
J O U R N A L  OF MATERIALS SCIENCE 24 (1989) 2987-2998 

Influence of additions on the structure of 
rapidly solidified Ni2AI3 alloys 
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Raney nickel catalysts are prepared from Ni-AI alloys. In order to test the influence of the 
microstructure of the precursor alloys, we prepared homogenized and microcrystallized 
(NiM)2AI 3 alloys with M = Cr, Cu, Fe, Ti, Zr, Ta. Microcrystallized alloys are prepared by melt- 
spinning. Observations were made by scanning and transmission electron microscopies. The 
as-melted ribbons exhibit a flower dendritic shape with NiAI as a core. An intermediate zone is 
observed which corresponds to small axial domains according to the peritectic formation of 
Ni2AI 3 (hexagonal structure) from NiAI (bcc) .  Petals of the flowers are made of domains of 
Ni2AI 3 almost monocrystalline. The size of the domains depends essentially on the cooling rate 
and on the nature of the dopant. 

1. Introduct ion 
Raney nickel catalysts are usually prepared from 
Ni-A1 alloys. The nickel catalysts are obtained by 
leaching aluminium out of A1-Ni alloys by treatment 
with boiling sodium hydroxide solution. In the case of 
binary alloys Ni-A1 [1] (Fig. 1), the precursor alloys 
contain the NizAI3, NiA13 phases [2]. The structural 
parameters of these phases are reported in Table I 
[3, 4]. 

Although Raney catalysts have been used indus- 
trially for a long time, the influence knowledge of the 
physical and chemical structure of precursor alloy 
upon catalytic properties is limited. The properties of 
the metallic catalyst may be modified by some metallic 
associations. Cr-, Fe-, Mo- and Cu-doped variants are 
often used [5, 6]. Chromium has received particular 
attention as dopant for enhancing the activity and the 
selectivity of some reactions. The changes in catalytic 
properties can be ascribed to a change in electronic 
factors of the active sites and to restructuring of the 
metal atom arrangement at the surface [7]. 

The aim here is to correlate the catalytic perform- 
ance with different parameters at the precursor 
alloy level. Essentially, two different treatments have 
been performed in order to obtain various and well- 
characterized metallurgical (NiM)2AI3 structures. 
Homogenization annealings at high temperature have 
been performed to obtain large single Ni2A13 phase. 
Rapidly quenching from high temperature is used in 
order to obtain large amounts of dopants randomly 
distributed in the present phases and also a super- 
saturation of dopant in the phases. The composition 
and structure of the alloy is checked by metallurgical 
characterizations. Attention has been paid to the 
chromium-doped alloys. The metallurgical structures 
were compared with those of other doped (NiM)2A13 
alloys (M = Fe, Cu, Ti . . . .  ). 

So, from the starting alloy, the composition of 
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which is based on Ni40A160, three precursor alloys 
are obtained, heterogeneous, homogenized and micro- 
crystallized. After a comparative study of these three 
precursor alloys, the catalysts prepared from the pre- 
cursors will be tested. The manner in which these 
catalysts are generated, which is a very important 
factor for industrial applications, must be checked in 
order to be able to have complete control over the 
texture of the catalyst. 

2. Experimental procedure 
2.1. Alloy preparation 
The composition of investigated alloys is of Ni2_xMxA13 
type, with M = Cr, Fe, Cu or Ti. To enable com- 
parison, x is kept equal to 2 at %. It must be noticed 
that only a few ternary phases diagrams are known in 
this composition range [8-10]. 

The starting alloys were prepared by co-fusion of 
the elements by IMPHY SA. First, annealings were 
performed at different temperatures below the peri- 
tectic point at 1133°C in the Ni-AI system (Fig. 1) 
and for different times (from 2 days to 1 month) in 
order to obtain the thermodynamical equilibrium. 
The number of phases depends on the nature of the 
dopant as seen later. 

