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Abstraet, The three most common crystal structures encountered in group IV transi-
tion metals Ti, Zr, and Hf and alloys based on them, under diffcrent temperature,
pressure and alloy concentration conditions, are hep(a), bee (B) and simple hexagonal
(). Although the structural relations of a*f and gw transformations are well
understood, the same isnot true for a~+» phase change, which occurs at high pressures.
We have done high pressure experiments on Ti-V alloys, followed by electron diff-
raction to study this. These patterns from pressure treated foils of alloys Tiys V
and Ti,,V, showed the presence of g-phase with four o variants. Some of
them showed the existence of all three phases, ¢, g and o, with the number of variants
given by the lattice correspondence matrix, derived through the orientation relations of
o~ g and g~ o. Thisis a clear evidence that the a =  transformation proceeds via
the g-phase. The atomic rearrangements required for a =>  are found to be much
smaller if the path is via the g-phase, rather than the earlier model of Silcock.

Keywords. Alpha-omega phase transformation; structure; high pressure; orienta-
tion relations; transition metals.

1. Introduction

The three most common crystal structures encountered in group IV transition metals
Ti, Zr and Hf and alloys based on them with other d-electron-rich transition ele-
meats (i.e., V, Nb, Mo, Ta, etc.,) are hop (&), bee (B) and simple hexagonal (w).
The B-phase, which is the high temperature phase in all cases, transforms to either
 or w in alloys on suitable thermal treatments (Hickman 1969). a-+w transforma-
mation is known to occur under high pressures (Jamieson 1963; Vohra 1978). The
structural relations between B and « and 3 and w phases are rather well understood.
The hep case represents a zone centre or long wavelength instability on {112} g planes
inthe { 111> g direction followed by a[110]5: < 110> g zone boundary shear, which
doubles the unit cell, while « transformation requires a short wavelength or zone
boundary instability [112]g : <1102> p, tripling the unit cell (Mose et al 1973).

However, the st cuctural relations between the & and w-phases are not equally well
understood. For this, there have been two suggestions in literature. The first was
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my §elcock 119583, which involves large atgmic moven:mnts to generate the w lattice
, t-lattice. The second is by Usikov and Z{lbershtem (1973) that X+
.,‘am:ne ion proceeds as &—+3—w. This conclusion was based on the orienta-
“. midgr?git-;‘:r:‘g}{’s) between @ and w phases obtained by sek?cted area electron
’:I:“;:fzdm f SAD) study done on pressure treated Ti and Zr fo%ls. It was s(lilown
that the experimentally observed OR’s can be explained by a lattlcg correspor& enc_:
natriy waich can be written as a product of a— 8 and ,8—+cu matflces. T hexcb)_/ 1
»a¢ voncluded that the B-phase must have been ?he .mtermed%ate state dur‘mg
v tramsformation.  Obviously, such a representanon}s not unique as the orien-
taton relations of variant If of @-w given by this matrix gorreSpondance method
i not observed experimentally by Usikov and Zilbershtein (1973), were the same
as predicted by Sileock (1958) for her mechanism of w—a and observecfl by Flower
and Swann (1973). To decide between the two models, we have done hlgl.l pressure
stadies on Ti-V alloys combined with x-ray diffraction and electron Microscopy.
{4704 high pressure diffraction studies were not required as the pressure induced
nhases are retained in a metastable manner at ambient conditions in these systems.

2. Experimental

The ailoy compeositions used in these experiments were decided with the help of the
00w phase diagram of Ti-V system (Collings 1975). It is now well-known that by
suitable addition of a B-stabilizing element (V in this case), it is possible to bring the
free energies of the three phases viz., the a, the B8 and w, very close to each other.
1t was then telt by us that choosing alloys near this composition but with only a-phase
present, the application of pressure on it would show the sequence of a—+w trans-
formation. The experiments therefore, were first carried out on Ti,,V, and Ti,,V,
aioys. The alloys were prepared by arc melting the constituent elements (Vohra
¢t 4l 1980 for more details). The homogenised alloys were fabricated in thin foils,
»hich were subsequently water-quenched from the B-phase to produce the martensitic
v-phise*. The x'-martensite was found to be complete in Ti,V,, while in the
1:,.V, alloy, electron diffraction showed that small quantities of the B and w were
present in some regions.

