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The morphology and kinetics of the precipitation of the alpha phase produced by two 
different heat treatment routes, namely, (a) direct isothermal decomposition and (b)/~- 
quenching and subsequent ageing, were studied. In isothermally decomposed samples the 
/3' (supersaturated) -+ e 4-/3 transformation was seen to occur mainly through the discon- 
tinuous growth of the transformed zone consisting of groups of parallel side plates from 
the grain boundary regions towards the interior of the grain. Unlike for the case of a 
regular discontinuous precipitation, here the transformed regions are not separated from 
the untransformed by an incoherent interface and the growing e-plates do obey a fixed 
orientation relationship with the grain from which they are evolved. The theory of cellu- 
lar reaction has been applied to explain the growth rate of the duplex (e +/3) region. The 
overall reaction kinetics were analysed on the basis of the Johnson-Mehl formulation and 
were found to be consistent with that of a discontinuous precipitation reaction, where 
grain boundary nucleation sites were saturated at an early stage of the transformation. 
The structure of the/3-quenched samples showed a uniform distribution of athermal 
omega particles which acted as precursors to the e-precipitates. As a consequence, the 
reaction rate was greatly enhanced and e-precipitation in the quenched and aged samples 
was seen to occur continuously in the entire body of the grain. 

1. Introduction 
Titanium alloys having a two-phase structure in 
which the s-phase is distributed in a Widmanstatten 
pattern in the matrix of the /3-phase have been 
found to exhibit an unusual combination of high 
strength and good fracture toughness [1-3] .  Such 
a structure normally arises from the decomposition 
of the metastable /3-phase in the (c~ + 13) and /3- 
titanium alloys. Phase transformations in these 
alloys were reviewed by McQuillon [4] and Jaffee 
[5] and it was shown that the precipitation of c~ in 
a ~-matrix occurs in the (~ +/3)-alloys during the 
continuous cooling of these alloys after the hot 
forming or the annealing operation. In the 
quenched 13-alloys, however, the high temperature 
/3-phase is retained in a metastable condition and 
only during a subsequent ageing treatment does 
the c~-phase precipitate out. The morphology of 
the c~-precipitates in the/3-matrix can be drastically 
changed by selecting one of the following heat 
treatment sequences. (a) j3-quenching followed by 
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ageing and (b) isothermal holding in the (c~ + ~3)- 
phase field subsequent to the /3-solutionizing. It 
has been reported that alloys subjected to the 
latter treatment exhibit a strength and ductility 
combination and impact properties generally 

superior to those obtained by quenching and age- 
ing [6]. The present work was undertaken to 
examine the influence of these heat treatment 
sequences on the momhology of c~-plates. 

In a detailed invesJgation of the precipitation 
reaction in a hypoeutectoid Ti- 7.22% Cr alloy. 
Aaronson et al. [7] concluded that c~-precipitation 
proceeds by the growth of Widmanstatten side 
plates and that the morphology of these precipi- 
tates can be described on the basis of Dube's classi- 
fication scheme [8-11].  Aaronson [12] also 
measured the growth rates of isothermally precipi- 
tated or-plates and compared these results with the 
values of the growth rates calculated from the 
Zener-Hillert equation. However. a detailed inves- 
tigation of the kinetics of the precipitation reaction 
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in these alloys has not yet been attempted. In the 
present work, an attempt has been made to study 
the kinetics of the c~-precipitation reaction in two 
binary titanium alloys from metallographic obser- 
vations adopting two different heat treatment 
sequences. It should be mentioned that the alloys 
Ti -6  wt% Cr and Ti-11 wt% Mo (hereafter referred 
to as T i -6  Cr and T i - l l  Mo, respectively)used in 
this investigation belong to two different categories 
of alloy systems (~-eutectoid and /3-isomorphous 
respectively). Since the precipitation of the inter- 
metallic TiCr2 phase is very sluggish, only c~- 
precipitation occurs during the initial stages of the 
decomposition of the ~-phase in this alloy [13]. 