The second method used to prepare another type of 
structure is melt-spinning, which gives rise to micro- 
crystallized alloys [11, 12]. This elaboration technique 
consists in induction melting in a crucible, which has 
a nozzle (diameter 0.8 ram) through which the molten 
metal is ejected onto a copper-cooled surface. The 
castings are performed under helium atmosphere. The 
temperature of the liquid metal before ejection is kept 
at about 1560 ° C. The extruded molten metal in con- 
tact with the casting surface solidified as a ribbon. The 
influence of the ejection pressure and the rolling veloc- 
ity (diameter of the casting surface = 300 mm) on the 
microstructure of the alloys has been studied [13]. 
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Figure 1 Binary diagram Ni-A1 from [l]. 

2.2.  I n v e s t i g a t i o n  m e t h o d s  
Sample surface observations are examined by scan- 
ning electron microscopy (SEM-JSM.35) fitted with 
an energy dispersive X-ray analysis system (Tracor- 
NS80). Phase composition in as-cast and annealed 
alloys is determined by quantitative calculations based 
on a ZAF program [14]. Cross-sections of microcrys- 
tallized alloys are also observed. X-ray analyses are 
performed on all samples but it must be noticed that 
the X-ray lines of NiA1 are superposed with those of 
Ni2A13. 

More accurate observations are carried out by 
transmission electron microscopy (TEM-JEM.200CX) 
on foils electrolytically thinned in an acid solution 
(perchloric acid 10%, acetic acid 90%) at room tem- 
perature. EDS analyses are obtained with a VG-HB5- 
STEM, with a resolution of 1.5 nm at the sample level. 

3.  E x p e r i m e n t a l  r e s u l t s  
3.1. As-cast and annealed alloys 
All the as-cast 2 at % doped alloys are multiphased. 
Typical SEM images of Cr, Fe, and Ti as-cast alloys 
are shown in Fig. 2. With copper as doping agent, the 
as-cast alloy presents only one phase with traces of a 
second phase. In the case of Cr-, Fe-doped alloys, two 
phases are distinguished. Their compositions are 
reported in Table II. The composition of the major 
part of the sample is the M-poor phase with partial 
substitution of Ni by M to give the stoichiometry such 
as (NiM)2A13 . Grains of this phase are surrounded by 
a thin layer of a darker M-rich phase whose com- 
positions are respectively NiCr 3 AI9 and NiFeA17 in the 
case of Cr or Fe dopants. The Nier3A19 phase may be 
compared to the well-known phase Cr 4 A19 reported in 

2.3. Preparation of an Ni-Raney cata lys t  
Raney catalysts are usually prepared by removing 
aluminium from the Ni-A1 phase, by an alkaline solu- 
tion. The relationship between the microstructure and 

AI 
the texture of the catalyst prepared from these alloys, A13 Ni 
with thin foils of well-characterized (NiM)2A13 micro- AI~Ni 2 
crystallized precursors was studied by TEM. The alloys A1Ni 
are converted into nickel by treatment with boiling Ni3A1 
NaOH6N solution. Ni 

T A B L E  I Crystallographic structure of the different phases 
occurring in the binary system Ni-AI [3, 4] 

Compound Space group Lattice parameter (nm) 

a b c 

Fm3m AI 0.4049 
Pbnm Do u 0.4812 
P3ml D513 0.4036 
Pm3m B2 0.2886 
Pm3m L12 0.3561 
Fm3m A1 0.352 

0.6661 0,7366 
0.490 
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Figure 2 SEM images of (a, b) Fe-, (c, d) Ti- and (e, f) Cr- as-cast and annealed alloys. (a, c, e) As-cast, (b, d, f) annealed. 

A1-Cr binary diagram. The ternary phase diagram 
Ni-Cr-A1 is not known over all the concentration field 
and particularly in our composition range. Calculated 
section [8] shows a very small domain of homogeneity 
for the Ni~A13 phase (Fig. 1). For the Fe-doped alloy, 
the ternary phase diagram has been described by 
Khaidar [10] at 1000 ° C, the NiaA13 phase can dissolve 
up to 10 at % of Fe (Fig. 3a) and the Fe-rich phase 
may be compared with the ternary NiFeA19 phase. 
The Ti-doped as-cast alloys present three phases. The 
first one has the composition of Ni2AI 3. The second 
contains 20 at % Ni and 10 at % Ti and is compared to 
the NiTiA12 phase. The third phase has the com- 
position NiA16.sTizs. These observations are in good 

agreement with the work of Nash et al. [9] who show 
a calculated section at 800°C with a very small 
domain of homogeneity of the Ni2AI3 phase (Fig. 3b). 

