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Ab stract
In con nec tion with the com mem o ra tion of the two im por -
tant round an ni ver sa ries re lated to our fa mous sci en tist G.
Placzek, in 2005 there is also just 50th an ni ver sary of start -
ing the con struc tion of the re search re ac tor in the for mer
Czecho slo va kia. Nat u rally, it has opened a new area for
sci en tists in the field of ba sic and ap plied neu tron re search.
Namely, af ter con struc tion of the first diffractometer
SPN-100 it re sulted in an enourmous ex pan sion of neu tron
scat ter ing in ves ti ga tions. The pres ent pa per de scribes per -
sonal sights of the au thor back to the his tory of the neu tron
scat ter ing re search at the Øež´s re search re ac tor as well as
to the pres ent sta tus of the ac tiv i ties in this field of in ves ti -
ga tions. 

1. In tro ducti on

The o ret i cal and ex per i men tal re search in the field of neu -
tron scat ter ing started af ter the sec ond world war when first 
in ten sive neu tron sources – nu clear re search re ac tors were
con structed. Soon, how ever, neu trons have ap peared as ex -
cel lent probes of all kinds of mat ter. At pres ent, many vari -
a tions of the scat ter ing pro cess are used which give the
tech nique of neu tron scat ter ing enor mously wide ap pli ca -
bil ity in stud ies of struc ture and prop er ties of the con -
densed mat ter. There fore, at each re search re ac tor or
pulsed neu tron source there are in stalled many re lated ex -
per i men tal de vices. 

Con struc tion of the re search re ac tor in the for mer
Czecho slo va kia started in 1955 and the first chain re ac tion
was re al ized in it on Sep tem ber 25, 1957. The com mis sion -
ing of this re ac tor of the Rus sian type VVR-S and of the
power of 2 MW be longs to the key mile stones in the de vel -
op ment of re search ac tiv i ties in neu tron phys ics (gen er -
ally), re ac tor phys ics and pro duc tion of ra dio iso topes in
our coun try. Later on, af ter two re con struc tions the pres ent
tank type light wa ter re ac tor LVR-15 uses the ura nium fuel
en riched to 36 per cent in ura nium-235 and can op er ate at
any power up to the li censed ceil ing of 10 MW. Thus, the
re ac tor LVR-15, as one of a few of Cen tral Eu rope neu tron
sources has be come a good ba sis for ba sic and ap plied re -
search. First in ves ti ga tions were fo cused on pure nu clear
and re ac tor phys ics. How ever, af ter con struc tion of the first 
diffractometer SPN-100 in 1965, ac cord ing to the trends in
the world, an enor mous ex pan sion of in ves ti ga tions in the
field of con densed mat ter phys ics and neu tron op tics by
neu tron scat ter ing have been re corded. Fol low ing the year
1965 the following instrumentation basis for neutron
scattering has been developed at the reactor LVR-15.
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Fig. 1. The re ac tor VVR-S af ter commisioning in 1957.

Fig. 2. The first diffractometer SPN-100 af ter its in stal la tion at the 
re ac tor VVR-S.



1.1 Con structi on of the mul ti pur po se 
       diffrac to me ter SPN-100

Orig i nally, the scat ter ing de vice was con structed as a spec -
trom e ter of po lar ized neu trons (SPN) [1]. The in stru ment
was man u fac tured in the home in sti tute by the group
headed by dr. R. Michalec. For its con struc tion top level
me chan i cal com po nents were used and many of them are
used un changed even at the pres ent ver sion (see Fig. 2). It
per mit ted to carry out ex per i ments with po lar ized as well as 

