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An X-ray Fourier line shape analysis in 
cold-worked hexagonal metals 
Part 2 Titanium, magnesium and zinc 
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Calcutta 700032, India 

Detailed Fourier analysis of line shapes using the technique of Warren, has been 
performed on cold-worked hexagonal magnesium, zinc and titanium and a partially 
recovered state of titanium at room temperature. X-ray diffraction profiles from 
fault-unaffected 1 0.0, 00.2, 11.0, 20.0, 1 1.2, 00.4 and fault-affected 1 0.1, 1 0.2, 1 0.3, 20.1 
and 20.2 reflections have been recorded in a Geiger counter diffractometer with copper 
radiation and the microstructural parameters have been evaluated. A small anisotropy in 
both domain sizes and root mean square strains has been observed for these materials; 
this is similar to the study on zirconium in Part 1. The average values of these are, 
respectively, of the order of 380 A and 1.58 x 10 -3 for titanium in the cold-worked state 
with a small recovery on annealing, 1650 A and 0.71 x 10 3 for magnesium, and 1060 A and 
0.57 x 10 _3 for zinc. Least-squares analysis applied to fault-affected reflections has 
yielded very small concentrations of deformation faults, ~ (-~ 8.0 x 10-3), and growth 
faults, fl ( -  2.0 x 10-3), in the cold-worked state of titanium similar to those in zirconium, 
and negligible concentrations of these (c~ _~ 0.63 x 10 _3 ,/3 ~_ 0.21 x 10 -3 ) in magnesium. 
The presence of deformation and growth faults could not be detected in zinc, possibly due 
to considerable recovery. An estimate of stacking-fault energy, 7, has also been made in 
titanium and magnesium from an expression taking basal slip and the value of o~ into 
account, and this has been found to be quite low for both materials. The favourable slip 
mode in these hexagonal metals has been discussed in the light of the experimental 
results. 

1. In t roduct ion 
A detailed Fourier analysis of line shapes [1] 
has recently been carried out in hexagonal 
zirconium for both the cold-worked and 
partially recovered states in Part 1 by Chatterjee 
and Sen Gupta [2]. Quantitative information on 
the coherent domain sizes, microstrains within 
these domains, and the occurrence of deforma- 
tion and growth stacking faults in zirconium 
has been obtained from this analysis bearing in 
mind the maximum number of observable X-ray 
diffraction profiles.. The analysis has shown a 
small anisotropy in the domain sizes and strains, 
and a very small concentration of deformation 
stacking faults; growth faults do not appear to 
exist. The present investigation is concerned with 
three other important hexagonal metals, i.e. 
titanium, magnesium and zinc, and forms Part 2 
of our present programme of systematically 
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studying the hexagonal metals by X-ray dif- 
fraction methods taking into account the 
maximum number of observable reflections in 
the cold-worked state. The importance of this 
study has been emphasized in Part 1. 

The metals titanium and zirconium belong to 
group IVB of the periodic table and crystallize 
in the same two allotropic modifications in the 
solid state, both having approximately the same 
c/a axial ratio ( ~  1.59) for the hexagonal phases. 
Contrary to this, both magnesium and zinc 
belong to group II of the periodic table and have 
a relatively low melting point (N 650 and 

419.5~ respectively) with a slightly different 
ratio for close-packing (c/a ~ 1.62 for Mg and 

1.85 for Zn). Previous X-ray studies on 
titanium [3-5] and magnesium [4, 6-7] con- 
sidered fewer diffraction profiles and hence were 
inconclusive in obtaining a fairly representative 
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picture of the microstructure which develops in 
the deformed state of these materials. In our 
present measurements, the line-shape analysis 
for the fault-unaffected (10.0, 00.2, 11.0, 
20.0, 11.2 and 00.4) and with fault-affected, 
(10.1, 10.3, 20.1, 10.2 and 20.2) reflections 
have been considered in detail for the cold- 
worked states of titanium, magnesium and zinc 
at room temperature (25 + 1 ~ and also for the 
partially recovered state of titanium (annealed 
at 550~ for 16 h). 

2. Experimental procedure 
The procedure used has already been described 
in detail in Part 1, but is briefly summarized 
below. 

