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17 Claims. (Cl. 117-205) 
This application is a continuation-in-part of our applica 

tion Serial No. 380,862, filed September 17, 1953. , 
Slag forming welding electrodes are of two types, 

namely those having a core of iron or iron alloy with a 
slag forming coating and those having a shell or tube 
of iron or iron alloy filled with the slag forming material. 

referred to, one part by weight of nickel may be re 
placed by about two parts by weight of manganese, with 
out noteworthy change of brittleness. 

10. 

20 In both cases metals and alloys in powdered form gen- : 
erally are included with the slag forming material. The 
purpose of such metal or metal alloy additions is to alloy 
with the core or shell metal and also to effect deoxidation. 
For this purpose both pure metals and metal alloys such 
ås iron alloys e.g. ferromanganese and ferrosilicon for 
deoxidation and pure nickel, ferrochromium and ferro molybdenum for alloying have been used. . . . . 

It has been shown that the commercial low carbon 
ferrochrome with a chromium content of 65-73% is very 
difficult to pulverize which makes the resulting powder 
relatively expensive and limits its use in welding 
electrodes. * : - - - - - - 
The object of the present invention is to produce less 

expensive welding electrodes by the use of powder of iron 
alloy with a lower chromium content than the low carbon 
ferrochrome referred to above but not as low as that of . the well known stainless and heat resisting iron-chromium 
steels. ? 

Iron-c at omium alloys, in th of sigma phase, 
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... In case the alloy as originally produced is not suffi 
ciently...brittle, the desired brittleness. can be imparted 
by a heat treatment at a temperature within the range 
600-880°C. . . . . . . . . . . . 
As will be seen from the above, the brittle alloys, the 

powders of which are to be used in welding electrodes, 
depending upon their compositions, are either brittle as 
they are formed without any special embrittling treatment, 
or they are cooled from the liquid state under conditions 
designed to develop brittleness i. e. by cooling more or 
less slowly through the range from 880 C. to 600 C. 
or they are embrittled by being heated up for a suffi 
ciently long time to within the range 600° C. to 880°C, 
preferably about 800° C. and then cooled. The brittle 
alloys are then pulverized and incorporated into the weld 
ing electrodes as cores or shells - along with the slag 
forming materials in the customary way. . . . 

Welding electrodes of the two types referred to are 
illustrated in the accompanying drawings in which: 
... Fig.1 is a longitudinal section of a welding electrode 
having a solidcore and a slag-forming coating containing 
the sigma phase alloy, and - , , 

Fig. 2 is a longitudinal section of a welding electrode 
having a shell or tube of the welding metal and an inner 
slag-forming coating containing the sigma phase alloy. 
When such an electrode is used, the brittle alloy powder 

contained in the shell will be remelted and simultaneously 
diluted with the core metal, e.g. iron or nickel, to such 
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40 having a chromium content between about 30% and about . 
60% and the customary silicon and carbon contents have 
been found to be very brittle or capable of being made 
brittle. With pure iron-chromium, al. 
necessary to subject them to heat treatment to develop 
brittleness but brittleness can be developed also by addi 
tions of certain elements such as P, Si, Al, Mö, W, V, 
Ti, Zr, Cb, Ta,and.Ni and :?"? 
added in such substantial amounts that, without note 
worthy loss of the brittle property, other alloying metals 
per se are indifferentor which counteract the sigma phase 
formation. A high content of nickel or manganese coun 
teracts the sigma phase formation. It is possible, how 
ever, to add nickel and manganese in high quantities pro 
vided that one or more of the aforesaid sigma promoting . 
elements is presentin a suficient quantity. . . . . . . . 
According to the invention, said...sigma phase formation 

is utilized in order to simplify the pulverization for manu 
facturing a powder to be used in welding electrodes and 
thereby lower the cost of the electrodes, and improve their 
quality. Some metals, e.g. nickel, cobalt and copper, 
are in pure form too soft to be ground into powder. 
When incorporated into a brittle sigma phase alloy, how 
ever, said soft metals may easily be ground together with 
the other elements contained in the alloy. 
A phosphorus content of up to 1%, preferably 0.1% 

to 1%, a silicon content of up to 10%, preferably 1% to 
10%, a molybdenum content of up to 10%, and a nickel 
content of 5% to 30% has been found suitable. It has 
been found that nickel may be replaced, wholly or par 
tially, by manganese. Thus, e. g. in an alloy of the kind 

loys it generally is. 
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50 
may be used such as Cu, Co. and other metals, which 

an extent that the brittleness disappears, i.e. the compo 
sition-of-the resulting alloy does not lie within the sigma 
phase range. . . . . . . . . . . . . . . - 

If the electrode consists of an iron or nickel tube and a 
slag forming core containing an alloy powder in the sigma 
form, the same thing will occur when the electrode is 
used. . . . . . . . . . . . . . . . . . 

Owing to the ternary, quaternary or still more complex composition of sigma alloy, its melting point is generally. 
essentially lower compared to that of binary alloys. This 

portance when the alloy is used for the *."0"? . ???’’ .!.............:. * ............…...?06, 0: 
ture of welding electrodes and particularly when 

the electrode is to contain powders of metals melting at 
high temperature, e. g. tungsten. When using the elec 
trode, the powder, the core material and possible fluxing 
agents are melted in the arc, and the melts are mixed in 
a short time, a low melting point being of the greatest 
LLLLLLLLSkkkS By practicing the fundamental idea of the invention it 
is possible directly to manufacture uniform powders, 
which when used for welding electrodes of the types stated 
herein, combine in themselves the properties of previously 
added deoxidants, e.g. ferrosilicon and ferromanganese, and other alloying elements, mainly serving to be incor 
porated in the weld and to improve its properties in one 
way or another, e.g. for increasing the resistance to cor 
rosion or erosion, increasing the refractory properties, 
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improving the hardness, tenacity, or the like. These 
properties are obtained by suitably adapting the alloying 
elements in the powder, while considering the general 
rule that the composition shall be chosen so that a phase 
transformation can be obtained, which effects the brittle 
ness. Thus, by suitably increasing the contents of silicon 
and manganese, it is possible to obtain a desired deoxi 
dizing effect without loss of more expensive alloying 
elements. Further, by suitably adapting the nobler alloy 
ing ingredients, such as chromium, nickel, molybdenum, 
copper, cobalt, tungsten and carbide forming elements 
such as titanium, vanadium, columbium, tantalum and 
zirconium, it is possible to obtain such a composition of 
the powder that when included in a welding electrode 

  




