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SUMMARY

The influence o f  the sample radius and 
irradiated zone width on the defocusing 
phenomenon is analysed by means o f  theoret- 
ical expressions which result from the con- 
volution o f  a Cauchy fitting o f  the diffraction 
peak on the receiving plañe. For the usual 
sample radius (about 12 mm) an irradiated 
zone width which is larger than expected may 
be used without any additional intensity loss. 
For a small sample radius (e.g. 4 mm), de­
focusing is less pronounced when a 6 mm ir­
radiated zone width is used. (0002) and 
{1010} pole figures o f  Zry-4 (a zirconium- 
based alloy) samples illustrate the results.

1. INTRODUCTION

In previous work, Ortiz and Hermida [1] 
derived a theoretical expression for correct- 
ing the diffracted intensities for defocusing in 
the Schulz technique. The analysis was based 
on the assumption tha t the irradiated zone re- 
mained within the sample limits during the 
whole experiment. For a circular sample of 
radius about 0.5 in, in the diffraction angle 
range (10° - 20°) usually used for texture de- 
termination the initial irradiated zone width 
should not exceed 6 mm. A reduction in the 
sample radius would require a beam width 
reduction, but the diffracted intensity would 
also decrease appreciably.

Tensile and creep samples, for example, 
usually are about 3 - 6 mm wide. To obtain a 
sample suitable for texture determ ination, 
several of these small samples collected 
together to  form a layer sample would be 
needed; this would be very tim e consuming. 
Therefore, if small samples and no initial

intensity reduction are required simultaneous- 
ly, a new source of intensity decrease which 
arises when the sample is tilted has to be 
taken into account: the fact that the irradi­
ated zone is larger than the sample radius.

2. THEORY

2.1. Sample radius larger than irradiated zone  
width

In Fig. 1 a side view of the tilted sample is 
shown. The height of the X-ray beam is h, 
ha is half the vertical com ponent of its projec- 
tion on the sample and x a  is the máximum 
separation of the irradiated zone from the 
vertical plañe for a  = 0. The irradiated zone 
viewed from the normal direction to the 
sample is shown in Fig. 2. The irradiated zone 
width defined by 2a and hd is the horizon­
tal component of the beam projection. The 
following expressions are easily established:

h
ha = ---------

2 eos a

Fig. 1. Side view o f  a ti lted sample used for the 
Schulz technique.
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Fig. 2. Irradiated zone  viewed from the  normal direc 
t io n  to  the  ti lted sample.

h
x a  = — tan a 

2

hd sin a
tan (3 = —  = ----- -

ha tan d

The irradiated zone will remain within the 
sample limits until

ha  tan (3 + a > (R 2 — h 2a )1 2

where R is the sample radius. Until then the 
to ta l diffracted intensity is the convolution 
(on the receiving plañe) or the diffracted 
intensity of each differential of the irradiated 
zone area [ 1 ,2 ] :

1
H x ) =  -- ■ f i{x -  x'(y)}(2a) dy 

2ha(2a) ¿ha

where x'(y) = y  tan j3 sin Q + y sin a  eos 6 = 
2y sin o: eos d and i(x) is the intensity profile 
(Fig. 3). However, if the irradiated zone does 
n o t remain within the surface limits, as is 
shown in Fig. 4, the centre of each differen­
tial of irradiated zone area is shifted towards 
the  vertical axis; y denotes its position which 
is determined from

y  tan |3 + (f l2 - y 2)u2 - a
u = ------------------------------------

2
and its width is given by

ÁB = a + (R2 -  y 2)1/2 -  y tan 0

Therefore, as can be seen in Fig. 3, the new 
variable x"  is given by

Fig. 3. Schem atic  top  view o f  the focusing condition 
when the  sample is tilted.

Fig. 4. A schem atic  diagram showing when the 
irradiated zone  no longer remains within the sample 
limits.

x"(y) = u sin d + y  sin a  eos 6

3y sin a  eos 6 + { (R2 — y 2)1 2 — a} sin 0
2

The lower integration limit ym correspond- 
ing to this case is obtained from the expres- 
sion (Fig. 4)

yni tan (3 + a = (i?2 — ym2)1/2

which gives
{ (ñ 2 — a 2) + R 2 tan 2)3}1/2 — a tan /3

ym = tan2/? + 1

When the condition 

ha tan |3 — a < (R 2 — h2a ) l/2 
is fulfilled, the upper integration limit is 

7 m = ha
In other cases, VM must be obtained from 

7 m tan (5 — a = ( R 2 — yM2)' 2



which gives

{(R 2 — a2) + R 2 tan2j3}1/2 + a tan (3
y M = tan 2j3 + 1

Then the total diffracted intensity is given by

I(x) = /,(* )  + I2(x) + I 3(x)

where
1 /  m

/ ,(* )  = - —  f  i Ahaa J
x  +

{(i?2 —y 2) —a} sin 6 + 3y sin a  eos 0
{a + (i?2 — y

1  y  m

h ( x ) = —  í  í ( x  ~  s *n  a  cos 2ha J- y m

and

h( x )
Ahaa

■ I 
/

x —
{(f?2 — y 2) 1 — a} sin 0 + 3y sin a  cos i

{a + (R 2 — y

The defocusing factor is expressed by 
W r / 2  j  wRn

F(a) = J  I(x) dx / J  i(x) dx
- I V r / 2  /  - W r / 2

where IVR is the receiving slit width.

