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[57] ABSTRACT

Fluxes for use in soldering stainless steels comprising
compositions containing a major proportion of ortho-
phosphoric acid and a minor proportion of (a) finely
divided metallic copper, or (b) a copper salt, such as
copper phosphate, which is soluble in orthophosphoric
acid, advantageously in admixture with various supple-
mental materials.

23 Claims, No ijawings
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1
SOLBERING OF STAINLESS

FLUX FOR USE IN
IR il ‘STEELS

» Matter enclbsed in heavy brackets [ J appears in the
original patent but forms no part of this reissue.specifi-
cation; matter printed in italics indicates the additions
made by reissue. c '

This invention relates to novel fluxes for use in sol-
dering of stainless steels and to the soldering of stain-
less steels with said fluxes.

In the soldering of stainless steels, various fluxes have
beén suggested, such as zinc chloride or zinc chloride
and hydrochloric acid, but they are corrosive and have
been found to be quite unsatisfactory. Perhaps the most
satisfactory of the fluxes used in the soldering of stain-
less steels is orthophosphoric acid. However, ortho-
phosphoric acid, too, has certain objections. While it is
generally non-corrosive towards stainless steels during
the actual fluxing operations, it fails to bring about fully
satisfactory soldered joints due to the fact that it has in-
adequate wetting, spreading and capillary action, even
when used in high concentrations.

It has been found, in accordance with the present in-
vention, that markedly improved fluxes for use in sol-
dering stainless steels can be made by incorporating
into a phosphorus-containing acid minor proportions of
copper or one or more of certain copper salts and, in
the particularly preferred embodiments of the inven-
tion, certain additional ingredients. The resulting fluxes
are characterized by excellent resistance to corrosive
effects, and substantially improved wetting, spreading
and capillary action. The result is that they enable

“soldered joints to be obtained which are characterized
by exceptional strength due to excellent surface cover-
dge of the interface between the stainless steel and the
metal to which it is soldered.

The major ingredient of the improved fluxes of the
present invention, as indicated above, is a phosphorus-
containing acid. Orthophosphoric acid is most advanta-
geously utilized, both from the standpoint of its func-
tioning and its commercial availability and low cost,
but phosphorus acid (usually available in aqueous solu-
tion in 70-72% concentrations) can be employed. The
orthophosphoric acid may be in the form of aqueous
orthophosphoric acid containing as low as 40% ortho-
phosphoric acid,.or it may be as high as about so-called
commercial 115% phosphoric acid, but it is preferred
to utilize about.75% to 105% orthophosphoric acid. .

Metallic [T While, in the broadest aspects of the in-
vention. metallic § copper [ or any copper salt J can
be used. [ , it is advantageous to avoid the use of cop-
per chloride or other copper halides, or copper sulfate
or copper nitrate since they leave somewhat corrosive
residues. 3 Among the [ other ¥ copper salts which
can be used are copper acetate, basic cupric chromate,
cupric dichromate, copper salicylate, cupric phosphite,
and cupric phosphate. While cupric phosphate (Cus-
(-P0O#)3-3H.0O) can be added to the orthophosphoric
acid, it is'especially advantageous to -incorporate the
copperion by adding cupric or cuprous carbonate, par-
ticularly basic copper carbonate (CuCQs. Cu(OH)»), to
the orthophosphoric acid. This results in the in situ for-
mation of copper phosphate with the evolution of carbon
dioxide. Copper salt compiexes can also beusedsuchas
those formed - from: copper salts “and -ammonia or
amines. Copper oxides and copper hydroxides can also
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be employed as the source of the copper ion as, indeed,
can also metallic copper or copper-base alloys, al-
though such source of copper are not preferred. Cu-
prous oxide reacts, of course, to at least some extent
with the orthophosphoric acid to produce copper phos-
phate. While it is particularly desirable that the copper
salt be fully seluble in the phosphorus-containing acid,
such is not essential as the copper salt may be dispers-
ible or suspendable in said acid. Similarly, while metal-
lic copper is essentially not soluble in orthophosphoric
acid, where metallic copper, or a copper-base alloy, or
an insoluble copper salt is used as the copper source,
it should be employed as a finely divided powder so
that a dispersion or suspension is formed in thé phos-
phorus-containing acid. The term *“copper salt,” ‘as
used in the claims, is intended to cover copper in the
form of its aforementioned simple salts;.complex salts,
or other non-halide copper-containing compounds. The
term ‘“metallic copper,” as used in the claims, is in-
tended to cover metallic copper or copper alloys as, for
example, copper bronzes, brasses, and the like. The
copper salts may comprise from as low as about 1% to
as high as about 40% by weight of the phosphorus-
containing acid. It is more desirable to employ from
about 5% to about 20% of the copper salt, with about
10% being a good average in most cases. Where metal-
lic copper is used, it is desirably employed in amounts
in the range of about 1% to 10%, better still, about 2%
to 5%, by weight of the phosphorus-containing acid.

