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‘This invention relates to electric welding.

Among the variousr ways in which electrical en-
ergy has been converted into heat for the welding
of metals, the arc process (which itself takes
several forms) is the one most generally prac-
ticed. A typical example of arc-welding is its
use to join the abutting edges of steel plates. In
the metal-arc variation of the arc process, molten
metal, provided by the melting of a metal wire
or rod of cuitable composition, is introduced be-
tween the abutting edges of the plates, and the
latter are fused sufficiently to permit the added
metal to coalesce with the metal of the plates
s0 that, on cooling, a structuraily strong bond
rasults. The requisite heat is developed, as the
term “arc process” implies, by maintaining either
a direct current or an alternating arc between
the parts to be welded, connected to one side of
the power line, and the wire or rod used to supply
the molten metal, connected to the other side of
the power line. The abutting plate edges are
usually beveled to form a trough for receiving the
molten metal, thereby facllitating coalescence of
the added metal with the plates throughout the
thickness of the latter.

The simplicity of bare wire-electrode welding
recommends it above all other methods, but the
metallurgical and physical properties of metal
deposited in this simple manner are usually so
poor that the method is unsuitable for many ap-
plications.

In order to avoid certain dificulties encoun-
tered in bare metal arc welding, it is customary
to protect the {reshly deposited molten metal with
a blanket of molten metal compounds (usually
compounds of the alkali or alkaline earth metals).
The material used for forming this blanket is
called the “flux”. ‘The usual method of providing
a flux blanket on the weld is to encase the weld-
ing rod or wire (usually referred to as the elec-
trode) in an adherent sheath of solid flux, and
this gives rise to other dificulties. The sheath
is usually fragile and, being nonmeteallic in nature,
is nonconductive when cold, 30 that electrical
connection must be made with the electrode at
points bared for that purpose at intervals at
variable distances from the weld, thereby impos-
ing an additional burden on the automatic regu-
lating devices widely used in welding. When the
bared sections reach the melting zone metal of
inferior quality is deposited. The current must
pass through a variable length of rod, the length
between the arc and the contact point, heating
it sufficiently to crack off the flux covering and
further to add an IR-drop to the arc voltage.
This IR-drop is not constant In magnitude but
varies according to the position of the contact
point relative to the arc. The machine, unable
to discriminate between arc voitage and electrode
drop, cannot maintain the constant arc length

£0 necessary to successful welding unless com-
pensatory means are resorted to. These dim-
cultics therefore limit the energy whicii may be
expended in the arc. We are not aware of cur-
rent values in excess of about 500 amperes being
used in this manner of walding,

Fcr good welding a homogeneous deposit of
metal is indispensable. In metal-arc welding it is
found that the difficulties involved in securing a
homogeneous deposit are multiplied as the thick-
ness of the deposit increases, so that, if thick
plates are to be welded, it becomes necessary to
make several traverses or “pasaes”, adding a layer
of metal each time until the necessary thickness
is attained. This method of operation is obvi-
ously time-consuming, the more so since it is
usually necessary to chip off the cover of solidified
flux on one deyosit, and peen the metal, before
another deposit can be superimposed. It also
complicates the stresses set up by contraction of
the metal in the cooling weld, and the resulting
distortion of the welded parts.

There {s another known means of applying pro-
tective flux. It consists in utilixing & thick coat-
ing of finely divided material, a fiux, which covers
the seam to be welded. The welding electrode,
which is a bare wire of suitable composition, is
fed down by conventional feeding means and the
arc is struck under this powdered flux. The elec-
trode is traversed at a contant rates along the
path to be welded. Direct current is applied at
a voltage of about 30 volts with a current up to
about 900 amperes. The filux used in this system
has been a natural clay of approximately the
composition used in making brick. The following
is & typical analysis of such a filux: 50.6% S8iOa:
18.86% AlxO3; 4.34% Fer0s; 5.00% CaO; 6.00%
Mn; 3.03% Fe. Although this method retains the
advantage of feeding current continuously to »
bare wire at a point adjacent to the weld, the
weld metal deposited thereby is seriously deficient
in quality. A weld made by this method may
have ample strength for certain purposes, but it
is 80 porous that it can hardly be said to be satis-
factory. It is, therefore, customary to hand-weld
on the bottom side to insure superficial freedom
from holes, It has not been found possible to
extend this method beyond 3% inch plate and
there is no immunity from undesirable porosity
in any thickness. Moreover, the vigor of the arc
submerged under this flux projects a continuous
cioud of material into the atmosphere. An evi-
dence of the amount of gas that is emitted by a
flux of this nature is afforded by the fact that
the welders very frequently wear gas masks to

