Indian J. Phys. 52A, 469-487 (1978)
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A knowlodgo 8f intensity distribution m (i 1eciprocal spaco for
scattering {rom diflerent typoes of defoots 1 essential for dotermining
the differont types of defect pawrametors  The optwal  iransform
method is ono of the poworful techmiques lor studying the mtensily
distribution due to dilferont defects.  Models of atomic configurations
at the edge and serow dislocation m { e ¢ and b e.c. latlices as well
as grain boundaries were obtamod wsing the results of computor
simulation studies and the masks woie propuced by plotographic
rodustion  Optical transforms of the musks were obtamed with' the
hoelp of a Lipson diffractometer fabricated in the laboratory by nsmg
a 1 mW spoctra physies He-Ne Iasor as the sowco  The rotating
optical transforms were tukon for obtainmg the optical aunslogue of
tho powder patterns  Ib has been observod that tho wtonsity ad
the reciprocal lattice pomts splits into annular halos or takos thoe
‘figure of cght’ shape m some of the cases. The directional depen-
dence ol the sphtiing has booun comparcd with the existing theoties,
It hias also boen observed that with the ordering of the dislocations
at the grain boundaries, the diffraction patiern resombles that of
the single dislocation. Line pronles of rotatmg optical transforms
have been analysod and the informations vegarding the nature of
the strain digtribution bocunse of differont types of dofects have boen
obtained.

1  TNTRODUCTION

Duo to elastic strain around the lattice dofects there 1s a displacoment ol atoms
from their normal lattico sites Huang (1947), consulering a random distribu-
tion of defocts, oach producng a sphorically symmetrie displacoment field

U =—= i;:{{ 5 has shown that crystals containmg sich, dofocts would give riso to a

diffuse svattoring Wilson (1949, 1950, 1952, 1955), Vassemillet (1959) and
othors have given theories of diffraction from crystals contaming dislocatione
and havo predicted the nature of the modulation of tho intonaity distribution.
These thoories have been further doveloped by several workers and with improved
oxperimental techniques 1t has now been possible to obtan the rolaxation around
the dofecis from {he measurement of the intensity distribution (Dederichs 1973).
Comparison of these thoories with tho experimental studios of tho diffuse scatter-
ing is rather difficult because of the interference of tho thermal diffuse scattering
(TDS) with the defoct diffuse scattoring (DDS). Of course at liquid helium
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temporaturcs the TDS can be considered to be small with rospect to the DDS.
But this may not give the true picture of the relaxation field around the defects
at 100m temperatwes because of the temperature dependence of the atomic
bondings etc. Honco it would be helpful if a knowledge of the nature of DDS
in different systems is obtained by numerical computation or by oplical diffrac-
tion techniques where the system 1s represented by a mask having static atoms.
Tor calculating DDS vnormous amount of numerical calculations are involved
and honce often one has to mako many simplifying assumptions Moreover,
as shown by Keating & Goland (1971) series tormination effects in such calcula-
tion gives rise to serious errors in the form of ripples in the intensity distribution
Because of the above reasons optical transform studies from models contaming
different defeots would be of great use

In fuct optical transform studies have been appled to a variety of problems
viz —for golving crystal structures (Lipson & Taylor 1958), for mterpret:
small anglo soattering (Hosemann 1962), for studying diffraction fiom fibre)
(Mukhopadhyay & Taylor 1971) otc. Mitra & Bhattacharjee (1974) have apple
it for studying diffraction from curved crystals and Samantaray el al (1975)\
have usod it for studying DDS from point defects So far only Willis (1975&,\
1957b) has used the opticul transform techmque for studying diffraction from
dislocations. Hoe has considered only the case of a single odge dislocation and
hag used the isotropic elastic theory for his model. So far no work on the optical
diffracltion from screw dislocations and dislocation clustors formmg the gram
boundaries or rolating optical transforms representing the polyerystalline X-ray
diffraction pattern have been reported. . .