unpolarized neu trons at any wave length in the range of l =
(0.08 - 0.25) nm. As planned, at the be gin ning the ex per i -
ments started with dif frac tion of po lar ized neu trons.
Namely it was Dif frac tion in ves ti ga tions on fer ro mag netic
per fect crys tals [2, 3]. Later on (be gin ning of 1967) pro fes -
sor V. Petržílka ini ti ated new re search programme Neu tron 
dif frac tion by ul tra son i cally vi brat ing sin gle crys tals [4]. A 
large col lab o ra tion de vel oped at that time when col leagues
from Tech ni cal uni ver si ties in Liberec and CTU Prague
joined to the re search pro gram. Sim i lar re search pro gram
was solved in the world only by two groups in USA [5,6]
and Aus tra lia [7]. From the point of view of pub li ca tion ac -
tiv ity the neu tron dif frac tion group was very pro duc tive. In
the ex per i ments, dif fer ent vi bra tion modes on dif fer ent
per fect crys tals were used. The fol low ing ba sic ef fects
were in ves ti gated on dif frac tion by vi brat ing crys tals: time
mod u la tion of the re flec tivity of the vi brat ing crys tal re sult -
ing in the time mod u la tion of the dif fracted beam, Dopp ler
and ab er ra tion ef fects, shift of the phase of the mod u lated
beam re lated to the asym met ric dif frac tion ge om e try and
re flec tivity prop er ties of dif fer ent per fect crys tals vi brat ing 
on dif fer ent modes. All these phe nom ena were stud ied in a
wide range of fre quen cies 1-5000 kHz and fol lowed by a
the o ret i cal de scrip tion and ex pla na tion of the ef fects (see
Fig. 3).  Thanks to many ex cel lent re sults [4,8-18]  and re -
turns in the sci en tific com mu nity, Czech pi o neers in neu -
tron scat ter ing V. Petržílka, R. Michalec and B. Chalupa
were in 1972 awarded by the State Prize. 

1.2 Pur chase of the three axis spec trom e ter 
      TKSN-400

Soon, af ter ex pan sion of the re search ac tiv i ties of a
rather large ex per i men tal team on the diffractometer
SPN-100, re quire ments for an ad di tional ex per i men tal
beam time have ap peared. Thanks to Czecho slo vak Com -
mis sion for Atomic En ergy a new spec trom e ter TKSN-400 
was bought in Po land for the Fac ulty of Math e mat ics and
Phys ics (FMP) of the Charles Uni ver sity (see Fig. 4) where 
neu tron dif frac tion group in Øež had about 50 % beam time 
[19]. The spec trom e ter in the per for mance of the two axis
diffractometer was in the fol low ing sev eral years used also
by the De part ment of Met als of FMP for neu tron dif frac -
tion stud ies of struc ture a mag netic prop er ties of ura nium
com pounds and INRNE So fia for struc ture stud ies of
amor phous Te-glasses. Pos si bil ity to use three axes of the
in stru ment en abled us to ex pand the range of in ves ti ga tions 
and to carry out high-res o lu tion ex per i ments in com bi na -
tion with a premonochromator [20, 21]. Such ex per i ments
per mit ted us to study Dopp ler and ab er ra tion ef fects in
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Fig. 3. Sche matic sketch of per for mance for lon gi tu di nal crys tal vi bra tions with the hold ing point at the nodal line in the mid dle (a) and
flex ural vi bra tions with two hold ing points (b), time mod u la tion of the beam dif fracted by lon gi tu di nally vi brat ing quartz sin gle crys tal
and the rel a tive in crease of the in te grated re flec tivity de pend ent on the vi bra tion am pli tude for dif fer ent thick nesses of the crys tal (3 and
14 mm) and dif fer ent wave lengths (0.105 and 0.154 nm) [8-11].

Fig. 4. Three axis spec trom e ter TKSN-400 bought in 1971. Pro -
fes sor V. Petržílka (left) two Pol ish tech ni cians and dr. R.
Michalec.



more de tail [22, 23], to study phe nom ena re lated to dif frac -
tion by two syn chro nously vi brat ing crys tals [24], to study
mul ti ple re flec tion ef fects ex cited by ul tra sonic vi bra tions
[25-29], to im age the vi bra tion modes by neu tron dif frac -
tion to pog ra phy [30-33], to study some dy nam i cal ef fects
of anom a lous ab sorp tion and “jumps” be tween the
dispersive sur faces re lated to dif frac tion by (gen er ally)
elas ti cally de formed per fect sin gle crys tals. Cor re spond -
ingly, an at ten tion was paid to pos si ble ap pli ca tions of vi -
brat ing crys tals [33-35]. As to the fast neu tron chop pers
based on vi brat ing crys tals [24, 36, 37], the rep e ti tion rate
(f = 2-80 kHz) and the pulse width (FWHM = 1-100 µs),
these pa ram e ters have not been over come. Sim i larly, con -

trary to our case, in a few cases only weak mul ti ple re flec -
tions (of ten called as Renninger ef fect) were ob served be -
fore [38, 39]. Neu tron to pog ra phy ex per i ments [30-33]
also can be con sid ered pi o neer ing. In the eight ies a new
pro gram of dif frac tion stud ies by elas ti cally bent per fect
crys tals started and the re search pro gram with vi brat ing
sin gle crys tals was slowly damped when fin ish ing by re -
view pa pers [40, 41]. Later on, in this field only few ex per i -
ments re lated to ver i fi ca tion of some pre dic tions of the
dynamical theory were carried out [42-45]. Starting 1988,
the responsibility for the instrument TKSN-400 was
assigned to NPI CAS.

