
gj~304· 

V.L.Aksenov, N.N.lsakov, R.M.A.Maayouf* 

THE NSKAT NEUTRON SPECTROMETER 

FOR QUANTITATIVE TEXTURE ANALYSIS 

(NSKAT · Project) 

E3-95-304 

*Reactor and Neutron Physics Department, NRC, Atomic Energy Authority, 
Cairo, Egypt 



AiZce11oe B.JI., HcaKpB H.H., MaaIOcp P.M;A; E3-95~304 
HeihpOllllbtii cneKTpOMeTp WU! -KOJlll'leCTBellllOro aHaJJH3a TeKCTYPbl 
(TTpoeKT HCKAT) • · 

·npe.11JIO)Kella KOHCTPYKUH51 11efrrpomtoro· cneKTpOM~Tpa ,IV151 HOCTallOBKII .co­
BpeMellllblX 11efrrpo11orpa<pH1.JeCKllX ;feTOmtK aHaJJHJa -TeKcryp MaTepltaJlOB ltnpo-, 
rpaMMa cpmH.4CCKHX .H npm01a,n11b1x 1tccne.uoeai111ii_. - · -, ·• · 

pa6oTa BhlnOJllleHa -B J1;66paTOp1111 11eihpo1111oii . <pll3IIKH IIM.11.M.<t>p'~IIK~-
Q(tt'.SJH. ·, ~ :,, ~ . -- - --. . 

' .., . . - - - - -. 

·°Coo61ue1111e Om,em111e1moro ,mcrnryra llLtep11i,ix 11cCJ1cLtoBai111ii. .!ly611a. 1995: 
. --• .' • ., . . . • I , , --_ ._ ·• ~ _- ,.. 

Aksenov V.L., lsakov N.N., Maayouf R.M.k 
Ti...-·)r.TC'U AT ... ·,_·.,._..__ __ .c,_~_._: __ ...;_,_.,.,.~< ... -L"-.• ;..... ..• ,.-. -·:·.·h-•·· --~ .' 

< E3-95~304 

\ . 



1. Introduction 
For over seventy years textures of different materials have been intensively studi~d-(l,2J°. 

This research direction is of great interest· to the development of methods for building rrin_~ · · 
terials with a given complex of properties, RS well RS to the theory of plastic deformation. 

· The presently existing theories of texture format.ion and evolution processes·, which m~ke·ti~ 
the physics and mechanical basis of methods for the production of materials with a_given ·. . . ' 

. anisotropy of properties are not precise, and demand a new input of higher precision experi-
mental data. . . . ~ . · 

- Di
0

fferent experimental methods of texture_ analysis have been elaborated (1,2]. ·.Each: 
method has its optimal fields of application. - - ~ · · . 

The method of neutron diffraction, in combin~tion with the time-of-flight method, has 
considerable advantages over other methods for investigating textures .. First, the higl~ neutron · 
penetr~tioi1 depth provides a means for obtai~ing direct infornmtion about the distribution of -
preferred orientations of cry~tallites (g~ains} in an investigated sample without destroying' it. 

'To compare the possibilities of neutron and X-ray diffraction methods, we should note ·only 
th~t gamma-rays can penetrate to a depth of 0.3 mm, and neutrons to a depth of 50 mm and .. 
deeper. Second, all possible Bragg reflection peaks from the -investigated sample ar~ me_asured · 
simultaneously in every· time~of-flight spectrm~, provided the primary neutron b<;am Jias a 
sufficient range of wavelengths.' The latter. raises the efficiency of texture investigations, 
especially of the text~res of inhomogeneous foulti-phase materials with.low crystallographic 
symmetry, As· a ·result; the areas for the applic.ation of neutron diffraction to the solution of 
fundamental and applied problems expands without limit. 

The Frank Laboratory of Neutron Physics of the Joint Institute for Nuclear Rese.;_rch has 
much experience in investigating textures with the NSVR high resolution neutron spectrome­
ter, whose physical rui.d technical characteristics are'describ~d inl3]. Sin~e the NSVR st~rtup 
in 1989 on chrui.nel 7 A. at the IBR.~2 reactor the scope and number of proposals for experi­
ments utilizing it has been increasing in nn avalanche ~anner in spite of th<: fact that texture 

. analysis in its present state is a labor consuming process dcmandin·g large time expenditures 
_for' both staging an experiment and processing the obtained data. A NSVR experiment to 
me~ure difftactiori spectra from a sample takes an averag~ of 30 hours, yet during one reactor 
year ab~ut 100 sampl~s are measured with NSVR. This is a very large measurement-carrying 
capacity in compa,;ison to other analogous in;truments. · · · 

The NSVR spectrometer operates in a user mode for specialis~s in many field_s of science 
where_ a knowledge of textures is necessary. It should be noted that' their close cooperation_ 
mediates a quick mastery of the investigation results. The-growing-user demand for beam 
time could .be met by _building seve~al mor:e texture spectrometers and co-ordinating a joint 
scientific research program. . . . _ ·_ - . -: _ 

The aim of this paper is to propose a project ofconstmcting a physical instrument for 
developing up-to-date pro.cedures of cirrying out 'experiments for the investigation of textures. 
of different materials.by the'neutron diffraction method .. The present paper is the result of 
discussions of texture investigation programs which considered the possibility of st~ging such 
experiments mi one of the neutron beams of the ET-RR:1 reactor of the .AtC>mic Energy 
Authority of Egypt or at a higher pow~r reactor. 