As shown in Fig. 1, the Ni2A13 phase is formed 
peritecticatly at 1133°C from the NiA1 phase 

NiAI + liq ~ Ni2AI3 

The doped-alloys are heated at a lower temperature, 
indicating that the temperature of the peritectic reac- 
tion falls significantly with 2 at % addition with Fe or 
Cu as dopant. The temperature is held for a time tong 
enough to allow coarsening of the structure and to 
obtain equilibrium between the phases. 

After 2 and 17 days at 1000°C, respectively, Cu- 
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Figure 3 Ternary systems AI-Ni-M, (a) M = Fe from [10], and (b) M = Ti from [9]. 

and Fe-doped alloys are monophasic. Heating at this 
temperature gives rise in the case of Cr and Ti alloys 
to a liquid. In the case of Cr alloy, structures after 
annealing at 950 ° C, during 7 to 26 days, show large 
grains (about 200#m diameter) with a composition 
of (NiCr)2A13 as reported in Table II. Particles of a 
second phase (as previously shown in the as-cast alloy) 
are observed all around the grains even after 26 days. 
Although a precise evaluation was not performed, the 
SEM images suggest that the amounts of Cr-rich 
phase are less than 5 vol % for the as-cast alloy and 
1 vol % for the annealed one. The Ni level is lowered 
from 8 to 5 at % after 17 days; then the composition 
of this phase remains constant and gives rise to the 
composition (NiCr)sAI 8. After 18 days at 950 ° C, the 
Ti-doped alloy shows a stable state, representing the 
equilibrium structure between the phases Ni2A13, 
NiTiA12 and NiAk 5Tiz5 (Table II and Fig. 3b), accord- 
ing to Nash et al. [9]. 

3.2. Microcrystallized alloys 
Our aim, using a melt-spinning method, is to make a 
microcrystallized structure with a regular and homo- 
geneous grain-size distribution. Continuous ribbons 
cannot be made with our type of alloy. Very small and 
brittle pieces (10mm long) are obtained. 

3.2. 1. Cross-section o f  a r ibbon 
According to the literature [l 5-18], the highest cooling 
rate and the largest undercooling is expected on 
the wheel side, where the crystallization starts with 
heterogeneous nucleation. On this side, a very fine- 
grained zone (I) is expected. As shown in Fig. 4a, such 
a zone is not detected in Cr-doped alloys due to the 
smaller size ( < 0.1 #m). The typical microstructure of 
a Cr-microcrystallized alloy clearly exhibits only two 
distinct regions: a columnar dendritic zone (II), and an 
equiaxed dendritic zone (III). Some nucleii of zone 
! succeed in growing into the ribbon as columnar 

TAB L E l I  Composition of the different phases in the as-cast (as) and annealed alloys (number of days and temperature). 

Alloy Composition (at %) 

Ni X A1 

Phases 

Cu 

Cr 

Fe 

Ti 

Ni2A1 ~ 

a s  

2d 1000°C 

as 

17d 950°C 

a s  

12d 1000 ° C 

a s  

18d 950 ° C 

Matrix 41.151 58.85 Ni~A13 

Dark phase 39.4 * 60.6 NizAI 3 
Hell phase 25.9 • 74, NiA13 
Homogeneous 4I .5 * 58.5 NizAl 3 

Hell phase 40.4 0.8 58.8 
Dark phase 7.8 26.1 66.1 
Hell phase 39.6 1.9 58.5 
Dark phase 4.7 33.8 61.5 

Hell phase 38.9 2.0 58,9 
Dark phase 14.3 13.1 72.6 
Homogeneous 37.2 2.7 60.1 

Hell phase 41.3 58,7 
Dark phase 24.0 12.4 63.6 
Darker phase 8.2 20.6 71.0 
Hell phase 40,4 0.3 59.3 
Dark phase 22.7 16.2 61.1 
Darker phase 10.5 18.5 71.0 

