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Abstract

Coincidence Doppler broadening spectra measurements on B-doped and undoped single and polycryspdbitheyliexhibit characteristic
differences. The probability of the positron—3d electron annihilations decreases with the increase of B concentration in single crygthls of Ni
alloys, while it increases with B concentration in polycrystals gfllalloys, as long as the concentration of B is less than its solubility limit. The
behavior of positrons and B atoms in single and polycrystals ¢ANilloys has been discussed.
© 2005 Elsevier B.V. All rights reserved.

Keywords: NizAl alloys; 3d Electrons; Positron annihilation

1. Introduction Positron annihilation techniques (lifetime and Doppler
broadening) are well established to detect open volume and
NizAl alloy has attractive properties for structural applica- negatively charged centers in soli#s8]. The Doppler broad-
tions at elevated temperature. It has been recognized that sianing spectrum presents information about the one-dimensional
gle crystal of NgAl is ductile but its polycrystalline form is momentum distribution of the annihilating positron—electron

extremely brittle. This brittleness precludes its fabrication intopair [9]. In particular, the high resolution two-detector coinci-
useful structural componenits]. dence system of the Doppler broadening of positron annihilation
Considerable effort has been made to increase the grairradiation allows reducing the background of the spectrum and

boundary cohesion and to develop the alloy with sufficient ducpointing out the contribution of positron annihilation due to core

tility. The dramatic increase in ductility of polycrystalline il
obtained by B doping was first reported by Aoki and 1zy&ji
and later confirmed by several investigatf8&]. The positive

electrons that are fingerprints of the atojt8-12]
In this work, coincidence Doppler broadening spectra of sin-
gle crystals of Si, Al, Ni, polycrystal of B, single and polycrys-

effect of B on the ductility of NdAl occurs over a wide range of talline NizAl alloys with B concentrations from 0.00to 1.37 at.%

B concentrations, as long as the concentration of B is less than iteave been measured. The aim of this work is to study the positron
solubility limit (about 1.5 at.%). Usmar and Lyifii] suggested annihilation sites in the alloy as well as the behavior of B atoms
that B acts to disorder grain boundaries in hypostoichiometrién single and polycrystalline NAI alloys.

NizAl alloys, consequently making them more susceptible to

slip and making the alloy more ductile. Heredia and Pfije
showed that B additions improve the ductility of both single an
polycrystalline NgAl alloys. In order to understand the behav-
ior of B atoms in single and polycrystalline il alloys more
experimental evidence is needed.
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E-mail address: wdeng@gxu.edu.cn (W. Deng).

0925-8388/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.jallcom.2005.11.015

d2. Experimental

The samples were prepared by means of the following procedures: poly-
crystals of NAl with different B concentrations were separately melted in a
vacuum induction furnace and cast as rods, 12 mm in diameter. The single crys-
talline bars were manufactured by the Bridgman technique using a seed crystal
and withdrawal rate of 12 cm/h. All alloys were homogenized at TZ0€or
4 h, cooled in the furnace to 110G for 1 h and then cooled to room tempera-
ture. Both single and polycrystalline rods were cut into pieces with a thickness
of 1 mm and pairs of specimens of each composition were prepared. For com-
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Table 1 Table 2

Composition of single and polycrystalline il + B alloys (at.%) S andW parameters for the samples

Alloy no. Ni Al B Sample no. S w

1 77.11 22.89 0.00 S1 0.4158 0.3314

2 75.65 23.83 052 S2 0.4186 0.3270

3 76.30 22.33 137 S3 0.4187 0.3269
P1 0.4235 0.3219
P2 0.4192 0.3269

parison, single crystals of Si, Al, Ni, polycrystal of B were also prepared. Thep3 0.4156 0.3316

surfaces of the specimens were then metallographically polished. After cutting, 0.5063 0.2094

and polishing, all of the specimens were annealed again at different temperaturgs 0.4679 0.2536

(the single and polycrystalline Bl alloys at 650°C, the Si, Ni, B samples at N 0.4174 0.3317