The foils of these alloys were subjected to pressure for 24 hr
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Figure 1. (a) Ti,V. bright feld micrograph showing the initial martensitic
morphology (b) same for Tiy, V. (¢} and (d) are taken from the samples (a) and (b)
after pressure treatment and show the transformed morphology.
4




: VA
: ()
12 21
®* o2 ® il
023 fe)
X X xox
X x X X
ot 000 101
oe tel}
out
x x X x
X
2uv X oz %°?
° ii2
[
® B Spots
O o Spots
x w Spots

{e)
321 oz o
¢ [ ] ’-----1 s o
i \K\ k ot
A S
. = [} \ T~ a. 1003
21!2/5 x X X X
! -
: _ 00! 1100
T e . “°°< éo ) . *
i A ]
T3 X X X f X 2ii2
‘ \
. — S~ i I’ X / X
; _\Q_ X
i X X ToTy ™~ —~— I'
H Y S~
; . . -4 i ®
1013 oti2
& o Spots
0 w Spots :
: X Double diffraction spats

Figure 2. SaD patterns after pressure treatment.
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(a, w) (figure 2). The amount of B was found to decrease with increase in pressure
for the Tig;V, alloy. This coupled with the fact that B-w patterns showed the usual
four variants, is a direct proof that —w transformation proceed via the B-phase.
The four variaats arise because the (111) plane collapse inthe B-phase, which lrads
to w-phase (De Fontaine 1970), can occur in any one of the four crystaliographically
equivalent {111} planes. Further, both a-w variants, predicted by the lattice corres-
pondence matrix of Usikov and Zilbershtein (1973) were seen in the diffraction
patterns.

Now the question arises, if the structural sequence a—fB—+w is correct, the S—+w
transformation should occur under pressure from samples containing B-phase only.
Before this investigation, there was no direct proof of this. Only lowering of super-
conducting temperature T, was observed in Zr-Nb alloys on application of pressure
and Afonikova et al (1973) attribute this to the onset of w-phase. To check this,
we prepared Tig,Vyy and TizyVyg alloys in B phase and subjected them to high
pressures. The SAD patterns before and after pressure treatment are shown in
figure 3. These again clearly show that S—« does progress under pressure.®

4. Structural mechanism of a-w transformation

From SAD patterns which could be indexed as a superposition of the three phases
yiz., the @, the B, and the «, the unique orientation relations between the three
phases were identified as,

(0001), L1 (110)g | (01Tho 1
_ _ variant I
[1010], | (1111 | (1011]w
(0001), I (011)g | (1120)0
variant II
[1120], | [111]g | [0001]0

The structural relationship for the variant II is shown in figure 4. The atomic
arrangements in mutually parallel planes, (0001),, (011)g and (1150),,, are quite
similar and require small atomic adjustments to go from one to the other. The trans-
formation mechanism, which is now consistent with the martensitic nature of its
kinetics (Vohra 1978), can be described by the Burger's scheme (1934) for B—a
applied in reverse. combined with the B-w plane collapse model (De Fontaine 1970).
The B-lattice can be produced from the unit cell by (i) ~ 3% contraction along
[l IEO}G, (ii) ~ 5% expansion along [1100], (iii) shift of the atom in the central plane
along [1010], by one sixth of its length and (iv) shear to decrease the hexagonal 120°
angle to 109° 28', the angle between [111]p and [111]5. The generation of_ the
(IIEO)Q, planes from the (011)g planes involves contractions of ~ 1.1% alopg [211]8
direction (parallel to [1-1-00](1) and ~ 1.8% along [11-1]5 (parallel to [1120];) and
movement of atoms marked e and f'to ¢’ and f" by ag % 3 /12, which is ~ 0.48 A
for Ti.

* Another interesting observation is that the diffuse streaking decreases after pressure. This is
against some recent theoretical models (for more details, see Sikka er al 1981). .
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Figare 4. Relation of (@) e and g Iattices and (b) gand , lattices,

In conclusion, our results show that the Postulation of 8 state as an intervening

#tep during a—+ w transition is correct. Tt is also consistent with the observations of
Ageyev ef gl (1973) that in t

prccigation of the a-phase is preceded
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