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Abstract The structure and microstructure of some lea-

ched Raney-type Al–Ni alloys of different compositions

have been investigated by neutron diffraction and by small-

angle neutron scattering. It was found that all alloys con-

tain a crystalline face-centred cubic (fcc) Ni phase as well

as an Al3Ni2 phase, the amount of which is decreasing with

increasing Al content of the initial alloy. Both the Ni and

the Al3Ni2 phases are conjectured to be non-stoichiometric.

There is no indication of any other crystalline phase. The

size of the Ni crystallites in all leached alloys has been

found to be of the order of 30 Å, whereas the size of the

Al3Ni2 ones varies with initial alloy composition and is

found to be in the range of 100–250 Å. The change in

structure by doping the initial alloys with small amounts of

Ti and Cr is after leaching marginal.

Introduction

The results presented below have been obtained within the

IMPRESS Integrated Project of the EU 6th Framework

Program. One of the aims of the project is to develop

efficient and cheap Raney-type catalysts [1]. These mate-

rials are used for a wide range of catalytic reactions, most

notably hydrogenation reactions. In general, Raney-type

catalysts are very finely divided powders prepared by

grinding an ingot to a fine powder and by chemically dis-

solving and removing non-active metals from the alloy.

With regard to Al–Ni-based alloys, traditional research

focuses on the production of powders by casting-and-

crushing, and a subsequent leaching process in a concen-

trated Na(OH) solution after which mainly nanometre-

sized metallic Ni particles in a form known as ‘‘skeletal’’ or

‘‘sponge’’ nickel catalyst remains. The process does not

only remove most of the aluminium, but it also generates

hydrogen gas that serves to activate the nickel catalyst.

Raney-type nickel catalysts are extremely pyrophoric due

to the small size of the metallic crystallites and the

entrapped hydrogen. The relevant chemical reaction can

schematically be written [2, 3]:

2ðAl�NiÞ sð Þ þ 2OH� þ 6H2O

! 2Niþ 2Al OHð Þ4� aqð Þþ3H2 gð Þ ð1Þ

Recently, new processing routes, such as multilayer

coatings [4], direct spraying [5, 6], rapid solidification

[7–11], ball-milling [12, 13], different kinds of chemical

activation [14, 15] as well as impulse [16] and gas

atomization [1], have been utilized to produce new alloys

that after leaching are, or might be, more efficient in

catalysis processes and/or in fuel cell applications than the

ones obtained by ingot grinding. In the IMPRESS project,

the gas atomization technique has been selected as the most

promising one in order to produce Al–Ni-based powders

suitable for obtaining an efficient Ni catalyst. In the gas

atomization process, the disruption of the bulk liquid melt to

produce droplets relies on the large velocity difference

between the melt and the gas ejected from two nozzles.

Amorphous and crystalline powders with powder grain sizes

ranging from \1 to about 500 lm are simultaneously

produced with this technique. By convenience in the

following we will use equivalently the terms ‘‘powder
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grain’’ and ‘‘grain’’ to describe a solidified droplet. In order

to study the effect of grain size on the structure, the produced

powders were sieved into different-sized families. As an

example, the family ‘‘53-75’’ means a powder size in the

interval [53;75[, thus 53 lm B grain size \ 75 lm. Several

experimental studies on the catalytic efficiency of Al–Ni-

based alloys have been published [8–11, 17–19]. An attempt

to model the leaching process has furthermore recently been

presented [20].

A lot of study has been devoted to the leaching process,

e.g. in Al–Ni alloys of the 50–50 wt% composition

(Al68.5Ni31.5 at.%). However, the structure and microstruc-

ture of leached powders are nevertheless still not well

understood. Moreover, many different production routes to

obtain the initial alloys have been used, and when comparing

published studies it is found that the phase content as well as

the composition of the different initial alloys varies con-

siderably from study to study. Thus, as the solidification

paths are not the same in these different studies it is difficult

to obtain a unified picture of the physical and chemical

phenomena occurring during the process and to interpret the

origin for the different catalytic efficiencies in various spe-

cific reactions. Considering nickel catalysts based on Al–Ni

initial alloys, the leaching process has been suggested to

proceed through several different routes involving different

intermediate phases [8, 21]. However, in most of these

studies the state and the phase content of the initial material

have not been accurately known. Without such a detailed

knowledge, a description of the leaching process is more of

less hypothetical.