1.3 Con struc tion of the ded i cated high-res o lu tion
       diffractometer DN-2 for small-an gle neu tron 
       scat ter ing (SANS)

On the ba sis of the first ex pe ri ence with Bragg dif frac tion
op tics us ing cy lin dri cally bent per fect crys tals [21,46-49],
new type of SANS ex per i ments were ini ti ated on the dou -
ble crys tal diffractometer SPN-100. New meth od olog i cal
in ves ti ga tions in this field [50-53] fi nally re sulted in a de -
sign and con struc tion of an orig i nal high-res o lu tion dou -
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Fig. 7. Sche matic di a gram of  the high res o lu tion dou ble- bent-
 crys tal SANS diffractometer with the fully asym met ric dif frac -
tion ge om e try of the an a lyzer crys tal in com bi na tion with a po si -
tion sen si tive de tec tor and the photo of the sam ple and an a lyzer
part.

Fig. 5. Mul ti ple re flec tion ef fect sim u lat ing the for bid den Si(222)
re flec tion. The in ten sity-azimut de pend ence for (a) the non -
vibrating sin gle crys tal and (b) the flexurally vi brat ing crys tal.

Fig. 6. Time-of-flight spec trum of mono chro matic neu trons dif -
fracted by the lon gi tu di nally vi brat ing Si.crys tal in which a dou -
ble hkl/hkl re flec tion was re al ized [37].  
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ble-bent-crys tal SANS diffractometer [55, 56]. Its
res o lu tion and the range of the mo men tum trans fer just
cover the gap in ac ces si ble by the con ven tional collimator
sys tems from the one side and the ultrahigh res o lu tion
Bonse-Hart diffractometers from the other side. The prop -
er ties of the diffractometer DN-2 were grad u ally im proved
[57] when reach ing the fi nal per for mance also used at pres -
ent [58]. It should be pointed out that the SANS
diffractometr of this type was re ally the first and in a few
years an other one has been con structed in HMI Berlin [59]. 
Last time, the col leagues in PINSTECH (Pa ki stan) and
JAERI Tokai (Ja pan) have been con sid er ing build ing
SANS diffractometers on the same prin ci ple. In com par i -
son with con ven tional SANS in stru ments our
diffractometer with its res o lu tion is very use ful for the
stud ies of inhomogeneities of the di men sion of 10 nm – 1

mm. Thus this tech nique finds the most of the ap pli ca tions
in the ma te ri als re search e.g. for the study of mor phol ogy
of large pre cip i tates in super al loys or po ros ity of ce ram ics
[60-63].  

1.4 Con struc tion of the neu tron in ter fer om e ter

The com plete ap pa ra tus for neu tron in ter fer om e try in clud -
ing the in ter fer om e ter crys tal of the type LLL (Laue-
Laue-Laue) was de vel oped in NPI in 1986-1987 [64].
How ever, in 1987 the re ac tor VVR-S was shut down for a
re fur bish ment and the re search ac tiv i ties of the neu tron dif -

frac tion groups were moved to JINR in Dubna, where the
NPI group built at the pulsed neu tron source IBR-2 the
dou ble axis diffractometer DIFRAN. The re search pro -
gram was ori ented on stud ies of dy nam i cal dif frac tion by
elas ti cally de formed crys tals [65] and neu tron in ter fer om e -
try [66, 67] in col lab o ra tion with NPI Gatchina and
Atominstitut Vi enna, where the neu tron in ter fer om e try
started and has been de vel oped [68, 69]. Thus, for the first
time the neu tron interferograms were ob served by the
time-of-flight method. Af ter the re fur bish ment of the re ac -
tor VVR-S (since then LVR-15) a new interferometric ap -
pa ra tus was built and in tro duced into op er a tion [70]. Even
though that neu tron in ter fer om e ter works on the ba sis of
dy nam i cal neu tron dif frac tion by per fect sin gle crys tals, at
pres ent it is mostly used in the field of fun da men tal phys -
ics, in stud ies of in ter ac tions of neu trons with other par ti -
cles (as e.g. mea sure ments of neu tron scat ter ing lengths
[71-74]) and for ver i fi ca tion of pre dic tions of quan tum me -
chan ics. As in the case of neu tron in ter fer om e ter there is an
in ter fer ence of mat ter waves, the re lated ap pa ra tus serves
as a unique tool for dem on stra tion of quan tum me chan i cal
ef fects on the mac ro scop i cal level [75, 76]. We have suc -
ceeded to re al ize a pro posal of nondispersive sam ple ar -
range ment in neutron interferometer [77] and to improve
the sensitivity of the method by two orders of magnitude
[78-80].             
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Fig. 8. The view of the three crys tal in ter fer om e ter of the type
LLL with the phase shifter PS and the sam ple S ar ranged for the
nondispersive mea sure ment. 

