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Phase relation in titanium-aluminide

alloy —an X-ray study

J. HADDAD, L. ZEVIN, D. ELIEZER

Department of Materials Engineering, Ben Gurion University, Israel.

Resuits of X-ray diffraction studies on titanium aluminides stabilized by niobium, vanadium and
molybdenum are reported to establish a phase relation in the Ti-25A-10Nb-3V-1Mo at%
(Ti-25-10-3-1) alloy. It is shown that the composition of the phases probably deviated slightly
from ideal stoichiometry Tiz Al for o, and Ti, AIND for B-type; its partial ordering in of the B-phase
type and the phase relation is 64% B-type and 36% o, phase.

1. Introduction

Titanium aluminide intermetallics are being con-
sidered for use at high temperature because of their
attractive high-temperature properties, and their im-
provements in ductility and fracture toughness
achieved in recent years [1, 2]. The ordering of the
B-phase to a B2 structure has been observed in several
alloys: Ti-Al-Mo [3, 4], Ti-Al-V [5], and Ti-A}-Ta
[5] systems.

This ordered structure appears to form around the
composition Ti, AlX [4, 5] where X is a P-stabilizing
addition. In this study, X-ray diffraction was used to
establish the phase relation in Ti-25A1-10Nb-3V-1Mo
at % (Ti-25-10-3-1) alloy.

2. Experimental procedure

The studies were carried out on samples of Ti-
25A1-10Nb-3V-1Mo at % alloy (Ti-25-10-3-1). The
material was forged at 1900 °F ( ~ 1038°C) and heat
treated before and after being forged at 1985°F
(~1085°C) for | h, and quenched in oil. The com-
position analysis of the alloy is indicated in Table L.

X-ray diffraction measurements were used to deter-
mine the amounts of a- and B-phases in this alloy and
lattice parameters.

A conventional computerized Philips diffracto-
meter with a copper anode tube and scintillation de-
tector was used for diffraction study. The data were
accumulated by step-scanning with 0.02°/steps and 4 s
collecting time per step.

Calculation of the powder patterns for o,- and B-
phases was carried out using a Powder 12 computer
program [6].

Samples for X-ray diffraction were cut by an electric
spark erosion machine. The upper layer of the samples
was removed by etching in HF solution.

3. Results
Two major phases were detected by X-ray diffraction:
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oz- and B-Ti type. Experimental and calculated dif-
fraction data for o,- and B-phases are indicated in
Tables II and III.

Lattice parameters of o, and B are shown in Tables
IV and V.

a,- and B-phases are ordered as follows from the
appearance of super-lattice lines, 1 00 for B-phase and
101 for the a,-phase. A comparison of the observed
and calculated intensities showed a significant degree
of preferred orientation in both phases. In the B-phase,
the crystallographic plane 100 is oriented, preferen-
tially parallel to the sample plane, and in the x,-phase,
the 001 plane has preferred orientation.

3.1. Quantitative analysis

The ratio of integrated intensity of two diffraction
peaks, reflected by two phases (B and o, in our case) is
given by Equation 1 [11]

Unehs Ky Cy

= 1
(Ihke):xz Ka Cdz ( )

where Cy and C, are the weight fractions of § and
o, phases, K; and K, are calibration constants. The
calibration constants are independent of composition
and are defined by crystal symmetry, crystal structure
and scattering angle. If the ratio K4/K, is known,
Equation 1, together with the evident mass balance
equation

CB + Cg(z =1 (2)

can be solved for Cy and C,,. The constants K; and
K,, may be calculated from the known formula of
structure crystallography, provided that positional
and occupational parameters of the atoms in the unit
cell are known.

It follows from Equation 1 that the ratio of con-
stants K;/K,, = Ry,, 1s equal to the ratio of corres-
ponding intensities for 1:1 composition of these two
phases. Moreover, if any phase, W, is chosen-as a refer-
ence and the values Ryw and R,,w are known then the
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TABLE T Chemical composition of Ti-25-10-3-1 alloy (wt %)

Ti Al Nb \% Mo o N Fe

bal. 139 19.10 3.1 1.79 0.066 0005 0.060

TABLE I Observed and calculated diffraction data for o,

hkl d I/1, observed I/l calculated
(nm) (%) (%)

101 0.3410 7.8 54

200 0.2502 20.5 247

002 0.2328 435 26.2

201 0.2204 100 100

202 0.1704 183 135

220 0.1444 24 141

TABLE III Observed and calculated diffraction data for B-type
phase

hkl d I/1y observed  1/I calculated
(nm) (%) (%}

100 0.3231 0.39 2.1

110 0.2287 100 foo

200 0.1616 47.0 15.2

211 0.1319 34.0 272

220 0.1143 1.8 7.8

310 0.1023 14.0 11.2

321 0.0864 11.8 19.9

TABLE IV Comparison of lattice parameters of o, (in Ti-
25-10-3-1) alloy from diffraction measurements