2. Experimental 
The alloys were melted in a non-consumable, tung- 
sten electrode arc furnace in which a protective 
atmosphere of argon was maintained. Premelted 
sponge titanium, super-pure chromium (99.99% 
pure) and molybdenum (99.99% pure) were used 
for the alloy preparation. The alloys were remelted 
three to four times and were then hot rolled at 
850-900 ~ C to a thickness of 2 mm. The Ti -6  Cr 
alloy could not be rolled down to lower thick- 
nesses, whereas the Ti-11 Mo alloy could be cold 
rolled to about 0.75 ram. The chemical analysis of 
the alloys showed that the true compositions of 
both the alloys were the same as the nominal com- 
positions and that the interstitial contents of the 
alloys were 2300 ppm oxygen and 300 ppm nitro- 
gen in Ti-6  Cr and 600 ppm oxygen and 80 ppm 
nitrogen in Ti-11 Mo. Two types of heat treat- 
ment were employed in the case of the T i -6  Cr 
alloy: (a) isothermal ageing, i.e. transfer of the 
samples held at/3-solutionizing temperature directly 
to the reaction temperature (625-765~ For 
this purpose, a tandem arrangement of two hori- 
zontal furnaces was used. The samples were held at 
the reaction temperature for different lengths of 
time. (b) the samples were quenched from the ~- 
solutionizing temperature (900 ~ C) into ice cold 
water and subsequently aged at different tempera- 
tures (700-750 ~ C). The second mode of heat 
treatment could not be adopted for the Ti-11 Mo 
alloy as the/3-phase cannot be retained by quench- 
ing this alloy. All samples for heat treatment were 
of the size 1 cm x 1 cm and they were sealed in 
silica capsules in an atmosphere of pure helium 
gas. Samples for metallographic examination were 
mounted and polished by conventional techniques. 

The etchant used was a solution containing 25 ml 
HF, 25ml HNO3 and 50ml water. Volume frac- 
tion determinations of the c~-phase were carried 
out by a point counting method [14], using a 
Swift Automatic Counter. Large areas of the 
sample were examined in order to minimize the 
errors. 

3. Results and discussion 
3.1. Morphology of isothermally treated 

samples 
The essential features of the morphology of the 
precipitates observed in "isothermally treated" 
T i -6  Cr and Ti-11 Mo samples were similar to 
those observed by Aarohson e t  al. [7] in a T i -  
7.22% Cr alloy. Hence a detailed description of the 
morphology is not included in this paper. However, 
the salient features of the morphological obser- 
vations are briefly mentioned. 

3.1.1. T i - 6  Cr 
3 . 1 . 1 . 1 .  765  ~ C a n d  725  ~ C. At these temperatures, 
grain boundary allotriomorphs were the first to 
appear. Subsequently, the reaction was observed 
to proceed mainly through the formation and 
edgewise growth of side plates (Fig. 1 a). It must be 
emphasized that the growth of a single isolated 
plate was never observed. Instead, one found the 
growth of a group of parallel side plates in a co- 
operative manner. Since the nucleation of these 
side plates occurred only at the grain boundaries, 
(either on allotrimorphs or on the grain boundary 
itself) the reaction essentially progressed by the 
movement of the transformation front from the 
grain boundary to the interior of the grain. From 
this aspect, the transformation is quite similar to a 
discontinuous reaction [ 15 ]. However, this reaction 
cannot strictly be classified as a regular discontinu- 
ous reaction mainly because the transformed and 
untransformed regions are not separated by a well 
defined incoherent interface. 

3 . 1 . 1 . 2 .  6 7 5  ~ C. At this temperature also, the reac- 
tion proceeded by the growth of the product slabs 
from the grain boundary to the core (Fig. lb). The 
individual phases within the transformed zone 
could not be resolved in the optical microscope. 

3 . 1 . 1 . 3  6 2 5  ~ C. Though this reaction temperature 
was below the eutectoid temperature, within the 
first 10 min of the reaction only the c~-phase was 
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Figure l (a) T i - 6  Cr, isothermally t ransformed at 725 ~ C for 20 min. Groups of  parallel Widmansta t ten  plates are seen. 
(b) T i - 6  Cr, isothermally t ranformed at 675 ~ C for 5 min. The micrograph shows slabs of  the  t ransformed region 
advancing from the grain boundaries  to the  interior of  the grain. (c) T i - 6  Cr, isothermally t ransformed at 625 ~ C for 
2.5 rain. The martensite-like morphology  is characteristic of  a process involving an autocatalytic nucleat ion and con- 
t inuous  part i t ioning o f  the  parent  grains. (d) T i - 1 1  Mo, isothermally t ransformed at 700 ~ C for 10 min.  A large number  
of  Widmansta t ten  stars are seen to be nucleated within the grains. 