Fig. 9. Sche matic di a gram of the dispersive and nondispersive  
sam ple ar range ment and the interference pat terns ob served in 
the O-beam of the in ter fer om e ter si mul ta neously in the first-  
(220) and sec ond-or der (440) re flec tion by the TOF method at 
the pulsed neu tron source. 



1.5  In stal la tion of the tex ture diffractometer
       TEXDIF

Even though that the re fur bish ment of the re search re ac tor
VVR in ZfK Rossendorf  (which was of the same type as
that in Øež) was suc cess fully car ried out, the Ger man au -
thor i ties de cided in 1991 once and for all to de ac ti vate it.
Then, the Ger man neu tron dif frac tion group which was
world wide known in the field of the tex ture anal y sis by
neu tron dif frac tion, de cided to re in stall their diffractometer 
at the re ac tor LVR-15 in Øež (see Fig. 10) [81].
Diffractometer was for many years used namely by TU
Freiberg as well as by NPI [82, 83]. At pres ent an ex ten sive 
mod i fi ca tion of the dif-fractometer is car ried out with the
goal of ob tain ing a me dium res o lu tion pow der diffrac -
tometer equipped with a modern multidetector system.

1.6 Pow der diffractometer KSN-2 of the FNSPE 
      of CTU Prague

The de sign of the neu tron diffractometer KSN-2 was
started in the year 1965 on the Fac ulty of Nu clear Sci ences
and Phys i cal En gi neer ing CTU in Prague. This dif frac tion
de vice was in stalled in 1967 year nearby the sec ond hor i -
zon tal chan nel of the re search re ac tor as a sec ond neu tron
scat ter ing de vice and at the same year was taken into op er a -
tion (see Fig. 11). The diffractometer has been used for
struc ture stud ies, mag netic or der ing in ves ti ga tions and
quan ti ta tive tex ture mea sure ments. Among the first ex per i -
ments on the KSN-2 diffractometer be longed the neu tron
dif frac tion in ves ti ga tion of the tem per a ture de pend ence of
the dis tri bu tion of cat ions in MnFe2O4 [84]. The neu tron
dif frac tion mea sure ments of in te grated in ten si ties on
quenched sin gle crys tals and the mea sure ments of pow der
dif frac tion pat terns at el e vated tem per a tures were rou tinely 
car ried out. On the ba sis of these re sults, the de gree of in -
ver sion in quenched sam ples of MnFe2O4 was de ter mined
in tem per a ture in ter val from 600 K to 900 K and the re vers -
ibil ity of the tem per a ture changes of the de gree of in ver -
sion was con firmed. 

Neu tron pow der struc ture anal y sis has ap peared as an
ef fi cient method for in ves ti ga tion of the mag netic or der ing
and de ter mi na tion of po si tions of light el e ments in crys tals. 
The lim it ing fac tor for ap ply ing the pow der method is the
res o lu tion and lu mi nos ity of the diffractometer. In the case

of mag netic struc ture de ter mi na tion, good res o lu tion is re -
quired, es pe cially, in the lower scat ter ing an gle part of the
neu tron dif frac tion pat tern where mag netic lines are ob -
served. On the other hand, for de ter mi na tion of chem i cal
struc tures a higher res o lu tion is re quired at larger scat ter ing 
an gles where the fre quency of oc cur rence of nu clear dif -
frac tion lines is in creas ing. From this point of view, new
pos si bil i ties have ap peared af ter the re con struc tion of the
VVR-S re ac tor in 1979 when the ther mal neu tron flux sub -
stan tially in creased which fact per mit ted us to im prove the
in stru ment res o lu tion. Sec ondly, pow er ful Rietveld struc -
ture re fine ment meth ods for elab o ra tion of the ob tained
data were in tro duced. Fi nally, the neu tron op tic sys tem of
the KSN-2 diffractometer was optimized and the new
diffractometer performance could be competitive on the
European level [85].
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Fig. 10. Diffractometer for tex ture mea sure ments moved from
ZfK Rossendorf to NPI. 

