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Stress corrosion cracking (SCC) is a common cause of structural failure. The simultaneous action of the
corrosive environment and tensile stresses creates cracks that have an intercrystalline or transcrystalline
character. These are cracks with a fragile morphology of the fracture surface without signs of plastic
deformation in their vicinity. SCC cracks occur in several alloys. This paper focuses on copper alloys in
which this type of failure occurs frequently. Examples from practice show cases where the occurrence of
SCC violation was related to the conditions of use of components and their production technologies. The
paper does not aim to capture all the influences associated with the occurrence of SCC failure of copper
alloy products.
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1 Introduction

Stress corrosion cracking (SCC) is one of the forms
of breaking materials. This type of failure often leads
to unexpected and sudden fractures. Cracks form and
propagate always occur in a corrosive environment in
the presence of tensile stresses. SCC violation is thus
due to the interaction of these two factors. Another
characteristic feature of SCC failure is imperceptible
manifestations on the surface at the crack site. There
are no corrosion products on the surface and no traces
of plastic deformation are visible around the crack.
The absence of plastic deformation is due to the fact
that cracks occur at stresses lower than the yield
strength. SCC failure occurs at various combinations
of chemical composition of the material, the state of
the structure of the material, the state of the surface,
the composition of the ambient atmosphere, temper-
ature, and mechanical stress. Due to the emergence of
SCC violations, different combinations of these fac-
tors lead to a relatively large variance of results and to
their difficult predictability. For a particular metal or
alloy, there are then typical environments that cause
SCC failure. Therefore, in the case of long-term expo-
sure to stress and the environment, a change in the
chemical composition of the environment over time
may also play a role. Because failure of a structure or
part due to SCC occurs at low stress levels, cracks can
occur over a wide period, depending on the interac-
tion of the individual factors. It can be tens of hours
or many years. SCC fractures have a brittle fracture
morphology and can be intercrystalline or transcrys-
talline. In many cases, these are mixed quarries, which
have both transcrystalline and intercrystalline charac-
ter (Fig. 1). Often the crack branches away from the
main crack. The formation and propagation of SCC

cracks can be influenced by other factors related to the
production technology and the type of alloy. These
are, for example, phase changes, the occurrence of in-
termetallic phases or precipitation processes.
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Fig. 1Partly intergranular and transgranular SCC crack of

two-phase (a/ B) brass CuZn40Pb2 [10]

The place of occurrence of SCC cracks is usually
surface defects from machining, handling, local corro-
sion attack, inclusions, dealloying, structural notches
or it can be fatigue cracks. The severity of these
sources of SCC cracks is then determined by the mag-
nitude of the stress (inserted or residual) and the
notching effect of the initial defect or structural notch.
The occurrence of SCC cracks can be found both in
steels [1, 2] and in alloys of non-ferrous metals [3, 4,
5]. SCC violation cannot be completely ruled out for
pure metals, such as pure copper or pure iron [6]. Cop-
per alloys are a frequent subject of interest |7, 8]. The
mechanism of formation and propagation of SCC
cracks depends on both the environment and the
composition of the material. Several models have been
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proposed for SCC failure of metallic materials that
bind to pure metals or alloys of non-ferrous metals
and steels. The best known are models based on dis-
solution, adsorption and hydrogen embrittlement.
The most frequently mentioned mechanism for a
number of metallic materials is the film-induced cleav-
age mechanism, in which a brittle nanolayer is formed
around the crack root. Detailed information on these
models is given, for example, in [6, 7, 9].

This paper is devoted to the occurrence of SCC
cracks in copper alloys. SCC failure is most often en-
countered in brass with a higher Zn content. Typical
examples are machinable brasses, with a Zn content
of about 40%. Brass with a Zn content lower than
15% practically does not suffer from SCC failure.
Copper alloys in which we encounter SCC failure also
include brasses containing Ni or aluminum bronze. If
we do not consider pure copper, then the least sensi-
tive alloys are Cu-Ni binary alloys.

The aim of the paper is to show the influence of
stress, production technology and the conditions of
use on SCC cracking of selected products. The exam-
ples do not specify a corrosive environment. It was
always a normal atmosphere of the outdoor environ-
ment or the environment during storage or produc-
tion of the part. For this reason, possible mechanisms
of SCC crack formation and propagation are not dis-
cussed. The conclusions proving that these are SCC
cracks were made on the basis of information on the
production technology, mechanical stress of the part,
the results of metallographic analysis, hardness meas-
urements and the characteristics of SCC cracks.