The w~rk is being carried out unde~ th~ auspices of the Agreement for scientific- and 
technical co~peration.bet~cen AEAE and JINR. · 
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The present proposal is an updated version of the proposal described in [4], and it takes 
into consideration the experience of investigations carried out since the time of the first pro­
posal and includes the plan for upgrading NSVR to meet the new requirements for precision 
and completeness of experimental data for quantitative texture analysis. Here, it should be 
noted that NSVR still retains the world leading po~ition in neutro~ flux and quality of ob­
tained experimental information, as well as in the spectrum of texture problems that could 
be solved with its help (5,6,7]. 

2. Theoretical background 
Texture is the presence of a preferred orientation of separate crystallites in a polycrystal 

sample or molecules in a solid body in an arbitrary system of coordinates. The presence of 
texture in materials is demonstrated by anisotropy of their properties.· In the general case, 
texture is described by four coordinates: three determine the orientation,· and the fourth -
the probability of this orientation. 

There exist four main methods of classifying textures (2]: 
1. Method of ideal orientations. · 
2. Classification by process type_s, e.g., forgin:g texture, recrystallization texture, etc. 
3. Unitary texture classification on the basis of the theory of symmetry. 
4. Texture classification based on reconstruction, analysis and classification of orientation 
distribution functions (ODF) of crystallites in a sample. This last method is now considered 
optimal. 

Today, the general requirement is that all methods of texture analysis should p;ovide 
exact quantitative information. 

The method of analysis based on the calculation of ODF gives a complete texture de­
scription. This method allows one to describe un_ambiguously the texture of a certain crystal 
phase, p, in a sample. 

where JP(g) is the ODF, and 

dVP(g E dg) dg ~ O, 
JP(g) = ' VP 

. 1 JP(g )dg = 81r; 
la . 

determines the volume portion of all crystallites in the p ph3;5e with the orientation 

g = {a,,8,,} E dg 

in the orientation space 
G: 0 $ a, 1 < 21r,0 $ ,8 $ 1r. 

(1) 

(2) 

(3) 

(4) 

This procedure is described in a greater detail in (8]. 
Theoretical methods do not permit one to calculate the anisotropy of polyc~ystal ma­

terials. Orie needs to have experimental data on ODF which cannot be me~ured directly. 
Experimental data provides a means for constructing pole figures (PF) which are then used 
to calculate the ODF. A pole figure is a graphic image on the stereographic projection of the 
distribution function of normals onto a definite crystallographic plane (hkl). The pole figure 
gives the complete characteristic of the texture, provided the orientation packing density is 
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Fig. 1.9. Diffraction o{ an-incident plane wave, I, from 
a periodic system of nuclei. For a given angle, 0, ampli­
tudes of scattered waves with the same sign are summed 
only for the wavelength A= 2dsin0. · 
Fig. 1.10. The Laue method. An incident white beam 
of neutrons. is specularly reflected from every system of 
crystal planes. The incidence angle equals the reflection 
angle; I is the directly transmitted beam. 
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Fig. 1. Interference following neutron beam scattering. 
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Fig. 2. The si:heme illustrating how sample texture can be measured by the diffraction 
method with one detector. The si:heme shows all possible rotation angles to place the normal 
to the plane of an arbitrary grain in the reflecting position. Dis the detector, n is the primary 
neutron beam, n' is the reflected neutron beam. 
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indicated for each point of the projection plane, i.e., the relative or absolute number of exits 
of normals towards the (hkl) plane is indicated. This number is the measure of the pole 
density. The pole density is proportional to the reflected neutron beam intensity. 

The quantitative texture analysis of large volumes (several cm3
) of inhomogeneous poly­

crystal materials can be carried out only with the help of the neutron diffraction method of 
measuring pole figures. 

3. The method of neutron diffraction experiments to _determine 
the texture of a sample. .The physical, and methodologii:al background of the 
NSKAT project 

In recent years the use of neutron diffra~tion applications to study material textures has 
constantly been expanding. This method permits the structure of the atomic lattice and. 
its orientation to be determined in large volume samples without destroying them (non-
destructive testing). ,. 

The diffraction determination of cryst,al structures is based on fulfillment of the Bragg-
Wolf condition: · · 

nA = _2dhkl ~ sine, i 
(5) 

where A is the neutron wavelength, dis the atomic lattice interpl~e spacin1, 0 is the reflection 
angle, n is the positive integer called the reflection· index .... · · · · · · · 

For illustration, the interference patte:ri:is ~rising upon the scatterfo.g of a neutron beam on 
a periodic structure with ad period are shown in fig. ·11(figs: ·1;9 and 1.10 in (91). According 

'. . ' I- )' \ ' ~ • . ~- • . • _, . " ., 

to eq.(5) each d period··ca,uses scattering at a·definite angle for every given wavelength. 
The time-<if-flight method permits,determining'·the·wa;elength of neutrons reflected at a 

given angle dlll"i~g the.registrat_ion tixn~: ; '.' , ) \ · : \ ·/ ·. · ': ' · · 

·' i_ X~ ni/mL .• (6) 

n = 6.62618 X 10-:34 JI sec is Planck's constant; 
m = 1.67495 X 10-249 is the mass of the neutron. 

