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Hydrogen effects in gamma titanium aluminides

J. HADDAD, D. ELIEZER

Department of Materials Engineering, Ben-Gurion University, Beer-Sheva, Israel

The results of X-ray diffraction studies on Ti-48Al-1V at %(Ti-48-1) are reported. The
objective of this study is to investigate the effects of hydrogen on phase changes and
hydride formation in these alloys. Hydrogen-induced cracking was found to occur as a result
of hydrogen charging. The cracking appears after the hydride phase formation and is
observed to be dispersed throughout the material. The hexagonal hydride formed is unlike
any previously reported titanium hydride. The hydride exhibits an 8% volume contraction
compared to TizAl which is made up of a 10% contraction in the a-direction, and a 12.5%

expansion in the c-direction.

1. Introduction

Alloys based on TiAl are of considerable interest be-
cause of their relatively low density and good elevated
temperature strength, although they typically exhibit
very low ductility at room temperature (generally
< 1% elongation). An understanding of ductility
and fracture behaviour is still emerging [1-4], as is
a knowledge of environmental effects such as hydro-
gen embrittlement [5-7]. The objective of this study is
to investigate the effects of hydrogen on phase changes
and hydride formation in the Ti—48A1-1V at % alloys
(Ti-48-1).

2. Experimental procedure

The hydrogen charging and X-ray diffraction studies
were carried out on samples of Ti—48-1 cut from
a plate using an electric spark erosion machine. The
X-ray and metallography specimens were cathodically
hydrogen charged at room temperature for various
durations with an 100 mA cm ™~ current density in an
H,SO, solution with 50 mg of NaAsO, per litre
added as a hydrogen recombination poison. The
charged specimens were sealed in evacuated tubes
and heat treated at different temperatures for one
hour. Other specimens were also sealed in evacuated
tubes and heat treated at 100 °C for different lengths of
time.

The X-ray diffraction measurements were used to
determine the phases present and their lattice para-
meters before and after charging. A computerized
Philips X-ray diffractometer with a Cu-anode and
a scintillation detector was used in the diffraction
studies.

3. Results and discussion

In the as-received (AR) material, a two-phase structure
was observed consisting of TiAl (y) and TizAl (o)
(Fig. 1). This structure was made up of alternate layers
of lamellar y and a, plates.
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After hydrogen charging, grain boundary and inter-
granular cracks were present (Fig. 2). An X-ray diffrac-
tion pattern from an uncharged specimen is shown in
Fig. 3. In this case, two different phases were observed:
v (TiAl) with an f.c.t. structure, and approximately
6-8% o, (Ti3Al) phase with an h.c.p. structure. The
lattice parameters of the y phase are a = 0.400 nm,
¢ =0.406 nm, and of the o, are a = 0.578 nm and
¢ =0464 nm. An X-ray pattern from the Ti—48-1
alloy taken after various durations of hydrogen charg-
ing is shown in Fig. 4. The y peaks shift slightly toward
smaller diffraction angle values compared to the un-
charged material. After some hours of charging, the
peaks for the o, phase exhibit broadening and a new
phase begins to appear throughout the material. After
3 h of charging, all the peaks of the o, phase disappear
and the y peak intensities begin to change.

The bulk hydrogen contents before and after charg-
ing, as measured by a Leco-RII402 instrument, are
given in Table I. The new phase was determined to be
a hydride. X-ray diffraction was used to determine the
structural and lattice parameters of this phase. The
X-ray diffraction data shows that the structure of the

Figure 1 Metallographic micrograph of the as-received Ti—48A1-1V
(at %) alloy.
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Figure 2 Scanning electron micrograph of the Ti-48A1-1V (at %)
alloy after hydrogen charging for 88 h. Cracks around boundaries
and intergranular cracks induced by hydrogen can be noted.
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Figure 3 X-ray diffraction pattern of as-received Ti—48A1-1V (at %)
alloy.

new phase is hexagonal with a ¢/a ratio~ 1. The lattice
parameters and specific volume are different from
either y or a, (see Table II). The volume of the new
phase exhibits an 8% contraction compared to o, (see
Table II). This arises from a 10% contraction of the
a-parameter with respect to a,, and a 12.5% expan-
sion of the c-parameter compared to o,.

Fig. 5 shows the X-ray diffraction patterns from the
Ti—48-1 alloy taken after 24 h of charging and after
various ageing times at room temperature. During
ageing following cathodic charging, some of the
o, peak broadening disappears and the peaks of y shift
toward higher diffraction angles, the new peaks be-
come sharper and more intense. This shifting of the
v peaks indicates an increase in the lattice parameters
during charging (Table II). However, the decrease in
the lattice parameters on ageing is probably due to
loss of hydrogen from the specimens. Fig. 6 shows the
X-ray diffraction patterns from the alloys taken after
36 h of charging at room temperature and after ageing
at various temperatures for 1 h. During temperature
ageing, the hydride concentration decreases, and
finally disappears after 1 h of ageing at 300 °C. All the
peaks in the patterns in Fig. 6 (a—f) were identified as
belonging to only the y and o, phases. To confirm that
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Figure 4 X-ray diffraction patterns of Ti-48A1-1V (at %) alloy after
charging for various lengths of time (new peaks that appear
throughout the pattern are marked as %) The lengths of time
investigated were (a) as received, (b) 1h, (c) 2h, (d) 3h, (¢) Sh,
(f) 8h,(g) 12h and (h) 18 h.

