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fadani ,,0“ , ,,y* a s paralelnim svazkem. V provoznich
podminkach maji nejvétsi perspektivu mobilni aparatura
s polohové citlivymi detektory.

Fyzikalni postup meéticiho postupu spociva ve stano-
veni vzdalenosti ur¢itého systému miizkovych rovin {hkl}
v rliznych a riizné orientovanych krystalcich. Cim je pocet
reflektujicich krystalkd vétsi, tim bude ziskana informace
reprezentativnéj$i a spolehlivgjsi. Pii detekei difrak-
tovaného zafeni na film dostaneme v takovém piipadé
spojité Debyeovy- Scherrerovy linie. Pokud se linie
rozpadaji“ na diskrétni difrakéni stopy, je mozno pocet
vhodné¢ orientovanych krystalki zvysit takovym pohybem
zkoumaného vzorku, pfi némz geometrické podminky
pouzité metody zlistanou nenaruseny.

Jedna z prakticky vyznamnych zvlaStnosti rentgenové
tenzometrie spociva v tom, Ze povrch zkoumaného
materidlu neni tfeba pfed vlastnim méfenim specialné
upravovat. Bézna drsnost, s niz se obvykle po opracovani
nebo tvafeni setkdvame, neni na zavadu. Vzdy je vSak tfeba
uvazit, jaké dusledky ma pro feseni dané ulohy nepatrna
hloubka vnikani pouzivanych rentgenovych paprski.

Rentgenografické elastické konstanty

Elastickd anizotropie, projevujici se v rtuznych krystalo-
grafickych smérech riiznymi elastickymi vlastnostmi, bude
naméfené vysledky bezpochyby urcitym zptiisobem ovliv-
novat. U mechanickych méreni deformace, kde se jedna
zpravidla o objemy s velkym poctem nahodné orientova-

nych krystalkd, je efekt anizotropie ,,zprimérovan™ a
chovani objektu Ize povazovat za kvaziizotropni, dostatec-
n¢ dobie popsatelné Youngovym modulem £ a Poissono-
vym ¢islem n linearni teorie elasticity izotropnich latek. Pfi
rentgenografickém méfeni zbytkovych napéti je elasticka
anizotropie respektovana pomoci tzv. rentgenografickych
elastickych konstant.

Jejich hodnoty 1ze bud’ vypocitat teoreticky, nebo urcit
experimentalné na zakladé méfeni miizkovych deformaci
ve vzorcich vystavenych znamému jednoosému namahani.

Zavér

Rentgenograficka technika meéfeni napéti predstavuje
v soucasné dobé¢ jednu z nejvyznamnéjsich metod analyzy
vlozenych i zbytkovych stavli makroskopické napjatosti.
Uplatiiuje se jak v oblasti zakladniho materidlového vyz-
kumu tak pfi feSeni Sirokého spektra konkrétnich techno-
logickych problému v nejriznéjsich odvétvich primyslové
vyroby. Zkusenosti ze zemi s vyspélou strojirenskou tech-
nologii svéd¢i o tom, Zze poznatky o zbytkovych napétich
jsou efektivné vyuzivany predevs§im tam, kde se podafilo
trvale odstranit nedivéru rozdélujici pracovniky vyzkumu
a vyroby a kde ma tok informaci mezi témito oblastmi
obousmérny charakter. Rozhodujici pro dalsi perspektivu
rentgenové tenzometrie je informovanost o moznostech
této experimentalni techniky, neomezujici se pouze na
vycet pfednosti, ale i na kvalifikované posouzeni hranic
pouzitelnosti.
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Abstract

The importance of small-angle neutron scattering for mate-
rials science and its specific features are briefly discussed.
A few examples of applications are shown - study of super-
alloys, determination of volume fraction of voids for
superplastic materials, study of porosity in plasma-sprayed
coatings.

1. SANS characteristics

Specific properties of small-angle neutron scattering
(SANS) method with respect to small-angle scattering of
X-ray and synchrotron radiation (SAXS) are presented.
The neutron sources are of much lower luminosity than
synchrotron ones and even substantially lower than stan-
dard X-ray sources. On the other hand, higher penetrability
of neutrons through majority of materials facilitates their
use as a probe for bulk material and for in-situ studies at ex-
treme conditions (low/high temperatures, mechanical load-
ing, pressure).

As scattering amplitude of neutrons does not depend in
a systematic way on the atomic number and can differ even
for isotops, light elements can provide a significant scatter-
ing contrast and contrast variation technique can be rela-

tively easily employed, too. Moreover, their magnetic mo-
ment enables to investigate magnetic nanostructures. A
usually easier preparation of SANS samples should be
mentioned as well: in certain cases we can talk even about
non-destructive testing.

Generally, SANS is particularly useful for micro-
structural investigations where X-ray cannot deliver
needed information either for lack of scattering contrast or
due to strong absorption (in the sample or in the sample-
environment windows).

Complementary arrangements of SAS experiment
known for X-ray (pin-hole, double-crystal) are used for
neutrons as well (an example pin hole SANS facility can be
found in [1]). Nevertheless, the low absorption of neutrons
allows the use of neutron-diffraction optics to improve the
performance of double-crystal SAS setting. In Fig. 1, such
device equipped with analyzer (bent perfect Si crystal) in
fully asymmetric geometry is displayed [2].

2. Typical SANS investigation of solid materials

To develop materials with physical properties suited to a
particular application and to optimize the technology of
their processing, it is essential to know the physical mecha-
nisms taking place in the material under different external
conditions. Particularly, the presence of microscopic pores
or precipitates is a characteristic feature of many types of
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Fig. 1. Double-crystal SANS diffractometer DN-2 in NPI Rez
(O-range 2x10™* = 2x10 A™'; see [2] for more details).
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solid materials. Here, a broad field of applications exists
for SANS. Some typical examples will be presented in the
talk.

Selected SANS studies performed on V4 pin-hole facil-
ity in HMI Berlin using various sample environments will
be reported. Examples taken from the research of Ni-base
superalloys (technologically important materials for
high-temperature applications) are focused on the in-situ
solutionizing of gamma prime precipitates [3], presence of
TCP phase, rafting [4] and influence of heat-treatment con-
ditions on the precipitate morphology [5]. The 2D map in
Fig. 2 shows typical example of SANS pattern coming
from dense system of gamma prime precipitates in sin-
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gle-crystal Ni-base superalloy. Size, distance, misorien-
tation of precipitates and their volume fraction can be
determined through a model fitting to such pattern.

Study of porosity in plasma-sprayed ZrO, thermal-bar-
rier coatings is shown as well. The use of these materials on
Ni-base superalloy blades enables appreciable increase of
the temperature in the turbine combustion chamber. Evolu-
tion of their pore microstructure (strongly determining the
physical properties of the material) during high-tempera-
ture exposition is discussed.

Superplasticity of ceramics is an interesting phenome-
non with promising practical applications. The Y-TZP ce-
ramics can be made into a product having a required shape
and size by means of plastic workings. Double-crystal
SANS was used to determine volume fraction of voids in
dependence on the superplastic strain [6]. The evaluation
of 2D pin-hole SANS patterns provide information on ani-
sotropy of pore morphology as well as on coexistence of
two different populations of pores at high strain rates.
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Fig. 2. Superalloy SCA433: selected SANS pattern. Measured (color-scale) and fitted (equi-intensity lines) 2D differential

cross-section.
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