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Alloy/Environment Systems Exhibiting SCC



General aspects of SCC testing

• In general, SCC is observed in alloy/environment combinations that result in the 
formation of a film on the metal surface. 

• These films may be :

Passivating layers, 

Tarnish films, 

Dealloyed layers.

• In many cases, these films reduce the rate of general or uniform corrosion, 
making the alloy desirable for resistance to uniform corrosion in the environment. 

• As a result, SCC is of greatest concern in corrosion-resistant alloys exposed to 
aggressive aqueous environments



Alloy/Environment Combinations and the Resulting 
Films That Form at the Crack Tip



Tests on statically loaded smooth samples

• a threshold stress, σth ,is 
determined where the time to 
failure approaches infinity.

• The total time to failure at a 
given stress consists of the time 
required for the formation of a 
crack (the incubation or 
initiation time, tin, and the time 
of crack propagation, tcp



These experiments can be used to :

Determine the maximum stress that can be applied in service 
without SCC failure, 

Determine an inspection interval to confirm the absence of SCC 
crack propagation,

Evaluate the influence of metallurgical and environmental 
changes on SCC



Tests on statically loaded pre-cracked samples

with either a constant applied load or 
with a fixed crack opening 
displacement.

The actual rate or velocity of crack 
propagation, da/dt, is measured.

The magnitude of the stress distribution 
at the crack tip is quantified by the 
stress-intensity factor, K, for the specific 
crack and loading geometry



These tests can be configured such that :

• K increases with crack length 
(constant applied load), 

• K decreases with increasing crack length 
(constant crack mouth opening displacement), 

• K is approximately constant as the crack length changes 
(special tapered samples)



Slow-Strain-Rate Testing

slowly increasing the load or strain 
on either pre-cracked or smooth

samples.

These tests are called :

constant-extension-rate tests, 

slow-strain-rate tests, 

or straining electrode tests



This type of test is used to evaluate 
the influence of metallurgical 
variables, such as heat treatment, on 
SCC resistance. 

This type of experiment yields rapid 
comparisons. 

However, since the mechanical 
properties of the samples also vary 
with the metallurgical condition, 
such evaluations can become 
difficult.





Potential rate-determining steps: (region II)

• Mass transport along the crack to or 
away from the crack tip

• Reactions in the solution near the crack

• Surface adsorption at or near the crack tip

• Surface diffusion

• Surface reactions

• Absorption into the bulk

• Bulk diffusion to the plastic zone ahead of 
the advancing crack

• Chemical reactions in the bulk

• The rate of interatomic bond rupture



Phenomenology of Crack-Initiation Processes



Crack Initiation at Surface Discontinuities

A lap, produced during grinding in 
the preparation of a joint for 
welding, which is subsequently 
recrystallized during welding and 
could then act as a crevice at 
which deleterious anions or 
cations concentrate.



Crack Initiation at Corrosion Pits

• Stress corrosion cracks can also 
initiate at pits that form during 
exposure to the service environment 
or during cleaning operations, such 
as pickling before fabrication. 

• Pits can form at inclusions that 
intersect the free surface or by a 
breakdown in the protective film



Crack Initiation by Intergranular Corrosion
or Slip Dissolution
Intergranular corrosion-initiated SCC

• the local grain-boundary chemistry 
differ from the bulk chemistry

• in sensitized austenitic stainless 
steels or with the segregation of 
impurities such as phosphorus, 
sulfur, or silicon in a variety of 
materials

Slip-dissolution-initiated SCC

• local corrosion at emerging slip 
planes 

• occurs primarily in low stacking-
fault materials



Thermodynamics of SCC

Zones 1 and 2 :

Transgranular stress-corrosion crack 
growth.

Zone 1:

-transition from active corrosion to 
passive-film formation

-simultaneous conditions for film 
formation on the crack walls and 
corrosion at the crack tip



Thermodynamics of SCC

Zones 2 :

potentials are at or above the 
pitting potential so that cracks can 
initiate by pitting



Thermodynamics of SCC

Intergranular SCC occurs over a wider range

of potentials than those shown for zones 1 
and 2

Chemical inhomogeneities at the grain

boundary produce a different electrochemical 
response relative to the bulk material. 

Therefore, passive crack walls and active 
crack tips can result over the potential range 
from zone 1 to zone

2.



(a) Alloy 600, (b) Alloy 800, (c) 304 St. St



Application of Potential-pH Diagrams

• Carbon Steel

• SCC is associated with potentials 
and pHs at which phosphate, 
carbonate, or magnetite films 
are thermodynamically stable



70Cu-30Zn


