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Method of two wavelengths for determination of crystallite size and microstrain
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Je obecné znamo, ze mala velikost krystalickych castic —
pod 1 um — zplsobuje rozsiteni difrakéniho profilu dané
Scherrerovym vzorcem [1],

B, =KA/(Dcos ) (1)

kde B je rozsifeni difrak¢ni linie (v radianech), zptisobené
malou velikosti krystalickych ¢astic D (ve sméru kolmém
na difraktujici roviny), 0 je difrakéni uhel, A vinova délka,
K je Scherrerova konstanta, zavisla na tvaru ¢astic a jeji
hodnota je blizka 1. Podobn¢ je znamo, ze mikrodeformace
o velikosti e = Ad/d (d je mezirovinna vzdalenost) vyvolaji
rozsifeni difrakéni linie [1]

B, =4etan 0 2)

v

takze k urceni velikosti ¢astic a mikrodeformaci je nutné
kvantitativné stanovit, jak velkou ¢ast fyzikalniho rozsireni
zpusobuje velikost castic a jaky podil na ném maji
mikrodeformace. K tomuto ucelu se obvykle vyuziva té
skuteCnosti, ze zminéné piiciny rozsifeni zaviseji na
difrakénim Ghlu 6 riznym zpisobem. Podle rovnice (1) je
to pro velikost ¢astic funkce sec 6 = (1/cos 0) a podle rov-
nice (2) pro mikrodeformace je to funkce tan 6. Tyto
funkce se vSak vyrazné lisi (Obr. 1) jen u malych uhla 6,
kde obvykle neni dostateény pocet difrakénich linii a
jejichz Sitky jsou malé, jsou blizké sitkam pfistrojové
funkce, takze jejich urceni je zna¢né nepiesné.

Nanestésti u velkych hodnot 0, kde jsou rozsifeni od
malé velikosti ¢astic i od mikrodeformaci dost velka a daji
se pomérné piesné méfit, maji obé funkce —sec 6 = 1/cos 0
a tan © — podobny pribéh (Obr. 1), takze moznost rozlisit,
co je zpasobeno velikosti ¢astic a co mikrodeformacemi, se
zmensuje. Navic u velkych hodnot 6 vadi velké rozsiteni
méfené linie od nenulové délky spektralniho intervalu AA,
které je

AB =(AL/ \)tan 6 3)

Spektralni slozka instrumentalni funkce tedy roste s ristem
0 a tim snizuje presnost v uréeni fyzikdlniho profilu. Z
tohoto divodu se doporucuje uréovat velikost ¢astic — a
mikrodeformaci - spiSe u malych thlu 6 [2].

Wood [3] proto navrhnul vyuzit tu skutecnost, ze pfi
stejném difrakénim whlu 6, je rozsifeni od malé velikosti
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Obrazek 1. Zavislosti difrakénich rozsifeni na uhlu 0 .

¢astic ptimo umérné vinové délce A, zatimco rozsifeni od
mikrodeformaci na A nezavisi, jak to plyne z rovnic (1) a
(2). Porovnaji se tedy Sitky dvou (rznych) difrakénich
linii se stejnym thlem 6 na difraktogramech zkoumaného
vzorku ziskanych se zafenim o dvou riznych vinovych
délkach, naptf. A; = 0.154 nm (méd) a A, = 0.071 nm
(molybden). Jsou-li §itky linif stejné, je rozsifeni nezavislé
na vinové délce a je tedy zpisobeno mikrodeformacemi.
Pokud je rozsifeni vyvolané malou velikosti ¢astic, bude
Sifka linie pfiblizné dvakrat vétsi pro zafeni médi, nez pro
zafeni molybdenu - pokud lze zanedbat pfistrojové rozsi-
feni — [4]. Tento kvalitativni pfistup byl pouzity ke sledo-
vani struktury oceli [3].