" protect themselves from the dust. Since the dust

is thrown up by gas that is evolved from the flux

and the weld metal, it is not that gas

holes should be found in the metal of the weld.
An object of the present invention is to avoid
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the disadvantageous features clted above, and to
provide a process by which even thick plates can
be strongly and rapidly electrically welded, In a
single pass or in a plurality of passes, with a weld
of which the density and physical properties are
at least equal to those of the parent metal. An-
other object is to provide a process in which heav-
ier welding currents can be used and the rate of
welding accelerated. A further object iIs to over-
come the dificulties which, in prior processes, are
caused by the inherent instability of an electric
arc, its liability to be extinguished by a varlety
of adventitious causes, and the difficulty, espe-
cially in automatic- machines, of reestablishing
the arc when it has been extinguished. Another
object is to avofd the necessity for a flux sheath
on the electrode. Other object,s of the invention
will become apparent as the description of our
invention proceeds.

We have discovered a nqvel process for elec-
tric welding wherein the necessary heat is gener-
ated by the passage of a heavy ¢lectric current
between a metal electrode (usually bare) and the
metal plates or similar objects to be welded, the
electrode being out of mechanical contact with
the objects and the current being carried across
the gap between the electrode and the objects by
and through a conductive melt or weldlng com-

position having appropriate electrical resistance .

properties, The heat thus generated melts suc-
cessive portions of the electrode and the molten
material is deposited as weld filler material. The
welding composition serves as an active instru-
mentality, or welding medium, inasmuch as it
provides heating means, controls the rate, pene-
tration, and quality of welding, purifies the mol-
ten metal, and protects the molten metal.

A large number of experimental welds which

- we have made support the conclusion that the
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properties of a successful welding composition for
this method of welding are these:

(1) The chemical reactions between the com-
ponentx of the welding composition must be com-
pleted before it is used in welding. Falilure in this
regard most surely invites porosity.

(2) It must be capable of controlling the pene-
tration and the width of the weld.

(3) Its fluidity at welding temperatures must
be such that it will not become entrained with
the molten metal.

(4) It must consist of chemicals which are not
detrimental to the properties ¢f the steel, and

(5) It must be readily removable from the fin-
ished weld.

The composition of the welding medium is of
the utmost importance. The particular compo-
sition that is to be used is determined by the qual-
ity and thickness of the metal plates to be welded,
by the current and voltage to be used, and by the
properties it is desired to impart to the weid
metal.

We have used calcium silicate and silicates of
sodium, barium, iron, manganese, cobalt, magne-
sium, nicke! and aluminum, both in binary and
ternary combinations, in various proportions.
We have also used calcium titanate and various
titcno-silicates, these being used when it is de-
sired to introduce titanium into the weld metal.
‘While a number of these conductive welding com-
positions are more or less efficeclous in our proc-
ess, we prefer to use silicates of the alkaline varth
metals, such as calcium silicate, and we also pre-
fer to add to these silicates minor proportions
of alumina and of & substance adspted to lower
the melting point, for example, & halide salt.

2,048,060

More specifically, the welding composition pref-
erably comprises, as its principal Ingredicnts,
silica (S1032), at least one basic constituent con-
sisting of an alkaline earth such as lime (CaO) or
magnesia (MgQ) or a mixturc thereof, and
alumina (AlsO3;). The silica and basic constit-

-uent are in approximately the proportions theo-

retically required to form metasilicates, although
a substantial excess of silica is permissible and
frequently advisable. For example, if the basic
constituent is )me, the proportions by weight will
be approximately 0.7 to 1 part of CaO to 1 part
of 3i{02; and if magnesia is substituted for part
or all of the lime, the silica is increased accord-
ingly, so as to maintain ahout the same stoichio-
metric proportions. The alumina forms about
1% to 8%, by weight, of the welding composi-
tion, and preférably about 4% to 6%. In order
to cause the energy to be distributed over a larger
area we add, in vurious minor proporticns, say
6%, & material capable of reducing the energy
concentration and thereby widening the weld. A
preferred material for this purpose is a halide
salt such as calcium fluoride.

