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Fig. 1. Scheme of the TOF
diffraction experiment. Q —
pulsed neutron source, P -—
sanple, D -— detector, A —
multichannel time-analyser,

length A and the total time of flight t-t,
tector OPD is given by the following relation

g_to."’—,;ﬁﬁﬁh B-GPD - A p=2528 1% m2. w

The detector signals are stored in a multichannel time analyser. Because of the
wavelength spectrum of the primary beam a great number of different reflections
are recorded simultanecusly by the TOF diffraction. Fig. 2 shows the TOF diffrac-
tion pattern of copper powder, For more details on the TOF method see for exam-
ple (2).

of 10F a tional tudies

In the conventional neutronographic textire analysis (1) the experimental tech-
nique allows one to determine one pole figure after another by the variation of
the Bragy angle. The detector aperture is so poor that all the integrated in-
tensity of the chosen Bragg reflection is recorded in one measuring point. To
cover the pole figures with experimental values, the specimen has to be rotated
in the texfure gonicmeter using equal angular , equal area, helical or other
scans. In this way the experimental expense in the conventional method depends on
the nuiber of required pole figures. On the other hand the number of pole figures
which can be determined is limited to the number of nonoverlapped reflections. Lf
there is any overlapping, the measured intensity of (hyk,ly) reflection

does not contain any information on the contribution of the (hyk,l,) peak.
Fig, 3 illustrates the situation.
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Fig. 2. TOF diffraction spectrum of copper powder.
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In the TOF diffraction a great number of Bragg reflections is recorded si-
maltaneously. Therefore, contrary to the angle dispersive method each speci-
men position corresponds to one point in all considered pole figures. In
this way the experimental expense is independent of the required number of
pole figures, i.e.,the TOF method becanes more efficient if the number of ne-~
cessary pole figures increases. Separating the overlapped reflections by
means of a camputer fit program (3) the informatian on peaks like those shown
in fig. 3 can be used also. Furthenmore, this line profil analysis averages
the statistical errors of individual experimental points and allows one to
take into account the background in a very accurate way, especially in the
range of nonoverlapped reflections.

On the other hand the time required to record one TOF spectrum is not less
than 10 minutes. Thus it is more convenient to investigate the texture of cu-
bic or hexagonal materials by the angle dispersive method.

Of special interest is the fact that the information about one TOF spectrum

is equivalent to the inverse pole figure of the chosen sanple position. Unfortu-
nately, neither the available number of reflections nor their distribution over
the inverse pole figure range allows one to apply the mathematical texture ana-
lysis. Nevertheless,the constant scattering geometry makes the TOF diffraction
well-suited for the observation of texture camponent formation in the in-situ
experiments.
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Fig. 3, Intensity relations of two overlapped Bragy ref-
lections for different positions of a texturized speci-
ment with respect to the scattering vector. The angle
dispersive method records the shaded area.

Experimental equipment

As a result of the preceding considerations the TOF diffractameter was started
into operation at the high flux pulsed reactor IBR-2 of the JINR (4). Schemati-
cally it is shown in fig. 4. At present the first flight path determining the
time resolution of the spectrameter is 32.5 m. The necessary rotation of the
specimen is carried out by an automatical texture gonioneter having three per-
pendicular independent axes. The goniometer can be handled by hand or by

a program tape.
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Fig. 4. Scheme of the TOF texture diffractometer: 1 -- reactor shielding, 2--
evacuated neutron guide tube, 3,6 — mirror guide tubes, 4,5 —— eguipment on
the neighbouring beam, 7 —- diaphragma, 8 -- monitor, 9 —- basic platform,

10 — moveable platform, 11 -- detector, 12 -- slit collimator, 13 -- detector
shielding, 14 —-- texture goniometer, 15 —— other equipment.

In the future the spectrometer will be installed at a distance of 100 m from
the reactor. ''he neutron mirror guide tube is necessary to minimize the loss
of intensity. A fully autamatical minicamputer controlled regime of measure-
ment is in the stage of preparation. The parallel measurement with several de-
tectors allows one to determine the corresponding number of points in each
pole figure simultaneously. The gecmetrical conditions and corrections fLor
different Bragyg angles are described in (4).

riment

At the former pulsed reactor IBR-30 a number of texture investigations has been
carried out, They are representative for different applications using a total
flight path of about 32 m. All mathematical texture analysis procedures have
been done using the series expansion method (5). The Euler angles are chosen

by the notation of Matthies (6).



