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ABSTPACT

Th' mechanical properties of Ti-7 Mo-7 Al and Ti-7 Mo-16 Al (ir atomic per
ceont) were correlated to the microstructure. The mechanical rroperties of the
alloy with low aluminum content, con'isting of a + P phases, were dependent on
the size of the a particles. Small a ,articles fiuictioned as typical hard agents
in a d:.persion-hardened system and the volume fraction of the particles con-
t-rolled the ductility. Large a particles behaved like soft incoherent particles,
the volume fraction having little effect on thc inherent ductility of the alloy.
This different behavior could be attributed to the dependence of strain-hardering
behavior of a particles on particle size.

The two-phase (P + Ti Al) microstructure of the alloy with high aluminum con-
tent resulting from high-tamperature aging at 900 °C exhibited a yield stress of
130 ksi and an elcngation to fracture of e%. The ductility of these microstrac-
tures was controlled by the volume fraction of the Ti Al particles inducirg homo-
goeneous slip. The fa,'rrable ductility properties of &he microstructures with low
Ti Al volume fraction were lost if the slip mode was changed from homogeneous

s]p to planar slip.
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I. INTIODUCTIN

The meiLtability which occurs upon querching of f-stabilizej titanium al-
loys constitutes the basis of a series of precipitation-hardened commercial alloys.
In restricted romposition ranges (Ref. 1), however, the strength properties of
these alloys are greatly impeded b the occurrence of the c phase. This brittle
phase is particularly deleterious to mechanical properties when alloys of higher
solute content are tempered after quencbil:g. (Ref. 2). Williams, Hickman and
Marcus (Ref. 3) have showr that volJume fractions of the w phase higher than 0.6
result in cormlete embrittlement of f-phase titanium alloys. Even when the W
phase is a_ at, aged a-f titanium alloys, viz.. Ti-6 Al-4 V, exhibit weaknesses,
particularly in the elevated temperature range. which are associated with the
softness of large a grains relative to the agee a + P matrix, and which frequently
lead to void formation at the grain boundarlev ou_ the a-? interfaces (Ref. h).

Recent studies of phase equilibria of the tir•niLrt-rich corner of the Ti-Mo-Al
system by Hamajinia, titjaring and Wtissmann 5 5) have disclosed that with
increasing aluminum con crntration Zco v phase can be entirely suppressed in ter-

nary Ti-Mo-Al alloys and that the phase equilibria, as shomn in Fig. 1, are
greatly dependent on the presence of the Ti.Al phase. In particular at ele-
vated temperatures (850 °C-950 00) the ".-ium-rich alloys exhibit a phase
field in which the R phase was shown to be in equilibrium only with the Ti Al
phase. In view of these develcpments it appeared to be desirable to investigate
the mechanical properties of the various microstructures in the Ti-rich corner
of tho ternary Ti-Mo-Al system. This paper aims to give an account of such a
study,

II. EXPERIE VIAL P.RDCEDURB

Sheet samples with neminal compositions (in atoaic per cent) of Ti-7 Mo,
Ti-7 Mo A!, and Ti-7 Mo-16 A! were obtained from the Titanium Metals Corpora-
ticn 8f America. The initial and final rolling temperatures were 2000 0F and
1750 F for thp alloy containing 16% Al and 1850 OF and lhSO 0 F for the al~oy
with 7% Al. The detaj.'s of temperatures and times for the various heat treat-
ment•w ere given in the results. All specimens were sealed in evacuated quartz
tubeb and after various heat treatments were quenched to room beznperature by
cracking ths quartz tubes in water.