TABLE I Hydrogen content in Ti-48-1 before and after charging
and during ageing

Ageing Time (h) -» 0 1 3 12 24 120 240
Charging Time (h) |

0 53+ 10 - - - - - =
12 111+ 13 82 75 75 £ 11

18 120 + 25 97 85 80 + 13
36 130 £+ 30 97 86 78 +15
88 139 £ 32 107 88 84 + 18

the AR samples have no hydrogen before charging,
this material was sealed in a vacuum and then an-
nealed at 700 °C for 4 h (Fig. 6a). We can see that an
o, (200) peak appears in Fig. 6a that is not present in
Fig. 3. This is proof that a little hydrogen is absorbed
during the production process.

Fig. 7 shows the X-ray diffraction patterns from the
samples taken after 36 h of charging at room temper-
ature and after various ageing periods at 100 °C. It is
easy to see that during ageing at 100 °C the amount of



TABLE I1 Comparison of the lattice parameters of the phases in Ti-48-1 before and after charging

Before charging

After charging and 10 days ageing

h.c.p.-TizAl(a) f.c.t.-TiAl(y) TiA(y) Hexagonal phase hydride
This study Gao et al. [15]
a (nm) 0.578 0.578 0.400 0.401 0.522
¢ (nm) 0.464 0.467 0.406 0.407 0.525
V (nm?) 0.134 0.135 0.065 0.065 0.124
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Figure 5 X-ray diffraction patterns of the Ti-48Al-1V (at %) alloy
hydrogen charged for 24 h and aged at room temperature for the
lengths of time of (a) 0 h,(b) 1.5h,(c) 4h,(d) 8 h,(e) 24 h,(f) 48 h,
(g) Sdays,(h) 10days for comparison (i) is the as received material.

the hydride decreases and that it decomposes at
100 °C after 4 h ageing (Fig. 7). From Figs 6 and 7, we
can see that, as the hydrogen diffuses out of the
specimen during heating and over time, the diffraction
peaks of the hydride are shifted toward higher
diffraction angles as is shown in Fig. 6(b—d) and also
Fig. 7(a—c), whilst the diffraction peaks of the a,
phase begin to reappear throughout the pattern. It is

Figure 6 X-ray diffraction patterns of the Ti-48Al-1V (at %) alloy.
(a) As-received after heat treatment at 700 °C for 4 h. (b) Sample
A after charging for 36 h at room temperature. (c) Sample B after
ageing at 100 °C for 1 h. (d) Sample B after ageing at 200 °C for 1 h.
(e) Sample B after ageing at 300 °C for 1 h. (f) Sample B after ageing
at 600 °C for 1 h.

probable that the o, phase converts into the hydride
during hydrogen charging and is re-formed when the
hydrogen diffuses out during heating.

Three types of titanium hydrides have been re-
ported in literature: §, €, and y. The ¢ hydride forms in
the composition range from TiH; 5 to TiH; ¢ and has
a CaF, structure, with metal atoms on an f.c.c. lattice
and hydrogen atoms randomly occupying tetrahedral

2231



)
=
c
>
S
<
=
b=
[
c
[0}
e
= |© * * | *

70 65 60 55 50 45 40 35 30
Diffraction angle, 20 (deg)

Figure 7 X-ray diffraction patterns of the Ti-48Al-1V (at %) alloy:
(a) As-received after heat treatment at 700 °C for 4 h and charging for
36 h at room temperature. (b) Sample A after ageing at 100 °C for
1 h. (c) Sample A after ageing at 100 °C for 2 h. (d) Sample A after
ageing at 100 °C for 3 h. (e) Sample A after ageing at 100 °C for 4 h.

interstitial sites [8—11]. At higher hydrogen concen-
trations, TiH,, the f.c.s. (¢/a < 1) ¢ hydride phase is
formed below 310 °K (583°C) [9-12]. The c/a ratio
decreases with decreasing temperatures until it
reaches and maintains a minimum value of 0.943 be-
low 80 °K (353 °C) [12]. The f.c.c. to tetragonal, 6 — €
transformation is apparently diffusionless [9]. The
metastable f.c.t. y hydride forms from a solid solution
of hydrogen with an h.c.p. o matrix and a ¢/a value of
1.09 [13,14] or 1.12 [16].

Legzdina et al. [17] have identified an f.c.c. TiH,
phase formed in single vy or y + a, TiAl alloys after
exposure to a 13.8 mPa hydrogen atmosphere at
650 °C for 100 h. In addition Jia Gao et al. [18] have
identified a tetragonal hydride formed during cathodic
charging at room temperature.

In the present work the hydride phase has a hexa-
gonal structure (Table II), and is quite unlike any of
the reported titanium hydrides; it may well be that it is
a (Ti—Al) x H phase. The new peaks exhibit a non-
symmetric profile, indicating a non-uniform hydrogen
content that probably causes a non-uniform expan-
sion of the material.
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4. Conclusions

(i) Hydrogen induced cracking occurs as a result of
hydrogen charging. The cracking appears after the
hydride phase is observed to be dispersed throughout
the material.

(i) The X-ray peaks of the o, phase exhibit some
broadening after hydrogen charging. The y matrix
shows a small lattice expansion after hydrogen charg-
ing, which decreases somewhat on subsequent ageing.

(i) The hexagonal hydride formed is unlike any
previously reported titanium hydride. The hydride
exhibits an 8% volume contraction compared to o5,
made up of a 10% contraction in the a-direction, and
a 12.5% expansion in the c-direction.

(iv) The hydride is stable at room temperature for
long time periods (Fig. 5).

(v) There is little evidence of hydrides after ageing
at 200 °C for 1 h, but the hydride decomposes at tem-
peratures greater than 200 °C (Fig. 6).

(vi) The hydride decomposes at 100 °C after a period
of 4 h or more (Fig. 7).
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