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ABSTRACT

The Fe, -B system with X=0, 0.025, 0.099, 0.150, 0.185, 3.307, 0.333,
0.500 and 1.56 was studied by measuring positron angular correlation and
Doppler broadening of annihilation y-line energy. The dependence of the h
parameter indicates a tendency for a preferred annihilation of positron at a
B atomic site in the concentration range x < 0.333.

The S parameter obtained from the energy distribution of the annihila-
tion line gives the same conclusion as does the dependence of the h parameter.

AHHOTALWA

N3yyanacb cucrtema Fe. -B npn x = 0; 0,025; 0,099; 0,150; 0,185; 0,307;
0,333; 0,500 v 1,00 c nomouwbio METOAOB Yr/a0OBOI Koppensauum 22y n U3MepeHuss pac-
wnpeHua fonnnepa YAMHUW aHHUTUNAuuu. M3meHeHune napameTpa h B o6nactm KOH-
ueHTpaumn x < 0,333 yKa3biBaeT Ha MOBLIWEHHYH CK/IOHHOCTb MNO3UWTPOHOB K aHHUIUISA-
UMM Ha mecTax aTtomoB B.

MapameTp S, MOMAYYEHHLIE U3 pacnpefeneHnst 3HEPrun aHHUTUASLMOHHBLIX NIVHWIA,
Nno3BOIAeT cAenaTb aHanorunyHblii BbIBOA, 4YTO M U3MEHEHMEe napameTpa b.

KIVONAT

A -Fe~x-B rendszert X=0, 0.025,0.099, 0.150, 0.185, 0.307 , 0.333,
0.500 és 1.00 esetén vizsgaltuk 2 y-szogkorrelacidé és az annihilacids y-vo-
nalak Doppler-kiszélesedése mérésének segitségével. A h-paraméter valtozasa
az X < 0.333 koncentracio-tartomanyban a pozitronoknak a B-atomhelyeken tor-
téndé annihilacidra valé fokozott hajlamat mutatja.

Az annihilacidés vonalak energiaeloszlasab6l nyert S-paraméter ugyanarra
a kovetkeztetésre vezet, mint a h-paraméter valtozasa.



1. Introduction

A positron In binary systems will generally not annihi-
late with electrons of each sort of atom in proportion to
the concentration [1,2].

The positron spatial distribution is affected to a
greater or lesser extent by the potential difference bet-
ween the two kinds of atoms and hence the positron may be
attracted more to one kind of atom and then annihilate pre-
ferentially there. Lock and West [3] developed a simple
theory using the h parameter of the angular distribution curve
to study the positron relative affinity in disordered binary
alloys.

Since the S parameter obtained from the Doppler broaden-
ing of the annihilation "jf-line gives similar information to
the h parameter, it seemed resonable to perform such parallel
studies.

The Fe-B system has already been studied in the amor-
phous form using positron annihilation but no results for
crystalline samples were given there [A]. Polycrystalline samp
les were chosen for the present studies to avoid the
anisotropic annihilation effects iIn single crystal samples.

2. Experimental

Three experimental methods were used to obtain the
presented data: the angular correlation of the 2 *f-annihila-
tion photon, that of the positron lifetime, and the iInvestiga-
tion of the Doppler-broadening of the annithilation -energy.

The experimental data of the -angular correlation
of the annithilation radiation were obtained using longslit
geometry with 1A0 mm long Nal (TD) detectors. The de tector-sampl
distance was 220 cm. Additional collimators /2 mm width/ were
used in front of the detectors to define the angular resolu-
tion of the iInstrument. The positron radioactive source was
16 mCi 22Na. The coincidence resolution time was 200 nsec,



resulting in a peak-to-bnckeround ratio of 0.4-0.5 The
angular correlation curve scanning and the data collection
were performed automatically by using a special program in
a CéMAC system. All measurements were done in a vacuum of
10 torr to prevent the annihilation of positrons iIn air.