20
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Table 1

DEPENPVCE OF MECHANICAL PROPERTIES ON PARTICLE PARAMETERS OF
n PRECIPTATES IN Ti-7% Mo-7% Al

Mechanical Properties
a-Particle Paramneters YilYield

fill ~Inter- Srs
particle Volume S s ongation to

Size Distance* Fraction (' 0 . 2 ) Fracture (e)
Heat Treatment M(i) (%) (ksi) (%)

2 h I00 0 °C/20°C .. .... 70 7.5

0.5 h 8OO°C/2O°C O. si2.3 10 90 4

50 h 800OC/200C 1 ZI 35 100 1

i124 h 8300C 30 86 15
.100 h 800 0o/20°C

1 1124 h 8300C-. 3 w1.5 45 100 16

q4Measured linear surface-to-surface inte:particle distance.

i The tensile tests were papformej at room temperature on an !nstron tester

using a strain rate of 4 x 1O0" sec" . The tensile specimens had the dimensions
O.O4" x 0.25", and a gage length of 0.81". The specimens for transmission elec-
tron microscopy were prepared by, electrolytic thinning, following the procedure

by Blackburn and Williams (Ref. 6). The operating voltage of the electron micro-
scope was 200 kv. The fracture surface of the specimens was inmstigated by
scanning electron microscopy.

III. RESULTS

A. Mechanical Poperties and Ficrost~ructure of Ti-7 Mo-7 Al

Speciltens quenched from 1000 0 C to room temperature, thus having a single

?-phase structure (Ref. 5), exhibited a yield stress (n,_2 ) of 70 ksi and an
elongation to fracture of about 7.5% (see Table 1). Ag? 'these quenched speci-
inens at low temperatures in the range of 350 OC-450 0C precipitated the om phase
from the P matrix (Ref. 5). As expected, this treatment rendered extreme brit-
t3eness tto the alloy, ths plastic elongation to fracture being zero. Aging
above 450 C produced two-phase (ci + p) microstructures (Ref. 5). The mechan-
ical properties, elongation to fracture & and t, yield stress, as a function
of isthermal annealing at 800 (C., are shown in 1g. 2. It will be noted that)
while the yield stress increased slightly with aging time, the ductility de-
creased to zero, as shown by the decline of the e curve. This decline of e is
a characteristic feature of dispersion-hardened alloys and is encountered when
the volume fraction of the dispersed phaae, irncoherent with the matrix, is in-
creased and the interparticle distance decreased& Figure 3 demonstrates this
dependence of the elongation to fracture on the volume fraction f of the a par-
ticles precipitnted in the ' matrix au 800 0 C. The -'lum.ie fractions as well as

Z- V-. ý_41i 6 ---- ---
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EL) P[ Figure 2. Dependence of Elon-

0 -,gation to Fracture and Yield

O0.5 1 5 10 50 to0 Stress on Aging Time at 800 C

AGING TIME (HRS) in Ti-7 Mo-7 Al.

particle sizes and interparticle distances were determined by light microscopy.
These particle parameters are listed in Table I for two characteristic examples
of aging times, namely, 0.5 hours and 50 hours at 800 0C. It can be seen from
Table I that the a-particle size was ouite small (0.4 L to I i) and that the
interparticle distance decreased with increasing aging time.

It is interesting to compare by scanning electron microscopy the nature of
the fracture surface of the macroscopically ductile a + r specimens which, when
annealed at 800 0C for only half an hour, contained a low volume fraction of a
particles with the fracture surface of the macroscopically more brittle speci-
mens, aged at the same temperature for 50 hours (volume fraction 35%; see
Table 1). Comparison of Figs. 4a and 4b will show that there is no essential dif-
ference in the fracture mode between the ductile and the brittle specimens. Both
exhibited ths characteristic dimple type of fracture. The differ,.-rce between
ductiity &nd brittleness, therefore, does not appear to lie in a difference of
fracture miode but, in analogy to other dispersion-hardened systems, viz.,
li-A120• (Ref. 7), appears to be related to the 6ifference in slip mode. In
disperslon-hardened systems, the ductile alloys display a homogeneous distribu-
tion of slip, while brittle alloys are characterized by an inhomogeneous slip

020

6

4

2

- - Figare 3. Dependence of Elongation to
o 20 40 Fracture on Volume Fraction of a Par-

VOL-% OF a-PHASE ticles in Ti-7 Mo-7 Al.
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a) b