(NiCr)2A13 
AIg(CrNi)4 
(NiCr)2A13 
Al8 (CrNi)5 

(NiFe)zA13 
(NiFe)AI9 
Ni2A13 

Ni2AI 3 
(NiTi)zA13 
NiA16.5 Tiz.5 
Ni2AI3 
NiTiAI 2 
NiA16.s Ti25 

* Analysis is not possible (superposition of X-rays) 
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crystals (II). An inclination of the columnar crystals of 
about 20 ° is observed and may be explained by a 
deviation of the highest thermal gradient from the 
ribbon normal or by a flow at the crystallization front 
[15]. 

Above the columnar dendritic zone, there is a 
branched equiaxial dendritic zone (III). With increas- 
ing rolling velocity, a small increase in width of the 
columnar zone was observed although it does not 
exceed 10% of the thickness of the ribbon. The size 
of the equiaxed dendrites remains almost the same 
through the cross section of the ribbon, but is a func- 
tion of rolling velocity. The diameter of the grains 
decreases from 6 to 2#m when the rolling velocity 
increases from 22 to 39 m sec- ~. The ejection pressure 
has no effect on the microstructure of the ribbon. The 
equiaxed dendrites have been called daisies. 

SEM observations of all the various castings indi- 
cate that the ribbon with the casting parameters of 
P = 250mbar and V =  39msec-1 (2500r.p.m.) 
presents regular-shaped ribbon pieces and homoge- 
neous grain distribution. The thickness is approxi- 
mately 75 #m, its width is 1 mm. The size of  the grains 
is 5 #m. SEM analyses show that the Cr-doped crystal- 

lized alloys have the same nominal composition as the 
starting alloys. Moreover, there is no Cr-segregation 
in the thickness of the ribbon and the composition is 
the same in the two zones (equiaxial and columnar). 

The Cu- and Fe-doped microcrystallized ribbons 
are comparable with the Cr-doped one with only two 
detectable zones (II and III). In Ti-doped microcrys- 
tallized ribbon, at the wheel contact side a very small 
equiaxed zone (I) is observed as shown in Figs 4b, c 
and its width is estimated between 0.5 and 1 #m. 

3.2.2. Morphological characterization of the 
castings (Cr additions) 

In the case of the Cr-doped alloy, several castings were 
made with different values of ejection pressure P 
(mbar), and rolling velocity, V (m sec- 1 ). The ejection 
pressure P (from 200 to 400 mbar), has no significant 
effect on the width of the ribbon. As shown in Fig. 5, 
the rolling velocity affects the thickness of the ribbon. 
For a constant pressure of 200mbar, the thickness 
decreases from 100 to 40 #m when the rolling velocity 
increases from 22 m sec- ~ (1400 r.p.m.) to 47 m sec- 
(3000 r.p.m.). 

An attempt is made to correlate the decrease in 
thickness, e, with the increase in rolling velocity, V. 
Hillman and Hilzinger [19] assumed that during cool- 
ing, when the molten metal is in contact with the 
casting surface, the bulb formed by this metal is a 
semi-infinite space. They obtained a relation of the 
following type: 

e = k V  - p  

where p depends on the nature of the thermal transfer 
during cooling, p is, respectively, equal to 0.75 and 1.5 
for a perfect or a Newtonian cooling. We found experi- 
mentally p = 1.38, which corresponds to a Newtonian 
thermal transfer. 

Figure 4 Cross-sections of (a) Cr-, (b, c) Ti- and (d, e) Ta-doped 
microcrystallized alloys, showing two or three zones. 

2991 



Figure 5 Variations of thickness of the ribbons with rolling velocity. P = 200mbar, V = (a) 22, (b) 28, (c) 31, and (d) 34msec -~. 

3.2.3. Characterization of  a dendri t ic grain 
First, we present some observations in the case of  
Cr-doped alloys, then comparison with other dopants 
will be made. 

