is to provide a process of making a
welding or “solderirig alloy’ having the characteristics-set
forth in the preceding objects, wherein the process en-
ables the introduction of chemicals into the alloy while
it is in a molten state, without the production of danger-
ous explosions. which have hitherto characterized the
attempted mixing of ‘siich chemicals with molten- metal,
these chemicals giving the alloy. its properties of pene-'

. trating: through oxide layers or’ ‘coatings of impurities and -
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soldering processes in order to remove the-tepacious oxrde .

film. from. the surface of the aluminum.

Another object is to provide a.welding or solderlng' s

alloy for uniting metal parts, mcludmg aluminum or
aluminum alloy parts, which alloy- is easily and quickly
employed by merely bringing the aluminum or aluminum
ailoy. parts-together, heating them at their ploposed junc-
tion by any suitable means such as a gas torch in order
to raise them above the melting point of the welding alloy,
and then stroking the parts at their junction by passing
a rod of the alloy back and forth along their junction,

whereupon the welding rod melts and flows by capillary

attraction into and along the _junction without previously
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applying. a- flux, uniting the parts tenacrously in a ﬁrm ‘

and. permanent Jomt

Anocther object is.to previde a weldmg or soldermg
alloy for. uniting metal parts, including aluminum or alu-
minum- alloy parts, wherein .the welded area, after weld-
ing. or soldering, has- a strength at the junction which
is.greater than the strength of the adjacent metal; so:-that

if the parts are subjected, to ‘excessive force, they will:

break adjacent the junction, but notat the junction itself,

even. if the welding alloy’ has "approximately. the same:
thickness at the junction as the thickness: of .the adjoining-

aluminum or alurmnam alloy 'parts which' have been
wdded

Another object is to prov1de a weldmo or solderlng;
alloy ‘for uniting metal parts, including aluminum- or:

aluminum. alloy paris; whlch alloy has' a silvery appear-
ance. at the welded junction and which will not rust or
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of flowing: easily ‘and- naturally by capillary attraction
into the junction between the parts to be united. :
i Another object is-to provide a process of making a
welding or soldering -alloy.of the foregoing character
wherein the chemicals are introduced into the molten
alloy by being minutely subdivided into particles which

are separated from -one another by inert material, such
“as by ‘Inixing the chemicals into porous slag or other..

porous material which will act similarly, thereby produc-
ing a myriad of separated mmute explosrons mstead of
a single -large one.

“Another object is to provide a process of makmg a
welding or soldering alloy, as 'set-forth -in the ob]ect
immediately above, wherein the danger of exploswn in
introducing the chemicals into" the molten alloy is further
reduced by the.use of a layer ‘of carbon, such as fine.
grain' charcoal - form.mg an insulating blanket, over' the
top of the molten -alloy, the porous material containing
the- chemicals: being: placed 'upon this carbon. layer and:
pushed through it into the molten alloy beneath it;. the:
slag, after ‘being freed from its chemicals, floating to the
surface where it is skimmed off. -

Another object is to reduce the melting temperature

~of: soldering alloys by the homogenlzanon of. normally-

incompatible.-metals su_c_hv as. zinc. and - lead.

Another' object is to ‘increase the homogeneity: and
reduce the heterogeneity of zinc-lead alloys. -

Another object is to.permit the introduction of a violent-
liquid chemical into-molten metals without -hazardous’
explosion' wherein ‘the chemical- is introduced into ‘the’

~molten alloy by being minutely subdivided into partrcles
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corrode, and which can be readily machmed -polished,

plated. or. painted.

- Another. object is. ‘to provide a Weldln0 or soldermg'
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alloy. for uniting metal parts, including: alumifum or. alu-: -

minum: alloy: parts, which. alloy can be. employed by. in-
experienced: persons. without special. training and with=

out the need for any of the special preparatory measures-
previou»ly required - in uniting aluminum- parts, and not’

requiring welding hoods, colored glasses or spec1a1 eye
pro’tectlon '

~ Another object is to provrde a- welding or solderlng
alloy' for- uniting - metal parts, including aluminum or’

* aluminum alloy parts, wherein. the welded area. has a

very fine grain structure without porosity, and: wherein.
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soft solder will adhere s0 as to enable the’ attachment‘ ‘

separated from cne another by inert material.
Anotlier object is to- cleanse molien metals of super-

7 ﬂuous impurities while in a molten state.