Figure 2 SEM taken from a deep etched sample of  the T i - 6  Cr alloy isothermally t ransformed at 750 ~ C for 30min .  
(a) Discontinuit ies within c~-plates are seen. (b) Micrograph shows degeneracies of  intragranular side plates and grain 
boundary  al lotr iomorphs.  
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seen to be precipitated out. At this temperature, 
s ideplates  having very large aspect ratios were 
found to predominate in the structure (Fig. lc). 
These plates which continuously partition the 
parent /3-grains have a remarkable resemblance 
with martensite plates in titanium alloys. These 
plates were often seen to be arranged in a triangular 
pattern in a manner similar to the arrangement of 
martensite plates on {3 3 4} or {3 4 4} habit planes 
[16] in various titanium alloys. However, these 
could be clearly distinguished from martensite 
plates as the former did not span across the entire 
width of the grain. The presence of similar plates 
has been noticed earlier in a Ti-7.22% Cr alloy 
isothermally treated at 600 ~ C, and these have 
been termed 'black plates' [7]. 

3.1.2. T i -11Mo 
It was found that the morphology of a-plates and 
the mode of transformation of this alloy at 750 ~ C 
was in no way different from those observed in 
the Ti -6  Cr alloy reacted at 765~ and 725~ 

(compare with Figs. 1 a and 1 b). However, in the 
samples reacted at 700 ~ C, a number of Widman- 
statten stars appeared within the grains after a few 
minutes of the initiation of the transformation 
(Fig. ld). Consequently, the growth of the trans- 
formed zone occurred not only from the grain 
boundary sites but also from these "stars". 

Aaronson [11] has pointed out that the Wid- 
manstatten side plates formed at high temperatures 
in hypoeutectoid plain carbon steels and in Ti-Cr  
alloys show a significant degree of imperfections. 
Such degeneracies of the a-plates formed in Ti-Cr  
and Ti-Mo alloys have been clearly resolved in the 
secondary electron images obtained in a scanning 
electron microscope shown in Figs. 2a and 2b. It 
was noticed that the degeneracy tended to dis- 
appear at lower temperatures and the a-plates pre- 
cipitated at 625 ~ C appeared perfect. These obser- 
vations suggest that each plate is not a single crystal 
but is made up of a continuous array of short seg- 
ments of crystals of nearly identical orientations. 
This would imply that the edgewise growth of a 
plate took place by fresh nucleation of precipitate 
crystals at the edge of previously formed crystals 
of the same phase. The occurrence of such sym- 
pathetic nucleation is not favourable from the 
point of view of the chemical free energy change 
because the /]-phase in the immediate vicinity of 
the growing a-plate will be highly supersaturated 
with/3-stabilizing solute atoms. But surface energy 
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requirements render the nucleation of a at the a -  
a interface competitive with its nucleation at the 
a - ~  interface, provided the specific energy of the 
a--a interface is lower than that of the a-/3 inter- 
face [17]. 

3.2. Morphology of quenched and aged 
samples 

In contrast to the discontinuous nature of a-pre- 
cipitation initiating from the grain boundary in 
isothermally transformed samples, the nucleation 
of a-plates in quenched and aged samples was 
found to occur uniformly all over the grain body 
(Figs. 3a and b) when the decomposition reactions 
were carried out in the same temperature ranges. 
This implies that the structural changes produced 
by prior quenching treatment is responsible for' 
bringing about a transition in the nature of the 

Figure 3 (a) Ti-6 Cr, /3-quenched and subsequently aged 
at 750~ for 10min. SEM shows a uniform distribution 
of a-plates within the grains and bands of a along the/3- 
grain boundaries. (b) The optical micrograph of the same 
alloy aged for 30rain. 



precipitation reaction. It was reported that /3- 
quenching of  T i - 6  Cr gave rise to the formation of  
w-phase [16, 18]. This was confirmed in the pres- 
ent work by X-ray diffraction. On ageing at 350 ~ C 
these w-particles grew in size and it was possible to 
image these particles in dark field. These co-particles 
act as the embryos for the nucelation of  a-plates in 
the quenched and aged samples. 