1000°C, the Al metal at 500C) for 2 h in vacuum furnace with a pressure of

about 5x 10~ mbar, and then furnace cooled. The error ons andW is 2 x 1074,

The chemical composition of each single crystal ofAiis the same as its

polycrystalline form, as shown ifiable 1 In our experiment, B concentration tration. this can be due to B atoms have a strong tendency to

in the NigAl alloy is less than its solubility limit in the alloy (1.5at.%). In te to th inb dari th d th it ¢
the following the single and polycrystalline samples corresponding to the allo)sggrega e 10 the grain boundaries, thus reduce the positron trap-

no.1-3 will be labeled as S1-S3 and P1-P3, respectively. ping rate by these defects. In single crystals efMalloys, the

Lifetime measurements have been performed in annealed single crystals Sfparameters increase with B concentration. In order to explain
Si, Al, Ni, and polycrystal of B. The positron lifetimes in Si, Ni, Aland B are  these findings, itis necessary to analyze the coincidence Doppler
220+ 1,105+ 1,160+ 1 and 209t 2 ps, respectively. They are typical lifetimes broadening spectra.

of positron annihilation in defect-free samples. s . .
Doppler broadening measurements were carried out by sandwiching a The 511keV annihilation line is Doppler broadenad:

0.6 MBq 22Na radioactive source, supported by two kapton films, between twol AE = E — moc?) due to the longitudinal momentum. com-

pieces of the same sample. ponent of the annihilating positron—electron pair, wheiethe
Doppler broadening spectra were measured using a two-detector coincidenfight velocity, mg is the static mass of electrof, is gamma

system. The main detector was a high purity Ge (HPGe) detector with a resqénergy. In a Doppler experiment the Iongitudinal momentum

lution of 1.3keV at 511 keV. The auxiliary detector supplying the coincidence . . . .
signal was a Nal(Tl) scintillator. The Nal(Tl) detector was placed in coIIinearcomponean in the direction of the detector is measured. The

geometry with the Ge detector in order to detect the two 511kedys from  Momentum componept is correlated to the Doppler shikE

the & — e~ annihilation pair. With this setup, we obtain a peak to backgroundby the formulgp = 2AElc.

ratio of more than 19on the high-energy side of the peak. The use of the coin-  Tg observe the differences among different spectra, we have
cidence technique reduces the background remarkably on the high-energy Sif’(’illowed the idea introduced ifL.3,14] by constructing ratio

of the peak, while on the low energy side the effects of Compton scatteringc . t is divided b t f terial
incomplete charge collection, andy3positronium decay cannot be overcome urves, 1.e. every spectrumis divided by a spectrum ora materia

by the coincidence technique. Thus, only the high-energy side of the peak waghosen as reference. As a reference specimen Cz-Sip(100) was
analyzed and shown in our experiment. The coincidence spectra were taken unthosen in this work. Before the ratio is taken, all of the spectra

more than 10 counts had been accumulated in the peak. have been normalized to a total area of fdm 511 to 530 keV
The coinciden(_:e Doppler broadenin_g spe_ctra of sin_gle crystals of Sl Ni, AI’(.DL from 0 to 74.3x 103 moc) and a smoothing routine on nine
polycrystal of B, single and polycrystalline il alloys with B concentrations . .
from 0.00 to 1.37 at.% have been measured. points was applied.
Fig. 1shows the ratio curves for the Ni, Al, B elements and
S1 alloy.
Fig. 2(a) shows the ratio curves for S1 and S2 alloy. The ratio
rve for S3 alloy is slightly lower than that for S2 alloy, and is
ot shown in the figure for clarity.

3. Results and discussion

The defects in the metals or alloys can be charactered b
using the usuab and W parameters, respective[y]. The S
parameter is defined as the ratio of the counts in the central area
of the peak (G< (Ey — 511 keV)< 0.776 keV) and the total area
of the peak (G< (Ey — 511 keV)< 9.31keV). TheW parameter
is defined as the ratio of the counts in the wing area of the peak
(1.4keV< (Ey —511keV)< 9.31keV) and the total area of the
peak (0< (Ey —511keV)<9.31keV). The values oW andS
parameters for the samples are reportetable 2

