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Abstract

This paper presents the results of the investigation for the characterization of stress corrosion
cracking of CuZn-alloys using acoustic emission (AE) testing. The slow strain-rate test and the
constant load test of various brass-alloys in a 0.5-molar sodium nitrite solution are carried out
and the AE activity during these tests is recorded.  The information provided by the AE hit
counts, the amplitude and AE energy as well as the waveform of the AE signal is analyzed. The
results show the possibility to predict the SCC-susceptibility of brass using AE testing.
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Introduction

The stress corrosion cracking (SCC) is an important engineering problem especially in the
nuclear power and chemical industry.  CuZn-alloys are known to undergo SCC both in
ammoniacal and in some non-ammoniacal solutions. NaNO2 was found to be one of the strongest
promoters of SCC of brass in the non-ammoniacal solutions [1]. The process of SCC of brass in
sodium nitrite solution has been extensively studied. Several models were suggested for the SCC
mechanism of brass in sodium nitrite solution. The following models have achieved the widest
acceptance: The film-rupture and dissolution model [2-7], the film-induced cleavage model [2-4,
7, 8] and the surface-mobility model [2, 4, 9]. Also some authors investigated the surface
reaction of NO2-solutions on metals [10-13].

The SCC is a process of microcracking and crack propagation. The initiation, multiplication
and propagation of micro-cracks act as acoustic emission (AE) sources. Therefore, the AE
analyses can be applied to evaluate the SCC-process in brass [14].

This paper describes the first part of a methodical investigation of AE signals for the
characterization of SCC-susceptibility of different CuZn-alloys in sodium nitrite solution, which
was realized by a slow strain-rate test and a constant load test.

Experimental Details

The specimens were cut from commercial rolled plates of brass with different Zn-contents
with a thickness of 1 mm. The chemical composition of the test materials obtained by emission-
spectroscopy and some mechanical properties are given in Table 1. The dimension of the tensile
specimen is 250 mm x 30 mm. The width of the sample, which is exposed to the medium, is
reduced to 12 mm.
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Table 1. Chemical composition and mechanical properties of the tested brass.

Chemical composition Mechanical properties

Cu [wt%] Zn [wt%] Pb [wt%]
Tensile strength
Rm [N/mm2]

Yield strength
Rp0.2 [N/mm2]

Elongation
A10 [%]

CuZn20 80.45 19.49 0.009 517 463 13
CuZn30 70.47 29.48 0.006 538 493 16
CuZn37 64.58 35.33 0.012 525 497 12
CuZn40 61.88 37.91 0.137 545 495 17

A resonant piezoelectric sensor (PAC R80, resonant frequency 200 kHz) was mounted
directly on the test specimens above the liquid level preventing a destruction of the sensor due to
the aggressive medium. The AE signals are pre-amplified (40 dB, 100-1200kHz) and processed
using PAC�s PCI-DISP4 AE-System. The threshold was set as low as possible.

The test medium of 0.5-molar sodium-nitrite solution is prepared from reagent grade
chemical and distilled water, and the pH-value was 6.8.

Two different test techniques were used: The slow strain-rate test (SSRT) with a nominal
strain rate of 1.5 x 10�4 s-1 and a constant load test (CLT). During the tests the samples are
strained to rupture although the attention is directed to the first part of the experiment. Figure 1
shows a general overview of the experimental set-up.

Fig. 1. Schematic experimental set-up for tensile tests in 0.5-mol NaNO2 solution.
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The CuZn-alloys, CuZn37 and CuZn20, were used for the SSRT in air and in a 0.5-molar
NaNO2 solution. Due to some noise emissions at the beginning of the tensile test caused by the
set-up the analysis of the registration of the AE was started at a stress of  R = 200 MPa.

The change of AE (ring-down) counts, hit counts, peak amplitude, energy, duration and other
waveform parameters were evaluated. The CLT with an applied stress of R = 0.9.Rp0.2 and
immersed in the solution of 0.5-molar NaNO2 was performed for CuZn20, CuZn30 and CuZn40.

Results and Discussion

Slow strain rate test

The AE-signal-analyses represented by the cumulative hit counts during a SSRT at CuZn37
in air and in 0.5-mol NaNO2 is shown in Fig. 2. An increase of the AE activity near the yield
strength could be detected in both media. During the plastic deformation the specimen tested in
air shows only a small amount of AE signals, while the AE in NaNO2 intensified when the
incubation time is reached.

Compared to the tensile test in air the influence of the sodium-nitrite solution caused a
decrease of the tensile strength, yield strength and fracture elongation. The step-growth of the
cumulative hit counts indicates the process of crack propagation and arrest during SCC of brass
in the NaNO2 solution.

Fig. 2. Cumulative counts of AE signals during SSRT for CuZn37 in air and in 0.5-molar NaNO2

solution.
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The aggressive influence of the 0.5-mol NaNO2 solution is also verified by SEM technique
of the sample surface near the fracture zone, which is shown in Fig. 3. The sample stressed under
the NaNO2 solution features typical stress corrosion cracks normal to the applied tensile stress.

