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The electroless Ni-P plating on LY12 substrate was irradiated by a low-energy high-current pulsed electron beam (LEHCEB) to form
an intermetallic compound. The microstructure and the morphology of the Ni-P layer after surface treatment were investigated. The results
show that the Ni-P layer was melted into low viscosity liquid and quickly moved to a wide variety of shapes and sizes under irradiation
of the LEHCEB. X-ray diffraction, energy dispersive spectroscopy and scanning electron microscope were employed to detect
intermetallic compounds formed from aluminium–nickel systems including Al3Ni, AlNi3 and Al3Ni2.
Table 1 Bath composition and operation conditions for activation and
electroless Ni-P bath

Process Batch composition Concentration, g L−1 Condition

activation NH4H2PO4 85 85°C
NH4F 20 10 min
KMnO4 1.4
Na3PO4 100

electroless plating NiSO4 25 85°C
CH3CHOHCOOH 25 10 min

Na2PO3 30 PH 6
NH4HF2 10

Fig. 1 Surface morphology image of initial LY12 Al alloy
1. Introduction: Intermetallics from aluminium–nickel (Al–Ni)
systems have found applications in industrial sources, due to their
desirable properties, such as low density, high strength, as well as
high corrosion and oxidation resistance [1, 2]. Hence, the formation
sequences and growth mechanism of Ni–Al phases have been
extensively studied [1]. Several methods have been developed to
prepare Al–Ni intermetallics, such as melting, casting, mechanical
alloying, powder metallurgy and combustion synthesis. However,
by melting and casting methods, which are frequently used for fab-
rication of Ni–Al, it always brings problems resulting from the
large difference between the melting point of Ni and Al and/or pos-
sible oxidation and evaporation [3]. The mechanical alloying and
powder metallurgy need long processing time. Whilst by com-
bustion synthesis, products are with high porosity [4]. Therefore,
it is a challenge to develop a novel approach to fabricate Al–Ni
intermetallics on surface, neither using high temperature nor chem-
ical reagents.

In recent years, high-current pulsed electron beam (HCPEB)
technique is attracting increasing attention due to its revolutionary
functionality such as high efficiency, simplicity and reliability.
Especially, during the HCPEB irradiation, the surface of materials
would generate a dynamic temperature field within a short-pulse
of microsecond level (∼108 K/s) to melting or evaporation [5].
As an efficient method for surface treatment of materials, HCPEB
has been widely used and there have been a number of successful
applications of the HCPEB technique to various metals and alloys,
which give rise to the formation of non-equilibrium surface micro-
structure accompanied by modified properties [6–12]. In this
Letter, the electroless Ni-P layer was deposited on the LY12 Al
substrate and then irradiated by HCPEB. When irradiated by
HCPEB, Ni-P layer and the substrate surface were melted and solidi-
fied to a compound layer.

Although some efforts have been made to prepare Al–Ni inter-
metallic compound, the main aim of this study is to afford a
lower cost, convenient method and investigate the microstructure
of HCPEB surface treated Ni-P layer. In order to obtain a proper
perspective on the effect of the HCPEB processing on the micro-
structure morphology, the change of surface microstructures and
the crystalline phase of the specimen, scanning electron microscope
(SEM), energy dispersive spectroscopy (EDS) and X-ray diffraction
(XRD) were employed.

2. Experimental: The substrate material was LY12 Al alloy and the
chemical composition (wt%) was as following: Cu= 3.8–4.9%,
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Mg=1.2–1.8%, Mn=0.0–0.9%, Fe = 0.5%, Si = 0.5%, Zn= 0.25%,
Ti = 0.15% and Al = balance. The samples were cut to a dimension
of 15 mm×10 mm×3 mm.

LY12 Al alloy was polished with SiC paper, rinsed and
then immersed in an activation bath and then the specimen was
electroless plated a nickel phosphorus layer. The constituents of
the activation solution, electroless nickel phosphorus plating bath
are shown in Table 1. The activated samples were washed with
deionised water after each treatment and immersed immediately
in the electroless plating bath without drying.