In this article, a structural characterization of some binary

and ternary Al–Ni alloys after leaching is presented. The

structure of gas-atomized Al–Ni-based powders of several

different compositions and in different grain size ranges has

earlier been determined by neutron and X-ray diffraction

[22] as well as by atom probe tomography [23]. It was found

that the volume fractions of the three main phases (Al3Ni,

Al3Ni2 and Al) present in a powder grain vary with grain

size. Comparison between the X-ray and neutron diffraction

(ND) results has furthermore revealed that the shell of a

powder grain contains more of the Al3Ni2 phase than the

bulk. Recently, the catalytic performance for a specific

catalysis reaction was determined for some powder com-

positions and grain sizes [19]. It was found that the catalytic

activity is very sensitive to the initial alloy composition and

it was increasing with the amount of the Al3Ni phase in the

starting alloy. It was furthermore found that adding a low

amount (around 2 at.%) of a third metal as a promoter in

some cases increases the catalytic efficiency.

The compositions of the three initial binary Al–Ni-based

powders investigated in this study are all on the Al-rich

side of the phase diagram. When expressed in at.% the

compositions are Al75Ni25, Al68.5Ni31.5 and Al60Ni40. The

Al68.5Ni31.5 alloy corresponds to the 50–50 Al–Ni wt%

composition and is traditionally used for industrial pro-

duction of Raney-type nickel catalysts. The nomenclature

used in this article is to specify alloy compositions in per

cent as indices and the different phases according to their

chemical formula. The structure after leaching of Al–Ni

alloys doped with small amounts of Ti and Cr is also

presented as well as the first preliminary results on the

microstructure of one alloy after leaching as obtained by

small-angle neutron scattering (SANS). The phase content

of the initial gas-atomized powders as determined by ND is

given in Table 1 [22]. Three phases are always present:

Al3Ni, Al3Ni2 and elemental Al. Furthermore, the Ti-con-

taining powders were found to contain a weight fraction of

about 2% of the Al3Ti phase that though is not included in

Table 1. Moreover, in small grain powders (\200 lm) an

additional metastable phase is present in an amount that

increases with decreasing powder grain size [22, 23].

Experimental details

Sample preparation: the leaching process

The various Ni–Al precursor alloys were treated with an

excess of aqueous 20 wt% sodium hydroxide solution. This

excess of concentrated sodium hydroxide ([10 wt%) is

required to avoid the precipitation of bayerite which can

block the pores of the catalyst by covering the nickel

Table 1 Initial phase weight

fractions (wt%) of the

investigated powders [20] by

ND and by SANS. The binary

powders contain a small amount

of an additional metastable

phase of unknown composition

not listed in the table

Exp. technique Powder composition Grain size

range (lm)

Al3Ni Al3Ni2 Al

ND Al60Ni40 53–75 *0 *100 *0

Al68.5Ni31.5 53–75 38.1 ± 0.6 55.1 ± 0.6 6.8 ± 0.5

Al75Ni25 53–75 50.3 ± 0.5 34.3 ± 0.4 15.5 ± 0.4

Al68.5Ni30Ti1.5 50–100 36.5 ± 0.6 57.5 ± 0.5 5.5 ± 0.4

Al68.5Ni30Ti0.75Cr0.75 50–100 29.5 ± 0.6 62.0 ± 0.6 8.1 ± 0.4

Al68.5Ni30Cr1.5 50–100 37.4 ± 0.6 55.8 ± 0.6 6.8 ± 0.5

SANS Al75Ni25 106–150 52.9 ± 0.5 32.7 ± 0.3 14.4 ± 0.3
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surface [2]. An aliquot of 5 g of powder sample was slowly

introduced into 300 mL sodium hydroxide solution at

50 �C. Due to the exothermic reaction, the temperature

increased quickly to about 80 �C, which was kept constant

during the reaction. After 3 h, the reaction was considered

to be completed as no hydrogen gas evolved anymore. The

sodium hydroxide was then removed and the powder

sample was washed six times with 150 mL of distilled

water. The samples were stored immersed in water to avoid

exposure to air and washed with heavy water prior to ND

experiments.

Neutron diffraction

The ND measurements were performed on the HRPT dif-

fractometer at the Swiss neutron spallation source SINQ

[24]. Raney-type nickel catalysts are extremely pyrophoric

due to the small size of the metallic crystallites and the

hydrogen entrapped in the catalyst pores and should thus

not be exposed to oxygen. Accordingly all powders were

immersed in heavy water and contained in 8 mm thin-

walled cylindrical vanadium cans. The wavelength k of the

neutrons was chosen to 1.494 Å which at a neutron

wavevector transfer Q = 4p/ksin(h) of 3 Å-1 implied a

resolution DQ/Q of about 1%, and 2H is the scattering

angle.

