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BRAZING
Q&A BY TIM HIRTHE

Q: We are brazing an assembly fabricated
from 439 stainless steel and are encounter-
ing a severe problem with failure due to cor-
rosion. The parts are showing rust at the fil-
let edges between the braze alloy and the
stainless parts. The braze alloy is BAg-24
and the joints are made using torch heating
and a black brazing flux. We had an under-
standing that by selecting a braze alloy that
contains nickel we would not have a prob-
lem with corrosion. I have included photos
showing the problem and our attempt at a
solution using BAg-21 as an alternative.
These parts are subjected to moisture in
service and the corrosion appears after only
a short time in tap water. We also find that
the steel rusts on the surface well away from
the joint after thoroughly removing the
flux. The BAg-21 joints are better but it is a
difficult alloy to work with. What is causing
this condition and are there any other
remedies we can try?

A: Every once in a while a classic brazing
problem rears its head and that’s what we
see here. What you are experiencing is
called interfacial corrosion. It can occur in
the brazing of all stainless steels. It is most
common in braze joints using martensitic
and ferritic stainless steels. In extreme
cases, the braze joints exhibit corrosion
within hours and fall apart in just a few
days after exposure to tap water.

The corrosion occurs rapidly in a very
thin layer on the stainless steel where it is
in contact with the braze filler metal. With
the layer being so thin, this corrosion is
also known as knife edge attack. It is of
major concern because it occurs most

often with stainless steels brazed with sil-
ver brazing filler metals and flux, a com-
mon industrial practice. Care must be
taken in material and process selection.
The problem has been known for a long
time and great effort has been expended,
particularly by the major suppliers of sil-
ver brazing alloys, in developing solutions.

Stainless steels develop a passivation
layer of chromium oxide, effectively coat-
ing it and protecting it from oxidizing iron
on the surface. If this protection is dis-
turbed or compromised, the steel can cor-
rode. The material you are joining is a fer-
ritic grade stainless steel, Type UNS
43900, which has a composition of 78%
iron/18% chromium/1.1% titanium/0.5%
nickel with small additions of other ele-
ments. While it has a high chromium con-
tent, there is no nickel and the majority of
the alloy is iron. If the chromium content
on the surface is reduced below an ac-
ceptable level, the steel will be susceptible
to corrosion. Austenitic stainless steels are
less susceptible to this corrosion because
of their nickel content.

You were correct in your statement
that it is recommended that brazing filler
metals for joining stainless steels should
contain nickel. There is no universal way
to apply this, however. A particular filler
metal selection may work well in one case
and fail miserably in another. Take your
experience, for example. The BAg-24
(50% silver/20% copper/28% zinc/2%
nickel) filler metal is considered a general-
purpose material for stainless steel appli-
cations. It is commonly acceptable when
used on austenitic stainless steels.  Figure

1 would indicate it is not acceptable on
UNS 43900 when brazed with flux and
used in aqueous applications.

Conditions necessary for interfacial
corrosion to occur are 1) stainless steel is
being used; 2) the braze filler metal se-
lected will create a condition susceptible
to this corrosion; and 3) the joints will be
exposed to aqueous solutions or humidity
in service. The difficult one to identify is
the filler metal selection. However, over
time, a great deal of manufacturing expe-
rience and research about filler metals in
these applications has been published so
insight can be gained during the product
and process design phases.

The process parameter that is gener-
ally thought to create this corrosion con-
dition relates to the use of flux. It’s inter-
esting to note that, in many instances, for
the same combination of filler metal and
stainless steel, the corrosion appears when
flux is used but does not occur when fur-
nace brazed without flux. There are other
issues that can contribute to corrosion but
flux is the prime suspect. 