2.2. Sample radius smaller than irradiated zone width 
This new case is represented in Fig. 5. When

ha tan (3 < a — (R 2 — ha) in

(i.e. zone 1), the diffracted intensity is given by 

I(x)
 ̂ ha

J  i(x — y  sin a  cos d) (R2 — y 2) 1/2 dy
2 haa — MU

When this condition is no longer fulfilled (i.e. zone 2),

I(x) = /,(*) + I2(x) + I3(x)

with

1
4 haa

ha

s  ‘
yo

x  —
{(R — y ) —-a} sin 6 + 3y sin a cos 6

{a + (R 2 — y 7

h ( x ) = ------  f  '(* — y  sin a  cos 9 ) ( R2 — y 2) 1' 2 dy
2haa J

h ( x )
i  h a

= —  í  ‘ 4haa Jy<¡
x  +

{(R2 — y 2) —a} sin 9 + 3  sin a  cos 9
{a + (R —y 2)

2)> 2 — y tan P) dy

)* 2 — y tan j3) dy

)'■2 — y tan |3} dy

1/2 — y tan 13} dy
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Fig. 5. Irradiated zo ne  viewed from the  normal diree- 
tion  to  the ti lted sam ple  for a > R.

where y 0 is found through the expression (Fig. 
5)

a — y 0 tan (3 = (R 2 — y 02)i n

whieh gives
a tan (3 — { R 2 tan2/3 -- (a2 — R 2)}' 2

" 'J tan 2/? + 1
In this case the diffracted intensity for a = 0 
is given by

l  h/2
dy

1
ha

i(x)

-h/2

3. CALCULATION

In both cases the integráis /j  (x) and I 3(x),  
and also the integral / 2(x) in the case de- 
scribed in Section 2.2, had to  be solved nu- 
merically and Simpson’s rule was employed. 
The intensity profiles i(^) were given by Cau- 
chy fittings [1] and the misalignment factors 
[3] were also included. For this purpose, a 
FORTRAN IV program was developed for use 
with an IBM 370 Computer. The F(oc) factors 
were finally calculated as a function of the tilt 
angle in 2.5° steps. The program uses 234k 
storage locations and consists of 249 instruc- 
tions.

Copies of this program and any additional 
Information may be obtained from ’the 
author.

To show the variation in the curves of the 
defocusing coefficient F(a) with the sample 
radius R  and the irradiated zone width 2a, 
two extreme valúes of R  were chosen, 4 and 
12 mm. The valúes of 6 and K  (a constant of 
the Cauchy fitting) were chosen as those 
corresponding to  the (0002) peak, for copper 
radiation, of zirconium samples. In Fig. 6,

Fig. 6. Defocusing coefficient F(a) as a function o f  the  ti l t  angle a ,  for a sample radius R  o f  12 m m : curve 1, a = 
3 m m , a = 8 mm ; curve 2, a = 12 mm ; curve 3, a = 18 mm.
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three curves corresponding to  four different 
valúes of a for R = 12 mm are shown. Curve 1 
corresponds to  a = 3 mm and a = 8 mm, 
curve 2 to  a = 12 mm and curve 3 to  a =
18 mm. In Fig. 7, three curves corresponding 
to  a = 2 mm, a = 4 mm and a = 6 mm for R = 
4 mm are shown. In both figures the arrows 
indícate the valúes of the tilt angle a L1M at 
which the irradiated zone no longer remains 
within the limits of the sample surface. For 
R  = 4 mm the shapes of the curves as func- 
tions of a are quite different. The curve for 
a = 2 mm coincides up to a  = 63° with the 
curve (the “original” curve) for which the 
sample radius and the irradiated zone width 
are no t taken into account (dotted line). At 
angles slightly larger than this, the irradiated 
zone no longer remains totally within the 
sample surface, and there is an additional 
intensity decrease; this becomes marked from 
a  = 75°. This angle also corresponds to a valué 
of a L1M for a small irradiated zone halfwidth 
such as a = 0.1 mm, indicating th a t it is 
impossible to avoid this new source of intensi­
ty loss for R = 4 mm. For a = 4 mm there is a 
marked intensity decrease starting from a  =? 0 
because, for small angles, defocusing is not 
significant and the fact that the irradiated 
zone no longer remains within the sample

