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ALLOY POWDER FOR FLAME SPRAYING 
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Bayside, N.Y., assignors to Eutectic Welding Alloys 
Corporation, Flushing, N.Y., a corporation of New York 
No Drawing. Filed Jan. 9, 1964, Ser. No. 336,628 

12 Claims. (Cl. 106-1) 

This application is a continuation-in-part of applica 
tion Ser. No. 289,474 ?led June 21, 1963, now Patent 
No. 3,228,610. 

This invention relates to nickel-iron-cobalt family base 
powdered mesh alloys for ?ame spraying, and it more 
particularly relates to such alloys containing boric acid. 

Heretofore, elemental boron has been incorporated in 
nickel-iron-cobalt family base alloys employed for ?ame 
spraying because it helps ?ux and protect the powder 
during deposition and also lowers its melting point. How 
ever such use of elemental boron is likely to cause ex 
cessive boron pickup in the ultimate deposit which may 
make it too brittle. - 

An object of this invention is to provide self-?uxing 
nickel-iron-cobalt family base powdered mesh alloys for 
?ame spraying that dependably deposit ductile coatings. 

Another object is tolprovide such alloy powders that 
flow freely through a ?ame spraying torch. 

In accordance with this invention a minor amount 
ranging from approximately 0.5 to 5.0% of boric acid 
powder of less than 325 mesh particle size is intermixed 
within a nickel-iron-cobalt family base alloy powder. 
By the term “nickel-iron-cobalt” family base alloy is 

meant the metals of .Group VIII (IV) of the Periodic 
Arrangment of Elements. 
The term “boric acid” as used herein, is meant to in 

clude acid-forming boron oxides, such as anhydrous 
boron trioxide (B203) as well as its hydrates such as 
orthoboric (H3B‘O3), metaboric (HBO2) and tetraboric 
(H2B4-O7) acids. As a practical matter, the more stable 
orthoboric acid and the anhydride (B203) are the most 
applicable constituents. 

Generally speaking, the incorporation of non-metallic 
constituents is avoided in the ?ame spraying of alloy 
mesh since contamination of the alloy results. Since 
there is a wide difference in the speci?c gravities of the 
alloy mesh and such non-metallic constituents, they are 
normally excluded in alloy mesh used for ?ame spraying. 
Additionally, non-metallic ?uxing materials are prone to 
pick up moisture during storage. The incorporation of 
non-metallic ?uxes furthermore would be-thought to re 
sult in di?‘iculties in feeding the resulting mixtures 
through the mixing chamber and the ori?ce in the tip 
of the torch. It has been found, however, 

the above disadvantages. Boric acid 
in the recited particle size doesn'ot show susceptibility to 
moisture pick up. The boric acid in the recited particle 
size actually lubricates and facilitates the ?ow of the 
alloy powder rather than obstructing it. The boric acid 
constituent also provides remarkably effective ?uxing ac 
tion because of its ability to form boron oxide in the 
heat of deposition. Boron oxide enhances the self-?uxing 
properties of the alloy powder and also the ?ow-ability 
of the deposited nickel alloy. These properties are far 
more effectively provided by the boric acid constituent 
than the previously used elemental boron without the 
same danger of excessive boron pickup in the ultimate 
deposit and its resultant embrittlement. A particularly 
e?’ective range of incorporation of the boric acid constitu 
cut is from 1—3% by weight of the overall alloy. 
The boric acid may be added to any conventional 

nickel-iron-cobalt family base alloy powder. Usually the 
alloy powder will be of relatively small particle size such 
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as below, for example, 150 mesh. Generally speaking, the 
?ner the particle size distribution of the alloy mesh, the 

Suitable examples of nickel-iron-cobalt family base 
alloy powders are those containing in addition to the 
base metal small amounts of such ingredients as chromi 
um, tungsten, carbon or phosphorous alone or in com 
bination. The alloy may additionally contain small 
amounts of the nickel-iron-cobalt family metals different 
from the metal constituting the base metal. The alloy may 
further contain elemental boron as well as be free of 
elemental boron. The boric acid constituent is blended 
with the alloy mesh by any convenient method such as 
ball milling or in a twin-cone blender. 
An illustrative example of nickel-iron-cobalt family 

base alloy with which the boric acid constiutent is effec 
tively employed is one having a nickel base with a nickel 
‘content ranging from 88 to 90% by Weight and a phos 
phorous content ranging from 10 to 12% by Weight. The 
boric acid constituent is added in an amount of from 0.5 
to 5.0% of the total composition or more effectively from 
1—3% by weight thereof. Another and particularly effec 
tive example of a suitable nickel base alloy incorporates 
90% nickel and 10% by weight of phosphorous. To this 
alloy is added boric acid to produce a ?nished compo 
sition of 98 percent nickel base alloy and 2 percent boric 
acid. The boric acid may be of any of the aforementioned 
types of boric acid-forming oxides previously mentioned 
and is generally described in the commercially available 
form as impalpable boric acid which is generally provided 
in the more stable orthoboric acid and its anhydride 
B203 form. The above illustrated nickel base alloy may 
be converted to an iron or cobalt base alloy by substitut 
ing like amounts of these metals for the nickel. 
Another example of this invention incorporates‘ the‘ 

following constituents in the alloy mesh powder in the 
indicated ranges and particular example of percent by weight: 

EXAMPLE I 

Percent by weight Constituents 

on____ ___ 

Boron ____________________ __ 

Nickel, iron or cobalt ________________ _. 