The cold-worked samples were prepared by 
hand-filing spectroscopically pure titanium, 
magnesium and zinc (Johnson Matthey Chemi- 
cals Ltd, London). Flat diffractometer samples 
representing the cold-worked state at room 
temperature (25 + 1 ~ the partially recovered 
state and fully annealed state (for titanium 800~ 
for 12 h and much less near the recrystallization 
temperature for magnesium and zinc) were 
prepared as given in Part 1. The chart recording 
followed by fixed-time point counting at inter- 
vals of 0.1 to 0.01 ~ in 20 was done using a 
Philips counter diffractometer (PW 1050, 51) 
employing nickel-filtered CuKa radiation. The 
line profiles from the annealed specimens have 
been considered as "standards" for the in- 
strumental broadening correction by Stokes' 
method [8]. 

2.1. Fourier line-shape analysis 
The line-shape analysis as outlined by Warren 
[1] is restricted to basal slip, i.e. slip on the 
00.2 plane of the hcp structure. Stokes' 
corrected Fourier coefficients, AL, were obtained 
using a program written for IBM 1130 and these 
are utilized in evaluating the parameters D, (e~>, 

and/3, from the following equations, as given 
in Part 1. The symbols have their usual meanings 
[1, 21. 

A L  - =  AL s �9 AL D (1) 

where 

and 

1094 

AL D = exp( -  27r2L~<eL~>/d 2) (2) 

[dALS I 1 
- \ dL /o = D '  f o r H - K =  3N (3.1) 

(dALS I 1 

-  --UC/o = G 

1 ILo Jd,o 
= ~ + c---T- t~a + 3/3) 

f o r H - K =  3N_+ I , L  oeven (3.2) 

{dALS~ 1 

- \ dL / o = D e  

= 5 + 3a + 3/3) 

for H-K = 3N _+ 1, L o odd. (3.3) 

2.2. Dislocation density and stacking fault 
energy 

The dislocation density, p, in the materials has 
been obtained from the relations [9] used in 
Part 1, considering the absence of extensive 
polygonization or dislocation pile-ups (i.e. 
n ~ F ) "  

p = (pD �9 ps) ~ (4) 
where 

pD (due to domain size) = 3/D 2 (5) 

ps (due to strain E) = K@2>/b 2 . (6) 

where b is Burger's vector for basal slip, and K 
is a constant which, in the case of Gaussian 
strain distribution is 19.5, 19.0 and 18.5 for 
titanium, magnesium and zinc, respectively. 

In hexagonal crystals, the common slip system 
is on the basal plane in a close-packed direction 
(0001) (1120> and the unit slip vector, b = 
�89 dissociates into two partials, b 1 and b2, 
bounding a narrow ribbon of stacking fault. I f  
the equilibrium separation between these two 
partials is denoted by r, then the deformation 
fault probability, a, can be defined as 

c~ = p .  r .  d (7) 

where p is the dislocation density and d the 
interplanar spacing of the slip plane [10, 11]. 
At the equilibrium separation of the two partials, 
the force F repelling them is equal to the energy 
~, per unit area of the stacking fault (erg cm -~ 
depending on units o fF)  [12, 13], and is given by 

F(bl .  b2)/Zrrr = r = y (8) 

where ix is the shear modulus. The strengths of 
[b 1 [ and [bz ] are a/~/3, and the angle between 
them is found to be 120 ~ [12]. Thus, from 
Equations 7 and 8 we obtain: 

y = tza2/(lZerr) (9) 
and 

a = Fa 2 . pd/(127W). (10) 
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From Equation 10, we obtain an expression 
for the stacking fault energy: 

7(erg cm -2) = /~a 2 . p . d00.2(12~o 0 (11) 

where the (00.2) plane is considered to be the 
slip plane. 

3. Results and discussion 
The normalized Fourier coefficients AL, after 
Stokes' correction [8] for the instrumental 
broadening, are plotted against L (/~) for the 
cold-worked states of titanium (Figs. 1 and 2), 
magnesium (Figs. 3 and 4) and zinc (Figs. 5 and 
6) considering H - K  = 3N and H - K  = 3 N  +_ 1 
(L o odd or even) reflections. A small recovery has 
been observed for titanium (annealed at 550~ 
for 16 h) from the slight upward trend in the 
respective AL coefficients [2]. In Figs. 4 and 6, 
considerable scattering of the experimental AL 
values has been observed for the fault-affected 
10.3, 20.1 and 20.2 reflections of magnesium 
and zinc, due to overlapping and background 
effects. For fault-unaffected reflections this has 
only been observed for 0 0.4 (Figs. 3 and 5). The 
scattering of experimental points, for magnesium 
and zinc in particular, has been eliminated by a 
least-squares fit of a polynomial of the form 
A(L)  = A o + A l L  + A2L 2, as shownin Figs. 3 to 
6. It may be seen that in most of the cases, the 

least-squares fitted points lie close to the experi- 
mental points and also to the average curves 
drawn through these. 