Je vsak mozné odvodit kvantitativni, explicitni vyjadie-
ni pro velikost ¢astic a mikrodeformaci, uréenych metodou
dvou zateni. Jako u Williamsonova — Hallova grafu pted-
pokladejme, ze rozsifeni od velikosti ¢astic a od mikro-
deformaci se jednoduse séitaji, tj. pro méfeni s vinovymi
délkami A, a A, plati rovnice
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B, = Ay +4etan O (5)
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kde na levych stranach jsou S§itky difrakénich linii po
korekei na pfistrojové rozsifeni. Rovnice (4) a (5) tvoii
soustavu dvou rovnic o dvou neznamych, D a e. ReSenim
této soustavy dostavame pro velikost ¢astic

_ A, secO,tan 6, -, secO,tan 0,

D (6)
B,tan 6, —B,tan 6
a pro velikost mikrodeformaci
B,A,secO, —B,A, secH, )

e =
4(M,tan 0, secO, —A,tan 6, secO, )

Z rovnice (4) nebo (5) jesté plyne graficka verze této
metody — analogie Williamsonova — Hallova grafu, pro
vice nez dvé zareni

Bcos O =D 'A+4esin O (8)
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Kdyz tedy vyneseme zavislost BfcosO=y na A=x,
dostaneme piimku se smérnici D', kterd na ose y vytina
usek 4esin 6.
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Introduction

The cobalt-based shape memory alloys (SMA) are ex-
pected to be the new kind of so-called ferromagnetic SMAs
[1]; this means alloys, in which the driving force for the
martensitic phase transformation (direct or reverse) or
martensitic variants reorientation can be the external mag-
netic field. This effect was described in stoichiometric
compound Ni,MnGa [2]. The mechanical properties of
Co-Ni-Al alloys are definitely better than the properties of
Ni-Mn-Ga alloys; they are harder and they have better
creep and fatigue properties. But, the structure of Co-Ni-Al
alloy is more complicated as compared to NiMnGa alloys.
There are two phases at least, but only one of them under-
goes the martensitic transformation. The role of the
non-transforming phase during the transformation is not
recognised yet, but its presence is suitable for the success-
ful shape memory effect (SME). Single-phase alloys have
tendency to crack before achieving a reasonable plastic de-
formation. The presented abstract describes the progress on
the structural study.

The structure of the investigated material Co;gNiz3Alyg
is composed of two phases — an ordered matrix (Co,Ni)Al
with space group Pm3m, structure type B2, and a disor-
dered face centred cubic cobalt solid solution with space
group Fm3m, structure type A2 [3], Fig. 1. The B2 phase
matrix undergoes martensitic transformation into the
tetragonal LO; structure (space group P4/mmm). The trans-
formation mechanism is very similar to the Ni-Al alloy in-
cluding precursors, tweed structure and softening of the

phonon modes [4]. According to the phase diagram L1,
structure (Co,Ni);Al (space group Fm3m) exits in samples
with sufficient amount of nickel. In our samples, this phase
is observed under special kinetic conditions.

The structure analysis was performed mainly using an-
alytical electron microscopy as our samples are usually di-
rectionally crystallized structures with extremely large/
coarse grains. The set of the in-situ measurements on pow-
ders was performed on synchrotron source BESSY II in
HZB Berlin.

Crystal growth

In order to study and to apply ferromagnetic shape memory
effect (FSME), it is very convenient to have single-crystal-
line samples. The single-crystals for our study were pre-
pared using vertical floating-zone method and Bridgman
method. The structure and composition of the as-grown
samples were published in Refs [5, 6]. The findings from
the crystal growth study can be summarized in the points:

1. The samples grown with a growth rate of 17 mm-h™!
or lower have tendency to get splitted into a two-phase
mantle (B2 matrix plus A2 interdendritic precipitates) and
a single-phase (only B2) core. Such structures have ten-
dency to crack during cutting and polishing.

2. The composition of the matrix and precipitates seems
to be stable within three categories: Floating-zone sample;
Bridgman sample grown with a growth rate of 17 mm-h
and Bridgman samples grown with a growth rate higher
than 17 mm-h. Both phases in respective categories have
the same composition. The last category appears to be in-
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