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nature  and  orientat ion of the  te t ragonal  crystal while 
hot  tu rned  out to be exactly the  same as in the  first case. 
However ,  in this second case, since the  crystal rever ted 
to the  monoclinie structure on cooling, it was possible 
to obtain some information on the  reverse t ransformation.  

As soon as a crystal was hea ted  above --~1200 °C, 
te t ragonal  reflections could be observed. There were, of 
course, three orthogonal  axes, and one of these, as 
predicted,  was parallel to the original monoclinic b axis. 
However,  instead of one axis being parallel to monoclinic 
c and  one 9.2 ° from a, the  two te t ragonal  axes split the  
difference, i.e. the  90 ° te t ragonal  angle was inscribed, 
approximate ly  symmetr ical ly ,within  the  larger monoclinic 
angle, ft. Al though somewhat  unexpected,  this becomes 
plausible when one considers the  next  result. The tetra- 
gonal crystal was a triplet,  and each axial direction gave 
a reflection both  for a* and for c*. 

Removal  of the  flame resul ted in quenching of the  
crystal, and the  one tha t  was t ied with wire rever~ed to 
the  monoclinic structure. I ts  reflections were now broad 
and of low peak height.  The extent  of twinning was 
considerably enhanced,  and  in addi t ion the  crystal now 
consisted of a number  of slightly misoriented blocks, still 
parallel along the  original b direction but  ro ta ted  out of 
register in the  a - c  plane over a range of about  10 °. 
Since the tetragonal  axes must  rotate  4 to 5 ° in the a-c 
plane to become the monoclinic a and c axes, the various 
partners  of the  te t ragonal  trilling must  have rota ted their  
respective axes in opposite senses, thus giving rise to the  
10 ° spread in orientation. 

The observational evidence does not  furnish a clear 
decision as to whether  the t ransformat ion is of the brit t le 
martensi t ic  or the  true martensi t ic  type  (Wolten 1963), 
but  favors the latter  point  of view. 

If the t ransformation is martensit ic,  it should be pos- 
sible, in principle, to apply the  theory  of zero average 
strain by Wechsler, Lieberman & Read  (1953) for the  
calculation of the habi t  plane. The te rm 'habit  plane' ,  as 
used here, does not  refer to the  crystal habit  but  denotes 
a crystallographic plane which, in a martensi t ic  phase 
transformation,  is common to both  lattices and remains 
undis tor ted  and unro ta ted  through the  transformation.  
The calculation cannot,  at  present,  be carried out for lack 
of certain addit ional  data.  However,  the  observations 
plainly suggest tha t  the  habi t  plane is the  monoelinie (101) 
which becomes (101), (110), and (011) of the  te t ragonal  
trilling, indexed on the  double cell. The misfit of the  
att ice parameters  is relieved by twinning.  

The data  tha t  are lacking for the  application of the  
theory  are the lattice parameters  of the  monoclinic phase 
at the  tempera ture  of the transformation.  The te tragonal  
parameters  were measured directly by Teufer (1962) at 
1250 °C, a little above the t ransformat ion range. The 
lattice parameters  of the  monoclinic phase are accurately 
known only at room temperature*.  A mean  (bulk) coeffi- 
cient of thermal  expansion for zirconia is known (Fulker- 
son, 1960), but  if this is applied to the  room tempera ture  
cell volume and extrapola ted to 1250 °C, a volume 
difference of about  1% between the  phases is obtained,  
which is inconsistent wi th  the  observed bulk volume 
change of the  t ransformat ion of about  7% (Geller & 
Yavorsky,  1945). I t  is clear, therefore, tha t  the  coefficient 
of expansion of the  monoclinic phase mus t  change rapidly 
above 1000 °C. This effect would distort  di latometric  
curves of the  t ransformat ion and explain the discrepancy 
between dilatometric and  X-ray t ransformat ion temper-  
atures no~ed by Duwez & Odel (1950). 
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Recent  work by Tournarie (1956 a, b) and  Wilson (1962 a, 
b, c; 1963) has clearly established the  usefulness of the  
variance of an X-ray diffraction line profile due to an 
aggregate of distorted crystallites as a measure of the  
particle size and strain of the  aggregate. Langford & 
Wilson (1963) and I-Ialder & Mitra (1963) have described 
practical methods  of determining particle size and  strain 
from the  s tudy of variances of the  line profiles. Both  the  

methods  are extremely dependent  on the  choice of the  
range over which the  variance has been determined.  The 
present  work describes a graphical me thod  in which this 
difficulty has been removed.  