" The basic constituent preferably consists chiefly
of lime and magnesia in approximately the pro-
portions of three parts of CRO to one part of
MgO, by weight; but other proportions are use-
ful and within the invention. Basic materials
other than lime or magnesia, for example oxides
of manganese, titanium, or the alkalf metals, and
known fluxing agents such as borax or boric acia,
may be added in moderate amounts without
greatly changing the essential characteristics of
the welding composition, but it is important that
the composition be substantially free from iron
oxides uncombined with other ingredients of the
composition (by being prefused with such ingre-
dients, for instance), and from materials (such
as carbonates or moisture) which evolve detri-
mental amounts of gas or vapor at welding tem-
peratures.

It is possible, and may at times be desirable,
to include in the welding composition materials
which are transferred to the weld flller material
during the welding operation and appear in and
modify the properties of the completed weld, for
example: ferromanganese, ferrosilicon, ferro-
chromium, calcium molybdate, carbon, or reduc-
ible chemical compounds thereof.

In a specific instance, we fused together 50
pounds of calcium carbonate, 9.4 pounds of mag-
nesium oxide, and 40.5 pounds of silica until the
reaction was complete. The materials used were
of the purest quality used in the ceramic indus-
tries, but the fused product showed the presence,
on analysis, of about 5% alumina. The fused
material was cooled and granulated, and to each
pound, one ounce of fluorspar was added. The
material was then ready for use to form the con-
ductive melt which is the principal feature of our
process.

‘Welding compositions which have been used
successfully and which serve as representative ex-
amples within the invention have the following
analyses, by weight:

X o jm|iiv
Perosnt CaO. 20.5 [31.M (.18 | 4012
Pecoent 8.7 11.01 | 8.26| 0.80
Percent 810, 86.4 |52.40 {a7.48 | 52.9¢
Peroent ALOs.. 544111488} 38
Peroent FeeOa. Lows 03| 0N | 0.2
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Before use. about 1 part of calclum fluoride was
added to 16 parts, by weight, of each of the above
compositions.

The chemical condition of the welding compo-
sition or medium is important: the acidic and

_ basic constituents should be reacted, the com-

position should be substantially anhydrous and
frce from gases, and all reactions which would
evolve deleterious amounts of gases during weld-
ing ahould be substantially completed, before the
medium is used in the welding proccss. These
conditions are suitahly attained by prefusing a
mixture of the constituents, preferably in an elec-
tric furnace. Certain reiatively volatile but
chemically stable constituents such as calclum
fluoride may be added to the medium either before
or after the other ingredients have been fused
and cooled. The carbonates of calcium or mag-
nesium may be substituted for the oxides, of
cecurse, if the ingredients are prefused.

The physical condition of the welding composi-
tion is likewise of the utmost importance. If the
molten medium is rapidly solidified by ccoling, be-
forc grinding and use, more homogeneous and
solid welds may be produced than when {t slowly
foses heat and solidifies. The fused composition
is preferably cast as a relatively thin layer against
efMcient cooling or chilling means such as a cold
heavy plate or block of metal, or » water-cooled
chill plate, rather than as a large ing.t. 1t is
preferred that the rate of cooling be such that
substantially all of the solidified welding composi-
tion is characterized by a vitreous fracture. -

In practicing our nrocess the plates to be welded
are arranged as for metal open arc welding. The
edges are preferably beveled, but this is less nec-
essary than with arc welding because the “pene-
tration” and width of the weld (the extent to
which the edges of the plates are fused during
the welding) is dictated by the composition of the
flux and the voltage and current employed, and
can be closzely controlled in our process. Means
for “backing-up” the seam during welding is pref-
erably used,

When a weld is to be made between beveled
edges the operation is started by filling the groove,
space, or gap between the edges of the objects with
the welding composition, preferably in powdered
or granulsr form, and & substantial sdditional
quantity ol the composition is heaped up along
the groove, thereby overfilling the sald groove.
After the weld is completed, that portion of the
composition which has not been fused may be
removed, by a vacuum system for example, col-
lected and reused. The portion which has been
fused may be lifted from the weld, exposing a
clean and uniform weld surface. The fused ma-
terial may be Teground and reused, any volatile
constituents, such as halides, being replaced.
However, under some circumstances the reuse of
the welding composition results in a somewhat
inferior weld, probably because the composition
has picked up impurities during its use.