The SANS measurements on one selected leached

sample were performed on the SANS-II instrument at the

Swiss neutron spallation source SINQ [24]. The leached

powder was in this case also kept in heavy water but the

diameter of the thin-walled cylindrical vanadium can was

15 mm. The incident neutron wavelength was chosen to

6.4 Å and two sample-detector distances were used, 1 and

5 m, in order to cover as large wavevector transfer as

possible. Consequently, the performed SANS measure-

ments could give information on the microstructure of the

sample in a size ranging from some tens of Å to about

1000 Å.

Results from ND

One example of a measured diffraction pattern from a

leached sample is shown in Fig. 1a. The signal from heavy

water in which the leached powder was kept constitutes a

major part of the intensity, but diffraction peaks from some

remaining crystalline material in the sample are also

clearly visible. In order to separate out the water back-

ground, one measurement without powder in the filled

vanadium can was performed. However, as the relative

amount of powder and heavy water is more or less

unknown, the measured heavy water background I(Q)water

cannot be directly subtracted from the diffraction pattern

measured from powder ? water. Thus, another approach

was taken in that the measured powder ? water patterns

were in some selected Q regions fitted by the expression

c1 * I(Q)water ? c2 ? c3 * Q2. The constants c2 and c3

were included to account for the incoherent background

originating from the nickel and deuterium nuclei as well as

for a possible inelastic scattering component. The Q

regions used in the fit were selected where no diffraction

peaks could be neither observed nor expected to be present

in the measured patterns. The background-corrected dif-

fraction pattern obtained by applying this procedure is

shown in Fig. 1b. It can be seen that the obtained pattern is

suitable as a basis for a structure-refinement procedure.

However, it can also be seen that the procedure does not

reproduce the scattering component from heavy water in

Fig. 1 a Measured intensity distribution from an initial Al60Ni40

powder leached 30 min and immersed in heavy water. The flat red
curve shows the intensity contribution from heavy water as obtained

by least squares fit in some selected Q ranges. b The diffraction

pattern in (a) after subtraction of the fitted heavy water background.

(Color figure online)
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full detail in that an oscillating small intensity background

seems still to be present. The reason is most probably that

the water structure is actually modified by the presence of

remaining (Al3Ni2) and by created (Ni) particles in the

leached alloy as will be discussed below. A hydration

structure in an aqueous solution of nickel ions has been

seen in earlier studies [25–27]. However, the presence of

an oscillating background does not influence the results

discussed below to any significant extent as it is properly

taken into account by the FullProf computer code [28] used

in order to quantitatively analyse the phase content of the

leached powders.

Although the leaching of aluminium is initially very

fast, a relatively long leaching time (up to 3 h) is required

to complete the process [16–19]. In order to study its time

dependence, several powders were measured after two

leaching times, 30 and 180 min. Figures 2 and 3 show the

corresponding measured diffraction patterns obtained after

correction for heavy water background for Al60Ni40 and

Al75Ni25 powders of initial grain sizes in the range of 53–

75 lm. The diffraction peak positions for possible crys-

talline inclusions are shown at the bottom of the figure.

NaAl(OH)4 is an intermediate phase in the leaching

process.

It may be concluded that the Al60Ni40 powder after

leaching not only contains elemental fcc nickel, but also a

substantial amount of other crystalline components. It has

earlier been shown that both the elemental Al and the

Al3Ni phases are easily removed in the leaching process,

and any diffraction peaks from these are accordingly not

detected in the diffraction pattern. It is also seen that for the

Al60Ni40 powder the leaching time does not play an

important role as even after 3 h a large amount of the

initially present Al3Ni2 phase remains. In order to quantify

the amount of the different phases, the diffraction patterns

were analysed with the FullProf computer code. The

obtained weight fraction of the Al3Ni2 phase is, as obtained

from the refinement, larger than 80% (see Table 2). The

derived sizes of Ni and Al3Ni2 crystallites are about 35 and

200 Å, respectively, slightly smaller after the longer

leaching time. The agreement between the measured and

the calculated patterns is satisfactory but it is obvious that

another crystalline component is present as indicated by the

relatively strong peak at about 2.8 Å-1. This peak is found

to originate from a-Al(OH)3, bayerite, and to result as

mentioned above from an incomplete washing of the

powder after the leaching procedure. The bayerite is thus

treated as an impurity and it is accordingly not included in

the refinement. The intermediate NaAl(OH)4 phase is not

present after leaching.