As it is known that the§ parameter is an indication of defect
concentration, the higher the defect concentration, the larger
the S parameter, and vice versa. It can be seefable 2that
the § parameter of alloy no. P1 (labeled 8&1)=0.4235), R
is larger than that of alloy no. S1 (labeled §§$1)=0.4158), —
or S(P1) >S(S1), this indicates that the defect concentration in s12 514 %6 518 520 &2
the binary single crystal of MAI alloy is lower than that in Gamma energy (keV)

the bmary polycrystal of Nl aIon. _In pon_crystaIs of N3Al Fig. 1. Ratio curves for Ni, B, Al elements and S1 alloy. The reference sample
alloys, theS parameters decrease with the increase of B conceng s;,

Ratio to Si
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5.0 : . ; . . Niatoms in L% ordered structure of NAl alloy, and then anni-
(a) AAAMM%MAM ~ hilated with the electrons of Ni atoms. On the other hand, it can
A 500090005, A St be understood by the fact that the Pauling electronegativity of Al
4.5 1 A o° A o 82 . . . . S .
8° %%, A (1.5) is smaller than that of Ni (1.8), first-principle calculation
73 B RSN of electronic structure in NAI alloy indeed indicates that the
£ 404 & Colfans 7 electrons are transferred from Al to INi6]. This leads to the
(=} AC Coq . . . N . .
T o oﬂmﬁo By thermalized positrons drift towards the Ni sublattice in the alloy
- a5 0% A and then annihilated with the electrons of Ni atoms.
e Fig. 2a) and (b) shown that the height of the ratio curves for
° single crystals of NjJAI decreases with the increase of B con-
R A A centration, while the height of the ratio curves for polycrystals
0) AA‘““M of NizAl increases with B concentration.
45 Aae®20%%0 00ty v P In a single crystal of NjAl alloy, the defects in the alloy are
' AT T vy N inl ies and dislocati dth tration of th
- Joi LI s P3 mainly vacancies and dislocations, and the concentration of the
g :;v "‘o defects is relatively low. The additions of B atoms into a single
g 401 avy “‘“A‘ 1 crystal of NAl alloy, B atoms mainly occupy the octahedral
b= ‘; " L' . .. . . ., . .
i : veve A::.‘ interstitial sites, decreasing the probability of positron staying
35 "vw;, a inthe octahedral interstitial sites, and hence the probability of the
Yo positron—3d electrons annihilations. This means that some of the
M positrons will annihilate with the electrons of Al atoms. Thus,
3"5)1;,_0 5145 5150 5155 5160 5165 517.0 the height of the peak of the ratio curve for single crystals of
Gamma energy (keV) NizAl decreases with the increase of B concentration, as shown
in Fig. 2(a).

Fig. 2. (a) Ratio curves for S1 and S2 alloys. (b) Ratio curves for P1, P2, P3

alloys. The reference sample is Si. In a polycrystal of N3Al alloy, the defects on grain