As shown in the SEM images (Fig. 6), the grains 
appear with a daisy dendritic shape. In all Cr-castings 
made with a low wheel velocity ( <  30m sec -~) the 
daisy shape is well defined. As previously mentioned, 
the mean diameter of  the grains decreases from 6 to 
2 #m, when the rolling velocity of  the wheel increases 
from 22 to 39 m sec- ~. 

TEM observations show that the grains present a 
very complex structure as shown on the schematic 
representation (Fig. 7). The foil plane is parallel to the 
ribbon surface. Four different parts (C, l, H, E) may 
be observed. The size of  these four parts depends on 
different parameters: the cooling rate for a dopant;  the 
nature of  the dopant.  

3.2.3.1. Influence of cooling rate in the case of Cr-doped 
alloys. For slow cooling rate ( < 30 m sec- ~ ), the shape 
of the grains is almost independent of  the casting 
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Figure 6 SEM observations of dendritic grains for (a) undoped and with (b) Cr-, (c) Ti- and (d) Ta-dopants. 

parameters. The central part (C) of  the daisy (Fig. 8a) 
is constituted by the well-crystallized body-cubic 
centred NiA1 phase (Table I). This core exhibits 
square or hexagonal dislocation networks which are 
comparable to that observed in the high-temperature 
deformed NiA1 phase by some authors [20]. These 
dislocations are attributed to thermal stresses occur- 
ring during quenching. The mean diameter of  this core 
is almost 0.5 to 1 #m for a wheel velocity of  V = 
28 m sec-~. Related to the surface of  the ribbon, the 
orientation of  the NiA1 core is near the (1 0 0) direc- 
tion. The (2 1 0)  and (3 1 1) directions are often 
detected. These (2 1 0)  and (3 1 1) directions formed 
angles of  26.56 ° and 25.23 °, respectively, which repre- 

sent deviations from the ( 1 0 0 )  direction. An NiAI 
core with orientations such as ( 1 1 0 )  or (111  ) with 
respect to the surface of  the ribbon was never detected. 
This deviation of  25 ° from the ( 1 0 0 )  direction is 
directly related to the inclination of  the columnar 
crystals. 

As shown in Fig. 8b, the petals of  the daisy for the 
slow cooling rate are large domains of  hexagonal 
Ni 2 AI 3 phase. Almost all these large monocrystalline 
Ni2A13 domains show concentrations near the (0 0 0 1) 
and (1 1 2 1) directions. Between the well-defined 
daisies, small crystals (E) without any orientation rela- 
tionship, are observed where the NiA1, Ni2AI3 and 
NiAI3 phases may be indexed. In this external part, 

< 0 0 0 1  > 

~ N i 2 A I ~  

A 

~:1o o>  . A 

Figure 7 Schematic representation of the structure of grains for two rolling velocities: (a) 28 and (b) 39 m sec ~. 
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Figure 8 TEM observations and diffraction patterns of Cr-microcrystallized alloy showing the complex structure of the dendritic grain 
(V = 28 m sec-l) .  Centre of the grain = NiA1 (a) and petals of  Ni2AI 3 (b). 

some chromium segregations were found, but no Cr- 
rich phases (such as A18Cr 5 or A19Cr4) were observed 
as in as-cast and annealed Cr-alloys (Fig. 9a). 

Between the NiA1 core (C) and the Ni2 A13 petals (H) 
of the daisy, a narrow field (I) was detected showing a 
very complex diffraction pattern (Fig. 10a). These dif- 
fraction patterns are indexed as a superposition of 
ordered domains of Ni2A13 (axial domains), whose 
orientations are directly related to the NiA1 cell. 

After annealing at 350 ° C, no significant change in 
this complex microstructure is observed. However, 
growth of the small axial domains of NizA13 in the 
intermediate zone (I) was noted. 
.~.For higher c o01ing rates (V > 35msec-~), the 
shape of the grains changes. It becomes more spherical 
and the mean diameter decreases. It is about 2#m 
for V = 39msec -1. The NiA1 core (C) and NizAI 3 
petals (H) also become smaller. But the intermediate 
zone (I) increases, becomes very large and almost all 
the grain is formed with this zone (Fig. 7b). The 
change in grain morphology from daisy dendritic to 
spherical seems to occur abruptly for a wheel velocity 
of around 35 m sec-~ as shown in Fig. 1 I. 