By measuring the time,t, (in µsec) in which a neutron flies the distance, L,(in mm) we 
obtain th~ wavelength A (in nm): , . . . 

. . . 1 = 0.3956t/ L\ .· (7) 

: ' Earlier; it was said that we obtain data for coxistructing PF from the experiment. 'To 
nieet this aim, either the sample' or detector should be· successively turned to have any of the 
directi~ns in the sample in;a position to reflect neutrons into the detector (see fig.2): Figure 
2 shows a spherical sample,S; ih the centre of whli:h 'one of the crystallites, K, is placed. 
The figure gives all possible rotation combinations by whii:h ii. riormal to the P plane <if this 
grain,. earlier oi'ientated towaids the' N' p<ii~t on the' spherical ~urface, can' be reorientated, in 
the direction of the x axis'(the N. p6irit 'an the spheric.J surface), A~ a' result, the ·p plane 
would. be in a position to refl~ct ~eutr<ins into the D'detector. It is clear that rotation of the 
sample about the X axis will not change th~ geometrical conditions ofreflection from this 
plane; It is obvious that to fi~d all possible r~flecting planes in the sample volume one has to 
use rotatjoncombinations.about different axes. The choice of combinations depends on the 
conditions of a concrete experiment: the necessary scanning net density, number of detectors, 
their arrangement scheme,. sample orientations with respect to the detectors system. By 
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28 = 160° 

29 = 131.2° 

20 =116 a· 

Fig. 3. Schematic_ of the detector system and sample arrangement with respect to the 
neutron beam axis for measuring complete PF on NSVR. The XY-plane is located horizon­
tally. The rotation directions of the S sample by the ¢, and n angles are indicated. The 
centre. of the sample is in the geometrical centre of the detector system. : The directions for 
counting out the 29 angles are shown. The main dimensions of the instrument: R 1:::986 mm 
is the distance from the geometrical centre of the detector system to collimators' entrance 
windows; R2 = L1 :::1600 mm is the distance to the centre of the detector batteries; R 6=2000 
mm is the maximal size of the platform. £ 0:::103.4 m is the distance from the centre, Q, of 
the reactor core to the geometrical centre of the detector system. 
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Fig. 4. The detailed scheme of the experiment to measure textures of samples on NSVR 
with the regular scanning net density of 7.2° x 7.2°; (a) raster of the total pole figure; (b) -
scheme for interpreting the raster points in the system of coordinates related to the sample, 
the g zone indicated in the centre of the raster corresponds to the direction of nP2G normals 
towards the P2G plane; (c) and (d) - schemes for measuring the inner and outer sides of the 
pole figure. 
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moving the sample in a proper manner, all orientation planes (hkl) available in the sample 
can be made to occupy the reflecting position in turn. In the process, the reflection intensity, 
i.e., the scattering cross section is measured. The intensity is the measure of the density of 
filling the given orientation by corresponding lattice planes. On a single pole figure only one 
type of crystal planes can be pictured. 

Figure 3 shows the scheme of the experiment most often used on the NSVR spectrom­
eter to measure the texture of a sample, S. This is the optimal scheme for NSVR. The 
maxim:il positioning density of the detectors is 14°. The dimensions of the ring sector (the 
116° platform for positioning detectors) allow the positioning of 8 detectors. Unfortunately, 
the registration equipment made in CAMAC standard, because of the accepted ideology of 
information processing at the time of NSVR's construction, does not permit the processing 
of information from a larger number of detectors without an essential loss in the quality or 
time of data collecting. 

A denser scanning net can be achieved with NSVR, e.g., 3.6° x 3.6°. To have an even 
higher scanning density, the whole detector platform could also be turned 7.2° with respect 
to its position shown in fig. 3. This would double the number of positionings related to the 
rp angle. The measuring time would then be increased by four times. 

It would make no ·sense, however, to use a higher density scanning net in NSVR experi­
ments, because the structure of the used sailer collimators, which permits the beam angular 
divergence into the.20 scattering angle to beJimited to 1°, in the vertical plane, allows the 
divergence of 6°. The size of the collimators, i.e., their length (for a given uncertainty of the 
20 angle in the scattering and in the transmission plane), the cross section area ( depending 
on sample dimensions or the cross section diameter of available neutron beams), and the 
number of collimators, mainly determine the size of the instrument .. The measuring time for 
a given scanning net density and neutron flux density on the sample per unit of time depend 
on the number of collimators. Modern technology provides a means for constructing new 
soHer collimators which would permit reducing the size of instruments for neutron texture 
analysis. A decrease in the R2 distance would not only reduce the size of the instrument but 
would also raise the density of the registered flux of scattered neutrons in inverse proportion 
to the square of its decrease and reduce the time expenditure for the experiment~ 

Figure 4a presents the total pole figure raster obtained in the experiment whose scheme 
is shown in fig. 3. Figures 4b,c,d detail the experimental procedure and interpretation of the 
experimental results in further mathematical processing. 