Fig. 7 shows the log plots for the six fault- 
unaffected reflections, i.e. 10.0, 00.2, 11.0, 
20.0 and 00.4 for a distance L up to 200 A in the 
case of titanium. The proximity of the points in 
this plot reflects considerable isotropy in the 
domain sizes and strains. This has also been 
observed in magnesium and zinc (Fig. 8). In the 
latter case, where the scattering is relatively 
prominent, least-squares plots have been shown 
in order to see the consistency of averaging the 
experimental points for a linear relationship. 
Similar observations on the small anisotropy 
were observed earlier for zirconium [2] and also 
for titanium by Gupta et al. [5] who considered 
only three reflections. For the cold-worked 
and partially recovered states of titanium, the 
values of the average domain sizes, D, from the 
distortion-corrected Fourier coefficients, A L  s, for 
these reflections are 380 and 486 A and the 
r.m.s, strain values (EL~) § at an average dis- 
tance o f L  = 100 A are 1.58 x 10 -3 and 0.34 x 
10 -3 respectively (Table I). These values are of 
similar magnitudes to those observed for 
zirconium in Part 1 and show small recovery 
effects in the fragmentation of domains and the 
consequent removal of strains from these 
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Figure 1 The plot of Fourier coefficients AL 
versus L for H - K  = 3N reflections for cold- 
worked titanium. 
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Figure 2 The plot of Fourier coefficients 
AL versus L for H-K = 3N • 1 reflec- 
tions for cold-worked titanium. 
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Figure  3 The plots of 
Fourier coefficients AL 
versus L for H - K  = 3 N  

reflections for cold- 
worked magnesium. 

domains. The domain size values are also very 
close to 380 and 403 A as reported earlier [4, 5] 
for cold-worked titanium, determined by con- 
sidering fewer reflections. The variation of 
r.m.s, strains <ELZ) ~ over the column length, L 
(Fig. 9), for the cold-worked and the partially 
recovered states of titanium is in agreement with 
the usual picture of the dislocation structure that 
develops in heavily deformed metals and alloys 
[2]. In the cases of  magnesium and zinc, AL s 
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versus L plots are shown in Fig. 10 and the values 
of the domain sizes are 1650 A for magnesium 
and 1060 A for zinc (Table I). These values are 
much larger than those obtained for zirconium 
in Part  1 and for titanium. In the case of  zinc, 
A L  s values obtained from the intercepts of  
least-squares plots (Fig. 8) are found to lie on the 
initial portion of the curve drawn from averaging 
the experimental points, and deviate at higher L 
(Fig. 10). The r.m.s, strain values <EL2> 4x a t  
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TABLE I Particle size, D, r.m.s, strain <cLz) § and dislocation density, p, for titanium, magnesium and zinc from 
fault-unaffected (H-K = 3N) reflections 

Sample D (A) r.m.s, strain Dislocation density 
<Er 2 = 100A> ~ • 10 ~ p • 10 -11 (cm cm -3) 

Ti (cold-worked) 380 1.58 1.08 
Ti (annealed at 550~ for 16 h) 486 0.34 0.18 
Mg 1650 0.71 0.10 
Zn 1060 0.57 0.14 

TABLE II  Effective domain size De and fault probability, a and /3, for titanium, magnesium and zinc from fault 
affected (H-K = 3N ~_m 1) reflections 

Sample Reflections De (A) Compound fault ~ and /3 from L.S. c~ • 103 Mean 
H-K = 3N probability solution assuming c~ • 103 
~ 1  / 3 = 0  