Figure 4. Fracture Surfaces of r + I Specimens off Ti-7 No-7 Al Disclosed
by Scanning Electron Microscopy. 1OOOx. a) 0.5 h 800 0 C. b) 50 h 800 C.

distribution. Corroborai w evidence that the slip mode has been changed in
the c + 0 alloy by the increase of volume fraction of the precipitated a par-
ticles is showm in the electron micrographs (Figs. 5a and 5b) of the fractured
specimens. The specimens with a low f value exhibited a microstructure with
homogeneous distribution of dislocations (Fig. 5a), while the specimens with a
large f value exhibited an inhomogeneous distribution (Fig. 5b).

fix.

a) b)

Figure 5. Ti-7 No-7 Al. 7ransmission Electron Micrographs Showing the Depend-
ence of Slip Fode on Volume Fraction of a Particles, a) 0.5 h 800 OC. Homo-
geneous Distribution of Dislocations. 25,OOx. b) 50 h 800 0C. Inhomogeneous
Slip between a Parti-Jes. 147,(CCx.

4



a) b) c)

Figure 6. Effect of Aging on Size and Distribution of a Particles in
Ti-7 Yo-7 Al. Light Micrographs. l00x. a) 50 h 800 °C. b) 24 h
830 °C - 100 h 800 'C. c) 24 h 830 C -, 1OO h 750 0C.

It was found that with long aging times at 800 0C the ductility tended to
increase again, while the volume fraction remained cornstant. It was observed
that this ductility increase was associated with coarsening of the a precipi-
tates. To test this observation a different aging treatment was used in order
to enhance the coarsening process at constant volume fraction. The specimens
w.re aged at the higher temperature of 830 0C for 24 hours to decrease the num-
ber of nucleation sites of a particles and subsecuently the aging temperature
was lowered to the previous temperature of 800 0C. The specimens were held at
800 C for 100 hours to insure precipitation of the constant volume fraction.
It will be seen from Table 1 that by means of this aging treatment, denoted as
aging treatment I, both the average size and interparticle distance of v par-
ticles were increased from 1 to about 4 & as compared to the specimens aged di-
rectly at 800 0 C for 50 huurs, while the volume fraction remained approximately
constant. The results of the tensile tests are also shown in Table 1. These
results show that the elongation to fracture increased to the high value of 15%.

The observed increase in ductility at once raised the question whether it
was caused by the increase of interparticle distance or by the increase in par-
ticle size, both resulting from the coarsening process. To decide between these
two possibilities a different sequence of aging treatment was applied. The spec-
imens were again aged at P30 °C for 24 hours but subsequently cooled to the lower
aging temperature of 750 C and held for 100 hours (aging treatment IT). The
latter step was introduced to increase the volume fraction and, therefore, to
decrease the interparticle distance between the r precipitates while maintaining
a large particle size. The representative micrographs of Figs. 6a, 6b and 6 c may
serve to visualize the relationship of particle size, interparticle distance and
volume fraction resulting from the various aging treatments list in Table l.
Examination of Table 1 shows that while the volume fraction increased from 30%
to 45% and the interparticle distance decreased as a result of aging treatment II,

F 5
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a) b) c)

Figure 7. Ti-7 Mo-7 Al. Transmission Electron Ficrographs Showing Dislocation
Densities in c Particles. a) Undeformtad. 40,OOOx. b) Deformed; r Particle
Size -- 3 ti. 30,000x. c) Deformed; c Particle Size ý, 0.4 L. 77,000x.

the elongation to fracture remained virtually invariant. It is Quite evident,
therefore, that the observed in.•crese- of auctility in the c + f alloy was due
to the size increase of the a particles and not the increase of interparticle
distance.

It appears that upon deformation the a particles functioned as hard par-
ticles if their size was I ýi or smaller and that they behaved like soft par-
ticles if their size was 3 IL. To elucidate the point why the a particles, de-
pending on their size, acted as hard or soft particles in the moment the yield
stress of the P matrix was reached, the dislocation density within the a parti-
cles was investigated by transmission electron microscopy. The undeformed a
particles showed, independent of their size, only a few dislocations, as shown
in Fig. 8a. A drastic difference in dislocation density between small and large
a particles was found in slightly deformed specimens (Figs. 7b and 7c). Whereas
the dislocation density within the n particles remained relatively low for a
specimen having an average a particle size of 3 u (Fig. 7b), a tremendously high
density of dislocations was found within the a particles in specimens having a
small particle size of about 0.4 ,. (Fig. 7c).