Anothier object-is to create metals havmg reduced- cor- -
rosive and galvanic actions. ’

Another object is-'to create: metals Whlch are’ more-
heatless and lubeless because of their - inherent electrical’
propertles and'their improved homogeneity in alloy form:

Another-object is to provide metal alloys which in the
presence of moisture- cause the converswn ‘of the latter
into escapable- hydrogen gas:

Another ObjPCt is‘to provide a free machmmg metal’
aI!oy that requrres no coolant. )
Another object is to provide a metal alloy which eleo-
trifies-and decomposes m01sture in contact or durmg 1rn- .
mersion. - -

“Another: ob]ect is to provxde a. metal alloy whlch can’,
penetrate alumihum “stirface "oxides and travel in: the.
dlrectlon of ‘most mietal by caprllary action mstead of’
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burning through the thin thickness of light gauge metal.

Hitherto, the welding or soldering of aluminum has
been a difficult procedure requiring specialized knowl-
edge, skilled workmanship, and careful preparation of
the aluminum or aluminum alloy parts to be welded.
The tenacious film of oxide which adheres to the surface
of aluminum or aluminum alloys, unless removed by
careful preparation or by the use of corrosive fluxes,
effectively prevented the obtaining of a strong welded
junction between the parts being united. Furthermore,
the fact that aluminum melis suddenly at 1217° F. with-
out any advance indication, such as discoloration, of
nearing the melting point, has made high temperature
welding procedures dangerous, due to the possibility of de-
stroying the parts themselves by their sudden disintegra-
tion. The corrosive fluxes hitherto used have also
caused the creation of annoying fumes and odors, and
protective goggles, hoods: or the like have been required
because of the danger to the eyes of the welding mate-
rial spattering or sputtering. Nevertheless, without first
applying a flux to create a flow path, the welding or
soldering alloy would not flow along or into the junc-
tion of the parts to be united. The welding alloy of the
present invention, as made by the process of the present
invention, eliminates these defects and accomplishes the
néw results and advantages set forth in the above-stated
objects.

In preparing the alloy of the present invention, the
following metals and metal alloys are melted together in
a crucible in the following proportions to provide the
metallic ingredients:

. Example T~

Pounds

Yellow brass (30% .zinc and 70% copper) —————___ 8

Aluminum ' 8
40-60 solder (40% tin and 60% lead) ————_____ 1.5
Silver (.1%) i

or. .

Nickel- (. 1%) e 1
Zinc, to make up a 100 pound batch or ————___—__ 82.3
-100.0

Theé chemical ingredients are next prepared in approxi-
mately the following proportions, for a 100 pound batch

of the above metal ingredients:

. - Pounds
Powdered copper slag 3.0
Yellow sulphur - 125
Willow charcoal 0.75

Commercial muriatic acid (hydrochloric acid), up to
(.50 gallon.

The chemical ingredients are mixed together thoroughly
and -the acid added and stirred into the dry ingredients
until a thin or watery paste-like mass is produced.
Meanwhile, the metal ingredients in the crucible have
been heated until they reach the temperature of approxi-
mately 1450° F. and a layer of fine grain powdered
charcoal of approximately a half-inch thickness is depos-
ited on top of the molten metal to form an insulating
blanket. When this charcoal layer has become red in
color, the wet mass of chemical ingredients is deposited
entirely over the top of the charcoal blanket in a thick
layer. Using a suitable pushing device, such as a metal
rod, the chemical mass is forced down through the
charcoal blanket into the molten metal mixture, a small
area at a time. The charcoal blanket shields the re-
mainder of the mass from explosion or excessive reac-
tion. . As the chemical mass is pushed into the molten
metal mixture in the crucible, a multitude of tiny reac-
tions occurs throughout it, instead of a single large ex-
plosion, due to the fact that the chemical partxcles are
separated- from- one apother by the porous inert slag
and by .the particles of charcoal..  As each portion which
has been pushed down into the molten metal mixture

2,097,856 - -

10

15

20

25

is absorbed into the latter, another portion is pushed
down and so on, until each portion of the chemical mass
or layer has been pushed through the insulating charcoal
blanket, a small area at a time.

After all of the wet chemical mass has been pushed
downward into the molten metal mixture in the crucible,
the entire mixture is stirred thoroughly to release all
of the chemicals from the pores of the copper slag and
to cause the tiny reactions and explosions to be com-
pleted. When this has been done, and the slag has lost
its chemical impregnations by these reactions and minute
explosions, the slag floats to the surface of the molten
metal mixture, along with other impurities or superfluous
materials, these being skimmed from the surface of the
molten metal mixture, leaving the latter in. its finished
state. The chemically-impregnated alloy thus formed is
then poured out and formed into suitable shapes such as
rods, bars or ingots.

