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Nickel diffusion in B2-NiGa studied with quasielastic neutron scattering
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The weak concentration dependence of Ni diffusivity in NiGa has formerly been interpreted as evidence for
Ni diffusion via next-nearest-neighbor jumps, which seems reasonable in the light of the comparably high
enthalpy of formation found in this alloy. Quasielastic neutron scatti@\gS) at the backscattering spec-
trometer IN16 at ILL has been used to study the elementary diffusion jump of Ni in NiGa single crystals near
the stoichiometric composition BGas, as well as in polycrystals with 57 at. % Ni and 62 at. % Ni. While the
weak concentration dependence of the Ni diffusion coefficient has been confirmed over a wide concentration
range on the Ni-rich site of the NiGa phase diagram, the diffusive jump of Ni atoms unequivocally turned out
to be a jump vianearest-neighbosites, i.e., antistructure sites. For the near-stoichiometric compositions it was
possible to determine the residence time of the Ni atoms on the antistructurelisitetty from the QNS
measurements. These results indicate very high defect concentrations near the melting temperature.

[. INTRODUCTION take place via NN jumps. On the other hand, theoretical con-
siderations orB2 NiAl, an alloy exhibiting a high enthalpy
B2 structureqalso called CsCl structuresonsist of two ~ of formation, indicate that the self-diffusion in this com-
differently occupied sublattices with the sites of the first sub4ound is dominated by NNN jumps.
lattice being positioned in the center of the unit cell of the Apparently, theB2 phases of NiGa and CoGa find them-
second one and vice versa. Hence, in the disordered state th@lves on the borderline between these two regimes, diffu-
B2 lattice becomes a bcc lattice. It is therefore an “open’Sion via NN or NNN jumpg(see the enthalpies of formatfon
structure, i.e., with few bonds per atofpompared, e.g., to I Table ). Up to now, no direct information about the dif-

structures of fcc type and can host a relatively large amount fusive jump in these alloys was available, but conclusions
of vacancies. about the self-diffusion mechanism in these alloys have been

Despite the simplicity of intermetalliB2 structures, dif- drawn on the pasis of trgcer dﬁffusion experime'nts: _Donald—
fusion in these technologically promising alloys, which isSon and Rawlings who investigated the self-diffusion of
generally believed to be diffusion via vacancies, is an in-racer atoms of both components in NiGa suggested a diffu-
triguing subject. This is due to the fact that jumps to nearestSion mechanism where the nickel atoms diffuse via NNN
neighbor (NN) sites in these structures are jumps to anti-lUMPS, i-e., jumps between Ni sites, while the Ga atoms per-
structure sites, hence temporarily disturbing the local ordeffo'm NN jumps. Their argument for the NNN jumps of Ni is
To overcome this problem several mechanisms like the sixth€ concentration independence of the Ni diffusivity which
jump cycle, the antistructure bridge mechanism, and thdhey observed around stoichiometry. This type of jump
triple-defect mechanism have been proposed, mostly on th@€€ms reasonable, taking into account the high enthgtlpy of
basis of the results of tracer diffusion experimentsow- formation found in NiG& Contrary to that, Stolwijlet al?,
ever, for alloys with high enthalpies of formation, jumps to _ o )
next-nearest-neighbofNNN) sites which avoid the anti- TABLE I.. .Entha.lpy of formationAH; of stoichiometricB2
structure site occupation seem more probéble. phases exhibiting triple defects taken from NeuméRef. 6.

The diffusion of iron in theB2 phase of FeAl which has . .

a comparably low enthalpy of formation has been investi-Phase FeAl CoGa NiGa NiAl
gated with quasielastic Msbauer spectroscoapsQMS) and  AH,(kJ g-atom %) 32.4 36.0 45.0 69.0
nuclear resonant scatterh¢\NRS) and has been found to
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who performed detailed tracer diffusion studies on CoGa, a 111
system very similar to NiG& proposed Co diffusion via
antistructure sites, i.e., via NN jumps and Ga diffusion via
NNN jumps.