Wilson (1962 b) has shown that ,  if the  entire line broad- 
ening is due to particle size effect, the  variance of the  line 
profile in 20, 
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Table 1. Particle size and strain of aluminum at different stages of annealing 

Temp. of 
armealing Present 

(°C) method 

30 3258 
100 4112 
200 4545 
300 5624 

Particle size (A) Strain xl0 a 

Warren &" Warren &" 
Averbach Averbach 

Integral method Integral method 
breadth Gauss Present breadth Gauss 
method strain method method strain 

4023 360 1.23 1.02 6.51 
4219 440 0.86 0.61 3.27 
4865 740 0.52 0.37 1.19 
6423 1040 0.47 0-30 0.38 

K2a L) f  
W - - -  (1) 

2~2t cos 0 4~2t2cos e 0 

where 0 is the  Bragg angle, t the  particle size, A the  wave 
length  used, a the  angular  range (in 20) over which the 
in tens i ty  dis t r ibut ion is appreciable,  and  K and  L are 
constants  for a given part icle shape. Wilson (1963) has 
fur ther  shown tha t  if the broadening is due to strain only, 

W = 4 tan 9 0(e~> (2) 

where (e 2) is the  var iance of the  strain. 
At t r ibu t ing  the  broadening to both  particle size and  

strain, we can write,  because of the addi t iv i ty  proper ty  
of the variance,  

K;ta LA 2 
W = 2~3t cos-------O 4~"-t 2 cos ~" 0 + 4 tan 2 0(e2>. (3) 

For  isotropic substances like a luminum and  tungsten,  
the  part icle shape can be t aken  to be spherical, for which 
K =  (9z/16)~ and L = 0  (Wilson, 1962 b) for all reflexions. 
For  other  cases, part icle size and  strain can be de te rmined  
for a par t icular  direction, e.g. 111 and  100 for f.c.c, crystals 
like copper, nickel  etc. This can be done by s tudying  
mult iple  reflexions like 111,222 and  200, 400 as has been 
done for the  me thod  of integral  breadths  by Michell & 
Haig (1957), Smal lman & Wes tmaco t t  (1957) etc. By a 
proper change of axes, each of these sets of reflexions can 
be t r ea ted  as 00l 0, 002l 0 . . . . .  etc. reflexions for each of 
which K = 1 and  L = 0  (Wilson, 1962 b). Wi th  these as- 
sumptions,  equat ion (3) can be wr i t ten  

W =~a/2~p  cos 0 + 4 tan ~" 0(e ~) (4) 

where p = t / K  is the apparen t  part icle size. F rom this, 
we have 

W cos 0 1 n2A (e ~) 
+ - -  • ( 5 )  

Aa 2=2p a cos0 a 2 

where a is the lat t ice pa ramete r  and  a/n = A/2 sin 0. A plot 
of W cos 0/Aa against  n22/a cos 0 will thus  be linear wi th  
a slope and  ia~ercept which  will give (e2)/a ~ and  1/2u2p 
respectively.  F rom these p and  (e 2} ½ can be de te rmined  
easily. For  different values of a, there  will be different 
values of W (Langford & Wilson, 1963) but  corresponding 
to each set of (W, a) values, there  will be a separate point  
on the linear plot represented by equat ion (5). Fig. 1 
shows such plots for super-pure a luminum cold drawn at  
30 °C (reduction 99%) and  subsequent ly  annealed for 
half an hour at each of the temperatures I00 °C, 200 °C 
and 300 °C respectively. The resulting least-square- 
fitted values of p and (e~}½ are shown in Table 1 along 
with the same values obtained by the methods of Wil- 
liamson & Hall (1953) and Warren & Averbach (1950). 
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Fig. 1. 

I t  is observed tha t  the values obtained by  the  present  
me thod  are in termedia te  between those obtained by  the  
other  two methods  bu t  nearer  to those obta ined by  the  
me thod  of integral  breadths  due to Will iamson & Hall  
(1953). 
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