B. Mechanical Properties and Microstructure of Ti-7 Mo-16 Al

It has been shown that quenching of this alloy from the O-phase field pro-
duced fine P2 particles. These are coherent with the f matrix and have a CsCl
type of structure (Ref. 5). It has already been demonstrated by BOhm and Lbhberg
(Ref. 8) many years ago that the presence of this phase resulted in extreme brit-
tleness of Ti-Mo-Al alloys. This brittle behavior was also confirmed in this
study, as can be seen from Fig. 8, where the mechanical properties are plotted
as a function of annealing temperatures. Specimens annealed at temperatures
above 950 C (P-phase field) exhibited zero plastic elongation.

6
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Figure 8. Dependence of Elon-
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Since specimens aged below 550 0 C contained, besides a particles within the
0 matrix, also the P2 phase (Fig. 1), they all displayed extremie brittleness.
Although aging above 550 OC resulted in the elimination of the f2 phase and the
establishment of a three-phase eouilibrium of f + + Ti Al (Ref. 5), the alloys
up to the aging temperature of about 800 0 C twere still b•tit]e and in this range
of aging temperature the trittleness derived principally frcr, the l arge vollue
fraction of a and Ti 3 Al particles.

A remarkable change in mechanical prýperties to8 k place, however, when the
Ti-7 Mo-16 Al alloy was aged between 850 C and 950 C, as may be seen from Fig. 8.
It has been shown in the study of phase tquiUibria (Ref. 5) that this range of
aging temperature corresponds to the phase field in which only f and Ti Al are
in equilibrium. In this temperature range the per cent elongation incr;ased from
zero (total brittleness) to about 5% at 910 °C, wii , a concomitant increase of
I, to about 130 ksi. Increasing the aging temperature after attainment of
t§e maxima resulted in a decline of both flow stress and per cent elongation,
the latter again reaching zero values above 950 °C.

Since the maxima in mechanical properties attained at the high aging temper-
ature of 900 C may be of considerable interest from a technologi cal viewpoint,
it appeared to be desirable to test the structural stability with respect to sub-
sscugnt low-temperature aging. Consenuently the s~euimens which were aged at
910 C for 2h htsurs were sabseauently aged at 400i C for 100 hours and tested.
The elongation to fracture remained invariant (e a 5%) and the yield strength
was increased to '7 a 160 ksi. The reason for this additional strength in-
crease is attributi 2 to the decomposition of the P phase, while the large Ti3 Al
partic]es remained unchanged.

If one compares the fracture mode of as-quenched specimens containing
and 11 8hases (Fig. 9a) with specimens aged in the temperature range of 850 C
to 950 C, containing f + Ti Al (Fiqi. 9b and 9c), one becomes Lmmediately con-
vinced that the fracture modi has changed from a shear type to a dimple type.
This change in fractur6 mode is consistent with the observed ductility rise

7
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a) b) c)

Figure 9. Fracture Modes Disclosed by Scanning Electron Microscopy in
Ti-7 Mo-16 Al. 300Ox. a) 2 h 1200 °C/20 'C. b) 24 h 910 °C/20 C.
-) 24 h 850 0C/20 0C.

shown in Fig. 8. The change in fracture mode was also manifested by a charac-
teristic change in the distritbution of slip lines when metallographic surface
studies of the fractured specimens were carried out. As shown in Fig. 10a, the
as-quenched specimen exhibited a few high slip steps which were widely separated
from each other. This type of distribution of slip traces is characteristic of
brittle alloys hardened by coherent precipitatgs (Ref. 9). By contrast, the
slip traces of the specimen aged at about 900 C displayed a wavy slip configu-
ration consonant with the observed ductility rise (Fig. lOb).