In the present study we investigad&ectly the diffusive
jump of Ni in the intermetallidB2 alloy NiGa by an atom- e - T~
istic method—quasielastic neutron scatterif@NS). This ’ 110
technique has been successfully applied to study the Ni-
diffusion mechanism in the intermetallB8 alloy NiSb(Ref. 100
11) and theDO; alloy NizSb? To our knowledge, the
present work is the first application of QNS to self-diffusion ~ FIG. 1. Unit cell of theB2 structure. The corners represent sites
in an intermetallicB2 structure where diffusion is, in gen- of the Ni sublattice, the centex site of the Ga sublattice. The Ga
eral, slower compared to diffusion D05 andB8 structures.  Site is occupied by a vacan¢gquarg. The bold arrows symbolize
The study of atoms diffusing at such low rates was enable§ffective jumps of a Ni atom along the100, (110, and(111)
by the high-energy resolution and flux of the backscatteringlirections. These jumps are a combination of two NN jumps
spectrometer IN16 at ILL. Preliminary results on one of the dashed arrowswith infinite small residence time on the Ga site.
samples have been published elsewH2re.

and weightsw; are expressed in terms of the eigenvallvgs
and eigenvectord; of the matrix A containing the jump

Il. THEORETICAL MODEL vectorsly, and jump rates* of the diffusing atoms:

The diffusive motion of atoms in single crystalline

samples leads to a quasielastic broadening of the incoherent _ i 2 exp—iQ-1y)
scattering functior5(Q, ) as a function of the momentum TN 87Ga &
transfer Q. For jumps between sites of a Bravais lattice A= 1
S(Q,w) consists of a single Lorentzian with linewidiH{ Q) B Z exp(—iQ-ly) - —
[full width at half maximum (FWHM)].}* For NiGa this ik TGa
model applies to NNN jumps where the Ni atoms stay on )
their sublattice and, therefore, the “jump lattice” of the Ni A has two eigenvalues; henc8(Q,w) is the sum of two
atoms is a simple cubic lattice: Lorentzians with linewidths

. h % L o I'i(Q)=—2aM;(Q) ®)

(Q=3; =} [1=exp—1Q- ] and relative weights
2% 3 2
=3, 2 [1-cosaQ)], D) wi(Q)=| 2 e, bi(Q), ®)
i=1

wherea is the lattice parameter and the mean residence While for smallerQ(<1 A ~*) the spectrum consists essen-
time on a lattice siteQ; denotes théth component of the tially of the narrow Lorentzian, the broad Lorentzian is im-
vectorQ. The jump vectors, have the lengtta and pointin ~ Portant at higheQ values where the scattering function is
a (100 direction (here and in the following, the directions Sensible to details on the atomistic scale.

- : Lo ' In order to treat correlations of NN jumps we use the
100, 010, 0D, etc., shall be contained in this notation following approximation, which will be referred to as the

For NN jumps the situation is more complicated since two,, 2 o : .
. 2 ; . “effective-jump approximation”: Provided that the resi-
sublattices with different local symmetry are involved. This . . . Ga
dence time of the Ni atom on the antistructure sig;, is

problem has been treated by Raetlial*® for general struc- N .
tures and Vogl and Sepfofor the special case &2 struc- short compared to that on the Ni site}!, it is possible to

tures. The quasielastic spectrum, i.e., the incoherent scattdigP!ace two consecutive NN jumps by an effective jump in
ing function S(Q,w), is described by the sum of two t€(100, (110, or(111) direction(Fig. 1). Let P, de-

Lorentzians withQ-dependent linewidthd”, and relative ~NOte the relative probability for an effective jump {hkI)
weightsw; : direction. The linewidth of the quasielastic curve can then be
.

approximated by

2 I'(Q.Dyi. B8)/2
S(Q,0)=> w(Q,B) < 7N @ TQ)=Puol100(Q) *+ P19l (110(Q) + Pra1pl'113(Q),
=1 w?+[T{(Q,Dy;,B)/2]? ()
whereD, is the diffusivity of Ni andg the parameter de- WhereT () is the linewidth corresponding to an effective
scribing the lattice ordefthe ratio of the residence times of (Nkl) jump in anology to Eq(1). This approximation allows

Ni atoms on the Ga and the Ni sublattice us to determine théy,,, which is not possible with the
NN-jump model of Egs(4)—(6), where the ratio of prob-
B= 18 mNl=cSa/cN! (3)  abilities for effective jumps is intrinsically that for uncorre-

. lated jumpS,P<100) :P<110> :P<111>:3:3:1.
Here,cS? andcy| are the concentrations of Ni atoms on the  For  polycrystalline  samples the  polycrystalline
Ga and Ni sublattices, respectively. Both the linewidths —approximation® for isotropic media has to be applied:



12 040 M. KAISERMAYR et al. PRB 61

) beam and by the direction parallel to the incoming bése®
Fig. 2 and Table . The single crystal could be turned by an
angle ¢ around the rotational axis of the sample which was
| perpendicular to the scattering plane. The exact macroscopic
. . orientation of the single crystal was measured using the re-
20 T 1:com1ng beam flection of a laser beam from a polished surface on the top of

"""" the crystal. The orientation of the atomic planes in the
L samples was determined by x-ray diffractometry and turned
C g Il out to be quite arbitraryTable I). Nevertheless, we avoided

—— cutting the crystals in order to preserve a cylindrical geom-

etry.
FIG. 2. Schematic representation of the single-crystal orienta-

tion. The crystal is first positioned such that the crystal axis
which is identical to the geometrical axis of the cylindrical sample,
is perpendicular to the scattering plane and that the crystal| agis
parallel to the incoming beam. In a second step the crystal is turned \whjle nickel atoms possess a large incoherent neutron
counterclockwiséseen from abovearound the anglé in orderto  geattering cross sectibhof 5.2 b, the incoherent contribu-
obtain different orientations. Hereby, the axisremains perpen- o from the part of gallium is negligible, due to its inco-
dicular to the scattering plane while the ajiss no longer parallel  porent cross section of 0.16 b. This allows us to study the
te?(”;?ir:r?gr?tmslgg _?SE;Z'HFW the actual valuesiof|| and¢ inthe o of nickel atoms without an interfering signal from
P : gallium atoms. Therefore, NiGa is excellently adapted for
studying Ni diffusion with neutron scattering.

IV. EXPERIMENT

I'(Q)=2# Tflsin(QI) (8) The measurements were performed at the backscattering
Ql spectrometer IN16 at ILL in the unpolished<®i11) con-
wherel is the length of the jump vector. figuration. This setup provides a Gaussian shaped energy

resolution with a width(FWHM) of about 0.9 ueV at a
neutron wavelength of 6.27 A. Six singile detectors were
installed at scattering angles corresponding to momentum
The measurements near stoichiometry were performed otiansfers between 0.52 Al and 1.89 A~1. The coherent
two cylindrical single crystals, one grown by the Bridgman neutron cross sections are 13.3 b for Ni and 6.67 b for Ga,
method and the other one using the Czochralski method. Adaut nevertheless coherent Bragg scattering can be neglected
cording to microprobe fluorescence analysis the Ni contenas the first Bragg peakhe (100 superstructure pealap-
was 51.2 at. % for the first sample and 52.5 at. % for thepears aQ=2.17 A~ which is out of the momentum trans-
second one. The size of the single crystals was 15—-20 mm ifer accessible with the wavelength used in the experiment.
length and 8—10 mm in diameter. According to tracer diffusion measureméntbe diffusion
Due to the NiGa phase diagrafhsingle crystals can only coefficient of Ni,Dy;, in stoichiometric NiGa near the melt-
be grown in a small region around stoichiometric composiing point is of the order of 10*> m?/s. This corresponds to
tion. This is why we used polycrystalline material for the a quasielastic broadening which is smaller than the width of
measurement on the nickel rich side of the phase diagranthe resolution function in the setup described above. There-
The polycrystalline sample had a nickel content of 61.9 at. %ore special attention had to be paid on the careful measure-
and a volume of about 1 cinThe grain size was less than ment of the instrumental resolution function which is folded
1 mn?. The corresponding number of grains is expected towith the calculated expression f&(Q,w) before fitting it
be sufficient for averaging when using incoherent scatteringnto an experimental spectrum. Since even small changes in
where the change @&(Q, ) with the momentum transf&p)  the experimental geometry can influence the resolution func-
is very weak compared to coherent neutron scattering. Antion, we used the samples at room temperature as elastic
other polycrystalline sample with a Ni content of 57.2 at. %scatterer to obtain the resolution function. This is justified by
consisted of grains that were too large to allow an analysis othe fact that there is no measurable diffusion in NiGa at room
the diffusive jump. However, it could still be used to deter-temperature. In order to realize the different orientations, the
mine the diffusion constant. single-crystalline samples which had cylindrical shape were
The orientation of the single crystals is characterized byturned around their rotation axes. This allowed us to use the
the scattering plane including the incoming and the scatteresame resolution function for all of the orientations.