Rovently a high degree of soplustication has been achioved in tho computer
simulation studies of lattice delects (Gehlen et al 1972, Beolor 1970) thus onabling
one to get a more accurate picture of the atomic configuration at the defects.
Henoe in the prosent investigation optical diffraction from edge and scerow
dislooations and grain boundarios have been taken. Rotating optical irans-
forms have also beon taken and informations regarding the nature of the strain
distribution around these defects has bevn obtained The variation of the tail
of tho intensity profiles in reciprocal space has also boen studied.

2. CHorct oF THE MODELS

As has boen mentioned earlior most of the above works are based on the
olastic continuum model which does not give an aoccurate representation of the
atomic structure in the defect region. The elastic continuum theory fails in the
region around tho core of tho dislocation where, according to this theory, the
stresses become infinite. Hence computer simulation methods are employed for
obtaining & more realistic picture. Exoellent reviows of such computer caloula-
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tions are available in Cohlen e al (1972) and Beelen (1970) In the prosont
investigation the madels for the masks of the different defocts were made hy

taking the atoniio positions st the dofect rogion fiom the published works on
computer simulation studies

Masks for the fec. cdge dislocation wore made by taking the results of
Cotterill & Doyoma (1964, 1965): and Doyoma & Cotterill (1966a, 1966b) Thoy
have agsumod that the dislooation hes along a <112> dircetion normal to the
plane of the paper. Thoy have observed that in marked contrast to the olastie
contimum  theory the displacements parallel to both the dislocation Iine and
tho slip plane wero not zoro (at some positions they wore ubont 99, of the near
neighbour distance).  The ceutral portions of the masks of the Le ¢. odge disloca-
tion based on their result has been shown in figure Th.  Similarly the nasks for
the [110] serew daslocation wore made by taking the results from Cotterill &
Doyomu (1965). The central portion of the masks has heen shown m figure 2h
The coro configuration for the bee edge dwlocation with Burgors veetor
b= a <<100> was taken [rom thoe results of Bullough & Perrm (1970) The
relovant portion of the mask has been shown in figurc 3h

It is well known that stable twist gram boundavics are formed iy a crossed
grid of serew diflocations  The correspondmg mask has been shown m figare 4b
Masks for the 6° tilt boundary in y-iron without and with interstitial carbon
impuritios wore made by taking the computer caleulation results of Dahl et al
(1972)  Tho cases for the 6° tilt boundary and tho G° tilt howndwry with 3 earbon
atoms has heen shown in figures 6b and 6b respectivoly.

3. EXPERIMENTAL

Drawings of the atomie configurations at the dofocts were mado on o whito
shoet of paper by plotting atomic coordinates obteined from tho womputer
simulatod models doscribed earlior. The atomic positions wore blackened with
Tndian ink and photographs wore taken with a reduction ratio of 100 . 1. The
number of atoms taken in oach modol wore to the oxtont that the strain fiolds
of the defeete docreases to neghgible value. This was around 10° atows. The
nogatives plaved betweon two optical flals wore usod as the masks for obtaining
tho diffraction patterns An optical diffractomotor was constructed with the
goomelry similar to tho well known Lipson diffractometer, but by roplacing the
conventional Hg source by a 1 mw Spoctra Physics Ho-No lasor. TFor simulat-
ing the X-ray diffraction patterns from polycrystalline samples, the masks or the
film mount were rotuted with the direct beam as the axis. The optical diffrac-
tion patterns worc recorded on 22 DIN-125 ASA films and were processed under
idontical conditions. The optical diffraction patterns shown m figures la-6a
correspond to the masks shown in figures 1b--6b respectively.
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Fig. 1(a) Optical t fi of tho projection of 6 at planes around an edge dislocation
m an f.e.c. lattice.