Fig. 11. Pow der diffractometer KSN-2 af ter its in stal la tion at the
re ac tor beam hole in 1967. Prof. È. Šimánì (in the up per part )
and ing. S. Vratislav (in th elower part).  



2. Re cent re search pro gram mes

2.1 Neu tron dif frac tion by elas ti cally de formed
      per fect crys tals

In sev en ties, pro fes sor Meier-Leibnitz ini ti ated in ILL
Grenoble the pro gram of Bragg dif frac tion op tics by cy lin -
dri cally and spher i cally bent crys tal slabs for their pos si ble
use in neu tron diffractometry and spec trom e try. How ever,
these stud ies re sulted only in an em ploy ment of fo cus ing
mo saic crys tals as mono chro ma tors and an a lyz ers. Later
on, af ter clar i fy ing and solv ing some de tails and prob lems
(e.g. pre cise cal cu la tion of the peak and in te gral re flec tivity 
[47, 48, 86], op ti mi za tion of the thick ness and the cur va -
ture of the crys tal [48], pos si bil ity of an ad van ta geous use
of asym met ric dif frac tion ge om e try [87-90]) we have suc -
ceeded in the eight ies to ex cite the at ten tion to the pro gram
of Bragg dif frac tion op tics in many Eu ro pean lab o ra to ries.
Since then, ad van tages of fo cus ing mono chro ma tors/an a -
lyz ers with re spect to the mo saic coun ter parts have been
dem on strated in many cases, namely, in par tic u lar scat ter -
ing per for mances where a higher res o lu tion is re quired
[91-94]. On the ba sis of the ear lier re sults and ex pe ri ence, a 
new ex tinc tion model was pro posed [95] and ap plied for
in ter pre ta tion of ex tinc tion ef fects [96, 97]. A per ma nent
at ten tion has been paid to the de vel op ment and tests of new
un con ven tional neu tron op ti cal el e ments (fo cus ing
monochro-mators and an a lyz ers) on the ba sis of cy lin dri -
cally bent per fect crys tals [98-111]. Re cently, these meth -
od olog i cal stud ies have been con cen trated on the
de vel op ment of high-res o lu tion neu tron op ti cal el e ments,
con tin u a tion in prom is ing stud ies of strong mul ti ple re flec -
tions re al ized ei ther in one crys tal (Renninger ef fects)
[112-115] or by means of two in de pend ent crys tals [116,
117] (see Fig. 12). Of course, that sev eral of the newly de -
vel oped fo cus ing mono chro ma tors have been al ready em -
ployed on the diffractometers at the re ac tor LVR-15
[118-123] as well as abroad [105, 109, 124-125]. In this
case it should be men tioned that few pi o neer ing tests of the
use of bent crys tal slabs in TOF diffractometry and spec -
trom e try were also car ried out [111, 126-128]. 

It is clear that an at ten tion has been per ma nently
paid to the re lated the ory and in ter pre ta tion of the ex per i -
men tal re sults [41, 47, 48, 86, 95, 118, 129] and many of

them have been oft cited. Fur ther more, in the nine ties new
com puter pro gram RESTRAX for Monte Carlo Sim u la -
tions of Res o lu tion Func tions and Scan Pro files for Neu -
tron Three-Axis Spec trom e ters was de vel oped in NPI in
col lab o ra tion with ILL Grenoble [120-131]. It has been
per ma nently im proved [132, 133] and at pres ent it is one of
a few pro grams used in Eu ro pean neu tron lab o ra to ries
[134-138].      

2.2 Small-an gle neu tron scat ter ing (SANS) 

Small-an gle scat ter ing of X-rays or neu trons is a method
which uses elas tic scat ter ing in the low-an gle range (when
com pared to a stan dard Bragg dif frac tion) for char ac ter iza -
tion of inhomogeneities of size scale from about 1 nm  to 10 

mm (pores, clus ters, pre cip i tates, par ti cles in so lu tions etc.)
[139]. It pro vides in for ma tion about their size dis tri bu tion,
vol ume frac tions, shape and ani so tropy. Due to the low at -
ten u a tion of neu trons in most ma te ri als SANS is re ally bulk 
in ves ti gat ing tech nique be cause it can study sam ples of
vol ume 0.1-1 cm3. Along with its use in other fields, there
is a broad range of ap pli ca tions of SANS in the ma te ri als
science. In our case in NPI, SANS is used mainly for: 

• stud ies of cav i ties formed dur ing superplastic de for -
ma tion in superplastic ce ram ics which have a  sig nif -
i cant in flu ence on the me chan i cal and ther mal
prop er ties of the fi nal prod uct [140, 141] (see Fig.
13),

• stud ies of microstructure of Ni-based two phase

super al loys char ac ter ized by the pres ence of g’ pre -

cip i tates of large di men sions em bed ded in a solid g
phase ma trix when their mor phol ogy af fects
strength en ing mech a nism even at high tem per a tures
[61, 142-144],

• stud ies of po ros ity of plasma sprayed ma te ri als
which are char ac ter ized by a wide spectrum of pores

from  10 nm up to 1 mm and their evo lu tion and
changes brought about by a ther mal treat ment 
[145-147]. 