From Fig. 3, it may be concluded that after 30 min of

leaching the powder of initial composition Al75Ni25 con-

tains mainly elemental fcc nickel, no Al3Ni phase and only

a small amount of Al3Ni2 phase. After 3 h the amount of

Al3Ni2 is very small and close to the detection limit.

Bayerite is also present but as was mentioned above is a

parasite compound originating from the leaching process.

The size of the Ni crystallites is found to be of the order of

120 Å after 3 h of leaching.

Fig. 2 Diffraction patterns from initial Al60Ni40 powders after 30

(lower curve) and 180 (upper curve) min of leaching. The vertical
line symbols denote Bragg peak positions for the (from above) Ni,

Al3Ni2, bayerite and NaAl(OH)4, respectively

Fig. 3 Diffraction patterns from initial Al75Ni25 powders after 30

(upper curve) and 180 (lower curve) min of leaching. The vertical
line symbols denote Bragg peak positions for the (from above) Ni,

Al3Ni2, bayerite and NaAl(OH)4 phases, respectively
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Diffraction patterns of the three binary Al–Ni powders

after 3 h leaching are shown in Fig. 4. The refinement of

the Al68.5Ni31.5 diffraction pattern was unfortunately not

fully satisfactory because of a large amount of bayerite

present in this sample, thus indicating an insufficient

rinsing. Accordingly no results for this alloy are included in

Table 2. It can be concluded from Table 2 that there is a

difference in phase content between the alloys; the higher

Al content in the initial parent powders the less crystalline

inclusions, i.e. the less of the Al3Ni2 phase, it contains after

leaching. In all powders there is no sign of Al3Ni and Al

phases, neither of the unidentified phases that are present to

a small amount in the initial powders at small grain sizes

[22, 23].

The effect of adding a small amount of Ti and/or Cr

dopant to a powder based on Al68.5Ni31.5 composition is

shown in Fig. 5. The diffraction curves are very similar

and all powders contain two main crystalline phases: (i)

Ni with varying size of the crystallites and (ii) Al3Ni2
with a weight fraction about 80%. For the Cr-containing

powder, the size as obtained from the refinement is found

to be about 100 Å, for the Ti-containing powder about

60 Å and for the powder that contains both Cr and Ti

about 40 Å.

Table 2 Derived phase composition and crystallite size of the leached powders as obtained by refinements with the FullProf computer code of

the background-corrected measured ND data and from the GIFT computer code of the measured SANS pattern

Exp. technique Powder composition Grain size range

(lm)

Leaching time

(min)

Ni Al3Ni2

Weight fraction

(%)

Cryst. size

(Å)

Weight fraction

(%)

Cryst. size

(Å)

ND Al60Ni40 53–75 30 16 ± 1 37 ± 1 84 ± 1 199 ± 5

Al60Ni40 53–75 180 15 ± 1 33 ± 2 85 ± 1 176 ± 3

Al68.5Ni31.5 53–75 180 – – – –

Al75Ni25 53–75 30 [90 – \10 –

Al75Ni25 53–75 180 [90 – \10 –

Al68.5Ni30Ti1.5 50–100 180 13 ± 3 57 ± 5 77 ± 3 112 ± 3

Al68.5Ni30Ti0.75Cr0.75 50–100 180 17 ± 2 38 ± 3 83 ± 2 108 ± 2

Al68.5Ni30Cr1.5 50–100 180 18 ± 2 – 82 ± 2 97 ± 2

SANS Al75Ni25 106–150 180 – 35 ± 5 – 250 ± 150

Fig. 4 Diffraction patterns from initial Al60Ni40 (upper curve),

Al68.5Ni31.5 (middle curve) and Al75Ni25 (lower curve) initial

powders, after 180 min of leaching. The vertical line symbols denote

Bragg peak positions for (from above) the Ni, Al3Ni2, bayerite and

NaAl(OH)4 phases, respectively

Fig. 5 Diffraction patterns from initial Al68.5Ni30Cr1.5 (lower curve),

Al68.5Ni30Cr0.75Ti0.75 (middle curve) and Al68.5Ni30Ti1.5 (upper
curve) powders, after 180 min of leaching. The vertical line symbols
denote Bragg peak positions for (from above) the Ni, Al3Ni2, bayerite

and NaAl(OH)4 phases, respectively
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Results from SANS