I1l. SAMPLE PREPARATION AND ORIENTATION

TABLE Il. Orientation of the single-crystalline samples as defined in Fig. 2.

Sample T(°C) Orientations Crystal axis Crystal axis|| Angle ¢

51.2 at. % Ni 990 1 (25.5) (17,7,7 71.8°

51.2 at. % Ni 1060 3 <2§lf> (17,7,7 71.8°

52.5 at. % Ni 1060 1 (12127 (12,155 —45.0°,66.7°- 68.5°
51.2 at. % Ni 1130 3 <2§,§> (17,7,7 71.8°,109.8°,33.8°
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FIG. 3. Quasielastic scattering functid®(Q, ) in arbitrary
units for Nig; Gagg at 1130°C atQ=0.52 A~! (g and Q 0.0
=1.60 A~ (b). The resolution functiogsolid line) is scaled to the 060 05 1.0 15 20

maximum ofS(Q, ). Counting time: 22 h. QA"

The samples were mounted in niobium sample holders, FIG. 4. (a) Points: FWHM of Lorentzians fitted into the quasi-

. . - : S elastic spectra of Nj Gayggat 1130 °C. Lines: Linewidths calcu-
To avoid contact melting of NiGa with niobium, they where lated on the basis of the NNN-jump model. The three different plots

separated by 2?13 ceramics. The Debye-Scherer ring from represent three different orientatiors of the single crystal(b)
Al,0; at 1'_8 was supprgssed _by covering one of thePoints: FWHM of Lorentzians fitted into the quasielastic spectra of
analyzer mirrors with a cadmium foil. The niobium furnace pojycrystalline Ni; (Gasg 1 at 1150 °C. Lines: linewidths calculated
used in the experiment was supplied by the ILL. Quasielastigp, the basis of NNN jumpssolid line) and NN jumps using the
spectra were taken at 990, 1060, and 1130°C in one, foueffective-jump modeldotted ling with P00 /Pa1g=2.7.

and three different orientations, respectivésge Table ), ] ) . )

for the single crystal and at 1040 and 1150 °C for the poly-Crystal orientations and scattering angléglonging to one
crystalline sample. Figure 3 shows two spectra recorded d€mperatursimultaneouslys a function of3 andDy; . This
two differentQ values on a NiGa single crystal at 1130 °C. Meéans that instead of two parameters for each spediiuen

These two spectra were taken at the same orientation of tHidths I' of the twg in?epehndgnt ITgshere are onlyhtwo
crystal, but at two different scattering angle® 2The quasi- Parametersy; and ) for the 6 or 18 spectra at each tem-
elastic broadening is small but significant. perature which strongly increases the reliability of the re-

sults. The fitting procedure was performed using the program
AGATHE'®. The agreement with the experimental data is best
V. RESULTS at high Q values, which are connected to the diffusion pro-
cess on the atomistic scale. Small deviations @t
. . . . =0.52 A~! might be explained by a contribution of mul-

Two types of jumps for Ni atoms into vacant sites of thepje scattering as the spectra with smaller line broadening
B2 phase of NiGa are possible: NNN jumps between sites ofre more sensitive to this effect. Since the shape of the lines
the Ni sublattice and NN jumps to and from antistructurejs less sensitive t@ than toDy;, an exact determination of
sites. B was only possible for temperatures and concentrations

Figure 4 shows the linewidthE of single Lorentzians with three different orientations, i.e., 18 spectra. Table IlI
extracted from the experimental spectra compared to thehows the values g8 obtained by the fit.
linewidths calculated on the basis of the NNN-jump model, Unfortunately it is not possible to compare the linewidths
Eqg. (1). The agreement between the calculated and experidf the NN model directly to those of the NNN model given
mental linewidths is not satisfactory, especially at high val-in Fig. 3, because the numbers of Lorentzians predicted by
ues ofQ whereS(Q, w) is sensitive to the dynamics on the the two models are different. To compare the two models we
atomic scale. use the deviation of the theoretical curv&Q,w),, from

For the NN jumps the data analysis is more subtle: Giverthe experimental spectr&(Q, w)cxpt, €Xxpressed in terms of
the small contribution of the broad Lorentzian a two-line fita x?> expression. One has to be aware that the physically
in single-experimental spectra cannot yield more than thénteresting quantity obtained in the experiment is the scatter-
order of magnitude of the linewidth of the broad Lorentzian.ing function S(Q,w), and not the count rate, which is nor-
Therefore we proceeded in the following way: instead ofmalized by the incident flux per channel. For this reason we
fitting two lines to every spectrum separately we calculatedo not use the common definition gf in terms of counts
the weights and widths of the two Lorentzidios all single-  per channel but

A. Elementary jump
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TABLE llII. Diffusion constants and vacancy concentrations.