Per ma nent at ten tion is paid to the de vel op ment of the re -
lated soft ware for elab o ra tion of the ob tained ex per i men tal
SANS data [146, 148-150].
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Fig. 12. Dispersive sand wich mono chro ma tor con sist ing of two
bent per fect Si- slabs of dif fer ent cut [128]. 
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ce ram ics, as re sults from dou ble-crys tal SANS mea sure ments
[140].



2.3 Strain/stress stud ies in polycrystalline
      ma te ri als by neu tron dif frac tion 

In 1991, new ex per i ments in the field of pow der
diffractometry were started, where un con ven tional high
res o lu tion three axis diffractometer per for mance (with a
fo cus ing mono chro ma tor and fo cus ing an a lyzer) was used
[141, 152]. This un con ven tional use of neu tron op tics
brought new re sults of a meth od olog i cal char ac ter. It has
opened pos si bil ity to carry out high-res o lu tion mea sure -
ments of a rel a tive change of the lat tice spac ing (brought
about by elas tic de for ma tion) with the ac cu racy of 10-4 as
well as to study microdeformations from the dif frac tion
pro file anal y sis. Af ter test ing sev eral al ter na tives [118,
120, 153, 154], the most ef fec tive one shown sche mat i cally 
in Fig. 14 is used at the ded i cated diffractometers  SPN-100 
and TKSN-400. More over, the diffractometers are
equipped with a unique ten sion/com pres sion rig com bined
with a heat ing sys tem.  All this per mit ted to start a suc cess -
ful re search pro gram of macro- and microstrain/stress stud -
ies in polycrystalline ma te ri als in col lab o ra tion with many
in sti tu tions in the Czech Re pub lic and abroad.  In the last
years the neu tron dif frac tion group has car ried out many
ex per i men tal stud ies in the field of ba sic ma te rial re search
by mea surements of lat tice de for ma tions brought about by
a tech no log i cal pro cess or by an ex ter nal termo-me chan i cal 
load. They have been re lated namely to stud ies of de for ma -
tion prop er ties ultra-high strength nanocrystalline steels,
in ter sti tial free steels, ul tra-low car bon steels, two phase

austenitic-fer rit ic steels [155, 156] (see Fig. 15) and com -
po nents of two-part sin gle-crys tal com pos ites on the ba sis
of Al2O3 [157, 158]. An other group of ex per i ments rep re -
sent in-situ dif frac tion stud ies of martensitic trans for ma -
tion tak ing place in thermo-me chan i cally loaded shape
mem ory al loys (SMA) [159-161] and the stud ies of func -
tion ally graded Al2O3/Y-ZrO2 ce ram ics. Different ma te ri -
als based on the al loys of NiTi, Cu (CuAlMnZn) and Fe
(FeMnSi) were ex am ined in the frame of a large co op er a -
tion. Re cently, a prog ress has also been achieved in a de -
vel op ment of com puter pro grams for eval u a tion of
microstructure pa ram e ters and the in ter pre ta tion of re sults
ob tained from the dif frac tion ex per i ments [159, 162].

2.4 Tex ture mea sure ments of polycrystalline
      ma te ri als

Ani so tropy of phys i cal and me chan i cal prop er ties of
polycrystalline ma te ri als is strongly de pend ent on ani so -
tropy of dis tri bu tion of grain ori en ta tion (tex ture) with re -
spect to a cho sen co or di nate sys tem. Con se quently, the aim 
of the tex ture stud ies is to find a re la tion ship be tween the
tex ture and mac ro scopic prop er ties of the in ves ti gated ma -
te rial as well as un der stand ing the mech a nism of for ma tion
of tex tures and their trans for ma tion by means of suit able
mod els. When we limit only on the re search ac tiv i ties of
NPI in this field, sev eral mea sure ments were car ried out in
co op er a tion with U.S. Steel plc., Košice on tex ture stud ies
of cold rolled plates [82] (see Fig. 16). Re cently, a new
method of in-situ tex ture mea sure ments of shape mem ory
al loys dur ing a com bined termo-me chan i cal load [83] (em -
ploy ing a small ten sion/com pres sion rig) has been in tro -
duced. As has been al ready pointed out in §1.5, a com plete
re con struc tion of this mea sure ment de vice with the aim to
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build a me dium res o lu tion pow der diffractometer is
planned. It per mits the group to ex pand re search ac tiv i ties
con sid er ably. 