3.3. Kinetics 
3.3. 1. Isothermally treated samples 
It has been pointed out in the preceding section 
that during an "isothermal treatment", the trans- 
formation proceeds mainly through the edgewise 
growth of  the side plates. The growth kinetics of  
the isothermal a-phase precipitating from the 
supersaturated /3-phase have been studied by 
Aaronson [12] y measuring the of  lengthen- I? rates 
ing of  these a-side plates at various reaction tem- 
peratures. He used the Zener-Hillert equation 
[19] for the rate of  lengthening, Gb of  the precipi- 
tate plates: 

D(C~ c~ -- C~) 
c, = _ ( 1 )  
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Figure 4 L, the length of the longest plate has been plotted 
against the length of the time t, for which the samples 
have been held at the indicated temperatures. The slope 
of these linear plots gives the growth rate of the plates. 

where 
D is the diffusivity of  solute atoms in/3-titanium 
C ~  is the solute content of/3 at t h e / 3 - a  boun- 

dary 
C~is the solute content of  the/3-matrix prior 

to transformation 
Ca is the solute content of  the a-phase 

and r is the radius of  curvature of  tip of  the most 
rapidly lengthening plate. 

It has been reported [12] that the a-plates in a 
T i -10  Cr alloy lengthen at rates five to ten times 
faster than the calculated rate. Aaronson has pro- 
posed that the errors in the measurements o f  the 
tip radii and the limited accuracy of  the diffusivity 
data are responsible for this discrepancy. 

An attempt was made in the present investi- 
gation to verify whether the Zener-Hillert equation 
predicts a value for the growth rate consistent with 
the one experimentally observed. For this purpose, 
the length of  the longest plate produced at various 
intervals of  time, t, was plotted against time (Fig. 
4). Such plots could be obtained only in the fol- 
lowing two cases, 

(a) T i - 6  Cr isothermally treated at 765 ~ C 
(b) Ti-11 Me isothermally treated at 750 ~ C 

where the thickness of  the a-plates and the spacings 
between them were large enough for easy resol- 
ution under the optical microscope. 

The average radii of  the tips of  these plates, the 
measured growth rate and the growth rate calcu- 
lated from Equation 1 using the diffusivity data 
reported in literature [20-22]  are presented in 
Table I. 

The main difficulty in making use of  the Zener -  
I-fillert model in explaining the growth kinetics of  
c~-plates in these binary titanium alloys lies in the 
fact that in this model, one essentially considers 
the edgewise growth of a single isolated plate. In 
reality, however, as noted in the present case, the 
growth of  the transformed zone occurs by the 

T A B L E I Comparison of calculated and measured growth rates 

Tip Radius, r Spacing, d 
Alloy (cm) (cm) 

Growth Rate (cm sec -1) 

Measured Calculated from 
Equation 1 

Calculated from 
Equation 2 

Ti-6 Cr 
Isothermally 
reacted at 
765 ~ C 
Ti-I 1 Me 
Isothermally 
treated at 
750 ~ C 

2.50 X 10 -s 5.56 X 10 -4 1.28 X 10 -6 2.80 X 1 0  -6 

1.50 X 10 -s 1.80 X 10 4 5.00 X 10 -6 3.00 X 1 0  -6 

1.01 X 10 -6 

2.00 X 10 -6 
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Figure 5 The difference in the orientat ion relationships of the precipitate phase (a) in a normal discontinuous mode of 
precipitat ion and (b) in the Ti-alloys studied here (schematic). 131 and ~'II represent two grains of the parent phase. 

simultaneous advancement of  the tips of  parallel c~- 
plates belonging to a group. One might consider an 
imaginary surface joining these tips to be the trans- 
formation front and visualize the transformation 
to be a discontinuous precipitation reaction. How- 
ever, the characteristics of  the precipitation reac- 
tion in these titanium alloys are not the same as 
those of  a regular discontinuous precipitation. The 
basic differences between the two are illustrated in 
Fig. 5. In a regular discontinuous precipitation, the 
c~-plates which have a definite orientation relation- 
ship with the grain 13I grow into the 13II grain, (Fig. 
5a) whereas, the c~-plates in the alloys studied here 
have a fixed orientation relationship with the /3 
grain in which they grow ~ n ,  as shown in Fig. 5b). 
Consequently, the transformed and untransformed 
regions in the present case are not separated by 
any physical interface. 

Despite these differences between a regular dis- 
continuous precipitation reaction and the 13' -+ a + 
13 reaction in the T i - 6  Cr and Ti-11 Mo alloys, it 
is attractive to consider whether the theory of  the 
kinetics of  cellular reactions is applicable to this 
case. It should be emphasized that unlike the 
growth of a single plate considered in the Z e n e r -  
Hillert model, the diffusion gradient associated 
with the growth of  a duplex (a + 13) region is mainly 
along a direction perpendicular to the growth 
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direction. Then the growth can be expressed [23] 
as:  