Detailed studies of the microstructures were performed corresponding to the
range of aging teiperatures (850 0C to 950 0C) over which the rise and decline
of ductility was ob3erved. Figure lla shows the electron micrograph of a speci-

a) b) C-

Figure 10. Ti-7 Mo-16 Al. Light Micrographs Showing Change in Slip
Distribution from Panar to Wavy Slip Induced by Ti 3Al Particles.
250x. a) 2 h 1200 C/20 "c. b) 24 h 910 0C/20 'C.

8
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a) b)

Figure 11. Ti-7 Mo-16 Al. Transmission Electron Micrographs Showine Dependence
of Slip Mode on Volume Fraction of Ti Al Particles. 30,OOOx. a) 24 h 850 0C.
Inhomogeneous Slip between Ti Al Particles. b) 24 h 910 °C. Homogeneous Dis-
tribution of Dislocations. 3

men aged at 850 0C for 24 hours and then fractured. This aging temperature cor-
responds to the region where zero ductility was observed (see Fig. 8). At this
temperature the volume fraction of Ti Al particles was high (approximately 50%)
and the interpirticle spacing was smail, having an average value of about 0.5 ii.
It was observed that "n these aged specimens the slip activity was principally
confined to interparticle regions and, as may be seen from Fig. l1a, the dis-
locations interconnected the Ti 3 Al partiL-les by virtually straight lines.

The electron micrograph of Fig. llb shows the dislocation configuration
of a deformed specimen aged at 910 C for 2), hours, a temperature which cor-
responded to the maximum in ductility (Fig. 8). At this aging temperature the
volume fraction of Ti Al particles had undergone a considerallea decline to
about 15% and was accompanied by a corresponding increase in interparticle
spacing to about 5 i . Concomitant with this increase in interparticle dis-
tance the distribution of dislocati8 ns became sniform tnroughout the matrix.
In comparing specimens aged it 850 C and 900 C with each other, it should be
borne in mind, however, that, although the slip disltribation changed from in-
homogeneous to horogeneous and at the same time the ductility changed from 0%
to 5%, the fracture mode remained the same, as can be seen by comparing Figs.
9b and 9c.

The slip distribution obtained from fractured specimens corresponding to
the higher annealing temperature which induced the decline in ductility is shown
in Fi6. 12. Both the surface slip disclosed by light microscopy and the dis-
tritation of dislocations revealed by electron microscopy gave evidence of a
planar slip mode. To elucidate the contributing factors for this planar ar-
rangement of dislocations a series of selected area diffraction studies was
carried out as a function of distance from the precipitated Ti Al particles.
It was observed ,hat diffraction patterns taken from areas removed from the
Ti Al particles disclosed superlattice reflections pertaining to the 0 struc-
tug, such as that pointed out by the arrow of Fig. 13a. On the other hand,
diffraction patterns taken in close vicinity to Ti Al particles, such as that
shown in Fig. 13b, displayed only P reflections ani none of the reflections
pertaining to the ordered P2 structure was observed.
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a) b)

Figure 12. Slip Mode in Ti-7 Mo?-16 Al Slowly Cooled from 980 ° -C 910 0C/20 °C
to Coarsen the Ti Al Particles. a) Light Micrograph Showing Distribution of
Surface Slip. 12&Ox. b) Transmission Electron Micrograph Showing Planar Ar-
rangement of Dislocations. 27,OOx.

a) b)

Figure 13. Ti-7 Mo-16 Al. Flectron Diffraction Patterns of a
Specimen Slowly Cooled from 980 0 C - 910 00/20 °C. a) P2 Re-
flections (Arrow) Present in Areas Removed froi' Ti Al Particles.
b) F2 Reflections Missing in Areas Close to Ti3 Al articles.

