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Hydrogen Effects on Some Titanium Aluminides at Ambient Temperature

Mr. James A. Smith
Naval Research Laboratory
Code 6314
Washington, DC 20375-5000

It is common to desc.ibe the corrosion d.. nage of structural retals and
alloys in terms of the eight basic types of metal/alloy corrosion: gencral corrosion,
galvanic corrosion, crevice corrosion, pitting attack, erosion corrosion, selective
leaching, intergranular corrosion, and environmental assisted fracture. The latter,
environmental assisted fracture, may be further divided into subheadings of stress
corrosion cracking, corrosion fatigue, and hydrogen embrittlement. Of particular
interest is hydrogen embrittlement because of the serious problems and/or
catastrophic failures that may result from the involvement of structural materials
such as titanium and titanium alloys with hydrogen.

Previous investigators have shown that Ti-6Al-4V and indeed most
conventional titanium alloys are susceptible to hydrogen embrittlement in hydrogen
charging environments (22). Titanium aluminides, the materials studied in this
report, are, also believed to be subject to hydrogen embrittlement but preliminary
studies show that the gamma based aluminides may be less prone to absorbing
hydrogen at ambient and elevated temperatures than conventional Ti alloys (21).
The major draw for use of these materials is the fact that they possess outstanding
high-temperature strength, good creep behavior. and low density. Possession of
these characteristics has warranted their consideration for a wide range of
applications from automotive turbo charger motors, pistons, and valve material to
advanced aerospace applications involving temperatures up to 10450C. Therefore,
it is important to ascertain their hydrogen embrittlement behavior if hydrogen-
related property damage is to be understood and, hopefully, controlled in these
materials. '

Experimental Overview
A.  Materials

The material used in this study was produced by * {artin Marietta
Laboratory. The material was arc melted, cast in a chilled copper mold, forged, and

annealed at approximately 1200°C. The TiB; particulate dispersion was introduced
in situ using XD processing (29). The chemical compositions of these cast
materials are given in Tablel.




B. Procedures

1. Polarization Test
Polarization curves were measured at a sweep rate of 0.2 mV/sin
deaerated 0.6N NaCl solutions, using a saturated calomel (SCE) reference
electrode. The working electrode (~13 mm disc) was polished through 600 grit

SiC paper, then cleaned and rinsed with distilled water, and finally degreased with
acetone prior to use.

2. Hydrogen Permeation Tests

Hydrogen permeation experiments were conducted on 1 mm thick
discs using the electrochemical method. The experimental set-up, in Figure 1,
shows an input chamber that contains the charging solution (0.6N NaCl) and aex:
chamber that contains 0.2N NaOH. Both solutions were purged with high purity
argon to remove dissolved oxygen. The permeation discs are surface ground on
both sides thorough 600 grit paper and, subsequently, the exit surface is plated to
provide several hundred angstroms of palladium. The purpose of the palladium
plate is to provide a more uniform surface for the evolution of hydrogen and to
provide the necessary surface conditions to ionize completely the hydrogen reachi:;
the exit surface. '

3. CERT (constant extension rate testing)

All CERT (constant extension rate testing) studies were performed -
room temperature using a Cortest constant extension testing machine at a strain ra:
of 1.45 x 10-6/sec. Data acquisition and analyses were performed using a
computer.

Results and Discussion
A. Structure and Mechanical Properties:

Optical micrographs of cast Ti-48%Al with 5 Vol% and 10 Vol% TiB: are

shown in Figs.2-3. The mucrcstructures of these materials cons’ s of a mixture ¢!

gamma (Y) grains and tamellar (Y+0) grains. The TiB particulate dispersion
introduced in situ using XDT™ processing tends to grow in clusters and exhibits :
blocky morphology .

For the investigated alloys, Ti-48% Al+5Vol%TiB; and Ti-48%Al+10 Vor
TiB,, the mechanical properties of ultimate vield strength and % elongation toget:”
with the physical properties of diffusivity and permeation current density are listec
in Table 2. The data show that the diffusivities of the two alloys are about the
same, and that the alloy possessing the highest volume percentage of TiB2
possesses the greater ultimate yield strength. It is further noted that the yield
strengths for Ti-48%Al+5 Vol% TiB, and Ti-48%Al+10 Vol% TiB2 decrease
respectively, 16 and 20 % when cathodically polarized at -1400mV in 0.6N NaC.
Reductions in the % elongation resulting from hydrogen charging show even lare
decreases approximately 43% for Ti-48%Al+5 Vol% TiB; and approximately 50°:
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for Ti-48%Al+10 Vol% TiB». These figures, however, are somewhat tentative
because of the small values involved in the measurements.

B. Polarization Study

Figure 4a. shows potentiodynamic polarization scans for the titanium
aluminides reinforced with 5 Vol% TiB, and 10 Vol % of TiB2, It is noted that an
increase in the concentration of TiBy from 5 to 10 Vol% results in a significant
diminution of the corrosion potential (Ecorr), shifting it approximately 635mV in
the cathodic direction and creating an irregular passive region that extends from the
active Ecorr value of alloy Ti-48%Al1 +10 Vol% TiB; to a value comparable to the
more noble Ecorr value of Ti-48%Al1+5 Vol% TiB,. The Ti-48%Al+5 Vol% TiB,
alloy does not possess a passive region but goes immediately into transpassive
behavior unde~ anodic polarization.