Sample Single crystal T(°C) B Cy Dpi(107 %2 m?/s)
51.2 at. % Ni Yes 990 - - 1.120)
51.2 at. % Ni Yes 1060 - - 2.340)
51.2 at. % Ni Yes 1130 0.118 0.084 5(50)
52.5 at. % Ni Yes 1060 0.077 0.026 2(30)
57.2 at. % Ni No 1130 - - 5.480)
61.9 at. % Ni No 1040 - - 3.180)
61.9 at. % Ni No 1150 - - 7.4%0)
o 2 [S(Q!w)th_S(Q!w)expt]z © C. Composition far off stoichiometry

The quasielastic spectra of the polycrystalline sample at
61.9 at. % Ni were refined with the polycrystalline approxi-

The S(Q,w), are calculated according to E¢l) for mation, FTq'(S)' Here, again, afit with a NNN quel Ieagis to
NNN jumps and Eqs(4) and (5) for NN jumps. The free an unsatisfying r_esu[lF|g. 4). Unfortunately it is impossible .
parameters in those models were refined ugsisgTHE as to get an analytical cI_osed—form po_vvder—average expression
described above. The comparison of ty# values for the for the NN model, which assumes jumps between sites of a

NNN and the NN model in Fig. 5 shows that the NN-jump
model gives a much better fit to the experimental data.

While Mossbauer experimeritshowed that the iron at-
oms in FeAl prefer combinations of NN jumps that lead to
effective jumps along thé110) axis, no such preference
could be found in the present case. On the contrary, when
applying the effective-jump approximation, E,), our fits
show a preference of the nickel atoms {@00) jumps. For
example, at 51.2 at. % Ni and 1130 °C we find roughly the
following ratio of probabilities for effective jumps:
P (100 :P(110 'P(119=4:2:1, while this ratio is expected to
be 3:3:1 for anuncorrelated process. However, this result . . . . !
should not be overestimated since the effective-jump model -4 -2 0 2 4
assumes the residence time on the antistructure site to be
zero—an approximation which is less suitable for NiGa than
for FeAl® where the residence time on the antistructure site
is considerably smaller.

An interesting point is that both the NN model, E¢$—
(6), and the effective jump approximation indicate the pres-
ence of effective(111) jumps, a combination of NN jumps
that does not occur in the six-jump cycle. The contribution of
effective (111) jumps is about one-seventh of the total of
effective jumps.

channels S(Qyw)th

35

® %Q,ZJ \‘_“
Q28
b

S (Q,w) (arb. units)

X2 (arb. units)

B. Defect concentrations

According to Eq.(3) the ratio of the residence times is 0 . . .
directly related to the concentration of Ni antistructure at- 0.0 0.5 1.0 15 20
oms. Under the assumption that the predominating defect 2 _q
type is the triple defec?°that is to say, that Ni antistruc- Q(AY)
ture atoms and vacancies on the Ni sublattice are the only
allowed defects, we get vacancy concentratiopgreferred
to thf number of atomsof 2.6(1.0% ".ﬂ 525 at, 2/0 Ni and line) and a broaddashed lingLorentzian. Inset: FWHM'; in ueV
1060 .C and 8.4.0/% at 51.2 at. % Ni and 1130_(‘\?' and relative weightsy; for the two Lorentzians as calculated on the

Using the model of N_eumann, Chang, and {lee's_ fur- basis of NN jumps for$p=33.8° andB=0.118. (b) Deviation of
thermore possible to derive the vacancy concentration at stQuectra fitted according to the NNN junpquares and the NN-
ichiometric composition, the disorder parameteBy doing  jump model (circles from the experimental scattering function
so, we obtaine=0.037(20) at 990°C and=0.091(20) at 5(Q,w) as described by Eq9). Note that the scale fog? is arbi-
1130°C. These results are in agreement with the extrapolarary as the sum is performed ov8¢Q,») and not over the count
tion of the values obtained by Hat al?? and Van OmmenR®  rate.y? is obtained from fits for three orientations at 1130 °C. Solid
both using dilatometric methods. line: ¢=71.8°. Dashed line¢p=109.8°. Dotted linep=33.8°.