IV. DISCUSSYON

A. Change of Slip Character in Ti-7 Mo-16 Al by Second-Phase Dispersion

Perhaps the most interesting resitlt which emerged from this study is the
rise in ductility from total brittleness to about 5%, accompanied by a slight
increase in yield strength when the aluminum-rich alloy was aged from about
850 °C to 910 '0. It could be shown that this increase in strength properties
derived from the particles of the intermetallic Ti Al phase dispersed in the
Smatrix and that in this temperature range only T3 3Al coexisted with the f
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phase. When the strength properties were optimized (910 C; see Fig. 8) the slip
mode was changed from an inhomo eneous to a homogeneous distribution. At the
lower aging temperature of 850 C, however, such homogeneous slip distribution
could not be obtained because of the large volume fraction of t~he Ti Al particles
of about 50%. For that volume fraction of Ti Al particles the interýarticle dis-
tance became so short that on deformation of ýhe alloy the d-islecat.-ons which

were generated from the particle-matrix interfaces and influenced by the nearby
particles interconnected with adjacent Ti Al particles directly (Fig. Ila). Con-
sequently this slip mode gave rise to an Inhomogeneous distribution of local
plastic deformation and this inhomogeneous slip distribution was reflected by
the low ductility value of the alloy (Fig. 8).

VTe optimum strength values could be obtained only when the interparticle
distauce was appropriately increased by increasing the aging temperature to
910 0 C and thus decreasing the volume fraction of precipitated Ti Al. Such dis-
tribution of Ti Al particles in the G3 matrix insured homogeneous Elip, because
upon deformatioA of the alloy the dislocations generated from the particle-
matrix interfaces nucleated and moved in a statistical manner (Fig. lib).

It was also shown that specimens aged ,or the maxima in strength properties
did not lose these favorable properties when aged at the lower temperature of
400 °C. Indeed, the yield stress increased to 160 ksi due to the decomposition
of the f matrix. The elongation to fracture, however, remained invariant (e a 5%),
giving corroborative evidence that the ductility properties were governed by the
large Ti 3Al particles homogeneously distributed throughout the matrix.

B. Ductility Decline in Ti-7 Mo-16 Al Alloy

The decline of ductility between 900 0 C and 950 0C (Fig. 8) was not asso-
ciated with a drastic decline in volume fraction of Ti Al precipitates but rather
with the coarsening of the particles and with the concomitant increase in inter-
particle distance and the appearance of the non-equilibrium P2 precipitates
which nucleated upon quenching. The latter in turn gave rise to a change in
slip mode, altering it from a wavy, homogeneous distribution (Fig. lOb) to a
planar, inhomogenmous distribution (Fig. 12a). The selected area diffraction
pattern taken in the vicinity of the large Ti Al particles (Fig. 13b) showed
that in these areas there existed a true phasý equilibrium between the Ti Al
phase and the P matrix. Owing to the aluminum depletion by the Ti 3Al parficlee.
the non-equilibrium P2 phase, which corresponds to the composition of Ti2 ýoAl
(Ref. 8), could not be formed upon quenching. In areas removed from the Ti Al
particles the selected area diffraction pattern of Fig. 13a showed the exisf-
ence of the non-equilibrium P2 phase. The planar slip characteristics observed.n this temperature range (Fig. 12b) are attributed to the presence of

No attempt has been made as yet to vary systematically the aluminum content
so as to achieve optimization of volume fraction, interparticle distance and
mechanical properties and to eliminate non-equilibrium conditions.

C. Dispersicn and Age-Hardening in a + P Alloys

It is interesting to note that a dispersion-hardening effect was also ob-
tained in the a + 0 specimens of the aluminum-poor ternary alloy (Ti-7 Mo-7 Al)
by isothermal aging at 800 0C (Fig. 2). This dispersion-hardening effect on the
r, matrix was induced by a high strain-hardening of the small a particles upon
deformation (Fig. 7c). This phenomenon appears to be of particular interest,
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since a particles are usually associated with softness relative to the P matrix.
In the present case the strength of the P-matrix can be approximated by taking
the value of the as-quenched specimens (eT 0 a 70 ksi; see Table 1) or the a.
value of the binary Ti-7% Mo alloy (60 ksio By comparison the a &2 value o
th2 a phase depleted of molybdenum can be assumed tc be close to ie value for
the binary Ti-9.7% Al alloy ( 0"1 - 40 ksi) (Ref. 9). It appears to be possible,
therefore, to obtain a dispersiffn-hardening effect in ( + P alloys if the a pre-
cipitates are kept sufficiently small. It is noteworthy that in this dispersion-
hardened system the loss of ductility (Fig. 3) was again associated with a change
in slip mode (Figs. 5a and 5b) conditioned by the increase of volume fraction of
a particles and concomitant decrease of interparticle distance.

