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Stress corrosion cracking of brass in ammonia solution
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[ Abstract] Brass foil with a protective layer formed on one side was deflected during corrosion in an ammonia solution
under various applied potentials, and then corrosiorr induced stress generated at brass/ dezincification layer under different
potentials could be measured. At the same time, susceptibility to stress corrosion cracking( SCC) of brass in the ammonia
solution under various applied potentials was measured using a single edge notched specimen. At operr circuit potential,
both corrosior-induced tensile stress and susceptibility to SCC( /o) had a maximum value. Both tensile stress 0, and sus-
ceptibility I decreased slightly under anodic polarization, but reduced steeply with the decrease in potential of cathodic po-
larization. At the cathodic potential of — 500mV (vs SCE), corrosionr induced stress became compressive because of cop

per-plating layer, correspondingly, susceptibility to SCC was zero. Therefore, the variation of SCC susceptibility with po-
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tential is consistent with that of the corrosiomr induced additive stress.
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1 INTRODUCTION

The TEM observations showed '~ * that the cor
rosion process itself can facilitate dislocation emission
and motion during stress corrosion cracking( SCC) of
brass, 310 stainless steel, and TizAl+ Nb. Nano-
crack of SCC will nucleate in a dislocation free zone
(DFZ) only when the corrosion-enhanced dislocation
emission and motion develop into a critical condition.
It has been proposed that vacancies induced by anodic
dissolution can facilitate the climb of edge dislocation,
which results in anodic polarizatiorrenhanced ambient
creep[s’ f The TEM observations, however, showed
that corrosion process during SCC enhances disloca-
tion emission, multiplication and motion and these
dislocations tend to glide over slip planes instead of
climb' " #'. So, there must exist another mechanism
for the corrosiomrenhanced dislocation emission and
motion in addition to the divacancy-enhanced disloca
tion climb.

Many experiments showed that large tensile or
compressive stress would generate at the interface be-
tween metal and passive film during anodic polariza-

tion in a solution using a potentiostatm.

Numerous
stress generating mechanisms have been proposed' ),
for example, such induced tensile has been reported
during the anodic polarization of aTi in 0. 1mol/L
H1S04 solution' !, in which no SCC occurs. During
original corrosion for the aTi in the same solution,
the additive tensile stress grows gradually, and reach-
es a maximum value of 313 MPa, which approaches

the yield stress of aTi®l.

The brass foil with a protective layer formed on
one side was deflected during original corrosion in 1
mol/ L. NH4OH+ 5g/L CuCl, solution'®. This is due
to corrosion-induced tensile stress developed at the in-
terface between metal and dezincification layer,
which grew gradually, and reached a steady value'”'.

Stress corrosion cracking (SCC) for brass in the
ammonia solution is controlled by anodic dissolution,
and a dezincification layer forms during SCC. The
corrosiorrinduced tensile stress generated at the met-
al/ dezincification layer interface exists also during
SCC, and has the same orientation with an applied
stress. Therefore, the corrosion-induced stress possi-
bly assists the applied stress to prompt SCC. If so,
there is certainly a relationship between susceptibility
to SCC and the corrosion-induced stress. Susceptibili-
ty to SCC of brass in the ammonia solution strongly
depends upon applied potential '”'. Therefore, in this
paper,
induced tensile stress generated at the metal/ dezincifi-

we will simultaneously measure corrosion

cation layer and susceptibility to SCC for brass in the
ammonia solution under various applied potentials,
and then look for the relationship between the
corrosiorrinduced stress and SCC susceptibility.

2 EXPERIMENTAL

The material used is brass with 38% Zn and has
the yield strength of 131 MPa. The foil specimens
with dimensions of 0.2mm X Smm X 90mm were
polished down to 1000 grit finish, and then annealed
in vacuum at 280 ‘C for 1. 5h. Measuring deflection
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during the original corrosion process was performed
by the Stoney method " and the detail was shown
in Refs. [ 8, 9]. The calibration showed that & L =
0.362x/ D" where § is the deflection, L (= 60
mm) the length of the specimen immersed in the solu-
tion, D(= 1000mm) the distance between a mirror
attached to the free end of the specimen and tele-
scope, x the reading of ruler telescope. M easuring x
(t) during corrosion process under various potentials,
§t)=12.1%10" % x(t) was obtained. During origi-
nal corrosion in 1 mol/ . NH4OH+ 5 ¢/ L. CuCl, solu-
tion, potential varied from — 395mV to — 420mV.
Applied constant potentials 350mV,
- 400mV ( anodic polarization), and - 420mV,
- 440mV, - 460mV and - 500mV ( cathodic po-

larization) , respectively.

were —

In order to determine the thickness of dezincifi-
cation layer d, one side of the sample and half part of
the other side are coated with a 1720 enamel and im-
mersed in the ammonia solution under various poten-
tials. The average thickness of the dezincification lay-
er after corrosion for different times was measured in
SEM with the coated part of the sample as a refer
ence.

The single-edge notched specimens with dimen-
sions of 0. 2Zmm X 10mm X 95mm, containing a notch
of Smm depth and root radius of 0. 1 mm, were ex-
tended at a rate of 1. 89 X 10" > mm/s in air and the
ammonia solution under various potentials, respec
tively. Susceptibility to SCC was evaluated in term of
;= (1— tF,sul/ tF,air) X 100% or [o= (1— OF,sol/
Op,air) X 100% , where tr air, Or,air and tr sl O, sol
are the fracture time and the nominal fracture stress
during the slow extension in air and the solution, re-
spectively.