' With this example the aforementioned ranges of boric 
acid addition apply and particularly 1.5% by weight 
addition of boric acid together with 98.5% of the above 
alloy mesh. 

EXAMPLE II 

Percent by Weight Constituents 

Range Example 

The aforementioned ranges of boric acid constituent 
apply for combination with the base alloy of this exam 
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ple, and a particularly effective combination is provided 
by utilizing 2.5% by weight of boric acid with 97.5% 
of the above alloy. 
The employment of the boric acid constituent in the 

?ne size less than 325 mesh when used in combination 
with a nickel-iron-cobalt family base alloy mesh which 
passes through a 150 mesh screen causes the boric acid 
powder to be virtually held in suspension even though the 
overall mix is heterogenous. The boric acid constituent 
therefore unexpectedly does not settle out during storage 
as might be expected from the difference in speci?c gravi 
ties in the mixture. The tendency of the boric acid con 
stituent to pick up moisture is also unexpectedly negli 
gible, and the ?neness of the boric acid constituent and 
its inherent lubricating characteristics remarkably facili 
tates the ?ow of the powder through the relatively small 
ori?ces in a ?ame spraying torch. 

During deposition the boric acid constituent provides 
unexpectedly voluminous and effective amounts of boron 
oxide which blankets the powder in the heat of deposition 
and prevents it from oxidizing. This oxide also lowers 
the melting point of the powder and improves its wet 
tability and the ?ow of the deposited alloy, which greatly 
facilitates the application of ductile tenacious metal coat 
ings upon metal surfaces. The employment of boric acid 
in a nickel-iron-cobalt family base alloy for ?ame spray 
ing therefore unexpectedly proves to have none of the 
disadvantages that one might have associated with it 
and provides a remarkably ef?cient alloy mesh for use 
in ?ame spraying. This powdered alloy accordingly ?ows 
with remarkable freedom through the restricted ori?ces 
of a ?ame spraying torch, has remarkably effective ?ux 
ing action when it is being deposited and improves the 
physical characteristics of the deposited alloy. Also, the 
tendency of any excess of ?ne boric acid to ?oat up and 
out of the deposited alloy prevents contamination and 
embrittlement of the deposited coating. 
The alloy powders of the present invention containing 

boric acid may be used alone during ?ame spraying or 
they may be mixed with other materials, either pre-mixed 
and sprayed or separately, but simultaneously, sprayed. 
Thus, for example, when the base alloys in mesh form 
are used as a matrix alloy for tungsten carbide and 
wherein the carbide and matrix alloy are sprayed together 
or simultaneously, additions of boric acid are of im 
portance for the same reasons as previously mentioned. 
The requirement for ?uxing becomes more acute since 
the matrix alloy usually represents 20 to 50 percent by 
weight of the overall material being deposited. Therefore, 
even though the matrix alloy may contain some addi 
tional ?uxing agents, there are not enough self-?uxing 
elements present for su?icient reduction and wettability. 
The addition of boric acid therefore serves to supply the 
self-?uxing elements. 

Generally speaking, alloys of the above type comprise 
from 50 to 80 and preferably 60 percent by weight of 
tungsten carbide particles and from 20 to 50 and pref 
erably 40 percent by weight of the matrix alloy includ 
ing the boric acid. The tungsten carbide particles may 
be of the cast or sintered type but it is preferred to use 
cast particles. Suitable matrix alloys may be illustrated 
by the above mentioned formulations. Further examples 
particularly useful as matrix alloys, but also useful for 
?ame spraying in ‘general include the following: 

EXAMPLE III 

Range in Example in 
Constituent percent percent 

by weight by weight 

Silicon ______________________________ ._ 1. 5-5. 0 3. 0 
Boric Aci(l__ 0.5-5.0 2. 0 
Chromium _____ __ 0-20 1. 0 
Molybdenum _______________________ __ 0—7 0. 2 
Nickel, iron or cobalt ________________ _. Balance Balance 
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EXAMPLE IV 