SANS occurs because of differences in the scattering

properties of a material on a length scale larger than the

interatomic spacing. The macroscopic differential scatter-

ing cross section which determines the scattered intensity,

for a dilute and isotropically scattering system, consisting

of Np identical particles (scattering units) of volume Vp, can

be written as [29]:

dr
dX
¼

V2
p Np

N
qp � qm

� �2
Fp Qð Þ
�� ��2 ð2Þ

Q is as mentioned above the scattering vector, Fp(Q) is the

form factor of the particle (scattering object), qp is the

scattering length density (the sum of the neutron scattering

lengths of the atomic nuclei in a particle per unit volume)

and qm is the corresponding quantity of the surrounding

medium. The quantity (qp - qm)2 is called the contrast.

Thus, in a SANS experiment the strength of the measured

signal is proportional to the contrast and not to the scat-

tering length of the individual nuclei, as is the case in an

ordinary diffraction experiment. It should also be noted that

there is no small-angle scattering from a homogeneous

system. For a system containing several different kinds of

particles, as well as with different sizes and shapes, Eq. 2

takes a considerably more complex form. To extract

information from a SANS experiment is in this case thus

very complicated. It should also be noted that the presence

of a pore as well as an interface structure between a particle

(scattering unit) and the matrix in a material will also result

in a SANS signal.

From the diffraction measurements presented above and

from earlier experiences, the investigated leached powders

contain particles consisting of Ni and Al3Ni2 and possibly

also Al2O3 and bayerite. As the powder sample is sponge-

like it furthermore contains also pores. The relative con-

trasts for all the microstructural possible scattering units

are listed in Table 3. The given values are calculated from

nominal compositions. No account has been taken to the

non-stoichiometry found to exist in the initial powders

[22].

The leaching of a powder initially of composition

Al75Ni25 and grain size in the range of 106–150 lm was

investigated by SANS. The patterns measured from the

parent powder, from the powder immersed in heavy water

and from the powder after 3 h of leaching are shown in

Fig. 6. A strong signal is observed in all three cases,

indicating the inhomogeneity of the sample. In order to

obtain the curves in Fig. 6, the incoherent flat background

originating from both heavy water and Ni has been sub-

tracted from the measured patterns. However, this proce-

dure is a rather uncertain correction as the relative amounts

of heavy water and Ni in the neutron beam are not accu-

rately known. Accordingly, the curves shown in Fig. 6 may

have a systematic error with regard to absolute intensity of

the order of 10% in the large Q region, whereas in the small

Q regions, this uncertainty is negligible. The measured

patterns for the non-leached parent powders in Fig. 6 are

rather featureless as compared to the ones measured from

the leached powders. Nevertheless, both patterns show

small irregularities around Q = 0.05 Å-1, although of

different magnitude for the parent powder and the one

immersed in heavy water. As the contrast is different in the

two cases (see Table 2), this indicates either a surface

contribution to the intensity or the existence of smaller

particles at the surface of powder grains that have another

composition than the inside of the grain to which they are

connected. The relevant length scale for these structural

Table 3 Relative contrasts for particles (scattering units) of different

composition in air and in heavy water (D2O)

Particle composition Relative contrast (%)

In air In D2O

Ni 42.2 16.6

Al3Ni2 9.5 6.0

Al2O3 15.5 0.7

Al(OD)3 32.8 6.6

Pore 0 70.0

Fig. 6 SANS curves measured from an Al75Ni25 powder with

powder grain sizes in the range of 106–150 lm. Black squares curve
parent powder, red circles curve powder immersed in heavy water,

green triangles curve powder after 3 h of leaching. The line
corresponds to the intensity variation in the Porod limit. (Color

figure online)

4658 J Mater Sci (2009) 44:4653–4660

123



features is less than about 100 Å. For small Q, the intensity

varies in all measurements closely to the Porod law as Q-4

[30]. This indicates that the samples on a length scale

larger than about 300 Å contain scattering units with a

well-defined surface.

In order to obtain more quantitative information on the

microstructure, the GIFT computer code [31–33] was used

to derive the volume-weighted size distributions shown in

Fig. 7 of the scattering units (particle size distribution, PSD)

existing in the powders. The areas of all PSDs have been

normalized to 10. The results for the non-leached parent

powders are similar for small sizes (\600 Å) that, according

to the contrasts listed in Table 3, indicates that no small size

Al2O3 particles exist in the powders and that the peak around

400 Å corresponds to Al3Ni2 particles. It can also be con-

cluded that there are no pores in the initial powders in the

size range of Fig. 7. Furthermore, there are small peaks

around 40 Å, the origin of which presently is uncertain. In

the size range above 600 Å, there is a clear difference

between the two PSDs. However, as the SANS patterns have

been measured in a rather limited small Q range the deri-

vation of a PSD is uncertain in this large size range. The

origin of the peaks at about 1000 Å is not understood. The

peaks might originate from oxydes, e.g. Al2O3.