3.2.3.2. Influence of the nature of the dopant. Micro- 
crystallized ribbons of Cu- Fe- or Ti-doped or undoped 
alloys also exhibit the same dendritic structure. The 
grains show the same complex structure with four 

zones, but the respective size of these different regions 
depends on the nature of the addition. With Cu-, Fe- 
as dopants, the size of the daisy is almost the same as 
in Cr-doped microcrystallized alloys, but the NiA1 
core (C) is smaller (<0.5#m),  and the intermediate 
zone (I) seems larger (0.5 #m). No segregation of Cu 
or Fe is observed in the daisies. 

The Ti-doped microcrystallized grains are larger. 
The size is approximately 6 #m. The daisies are formed 
of large monocrystalline Ni2A13 domains (Fig. 6c). 
The NiA1 core and the intermediate zone are very 
small, and the size of these two zones remains smaller 
than 0.5 #m. Between the daisies (E) little bridges are 
observed formed with a Ti-rich phase (Fig. 9b) of 
composition NiTiA12 in good agreement with the 
AloNi-Ti ternary diagram (Fig. 3b) [9]. 

3.3. Observation of short-range order 
Some electron diffraction patterns of as-quenched 
alloys exhibit diffuse intensities between the reciprocal 
lattice points. The diffuse intensity may be attributed 
to short-range order (SRO) of the vacancies in the Ni 
sublattice, giving rise to the formation of the super- 
lattice Ni2Al3 from the primitive NiAI cell. De Ridder 
et al. [2t] show effectively that a transition state may 
occur near the stoichiometry Ni0.66 D033Ai. This tran- 
sition state is characterized by a seven-point cluster of 
the Ni-subtattice composed of an Ni site and its six 
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nearest neighbours. This ordering may be considered 
as a prefiguration of the long-range ordered structure 
Ni2AI 3. It is difficult to investigate diffuse scattering 
regions because of their small extension. However, 
they have been located between the NiA1 core and the 
axial domains of Ni2AI3 of the intermediate zone (I). 
The extension of this transition state depends on the 
dopant and is directly related to the size of the inter- 
mediate zone. With Cr addition the intermediate zone 
is very small and no diffuse scattering regions are 
observable. With Cu and Fe additions, the behaviour of 
the alloys is similar to the undoped alloy, diffuse inten- 
sity is observable and the transition zone is detectable. 

3.4. Orientation relationship between Ni 
crystallites and Ni2AI 3 alloys 

Treatment with hot NaOH solution for up to 1 h, has 
been performed on microcrystallized alloys in order to 

examine the evolution from precursor alloy to the 
catalyst sponge during Al-leaching. 

The different parts of the precursor microcrystal- 
lized alloys are attacked selectively. In the case of 
Cr-doped alloy, the external zone is rapidly attacked. 
The large domains of the Ni2A13 phase disappeared. 
The NiA1 core (C) remains unattacked and exhibits 
diffraction patterns which arc characteristic of the 
b c c NiA1 phase. 

The intermediate NiA1 crystallites exhibit a typical 
orientation relationship with the primitive Ni2A13 
phase. We observed unambiguously an hexagonal 
ordered phase Ni2A1 of the same space group as 
Ni2AI3, which is not mentioned in the binary phase 
diagram, but is comparable with the Ni2A1 phase 
described by Reynaud [22]. Around the NiA1 core, we 
observed small fields of unattacked Ni2A13 and Ni 
crystallites. These Ni crystallites are similar to the 
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Figure 10 Diffraction patterns in the inter- 
mediate zone (a) showing the Ni~A13 axial 
domains and in the external part of the 
daisy (b). 
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sponge observed by Delannay [23] and Birkenstock 
et al. [241. 

The Ni fcc  crystallites can be deduced from the 
NiA1 structure using a Bain transformation. This 
transformation is well known as nondiffusive trans- 
formation between fcc  and b c c structures [25]. We 
never detected Ni3A1 as intermediate phase. 