2  Sources of stress

The prevention of the formation of SCC cracks
consists mainly in the choice of a suitable material for
the given environment and in the choice of technolog-
ical parameters of production, especially heat treat-
ment and cold deformation. An important role is
played not only by the tension in which the parts are
used, but also by the history that precedes the use of
the part. Stresses can be residual from production or
introduced by assembly or operating loads. Underesti-
mation of the influence of the interaction of produc-
tion technology (residual stresses), operating condi-
tions (applied stresses), design influences and corro-
sive environment can lead to unexpected operational
failures of individual parts or loss of function of the
entire structure. Therefore, most cases of SCC viola-
tion are always a combination of the influence of a
number of factors. The unexpectedness of the occur-
rence of SCC cracks usually lies in the fact that the
applied stresses are much lower than those corre-
sponding to the minimum values determined by static
strength calculations.

2.1 Cold deformation

Depending on the stress level (whether residual or
applied), the corrosive environment determines the
formation of SCC cracks. The first mentions of SSC
in copper alloys are from the second half of the nine-
teenth century, when under the influence of a specific
external environment, the ammunition detetriorated by
cracking the cartridge case (Fig. 2). This form of SCC
violation was called season cracking. The name comes
from the end of the 19th century, when ammunition
was stored in stables during the monsoon rains in In-
dia until the dry season. Due to the internal stresses in
the cartridge case (after cold deformation in the man-
ufacture of the cartridge case and superposition with
the stress introduced into the cartridge case by insert-
ing the cartridge) and ammonia from horse urine,
most cartridges corroded and cracked. Annealing to
remove internal stresses in the manufacture of car-
tridges has eliminated this problem. Similarly, in the
case of cold-drawn bars, cracks can occur when stored
in an unsuitable environment. Fig. 3 shows a case of a
cold drawn rod made of nickel brass CuZnNil8 stored
near a sanitary facility [10]. In the case where the in-
fluence of the corrosive environment can be expected
and where there are residual tensile stresses on the sur-
face in the product, and it is also possible to consider
the applied or operating stress, annealing must be used
to remove internal stresses. The annealing tempera-
ture for the removal of residual stresses in copper al-

loys is around 300 °C.

.V -.- £
Fig. 385CC cracks of cold drawn CuZn20Nil8 bar due to
improper storage [10]

The occutrence of SCC cracks due to residual
stresses after cold deformation may also be related to
ancillary technological operations, such as the division
of bars or thick-walled pipes. If they are separated af-
ter hot extrusion until the material has cooled, local
surface plastic deformation may occur at the cut sur-
face, which may be a source of problems by following
cold drawing. When calibrating the dimensions of bars
by cold drawing, for larger cross-sections, pushing the
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bar into the die is used. When pushing, the beginning SCC brittle crack
of the rod at the exit of the die is stressed by tensile SR
stress. If a sufficiently long time elapses between the :
division of the bars and the pushing into the die, a S
SCC crack will form at the face of the bar and the bar Duc&le'
will rupture at the exit of the die (Fig. 4). The course surface -
of the deformation of the surface layer caused by the : :
division of the rod and the SCC crack adapted to the
shape and orientation are very clearly visible in Fig. 5. Fig. 6 SCC initial cracks at the surface of the cut cross
These cracks, when pushed into the die, are the site of section [10]

extensive and fatal failure of the rod by longitudinal .

cracks (Fig. 4). On the fracture surface (Figs. 6 to 9),
the initiating part of the SCC crack and the crack,
which is formed only when pushed into the die, is then
very clearly visible. This example shows that a com-
pletely marginal technological operation can lead to
production interruptions, but the detection of the
cause is not easy and instant? [10].