Ln is the line of exits of normals in the direction of the corresponding planes, e.g, the nP2G 
normal is the normal to P2G = PE. LP is the line of plane exits; only planes transversing 
the centre of the S spherical sample are shown. LD is the line of direction pointer exits in 
the direction of the sailer collimators of the corresp9nding detectors. The PE plane is the 
e'quatc>rial plane of the S sample in the system of coordinates related to the sample. N is the 
north pole of the sample. The step-driver, M, rotating the sample by rp angles is positioned 
at the south pole end of the sample. As it ca:n be.seen from the Table in fig. 4b summarizing 
the normal exit angles in the sample system of coordinates, points on the normal exit belt 
nP2,A( i = 0, ... , 49) are measured twice in the present scheme of conducting experiments, 
i.e., measurements in the nP2A and nPlG belts must be identical. This little trick permits 
sewing up th~ inner and outer sides of the pole figure in the data processing. To do this, 
the A and G detectors should be absolutely identical, but, in practice, one has to introduce 
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Fig. 1.8. The Q value 
achievable for a given wave­
length . and scattering an­
gle. 'For.a given wavelength 
the scanning over all angles 
corresponds to Q cha.'lging 
in a limited interval. Wave­
length scanning at a fixed 
angle corresponds to the in­
terval of Q changes dete;­
mined by the wavelength 
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Fig. 1.7. Elastic scattering in real (a) and inverse 
(b) space.• The vectors are related as mu= hk. In 
elastic scattering, I k0 l=I k1 I, and the scattering 
angle in inverse space is therefore is an isosceles 
triangle and Q=2k0 sin0. ( 
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Fig. 6. The instrumental sfectrum MDOL.aOO measured with the NSVR spectrometer 
of FLNP JINR on May 21, 199 . The sample is a Mongolian dolomite cube with a side of 30 
mm and a volume of V = 27 cm3

• The A detector: the angle 20 = 160°, the time channel 
width AT' = 64µsec, and the exposition time, 15 min. The IBR-2 reactor operation mode -
pulsed - with a frequency of 5 Hz at a mean power of 2 MTV. 
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Fig. 7. The SllSllA.nor spectrum measured on the NSVR spectrometer of FLNP JINR. 
The curve was obtained by mathematically processing the experimental data of February 
18, 1992. The sample is the SUSI cylinder with a diameter of 30 mm, height=30 mm, and 
volume V = 21.2 cm3

• The A detector: the angle 20 = 160°, the time channel width tu'= 
64 µsec, and the exposition time, 15 min. The IBR-2 reactor operation mode - pulsed - with 
_a frequency of 5 Hz at a mean power of 2 MW. 
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Fig. 8. The SUSllG.nor spectrum measured on the NSVR spectrometer of FLNP JINR. 
The curve was obtained by mathematically processing the experimental data of February 
18, 1992. The sample is the SUSI cylinder with the diameter of 30 mm, heght=30 mm, 
and volume V = 21.2 cm3

• The G detector: the angle 20 = 73.6°, the time channel width 
AT1=64 µsec, the exposition time is 15 min. The IBR-2 reactor operation mode - pulsed 
with a frequency of 5 Hz at a mean power of 2 MW. 
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corrections. Difficulties in data processing are also caused by the positioning of detectors in 
different De bye-Scherrer cones and by different experimental geometries necessary for different 
detectors. Each detector has its own scattering vector (Q-vector) equal to: 

,Q = ko- ki, (8) 

and for the elastic scattering at an angle 20, it is equal to: 

Q = 2kosin'? = 41rsin8 / >.o, (9) 

For details see fig .. 5 ( figs. 1. 7 and 1.8 in (9]). 
The detectors A, B, C, D, E operate in the reflection geometry, and the detectors F and 

G in the transmission geometry. This necessitates introduction of separate corrections for 
each detector. Experimental data correction and refining are inevitable. For example, it is 
necessary to introduce corrections for the size and shape of the sample. It is therefore better 
to use samples of standard size and shape (sphere, cube, cylinder). Spherical samples are 
ideal for neutron texture analysis because, first, the length of the neutron path in the volume 
of a spherical sample does not depend on its orientation angle with respect to the primary 
neutron beam and each of the detectors. Second, a sphere has a lar"ger volume than any 
other spatial form for the same maximal linear dimensions. The use of spherical samples 
might therefore reduce not only the measuring time but also the instrument's dimensions. 
For example, from the viewpoint of material's presentation an optimal size for rock samples 
appeares to be a volume from 20 to 30 cm3• The diameter of a 30 cm3 sample is not less 
than 4 cm, and the spatial diagonal of a 27 cm3 cube is equal to about 5.2 cm. In practice, 
we have to work with cylindrical or cubic samples because they are easier to produce. 

The NSVR experiments for measuring textures of rock samples have demonstrated that 
the achieved NSVR resolution 

Rd = Ad/ d = b..>./). (10) 

(for an inter-plane spacing d = 2A and the detector positioned at __ the angle 20=160° and Rd 
=0.004=0.4%, 20=90° and Rd=0.007=0.7%, and 20=73.6° and Rd=0.009=0.9%), and the 
regular scanning net density of 7.2° X 7.2° were insufficient to decode all the spectra of Bragg 
reflexes from geological materials, and that to have a wider working range of wavelengths 
would be desirable. 