According to the welding method of the inven-
tion, the end of the welding electrode, which is
preferably a bare metal electrode, is first inserted
into the welding composition. Since the compo-
sition is nonconductive when cold, & conductive

path for the welding current is provided by bridg- -

ing the gap between the electrode and the work
with, for example, a sliver of graphite or a wad of
steel wool. ‘The power is then applied, the weld-
ing composition is locally heated until it fuses
and becomes conductive, forming a subsurface
pool, and immediately thereafter the end of the

3

electrode begins to fuse and the molten metal be-
gins to deposit in the groove, displacing the sub-
surface pool of fused welding composition. At the
same time the edges of the objects being welded
begin to fuse and to coalesce with the deposited
metal. The electrode is then fed toward the work
and nioved along the seam at an appropriate rate,
prefersbly by a mechanical device which may be
simiiar to those which are extensively used in open
arc welding, end the welding proteeds without in-
terruption. .

The welding proceeds under a protective layer
of the composition unobtrusively. There is prac-
ticaily no puMing or visible displacement of thé
welding medium, no visible sparking, and, in-
deed, scarcely any external evidence that a weld
is being made. The weld is ordinarily completed
in one pass, even in thick piate. The welding
composition in front of the electrode remains
unfused, while the fused composition rises to the
top of the completed portion of the weld and
soli-lifies, Even this effect is scarcely visible
because of the use of an excess of the welding
composition which remains unfused and covers
the fused composition and metal.

It is possible in our process to use either al-
ternating or direct current, or direct cucrent
superimposed on alternating current. Alternat-
ing current alone is preferred.

The results attained are influsnced, as in open
arc welding, by the potential or voltage difference
between the electrode and the work, by the mag-
nitude of the welding current, by the size of the
electrode, and by the rates at which the elec-
trode 18 fed toward the seam and traversed aloug
the searn. Assuming a constant welding speed,
the welding voltage and current vary wita the
plate thickness, each being a function thereof.
For example, we may use a welding voltage of
about 36 volts and a welding current of about
1500 amperes when welding together steel plates
about one inch thick using a bare welding rod
about 3 inch in diameler and a welding speed
along the seam of atout 8 inches per minute.
The welding current, may rise to 2000 amperes or
more, and with such heavy currents plates 1.5 to
2 inches thick may bo welded in one pass at a
rate of 6 or 7 inches per minute.

The preferred welding current is a function of
several factors including the diameter of the
electrode, the rates of penetration, deposition of
metal, and travel along the seam, the penetra-
tion of the work plece, and the composition of
the flux. It is a characteristic of the invention
that, for an electrode of a given size, the pre-
ferred current is far greater than can he used
successfully in processes heretofore known. The
following table indicates the order of magnitude
of the current in the old and new processes, for
the purposes of comparison, but it will be realized
that the invention i1s not limited to the use of
the current values shown.

Current amperes

Kleotrode

diameter
inches

The inven-

tion 01d methods

.. 600 to
800 to

(] 1250 to
to

1500
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one, because of mechanical difficulties in sup-
amounts of filler metal rapidly. The
facts that the weld has little or no internal stress,

occurs, not directly under the electrode, but back
of it, and there appear to be liquid currents
(possibly caused hy the so-calied “pinch effect™)
which cause the surface of the resistive composi-

ing is uniformly wide, unequal stresses. which
would tend to warp the plate, are not created, and
the weld is of such low internal stress that no
evidence of plate deflection is apparent after its

a Nernst conductor at an
mm,v«ykﬂhdtbemateduhmwhed
the energy is thereby so con-

centrated ss to melt very deeply and with very
small cross section. By a proper of
welding composition, as

tion of a sound weld may be assurcd.

This application is a coniinuation, in part, of
our prior applications Serial Numbers 657,836
and 705,882, respectively, fllcd February 21, 1933
and January 9, 1934.

We clsim:

1. The process of eleciric welding which com-
prises the steps of juxtaposing av electrode and
a conductive member cn which metal is to be
deposited; establishing between satd member and
said electrode a conductive path of a high-re-
sistance melt of chemically stable fusible ma-
terial having at welding temperatures substan-
tially the fluidity and electrical conductivity of
a fusible silicate, and substantially free from
substances carable of evolving large emounts of
gases during welding; passing through said melt
arn electric current of sufficient strength to main-
tain its corductivity, progressively melt the re-
quired amount of metal, and cause the result-
ing molten metal to coalesce with said member;
and matntaining said melt in contact with said
electrode throughout the welding operation to
avold the formation of a substantial air-con-
ducted electric arc between the electrode and
the said conductive member.