For lifetime measurements a fast-slow coincidence
unit was used with Philips XP-1023 photomultipliers and
NE 111 fast plastic scintillators. The lifetime spectra were
stored in a 4096 channel I1CA-70 analyser. A few /uCi of
22Na was used as a positron source. Such a source was pre-
pared by evaporating a neutralized aqueous solution of
carrier-free "“Nad onto a thin /0.5-0.9 mg. cm foil of
Al. The deposited active spot was covered with the same foil.
The time resolution of the instrument measured for ~Co
source was 300 psec. The measured spectra were analysed by
least-squares fitting using the POSITRONFIT EXTENDED computer
program [5].-

In the Doppler broadening method, the energy distribu-
tion measurements were performed by using a high resolution
ORTEC 1000 hyperpure germanium low energy photon spectro-
meter detector + preamplifier connected with a vertical
cryostat for cooling. The active volume was 1 cm . The
detector was fTollowed by a main amplifier and a biased
amplifier /ORTEC 716 A and 444 Models, respectively/. The
spectra were recorded by a 4096 Multichannel Analyser. With
this system a resolution of 1.064 + 0.004 keV was achieved
for the 51A keV f-line of ®"Sr.

Also the 569.69 keV T"y"-line of 207Bi,was used for energy
calibration; the calibration factor was 54.3 éV/channel. For
the positron source, about 3 ~uCi of 22Na evaporated on
6 ~um Hostaphan foil was used.

To avoid electronic drift it was necessary to collect
the data in such a way that every sample was measured 12
times in 80 minutes /i.e. 400 sec one time/ then the data were
summed up by computer program. /1-1.6/ x 10 events were
collected for every sample with a 0.2 peak-to-background
ratio.



The samples were prepared as follows. Alfa Research
amorphous boron of high purity was mixed with high purity
iron in powder form. The mixture was pressed by of
10 ton /cm and was then melted and homogenized in a pure
AINON crucible under vacuum in a high-frequency induction
oven. The contentration of the components was determined by
using atomic absorption spectrometry. The samples were cut
to proper sizes then polished and annealed again iIn vacuum.
Annealing was done at 200 °C below the melting temperature
for 1/2 - 1 day then samples were cooled slowly to room
temperature.

3. Results
3.1 Measurements of the angular correlation

The angular distribution curves are shown iIn Fig. 1.
The measured curves showed an asymmetry less than 1 % bet-
ween positive and negative positions of the moving detector.
The measured spectra were corrected for background then
normalized to the same area and fitted assuming a low
momentum component /resulting in a parabolic shape/ and a
high momentum one /resulting In a Gaussian distribution/;
for iron the data analysis agrees well with the literature
16]. The pure boron sample was in the form of pressed powder.
The best fit was obtained by assuming one parabolic and one
Gaussian. The first parabola has an intensity of.5 %% 0.8/,
its cut off at 2.7 + 0.35 mrad. The width of this component
suggests the existence of positronium in the sample and it
was subtracted from the angular distribution curve. The second
parabolic may correspond to annihilations on valence electrons

The h parameter /the peak per total area/ increased
with "increasing concentration of boron and is shown iIn Fig. 2a
The low momentum component which can be related to the
relative probability of the annithilation rate on the conduc-
tion electrons is shown iIn Fig. 2b., while Fig. 2c. shows the
Fermi cut-off.



3.2 Lifetime measurements

The lifetime parameters necessary for the calculation
of the h and s parameters are given in the following sections.
The observed lifetime results for the Fe 15 # B and

the pure boron are given in Table 1.

Table 1. Positron lifetime values
Sample r r psec psec mg
Fe-15 B 122 + 3 445 + 14 7.43

B 229 + 5 907 + 13 13.49

The 1i1ron lifetime value /110 psec/ was obtained from
the literature [6]. For the pure boron the measured lifetime
value 1is 1n very good agreement with the value of 229 psec
17].
The second component ™ O is attributed to annihilation of po-
sitron onthe sample surfaces and gain boundaries and positronium annihilation.