During the period in which the chemical ingredients
are being pushed downward thirough the charcoal blanket
into the molten metal mixture, corrosive fumes are
emitted which must be carefully disposed of or they will
discolor paint, corrode ferrcus metals, and cause annoy-
ance to persons in the vicinity., After the alloy has been -
made in the above manner, however, it may be subse-
quently remelted without the formation of such fumes.
The chemically-impregnated metal alloy remaining after

... the'process has been completed is a finely homogenized,
" high quality alloy which is easily machined, plated or
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-~ mally incompatible.

painted, as desired.

The present process also enables the combining of zinc
and lead in an alloy, even though these metals are nor-
For example, only one-half of one
percent of lead in a zinc base die, such as is used in air-
craft production, causes the die to crack during use, be-
cause lead will not ordinarily mix with zinc satisfactorily.

The copper slag mentioned in the foregoing process

- is the waste slag produced in copper smelting plants, and
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is. useful because of its porosity and inert characteristics.
it will be obvious that other porous materials which are
similarly inert may also be employed to subdivide the
chemical ingredients in the above manner and thereby

~ convert an otherwise dangerous. single explosion into a
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multitude of tiny harmless explosions and reactions.

The effect of the chemical ingredients thus incorpo-
rated into the metal alloy impart to the alloy the-capa-
bility of flowing naturally and easily by capillary attrac-

- tion when the alloy is applied to the junction of metal
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parts, such as aluminum, to be united, without the pre-
vious use of a flux. Hitherto, it has been necessary to
apply a flux in order to form a flux path at the junc-
tion of the metal parts to be united, or otherwise the

- welding metal does not flow well, and does not easily
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enter. the junction between the metal parts to be united.
Thus, the soldering alloy undergoes capillary action in
the direction of most metal mass instead of burn:through
in thinnest portion so that it may -be used with foil or

- very thin gauge aluminum, this resulting from the chemi-

cally homogenized metal ingredlents such as zinc, lead,
aluminum and tin of Whlch zinc and lead are normally'
incompatible.

The proportions- and, mdeed the components, of the
metallic’ mixture are not critical and many -variations
may be used. In place of the brass, pure copper or even
bronze can be employed, more copper giving greater
strength. The nickel and silver components are mere
traces which produce better uniting of the metal com-
ponents with one another. The chemical components
of the alloy enable the alloy to penetrate the oxide film
on aluminum without wire brushing or other previous
preparation ‘and to penetrate the crack or other junc-
tion between the parts to be united and to emerge on the
opposite side thereof.

Proof that the effect of the chemical ingredients re-v
main in the alloy is found in the fact that shavings of
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5
the alloy placed in a glass of ordinary tap water cause
the flow of an electric current which may be detected

‘by a, voltmeter, milliammeter or cathode ray oscilloscope:

when leads or electrodes connected thereto are inserted
in the water. Moreover, when the. alloy particles or
shavings have been permitted to remain in the water,

_gas bubbles will emerge from_ the water and form: on '

the surface. Each of these bubbles: explodes upon the
application of a match, showing that chemicals in the
alloy. shavmgs produce hydrogen and. other gases when
placed in water. Thus, the powderized soldering alloy.
inherently has soil conditi.oning properties when planted
in the-soil for the reason that the evolution of gases
therefrom in the presence of moisture tends to aerate
the ‘soil and the electrical action accompanying the gas
evolution elevates the soil temperature. -Aeration of the
soil promotes an increased rate of growth and germina-
tion, the intensity of which depends on how finely the
alloy is powderized.” A still. more powerful effect is
. obtained when salt water is used. Moreover, if the alloy

is prepared_ in the form of a powder, this power tends-
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partts, namely use of sufficient heat to_cause surface fusion
of the metal parts to be united; and (3) welding with
fusion of thé parts to be united, accompanied by capil-
lary action, namely welding wherein the alloy flows along
the parts and through the ]unctron thereof without the
previous use of a flux.

The. alloy of the present invention may be used with
soft-solderable metals such as copper by blending. to-
gether standard lead-tin soft solders with ‘an alloy com-
bination of zinc, lead and tin.

“The use of the alloy of the present mventlon for sol-

- dering, brazing or welding metals -other than aluminum

alloys, such as the zinc base metal mentioned above,

“is carried out in a similar manner except: that the work- -
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to come to:the surface of the water and float thereon.

even though its specific gravity or weight is nearly seven
times that of water.