FIG. 5. (a Quasielastic spectrumT&1130°C,Q=1.6 A,
and ¢=33.8°) fitted with the sungsolid line) of a narrow(dotted
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non-Bravais lattice. However, a good agreement can be 1200 1100 1000 900°C
achieved by combining the polycrystalline approximation :
with the effective-jump approximation, Eq7), which as- 101 {
sumes NN jumps. Like for the near-stoichiometric composi-

tions, there are indications for a preference of effecti/@0) -
jumps over effectivg110) jumps. Hence, no concentration NE
dependence of the elementary jump vector can be observed —= 1012 |
on the Ni-rich side of thd82 phase of NiGa. Q

D. Diffusion constants

10°13

QNS experiments not only permit one to determine the
diffusion process on an atomistic scale, but they also allow &
one to determine the diffusion constant of the scattering at- /T (107 KY)

Om(‘z) T'I\'I¥IZ (:Iggdlttr:or(l)? ?r?eveaftgn?i?: f'uL:];Iriled\./ectdr has to be FIG. 6. Arrhenius plot of Ni Diffusion constants in NiGa near
9 Jump stoichiometry. Solid symbols: this work at 51.2 at. % (&iangles

known_' For jumps _between nearest-neighbor slﬂésaquals up), 52.5 at. % Ni(circle), 57.2 at. % Ni(triangle down and 61.9
V/3/2 times the lattice constant. o _ at. % Ni (squares Open symbols and lines: Donaldson and Rawl-
(b) It has to be sure that every atomic jump contributes tangs, 50 at. % Nisquares and solid lipe50.5 at. % Ni(hexagons

the long-range diffusion. An advantage of QNS over QMS isand dashed line51 at. % Ni(circles and dotted lineand 52.4 at. %
that with QNS this can be verified directly by comparing then; (triangles and dashed-dotted lindlote that two points are over-
linewidths at large values o®(>1 A ~!) with the line-  lapping at 1060 and 1130°C, respectively.

widths at smallQ which are connected to long-range diffu- i i i ) )
sion. In the present study the observed line broadenings dt'€S€ mechanisms shall be discussed in the following with
small momentum transfers are compatible with those at highe9ard to the results of the QNS experiments.

Q values. Therefore, we conclude that the observed atomistic (@ ASB: Belova and MurcH showed on the basis of
diffusion mechanism is effective for long-range diffusion. Monte Carlo simulations that the ASB mechanism cannot be

The diffusion constant is a function of the fitted model ﬁffectivel for '0”9;?”93 diffutsiotn at s]tcoicfl@otmettric COTPOSi'_
-1 ) ion as long as the concentration of antistructure atoms is
parameterse, and: smaller than 0.14 which is much more than the values ob-
a2p tained in this study for the near stoichiometric compositions.
Zm, (10 For the_ sake_ of comple_teness we wogld like to mention_ that
Ga a quasielastic broadening observed in the QNS experiment
wherea denotes the lattice constant. The diffusion constantgould in principal originate in forward and backward jumps
for Ni as measured in the experiment can be found in Tabl@f atoms on nonpercolating “ASB islands.” However, if this
ll. Obviously, the concentration dependence of the Ni dif-were the case, an anomalous small line broadening at the
fusivity remains weak up to the boundary on the Ni-rich sidesmall values oQ where QNS is sensitive to long-range dif-
of the B2 phase. A comparison with the diffusion constantsfusion would be expected. From the fact that such an effect
obtained by Donaldson and Rawlifgst near-stoichiometric has not been observed and that the diffusion constants mea-
composition is given in Fig. 6. Although the two measure-sured in the QNS experiment are—within the experimental
ments yield the same temperature dependencB,gf the  errors—in agreement with those obtained from the tracer ex-
absolute values obtained by QNS are somewhat higher thaperiments, we conclude that another mechanism than the
those from the tracer measurements. As the QNS experimefSB has to be operative even on the atomistic scale.
is performedin situ, the only source of error can be the  (b) TDM: The TDM has been proposed by Stolwik al®
measurement of the temperature. Because of the large homis-order to explain the results of tracer diffusion experiments
geneous zone of the furnace, the latter can be regarded 88 CoGa. In this model th& atom(Co in CoGa, Niin NiGa
trustworthy, which incites us to trust the values from theperforms NN jumps profiting of double vacancies. The state
QNS experiment. From the slope of the temperature deperwith the A atom on the antistructure site next to two vacan-
dence ofDy; in the Arrhenius plot an activation energy of cies on theA sublattice is considered to be the stable state.
1.6620) eV near stoichiometry is derived in agreement with The Ga atoms on th& sublattice are considered to jump
the values of Donaldson and RawlifigsFor the off- between the unit cells by NNN jumps, i.e., from dBsite to
stoichiometric composition with 61.9 at. % Ni we obtain anthe next. While this mechanism can be supported by our