W-4hen, however, the precipitated a particles were coarsened by prolonged aging,
the volume of the single a particles was increased by a factor of ten, they did
not undergo drastic strain-hardening upon defonration and the ductility of the
( + - alloy was increased froni about 1% to 15% (Table 1). Thus when the a par-
ticles were small they behaved like typical hard agents in a dispersion-hardenLng
system, and as such the ductility of the c + F alloy was detennined by the volume
fraction of the c particles. Upon coarsening, however, the role which +.he ri, par-
ticles played in the strengthening mechanism underwent a change, for they assumed
now a function typical of soft, incoherent precipitates.

This different behavior should also be reflected in the macroscopic strain-
hardening behavior of the specimens. Thus the difference 01 i - 00.2 was for
specimens having an average a-particle size of 0.4 i (0.5 h 6060 OCi °C), 15 ksi
as compared to specimens with an c-particle size of 3 i (24 h 830 °C -1 100 h750 0C/20 UC), where the same stress difference was only 2 ksi.

The increase in yield stress of the various (a + f) specimens over the single
phase , structure (Table 1) seems to be determined by the interpartic)e distance.
That no difference in ductility was found between the two different volume frac-
tions of large a particles (compare specimens i and II in Table 1) is certainly
true only as long as the ý phase is the matrix. It would be interesting to in-
crease the volume fraction of the C phase to an extent where the c phase would
take the position of the matrix.

V. SLWMARY

A study re2F÷.ing mechanical properties of Ti-7 Mo-16 Al and Ti-7 Mo-7 Al
(in at %) alloys to microstructures uas carried out and the results obtained w.i'e
as follows.

A. Ti-7 Mo-1o6 Al

I) The ductility rose from total brittleness to about 5% elongation when t~he
alloy was aged in the high-temperature, two-phase region consisting of 0 + Ti Al
precipitates. This ductility increase was accompanied by a rise in yield str~ngth
to about 130 ksi.

2) The optimum values of the strength properties were obtained at the aging
temperature of 910 0C when the Ti Al particles dispersed in the F matrix had the
proper interparticie distance to ?nsure a homogeneous slip distri bation. These
optimum values in strength properties were not lost upon subsequent low-temperature
aging at 00 0 C for 100 hours.
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3) The decline of the ductility at the lower and hieher aging temperatures
of 850 aid 950 "C was due to the large vo]ume fractiorm of TI Al partic3es and
the presence of the coherent, non-equilibrium fP particles be~ween the Ti Al
particles, respectively. In both cases the dechine of ductility was associated
with a change in the slip mode from a homogeneous to an inhomogeneous distributiols.

4) Cuenching from the single f-phase field resulted in extree brittleness
due to the presence of coherent, ordered f. particles. The pr-sence of these par-
ticles was the reason for a planar slip mode#

B. Ti-7 Mo-7 Ul

1) After solution treatient and qaenching, isothermsa aging in the two-phase
field (c + f) at 800 0C resulted in a drastic decline of ductility from about
7.5', to 1%, if the a particles were kept sufficiently small (I p). This decline
w:as dependent on the amouit of volume fraction of precipitated a particles. This
behavior is typical for dispersion-hardened materials.

2) Upon coarsening of the r particles at 800 0C the ductility increased to
35%. This increase was controlled by the larger size of a particles (3 g) and
not by the larger interparticle distance. In this case the c particles acted
as soft, incoherent particles.

3) A size-dependent strain-hardening behavior of the a particles can explain
why the r particles, depending on their size, acted as hard or soft particles
upon reaching the yield stress of the ? matrix.
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