4. Discussion 
4.1. Accommodation of the 

non-stoichiometry in NiAI 
The NiA1 phase is centred around the composition 
50at % Ni. It consists essentially of ordered body 
cubic centred alloys having B2 type crystallographic 
structure like CsC1 (Table I). The (0 0 0) sites and the 
( ! ~  sites are, respectively, occupied by Ni and A1 2 2 2 /  

atoms. In the (1 1 1) directions, the (1 1 1) planes are 
alternately filled with A1 and Ni atoms (Fig. 12). 

At stoichiometric composition, the compound NiA1 
has a long-range order degree of 1 up to 1000°C, a 
degree which remains close to 1 at higher tempera- 
tures, below the melting point [26]. 

The NiA1 phase can accommodate large deviations 
from the stoichiometry as reported in Fig. 1, from 58 
to 31at% AI. On the Al-rich side, the deviation 
from stoichiometric composition is accommodated by 
vacancies on the lattice of Ni atoms (Nil _x DxA1). 
Depending on heat treatment and composition, some 
workers show that the vacancies may be ordered 
[21, 27]. At the Ni2A13 composition (A1 = 60at %), 
one-third of the Ni sites are vacant and a rearrange- 
ment of the vacancies occurs. Every third (1 1 1) Ni 
plane perpendicular to the cube diagonal (1 1 1) of 
the primitive cell is absent. The ordering reduces 
the crystal symmetry from cubic to hexagonal. The 
cell of Ni2A13 is related with the NiA1 cubic cell 
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Figure t l  Influence of the rolling velocity on the 
size of (Q) the grain, (O) core, (z~) intermediate 
zone and (El) petals. 
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Figure 12 Ni AI cell and (1 l 1) directions showing the formation 
of Ni2A13 axial domains. (B) AI, (O) Ni, 

with: 

a [1 ( l l 0 )  NiA1 a = aox//-2 

cl[ ( l l l )  NiA1 c = a0,,/3 

where a0 is the lattice parameter of the NiAI primitive 
cell. Owing to the missing planes, there is a small 
collapse (c/a = 1.214) along the c axis (theoretical 
c/a = 1.225). 

4.2. C h a n g e s  of  c o m p o s i t i o n  dur ing  coo l ing  
The solidification of microcrystallized alloys, is car- 
ried out with different steps according to the peri- 
tectic reaction occurring at 1133 ° C, in the binary NiA1 
system 

NiA1 (bcc) + liq ~ Ni2A13 (h) 

As the temperature decreases, the first crystal formed 
from the liquid is the NiA1 (b c c) phase. During slow 
cooling rate, the undercooling Air' is small, the inner 
part (C) of the grain is formed at high temperature 
(T = 1560°C) and the first NiA1 (bcc) crystallites 
have a near stoichiometric composition 

Ni46.sA153.s = Ni0.87 D0.13 A1 

This phase forms the centre of the grains, and retains 
all the characteristics of the near stoichiometric com- 
pound with a network of dislocations due to stresses 
occurring during quenching. 

During slow cooling, the composition of the NiA1 
phase changes according to Fig. 1, until it reaches a 
composition near x = 0.33 (Ni0.66D0.s3A1) where the 
cubic structure of NiAI becomes unstable and trans- 
forms peritectically into Ni2A13 

Ni066[]0.33A1 (bcc) + liq = Ni2A13 (h) 

The orientation of Ni2A13 crystallites (region I) 
formed with this reaction is directly related to the 
crystallographic orientation of the NiA1 primitive 
phase, as previously mentioned. Four types of Ni2A13 
axial domains corresponding to the four possible 
(1 1 1) planes of NiAI may coexist (Fig. 12). On cool- 
ing, the Ni2A13 axial domains are formed by nuclea- 
tion and grow from the NiA1 primitive cell. The axial 
domains have a small size (<  50 rim). 

At slow cooling rates, well-oriented Ni2AI 3 crystals 
may grow according to the thermal gradient in the 
ribbon. The region (H) is formed of large domains of  
Ni2AI 3 oriented with ( 0 0 0  1) or (1 12 1) directions 
parallel to the thermal gradient. The orientation of the 
domains in this region is directly related to the thermal 
gradient existing in the ribbon during solidification. 