The Rd resolution was determined from experimental diffractograms of nickel (Ni) pow­
der. The position (channel number) of the centre of gravity of a peak in the spectrum was 
calculated, i.e., the time from the moment the IBR-2 power pulse was at maximum. Then, 
the peak width at half maximum (number of channels) was divided by its position. Unfortu­
nately, it is impossible to show a general method for calculating the resolution function of an 
arbitrary diffractometer (10]. Figures 6, 7, and 8 examplify the neutron diffraction spectra of 
some rock samples. These figures pictorially demonstrate a large expanse of the wavelength 
interval where Bragg reflexes from geological samples are located and the number of reflexes 
measured simultaneously. · 

Figure 6 presents the instrumental (without additional mathematical proccessing) time­
of-flight diffraction spectrum of a dolomite sample from Mongolia. The L reflex is located 
in the region of inter-plane spacings d=0.336 nm=3.36 A, and the N reflex in the region of 
d=0.027 nm=0.27 A. 
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Figures 7 and 8 show diffraction spectra of the same sample measured in one experiment 
by detectors A and G positioned at different angles (see fig.3 and fig.4c). Attention should be 
paid to the fact that the wavelength range of Bragg reflexes from the sample is not completely 
covered by any of the detectors. The L reflex lies in the region of inter-plane spacings d=0.456 
nm=4.56 A, and the N reflex in the region of d=0.0062 nm=0.062 A. To see the L reflex 
in the A detector spectrum ( see fig. 7) one should have a wider wavelength range from the 
primary neutron beam (up to 0.9 nm) than is currently available on NSVR (up to 0.76 nm). 
This can be accomplished in two ways. First, use a chopper to allow only one of every two 
reactor power pulses to come to NSVR. This would, however, double the measuring time. 
Second, switch the reactor down to the 4 Hz frequency mode. This, however, would interfere 
with the interests of the users working on other IBR-2 beams. 

Now, let us discuss the possibility of increasing the wavelength resolution. The wavelength 
resolution plays an important role in decoding diffraction spectra. For comparison purposes 
diffractograms measured in similar experiments with different spectrometers having different 
resolutions ·and simultaneously covered wavelength intervals are given in fig. 9 {fig. 1.1 in 
[9]) and fig. 10. We ask the reader to pay attention to how the {331) and {420) reflexes are 
separated in fig. 9 and fig. 10.b·showing the same section' of the spectrum. There are, in 
addition, two more reflexes: (200) and {111), to the left of the {220) reflex in fig. 10_, which are 
absent in fig. 3. It is easier to determine the exact position in the spectrum and, consequently, 
the inter-planar spacing of well separated reflexes {peaks). The low crystallographic symmetry 
and multi-phase composition of rocks lead to a strong superposition of Bragg reflexes. This 
entails strong superposition of the corresponding pole figures from which the quantitative 
characteristics of textures are determined. The limited possibility of separating superimposed 
pole figures by theoretical methods necessitates the use of a diffractometer with the highest 
possible resolution in the experiment [8]. 

The NSVR investigations of rock textures have posed new requirements for experiments: 
a) a higher density scanning net, i.e., not less than 5°x 5°, and, possibly, higher; 
b) a wavelength resolution on the level of 5 x 10-4 - 5 x 10-5 • 

Having a good resolution permits expanding the research program carried out with the 
spectrometer. For example, information ab~ut internal stresses in an arbitrary region of a 
sample could be obtained by analysing peak shape in the spectrum. One might achieve a 
higher resolution on channel 7 A by installing a chopper to cut a very narrow part of the pulse 
at maximum power, but this would, however, lead to an essential increase in measuring time. 
Other ways exist to achieve good resolution, but the cost is always high, particularly, when 
it involves the reconstruction of an existing cliannel. It is advisable that the project of a 
channel for texture investigations would be elaborated, considering the necessary resolution. 
With the startup of the new nickel movable reflector at IBR-2 the resolution of channel 7A 
will increase by a factor of 1.5. 

The above detailed discussion of experimental techniques and difficulties in texture in­
vestigations with NSVR is necessary to clearly understand the ideas that form the basis of 
the SKAT and NSKAT projects. The SKAT project [4] solves the problem of increasing the 
scanning density net and simultaneously reducing the measuring time and the number of 
corrections necessarily introduced into experimental data by more conveniently positioning 
the detector system for texture analysis purposes. 

The SKAT project also uses the recently found possibility of reducing the size of the 
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instrument by introducing the new soller collimators - the foil soller collimators (FSC) with 
a gadolinium (Gd) covering layer. The R2 distance would be reduced to 1000 mm (fig.3). 
This possibility could not be included in the earlier project [4]. Because of the limited space 
between the 7 A beam axis and the floor of the experimental hall, the rated maximum density 
of positioning detectors, 5°, will not, however, be achieved, and it will be 5.6°. This does not 
mean that the scanning net density cannot be higher. This issue has been discussed above. 
The SKAT facility will have 64 detector modules positioned on a 360° ring lying in a plane 
at the scattering angle 20= 90°. This'will give the· possibility of using scanning nets of up 
to l.4°x 1.4° for measuring incomplete p;le figures during minimum measuring times. 

4. The NSKAT project 
The NSKAT project does not have the limitations and disadvantages of the SKAT project 

because it assumes adjusting the beam to the spectrometer, not the spectrometer to the beam. 
The instrument is to be developed and constructed to solve a definite sphere of problems. 

The NSKAT instrument (fig. 11) would provide the possibiltiy of staging experiments that 
satisfy today's requirements for precision and completeness of experimental information for 
the texture analysis of materials in: · 

1. Investigating textures of natural geomaterial samples (for the present, we are speaking 
about rock samples only). 

2. Investigating the dynamics of changes in textures of metal and metal alloy samples 
caused by external conditions which modify the textures while in the neutron beam. External 
stresses in the textures co~ld be also investigated in a simultaneous or parallel mode. 