2.5 Pow der diffractometry at the FNSPE of CTU
      Prague   

Long ex pe ri ence of the re search team in the neu tron pow -
der dif frac tion method for the struc ture de ter mi na tions has
played an im por tant role for the suc cess of the re search ac -
tiv i ties. The re sults con cern ing the mixed-va lence sys tems
with cop per or other tran si tion-metal ions and de hy drated
zeolites were pub lished pre vi ously and have re ceived very
pos i tive re sponses. In par tic u lar, the neu tron dif frac tion
stud ies of faujasites [163] deal ing with the lo ca tion of pro -
tons have been fre quently re ferred and have been re garded
as pi o neer ing in the field of the struc tural solid-state chem -
is try [164].

The dou ble-axis pow der diffractometer KSN-2 [165],
is ded i cated in stru ment to the struc ture and tex ture ex per i -
ments on polycrystalline spec i mens. It is equipped with
aux il iary de vices, e.g. tem per a ture con trolled cryo genic
ap pa ra tus and heater fur nace (up 1000 K), tex ture
goniometer TG-1, mag nets. This diffractometer of fers
good in ten sity with the the neu tron wave length in the range 
from 0.095 to 0.141 nm. The re corded dif frac tion pat terns
are treated by means of mod ern anal y sis PC soft ware re -
sult ing in de ter mi na tion of com plete struc tural pa ram e ters.
The De part ment of Solid State En gi neer ing of FNSPE
CTU has re al ized the re search pro gram mainly in co op er a -
tion with the De part ment of Mag ne tism and Su per con duc -
tors of the In sti tute of Phys ics, the De part ment of Sur faces
of the In sti tute of Phys i cal Chem is try and the De part ment
of Neu tron Phys ics of NPI in the Czech Re pub lic and with
the Frank Laboratotry of Neu tron Phys ics (FLNP) of JINR
in Dubna (Rus sia). The De part ment of Solid State En gi -
neer ing has be come an im por tant ed u ca tion cen tre for
grad u ate and un der grad u ate stu dents in the field of neu tron
scat ter ing. In the last years the re search pro gram has been
mainly fo cused on:

• Zeolites and re lated microporous ma te ri als, which
have com mon and di verse ap pli ca tions. They are
used as cat a lysts to pro duce gas o line and
pharmaceuticals, for med i cal and in dus trial pur poses 
or they are em ployed to sep a rate N2, O2 and other
gases. Per ma nent in ter est in the struc ture in ves ti ga -
tion of zeolites (mainly of the syn thetic or i gin) is
stim u lated by their po ten tial prac ti cal use in the
chem i cal tech nol ogy [163, 164, 166]. The pow der
neu tron dif frac tion method par tic i pates in the iden ti -
fi ca tion and lo ca tion of the cat a lytic ac tive sites –
cat ions, pro tons or other chemisorbed groups. Such
data are ex tremely im por tant for the better un der -
stand ing of cat a lytic pro cesses. Struc ture re fine ment
of the zeolitic ma te ri als is ap plied at pres ent namely
in the fol low ing di rec tions: the de ter mi na tion of the
struc ture of new gen er a tion of zeolites, an es ti ma tion 
of the lo ca tion of cat ions and/or pro tons which act as
cat a lytic ac tive sites and struc ture re fine ment of ad -
sor bate/ad sor bent sys tems with the aim to lo cate po -
si tions of ad sorbed mol e cules or of their
chemi sorbed frag ments.

• Com plete struc tural anal y sis of the am mo nium
fluoroperovskites (NH4)x M(1-x) F3 and am mo nium
halides (NH4)x M(1-x) I (M= 3d or 4d metal) sys tems
[167,168]. The ex per i ments deal with the se ries sam -
ples hav ing dif fer ent com po si tion x at dif fer ent tem -
per a tures. In ves ti ga tions of elas tic neu tron scat ter ing 
on polycrystalline microsamples un der high pres sure 
in di a mond and saphire an vils cells have been car ried 
out on the DN-12 diffractometer at IBR-2 pulsed re -
ac tor in Dubna. 