3 EXPERIMENTAL RESULTS

Deflection 6 vs corrosion time at openrcircuit
potential for five specimens is plotted in Fig. 1(a). As
the active surface of the foil specimen becomes con-
cave during original corrosion, a tensile stress is gen-
erated at the brass/ dezincification layer interface'®'.
Deflection vs corrosion time under various potentials is
plotted in Fig. 1(b), which shows that anodic polar-
ization, 1. e. applied potential of — 350mV and
— 420mV, increases the deflection, while cathodic
polarization decreases the deflection. The specimen
was copper-plating at cathodic polarization of — 500
mV, and the active surface became convex in stead of
concave, resulting in a compressive stress generated at
the brass/ copper-plating layer interface.

The thickness of dezincification layer increases
linearly with increasing corrosion time at open-circuit
potential, as shown in Fig. 2.

The deflections after corrosion under various
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Fig. 1 Deflection vs corrosion time at original
corrosion (a) and under various potentials ( b)
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Fig. 2 Depth of dezincification layer vs time
under original corrosion potential

potentials for 40 min are listed in Table 1. The aver-
age thickness of the dezincification layer after corro-
sion under various potentials for 40 min is also listed
in Table 1. The stress generated at the brass/ dezinci-
fication layer interface can be calculated based on e-
quation'*°! 0,= ER*§[3(1- U) L*d], where E

and U are the elastic modulus and Poisson’ s ratio of
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metal strip of length, L, and thickness, h. The
stress O, is an average stress of whole specimen, and
are also listed in Table 1. The results extended in air
and in the ammonia solution under various potentials
are listed in Table 2, where [, and I are susceptibili-

ty to SCC.

Table 1 Deflection 6, thickness of dezincification
laver d and stress under various potentials

VimV 6/ mm d/Pm 0,/ MPa

- 350 1.01, 1.03 5.32 84.8, 86.5

- 400 0.67, 0.69 3.81 78.6, 80.9
OB O s R
- 430 0.11 0.73 67.3

- 440 0.05, 0.06 0.51 43.8, 52.6

- 460 0.01 0.10 44.7

- 500 - 0.08 3.0 - 11.9

* Operr circuit potential

Table 2 Fracture time ¢y, nominal fracture stress Op

and SCC susceptibility under various potentials

V/mV ty/h op/ M Pa 1/%  Id %
Air 37, 39, 41 203, 217, 230 - —~
- 350 4, 4.2 51, 51 90, 89 77
- 400 4.7, 5 56, 56 88, 87 74
- 410 3, 4 39, 40 92, 90 82, 81
- 420 5 56 87 74
- 430 5.5 67 86 69
- 440 10, 11 73, 79 74, 72 66, 64
- 446 14 118 64 46
— 460 38 180 0 17
- 500 34 214 0 0

*  Operr circuit potential

The variation of SCC susceptibility with poten-
tial is consistent with that of the corrosion-induced
stress, as shown in Fig. 3. Fig.3 shows that both
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Fig. 3 Susceptibility to SCC and corrosiorr induced
stress vs potential

SCC susceptibility and the corrosiorrinduced stress
decrease slightly under anodic polarization, but reduce
steeply with the decrease in cathodic polarization.
When applied potential is less than — 460 mV, the
corrosiorr induced stress is zero or compressive, and
then no SCC occurs.

4 DISCUSSION

There is a considerable amount of vacancies and
voids in the dezincification layer because of the selec
tive dissolution of Zn. The vacancies and voids will
make the porous dezincification layer near the surface
shrink, the other part of the specimen, however, will
hinder the shrinkage of the dezincification layer, re-
sulting in a tensile stress generated at the interface of
the metal/ dezincification layer. Kevin et all'l calcu-
lated stress distribution of Au-Cu alloy with de alloy-
ing porous layer through the methods of continuum
eigenstrain analysis. The result indicated that a ten-
sile stress of 70 M Pa generated at the interface of the
alloy/ porous layer. The stress listed in Table 1 is an
average over the thickness of the specimen, which is
much less than that generated at the interface of the
metal/ dezincification layer.

The corrosion-induced tensile stress 0, exists also
during SCC in the same solution, and has the same
orientation with an applied stress 0,. Therefore, the
stress intensity factor for the single-edge notched

specimen during SCC is K{(SCC) = 1.12( 0,+ 0,)
JJT_CI: K.+ Ky, where K1, is an applied stress in-
tensity factor, and Ky, an additive stress intensity
factor resulting from corrosiorrinduced tensile stress.
When K (SCC) increases to a critical value of K¢,
the specimen fails during SCC. Hence, the critical
applied stress intensity factor necessary for SCC will
be Kic— K., which is less than Kic. That is to say
that the corrosion-induced tensile stress will assist the
applied stress to facilitate SCC. Fig. 3 shows that if
there is no corrosiomrinduced tensile stress, no SCC
occurs, and susceptibility to SCC is consistent with
the corrosiomrinduced stress. Therefore, the corro-
siorrinduced tensile stress plays an important part in

SCC.
S CONCLUSIONS

1) A tensile stress will be generated at the met-
al/ dezincification layer interface during original corro-
sion for brass in an ammonia solution. The corrosion
induced stress decreases slightly under anodic polar
ization, but reduces steeply with the decrease in ca-
thodic polarization, and becomes compressive at the
potential of — 500mV.

2) The variation of SCC susceptibility with ap-
plied potential is consistent with that of the corrosion
induced stress.
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