D(cB - (2) 
G1 = ad(C~e C~) 

where ad is the diffusion distance. 
The growth rates so calculated from the 

measured values of  the interlamellar spacing d, and 
assuming a--~ 0.5, are also presented in Table I. It 
can be seen from this table that the overall kinetics 
of  this reaction agree fairly well with both the 
models described earlier. However, the growth 
morphology indicates that the advancement of  the 
reaction front occurs by the co-operative growth 
of a group of c~-plates rather than the growth of 
isolated c~-plates. In view of this, application of the 
theory of cellular precipitation is considered more 
appropriate. In order to test whether the/3' ~ c~ + 13 
reaction in the alloys studied here could be classi- 
fied as a linear one, the distance through which the 
transformation front advanced was plotted against 
the reaction time, t (Fig. 6). The straight line plots 
obtained corresponding to various reaction tem- 
peratures implied constant growth rates, character- 
istic of  a linear transformation. This suggested that 
the compositional redistribution within the matrix 
did not occur continuously and that the partition-. 
ing of solute atoms in the product phases took 
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Figure 6 The width of the t ransformed zone plot ted 
against the reaction time. The time axis for the T i - M o  
alloy is indicated at the  top of  the  plot. 

place only in the immediate vicinity of the advanc- 
ing reaction front. In other words, the diffusion 
geometry ahead of the reaction front was presum- 
ably similar to that obtained in a regular dis- 
continuous precipitation. Hence, by applying the 
theory of cellular growth to this precipitation reac- 
tion, the overall kinetics of the process can be 
evaluated and the various morphologies explained. 

The isothermal transformation kinetics of the 
T i -6  Cr and T i - l l  Mo alloys were studied by 
determining the volume fraction transformed as a 

function of time for different temperatures. A rate 
equation governing the overall formation of a 
duplex product in a discontinuous precipitation 
reaction has been derived by Johnson and Mehl 
[24] and a generalized form of such a relation can 
be expressed as: 

y = 1 - - exp  [ - -Kt  n] (3) 

where y represents the volume fraction transformed 
at time t, and K and n are constants. 

The kinetic data obtained in the present investi- 
gation were analysed on the basis of this Johnson- 
Mehl equation and are shown in Fig. 7. Consider- 
ing the slope of these straight line plots which 
gives the value of n in Equation 3, one can classify 
the isothermal transformation behaviour of the 
T i -6  Cr alloy into two categories. 

At higher temperatures (~> 675 ~ C), the values 
of n in Equation 3 were found to be approximately 
equal to unity, while the slope of the plot corre- 
sponding to 625~ was about 4. According to 
theoretical calculations made by Cahn [25], n = 1 
corresponds to a situation where the transformation 
product nucleates on the grain boundary surface 
and the available nucleation sites soon become 
saturated. This is in complete agreement with the 
metallographic observations already discussed. One 
can also note from the photomicrographs presented 
that the product cells at the grain boundaries of 
the matrix coalesce into slabs, particularly at 
675 ~ C, and the transformation occurs mainly by 
the advancement of these slabs towards the centre 
of the grain. In order to substantiate the prop- 
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Figure 9The linear nature of the plot of log [y/1(1 --y)]  
versus time at 625 ~ C for the Ti-6 Cr alloy suggests that 
the reaction proceeded autocatalytically at this tempera- 
ture. This was not true for the higher reaction tempera- 
ture. 

osition that site saturation takes place during the 
early stages of the transformation, the fraction of 
the grain boundary occupied by the product region 
was plotted as a function o fy  for various reaction 
temperatures (Fig. 8). It could be seen from these 
plots that for y i> 0.1 all boundaries become fully 
occupied with continuous slabs of the reaction 
product. As a consequence of the early site satu- 
ration in a pearlitic or cellular precipitation reac- 
tion, the growing slabs from the grain boundaries, 
in general, impinge on each other. Under this con- 
dition, the growing cells never get an opportunity 
to cross the grain boundaries. It should be empha- 
sized here that in the present case of a-precipitation 
in a H-matrix, a product region could never cross a 
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grain boundary, as this would violate the orien- 
tation relationship between the a-precipitates and 
the/%matrix. 

The value of the exponent in Equation 3 was 
found to be close to 4 for the T i -6  Cr alloy iso- 
thermally reacted at 625 ~ C. According to Cahn 
[25], this corresponds to a situation where the 
nucleation rate is more or less constant. Metallo- 
graphic examination of the samples treated at 
625 ~ C indicated that the a-plates were remarkably 
similar in appearance to the martensite plates. 
Even the nature of aggregation of these plates 
suggested that autocatalytic nucleation occurred in 
this case. For an autocatalytic reaction the rate is 
given by [23] 

dy _ ky(1--y). (4) 
dt 

The applicability of Equation 4 is tested by plot- 
ting log [y/(1 - -y) ]  against t. Fig. 9 shows that 
the data corresponding to the transformation curve 
at 625 ~ C could be fitted to a straight line, thus 
confirming the autocatalytic nature of nucleation 
in this case. 