2. The method of electric welding by melting
a melal electrode, depositing the metal so0 melted
upon & metal work plece, and coalescing sald
melted metal with adjacent fused metal of said
work piece, which method comprises supplying
heat for said welding by passing an electric cur-
rent, at a density of upwards of about 2000 am-
peres per inch of diameter of said electrode, sub-
stantially wholly through a poal of silicate fused
in situ, without the formation of any substan-
tial gas-conducted electric arc. .

3. The method of electric welding by melting
a metal electrode, depositing the metal so meit-
ed upon & metal work piece, and coalescing said
melted metal with adjacent fused metal of said
work piece, which method comprises supplying
heat for said welding by passing an electric cur-
rent from sald electrode to said work piece
through a fused nonmetallic material which acta
az a high-resistance conductor at welding tem-
peratures and which does not evolve subrtantial
amounts of gas when in contact with the melted
weld metal, and maintaining said material in
constant contact with said electrode and work
piece to avoid the formation of a substantial
air-conducted electric arc between the electrode
and work plece.

4. The method of electric welding by melting
a metal electrode, depociting the metal so melted
upon a metal work piece, and coalescing said
melted metal with adjacent fused metal of said
work plece, which method comprises supplying
best for said wekdling by pessing an electric cur-
rent from said electrode to said work piece
through & pool of nonmetallic material fused in
situ withoat material evolution of gas, and main-
taining said pool in constant electrical contact
with said electrode and work piece to avoid the
formation of a substantisl air-conducted electric
arc between the electrode and work plece; said
non-metallic moterial being one which acts as
a high- conductor at’ welding tempera-
tures.

8. The process of electric welding which com-
priscs the steps of » metal electrode
and & member on which metal is to
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be deposited; establishing between said ‘mem-
ber and sald electrode a conductive path of a
high-resistance melt of fusible silicate, substan-
tially free from substances, such as uncombin
iron oxide, capable of evolving large amounts o
gases when fused in contact with the metal to
be deposited; passing through said melt an elec-
tric current of sufficlent magnitude to maintain
the conductivity, progressively melt the said elec~
trode and cause the resulting molten metal to
coalesce with sald member; and maintaining sald
melt in contact with aald electrode and member
throughout the welding operation.

8. The process of electric welding which com-
prises the steps of juxtaposing a metal electrode
and a conductive member on which metal is to
be deposited; establishing between sald mem-
ber and said electrode a conductive melt compris-
ing an alkaline earth metal silicate, alumina,
and an alkaline earth metal fluoride, substan-
tially free from substances, such as uncombined
iron oxide, capable of evolving gases when fused
in contact with the metal to be welded; passing
through said melt an electric current of suffi-
clent magnitude to maintain the conductivity,
progressively melt the sald electrode and cause
the resulting molten metal to coalesce with said
member; and maintaining said melt in contact
with said electrode and member throughout the
welding operation..

7. The process of electri¢c welding which com-
prises juxtaposing a metal electrode and a metal
member on which metal is to be deposited from
sald electrode; filling the gap between said elec-
trode and said member with a finely-divided,
unbonded, nonmetallic material which is fusible
at welding temperatures; heaping wa additional
amount of said material above said gap so as
to submerge said electrode for a substantial dis-
tance; fusing a portion of said material in said
gap to render the material electrically conduc-
tive; progressively moving sald electrode along
sald member; passing through the circuit com-
prising said electrode, fused material, and work
piece an electric current sufficient to melt suc-
cessive portions of sald electrode and said metal
member and to maintain a pool of sald nonme-
tallic material in contact with said electrode and
adjacent to and covering the molten metal; and
simultaneously maintalning said fused pool, said
end of said electrode, and said molten metal sub-
merged under a quiet layer of said nonmetallic
material, -

8. The me‘hod of uniting metal work pieces by
fusion depositing added metal from an electrode
and coalescing such added metal with adjacent
fused metal of the work which comprises juxta-
posing the work pieces to. be united so that a
space Is provided therebetween at the line of in-
tended union, overfilling sald space with unbond-
ed particles of a prefused solidified and ground
material capable of refusion in situ and active
when fused to .cleanse the fused depositing metal
of an electrode, such refusion and cleaning oc-
curring without substantial apparent gas evolu-
tion, and traversing sald space with the end of

* an electrode of the metal to be deposited, said

70

end being submerged in said material, while pass-
ing current between the work and the electrode
of & magnitude to maintain a localized subsurface
pool of said material fused and to fuse the elec-

» trode at a rate to effect deposit of sufficient metal

75

therefrom to displace said pool and substantially
fill said space as traversed, and maintaining a

B8

substantially quiet surface layer of said unbonded
particles over the ares of fusion.