In Figure 4a., the broken lines represent cathodic reactions t.iat are
thermodynamically possible on titanium surfaces during cathodic polarization in
near neutral 0.6N NaCl solutions . It is noted that the discontinuities viewed in the
curve for the low TiB, material, alloy #32, correspond to the commencement of
cathodic reactions as reported by Pourbaix (34). At, The discontinuity at

approximately -700 mVcorresponds to the reaction 2H* +2e- = HyT and the

discontinuity at approximately - 1300 mV, corresponds to the reaction H2O +e” 7

OH- + 1/2 Hot. Somewhat less distinct are the matchings of the cathodic reactions

with discontinuities occurring in the cathodic polarization of alloy #33. Itis
suspected that increased chemical involvement of TiB; particulate at the higher TiB7
particulate level causes the blurred matchings observed for this material.

In previous observations of cathodically charged titanium alloys in near
neutral salt solutions it appeared that hydrogen was not readily absorbed by the
titanium alloys even though the application of impressed current forced the potential
well below the hydrogen evolution line (33). Hydrogen absorption, however,
was found to occur naturally when the open circuit potential (Ecorr) of the metal or
alloy resides in the region below the hydrogen evolution line as seen in Fig.4b.

This condition is encountered at very high and very low pH values. For the high
TiB, content material, alloy #33, the fact that the Ecorr value of -330 mV appears

much closer to the 2H* + 2e- = Hy* evolution line than the Ecorr value of alloy

#32 suggests that under cathodic charging there is a greater possibility of
significant hydrogen uptake in this material than in the low TiB; content alloy #32.
_ In these TiB7 containing Ti-48%Al alloys the effect of hydrogen appears to
involve a complex interplay between the amount and accumulation of hydrogen at
an interface and the size and distribution of the microstructural features. This effect
is viewed as being composed of two factors:

1. Chemical

2. Microstructural.
The first factor is denoted by the decrease in Ecorr with increase in Vol% TiB, and
the increase in cathodic Tafel slope with a decrease in Vol% TiBy Generally, the
greater the magnitude of the cathodic Tafel slope the more difficult the reduction of
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hydrogen. The second factor is denoted by the decrease in permeation current
density (Table 2.) with increase in Vol% TiB,. The latter observation suggests thy -
hydrogen trapping may occur particularly in the alloy containing the higher TiB,
content.

C. Hydride Formation

Microhardness values across a Ti-48%Al+10 Vol%TiB; specimen after 77
hrs of H-permeation at -1400mv in 0.6N NaCl solutions showed significant
increases at the specimen center (Fig.5). Xray diffraction analysis of this high
hardness region indicated the presence of titanium hydride (Fig.6). Similar
increases were not detected in the Ti-48%Al+5 Vol%TiB, alloy (Fig.7). This
observation indicates that hydride formation is possible in this material and sugges;
that the presence and amount of hydride may depend on the concentration of TiB,,

Hydride formation in Ti-48%Al+10 Vol%TiB; in 0.6N NaCl at -1400mV js
noteworthy because these and similar alloys are being considered for such diverse
applications as aerospace and automobile systems. The formation of TiHy by
cathodic polarization would limit their use as a structural materials. In view of the
aforementioned cbservatic.is, extreme care should be taken to guard against
situations that subject these alloys to high cathodic currents for long periods of
time.

The original purpose for the addition of TiB; to the TiAl base composition
was to improve creep and "ductilize" the material. As the data show no significan
benefits in ductility or fracture properties were obtained. The fracture mode
remains transgranular cleavage for both the 5 and 10 Vol%TiB, material. Thus the
addition of TiB; does not appear to preclude the occurrence of transgranular
cleavage. The room temperature deformation behavior of the gamma titanium
aluminides has been studied at this laboratory and others (25,35,36). These studies
show that no well defined dislocation substructure is found in these materials,
therefore, no persistent or recurrent slip band formation is expected. Thus, the
classical model of crack initiation at recurrent/persistent slip bands and subsequen
Stage I and Stage II crack growth does not hold true in these mat. 1als. It seems
reasonable that microplastic deformation at stress levels close to the fracture stress
and t... absence of extensive activity of [011] and [101] easy-glide disiocations
could easily lead to local stress concentrations. Such local stress concentrations
could then initiate transgranular crack nucleation and propagation giving rise to the
transgranular cleavage fracture seen in these materials. Additionally, in the case of
the 10 Vol%TiB; material prolonged exposure to cathodic potentials could lead te
the formation of hydrides which would further degrade material performance.

CONCLUSIONS
1. Increasing the Vol% of TiB; from S to 10 % does not preclude the low

temperature cleavage-like failure experienced by titanium aluminide alloy
Ti-48%Al in air and aqueous salt solution.
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TABLE 1. .

Element (wt. %)

Alloy Ti Al TiB2 (Vol%)

#82 66 34 5

#83 66 34 10
TABLE 2.

Matl  Envir. U.T Strength  %E!  Ecorr Diffucivity H-Pern  Fracture

(MPa) (mV) (cm?/sec) (nA/cm?2)  (Mode)
#82  Air 5443 .14 - - . clv
#82  -1400mV 4572 .06 - 8.1x10-12 39 clv
#82  0.6N NaCl - - +355 . - clv
#83  Air 5545, .12 - . - civ
#83  -1400mV 4436 .06 - 8.0x10-12 35 clv
#83  0.6N NaCl - - -330 - - clv

where:
#82 - Ti-48%Al+5 Vol% TiB?
#83 - Ti-48%Al+10 Vol% TiB2
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Fig. 3. The microstructure of as-cast Ti-48%Al+10voi%TiBa.
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Fig. 6. X-ray diffraction pattern of Ti-48%Al+10 Vol% TiB,

after H-permeation in 0.6N NaCl for 720 hrs.
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