limits becomes the only reason for the occur- 
rence of this decrease. The difference between 
curves 1 and 2 increases up to  about a  = 35° 
and then, as defocusing becomes increasingly 
pronounced, it decreases progressively. In 
contrast, for a -  6 mm (curve 3), up to a  = 
64°,

ha  tan /3 < a — (i?2 — ha2)1 n

i.e. the centre of each difierential of the ir­
radiated zone area is situated on the y axis 
(u = 0 in Fig. 5); defocusing is even smaller 
than for a = 2 mm (curve 1). For this and 
larger angles the difference between the tw o 
curves becomes smaller as defocusing begins 
to  play the dom inant role. For R = 12 mm 
the curves for a = 3 mm and a = 8 mm 
coincide with the original curve. It is interest- 
ing to note that, even for a = 8 mm with 
a UM = 7 5 °, the effect caused by the fact tha t 
the zone is no t within the sample limits is 
negligible compared with defocusing and 
consequently there is no additional intensity 
loss. For a = 12 mm there is an additional 
intensity loss, from a = 0, for R  = a = 4 mm 
but, from a  = 50°, the situation is reversed be- 
cause defocusing is smaller than for a = 8 mm. 
For R = 18 mm the curve behaves similarly to 
the curve for R = 4 mm and a = 6 mm.

Fig. 7. Defocusing coefficient F(0t) as a func t ion  o f  the  tilt angle a ,  for a sample radius R  o f  4 m m : curve 1, a = 
2 m m ; curve 2, a = 4 m m ; curve 3, a = 6 mm.
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4. E X PE R IM E N TA L  DETAILS

Two sets o f com plete pole figures ((0002) 
and {10Í0}) for Zry-4 (a zirconium-base alloy 
used for cladding the tubes of fuel elements in 
pressurized w ater reactors) were obtained.

A standard Siemens texture goniometer 
with filtered copper radiation was employed. 
Misalignment conditions were analysed and 
Ad and Ah valúes similar to those obtained in

the work of Ortiz and Hermida [1] were 
obtained. A 5o spiral was chosen and conse- 
quently, to  cover the whole projection, the 
receiving slit height was fixed according to the 
following equation [4] :

2r sin Q
where WH is the receiving slit height, r is the 
goniometer radius and Aa  is the tilt angle

RD

0 TC
|0 TD

RO
90

Fig. 8. (a) (0002) and  (b) {1010} pole figures for a 
Zry-4 cladding tu b e  sample (RD, rolling direction; 
T D , tensile d irection).

Fig. 9. (a) (0 0 0 2 )  and  (b) { l0 1 0 }  pole figures for an 
annealed Zry-4 sheet sample which had been coid 
rolled and stress relieved (RD, rolling direction; TD, 
tensile direction).
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interval for the incident diffracted intensity. 
The intensities were collected in 5 s intervals 
until a  = 87.5° was reached; these intensities 
were corrected for defocusing using the cor- 
responding theoretical expressions.

In Fig. 8 the (0002) and {10l0} pole figures 
of a Zry-4 sample obtained from a cladding 
tube are shown. This sample had a radius of 
12 mm and according to previous results an 
irradiated zone width of 8 mm was chosen to 
increase the intensity and to  improve the 
counting statistics.

In Fig. 9, another set of (0002) and {1010} 
pole figures is shown. In this case the sample 
was obtained from an annealed creep sample 
(1 h at 800 °C) 4 mm wide and 40 mm long 
tha t had been drawn from a cold-rolled (64%) 
and stress-relieved (2 h at 520 °C) Zry-4 sheet. 
Two pieces 4 mm long of the creep sample 
were put together to make a circular texture 
sample 8 mm long.

The pole figures in Fig. 8 have the charac- 
teristics expected from this type of samples 
[5] and it should be pointed ou t tha t there is 
good definition between pole density levels 
cióse to a = 90°.

In the (0002) pole figure in Fig. 9 the máx­
imum pole density is concentrated near the 
normal direction, as is expected because of 
the annealing process; in the {1010} pole 
figure in Fig. 9 the six prism poles are more 
clearlv defined and the (1120) direction tends 
Lo be aligned with the rolling direction [5].

5. CONCLUSIONS

Although calculations and experiments 
have been performed for only one diffraction 
angle, 6 = 17.4°, the analysis is quite general 
and several conclusions can be drawn. With 
the usual sample diameter, about 24 mm, the 
diffracted intensity can be increased, and 
consequently also the pole figure accuracy, 
by means o f a larger irradiated zone width 
w ithout any additional intensity loss.

Smaller samples can be analysed with good 
results, and for any case an irradiated zone 
width larger than the sample radius is 
advisable.

This work and the earlier work of Ortiz 
and Hermida [1] show the reliability of the 
Schulz technique for obtaining complete pole 
figures, provided that all the  misalignment 
and defocusing factors are carefully analysed 
and taken into account.
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