In the use of the alloy of the invention in soldermg
or weldxng metal parts, such as aluminum, the extreme
and. exacting cleaning measures previously employed are
" ungecessary. The parts to be united, if not already sat-:
1sfactonly supported adjacent one another are placed
in proximity to one another at the location where they
are to be united, and heated by any suitable means, to
a temperature which-is® sufficient to' melt the alloy. A
temperature of approximately 800° F. at the point of
weld. is sufficient, and as this is 400 to 500 degrees lower
than the melting point of aluminum or aluminum alloys,
there is no danger of harming the parts’if ordmary care
is taken.
the parts may be heated. electrically, as by a. hot plate,

No special heating equipment is necessary as

ing margin of: temperature between the zinc in the parts.
to be united and the present alloy is much smaller since
alummum melts at the -relatively high temperature of
1217° F., whereas zinc melts at the relatively low tem-
perature of 713° F. To lower the melting temperature
of the alloy of the present invention, therefore, the silver
and nickel should be- omitted and' the proportionate
amount of brass reduced, as these¢ metals contribute to
raising the melting point.- - Experiments have also shown

. that the alloy of the-present invention may be used to.
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solder, braze or weld magnesium, but considerably more

~ care and vigilance is mecessary because magnesium, al-
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or by the-application of a flame, such. as from” a. gas{_..-

torch, Bunsen burner, spirit lamp or the like.
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. When the parts have been so heated, a piece, such as - -
a rod, of the alloy of the present invention is rubbed .

against the parts and passed to and fro along their pro-
posed junction. Since the melting point of the welding
alloy of the present invention is below 825° F., it melts
and flows freely at that temperature, forming a silvery:
liquid resembling mercury.. No flux is necessary to cause
the alloy to flow, penetrate or adhere. As the vod is
rubbed back and forth along the junction, the alloy melts
and flows easily and naturally by capillary .attraction
into the junction, where it ‘quickly solidifies. At the
same time, it attacks the oxide film. on .the aluminum
or aluminum alloy, and penetrates below that film into

the metal itself, so that a strong-weld is-obtained. The:"

alloy, upon cooling, has a silvery, attractive appearance
which blends well with the adjacent aluminum or alu-
minum alloy. It also -has a very fine grain structure
and is substantially free from porosity.

The alloy of the present invention may be used e1ther:,

in soldering, brazing or welding any aluminum or zinc-
base metal with a very high efficiency and also in unit-
ing other metals or materials with varying degrees of
efficiency. The welding handbook of the American
Welding Society in effect states that soldering takes place
below 800° F., brazing above 800° F. and welding at

such higher temperatures where the parent metal 1tself'

has been disturbed and fusion has taken place.
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though’ melting at about 1200° F., occasionally catches
fire ‘at -about 1000°:F. Here. also the working margin
of temperature is ratheér small and consequently opera-
tions must be conducted with caution.

In the process of preparing the alloy of the present

“invention, if-the furnace heat is inadvertently raised to

too-high a temperature so-that some of the metal ingre-
dients. start to volatilize, particularly the zinc, the opera-
tor immedjately covers the top of the molien metal:in

‘the crucible with a layer of willow charcoal, which stops
“the volatilization.

Normally, however, the operator does
not use more charcoal :after the layer which he initially
applies, and waits until this charcoal powder has become
completely ted before he attempts to push the. chemical )

‘ingredients downward through it into the molten metal.

In-practice, if the chemical ingredients are forced through
the .charcoal blanket prematurely, that is, before it be-
comes fully red, the charcoal powder will puff up in
clouds of black smoke which is irritating to the lungs
and soils the clothing and the surroundings. It has been
found best to permit the charcoal to ignite and burn at-
the outer periphery of the crucible -and gradually con-
sume itself toward the center of the blanket, whereupon
the flame disappears and the top of the molten metal
in the crucible becomes tlghtly sealed with a red char-
coal coating,

To improve the free machmmg characteristics of the
alloy, the proportion of solder .may be increased, the
machinability increasing as the proportion of solder is
increased.” Thus, in the formula given above, instead
of 1.5 pounds of solder for a hundred pound batch, as
much as 3 to 5’ pounds of solder may be oeneﬁc1ally
employed

" Additional sulphur is employed occasxonally, if for ex-

* ample, it is found that high melting components of the

65

The metal parts when united by the alloy. of the pres- .:

ent invention, may be machined by.the usual techniques,

‘and equipment, as the alloy machlnes easily and is also
easily painted or plated. :
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The use of the alloy of the preSent invention may be i
summarized by stating that. it may be employed for (1) ~

. weldmg of the metal parts without fusion, namely solder-
~ ing or brazing; (2) weldmg with fus1on of the metal

s

-alloy -are not properly melting, even though the tem-

perature has been raised to the point where other ingre-
dients, suchas zine, are ready to volatilize. In that
instance; the operator throws yellow sulphur into the
portion  of the crucible where the unmelted brass is
located, whereupon a blue flame arises and increases the
ternperature in- the . immediate vicinity of the sulphur,
causing the brass to melt readily. Thus, the addition-of
sulphur has the opposxte effect from the addition of char--
coal in that sulphur increases the.heat or fire. where :

‘charcoal puts ‘it out or minimizes it.

