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Abstract: The adaptability of time-of-flight neutron diffraction
for quantitative texture analysis is demonstrated. Measurements
with this technique on drawn steel wire show good agreement with
the results from conventional neutron diffraction experiments.
A short description of the neutron time-of-flight method is given.
Its application for texture investigations especially on low-
symmetry crystalline systems, multiphase materials and for in
situ studies is discussed.

INTRODUCTION

The aim of the present work is to show that neutron time-
of-flight (TOF) diffraction (equivalent to energy dispersive
X-ray diffraction) is a suitable tool for quantitative texture
analysis. For this purpose the fibre texture of iron wire
has been measured, first by conventional angle-dispersive
neutron scattering and then using the time-of-flight tech-
nique. By comparing the quantitative results obtained by
both methods the mathematical procedure for texture analysis
by TOF diffraction is verified and some aspects of this
method are discussed.

Texture investigations by means of the conventional
angle-dispersive method using X-ray I as well as neutron dif-
fraction 2 have been known for a lon time. The series ex-
pansion technique proposed by Bunge made it possible to de-
scribe the texture of materials quantitatively by calculating
the so-called orientation distribution function using three
parameters, e.g. the three Euler angles. Recently the
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importance of energy-dispersive X-ray diffraction for texture
investigations has increased, stimulated by efficient X-ray
sources and synchrotron radiation. -6 A possibility of tex-
ture investigations using neutron time-of-flight technique
was first shown by Szpunar et al. in 1968 in a qualitative
way. Up to now no publication is known concerning quanti-
tative texture analysis by TOF neutron diffraction. In the
present paper a transition to quantitative texture analysis
using TOF technique is performed. This experiment is a part
of the work on texture investigations by neutron time-of-
flight diffraction planned for the new pulsed reactor IBR-2
of JINR Dubna.

EXPERIMENTAL METHODS

The conventional angle-dispersive neutron technique has
been well known for some years. The diffractometer at the
RFR reactor of CINR Rossendorf is described by Kleinstck et
al. 2

The TOF method uses the different velocities of neutrons
with different energies and different wavelengths. If a
pulsed polychromatic neutron beam from the reactor starts at
time to, neutrons are incident on the sample at distance Ll
at different times depending on their velocities (Figure i).

Figure i. Schematic set-up of the TOF diffractometer
at the pulsed reactor; LI, the first flight path; L2,
the second flight path; i, reactor; 2, specimen in the
texture goniometer; 3, Soller collimator; 4, detector.

The time-of-flight spectrum of neutrons scattered according
to Bragg’ s law

I 2d sin 8 (i)

is measured by BF3 counters connected with a multichannel
time analyser. The relation between the time-of-flight
(t t0) energy E, mass m, and De Broglie wavelength, l, of
neutrons is given in Eq. (2)

mlt- to -- (Ll + L2) (L + La) (2)
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where h is Planck’s constant. The second flight path L2
should be small, because the intensity decreases proportion-
ally to I/L. The neutron time-of-flight diffraction is de-
scribed in more detail by Buras and Holas. 8

In the TOF method several Bragg reflections are recorded
simultaneously. The information obtained at a fixed scatter-
ing angle and a fixed specimen orientation is sufficient for
the determination of an inverse pole figure. Of course, the
number of available Bragg reflections to construct inverse
pole figure depends on spectrometer resolution. Alternatively,
several normal pole figures can be measured with fixed scatter-
ing angle, varying the specimen orientation.

The neutron time-of-flight method is very suitable for
studies on low-symmetry crystal systems, on multiphase mater-
ials and on axisymmetric samples. Furthermore, the TOF tech-
nique permits in sit investigations on specimens subjected
to various controlled environments.

EXPERIMENTS

For all the investigations a steel wire of 3 mm diameter
was used. Fastening several wires side by side in a special
texture goniometer, a sample area of about 60 mm diameter was
obtained. By suitable movement of the sample, the effective
specimen volume in the beam was held constant. The inten-
sities of one Bragg reflection were thus independent of ab-
sorption at various sample orientations.

The texture goniometer can be rotated independently
about three perpendicular axes , , and . The smallest
possible angular-step is 1 degree in each case. During the
present investigation only the -rotation was used (Figure 2).

Q

Figure 2. Schematic representation of the texture goni-
ometer. Three independent axes for the transmission
case are shown. (i, primary beam; 2, detector).
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At the RFR reactor of CINR Rossendorf the pole figures
{110}, {200}, {211} and {310} were measured in the range
from the fibre axis to transverse direction in discrete an-
gular steps of A 3 degrees. Pole figures are shown in
Figure 3. The wavelength of the monochromatic beam was
z. 058

8

Figure 3. Normalized pole figures measured by the con-
ventional method. Dependence of pole density I on
specimen orientation (in degrees) is given.

At the pulsed reactor IBR-30 of JINR Dubna the TOF dif-
fraction spectra were measured on the same specimen. The
sample orientation was varied in the range from the fibre
axis to transverse direction in steps of 6 degrees, i.e.,
normal pole figures were measured because only 8 reflections
can be separated with the present spectrometer resolution.

In Figure 4 the TOF spectra for 0 (fibre axis),
V 30 60 90 are shown. The intensity variation of
Bragg reflections from spectrum to spectrum is evident.

Parameters for the TOF experiment:

LI 30.4 m
L2 1.4 m
29 90
channel width 32 ps ( 0.004 )
measuring time per one spectrum is 17,000 s.
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Figure 4. TOF diffraction spectra for different specimen
orientations.