Firstly, the texture of a rolled sheet of microduplex steel consisting of
bee (e) and fec (¥) iron phases has been measured (7). Fig.5 shows the
parts of the TOF spectra corresponding to normal, transverse and rolling di-
rections. The texture effects can ke seen from comparing the relative peak
intensities of one spectrum. By means of the fit program ORTGN (2) seven
reflections could be separated from each phase in all diffraction patterns.
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In another experiment the formation of recrystallization texture in copper has wl I ; s
L]
been studied (8). The sanple was camposed fram %6 per cent deformed axisymmetric o t250) o D
copper bars 5 mm thick. Because of the relatively low counting rate, the recor- | (N ,,f s et
ding time for one TOF spectrum was 2 hours. Therefore, the recrystallization v '
temperature was chosen to be 225%C only. According to microhardness measure— i "' ™l
ments the recrystallization process was over after 35 hours. The inverse pole oy w2l "‘; 1231
figures recorded after various annealing times at the steady state reactor of q = ¥ " p
" =
the CINR Rossendorf are represented in fig.6. The initial texture consists of & ~ ,[
a strong | 111) and ¢100) component. During recrystallization the £ 1L1) ol i o
component decreases in favour of the <100 one. AN S TR
The texture analysis on the tetragonal 7 -phase of MnAl bars has been carried (S w}
out (9). The material is of interest because of its hard-magnetic properties » Lo oS
(10) . By the TOF technigque 13 pole figures could be determined. They are shown 4+ 130! “‘l w21 - o man g -
: / ) i ) s Pig. 7. ¢ figure
in fig. 7. The main texture components in the inverse pole figure (fig. 7) do i i "‘ ! & - ig ¥ - 1 (lefty
e of axisymmetric MnA e
not coincide with the easy magnetization direction [001) . The pole density ”[ N ‘
variations are weak. This result explains the nonoptimal magnetic properties m‘ e - 3newnge ke Loy of
of the investigated material. ,_! W the symetric axis (right).




A relatively large beam cross-section (dianeter 5 cm) and a good transmission
ability of neutrons for a majority of substances allow one to investigate not
only fine-grained materials by means of the TOF diffraction. Therefore, the
proposed method is well suited for the texture analysis of rocks and minerals.
Preferred orientations of quartz crystallites in granulite have been studied (L1).
The full texture analysis up to ODF has been performed with the serles
expansion cut-off at 1 =14, The specimen symmetry was assumed to be monocli-
nic. For texture analysis 6 pole figures were taken into account (see £ig.8).
Other pole figures were uncertain because of the high content ( ~ 50 %) of
other phases, especially feldspars, in the specimen. The selection criterion was
the coincidence of C;l coefficients for single pole figures.

The (0003) pole figure of quartz is not measurable (11), but of special inte-
rest for the interpretation. In Fig. 9 this pole figure has been calculated as
well as the inverse pole figure for the three coordinate axes ND, direction

of lineation DD and M. Finally in fig. 10 the ODF of the quartz part of gra-
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Fig. 8. Experimental pole figures of quartz crystallytes in
granulite.
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Fig. 9. Calculated (0003)pole figure (lefr) w
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Fig. 10. ODF of the quartz part
of granulite.

nulite is represented. In the COF a high intensity range in the neighbourhood
of /G = 0 can be seen which is almost independent of &« and ¥ . In com-
plience with OUF high pole density ie concentrated in the centre of (0003) pole
figure at the 0001 point of the inverse pole figure, Up to the present stage
of the work no ghost corrections eould be taken into account.



Summarizing, the proposed TO0F texture analysis allows one to solve a wide range
of volume texture problems. Because of the simultaneous measurement of all
pole figures, the method is especially suited for investigation of low symret-
ric or multiphased substances. Furthermore, the constant scattering gecmetry
of the TOF method enables to observe the texture formations caused by external
influences, immediately.
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doennamann K. E14-85-284
Henonpaomame penrponiolt audpakiiyd 1o BpeMeHH npolieTa
JUTT TORCTYRHMY Hecnesonanni

[ Ao paboTe ONHMCLBAETCH HCIIOIb30BaHHe HelTPOHHOI
PP AKIIIE 10 BpeMens npolieTa A HMCClegOBaHUH TexCcTyp
BOOOSONRDHC TANINUecKnx TBepasix resnax. llogpobHoe cpaBHeHue co
CTARMOIAPHKM MeTOAOM 1IOKa3bBaeT npeuMyuiecTBa, a Takke Hego—
CTATRE Hpeaiokelnoil rexduku. llpegcraBasiercd TekcTypHHH gudpak
ToMerp HOBP, xorTopeil Bouwesd B CTPoOH HA MMIYJIBCHOM peakTope
HEP=2, Heckonbko BeOpaHHBX 3KCHEepPpHUMEHTOB Ha MeTalllH4eCKHX
Horeonorpuecknx ofpasiiax JIeMOHCTPHPYHT XOpoHe BO3MOXKHOCTH
Hefirponorpadiyeckoro TexcTypHOIr'o aHanvsa 1o BpeMeHH rnponeTa.

Patora punionueua g JlaBoparopun HeiirponHon dusukn OMAH.

MpenpuitT O6LEeAHHEHHOTO MHCTHTYTA HAEpHLX Mccnenopanuft. [yGua 1985

Feldmann K. E14-85-284

Application of Neutron Time-of-Tlight Diffraction
to Texture Studies

In this paper the application of neutron time-of-flight
diffraction to texture investigation on polycrystalline so-
lids is described. A composition with the stationary method
shows the efficiency but also some disadvantages of the pro-
posed technique. The texture diffractometer NSWR is desc-
ribed, which was going into operation at the pulsed reactor
IBR-2. Selected experiments on metallic and geological spe-
cimens demonstrate the efficiency of neutron texture analy-
sis using time-of=f1ight technique.

The investipation has been performed at the Laboratory
of Neutron Physicu, JINR,
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