3. Carrying out the same as in no.2_ investigations with polycrystal, ceramic, and polymer 
samples of artificial origin (homogeneous in composition). 

4. Measuring textures of HTSC-materials to enhance HTSC producing technologies. (A 
proposal with a program of such measurements has been submitted to FLNP. This program 
would take from three to five years of the NSVR time). 

5. Investigating text~res of biological samples. 

5. The NSKAT design 
The texture spectrometer schematically shown in fig. 11 would permit carrying out the 

experimental programs outlined in Section 4. Its design assumes the use of a neutron beam 
with a cross section diameter of 55 mm. Such a diameter is needed for a cubic sample with 
a side of 30 mm to be totally immersed in the beam regardless of the sample's orientation 
with respect to the beam. '!'he detector system OC90° is positioned in the ZY vertical plane 
perpendicular to the incident beam: The 20 scattering angle for all detectors in the system 
is the same - 90°. On a half 0° to 180° ring a maximum of 45 detector modules (DM) 
can be located with a density of 4°. The Dl,f detector module consists of a collimator, a 
detecting chamber, and an adjusting device. In the four horizontal sectors of the XY plane, 
detector modules of the same size can also be positioned with the same density. In fig. 11 
the OM's positioned in the XY plane sectors at the edge sites 0±4° and 0±176° are shown 
in addition to the Onn direct beam detector. For example, for a primary neutron beam with 
a wavelength interval from 0.06 to 10 .A the planar spacings d=0.042 - 7.071 A would be 
feasible for the OC90° detector system, d=0.86 - 143.27 A for the 0±4°, and d=0.03 -5.0 A 
for the 0±176°. The spectrometer's dimensions permit one to position any device for creating 
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the sample of a YBa2Cu307_5 HTSC 
material from WTSP2AX experiment 
of February 2, 1992 performed with 
NSVR of FLNP JINR. The sample 
is a cylinder'with a. diameter=8 mm, 
height=lO' mm, volume V=0.50 cm3 , 

and·the exposition time, 180 mi~. The 
time channel width is !:!.r'= 64µsec. 
The D detector: 20=116.8°, scanning 
is by the n angle with a step of 1.8 ° 
(see fig. 4). 
(a) the wtsp2.d05p . spectrum, n = 
299.6°; ' . . 
(b) the ~tsp2.d06 spectrum, n = 
301.4°; . . . 

(c) the wtsp2:d07 spectrum, n 
303.2°; 
(d) the wtsp2.d08 spectrum, n =:= 305°; 
(e) the. wtsp2.d09 spectrum, n = 
.306.8°; 
The IBR-2 react6r operated in the 
puked mode with a frequency or's Hz 
and a mean power of 2 MW. 
Note that reflex (7) is seen clearly only 
in the (c) spectrum, and the {3) reflex 
in the ( e) spectrum. 
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sample environment conditions in the geometrical centre of the detector systems and provide 
the necessary collimation resolution of the scattered beam with good transmission. 

Why do we discuss the spectrometer version which allows the DM positioning with the 
density of 4°? The answer is: the texture analysis of rock samples needs the density of a 
regular scanning net of not less than 5°x 5°. At the same time test, NSVR experiments 
investigating HTSC textures have shown that these investigations require a scanning net 
density of 1°x1°. The proposed NSKAT-55~4 spectrometer would be capable of providing a 
scanning net density of 1°x 1° at a minimum measuring time. 

The above clarifies the meaning of the figures in the name of the spectrometer: 55 means 
the diameter in mm of the transverse cross section of the neutron beam, and 4 means the 
maximum possible density in (0

) of DM positioning. According to this classification the 
NSVR instrument could be given the name of NSKAT-50-14, and the SKAT instrument 
under construction, the name of NSKAT-50-5.6. 

Figur1;s 12 and 13 illustrate the instrumental diffraction spectra of some HTSC small vol­
ume samples measured with NSVR. These.measurements demonstrated the necessity of using 
a special detector system to increase the usage efficiency of the beam. The matter is that the 
sizes of HTSC samples match the 20 mm diameter sphere. It is therefore planned to build 
a BDC90°-20-4 block detector system specially for small samples. The main BDC90°-20-4 
dimensions (see fig. 11) will be approximately the following: 
R1= 150 mm - the centre of sample to collimator distance, 
R2 = 360 mm - the distance to the centre of the detector, 
R3 = 510 mm, 
Rt= 610 mm. 
In the BDC90°-20-4 system, decreasing the R2 distance by approximately 3.75 times in com­
parison to the DC90°-55-4 detector system would give a 14 times increase in the scattered 
neutron flux on the detectors in comparison to DC90°-55-4, and a 19 times increase in com­
parison to NSVR. For example, it took 15 hours to measure the five spectra shown in fig. 12 
·with NSVR. The BDC90°-20-4 would allow taking 45 such spectra with the same statistical 
accuracy and a scanning step of 2° in 20 minutes (with 23 detectors), and with a scanning 
step of 1° in 40 minutes. In fig. 11 this system is shown to occupy the positions DC20° and 
DC160°. Such a system can be easily placed inside a ring on the XY plane .. The DC20° and 

· DC160° positions are the extreme sites at which the BDC90°-20-4 detector system could be 
placed. In a beam with a 55x200 mm cross section all detector systems could be distributed 
over the beams height to make it possible to carry out measurements simultaneously on three 
samples. The project assumes vacuumizing the inner space of the spectrometer, as beam loss 
due to absorption in air is 3% per meter of flight path. For NSVR this loss is 20%. 

