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Cu-Au single crystals have been used in order to understand the mechanism in-
volved in transgranular stress-corrosion cracking(T-SCC). The reason why this
system is chosen as a “model system” is not only because hydrogen embrittlement
can be ruled out in terms of thermodynamic aspect, but also because it demon-
strates that cleavage-like fracture can occur in a normally ductile fcc system
where the dominant surface process is de-alloying. De-alloying, i.e., selective dis-
solution of a less noble component, is believed to play an important role in the
process of T-SCC. Therefore this research is focused on the electrochemical sig-
nificance of de-alloying through both steady-state polarization experiments and
scratching experiments under various conditions such as known potential, pH, and
chloride ion concentration. Scratching experiments have been carried out to rapid-
ly produce a “fresh surface”, simulating that which occurs during T-SCC. The
contribution of double layer charging to current transients is also considered. The
kinetics of current transients resulting from scratching are analyzed and compared
with current transients resulting from discontinuous crack growth. The comparison
demonstrates the instantaneous velocity of microcrack growth can be estimated
from the leading edge of current transients, which are observed during discontinu-
ous crack-growth.
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Fig. 1. Steady-state anodic polarization curves for

pure copper and Cu-25 at% Au single crystals in

oxygen-free 0.6 M NaCl with varying pH values(1.

0, 2.0, and 6.3).
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Fig. 2. Anodic polarization behavior of Cu-25 at%
Au for different Cl~ activities showing character-
istic dependence of Ec on CI~ activity in the mixed
solutions of sodium sulfate and sodium chloride,
holding the solution conductivity constant.
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Fig. 3. The dependence of Ec on chloride-ion
activity for Cu-25 at% Au in aqg. NaCl solutions
and ag. NaCl+Na,S04, solutions.
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Fig. 4. The comparison between the effect of
small amounts of ClI™ and SO, ~ ions on the anod-
ic polarization behavior in 0.6 N Na,S04, and 0.6 N
NaCl solutions respectively.
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Fig. 5. Current-transients vs time for various
overpotentials during the scratching experiments.
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Fig. 6. The effect of applied potential on the tran-
sient current peaks in both 0.6 N NaCl and 0.006
N NaCl+0.6 N Na,S04, solutions.
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Fig. 7. The effect of chloride ion concentration on
current-transients.
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Fig. 8. Current-transients vs time for unmesked
and masked samples. The peak current values at
each potential show little difference between the
masked and unmasked samples.
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Fig. 10. SEM micrographs of scratched region for Cu-25 at% Au crystal and pure copper in 0.6 M NaCl solu-
tion : (a) Cu-25 at% Au, 400mV; (b) Cu-25 at% Au, 400mV, Note the crack in scratched region propa-
gates into the unscratched matrix.; (c) pure copper, 200mV (sce).
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Fig. 11. Log I{current)-log t{time) plot of tran-
sient current response following scratching at
300mV for Cu-25 at% Au in oxygen-free 0.6 M
NaCl.
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Fig. 12. Log l{current)-t(time) plot of transient

current response following scratching at 300mV

for Cu-25 at% Au in oxygen-free 0.6 M NaCl.
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Fig. 13. Log I{current)-log t(time) plot for tran.
sient current decay which shows the increase in
slope with potential.
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Fig. 14. Time-to-failure versus potential for sam-
ples anodically polarized to potentials below Ec
during slow strain-rate testing(strain-rate 1.1x
10-%/sec).

steady state de-alloying& 714 8} Faraday
Yoz BE A4S FAAAEE B} 100~
10008 o] & @& Yl euy® o9 zre
Atd & AW EHBAFHo| steady state de-
alloyingell wel FdstA #do] Agsts %
oldztE ZE Jedg. gy sdrApe
TE A= “fresh surface”s] =29 wa
A2l de-alloying® uslioz FIIANHo 7
H A48 <747 g8 49 2 g
=9 Ao} R FRE JUSERYF

o

R

a

N

fuc)
e
i
H>
()
X,
23
j=l
¢
=B
o
<.
=]
g
=2
ol
2
o
E!
SN R < <

poA
o
ku
e
e
i
s

A FEd el Ade s
el FHE BEE A E olf=
de-alloying o] WA W ez
TN 2D ADE dARAAA @FEA
FASES 3t #IddDF F% FIAD
Az (dislocation) &2 st Froix s
A& BA}E 48E ) gEA Roz Az
=

Atk & F £79 94 F o= @ £79 9

e ooX
&2
N
r

2
r

L

AHCu-Audl A Cu dab)7t £73HA  de-
alloyingell o3ted AALH FQ ddol A 2

(bond)o] 7} Zaste AAFo 2 FAHT



366 GEE LR

A3z 1996. 9

A A=A & A 4= (critical  stress intensity
factor) 7} W& e ztA =

Aoz HE7
Eolth

45 &5 H 2

275t $HRAFAe] A4S F o B
olalstrl Asel YugARHFLAA P

oL
=
=Y

4 AALET = crack-arrest-marking
AlZtr4, Ao
t*2 Yromz 7 5 drh d7bE9 380mV,
strain-rate 1.1 x10°%/sec.9] data®V2 A}& &}
HAAFGRAREEE FaH V.=aX¥/ Atr=
80pm/270sec =0.3zm/seco] T} (Fig.15).

distance, AX*E £1HFE 7HY

452 I

FIHEE V=X 0/ A= 3mm/7.5msec
=0.4m/secolth. o714 AX.E  F7 Ao
Aty AFIE F71
87 A A3 £0FE Fagd =wskrnA
AY Al ztolr},

(scratching distsnce)o] 1

453 AUSYEATHo Mol 2UBLNSE

F71&EE FIe HHEE U sE BT
AoggdE AR HEstd A7 E
380mVell Ao ENadIY S EE ATSE V.
=AX*/ Al =80m/0.73sec=110pm/sece] t}.
o714l AX*E crack-arrest-marking distance
o|i Atput WF7 F7istr] ARG e1F

E) ulaghel =@al7] 7R 2 ATttt

oo} & Ao 2R °J7}Z4H 380mVoll
Ao es7tgdAdAsEes B T AEE G
100~10004 © wechs e ¢ F AATh

I AT ¢
270sec <ha
\ L gl@urrem
380mV
e 8] Lond
60s

(b)
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