4. Rrusunrs aND DIScUssioN

(8) Effect of dislocations on intensity distribution

The theory of duffraction from a crystal containing a single screw dislooation
has been given by Wilson (1949, 1952, 1955) and Frank (1949). Using the Hall
(1950) model for displacoments Wilson (1950) has oalculated the intensity dis-
tribution for the edge dislocation. He has observed that the Ok reflections are
unaffected by the presonce of the dislocation wheere k& rolors to the direction
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normal to the Burgers vector. He has also observed thut Ak intonsity distribu-
tiong are drawn out into hollow rings and the diametoer of the 1mgs ave imdopen-
dent of the k but increase with A, Suzuki (1956) and Suzuki & Willis (1956)
have shown by considering the diffraction from & model given by the wotropic
elastio theory (Road 1963) that the mtensity distribution in the neghbowhod
of a hk point is moro complex and depends on both b and k. They have observed
that the k0 reflection is of the shapu of figure of eight and the OF refloction is of
the shape of a cross  Willis (1957a, 1957b) has taken tho optiral transforms for
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Fig. 1(b) Cential portion of tho mask. Position of atoms around an odge dislocation in o
fce. lattice. Tt is u projoction of 6 atoime plancs  Thoe planc of the figuro s 112,

both the models and has showw that the optical transforms agree with tho theoreti-
cal models. Tn the present case tho models were made from the results of the
computer simulation studios. It is observed Irom figure la that the Ak reflec-
tions othor than Ok type have the shape of u figure of eight Ono of the Lk
reflections has beon enlarged and shown m figure 7. In the cuse of 1k refloction
a continuous figure of cight pattorn 18 obtained. But for higher A values the
spot broaks into soveral spols which aro on a contour of figure of eight shapo.
However, no change in the 0% spots ure obsorvod. Thus the A0 and Ak reflec-
taons of tho optical transforms of the computer simulated £ c.0. vdge dislocations
resemblo the Suzuki case whoreas the Ok reflcolions resembles the Wilson case.
In the caso of the b.c.c. edge dislocation (figure 3a) it is observed that the different
Rk reflections have different shapes depending upon their indices. 11 type reflec-
tions are found to havo the ring type shape whercae tho 20 type reflections have
the figure of eight shape. The 02 type roflections have a crossod shape similar
to the one obtained for the Suzuki case. Thus il is observed that tho displace-
ment fields produced because of edge dislocation are quite complox and tho
dafferent diffraction theories which assume the simple elastic continuum approach
do not explain the results fully.
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In Gguro 2a, the optical transform of the atoms m a 111 plane imwmediately
above thoe slip plane for the screw dislocation m the 1 ¢ ¢. lattice, 1t 14 obsorved
that an annular halo forms around the diffracted spots. The radns of the halo

Fig. 2(a)- Optical transform of a screw dislocation m an f.cc. lattice

incroasies with the incroase in tho order. Howover if the ontire screw disloca-

tion is considered, possibly the halo will increase in intensity with a correspond-
ing decroase in the inlensity at the reciprocal lattice point finally giving rise to
ine rings as prodicted by Wilson (1949). However, the optical method oould
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not bo applicd to verily this becawso of the difficvlios in roprosontmg in a two

dimensional grating the ropeatation in a third direction of & two dimonsional
configuration of atoms.

Woalk diffuse sesttering is also observed m the optical transforins  The
diffuse scattering ix in the form of streaks jounng the roomprocal lattico points.
In case of the f.e.c odgo dislovation the stroaks are observed to be parallel o the
h and k direction whereas in the be ¢ odge dislocation thoy are obsarved Lo be
parallel to tho diagonal.
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Fig 2(b) Central portion of the mask. Position of the atoms around a screw dwlocation i
a fe.e Jathice. The figure shows in a 111 plane immodiately above tho shp plaue.

Optical trausform of the gram boundaries have been shown in figures 4u—6a.
Tn the optioal transforms of a section of a crossed grid of a sorow dislocation
giving rise to & twist boundary it 18 obsorved that cach of thoe spots splits into a
large numbor of purallel spots. Furthor strong diffuse streaks are also found to
jom the reciprocal lattice points. In caso of a 6° falt gram boundary m gaumina
won the spots arc lound to bifurcate With the addition of a carbon impurity
atom at the bad fit region 1t is observed from the computer simulation Jexperi-
mentis that there is a ordering of the dislocations forming the grain boundaries.
Tn the optical transform it is observed that the splitting of the spotis gets rounded
to resemble tho dilfraction from edge dislocation. On addition of two more
carbon atoms there is further ordoring of the dislocations forming the grain
boundarios. The oplical transform further improves and resombles the diffrac-
tion paitern from the edge dislocation. There 18 a lot of smilarity botween
figures 3a and 6a. Thus it is observed that when there is un ordering of disloca-
tions at the grain houndaries the diffracted mtensities resemble that from a
single dislooation to a groat extont.
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(b) Rolational oplical iransforms of lattice defects