Equipment for the control of NSKAT type instruments and registration of data has been 
developed, and is now in the process of construction on the basis of VME-standard at FLNP 
(11]. 

The NSKAT-55-4 spectrometer could be installed on beam 14 of the IBR-2 reactor. The 
beam has not been used for measurements previously. The spectrometer's positioning on 
beam 14 would provide the possibility of expanding the texture investigation program. In 
addition, this would most probably permit carrying out control of the state of the movable 
reflector . The matter is that the reflector passes by the reactor core and beam 14 and 
shadows them at the moment when the power pulse develops. As a result, any changes in 
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t: 
the state of the reflector's material (radiation swelling or micro-fractures) are reflected in the 
neutron spectrum, The reflector's state could be checked at the beginning and at the end of 
each reactor cycle. 

NSKAT Equipment Components include: 
1. Instrument-carrying structure. 
2. Collimators. · 
3. Detectors. 
4. Detector electronics. 
5. High-voltage power supply for detectors. 
6. Low-voltage power supply for detector preamplificrs. • 
7. Control and measurement system in VME standard. 
8. Goniometers. 
9. Auxiliary equipment: teodolite, adjusting laser.· 
10. Experimental data processing equipment: 
a) two sets of PC-486 computers with peripherals; 
b) SPARCstation. 

6. Discussion on the NSKAT Spectrometer Pr~ject 
for the ET-RR-I Stationary Reactor 
6.1 Dimension estimates of the instrument-car.rying structure 

Critical parameters of the spectrometer for the ET-Rl,lal reactor: 
a) transversal cross section of the neutron beam - 13x!J0 mm; 
b) centre of beam to floor distance - 1 m. · 
Herc, we will give the spectrometer. the conditional name of NSKAT-13. 
First, we shall consider the issue of the size of samples which could be used in texture 

investigations on such a beam: · 
- for a spherical sample, if the maximum diameter accepted is equal to 12 mm, then its 
volume is V=0.9 cm3 ; · 

- for a cylindrical sample, the maximum spatial diagonal is 12 mm, then the diameter is 8.5. 
mm, the height is 8.5 mm, and the volume is V=0.48 cm3 ; 

- for a cubic sample, the maximum spatial diagonal is 12 mm, the side is 7 mm, and the 
volume is V=0.34 cm3 • 

So, the conclusion immediately follows that one cannot investigate textures of geological 
materials (rock samples) with the NSKAT-13 spectrometer. As it has been said ahm-c, to do 
this one needs to have samples with a volume from 20 to 30 cm3 • 

Now, let us consider the question of possible NSKAT-13 dimensions (hereinaft<'r, see fig. 
11 for the notations of dimensions and systems). The cross section of the entrance window of 
FSC is accepted to be 15xl5 mm. Then the size of such a collimator in the scattering plane 
should be 35 mm. For the given density of 4° DM positioning, R 1 = 500 mm. In this case. 
to use sample environment equipment, e.g., high pressure cells ( HPC) during the measuring 
process, one needs some free space in the centre of the spectromder. The pres<'nt le\'(~l of high 
pressure technology permits building a 120 mm diameter HPC for single-axis rnmpr<'ssion of 
20cm

3 
volume samples with the force F = 1.5 x 105N, and for volume compression under 

the hydrostatic pressure of P=l500 }.f Pa with the possibility of simultaneous single-axis 
compression with the force F=5 x 104 N of 4 cm3 volume samples. In texture experiments 
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the most profitable orientation of the HPC longitudinal axis is at-an angle of 45°'to the beam 
axis.· Then, with consideration ·of the FSC size, the necessary and sufficient free space in the 
scattering plane is determined by R=llO mm. In further, we shall discuss the structure of 
NSKAT-13 with the detector positioning density of 4°, i.e., of the NSKAT-13-4·spectrometer. 
The main NSKAT-13-4 dimensions are approximately the following {see fig. 11}: 
for separate DM: R1 = 500 mm, R2 = 750 mm, R3 = 900 mm, R4 = 1000 mm, Rs =· 1200 
mm, R,e = 1600 mm; 
for the BDC90°-15-4 block detector system: R 1 = 110 mm, R2 = 260 mm, R3 = 410 mm, 
~ = 510 mm, R5 = 700 mm, R,e = 900 mm. 

6.2. Choice of the resolution and chopper for the NSKAT-13-4 spectrometer 
For the convenience of comparison, let us choose the resolution R=0.7%, i.e., the same as 

the NSVR resolution for the inter-planar spacing d = 2A at 20=90°. - : , 
The resolution of the spectrometer, R=!:,.Q/Q, at a pulsed neutron source.(without a 

chopper) is determined by the formula [9]: 

tlQiQ = [(tlt/t}2 +(tlL/L)2 + (ctg0 x tl0)2
]
1l2, (11} 

where !:,.t(>.) = (m/n)>.6m is the uncertai~ty r~lated to 'the ~~d;ratio11dni.e; Sm'':::!. t:,.i., js the 
effective uncertainty accepted to be equal to 28 m~ i11 simpler ~al~tila.ti~ii~: · ·, ' _ · 

To build a diffract6meter with' optimal p'a~ameters; i.e., to achie;e the maximal intensity 
for the given ~esolution'. ca:1cu1a:tions are performed under assumptiori tha.t ali'th~ terms 
entering formula (10) are independent and equal t6 ~a:ch other. Then we ha~e: - .- . 