MATHEMATICAL TREATMENT

In the case of an axisymmetric specimen the inverse pole
figure in the direction of the symmetry axis contains full
information about the texture of investigated material. Un-
fortunately, the resolution of the spectrometer is too poor
at present to determine inverse pole figure in a direct way.
Therefore, the inverse pole figure of the symmetry axis has
to be calculated from the normal pole figure data.

In the case of the conventional angle dispersive method
the densities of unnormalized pole figures are measured
directly. In TOF experiments the pole densities are propor-
tional to the intensities of Bragg reflections. They have
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been determined by means of a fit program taking into account
the background, energy spectrum of the reactor pulse and asym-
metric form of Bragg peaks. This form has been approximated
by the asymmetric Lorentzian shape. It has also been possible
using a fit program to separate the diffraction peaks which
are partly overlapped. For the determination of pole figures
the intensities of a fixed Bragg reflection must be compared
for all specimen orientations. With variation of the sample
orientation at a fixed scattering angle the position of the
peak (hk) does not change with respect to the wavelength
(channel number of TOF spectrum). Therefore, all wavelength
dependent quantities like Debye-Waller factor, absorption,
extinction, etc., may not be taken into account. The normal-
ization factors of each pole figure contain them. Further
data handling process is the same for both methods. It is
based on the well known series expansion method proposed by
unge 3 From the mathematical expansion for pole figures
i ihk]

() t F(hi)P() (3)Pi i=0

with
M()

F (hi) ’2 1
C

F(hi coefficients can be calculated using orthonormality
of Legendre polynomials P ()

/ 2 / Pi() P() sin d (5)F (hi) Ni 0

where is the power of series expansion, M() is the number
of linear independent spherical functions at power (see

ref. 3, p. 32), k (hi are the spherical functions of the

pole figure hi containing all elements of crystal symmetry,

C are the texture coefficients.

The normalization factor of pole figure hi is calculated
as follows:

Ni ;Pi () sin d (6)

Usually the texture coefficients C are calculated by the
least squares method.



COMPARISON OF QUANT. TEXTURE ANALYSIS 7

M(Z)

h) o
i

=i

(7)

Using thus determined .oefficients the inverse pole figure of
the symmetry axis Rsa (h) can be calculated with an expression
analogous to Eq. (3)

M()

a i C k () P(0)
=0 =i

(8)

At higher orders of series expansion the precision of
integration [Eq. (5) in dependence on the distance of measur-
ing points in pole figures decreases rapidly with increasing
ntmber of oscillations of Legendre polynomials P (). There-
fore, the density of points for integration has been in-
creased with the help of quadratic interpolation. Of course,
this procedure does not give any new information about the
texture of the investigated material, but enables more com-
plete use of information the pole figures contain.

DISCUSSION

A comparison of the pole figures measured by the conven-
tional method and corresponding pole figures calculated from
TOF spectra (Figure 5) shows good agreement. Moreover, four
pole figures {222}, {321}, {420} and {332} could be separated
in the TOF method.

From pole figure data measured by the conventional
method the inverse pole figure of wire axis has been calcu-
lated by expanding the series up to 34. From comparing

C-coefficients computed with and without interpolation, ser-

ious differences have been found suggesting an angular step
of A 3 being sufficient for series expansion up to
34. The determined inverse pole ’figure is shown in Figure
6. In Figure 7 inverse pole figures are represented, which
have been calculated from the TOF data taking into account
different sets of pole figures. In all cases the series ex-
pansions were truncated at 34 also. The original data
have been interpolated Th angular step was A 1 after
that. The deviation o F2 (hi) coefficients (see Table I)
from zero was taken as a criterion for including or exclud-
ing the pole figures. This deviation may be used for char-
acterizing the precision of pole figures. 3 As was expected
all the inverse pole figures are similar. All calculated
inverse pole figures are in good agreement with the
literature, i
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Figure 5. Normalized pole figures determined from the
TOF spectra. Dependence of pole density I on specimen
orientation (in degrees). The dotted range of pole
figures {222} and {332} is uncertain.

1 23z. 5 6 lO]
Figure 6. Inverse pole figure calculated from the
conventional method data.
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Figure 7. Inverse pole figures calculated from the TOF
data taking into account different sets of pole figures.
The pole figures used for the calculation are given.

TABLE I

F2.(hi)-Factors for Various Pole Figures

ii0 200 211 220 310 222 321 420 332

F2 (hi) -0. 025 0. 155 O. 042 0. 024 -0. 030 0. 257 -0. 022 0.039 0. 338

In Table II, C-coefficients determined from the TOF
data with and without interpolation are represented. The
difference between the two sets is significant. The error
is so large that the density maximum in the inverse pole
figure is shifted from [II0].

CONCLUSION

The present work is the first quantitative texture anal-
ysis by the neutron time-of-flight diffraction known to the
authors. This method is shown to be a suitable tool for tex-
ture investigations. Because of a lot of simultaneously
measurable Bragg reflections it appears to be very useful for
nonstandard research, e.g. on low-symmetry crystalline sys-
tems, multiphase systems, etc. The method (good resolution
is assumed) can be used efficiently for direct measurement
of inverse pole figures, i.e. for n 8tu studies on a specimen
subjected to any external influences. The high neutron flux
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of the IBR-2 reactor is expected to provide a significant
progress in the neutron time-of-flight texture analysis.
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