The electron-beam treatment was carried out by electron
accelerator SOLO from Russia. Test samples were mounted along
the beam’s axis so the irradiation was carried out by its
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Fig. 2 SEM images of Ni-P layer
a Surface area
b Cross-section area and
c EDS of point A

Fig. 3 Surface SEM images after electron beam irradiation at different magnification
a 100 μm
b 50 μm
c 25 μm
d EDS of point A
e EDS of point B and
f EDS of point C
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Fig. 4 Cross-section SEM images after electron beam irradiation Fig. 5 Diffraction patterns of the surface layers of specimen after
a Electron beam irradiation and
b Initial LY12 Al alloy substrate
homogeneous central part. During the electron beam treatment
process the accelerating voltage was 10 kV, pulse current of
100 A, pulse duration of 30 μs, beam’s diameter of 60 mm and
pulse number of 15. The working gas (air) pressure in the
chamber was 2.5 × 10−2 Pa.

Surface microstructure of the specimens was characterised by a
HITACHI S3400 SEM. An EDS attached to the SEM was also
employed to analyse chemical compositions of local positions. In
addition, the phase constituents of the specimens were determined
by an XRD with a Rigaku D/max-RB (Japan) diffractometer, utilis-
ing Cu Kα radiation.

3. Results and discussion: Fig. 1 shows the surface morphology
image of LY12 Al alloy polished with SiC paper. Some micropores
and the slurry flow directions can be observed. The surface of the
substrate is uniform.

The typical surface morphology of the electroless Ni-P layer is
shown in Fig. 2a. The electroless Ni−P alloy layer is uniform and
compact and exhibits a typical spherical nodular structure. It is also
seen that the individual Ni-P nodule is composed of numerous sub-
micro particles. Fig. 2b shows the cross-section morphology of the
Ni-P layer plating on the LY12 Al alloy substrate. The total thickness
of the Ni-P layer is 2.3 μm. The mass fraction of P in the layer pre-
pared in this work analysed by EDS as shown in Fig. 2c is around
8.26%. This implies that the obtained Ni-P layer is likely to be the
mixture of amorphous and microcrystalline structure [13], which
would be further confirmed by XRD.

The effect of HCPEB on the morphology of the surface layer
is evaluated by SEM. Fig. 3 shows a top view of electron beam
irradiated on Ni-P layer at different magnifications. As shown in
Fig. 3a, the surface of the sample exhibits round, elliptical, fish-like
particles which are homogeneously distributed throughout the sub-
strate surface. The size of these particles ranges from 1 to 45 μm
(see Fig. 3c). Under exposure to HCPEB, Ni-P layer was melted
into low viscosity liquid. Due to the poor compatibility of the
Ni-P melt with the LY12 Al alloy surface, just like that of the
water droplet on the glass with keeping unwetted state, the melt
quickly moved to a wide variety of shapes and sizes. The liquid
Ni-P gathered and maintained the morphology during rapid
cooling process.

As demonstrated in EDS spectrum (Fig. 3d ) that the Ni-P is only
found in the aggregated regions, while the area without aggregation
of Ni-P contains Al (Fig. 3e) or Al, Ni, C and O elements (Fig. 3f ).

Fig. 4 shows the cross-sectional SEM images of the sample after
HCPEB irradiation. It can be seen clearly that the white-bright
remelted layer was formed on the surface of LY12 Al alloy. Also,
some spherical particles were impacted into the region between
the substrate and the remelted layer.

Fig. 5 shows XRD patterns of specimens with and without
HCPEB irradiation. When compared to that of the initial LY12
Al alloy, the surface layer of the specimen after electron beam
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irradiation is dominated by Al and resolidification layer of
Ni-P. Al3Ni, AlNi3 and Al3Ni2 can also be detected on the
surface of the specimen. The possible reason of this phenomenon
is that the position of the detector is too close to the substrate of
specimens, due to the electron beam irradiation, and the content
of Ni–Al is closer to Al3Ni, AlNi3 or Al3Ni2. Besides that, corre-
sponding EDS results of Fig. 3f (point C) exhibit that the com-
position of the remelted surface layer was also mixed carbon
oxides.

4. Conclusion: Ni-P layer was successfully deposited on LY12
substrate by electroless plating method and then this Ni-P layer
was irradiated by HCPEB. The produced specimens were
investigated using SEM, EDS and XRD in order to observe the
microstructure and morphology. Ni-P layer was melted into low
viscosity liquid and quickly moved to a wide variety of shapes
and sizes under exposure to HCPEB irradiation because of
surface unwetting. The surface area was dominated by Al and
resolidification layer of Ni-P. Al3Ni, AlNi3 and Al3Ni2 could also
be detected on the surface of the specimen.
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