: ' '.•· 

tlt/t = 6.L/ L = ctg0 x·tl0 = R/~;; 1{12) 
' ·:;,,: 

To choose'the total flight path we take the resolution equal to R=0.4%, i.e,, to the best NSVR 
resolution. Therifrom (11}, we obtain: -

: L = 6m"v'3/R ':::!.12 m-
e- ; ~ - • t . (, •• 

(13} 

To stage a time~of~flight experi~ent at a st~tionary reactor' it is necessary to'iise' 'a neutrciri 
bea:m choppe~. The';esol~ing'power", Ro~ ofa:diff~actomete~ with a !=hopper, i-~gardless of 
neutron wavelength, is · . · - · ,, 

-- - - - Flo',;, dr / L = (/Sr' -f l:,.r'}/ L, _ (14} 

wliere l:,.r is the du~~tion (µsec}of the pul~~ trans~itted by the chopper, tlr' is the time 
width of the counting channel (µs~c)· for detection, a11d Lis the total flight path (mm). 

The detecting com;litioO:s ·a:re_optimal for Llr,,;,tl'r1•· tct_.us;takc l:,.r'= 64 µsec as in the 
NSVR experiments .. Then, dr~128 µsec and 

R; =' o:in = 1%: 

As a result, for the iriterplanar spacings d=2A the resolution should be Rd = Ad/d=0.007=0. 7%, 
i.e.; the same as for NSVR; · _ _ _ 

· Let us consider the possibility of using three types of choppers: disc, rotor·(Fermi}, and 
co~relation (F01._;rier); · " · ,: · _. · _ ' · 

· We-shall limit the NSKAT-13~4"working range to the interval of interplanar spacings 
tld=0.05 - 0.4 (nm), or correspondingly, to the wavelength interval of the primary beam 
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0 • 
Ll>-.=0.07-0.57 nm, which is quite sufficient for investigating the majority of crystalline mate­
rials. The minimum neutron velocity for this interval is v=O. 7 mm/ µsec. The pulse frequency 
of the chopper should be f =1/(12000/0.7)x106=58 p/sec to prevent the overlapping of pulse 
periods. A disc chopper with one slit 13 mm wide and 90 mm long should have a radius of 
570 mm and rotate at a speed of 3480 rot/min for l:,.r = 64 µsec. Then, the linear velocity 
at the disc periphery will be 208 m/sec, which is quite acceptable because the limit velocity 
for the majority of materials is 400 m/sec. We have chosen the slit width of 13 mm to 
keep the maximal beam area. This would giye the possibility of having a maximum beam 
intensity when using crystal monochromators if it should be necessary to measure exactly 
one individual peak. 

To carry out a comparative analysis of scattered beam intensities on NSKAT-13-4 _and 
on BOC or NSVR, we accept that the neutron beam of the ET-RR-1 reactor with a 12 m 
mirror neutron guide and a cross section of 13x90 mm without a chopper has an exit flux 
of lx107 n/cm2s (we know that this reactor has a 20 m beam with such parameters). The 
neutron flux at the exit of the NSVR neutron guide is l.2x106 n/cm2s. The disc chopper 
with the chosen parameters would reduce the flux by 360 times. The intensity gain achieved 
by positioning the detectors closer to the sample than in NSVR would be by a factor of 37. 
So, the times for measuring the same volume samples should be practically the same. 

The Fermi-chopper would limit the wavelength interval. 
The Fourier chopper would enable a 50% transmission, but the appearance of a correla­

tion background (lost information background) would further reduce the luminosity of the 
diffractometer [12]. 

6.3. A program of possible investigations with NSKAT-13-4 
The NSKAT-13-4 spectrometer could be used to solve the following scientific-research 

problems (for comparison, see Section 4.1): 
2. Investigations of the dynamics of texture changes in metal and metal alloy samples 

under the influence of external conditions modifying the textures directly in the neutron 
beam. Simultaneous measurements of internal stresses in these samples. 

3. The same as 2 with samples of polycrystal, ceramic, and polymer materials of artificial 
origin (homogeneous in composition). 

4. Measurements of the texture of HTSC materials to elaborate techniques for producing 
HTSC's. 

7. Conclusion 
Analysis of material textures gives valuable scientific information and helps solve funda­

mental and applied problems in the field of condensed matter physics. 
Here we propose to use the time-of-flight method in neutron diffraction investigations of 

material textures at the ET-RR-1 type reactor or at an even more powerful reactor. 
The proposed version of the spectrometer does not depend on the type of neutron beam 

chopper (disc, Fermi-"9r Fourier-chopper). This spectrometer would also allow the use of 
crystal monochromators. 

The possibility of choosing the spectrometer mode, i.e., with a chopper or a monochroma­
tor, gives _experimentalists the freedom to choose their experimental techniques, and at the 
same time, poses the problem of developing electronic equipment to control the instrument 

21 



and .. devices for data registration. FLN:P. JINR has experience _in developing and manufactur­
ing such electronic systems both for pulsed and stationary reactors. 
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