(3c~ + /3) (3~-k 3/3) c~ • 10 ~ /3 • t0 z 

'Ti (cold- Lo odd 
worked) 10.1 302 

10.3 264 
20.1 160 
Lo even 
10.2 300 
20.2 120 

Ti (annealed Lo odd 
at 550~ for 10.1 500 
16 h) 10.3 260 

20.1 4(0 
Lo even 
10.2 314 
20.2 3z.0 

Mg Lo odd 
10.1 880 
10.3 1600 
20.1 1600 
Lo even 
10.2 2000 
20.2 880 

Zn Lo odd 
10.1 1280 
10.3 1320 
20.1 2200 
Lo even 
10.2 1620 
20.2 1740 

7.30 2.43 
6.71 2.24 

65.47 8.13 2.07 21.82 

4.89 1.63 
56.41 18.80 

-0.56 -0.18 
9.83 3.27 
2.06 0.58 2.05 0.69 

7.16 2.39 
8.64 2.88 

5.80 1.90 
0.12 0.04 
0.38 0.63 0.21 0.13 

-0.75 -0.25 
5.80 1.90 

9.38 

1.81 

0.74 

L = 100 A are of the order of 0.71 x 10 - 3 f o r  
magnes ium and  0.57 x 10 -3 for zinc (Table I). 
For  zinc, this value is 0.62 x 10 3 calculated 
from the least-squares plots (Fig. 8). In  the case 
of magnesium, the mean  values of the domain  
sizes and r.m.s, strains reported by Lele and 
A n a n t h a r a m a n  [4] f rom the integral breadth  
analysis are of the order of 1350 ]~ and  0.72 • 
10 -3 respectively, and these values agree well with 

our  present values from Four ier  analysis con- 
sidering that  they are obtained by two different 
methods. The comparatively high particle size 
and small strain values for both  magnes ium and 
zinc in the cold-worked state thus indicate that  
these effects are quite small in the X-ray line 
broadening  and that the room temperature 
recovery is quite appreciable in these materials. 

For  the fault-affected reflections, i.e. 10.1, 
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Figure 4 The plot of 
Fourier coefficients AL 
versus L for H -K = 3N 
• 1 reflections for cold 
worked magnesium. 
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10.2, 10.3, 20.1 and 20.2, the distortion 
corrected size coefficients, AL s are plotted against 
L (A) and shown in Fig. 10 for magnesium and 
zinc together with the observations from the 
least squares analysis. The values of the effective 
particle sizes De, determined from the initial 
straight line region of these plots (Table II, 
Equations 3.2 and 3.3), are quite close to the 
average domain size value, D (Table I, Equation 
3.1), in all three cases. The values have been 
found to be slightly less for the 20.1 and 20.2 
reflections of titanium and 10.1 and 20.2 
reflections of magnesium, indicating that the 
(10.1) planes are affected by faulting. Similar 
effects have also been observed earlier for 
zirconium [2]. However, the closeness between 

1 0 9 8  

the values of De and D suggests small con- 
centrations of stacking faults in the cold-worked 
state of these materials exist. This has been 
clearly indicated by a least-squares analysis of 
the values of the compound fault probabilities 
(3~ + fi) and (3~ + 3/3) for the corresponding 
reflections (Table II) using the isotropic domain 
size value, D, in Equations 3.2 and 3.3. In the 
case of titanium, this analysis has yielded a value 
for the deformation fault probability, c~, of 
8.13 x 10 .3 in the cold-worked state, which is of 
the same order of magnitude as that of zirconium 
[2] (~-~ 4 x 10-3). This is also in close agreement 
with the value of 8.0 x 10 a obtained by Lele 
and Anantharaman [4] from the line-shape 
analysis of 10.1 and 10.2 reflections but differs 
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Figure 7 The plot of log 
loAL versus l i d  ~ for values 
of L for cold-worked tit- 
anium. 

considerably from those of Spreadborough and 
Christian [3] and Gupta et  al. [5]. The dis- 
crepancy is quite possible since in the analysis 
of Spreadborough and Christian [3] only two 
high-angle reflections, namely 1 1.4 and 12.1 
(0 _ 57~ were considered and Gupta et  al. 

[5] have determined ~(,-~ 0.1 x 10 -3) from the 
integral breadth analysis, neglecting the presence 
of  any growth faults. The growth fault pro- 
bability, fl, from the present analysis is very 
small ( ~  2.07 x 10-~), being within the range of 
experimental error and thus appears to be 
negligible in the cold-worked state, in con- 

formity with the earlier observations [2, 4-5] with 
plastically deformed h cp metals and alloys. Thus, 
considering /3 to be zero, the values of the 
deformation fault probability, o~, for the res- 
pective planes, have also been calculated and the 
mean value of ~(~ 9.38 x 10 -3 ) has been 
obtained for titanium (Table II). For the 
partially recovered state of titanium, both the 
deformation and growth faults seem to anneal 
out with negligible concentrations of these 
(~ ~'~ 0.06 x 10 -3 and fl --~ 2.05 x 10 -~) lying 
within experimental limitations (Table II). 
Considering any absence of growth faults, the 
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mean  value of  o~ for  this recovered s tate  is 
~-, 1.81 x 10 -s, which may  be considered to be 
negligible. 