Various supplemental agents can be added to obtain
particular effects. Thus, for instance, ammonia, organic
amines such as cyclohexylamine or triethanolamine, or
ammonium phosphates can be added which act protec-
tively against adverse effects which might occur on
overheating the joints to be soldered during the solder-
ing operation. The proportions thereof are variable,
but, generally, it is desirable that, when used, they com-
prise from about 20% to about 60% by weight of the
phosphorus-containing acid. Surfactants of the non-
ionic type and exemplified by normally solid, paste or
liquid “Pluronics” (Wyandotte Chemicals Corp.) can
also be incorporated. The ‘“‘Pluronics,” as is well
known, are condensates or adducts of ethylene oxide
with hydrophobic bases, in the form of polyoxypropyl-
ene glycols generally having a molecular weight of
1200 or higher, and are disclosed, for example, in U.S.
Pat. Nos. 2,674,619 and 2,677,700. Other nonionic
surfactants can be used such as ethylene oxide adducts
of hydrophobic materials such as ethylene oxide ad-
ducts of C,3;—Cs linear and branched chain alcohols,
including oxo alcohols, and ethylene oxide adducts of
Cy—C;g alkyl phenols, said nonionic surfactants being,
per se, well known and being disclosed in many U.S.
patents as, for instance, in Nos. 1,970,578; 2,965,678
and as intermediates in No. 3,004,056, It is particularly
desirable to use viscous or paste forms of the “Pluron-
ics,” illustrative of which is the paste product sold
under the designation “Pluronic P-84.” The nonionic
surfactants function, in certain instances, to improve
the homogeneity of the fluxes, and they also tend to en-
hance the wetting and spreading properties of the
fluxes during the soldering operation.. The nonionic
surfactants, where utilized, are desirably employed in
amounts of about 2 to 25%, particularly 3 to 10%, by
weight of the phosphorus-containing acid.

The fluxes of the present invention can be used in lig-
uid or solid, generally paste, form. Particularly where



Re. 28,472

3

they are used in connection with the soldering of pipe
joints, it is especially desirable, for ease of application,
that said fluxes be employed as thick or heavily viscous
liquids or, better still, in solid or paste form.

The following examples are illustrative of the prepa-
ration of the improved fluxes made in accordance with
the invention. -It will be understood that numerous
other fluxes can be made in the light of the guiding
principles-and teachings disclosed above.

EXAMPLE 1|
G.
Orthophosphoric acid (75%) 100
Basic copper carbonate 2

The basic copper carbonate is added to the ortho-
phosphoric acid, with stirring. Carbon dioxide gas is
evolved. The resulting flux is a thick syrupy product
with the copper phosphate dissolved in the orthophos-
phoric acid.

EXAMPLE 2
G.
Orthophosphoric acid (75%) 100
Basic copper carbonate 10
L[ EXAMPLE 3]
£c 1
Orthophosphoric acid (105%) 100 J
Cuprous chloride 20]
EXAMPLEL4] 3 G
Orthophosphoric acid (75%) 100
Mono-ammonium phosphate 40

Basic copper carbonate 8
“Pluronic™ 84 15

The basic copper carbonate is initially mixed with the
orthophosphoric acid, as described in Example 1, then
the remaining ingredients are incorporated under con-
ditions of agitation to form a homogeneous mixture.

EXAMPLEL 5 1 4

G.