3.3 Doppler broadening measurements

The energy distribution of the annihilation ~-line
was measured for various samples. In addition, a solid poly-
crystalline boron sample was also measured. One of the
measured energy distribution annihilation *-lines is shown
Fig. 3.

As can be seen in this figure, the measured line-
shapes show an asymmetry around the peak position favouring
the low-energy tail. This effect is the consequence of
photoelectron escape. A line-shape correction regarding the
asymmetry was made according to the literature [8] by taking
a straight-line background between estimated "end points™ of
the peak then from each channel a fraction of the value equal
to the ratio between the peak iIntensity at that channel and
the total peak area was subracted.



On the basis of the energy distribution the contribution
of the conduction electron /central part/ and the core
electrons /wing parts/ was chosen as shown in Fig. 3.

The S parameter, 1i.e. the sum of counts in a central
part of the peak relative to the total area of the peak, may
reflect the fractional contribution of different electronic
states in the annihilation process. Therefore, after back-
ground and line-shape correction this parameter was calculat-
ed for all samples /see Fig. 4a/. In Fig. 4b and 4c the core
contribution and the ratio between the contribution of
conduction electrons to the core ones are shown respectively.

As seen in these figures, the difference in the S
parameter between the pressed powder and the solid boron
samples supports the conclusion of the angular correlation
results.

4. Discussion

Lock and West suggest a theoretical model taking into
account the angular distribution h parameter in long slit
geometry [9] for a polycristalline sample and assuming that
the thermalized positron annihilates from a ground state
Bloch wave function. They described the h parameter of the
positron annihilation in binary alloys by the equation

hABs hAMA* cB1B (bBAB “hANA)/AA*CB *B(N1B~ )

where h ,Xj and Cj represent the h parameter, the
positron annihilation rate and the atomic concentration of
the pure components, respectively;*]is a factor describing
the positron relative affinity between the two types of
cells in the alloys.

Regarding the theoretical model, the #§ factors are
undetermined parameters of the order of unity, but one has
to consider their effect on the measurable results by com-



paring the measured bg” as a function of the concentration
with the calculated values according to the above equation.

As seen In Fig. 2a, the tendency of the h parameter
may be attributed to different positron relative affinity
for the two kinds of atom. In the iron-rich region, the be-
haviour of the h parameter may be explained by a mixture of
phases such as oC-Fe and Fe”™B present in the samples after
the heat treatment. |If every h is replaced by S with respect
to the experimental results the same tendency iIs seen as
indicated by the h parameter /see Fig. 4a/. In view of this,
it is clearly a complementary method for the study of the
relative positron affinity in binary alloys.

The tendency of the h and the S parameters to exhibit
stepwise behaviour is attributed to the annihilation of
positron in different crystal sturctures of intermetallic
compounds existing in the Fe-B alloys such as FeQB and FeB.

The transition metals are characterized by the presence
of "holes™ 1in their d-bands, though upon alloying the boron
atom may donate electrons to the d-bands [10-12] thus, the
position of the Fermi level may rise. This effect can be seen
clearly iIn Fig. 2c where the Fermi cut-off increases as a
function of boron content.

In the transition metal-rich regions, the boron atoms
are isolated from each other whereas in monoborides they are
arranged along one dimensional zig-zag chains. As a conclu-
sion, the tendency of the h and S parameters may suggest, Iin
addition, that the structure influences the positron’s rela-
tive affinity in the Fe-B crystalline alloy.
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Figure 1. Angular distribution curves. The solid line shows

Figure 2.

Figure 3.

Figure 4.

the result of the fit.

a/ The h parameter as a function of boron content.
The solid line is the calculated one.

b/ Low momentum components as a function of boron
content.

c/ Fermi cut off values.

Energy distribution of annihilation ™"Jf-line in

pure Fe. c, the central part, represents the

conduction electron contribution in the annihila-

tion process; A + B represents the core contribution.

a/ The S parameter obtained from Doppler broadening
measurements as a function of boron content. The
solid line i1s the one calculated by substituting
h with S.

b/ Core contribution

c/ Ratio of conduction to core electrons






Fig. 2a

Fig. 2b
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