Range in Example in 
Constituent percent percent by weight by weight 

Nickel _ _ . _ _ _ _ _ _ __ 1. 0—5. 0 3.0 

Chromium 26. 0-32. 0 28. 0 
_ _ 0.5-3.0 1.0 

. 0. 5—5. 0 2. 0 
_____ _ _ _ 0. 8-2. 0 l. 0 

_______ _. _ 3. 5-7. 5 4. 5 

Molybdenum _ _ . . . _ _ _ _ _ _ _ _ _ . __ _-_ 0. 0—5. 0 3. 0 

Nickel, iron or cobalt ________________ __ Balance Balance 

/___’__—————— 
It is of course understood that the nickel-iron-cobalt 

family base alloy powders illustrated above are merely 
exemplary of powders useful for ?ame spraying which 
may be unexpectedly improved by the incorporation of 
boric acid. The formulations of Examples I to II may 
be used as the matrix alloys when combined with tung 
sten carbide and the formulations of Examples III and IV 
may be used alone for ?ame spraying. 
What is claimed is: 
1. A powdered mesh composition for ?ame spraying 

consisting essentially of a major proportion of an alloy 
having as its base a member selected from the group 
consisting of nickel, iron and cobalt and from 0.5 to 5.0 
percent by total composition weight of boric acid pow 
der, said powder having a particle size of less than 325 
mesh whereby said composition is protected from oxida 
tion during deposition and its ?ow is facilitated. 

2. The powdered mesh composition of claim 1 wherein 
the base alloy is a nickel alloy. 

3. The powdered mesh composition of claim 1 wherein 
the base alloy is an iron alloy. 

4. The powdered mesh composition of claim 1 wherein 
the base alloy is a cobalt alloy. 

5. The powdered mesh composition of claim 1 wherein 
the boric acid is present in an amount of from 1.0 to 
3.0 percent by total composition weight. 

6. The powdered mesh composition of claim 1 wherein 
the alloy consists essentially of the following ingredients 
in the following percentages by weight of total alloy: 
Constituents: Percent by weight 

Phosphorous _________________________ __ 10-12 

A member selected from the group consisting 
of the nickel, iron and cobalt _________ __ 88-90 

7. The powder mesh composition of claim 6 wherein 
the alloy is a nickel base alloy. 

8. The powdered mesh composition of claim 1 wherein 
the alloy consists essentially of the following ingredients 
in the following percentages by weight of total alloy: 
Constituents: Range in percent by weight 

Carbon _______________________ __ .01 to 1.00 

. Chromium ____________________ __ 1.00 to 20.00 

Silicon _______________________ __ 1.00 to 5.00 
Iron .. ________________________ __ .01 to 5.00 

Boron ________________________ c- 1.00 to 5.00 

A member selected from the group 
consisting of nickel, iron and co 
balt ________________________ __ 97.98 to 64.00 

9. The powdered mesh composition of claim 1 wherein 
the alloy consists essentially of the following ingredients 
in the following percentages by weight of total alloy: 
Constituents: Range in percent by weight 

Carbon _______________________ __ .01 to .20 

Silicon _______________________ __ .50 to 6.00 

Iron _________________________ __ .10 to 2.00 
Boron ________________________ __ .75 to 5.00 

A member selected from the group 
consisting of nickel, iron and co 
balt _________________________ __ 86.80 to 98.64 

10. A tungsten carbide laden composition comprising 
from 50-80 percent by weight tungsten carbide and from 
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20 to 50 percent by weight of a mixture, said mixture 
consisting essentially of a major proportion of an alloy 
having as its base a member selected from the group con 
sisting of nickel, iron and cobalt and from 0.5 to 5.0 
percent by weight of boric acid powder, said powder 
having a particle size of less than 325 mesh whereby said 
tungsten carbide laden alloy is protected from oxidation 
during deposition and its flow is facilitated, 

11. The tungsten carbide laden composition of claim 
10 wherein the alloy consists essentially of the follow 
ing ingredients in the following percentages by weight of 
total alloy: 

Constituent: Range in percent by weight 
Silicon ________ -u ___________________ __ 1.5-5.0 

Boric acid __________________________ __ 0.5-5.0 
Chromium __________________________ __ 0-20 
Molybdenum _______________________ __ 0-7 
A member selected from the group consisting 
of nickel, iron and cobalt ____________ __ Balance 

'12. The tungsten carbide laden composition of claim 
10 wherein the alloy consists essentially of the following 
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ingredients in the following percentages by weight of total alloy: 

Constituent: Range in percent by weight 
Nickel ___________________________ __ 1.0-5.0 
Chromium _______________________ __ 26.0-32.0 
Silicon ___________________________ __ 0.5-3.0 
Boric acid ________________________ __ 0.5-5.0 
Carbon __________________________ __ 0.8-2.0 
Tungsten _________________________ ._.. 3.5-7.5 
Molybdenum _____________________ __ 0.0-5.0 
A member selected from the group con 

sisting of nickel, iron and cobalt ____ __ Balance 
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