F o r  magnesium,  the de fo rmat ion  and growth  
faul t  probabi l i t ies ,  a and  t ,  are found  to be much  
less than  those ob ta ined  for  z i rconium and  
t i t an ium and  are o f  the o rder  of  0.63 x 10 -z 

1100 

and 0.21 x 10 -3, respectively (Table II). These 
values lie well within the range o f  exper imenta l  
er ror  and  the value o f  o~ is slightly less than  
1.1 x 10 -a as repor ted  earl ier  by  Lele and 
A n a n t h a r a m a n  [4]. This result  indicates tha t  the  
p robab i l i ty  o f  the incidence of  bo th  de fo rmat ion  
and growth  faults  in this mater ia l  seems to be  
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Figure 10 The plot of distortion correc- 
ted size coefficients AL s versus L, for 
cold-worked magnesium and zinc. 

negligible. If  growth faults are considered 
to be absent, the ~ values may also be calculated 
for each individual fault-affected reflection 
(Table II). The very small value for each reflec- 
tion, except for the 10.1 and 20.2  reflections 
where it is slightly higher ( ~  1.93 x 10-~), 
indicates that the entire observed broadening is 
due to a strain, isotropic in nature, as the 
domain size is very large. This has also been 
observed from the close proximity of the points 
in the log plots of A L with 1/d 2 for all ten recorded 
reflections of magnesium. The average domain 
size obtained from this plot is ~ 2000 A and the 
r.m.s, strain is ~ 0.61 x 10 -a (Table III); these 
values are very close to 1650 A and 0.71 x 10 -~, 
obtained from the consideration of fault- 
unaffected reflections (Table I). However, they 

differ very little as they are very close to the 
experimental and analytical limits of deter- 
mination. In the case of zinc too, similar 
observations on the presence of deformation and 
growth faults could be made from the closeness 
between values of the effective domain sizes, 
De (A), for the fault-affected reflections, and 
average domain size, D (~_), for the fault- 
unaffected reflections (Tables I and II). The 
close proximity of points in the log plots has also 
been observed here for all reflections. The values 
of the average domain size and r.m.s, strains 
from this plot are ~ 1120/~, and ~-~ 0.44 x 10 -3, 
respectively (Table III), which are very close to 
the respective ones ( ~  1060 A and ~ 0.57 • 
10 -3, Table I) obtained from the fault-unaffected 
reflections only. These observations are, there- 
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TABLE III Average domain size D and strain <EL~> ~ for magnesium and zinc considering all observed reflections 

Magnesium Zinc 

D (•) <~L ~ = 100 A) + • 10~Reflections according D (A) 
to 0 

Reflections according 
to 0 

< E L 2 = I O 0 ~ >  ~ X 10 3 

10.0 00.2 
00.2 10.0 
10.1 10.1 
10.2 2000 0.61 10.2 
11.0 10.3 
10.3 11.0 
11.2 00.4 
20.1 11.2 
00.4 20.1 
20.2 20.2 

1120 0.44 

' \ 

fore more or less identical to those of magnesium. 
The dislocation density, p, calculated from the 

Equations 4 to 6 using the values of average 
domain size, D, and the Gaussian distribution of 
r.m.s, strains, eL, at an average column length 
L = 100 A, are shown in Table I for titanium, 
magnesium and zinc. In the cases of magnesium 
and zinc, these values have been found to be less 
by one order of magnitude than that of titanium 
in the cold-worked state. This is quite evident 
from the relatively high values of domain size, D, 
in both magnesium and zinc (Table I). 

The magnitude of the stacking fault energy, 7, 
which bears an inverse relationship to the 
stacking fault probability, a, has been estimated 
for titanium and magnesium from Equation 11 
using the values of c~ and/3 given in Tables I and 
II and of shear modulus,/x from [14]. The values 
of ~ are shown in Table IV where values of ~ are 
considered to be high for all the fault-affected 
and also for less-affected planes. In these cases, 
a very low stacking fault probability, c~ (Table II) 
implies a high stacking fault energy for the basal 
planes of these materials. This is in agreement 
with the theoretical considerations of Seeger [15 ] 
from the electronic structure of the hexagonal 