Fig. 3. Scanning electron micrograph of a CuZn37 near the fracture zone. a) in air (top) b) in 0.5
molar NaNO2  (bottom).

The slow strain-rate technique is only useable for a characterization of an SCC-susceptibility
when the incubation time, which in this case is defined as the time an increase in AE-activity can
be detected, is shorter then the duration of the test. This is demonstrated in Fig. 4, which shows
the cumulative counts during the SSRT in sodium-nitrite solution of CuZn20. Due to the low Zn-
content the SCC-susceptibility is much lower. No significant AE activity could be detected after
the increasing AE activity around the yield stress because the test duration was too short.

Constant load test

To characterize brass with a low SCC-susceptibility, a constant load test is more appropriate.
The results of the CLT at a stress of R = 0.9.Rp0.2 in 0.5-molar NaNO2 solution of the α-brass
(CuZn20 and CuZn30) and the (α+β)-brass (CuZn40) are illustrated in Fig. 5. During the tests
the applied stress is falling at first caused by the relaxation and later due to the crack
propagation. The time to final fracture decreases with increasing Zn-content of brass. Also the
time where the AE-activity increased visibly depends on the Zn-content. The higher the Zn-
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content of the brass the earlier starts the AE-activity. Therefore, the point, where the graph of the
cumulative counts is rising noticeably, could be interpreted as the incubation time. This could be
used to characterize the SCC-susceptibility of brass.

Fig. 4. AE cumulative counts during an SSRT for CuZn20 in 0.5-mol NaNO2 solution.

  
Fig. 5. AE cumulative counts during a CLT with R = 0.9.Rp0.2 for 3 CuZn alloys in 0.5-mol
NaNO2 solution.
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The influence of the β-phase in CuZn40 is evident. Although the SCC-susceptibility of
CuZn40 is higher (tinc ~1.4 h) than for the single-phase CuZn30 (tinc ~ 2 h), the AE activity is
lower in CuZn40. This could be explained by the differences of the microstructures.  The CLT of
CuZn20 shows a SCC-susceptibility to NaNO2 even though it is much less than for the alloys
with higher Zn-content.

Fig. 6. Cumulative counts and peak amplitude of AE-signals during a CLT with R = 0.9.Rp0.2 for
CuZn30 in 0.5-mol NaNO2 solution.

A more specific view to the character of the AE signals detected during the CLT of CuZn30
is given in Fig. 6 and Fig. 7. As a result of the increasing crack propagation the peak amplitude
of the AE signals is also rising (Fig. 6).  The same observation could be made for the duration of
the signals shown in Fig. 7. Although there are two areas with an accumulation of AE signals,
the majority of the detected AE signals possess a short duration up to 40 µs or between 150 and
200 µs. This could indicate two different processes during the SCC.

Conclusion

The presented results show the possibility to characterize the SCC-process for brass in 0.5-
molar NaNO2-solution by AE testing. Depending of the SCC-susceptibility of the specimen, it is
possible to use the SSRT or CLT method with a load near the yield strength. The AE analysis is
able to evaluate the SCC-susceptibility of various brass alloys under different conditions.
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Fig. 7. Cumulative counts and duration of AE signals during a CLT with R = 0.9.Rp0.2 for
CuZn30 in 0.5-mol NaNO2 solution.

References

[1] M.G. Alvarez, C. Manfredi, M. Giordano and  J.R. Galvele, Corros. Sci., 23, 769-780 (1984).
[2] A.J. Bursle and E.N. Pugh, Environment-Sensitive Fracture of Engineering Materials, AIME,
Warrendale, Pennsylvania, pp. 18-47 (1979).
[3] E.N. Pugh, Corrosion NACE, 41(9), 517-526 (1985).
[4] F. King, The Potential for Stress Corrosion Cracking of Copper Containers in a Canadian
Nuclear Fuel Waste Disposal Vault, AECL-11550, COG-96-94, 1996.
[5] J. Yu and R.N. Parkins, Corros. Sci. 27(2), 159-185 (1987).
[6] J. Yu, R.N. Parkins, Y. Xu, G. Thompson, Corros. Sci., 27(2), 149-157 (1987).
[7] D. Wu, H.S. Ahluwalia, A. Cai, J.T. Evans, R.N. Parkins, Corros. Sci., 32(7), 769-794,
(1991).
[8] K. Sieradzki, R.C. Newman, Philos. Mag. A. 51(1), 95-132 (1985).
[9] K. Sieradzki et al., J. Electrochem. Soc., 134, 1635-1639 (1991).
[10] R.B. Rebak, R. M. Carranza, J.R. Galvele, Corros. Sci., 28, 1089-1106 (1988).
[11] P. Eriksson et al. J. Electrochem. Soc., 138(5), 1227 (1991).
[12] R. Holm, E. Mattsson, Metal corrosion in the atmosphere, ASTM STP 767, pp. 85-105
(1982).
[13] R. Schubert, J. Electrochem. Soc., 125(7), 1114-1116 (1978).
[14] U.-D. Hünicke, M. Schulz, R. Budzier, Proceedings of the DGZfP, Jahrestagung, Weimar,
6-8 May 2002.