• The dif frac tion ex per i ments on dif fer ent perovskite
sys tems (in col lab o ra tion with the In sti tute of Phys -
ics of CAS) [169-169]. Re cently, the prob lem of
struc tural mod u la tion of super con duct ing lay ered
cuprates on the ba sis of bis muth which is caused by
ex ces sive ox y gen in these com pounds was suc cess -
fully stud ied. The neutronographic re sults yield
unique in for ma tion about the num ber and the lo ca -
tion of these ex tra ox y gen ions in the BiO lay ers
[170, 172]. The in ves ti ga tions of the La1-xAxMnO3

perovskites [173-175] with the mixed Mn3+/Mn4+ va -
lence as well as the stud ies of the struc ture pa ram e -
ters and mag netic or der ing of high-tem per a ture
su per con duc tor ma te ri als (such as Y1-xCaxMnO3 at
dif fer ent tem per a tures and for dif fer ent con tent x) are 
in prog ress. 

3. Col la bo rati ons

In sev en ties, the do mes tic col lab o ra tion of NPI CAS with
the Fac ulty of Me chan i cal En gi neer ing of CTU, Fac ulty of
Elec tri cal En gi neer ing of CTU and Fac ulty of Me chan i cal
En gi neer ing in Liberec was con cen trated on the re al iza tion
of the re search pro gram Neu tron dif frac tion by vi brat ing
sin gle crys tals.  The for eign col lab o ra tion was ori ented
par tic u larly on JINR Dubna in the frame of the pro gram of
stud ies of neu tron-elec tron in ter ac tions [65, 176-180]. In
eight ies, the col lab o ra tion with ZfK Rossendorf in the field 
of Bragg dif frac tion op tics started [181,182]. Namely, it
was re lated to the first tests of the Czech neu tron in ter fer -
om e ter and the new SANS tech nique [50, 52, 64, 65].  In
the eight ies, the diffractometer TKSN-400 was used also
by the col leagues from INRNE So fia for struc ture stud ies
of amor phous Tellurite glasses [183-185]. At the end of
eight ies, col lab o ra tion started with the Uni ver sity in
Ancona in the field of ma te rial re search [186-190], col lab -
o ra tion with PTB Braunschweig in the field of Bragg dif -
frac tion op tics [54, 80, 91, 97-103, 108, 112-115] and also
with ILL Grenoble [43, 95-97]. In the nine ties sev eral new
col lab o ra tions were linked-up with the Fac ulty of Me chan -
i cal En gi neer ing CTU, In sti tute of Plasma Phys ics CAS
and In sti tute of Phys ics of CAS in the Czech Re pub lic
[159-161,170] and the very in ten sive for eign col lab o ra -
tions have been de vel oped with HMI Berlin, TU Košice (in 
microstructure stud ies by SANS), Ibaraki Uni ver sity
Hitachi (in strain/stress stud ies in polycrystalline ma te ri -
als) [140,141, 155, 156], KURRI Kumatori, JAERI Tokai,
ILL Grenoble and KAERI Daejon (in fo cus ing neu tron
mono chro ma tors and an a lyz ers and Monte Carlo sim u la -
tions) [104, 105, 109, 111, 125, 127, 128, 130-132, 157]
and JINR Dubna [167, 168, 172, 173].  

Ó Krystalografická spoleènost

58 Past and Pres ent Sta tus of Neu tron Scat ter ing at the Re search Re ac tor in Øež



4. Conclu si on

At pres ent, there are in stalled six neu tron scat ter ing de vices 
at the hor i zon tal beam chan nels of the re ac tor LVR-15. Be -
sides the neu tron op tics, the re search pro gram car ried out at 
the diffractometers is mostly fo cused on the ma te rial re -
search. The re sults ob tained at the scat ter ing in stru ments
in stalled at the re ac tor LVR-15 have been used in about 15
PhD-the ses and 2 DrSc-the ses. De tailed in for ma tion about
the re lated in stru men ta tion, re search ac tiv i ties, col lab o ra -
tions and pub li ca tion out puts can be found on the websites 
http://omega.ujf.cas.cz and
 http://147.32.5.30/DesktopDefault.aspx?ModuleId=522
cor re spond ing to NPI CAS and FNSPE CTU, re spec tively.
Since 1991, the re search ac tiv i ties in ther mal neu tron scat -
ter ing at the re ac tor LVR-15 have been sup ported by sev -
eral grant pro jects and at pres ent they are namely
AV0Z10480505, MSM2672244501, MSM6840770021
and GA-CR 202/06/0601.
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