0.70 0.75 0.80 0.85

Di

activation energy of 1.2@0) eV. results, as far as the motion of the nickel atoms is concerned,
there is some inconsistency concerning the activation ener-
V1. DIFEUSION MECHANISM gies of nickel and gallium diffusion: The activation energies

that are attributed to the TDM by Stolwijkt al® are the
The QNS measurement clearly shows that nickel atoms isame for Co and Ga diffusion since the diffusion of Co and
NiGa diffuse via antistructure sites. With this mechanism aGa is strongly coupled. On the other hand, Ref. 7 finds very
problem concerning the local order is associated. Severalifferent activation energies for Ni and Ga atoms which in-
models have been proposed in order to overcome this prolalicates a less coupled diffusion mechanism for the two com-
lem: the antistructure-bridge mechanigiSB), the triple-  ponents. Hence, a pure TDM as found in CoGa cannot be
defect mechanisl{TDM), and the six-jump cyclg6JO. operative in NiGa.



12 044 M. KAISERMAYR et al. PRB 61

(c) 6JC: Monte Carlo simulatioR3showed that the ratio VIl. SUMMARY

OQfMeggcigvceogﬁ{)nagist;lFe)(%%Pélg?ﬁiiigﬁ fr?qlér(]:ﬂalgis':rspt\)la\ggg on Quasielastic neutron scattering allowed us to confirm the
’ . o e . =72 2 very weak concentration dependence of the Ni diffusivity in
the 6JC, evenz(;chough this ratio is not within the limits given NiGa, observed by Donaldson and Rawlihgsth tracer dif-
by Arita et al.™ Recently, it has been shown analy.tlcéfly fusion around stoichiometry, over a wide concentration
that every ratioP ;19/P109 is allowed for the 6JC if one ange on the Ni rich side of the2 phase of NiGa. However,
drops some restrictive assumptions. However, even then thle next-nearest-neighbor jumps of Ni that have been pro-
6JC cannot account for the contribution @11) jumps in  posed by Donaldson and Rawlings to explain their data could
NiGa, which has been found in the QNS experiment. Hencenot be found. On the contrary, the QNS experiment showed
the 6JC cannot apply for the diffusion in NiGa at high tem-that the Ni atoms diffuse viaearest-neighbor jump® an-
peratures, at least not exclusively. tistructure sites—despite the high enthalpy of formation of
In our opinion, the reason for the fact that none of theNiGa.
models cited above is able to explain the experimental data The residence time of the Ni atom on the Ga sublattice
can be found in the high defect concentrations. It is difficulthas been found to be about 0.08 and 0.12 times the residence
to argue that a single vacancy should, e.g., carry out a wholéme on the Ni sublattice at 1060 and 1130 °C for the near-
six-jump cycle when another defect in the neighborhood isstoichiometric compositions. From this, very high concentra-
able to restore local order without requiring further energetitions of antistructure atoms and vacancies are derived.
cally expensive jumps. If one considers also the high con- The fact that none of the common models for diffusion in
centrations of antistructure atoms and vacancies, there afg'ms of closed cycles is able to explain consistently the
various cycles imaginable that include two or more defectdNS and the tracer diffusion data can be seen as a conse-
and that reduce considerably the number of wrong bondguence of these high defect concentrations.
compared to the six-jump cycle. In addition, as has been
pointed out by Kiguchi and Saf§,it is not absolutely nec-
essary that the local order is restored after each unit process We would like to thank M. Hartmann for help with the
at such high defect concentrations as long as the degree edmple preparation. This work was supported by grants from
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