9. The method of uniting metal work pieces
by fusion depositing added metal from an elec-
trode and coalesing such added metal with ad-
Jacent fused metal of the work, which comprises
juxtaposing the work pieces to be united so that
a space is provided therebetween at the line of
intended union, traversing sald space with an
electrode of the metal to be deposited while pass-
ing an electric current between the work and the
clectrode of a magnitude to fuse the latter at a
rate to effect deposit of sufficient metal therefrom
to substantially fill said space as traversed, bridg-
ing the fusing end of said electrode and the ad-
Jacent fused local area of the work with a pool
of material fused in situ without substantial gas
evolution, sald fuszd material being electrically
conductive and active to cleanse the fused metal
of the electrode and the work, and simultane-
ously maintaining sald fused pool, said end of
said electrode and said local area of the work
submerged under a quiet protective layer of un-
bonded particles.

10. A process of electric welding ‘which com-
prises the steps of juxtaposing a metal electrode
and a conductive object on which metal is to be

- deposited, placing between sai@ object and said

electrode a high resistance conductive path con-
sisting of a prefused welding composition, and
passing through sald electrode, welding com-
position, and object an electric current of suffi-
clent magnitude to establish and to maintain the

- conductivity of sald composition, to melt suc-

cessive portions of said electrode, and fo_cause
the resulting molten metal to coalesce with said
object; said welding composition being substan-
tially free from uncombined iron oxide and from
materials which evolve gas at welding tempera-
tures and having for its principal ingredients
silica, lime, magnesia, and alumina, and also
containing a minor proportion of a halide salt,
the silica, lime and magnesia being in approx-
imately the proportions of 27 to 38 parts lime, 9
to 16 parts magnesia, and 60 parts silica, and the
alumina being about 4% to 6% or the composi-
tion.

11, A process of electric welding which com-
prises the step of forming a conductive high-
resistance melt, containing a major proportion of
alkaline earth metal silicate and substantially
free from uncombined iron oxide, on a metal part
to be fused: and passing an electric current
through a circuit comprising said melt and said
metal part.

12. A process of electric welding which com-
prises the steps of juxtaposing a metal electrode
and a conductive member on which metal is to
be deposited; establishing between and in con-
tact with said member and said electrode a con-
ductive melt of fusible silicate, substantially free
from substances capable of evolving gases when
fused in contact with the metal to be deposited;
and passing through said melt an electric cur-
rent of sufficient magnitude to maintain the con-
ductivity, progressively melt the said electrode
and cause the resulting molten- metll to coalesce
with said member.

13. A process of electric welding which com-
prises the steps of juxtaposing a metal electrode
and a conductive member on which metal is to
be deposited; establizhing between sud in con-
tact with said member and sald electrode a con-
ductive path of high-resistance melt contain-
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ing a major proportion of alkalire earth metal
silicate and substantially free from uncombined
fron oxicde; and passing along sald conductive
path an electric current of sufficient magnitude
to maintain the conductivity, progressively melt
the said elect vde und cause the resulting molten
metal to coalea~e with said member.

14. A process f electric welding which com-
prises the steps ot juxtaposing a metal electrode

and a conductive member on which metal is to be -

deposited; establishing between and in contact
with sald member and said electrode a conductive
melt comprising an alkaline earth metal silicate
and an alkaline earth metal fluoride; and pass-
ing through sald melt an electric current of
sufficient magnitude to maintain the conduc-
tivity, progressively melt the said electrode and
cause the resulting molten metal to coalesce with
sald member.

15. A process of electric welding which com-
prises the steps of juxtaposing a metal electrode
and a conductive member on which metal is to
be deposited; establishing between and in contact
with said member and said electrode a conductive
melt contalning a major proportion of alkaline
earth metal sLicate and substantially free from
uncombined iron oxide; passing electric current
through said melt to maintain the conductivity
and progreasively melt said electrode; and mov-
ing said electrode alcng sald member while main-
taining the current and the conductive melt
therebetween. . .