SCC brittle crack

" Ductile
- surface

HV: 20.0 kY DET: BSE
Satallite @Tescan DATE: 10M 0i05 1 mm

- WUK Panenské BfeZany -
Fig. 7 Overall view of the crack, which consists of the brittle

part of the SCC fracture at the surface and the continning du-
ctile fracture [10]

Fig. 4 Fatal cracks after pushing the brass tube before dra-
wing initiated by small SCC cracks [10]
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Fig. 5SCC crack in the deforrmad surface layer after cuting
the rod [10] Fig. 8 SCC brittle part of the crack [10]
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Fig. 9 Ductile part of the crack related to the SCC initial
crack [10]

2.2 Heat treatment

As opposed to the aluminum alloys, the occurrence
of SCC cracks in copper alloys due to heat treatment
of precipitation hardenable alloys is a relatively rare
phenomenon. The cause is residual stresses that arise
during cooling from the solution annealing tempera-
ture. Unlike tensile residual stresses after cold drawing,
the residual stresses on the surface after rapid cooling
are compressive. Compressive stresses are not danger-
ous from the point of view of SCC failure. However,
under certain circumstances, an SCC violation may oc-
cur. An example is a low-alloyed age hardenable Cu-
CtZr alloy. In Fig. 10 is a hot extruded T-profile,
which has been machined to its final shape before sol-
dering the contacts after heat treatment. After some
time after machining and soldering the contacts, a
crack appeared on the surface on both sides along the
whole part (Fig. 11). It was an intercrystalline network
of SCC cracks (Fig. 12). After cooling from the solu-
tion annealing temperature, compressive stresses re-
mained in the profile on the surface. However, due to
the removal of the material, part of the profile was re-
distributed so that there were tensile stresses on the
surface, which was the cause of SCC cracks. To pre-
vent the formation of SCC cracks, it is necessary to
choose the procedure during heat treatment so that
residual stresses are removed or minimized [10].

Fig. 10 T-profile from CuCrZr alloy before heat treatment
and machining [10]

Fig. 11 Position of the SCC crack in the T-profile after heat
treatment.and machining with marked position for crack
metallography [10]

Al

Fig. 12 Intercrystalline SCC crack in the T-profile after beat
treatment and machining (Fig. 10) [10]

2.3 Assembly and operational stress

A typical and very common case of SCC cracks are
fittings made of hexagonal bars from machinable
brass with a higher Zn content (CuZn40Pb2). The
bars are cold drawn to the required dimensional toler-
ances after hot extrusion. After cold drawing, tensile
stresses remain on the surface. During machining,
they are usually redistributed. In combination with the
stress applied to the fitting during assembly, SCC
cracks then form, usually in the thin threaded part of
the fitting (Fig. 13 and 14). The applied stresses during
assembly can be caused by excessive tightening or by
a larger volume of sealing material in the thread. The
effect of the deformation during the cold calibration
drawing on the uneven hardness along the cross sec-
tion of the hexagonal rod is evident in Fig. 15. This
figure shows how the course of hardness changes due
to drawing and heat treatment. The preventive meas-
ure against the occurrence of SCC cracks is annealing
to remove the internal stresses of the cold-drawn rods
and to observe the specified conditions during the as-
sembly of the fitting.
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Fig. 13 SCC cracks of CuZn40Pb2 fittings due residual, as-
sembly, and operating stresses [10]
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Fig. 14 Intergranular SCC crack in the brass fitting [10]
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Fig. 15 Influence of cold drawing and beat treatment on hard-
ness of 24 mm brass hexagon bar (CuZn40Pb2 alloy) [10]

Another case of the formation of SCC cracks,
which were caused by the stresses applied during as-
sembly, are brass clamps made of CuZn40Pb2 alloy.
Clamps were used for fastening tram overhead contact
line. As the clamps were not tightened with a torque
wrench during the assembly, they gradually began to
crack under the assembly and operating stresses. The

SCC crack was caused by the notch effect in the
groove of the clamp for fixing the overhead line. (Fig.
16). In the case of the static strength test of the clamp,
the fracture occurs at the same location of the clamp,
but with large plastic deformations at the fracture lo-
cation (Fig. 17). The absence of plastic deformation
around the crack thus confirmed that it is an SCC fail-
ure [10]. To avoid the formation of SCC cracks in op-
erating conditions, it is therefore necessary to optimize
the assembly forces.

Fig 16 Due to assembly and operating stresses visible SCC
crack in the groove of the CuZn40Pb2 clamp [10]

Fig. 17 Crack of the CuZn40Pb2 clamp after static loading
[10]

3 Conclusion

The examples of SCC cracks of copper alloy com-
ponents in the paper characterize typical and atypical
cases of cracking, which lead to their fatal failure. To
prevent this type of failure, it is necessary not only to
choose a suitable type of alloy for the given corrosive
environment but also to consider both the influence
of production technology and assembly conditions.
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