The pure X-ray dffiffraction promles obtained after correcting for the geo-
motricu) broadenmmg 18 dus to various factors hke particle sizo, strain, stacking
faults ote and is therofora a convolution of the line profiles duc to each of those.

Fig. 3(s) Optical transform (rom & two layor projection of an edge dislocation m b.c c. lattice.

In the mothods of analysia of the hne profile for determining the contributions
due to different effects involve assumptions rogardmg the nature of the indrvidual
profilos. In the intogral broadth method of analysis, assumptions are made
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regarding tho nature of the particle size aud the strain profiles The Fourier
analysis tochnigue alvo assomes the stran profile to he ol some particular typo
Hence in order to determine the valuhty of il methods apphod an wlea about
the nature of those profiles and the pure dilfinction profile w requwed Mitra
(1963) has discussed the varmous methuis of analysmg the nature of the profiles
and has shown that the profiles can he any one of Pearson curyes
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Tig. 3(b)  Contral portion of the mask A (V10) progection of he e, edpe distocation with
Buwger veetor a (100).  Then e no displaccents i the (010) dueetion This o
projection ol two luyers

Ax hias been mentioned m thoe previous seetiong, the stra fiokls due o tho
dsslocations and  dislacation  aserogates spreads the mtonsity distibntion ab
the reciprocal lattice pomt.  For the pouder patlarn this would give rso to a
Troadonmg of the lme profile  JTonee m the present case thoe rotatmg optical
tranglorms wore Laken for all the mashs mentoned e previons soctions a8
woll as for the wudisturbed lattices  One sveh 1ypical rotating optical transform
for the fe.e elge dislocation as well as that for the corrcpondmg vndeformod
lattice have boen shown i figures 9 and 8 respoctivoly

It is clonrly soon by comparmg the two that there 13 a hroadening of the
Imo profilos in the one eontaing the dislocations  Tlus Troadenmg bomg duo
to tho straw fields ad tho dislocation  Honco an wnalysis of the correstcd lmo
profile would give miormations regarding the nattere of the stramn profile lor the
dislocations  Tho analysis for finding out tha natwre of the stram profile was
carriedd out m the following manner

Tt 14 woll known that even if the dilfooneo betweou the two direct distribu- *
tion is not approciable, the diferonce botween the correspondnyg cumulutive
distributions is much more prominent Tl property of the cumulative dis-
tributions is mado use ol in the N(z) tost for distmguiching botweon contro-
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symmotric and non-centro-symmnietric gpace groups. Utilizing this charactoristio,
Mitra (1963) has doveloped a method for deciding whether a given line profile
belongs to the Canchy or Gauss type.

Fig. 4(a) Opticalftransform of {wist boundary formed by crossed grid of serew dislocations.

Suppose that the intensity distribution of the line under study about tha
Bragg angle 6, is givon by 7(f). The angles at which the inlensity merges in
the backgrtund bo A, and f), rospeotively. Since both the Cauchy and Gauss
distributions are symmetrical, let ¢,—&, = @,—f, = N (say). For the purpose
of studying tho distribution, let us put @, = @ so that tho intensity sporead is
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of[ectively between =N, Let ¢ he the standard deviation of th
and let ¢

; o distribudion
o, v
- « be the ney

ariable flor the angle spread.  Let wg introduco

a scalar ¢, o that
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Fig. 4(b)  Contral portion of the nudle 1

Wil houndary formed by crossud gud of werew
dislocations (sectional)

c1(f) = F(0)
and

™ Pe 1
(; _-
'-r-Nl" (¥)dx

In terms of the now variable «, the distribution has heen lenoterd by F(z). The
enmnlative distrihution has heen defined by

