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and C. B. R. Parent»131

ABSTRACT

Neutron diffraction has been utilized lo study textjres developed in polycrystalline niobium, cold rolled to
60% and 80% in thickness ,

The pole figure* obtained were analysed in terms of the following ideal orientations (112) [ Í10], (001) [110].
(113) [110], 1111) [112], (111) [110]

A companion of these, with texiures in b e c metals shows a close similarity.

INTRODUCTION

Niobium has long been considered as an important high temperature nuclear structural material
for both fission as well as fusion reactor applications. Nicbium combines a high melting point, low
density and low thermal neutron capture cross section, relatively high thermal expansion coefficient,
high thermal conductivity chemical inactivity and good resistance to liquid metal corrosion'451

It is well known that some of the world's major deposits of niobium ore (Phyrochlore (NaCa2)
Cb]O6 (O,OH,F) are located in Brasil, and presently Brasil is the world's largest producer .of Niobium
oxide concentrates'6' The technology to produce high purity niobium is difficult, however, a major
effort is under way at the University of Campinas in São Paulo to produce high purity niobium by
electron beam melting and zone refining'9'. The characterization of various physical properties of
niobium, for nuclear applications, has been undertaken by the Coordenadoria de Ciências e Tecnologia
dos Materiais in this Institute'8'.

The material used in the production of fuel element cladding or as first wall blanket for fission
or fusion reactors respectively, must in general characterize highly isotropic mechanical and thermal
properties, thereby ensuring utilization of simpler and economical fabrication processes. The anisotropy
of physical properties of polycrystalline metals is closely connected with texture its presence being
governed by the non random distribution of grain orientations. The commonly used technique of
texture determination is based on X-ray diffraction. However in some cases this technique does not give
accurate results, for example, the presence of large grain size precludes the use of conventional X-ray
technique, as an analysis by Laue method becomes immensely tedius.

On the other hand a low absorption coefficient of neutrons in the majority of chemical
elements, as well as large cross section of neutron beam makes neutron diffraction an ideal technique for
texture determination in metal specimen consisting of coarse grains'13'. In order to obtain a

ID Coordenadoria de Ciência e Tecnologia de Materiais
(2) Coordenadoria de Física Nuclepr e International Atomic Energy Agency
(3) Coordenadoria de Física Nuclear



reproducible p&íe figure one has to know the orientations of at leasi 10* grains (Haessner
Criterion). The volume of irradiated sample using neutron diffraction technique is 10s - 10* times
greater than the usual X-ray technique.

The overall objective of the present work is to correlate preferred orientations in niobium
with its physical properties. As a first step net-tron diffraction technique has been utilized in this study
to investigate textures produced by cold work in coaise grained electron beam refined niobium

EXPERIMENTAL

Niobium samples in the form of approximately 4 mm thick plates, previously cut from a 99,8%
pure electron beam melted ingot, were obtained from the Solid State Physics Department of the
University of Campinas (UNICAMP) São Paulo. These plates were cold rolled to 60% and 80% reduction
in thickness.

In order to increase the irradiated volume of niobium, the samples were prepared as follows:
two sheets each 2.0 mm thick, of cold rolled material were superposed over each other. The 80% cold
rolled niobium consisted of three superposed sheets each having a thickness of 1.03 mm. The rolling
direction was always maintained, necessary geometrical conditions for the experiments were satisfied by
collimating neutron beam having a circular cross section, and by exposing the central round portion of
the specimen surface to irradiation ($ = 35 mm)

The neutron diffractometer was set at a Bragg angle corresponding to the (110) reflection. In
order to facilitate neutron reflections from crystallites prossessmg all possible space orientations the
samples were rotated about three mutually perpendicular axes. The specimen rotation was achieved by
means of a special goniometer'2' The registered changes in neutron intensity are due to specimen
texture. The angles introduced are defined as follows'

a = angle between the scattering vector and the specimen surface.

0 - angle between the rolling direction (R.D ) and the projection of scattering vector on the
specimen surface. All possible values of angles can be obtained by utilizing both
transmission and reflection methods. At small a angles (0 — 45°) transmission method
and at large a angles (45° - 9 0 ° ) reflection method were used. Data obtained from both
methods were normalized at an overlapping angle of a = 45°.

RESULTS AND DISCUSSION

Figure 1 — shows neutron diffraction patterns for the as received, .60% and 80% cold worked
niobium sheets. The registered irregularity in the neutron intensity for the as received samples is due to
coarse grains. For 60% rolled niobium two additional intensity peaks are observed, whose positions are
asymmetrical with respect to the peak observed at 0 - 9 0 ° . This is probably connected with the presence
of recrystallization texture

Figure 2 — Shows a plot of neutron intensity vs a angle corrected for changes in irradiated
sample volume (0 - 100°).

The absolute units of pole density were determined according to the equation:

I S - Í Ij AS,



where

I S is pole density of theoritical csotropic specimens with similar absorption and scattering capacity as
the investigated specimen, integrated over the whole range of density orientations.

Ij is the mean pole density measured at the elemental sphere surface AS,.

£ is the summation over all elemental sphere surfaces corresponding tc the whole range of density
orientations.

Figures 3 - and 4 show pole figures for 60% and 80% cold worked niobium respectively.
Absolute units are used in these pole figures, this assures comparison, of the degree of preferred
orientation developed in the various specimens. The maximum pole density in Figures 3 and 4 is
equivalent to 8 absolute units.

Following are the preferred orientations obtained from Figures 3 and 4.

a) Niobium 60% cold worked b) Niobium 80% cold worked

(112) [110] (112) [110]
(001) [110] (001) [110]
(111) [112] (111) [112]
(113) [Í10] (113) [110]
1111) [110] (111) [110J

and an additional (111) [121]at an angle of 20° to T.D.

These preferred orientations are all typical for b. c. c metals'1-7 '10"12 ' for example those
determined for niobium'1', vanadium»71, tantalum'111 and molybdenum'12). In addition weakly
developed preferred orientation (1111 [110] has also been reported for some b. c. c metals'3'14'. In
figure 3, the orientation (111) [121] is observed to be at an angle of 20° to T.D, suggesting that this
particular orientation is not connected with the rolling process, reather it could be due to
recrystallization texture11', produced by electron beam melting, used in the production of niobium
samples. This arguement is reinforced by the fact that in Figure 4; for samples subjected to 80% cold
work, this orientation does not seem to be important.

ACKNOWLEDGEMENTS

The authors wish to thank Professor D. G. Pinatti of UN I CAMP for supplying the niobium
plates and to Engr. C. A. de Moura of ALCAN do Brasil and Engr. J. F. S Masello of CCTM for the help
with sample preparation. Thanks are also due to Mr. R. S. da Costa for the help with diffraction
measurements.

RESUMO

TtxturM produzida por trabalho a frio am placai de ftfiobio foram invaitigadai.

Figurai da poloi, para o matai laminado a frio, foram interpretadas em termos dat taguintat orientaçõei ideai»:

(112)[í10j, 1001) [110], (1131 [110], (111)[112"J, (111) [1Í0]

Semelhança com textura» tit outros matai* cúbicos de corpo centrado foi observada.
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Figurai - Intensity versus jangle for a = 0 in niobium as cast, Nb 60 per cent cold rolled and Nb 80
per cent cold rolled.
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Fiflure 2 - Intensity versus a angle for 0 = 100° for Nb 60 per cent cold rolled.
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Figure 3 - Pole figure for Nb 60 per cent cold rolled.
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