Orthophosphoric acid (105%) 100
Ammonia (37°) (to be added gradually to the
phosphoric acid) 40
Basic copper carbonate 10
*“Pluronic™ 84 20

EXAMPLEL 6 15 G
Orthophosphoric acid (75%) 100

Metallic copper (200 mesh) 4
“Pluronic™ 84 15

EXAMPLEL7] 6
G-

Phosphorous acid (70-72%) 100
Basic cupric carbonate 10
“Pluronic™ 84 12

The stainless steels which can be soldered with the
improved fluxes of the present invention can be chosen
from among the many which are well known to the art.
Illustrative of such stainless steels are those containing
chromium, for instance, of the order of 18% chromium;
those containing chromium and titanium, for instance,
those containing of the order of 12% chromium and 2%
titanium; those containing varying proportions of chro-
mium and nickel; and those containing varying propor-
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tions of chromium, titanium, nickel and vanadium. Il-
lustrative of such stainless steels are those sold com-
mercially under the trade designations 300 series and
400 series, and “TI-CHROME?" (Crucible Steel Corpo-
ration). _

In soldering the stainless steels to form joints with
various metals, which latter may be copper, copper-
base alloys and copper-containing alloys, non-stainless
steels, and stainless steels, and the like, various solders
can be employed such as, for instance, 50% tin —-50%
lead; 60% tin — 40% lead; 95% tin — 5% antimony;
40% tin — 60% lead; 30% tin — 70% lead; and variants
of such solders and other known soft solders. It is espe-
cially desirable to use approximately 50% tin — 50%
lead solders since they have good flow properties at rel-
atively low temperatures.

Conventional soldering techniques and conventional
soldering temperatures are used with the improved
fluxes of the present invention, being employed in the
same general manner in which orthophosphoric acid
has heretofore been used as a flux so that no detailed
explanation is necessary.

What is claimed is:

L 1. A flux for use in soldering stainless steels which
comprises, as essential ingredients, a major proportion
of at least one phosphorus-containing acid selected
from the group of orthophosphoric acid and phospho-
rus acid, and a minor proportion of at least one mem-
ber selected from the group of (a) finely divided cop-
per and (b) copper salts. J

L 2. The flux of claim 1 in which the phosphorus-
containing acid comprises 75-105% orthophosphoric
acid. J

L 3. The flux of claim 2 in which the copper salt is
soluble in said orthophosphoric acid. 1

L 4. The flux of claim 3 in which the copper salt
comprises a copper phosphate. ]

L 5. The flux of claim 1 in which the phosphorus-
containing acid comprises 75-105% orthophosphoric
acid and the copper salt comprises a copper phosphate,
the copper phosphate constituting from about 5 to 15%
by weight of the orthophosphoric acid. ]

L[ 6. The flux of claim 3 in the form of a viscous lig-
uid to paste product. ]

L[ 7. The flux of claim 4 which includes an ammo-
nium phosphate. 1

L 8. The flux of claim 7 which includes a minor pro-
portion of a nonionic surfactant. ¥

L 9. A flux in accordance with claim 7 wherein the
following ingredients are present in approximately the
stated parts by weight:

Parts
Orthophosphoric acid (75%) 100
Copper phosphate 5-15
An ammonium phosphate 30-60].

L 10. A flux in accordance with claim 2, in which the
copper is present in the form of a complex copper-
ammonium salt. ]

11. The method of making a flux for use in soldering
stainless steels which comprises admixing approxi-
mately 100 parts of 75-105% phosphoric acid with
from 1 to 20 parts of basic copper carbonate and with
from 20 to 60 parts of an ammonium phosphate, said
parts being by weight.
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12. The method of claim 11 which includes incorpo-
rating with said ingredients from about 2 to 25 parts by
weight of a nonionic surfactant.

[ 13. In the soldering of stainless steel in which a
soldering flux is utilized, the improvement which com-
prises utilizing as said flux the flux of claim 1. j |

L 14. In the soldering of stainless steel in which a
soldering flux is utilized, the improvement which com-
prises utilizing as said flux the flux of claim 4. 1

[ 15. In the soldering of stainless steel in which a
soldering flux is utilized, the improvement which com-
prises utilizing as said flux the flux of claim 6. 1

L 16. In the soldering of stainless steel in which a
soldering flux is utilized, the improvement which com-
prises utilizing as said flux the flux of claim 9. b |

17. A flux for use in soldering stainless steels which
comprises, as essential ingredients, a major proportion of
at least one phosphorus-containing acid selected from the
group of orthophosphoric acid and phosphorus acid, to
which has been added from 5 to 20%, by weight of said
acid, of a copper salt selected from the group consisting
of copper acetate, basic copper carbonate, cupric carbon-
ate, cuprous carbonate, basic cupric chromate, cupric di-
chromate, copper oxides, copper hydroxides, copper salic-
ylate, cupric phosphite, cupric phosphate, and copper salt
complexes with ammonia or amines, said flux being es-
sentially free from halides.