R@) = | Pa)de

Tt is onsy to show that for the Gassian distribution,

T

R(zx) = Jorf V3

and for Cauchy type,

R) = ) taniz,
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Fig. G(a) Optical translorm ol n G-degroe Glt graan houndury with ihree embon miterstitinle
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Fig. 6(b) Contral rogion of the mask.
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Ing. 7. IWgure ol 8 obtained m le.c odge dislocation optieal transtor

Fig. 8. Rotational optical transform from undistorted latiico,

Anotiwr mothod of determining the nature of the line profile is by finding out
the ratio ff = ftg/ity where g, and g, are the fourth and sccond central moments
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Fig. 9. Rotationul optieal iransform of ap le.e
Awlocation.

latiiee of fig

we 1(h), havmg one cdge

respeetively  For ihe gases vibere {he AssyNIeLry

of 1 profiley s negligible, as
shown by Poarson & Heartley (1956), wo bave

for B =251035—1he ourve 18 Gavssian (N)
A= 351035 —the eteve 18 Pearson type 1V iven hy

X o
L, d__,, tan-1 u 14 x2 \-m
Y = Yo T

% between — oo (o +un

A=35104, —the curve holong to Pearson type VIT given by

-m

7= (L4 7:’)
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1t may he mentioned here that Cauchy 18 a special type of Pearson curve VII
withh m = 1.
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Fig 10, R(¥) tosl Tor case of (10) Ime profile from e ¢ odge dislocation.

In the prosent case the valves of £(x) of the corrected profile wero caleulatod
for various values of » and were plottod along with, the thoeuretical one  Ono
sueh plot for the vuso of Le.c. edge diglogation has heon shown in figure 10 Tt is
obicrved that the experimental pomts do not fit exactly cither the Gauss or the
Cauchy curves but lies close to the Gaussian curve  Smmlar rosults were also
obtained for be ¢ edge and [ ¢ serow duslogations.  This shows that the strain
profilos for the dislocations are close to Gawssian. However in case of the Gram
boundarnes thoy lic m the middle of the two curves showing that the strain pro-
files are neithor Gaussian nor Cauchy typo hut are more complex

The values of # ~ u,/p, for the difforent cases have been shown in tablo 1.
The firs three profiles of cach caso lor which measurements wero made gave
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almost the samo value of £, 1t 18 observed that for the case of the single dis-

locations we havo Ganssian values whoreas for grain boundarics the curve types
ure different

Tablo 1. Values of f = pi)/p, lor dilferent profiles

f Curve type
Le.e. edge 26 N
b.c.e. edge 24 N
Lee seow ER] N
Twist boundary 36 vi
G6¢ ult boundary 37 Vit
4
3
2 —
—
c
—
|
1 1 1
\ 2 3 4

InS

Ihg, 11. Doubls log plot of the varistion m the micnmty wt the tads with the distance from
tho contre of the (10) profilo for tho caso of the fle.. cdge dislocation.

13
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(¢) Variation of the intensily at the tails of the profiles

Because of the 1/|1r]® bohaviour of the displacoment fiolds tho mtonsity of
the Huang diffuse scatloring varies as 1/¢% whero ¢ 18 the deviation from the
rceiprocal lattice point  Wilkon (1955) has obtained expressions for the fallng
off of the mtcnsities at the tails of the line profiles and has shown ihat the tails
tond 1o zero as the mvorso cube of the dustanco from the centre of the profile.
Vaussamillet (1959) has shown from tho numerical computations of the intensity
oxpression that the inlcnsity does not fall as the inverse eube but decreases more
rapidly  As bhag heen discussed by Dederichs (1973), smee the displacement
near the core vary at a rato greater than 1/r%, tho intonsity at the further end
of the tails may decreasce at a faster rato than the mverse fourth power, Hence
m the presont mvostigation a double log plot of the mtensity with the distance
from the centre of the line was made The plots wore straight lmes with
slopes hotween —3-5 and --4-0  Uno typical such plot hat heen shown l’m
figure 11. .o L \
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