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6. Carbon replica of an anatase form of TiO formed inside
the crevice of CP titanium.
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Figure 9.






Kelly's model® whereby passivation of an active surface is achieved by
attaining some critical concentration of Ti(IV) ions, the present results for
titanium in acidified brine could be considered in terms of a higher chloride/
halide concentration necessitating a higher concentration of Ti(IV) ions to be
present in solution before the surface is passivated.

The free corrosion potential of CP titanium suggests that it was
initially in a passive state (E ~-120 mV sce, Figure 9) whereas TiCode-12 was
not (E ~-34C mV sce, Figure 10). After approximately two-hours' immersion the
passive behavior of the CP titanium surface appears to change in that the
potential became more cathodic and fluctuated until E was ~=300 mV sce (Figure
9). The fluctuations probably indicate the ability of bulk impurities in the
metal (e.g., Fe) surface to maintain passivation, but which are themselves
cyclically depleted and enriched in the surface by dissolution. As film
breakdown continues, the facility with which the bulk impurities can maintain
passivation is reduced and the potential continues to fall until E ~-300 mV
sce. In this potential range, the oxide film is reduced to a monolayer,
according to Kelly.6 The rapid decrease in potential at this point reported
for high purity titanium (pH = 0, [C1T] = 1 M) by Ke11y6 is not observed
here and mav he due to the continued influence of the bulk impurities.

With continued immersion, the potential decreased linearly at an approxi-
mate rate of 34 mV per hour. After about 17 hours, it reached a "steady
state” value of E ~~620 mV sce. This potential is similar to the open circuit
potential attained by CP titanium under similar conditions following mechani-
cal removal of the oxide (allowing for the difference in [Cl"l]).l In
fact, this potential ~-620 mV sce is very close to the potential shown by both
Griess* and Ke11y6 at pH = 1 and [C17] = 1 M to be that associated with
the maximum corrosion rate and is independent of temperature.

The observations for TiCode-12 require further analysis. Previously it
was reported that for similar conditions but lower C1~ concentration
([C17] = 1 M) an abraded TiCode-12 surface attained a potential of approxi-
mately -400 mV sce after approximately 83 minutes.! After the same time the
o/c potential of TiCode~12 in acidified brine reaches approximately the same
potential but at this point fluctuations in the potential are noted (Figure
10). It is not considered that these fluctuations are due to the same source
(i.e., bulk impurities such as Fe) as in the case of CP titanium since the
potential is considerably more cathodic and the fluctuations are much more
rapid. Reference to work by Criess® reveals that a Ti-1% Ni-1% Mo alloy
also exhibited essentially similar potential cycling over a time period of
approximately 20 minutes. In this work, the time period was an order of
magnitude shorter. Also, the fluctuation ranges from =315 mV sce to =470 mV
sce in Griess'4 work while the present study shows the average fluctuations
varied from =550 mV sce to =480 mV sce, i.e., remaining more or less active.
Reference to thermodynamic data allows some pertinent comments to be made
regarding this fluctuation behavior of TiCode-12. In the potential range
covered by the fluctuations, dizsolution of Mo could be expected to be appre-
ciably less than in the case of Ni, after considering the Pourbaix diagrams
for Ni and Mo.’ Further, in the case of stainless ste 'l containing Mo, the
mechanism of crevice corrosion inhibition in acidic ch oride environments is
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hydrogen concentration, the samples have become brittle showing no slanted
fracture surfaces. The stress level needed for crack growth is apparently
sufficiently low to obtain plaue strain conditions. The observed sharp drop
in force in the force-displacement curve may indicate that values
obtained approximate the true threshold stress intensity factor K¢p (stress
intensity factor at crack initiation). Currently, the testing is being
repeated at lower and higher hydrogen concentrations using partial unloading
technlques.1

The fractographs obtained for high hydrogen concentrations show both
alpha phase cleavage and interface cracking. Figure 12 shows a typical
example of an interface crack showing surface facets. When the sample is
rotated, the facets may be examined more easily as shown in Figure 13. This
figure is quite similar to the fractographs observed in other near-alpha
titanium alloys.13 Figure 14 shows intermittent crack propagation in a
grain and a secondary interface crack developed in the center of the micro-
crack. The grain size is much smaller than the figure size indicating that
the fracture mode is alpha phase cleavage. The direction of intermittent
crack propagation changes depending on the grain orientation. Also, at least
two different orientations of crack propagatién in one grain are observed.
This suggests crystallographic fracture in the alpha grain as discussed by
other authors.! Figures 15 and 16 show quite cleariy this crystallographic
fracture. Meyn has identified this feature as the cleavage of alpha phase on
or near the (0001) basal plane in Ti-6A1-4V.15 Heyn,16 and Blackburn and
Williams!7 have found the cleavage-like facets lie approximately 14 degrees
from (0001). Figure 17 shows another feature of crystallographic fracture.
However, in this case, there is a possibility that the cleavage might be from
interface cracking since the interface also has crystallographic features.l3
Currently, this crystallographic behavior is being investigated using Laue
back-reflection techniques to determine the cleavage surface orientation.

As mentioned above, the fractographic observations in comparison to other
near-alpha titanium alloys suggest that hydride formation is probably respon-
sible for the hydrogen embrittlement of TiCode-12 at least at hydrogen concen-
trations above 5000 ppm. The mechanism may be:

o stress assisted hydride formation at the crack tip and subsequent
crack propagation along the matrix-hydride interface;18 or

o preferential segregation of hydrogen in the beta phase and hydride
precipitation at the algha/beta interface leading to alpha/beta
interfacial separation. 9

In future work quantitative values of Ky} will be generated as a func-
tion of temperature and hydrogen concentration.
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Figure

Figure

14.

15.

Hydrogen induced intermittent brittle crack propagation in
a grain of TiCode-12 with hydrogen concentration above
5000 ppm. Note secondary interface cracking in the center.

10

Fracture surface of TiCode-12 with hydrogen concentration
above 5000 ppm showing crystallographic fracture, magni-
fication 2000X.
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Fracture surface of TiCode-12 with hydrogen concentration
above 5000 ppm showing crystallographic fracture, magni-
fication 1000X.

}77 o V‘A;ljril i -1

Fracture surface of TiCode-12 with hydrogen concentration
above 5000 ppm showing crystallographic fracture, magni-
fication 500X.



5.

STRESS CORROSION CRACKING

Notched c-rings of CP titanium and TiCode-12 have been calibrated (using

an SR-4 type K strain indicator). Both notched and un-notched c-rings were
loaded and sealed in a capsule containing acidified Brine A to simulate crev-
ice corrosion conditions i.e., ad justed to a pH of 1 (volume/surface area
ratio approximately 6.5). Notched c¢-.:!ngs of CP titanium and TiCode-12 which
were plastically deformed prior to immersion are aiso being tested. The test
temperature is 150°C.
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