materials. However, this differs considerably 
from the appreciably low values obtained here 
for the stacking fault energy, 7 (Table IV), for 
basal slip and also the existing experimental 
observations. Recent electron microscopic obser- 
vations with single crystals of zirconium [16, 
17] have shown a small value for the stacking 
fault energy on the prism planes and predicted 
that in zirconium and titanium, both having a 
similar c/a ratio, the prismatic slip is more 
favourable to basal slip. In a very recent study 
[18] on cold-rolled titanium sheet, it has been 
observed that the active primary slip system is 
of the prismatic {1500} (1 120) type, while the 
secondary system is either the prismatic or 
pyramidal type. It has, however, been suggested 
that in certain orientations of load directions, the 
basal slip mode rarely observed in this study may 
be the primary slip system. In the case of 
magnesium, Seeger [19] has reported a value of 
60 erg cm -2 for ~ from the flow stress analysis. 
Price [20] and Harris and Masters [21] have, 
however, from electron microscopy indicated a 
very high stacking fault energy for basal slip in 
magnesium. For zinc, Bocek and Kaska [22] have 
obtained a value of 370 erg cm -2 for y, and 

TABLE IV Stacking fault energy, ~, for hexagonal titanium and magnesium 

Sample L.S. value of c~ from reflections 7 (erg cm -2) Mean value of a from 7 (erg cm -*) 
reflections 

Ti 10.1 3.2 10.1] 
10.2 10.3 ~ 12.2 
10.3 lO.2j 

Mg 20.1 2.1 20.1] 
20.2 10.3~ 24.7 

102j 
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Price [20], based on the results of Berghezan et al. 
[23] f rom transmission electron microscopy, 
showed the value to be quite low and in the order 
of 30 erg cm -2. 

From the above observations it appears, 
therefore, that a wide diversity in the values of  
the stacking fault energy determined f rom 
various existing methods of analyses exists. This 
is also understandable from the critical analysis 
of Gallagher and Liu [24] on the stacking fault 
energy measurements by several methods. In our 
present analysis, the determination of 7 is not 
only influenced by the magnitude of ~, but also 
from the estimates of the dislocation density, p, 
based on certain dislocation networks which 
may develop in the cold-worked material. This, 
it is difficult to predict the easiest slip mode in 
these materials, in terms of either the basal or 
prismatic mode, from the consideration of the 
magnitudes of  stacking fault energy. However, 
very small concentrations of  stacking faults, as 
observed in the present X-ray line shape analysis 
for titanium as well as for zirconium in Part  1, 
suggest that basal slip may not be a favourable 
slip mode and may be inhibited by prismatic slip 
[16, 17]. In the case of  magnesium and zinc, 
where the basal slip of  the form (0001) ( 1 1 2 0 )  
has been observed to be a favourable slip mode 
[16, 25], negligible concentrations of  stacking 
faults may also be associated with the recovery 
effects as observed from the large domain sizes 
(Table l). Since the X-ray diffraction effects in 
the case of  slip modes, other than the basal slip, 
are yet to be understood, it is, therefore, 
necessary to perform detailed electron micro- 
scopic observations of these hexagonal materials 
to elucidate which is the easiest slip mode. 

4. Conclusions 
From the detailed Fourier analysis of the maxi- 
mum number of observable X-ray diffraction 
profiles from the cold-worked magnesium, zinc, 
titanium and partially recovered state of titan- 
ium, the following conclusions may be tentatively 
drawn: 

(1) The results of  line-shape analysis for 
titanium are found to be consistent with those 
Observed in Part 1 for zirconium; 

(2) The existence of a small anisotropy in both 
domain sizes and strains has been observed from 
the log plots of fault-unaffected, as well as fault- 
affected, reflections in the cases of  magnesium 
and zinc. This indicates that these effects remain 
more or less uniform for all the observed 

reflections and that the effects due to the stacking 
faults are quite insignificant for magnesium and 
zinc. The average domain size values for mag- 
nesium and zinc are quite high compared to those 
for titanium and also zirconium (Part 1), 
indicating considerable room-temperature re- 
covery in the domain size broadening effect. A 
small recovery has been observed for titanium on 
annealing; 

(3) The least-squares analysis of fault-affected 
reflections has yielded very small concentrations 
of deformation and growth stacking faults in 
titanium, and negligible concentrations in 
magnesium in the cold-worked states. The 
presence of these could not be detected in zinc; 

(4) The stacking fault energy in titanium and 
magnesium has been estimated from the 
results obtained, and found to be quite low. 
However, it appears to be difficult to obtain a 
clear picture of  the primary slip mode (either 
basal or prismatic) on the basis of stacking fault 
energy measurments in these materials. 
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