18. The flux of claim 17 in which the added copper
compound constitutes from about 5 to about 10% by
weight of said acid.

19. The flux of claim 18 in the added copper compound
is basic copper carbonate.

20. The flux of claim 18 in which the added copper
compound is a copper phosphate.

21. The flux of claim 17 in which the phosphorus-
containing acid comprises 75-105% orthophosphoric
acid.

22. The flux of claim 17 wherein the following ingredi-
ents are present in approximately the stated parts by

weight:

Parts
75%—105% orthophosphoric acid
Copper phosphate 100
An ammonium phosphate 5- 1530 60

23. A flux for use in soldering stainless steels which
comprises, as essential ingredients, a major proportion of
at least one phosphorus-containing acid selected from the
group of orthophosphoric acid and phosphoric acid, to
which has been added from 4 to 10%, by weight of said
acid, of metallic copper, said flux being essentially free
Sfrom halides.

24. The flux of claim 23 in which the phosphorus-
containing acid comprises 75-105% orthophosphoric
acid.

25. A flux for use in soldering stainless steels which
comprises, as essential ingredients, a 40-115% ortho-
phosphoric acid 1o which has been added finely divided
copper, the aforesaid ingredients being admixed in pro-
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portions, per 100 parts of said orthophosphoric acid, of
from 5 to 10 parts of said finely divided copper, said parts
being by weight, and the resulting flux being essentially
free of halides.

26. A flux for use in soldering stainless steels which
comprises, as essential ingredients, a major proportion of
75-105% orthophosphoric acid and a copper phosphate,
the copper phosphate constituting from about 5 to 15%
by weight of the orthophosphoric acid, said flux being es-
sentially free of halides. .

27. The flux of claim 26 which includes an ammonium
phosphate.

28. The flux of claim 26 which includes a minor pro-
portion of a nonionic surfactant.

29. A flux for use in soldering stainless steels which
comprises, as essential ingredients, a major proportion of
75-105% orthophosphoric acid, and a minor proportion
of a complex copper-ammonium salt, said flux being es-
sentially free of halides.

30. A flux for use in soldering stainless steels which
comprises, as essential ingredients, a 75-1 15% ortho-
phosphoric acid and a non-halide copper salt, the afore-
said ingredients being present in proportions, per 1 00
parts of said acid, of from 5 to 20 parts of said non-halide
copper salt, said parts being by weight, said flux being es-
sentially free of halides.

31. In the soldering of stainless steels in which a solder-
ing flux is utilized, the improvement which comprises uti-
lizing as said flux the flux of claim 17.

32. In the soldering of stainless steels in which a solder-
ing flux is utilized, the improvement which comprises uti-
lizing as said flux the flux of claim 20.

33. In the soldering of stainless steels in which a solder-
ing flux is utilized, the improvement which comprises uti-
lizing as said flux the flux of claim 22.

34. In the soldering of stainless steels in which a solder-
ing flux is utilized, the improvement which comprises uti-
lizing as said flux the flux of claim 23.

35. In the soldering of stainless steels in which a solder-
ing flux is utilized, the improvement which comprises uti-
lizing as said flux the flux of claim 30. ‘

36. In the soldering of stainless steels in which a solder-
ing flux is utilized, the improvement which comprises uti-
lizing as said flux a flux which comprises as essential in-
gredients, a 75-115% orthophosphoric acid and a non-
halide copper salt, the aforesaid ingredients being present
in proportions, per 100 parts of said acid, of from I to 20
parts of said non-halide copper salt, said parts being by
weight, said flux being essentially free of halides.

37. In the soldering of stainless steels in which a solder-
ing flux is utilized, the improvement which comprises uti-
lizing as said flux a flux which comprises, as essential in-
gredients, a major proportion of at least one phosphorus-
containing acid selected from the group of orthophos-
phoric acid and phosphorus acid, to which has been added
from 1 to 10%, by weight of said acid, of metallic copper,

said flux being essentially free from halides.
%* * * * *