4.3. Influence of cooling rate on the structure 
of a dendrite grain 

The respective size of the different regions (C, I, H, E) 
depends on the cooling rate. The mean size of the 
grains in the case of Cr-doped alloys decreases from 6 
to 2 #m for a cooling rate increasing from 2.6 x 105 to 
4.7 x 10SKsec -I. 

The undercooling, AT, increases with the cooling 
rate, and for high cooling rate, the solidification 
begins at low temperature. For V = 40msec ~ ,  the 
undercooling AT(T = 4.7 x 105) is sufficient to pro- 
mote the solidification of the Ni~_x E]xAI phase in the 
composition range of the peritectic reaction (x = 0.33). 
In the case of Cr-doped alloys, for high cooling rates, 
the core (C) is very small and often is not detected even 
by TEM. Moreover, as the undercooling is high, the 
number of nucleation centres is also high and the 
intermediate zone (I) is very large, but the NizAI 3 (h) 
crystallites cannot grow. The size of zone H remains 
small as represented in Fig. 8b. 

The results described here are in good agreement 
with observations of some authors. As shown by 
Fehling and Scheil [28] and Kattamis and Flemmings 
[29], the microstructure is directly related to the under- 
cooling AT. For small values, these authors obtain a 
typical dendritic structure. With increasing under- 
cooling, the microstructure changes with star-like 
dendrites. At greater undercooling level, the micro- 
structure becomes more spherical. The change in the 
morphology is abrupt at a certain degree of under- 
cooling typical of the alloy. In the case of Cr-doped 
alloy, a change in the grain morphology around V = 
35msec -~ (i/~ = 4.105Ksec -I) was effectively found. 

4.4. Influence of the dopant on the shape of 
the grain 

Microcrystallized ribbons of Cu-, Fe- or Ti-doped 
alloys also exhibit dendritic grains. These grains show 
the same complex structure with four zones but the 
respective size of the different regions is directly 
related to the nature of the dopant. With Cr additions, 
the NiA1 core remains large. According to Fasman 
and Raiskina [30], NiA1 phase is stabilized by Cr and 
the extension of the NiA1 core is important. 

In the case of Fe or Cu additions, the solidifcation 
behaviour of the alloys is very similar to the undoped 
alloy due to the large solubility of these elements in 
Ni2A13. 

4 .5 .  T e x t u r e  of  an Ni crystall i te 
The A1 removal from the Cr-microcrystallized alloys 
begins in the external zone (E) and occurs progressively 
to the core of the structure, The attack of the Ni2A13 
petals (H) and of the intermediate zone (I) gives rise to 
the Ni fcc,  which is well oriented with the NiA1 
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primitive cell, with intermediate zones of NiA1 and 
Ni2A1. 

Because of the Al-removal from the Ni2AI3 phase, 
intermediate NiA1 crystallites first appear with typical 
orientation relationship with the primitive Ni2A13 
phase. Then the Ni crystallites are formed by attack of  
these crystallites. 

Aluminium leaching is not random; it shows a step 
by step evolution which can be summarized by the 
scheme 

Ni2A13 (h) =~ NiA1 (cc) ~ Ni2A1 (h) ~ (fcc) 

and will be developed in other work [31]. 

5. Conclusion 
The metallurgical study allows us to master the 
structural states of the starting alloy, and the hom- 
ogenized and microcrystallized alloys. The starting 
alloy presents different phases. On annealing at high 
temperatures, we obtained a homogeneous alloy in the 
case of Fe or Cu dopant. The melt-spinning allows 
control of the growth of the NiAI and Ni2A13 phases 
according to the peritectic reaction: NiA1 + liq 
NizA13. From these three alloys, three catalysts have 
been prepared. In every precursor Cr-doped alloy, the 
chromium appears as a texture-promoting factor and 
a surface stabilizer. The homogeneity of the alloy and 
its crystallization state have a very important effect on 
the residual amount of aluminium and on the super- 
ficial chromium. 
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