boundaries with relatively large open volume are deep traps of
positrons and B atomid.7,18] When a positron is trapped in
Fig. 2(b) shows the ratio curves for P1, P2 and P3 alloy.  a defect on grain boundary of il alloy, the electron density
The shape of the ratio curves for the S and P alloys are vergnd particularly the core electron density around the defect will
similar, they only differ from the height of the peak at aboutbe reduced with a consequent decrease in the probability of
515keV. InFig. 2(a) and (b), only the part around the maximum the positron—core electron annihilations. This will decrease the
of the spectrum is shown for clarity. height of the peak of the ratio curve. The additions of B into
The detailed shape of the high-momentum part of the Dopplea polycrystal of N3Al alloy, some of B atoms segregate to the
spectrum depends on the different contribution coming fronmgrain boundarief3], reducing the positron trapping rate by the
the annihilations with the electrons of each shell of the atomdefects on grain boundaries, while increasing the probability of
Calculation of positron—electron momentum distribution on Nipositron staying in the octahedral interstitial sites in the bulk of
metal has shown that in the 515 ke\Eg<520keV range the the alloy and hence the probability of the positron—3d electron
dominant contribution is due to the annihilations with the 3dannihilations. Thus, the height of the peak of the ratio curve for
electrong[15]. It can be seen ifrig. 1, the peaks of the ratio polycrystals of N3Al increases with B concentration, as shown
curves for Ni metal and S1 alloy are at about 515 keV, and it isn Fig. 2(b).
due to the annihilations with the 3d electrons of Ni atom. TheS andW parameters relate to the probability of the annihi-
The ratio curve for Ni metal is much higher than both Al lations with the low and high momentum electrons, respectively.
and B curves, for both Al and B atoms without d electron, how-As the probability of the positron—high momentum electron
ever it almost superimposes with the ratio curve for S1 alloyannihilations increases, th& parameters increase, while the
This means that the annihilations with the 3d electrons of NiS parameters decrease, and vice versa. According to the above
atoms make the dominant contribution to the ratio curve for SHiscussion, théV parameters decrease with the increase of B
alloy, that is, the ratio curve for S1 alloy without signal of the concentration in single crystals of Mdil, while increase with B
annihilations with the electron of Al atom. It has been knownconcentration in polycrystals of Bi\l (seeTable 2.
that a thermalized positron in an alloy is strongly repelled by
the positive ions because of its positive charge. The positrod. Conclusions
density distribution has a “Swiss cheese” character with holes
around each ion. This squeezing of the positron into interstitia{1) When positrons are injected into the lattice ofzAli
regions provides a positive contribution to the ground state of alloy, the positron wave function is concentrated on the
energy[7]. When a positron enters the octahedral interstitial site octahedral interstitial site surrounded by six Ni atoms in
surrounded by six Ni atoms in Llordered structure of NAI L1, ordered structure of NAI alloy, and then annihilated
alloy, the environment of it is similar to that in Ni metal. Our with the electrons of Ni atoms.
experimental results indicate that the positron wave function i$2) In a B-doped single crystal of Bl alloy, B atoms mainly
concentrated on the octahedral interstitial site surrounded by six  occupy the octahedral interstitial sites, decreasing the prob-
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ability of positron staying in the octahedral interstitial sites, [2] K. Aoki, O. Izumi, Nippon Kinzoku Gakkaishi 43 (1979)
and then the probability of the positron—3d electron annihi-  1190.. _
lations. The probability of the positron—3d electron annihi- [3] C-T- Liu, C.L. White, J.A. Horton, Acta Metall. 33 (1985) 213.

. . . . [4] A.l. Taub, S.C. Huang, K.M. Chang, Metall. Trans. A 42 (1984) 399.
lations decreases with the increase of the concentration ofB[S] S.G. Usmar, K.G. Lynn, J. Mater. Res. 4 (1989) 55.

(3) In a B-doped polycrystal of Al alloy, some of B atoms (6] F.E. Heredia, D.P. Pope, Acta Metall. Mater. 39 (1991) 2017.
segregate to the grain boundaries, reducing the positrorn7] R.N. West, Adv. Phys. 22 (1973) 263.
trapping rate by the defects on grain boundaries, whilel8] S. Gialanella, R.S. Brusa, W. Deng, F. Marino, T. Spataru, G. Principi,
increasing the probability of positron staying in the octa- __J: Alloys Compd. 317 (2001) 485.

. .. . . [9] K.G. Lynn, J.R. MacDonald, R.A. Boie, L.C. Feldman, J.D. Gabbe, E.
hedral interstitial sites in the bulk of the alloy, and hence Bonderup, J. Golochenko, Phys. Rev. Lett. 38 (1977) 241.

the probability of the positron—3d electron annihilations.[10] m. Alatalo, H. Kauppinen, K. Saarinen, M.J. Puska, Jien, P. Hau-

The probability of the positron—-3d electron annihilations  tojavi, R.M. Nieminen, Phys. Rev. B 51 (1995) 4176.

increase with the concentration of B. [11] S. Szpala, P. Asoka-Kumar, B. Nielsen, J.P. Peng, S. Hayakawa, K.G.
Lynn, H.J. Gossmann, Phys. Rev. B 54 (1996) 4722.

[12] R.S. Brusa, W. Deng, G.P. Karwasz, A. Zecca, D. Pliszka, Appl. Phys.
Lett. 79 (2001) 1492.

[13] R.S. Brusa, W. Deng, G.P. Karwasz, A. Zecca, Nucl. Instrum. Meth.
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