16. A process of electric welding which com-
prises the steps of juxtaposing a metal elecirode
and a conductive member on which metal is to
be deposited; establishing between and in con-
tact with said member and said electrode a con-
ductive melt of fusible silicate substantially free
from uncombined iron oxide; and peassing
through said melt an electric current of suffi-
clent magnitude to maintain the conductivity,
progressively melt the sald electrode and cause
the resulting molten metal to coalesce with said
member. . .

17. A process of electric welding which com-
prises the steps of juxtaposing a metal electrode
and a conductive member on which metal is to
be deposited; establishing between and in contact
with said member and sald electrode a conductive
melt of an alkaline earth metal silicate substan-
tially free from uncombined iron oxide; and
passing through said melt an electric current of
sufficient magnitude to maintain the conduc-
tivity, progressively melt the sald electrode and
cause the resulting molten metal to coalesce with
said member.

18. A composition for electric welding con-
taining & major proportion of alkaline earth
metal silicate, and being substantially free from
uncombined iron oxide and from substances ca-
pable of evolving gases under welding conditions.

19. A composition for electric welding contain-
ing s major proportion of calcium silicate, and
being substantially free froin uncombined iron
oxide and from substances capable of evolving
gases under welding conditions,

20. A composition for electric welding con-
taining a fluoride and a major proportion of
alkaline earth metal silicate, and being substan-
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tially free from uncombined iron cxide and from
substances capable of evolving gases under weld-
ing conditions. :

21, A composition for electric welding contain-
ing a fluoride and a major preportion of calcium
silicate and being substantially free from un-
combined iron oxide and from substances capable
of evolving gases under welding conditions.

22. A finely-divided unbonded fusible elec’ric
welding composition containing a fluoride and
& major proportion of an alkaline earth metal
silicate.

23. A finely-divided unbonded fusible compo-
sition for use in electric welding employing a
bare metal electrode as a source of weld metal,
said composition being substantially free from
substances capable of evolving a detrimental
quantity of gea under welding conditions and con-
talning calcium fluoride and a major proportion
of one or more alkaline earth metal silicates.

24. A fluxing material for electric welding com-
prising metallic silicate and calcium fluoride.

25. A composition for electric welding compris-
ing fluorspar, magnesium silicate, and calcium
silicate, the latter silicate being present in pre-
dominant proportion.

26. An electric’ welding composition which is
conductive when molten, consists chiefty of sili-
cates, and contains about 1% to 8% alumina.

27. A prefused electric welding composition
which {s conductive when moiten and the prin-
cipal constituents of which are alkaline earth
metal silicates, said composition containing about
1% to 8% alumina and being substantially free
from materials such as uncombined iron oxide
which evolve large volumes of gas or vapor at
welding temperatures.

28. A prefused electric welding composition
which is conductive when moiten, i{s substantially
free from uncombined iron oxide and from ma-
terials which evolve large amounts of gas at
welding temperatures, and the principal in-
gredients of which are silica, alumina, and at
least one basic ingredient of the group consist-
ing of lime and magnesia, the basic ingredients
being present In an amount between about 70%
and about 100% of that theoretically required to
combine with all of the silica present to furm
metasilicates, and the alumina being about 2%
to 8% of the composition; and sald composition
having as a minor ingredient an alkaline ear:h
metal fluoride.

29. A prefused and comminuted electric weld-
ing composition which has a vitreous fracture,
is conductive when molten, and consists substan-
tially of silica, lime, magnesia, alumina, and cal-
cium fluoride, the silica, lime, and magnesia be-
ing in approximately the proportions of 27 to 38
parts lime, 9 to 16 parts magnesia, and 60 parts
silica, the alumina being about 4% to 6% and the
calcium fluoride being about 6% of the com-
position; sald composition being substantially
free from uncombined iron oxide and from ma-
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terials which evolve gas or vapor at welding tem- 8s

peratures.
LLOYD THEODORE JONES.
HARRY EDWARD KENNEDY.,
MAYNARD ARTHUR ROTERMUND.
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Disclaimer

2,043,060.—Lloyd Theodore Jones, Harry Edward Kennedy and Maynard Arthur
Rotermund, Berkeley, Calif. Ermcrric WELDING. Patent dated June 9,
1936. Disclairaer filed Mar.- 15, 1949, by the assignee, The Linde Air
Products Compuny. ’
Hereby enters this disclaimer to claims 1 to 17 inclusive, and claims 24, 26, 27,
28, and 29 of said specification.

[Official Gazette April 19, 1949.]
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