In the PSD derived for the leached powder, the main

contribution is found in a size range smaller than 50 Å but

there is also a contribution from Al3Ni2 particles remaining

after the leaching in the size range of 100–400 Å. The peak

at small particle radii consists of two contributions; one

centred around 10 and one around 30 Å. As the peak

around 10 Å also exists in the non-leached powders it

might be due to a small scale microstructure of the powder

grain surface. This structure is then more accentuated when

a part of the aluminium atoms have been removed during

the leaching process. The peak centred around 30 Å very

probably corresponds to ‘‘pure’’ Ni particles.

Discussion

The ND measurements of the leached powders presented

above have shown that after leaching all samples contain a

significant amount of crystalline Ni particles and that all,

except the one with Al75Ni25 initial composition, also

contain a substantial amount of Al3Ni2 particles. There is a

sign of neither remaining crystalline Al3Ni and Al phases

nor Al2Ni3 and Al2O3 phases in any leached alloy as has

been reported earlier [8, 14]. It is, however, obvious from

comparing the weight fractions and the average size of the

Al3Ni2 particles before and after leaching that they also to a

certain extent have been dissolved during the leaching

process. This conclusion is supported by the SANS mea-

surements. Thus, the amount of Ni particles in the leached

product results both not only from the complete dissolution

of Al and Al3Ni phases, but also to a smaller extent from

the dissolution of Al3Ni2. The size of the Ni particles was

found both from the ND and small-angle measurements to

be of the order of 30 Å that is in agreement with other

published results [9, 11, 14, 34].

It has recently been found that in small powder grains

(\5 lm in diameter) of gas-atomized Al–Ni powders small

regions consisting of Al9Ni2 phase are present [23]. These

regions are too small for a diffraction peak to be created

and because of their large Al content they are very prob-

ably completely dissolved in the leaching process.

The structural transitions occurring during leaching of a

commercial Al3Ni alloy containing small amounts of Fe

Fig. 7 Volume weighted PSD of an Al75Ni25 powder with grain sizes

in the range of 106–150 lm in two particle (scattering units) size

ranges. Black curve (lower in (a), upper in (b)) parent powder, red
curve (middle in (a) and (b)) powder immersed in heavy water, green
curve (upper in (a), lower in (b)) powder after leaching during 3 h.

(Color figure online)
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and Cr have recently been investigated [21]. It was con-

cluded from transmission electron microscopy studies that

a Ni phase with a crystalline structure corresponding to the

Al3Ni phase co-existed with the fcc Ni phase in the leached

alloy. However, no sign of such a phase was observed in

this study but instead a small amount of a remaining Al3Ni2
phase. In this connection, it has to be mentioned that the

lattice parameters as determined from the data refinements

presented above showed that the unit cells of both Al3Ni2
and Ni phases are larger in the leached alloys than in the

initial parent ones. It may thus be conjectured that the Ni

phase contains Al atoms, whereas the Al3Ni2 phase is non-

stoichiometric. It should also be stressed that the treatment

of the initial alloys is very different in [21] and in this

study. In [21], the initial powder was obtained by grinding

a commercial 80–100 lm powder to about 1 lm and in this

study the initial powder was produced by gas atomization

with grain size of the order of 100 lm.

Conclusions

The ND and the SANS measurements have shown that Al–

Ni alloys of initial compositions Al60Ni40, Al68.5Ni31.5 and

Al75Ni25 after leaching during 30 and 180 min contain a

substantial amount of a crystalline fcc Ni phase as well as

an Al3Ni2 phase, the amount of which is decreasing with

increasing Al content of the initial parent alloy. Both

phases are conjectured to be non-stoichiometric. There is

no sign of any other Al and/or Ni-based crystalline phase

being present. The presence of bayerite in some alloys after

leaching has been attributed to insufficient rinsing.

The size of the Ni crystallites in all leached alloys has

been found to be of the order of 30 Å, whereas the size of

the Al3Ni2 ones varies with initial alloy composition and is

found to be in the range of 100–250 Å.

The change in structure by doping the initial alloys with

small amounts of Ti and Cr is after leaching marginal.
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