During the brazing process the flux re-
moves the passivation layer in order to
allow the braze alloy to bond to the stain-
less steel surface. The fluxes can also re-
move chromium from the surface. You re-
ported seeing rust on the surface of the
stainless away from the joint indicating
that this had occurred. When the
chromium is removed, it leaves exposed
iron. In the braze joint, this surface be-
comes anodic to the silver braze alloy it is
in contact with and is susceptible to attack.
This attack begins on the outer fillet edges

Fig. 1 — 439 stainless brazed with BAg-24. Fig. 2 — 439 stainless brazed with BAg-21.
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between the braze filler metal and the
stainless steel at their interface. A crevice
is formed that creates a concentration cell
that accelerates the process. Iron ions are
removed from the steel surface and are
deposited at the fillet edge as ferrous hy-
droxide, or rust — Fig. 1.

The recommendation of using a braz-
ing filler metal containing nickel is to com-
bat this attack by creating a nickel-rich
layer at the interface between the filler
metal and the stainless. This layer im-
proves the corrosion resistance of the in-
terface. It is generally effective on
austenitic stainless steels where there is
high chromium but also nickel in the stain-
less steel.

Other conditions that can add to the
corrosion may be present also. Stainless
steels are susceptible to chromium carbide
precipitation when heated and cooled im-
properly, which can reduce their corrosion
resistance. Residual flux may be present
that can accelerate the process. Microor-
ganisms may be present in the service en-
vironment that can contribute to this type
of corrosion. While these are possible, the
flux effect is the main contributor. It is
prudent that you use the least amount of
flux possible to achieve an acceptable
braze.

In looking for a remedy, you need to
take one of two approaches. Either design
the product and process in a way that re-

duces the electrochemical potential be-
tween the brazing filler metal and the
stainless steel or live with it and develop a
way to stop the attack after brazing. The
most common solution is the one you have
been pursuing, i.e., using an alternate
alloy that reduces or eliminates the corro-
sion potential between the braze filler
metal and the stainless steel at the joint in-
terface. In the case of ferritic stainless
steels, the standard is BAg-21 (63% sil-
ver/28.5% copper/6% tin/2.5% nickel).
The main drawback to this is that BAg-21
is not a very user-friendly alloy in torch
brazing. It has sluggish flow, which is due
to the lack of low-temperature wetting
constituents and its long melt range
1275°–1475°F (690°–800°C). The effect in
arresting interfacial corrosion, however, is
dramatic as can be seen in Fig. 2.

A common way of eliminating the cor-
rosion potential is to eliminate the flux
from the process, typically by changing to
furnace brazing. Filler metals used in this
approach can be of the BAg type or of the
BAu and BNi families. Many companies
select nickel-based BNi alloys containing
chromium, with brazing performed in an
atmosphere without flux, to achieve maxi-
mum corrosion resistance. Another way to
approach the problem is to nickel plate
the stainless steel prior to brazing. 

If, for some reason, you cannot do any
of these other things, you can try to put a

coating over the joint such as plating after
brazing. There are reports in the literature
that some companies cover the joint with
soft solder. These are last resorts as the so-
lutions described earlier are readily
achievable. As it appears, the BAg-21 is
successful in stopping the interfacial cor-
rosion, working to optimize the heating
process to mitigate the poor flow would
seem to be the next step.♦

This column is written sequentially by
TIM P. HIRTHE, ALEXANDER E.
SHAPIRO, and DAN KAY. Hirthe and
Shapiro are members of and Kay is an ad-
visor to the C3 Committee on Brazing and
Soldering. All three have contributed to the
5th edition of AWS Brazing Handbook.

Hirthe (timhirthe@aol.com) currently
serves as a BSMC vice chair and owns his
own consulting business.

Shapiro (ashapiro@titanium-braz-
ing.com) is brazing products manager at Ti-
tanium Brazing, Inc., Columbus, Ohio.

Kay (Dan@kaybrazing.com), with 40
years of experience in the industry, operates
his own brazing training and consulting
business.

Readers are requested to post their ques-
tions for use in this column on the Brazing
Forum section of the BSMC Web site
www.brazingandsoldering.com.
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