The muriatic acid may volatilize, to . some extent

“when it encounters. the molten metal, but' it undoubt-

edly reacts chermcally with the metals in the crucible


http://www.freepatentsonline.com

2,027,856

to produce salts such as chlorides which increase the
tenac1ty of adhesion of the alloy in welding or- solder-

ing, and thus render the use of a separate flux unneces-

sary.  The charcoal blanket, however, reduces the ten-
dency of the muriatic acid to volatilize, especially if only
small portions of the chemical ingredients are pushed
through the charcoal layer into the molten metals at a
given time. The copper slag of the formula, being inert
and heat-resistant, apparently takes no part in the chemi-
cal reaction but merely serves as a vehicle or carrier or
modulator in a manner analogous to the phenomenon
of modulation in radio wave transmission.
alloy of the present invention is characterized by the
presence of chemicals in solution with the metals, the
effects of these chemicals remaining in the alloy upon
solidification and enhancing the flow of the alloy by capil-
lary action during welding without thé use of a separate
flux,

The use of the alloy of the present invention enables
aluminum to be substituted for critically scarce copper

in many installations or applications where aluminum’

was previously considered unsatisfactory because of the
difficulty of welding or soldering it. The present alloy
may also be used to coat aluminum wire by a procedure
analogous ‘to “tinning” copper wire so that the thus
coated aluminum may be soft-soldered to other metals,
The present alloy may also be used in the form of a
molten bath for “tinning” aluminum articles for solder-
ing them or for hermetically sealing them.

What I claim is:

1. A fluxless soldering or welding alloy comprising
per 100 pounds of metal by weight about 8% aluminum,
up to 8% vyellow brass (30% zinc, 70% copper), about
1¥2% 40-60 solder (40% tin, 60% lead) and the re-
mainder zinc, and the non-volatized and non-removed
residues of copper slag up to 3 pounds, sulphur up to
1.25 pounds, willow charcoal up to .75 pound and mu-
riatic acid up to .5 gallon, all homogenized together.

2. An-alloy suitable for fluxless soldering or welding
which comprises per hundred pounds of metal by weight

yellow brass (30% zinc, 70% copper) about 8%, alumi-

num about 8%, 40-60 solder (40% tin, and 60% lead)

Thus, the:
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about 1%2 %, silver about .1%, nickel about .1% ‘and
zinc about 82.3%, and the non-volatized and non-remov-
able residues of copper slag up to 3 pounds, sulphur up
to' 1.25 pounds, willow charcoal up to .75 pound and

muriatic acid up to .5 gallon; all homogenized together.
3. An alloy suitable for fluxless soldering or welding

which pér hundred pounds of metal by weight yel-

low brass (30% zinc, 70% copper) about 8%, alumi~

num  about 8%, 40-60 solder (40% tin, 60% lead)
about 1¥2 % and zinc about 82.5%, and the non-volatized
and non-removable residues of copper slag up to 3

pounds, sulphur up to 1.25 pounds, willow charcoal up
to .75 pound and muriatic acid up to .5 gallon, all ho-

mogenized together.

4. An alloy suitable for fluxless soldering or welding
which per hundred pounds of metal by weight copper
about 5.6%, aluminum about 8%, 40-60 solder (40%
tin, 60% lead) about 1%2% and zinc about 84.9%, and
the non-volatized and non-removable residues of copper
slag up to 3 pounds, sulphur up to 1.25 pounds, willow

charcoal up to .75 pound and muriatic acid up to .5

gallon; all homogenized together.

5. An alloy suitable for fluxless soldering or Weldmg
which per hundred pounds of metal by weight copper
about 8% (aluminum about 8%, 40-60 solder (40%
tin, 60% lead) about 1¥2% and zinc about 82.5%, and
the non-volatized and non-removable residues of copper
slag up to 3 pounds, sulphur up to 1.25 pounds, willow

charcoal up to .75 pound and muriatic acid up to .5

gallon; all homogenized together.
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