This study  Ming Gao Ence and Blackburn
7 Margolin [9]
[8]
a 0.578 0.578 0.576 0.5765
(nm)
¢ 0.466 0.462 0465 0.4625
(nm)

TABLE V Lattice parameters of B-phase, Nb and pure B-Ti

This study (B-type) Nb Pure B-Ti*

a 0.323 0.330

(nm)

0.327

? Reduced to ambient temperature from the parameter observed at
1084 °C [10].

required coefficient, R;_ 1s
Ry, = Ryw/Row 3)

It is acceptable to choose corrundum as a reference
phase W [12], and we used the calculated corundum
ratios in our analysis. Corundum ratio was calculated
together with relative intensities by the Powder 12

374

program [6], and was found equal to 10.32 for B and
5.29 for o,.

As was noted in the previous section, [ and
%, phases exhibit preferred orientation. Thus straight
application of Equation 1 to any pair of diffraction
peaks might lead to erroneous results. So in order to
overcome this drawback we followed the multi-peaks
approach proposed by Dickson [13] for analysis of
two-phase steel.

The ratio of the phase abundancies is expressed as

Co  Ruc/[10n f1m
SIS A N ) N S ) R
Cotz Rﬁc <nﬁ %: B/ B/ Ny, %: 2/ Z) ( )

where R,,c and Ry are calculated corundum ratios.
I;, 1, are observed integrated intensities of diffraction
peaks of B and a, phases. I, I, are relative calculated
intensities of corresponding diffraction peaks (Tables
I and IV). n,, and n; are the number of observed
peaks of o, and B phases. All peaks of a,-phase and all
peaks without 220 of B-phase were included in the
calculation. Reflection 220 was not included because
the information associated with this peak is the same
as with the first-order reflection 110. The results of
calculation by Equation 4 give C, = 36% and
Cy = 64%.

4. Discussion

X-ray diffraction showed that the a,-phase has DO, o-
type crystal structure with perfect ordering. The lattice
parameters were determined to be g = 0.578 nm and
¢ = 0.466 nm, which correspond well with those re-
ported in the literature (see Table IV). So the composi-
tion of a,-phase in Ti-25-10-3-1 may be regarded as
Ti;3 Al. The observed intensity of super-lattice line 10 1
in the a,-phase (Table II) is close to the calculated
intensity. The slight difference is explained by the
preferred orientation that is found in this phase.

We compare the lattice parameter of B-type
(Ti, AINb) with a lattice parameter of pure B-Ti that
has the same B2 structure. The latter was reduced
from the data available at 1084 °C by applying linear
contraction to room temperature { 10] (see Table V).
The lattice parameter of the B-type phase is slightly
lower (1.3%) than for the reduced parameter of §-Ti.
We can explain this difference by partial substitution
of titanium by aluminium which has a smaller atomic
radius (0.143 nm for aluminium and 0.147 nm for
titanium).

The intensity of the observed superlattice line 100
in the B-type phase is lower than the calculated data.
We can suggest two reasons for this observation: in-
complete ordering or variation in composition of B-
type phase.

The intensity of the superlattice lines depends on
the ratio of aluminium to niobium in the composition
Ti,Al; - Nb,. The ratio of intensity 100 to regular
200 is shown in Fig. 1.

The observed intensity ratio I,4/1500 In our study
is equal to 0.008 (see Table II1). From Fig. 1 we can see
that this ratio corresponds to the composition
Ti, Alg 7Nbg 3(x = 0.3). However, elementary chem-
ical calculations show that il the composition of B-
type phase is Tiy Aly ; Nbg 3, aluminium consumption
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Figure I The calculated intensity of I, 4 4/1, 5 o for complete order.

in the B-type phase is 32 at%, and in our alloy
(Ti-25A1-10 Nb-3V-1Mo) we have only 25 at % Al,
s0 we can say that incomplete order is the main reason
for the difference between the calculated and observed
data of the superlattice line peak.

If we assume the ideal composition Ti; Al for the
oz-phase and Ti, AINb for the B-type phase, and
suppose that molybdenum and vanadium are equival-
ent to niobium, then chemical calculations show that
the phase relation must be 56% for B and 44% for a,.
These data are not in complete agreement with X-ray
analysis (64% P, and 36% o). This deviation is
derived from the approximation of chemical composi-
tion of P-type phase. Probably the slight deviation
from the ideal composition must be similar to
Ti, . ,AIND, as obtained by Banerjee et al. [14].

5. Conclusions

1. The Ti-25-10-3-1 alloy is composed of two
phases: B-phase with B2 structure, and o, phase with
DO, ,-type crystal structure.

2. The phase relation is 64% B-type and 36% o;-
phase.

3. The composition of the phases probably deviates
slightly from ideal stoichiometry TizAl for o, and
Ti, Al Nb for B-type.

4. Ordering is almost perfect in the o,-phase, but
only practical in the B-phase.
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