Kinetic data obtained from the overall reaction 
in the T i -6  Cr alloy were analysed on the basis of 
an Arrhenius-type equation and the plot is shown 
in Fig. 10. The value of activation energy calculated 
from the slope of this plot was found to be 41.45 
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Figure 10 Plot of the time required for 50% transformation 
in the Ti-6 Cr alloy against the reciprocal of absolute 
temperature. The slope of this linear plot gave the value 
of the activation energy for the reaction. 



kcal mole -1. This value is quite close to the acti- 
vation energy (40.0kcalmole -1) for diffusion of 
Cr in /3-Ti [20, 21]. This suggests that the rate- 
controlling step in the reaction is the bulk diffusion 
of Cr in the matrix. This is in sharp contrast to 
what is normally encountered in a regular discon- 
tinuous precipitation reaction. In the latter case 
diffusion normally occurs along the advancing 
interface which separates the transformed volume 
from the untransformed matrix. Such a short- 
circuit diffusion is not possible in the case of the 
/3' -+ a +/3 transformation in Ti-Cr  alloys because 
the /3-1amellae in the product are not separated 
from the/3-matrix by any interface. 

The value of the exponent n in Equation 3 was 
found to be close to unity for the Ti-Mo alloy 
isothermally reacted at 750~ The similarity 
between the Ti -6  Cr alloy reacted at 765 ~ C and 
725 ~ C and the Ti-11 Mo alloy reacted at 750 ~ C 
has already been discussed. The kinetics of this 
alloy thus also follows the same mechanism as dis- 
cussed already, namely, grain boundary nucleation 
followed by a discontinuous growth of the trans- 
formed zone. Metallographic observations revealed 
that at 700 ~ C, some intragranular a nucM become 
operative and a considerable amount of a-phase 
originated from such intragranular nucleation sites. 
As a consequence, the kinetics of the formation of 
the a-phase were observed to be much faster. This 
was reflected in a higher value of n (= 2) in this 
case. 

3.3.2. Quenched and aged samples 
The kinetics of the a-precipitation in the samples 
water quenched from the/3-solutionizing tempera- 
ture and subsequently aged at the reaction tem- 
peratures were found to be much faster than those 
in the case of the samples taken directly to the 
reaction temperature from the/3-solutionizing tem- 
perature. The accelerated precipitation of the a- 
phase in the samples quenched prior to ageing can 
be seen qualitatively from Fig. 3a. In fact, the 
kinetics of  the reaction were so fast that it was not 
possible to make any quantitative measurement on 
these samples. The non-chemical free energy 
requirement for the a-precipitation within the bulk 
of the matrix was presumably reduced at the hetero- 
geneities provided by the w-particles formed while 
quenching these samples, and hence nucleation 
throughout the grains was made easier. This would 
also increase the rate of  nucleation and conse- 
quently the rate of the overall reaction. 

4. Conclusions 
(a) The precipitation reaction in isothermally 

treated samples of Ti -6  Cr and Ti-11 Mo alloys is 
similar to that of a discontinuous precipitation 
reaction. However, the product phase maintains an 
orientation relationship with the consumed matrix 
and the transformed and untransformed regions 
are not separated by an interface. 

(b) The reaction tended to be autocatalytic at a 
tow reaction temperature (625 ~ C) in the Ti -6  Cr 
alloy, resultfng in a higher growth rate. Intragranu- 
lar nucleation of a-plates, in addition to the normal 
grain boundary nucleation was responsible for the 
enhancement of the growth rate in the Ti-11 Mo 
alloy isothermally reacted at 700 ~ C. 

(c) In contrast to the case of a normal discon- 
tinuous reaction, where interfacial diffusion is the 
rate-controlling process, bulk diffusion was found 
to be rate controlling in the present case. 

(d) In contrast to the isothermally treated 
samples, a-precipitation in the quenched and aged 
samples of T i -6  Cr was found to occur in a con- 
tinuous manner and the reaction rate was greatly 
enhanced. These could be attributed to the pres- 
ence of w-particles in the as-quenched alloy. 
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