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Ion beam assisted deposition of alloying metals (Zn, Cd, Zr, Cr) onto pure aluminum and aluminum alloy
substrates from the plasma of a pulsed arc discharge for the purpose of materials corrosion stability was carried out.
The Rutherford backscattering spectrometry, electron backscatter di�raction, scanning electron microscopy, and
electron probe microanalysis methods were applied to investigate composition and microstructure of the prepared
layers. It was found that the obtained layers are characterized by amorphous atomic structure and contain the
atoms of deposited metal, substrate material components, as well as impurities of oxygen and carbon; their thickness
was measured to be ≈30�100 nm.
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1. Introduction

Ion-beam treatment of substances provides the oppor-
tunity to implant controlled amounts of a dopant into
their surface layers under non-equilibrium conditions.
Ion-beam modi�cation of the materials whose operating
abilities, particularly physicochemical (corrosion and cat-
alytic) properties, are mainly controlled by the surface
composition is of particular interest.
The goal of this work is to study composition and mi-

crostructure of surface layers produced by the ion beam
assisted deposition (IBAD) of alloying metals (Zn, Cd,
Zr, Cr) onto pure aluminum and aluminum alloy D16
substrates for the purpose of achieving corrosion stabil-
ity of the materials.
Relevance of the study is provided due to the fact that

the galvanic deposition of the protective metallic coat-
ings is associated with serious environmental and techni-
cal issues. Corrosion properties of aluminum substrates
with IBAD produced layers were tested with the use of
electrochemical polarization method in 3% NaCl solu-
tion [1, 2]. Appreciable increase of corrosion stability
was observed after deposition of alloying metals on alu-
minum and aluminum alloy. In the previous works [3�5]
it was also found that the ion beam assisted deposition
in the proposed mode of catalytic metals on a substrate
of aluminum, titanium and tantalum makes it possible
to form layers, characterized by a high electrocatalytic
activity.
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2. Experimental details and results

The investigated layers with the use of ion beam as-
sisted deposition of alloying metals (Zn, Cd, Zr, Cr) onto
pure aluminum A7 and aluminum alloy grade D16 sub-
strates were obtained. The IBAD method is character-
ized by the use of deposited-metal ions as assisting ones.
Metal deposition and mixing between the precipitable
layer and the surface substrate atoms accelerated by ions
of the same metal were conducted from a neutral vapour
fraction and the vacuum-arc discharge plasma of a pulsed
electric arc ion source, respectively. The discharge pulse
frequency was 50 Hz. For acceleration of the assisting
metal ions the voltage of 10 kV was used. Vacuum of
10−2 Pa was maintained in the working chamber. Pre-
liminary preparation of samples included mechanical pol-
ishing of substrates with the use of abrasive polishing
paste, washing and degreasing in ethanol.
The composition and microstructure of the obtained

layers were experimentally investigated with the use
of the Rutherford backscattering spectrometry (RBS),
scanning electron microscopy (SEM), electron probe mi-
croanalysis (EPMA), and electron backscatter di�raction
(EBSD) methods.
In the RBS technique, the surface layers were exam-

ined by measuring the spectra of scattered 4He ions
(E0 = 1.0 or 1.3 MeV) using an AN-2500 accelerator
(High Voltage Engineering Europe). During recording of
the spectra, the analyzing particle beam was normally
incident to the sample surface and the scattering angle
was 170◦. The energy resolution of the spectrometer with
a surface-barrier silicon detector was 18 keV. Standard
processing of the RBS spectra was performed. The struc-
ture of the surface layers was examined by means
of JEOL JSM-5610 LV scanning electron microscope.
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The electron-microscopic analysis of the surfaces was ac-
companied by EPMA using the dispersion of quantum
energy in characteristic X-rays emitted by the atoms of
elements included in the composition of the layer under
consideration and silicon-lithium detectors. The cards
of elements distribution on a surface of the investigated
layers were also obtained. The energy of the electrons
scanning over the studied materials' surfaces was 20 keV.
The EBSD investigations were carried out using an HKL
Channel 5 Premium EBSD phase-analysis attachment
and a LEO 1455 VP microscope. In the EBSD technique,
acquisition of information on the crystalline structure of a
material is based on the di�raction of di�usely backscat-
tered electrons at a crystal lattice. The primary electron
beam with the energy 20 keV is incident to the sample
surface at an angle of 70◦.

Fig. 1. RBS spectrum of 4He ions (E0 = 1.0 MeV)
scattered from the aluminum alloy D16 surface with
a layer prepared by cadmium IBAD. (Nt)Cd = 4.6 ×
1015 cm−2; (Nt)O = 2.9 × 1016 cm−2; (Nt)C =
1.7× 1016 cm−2.

Fig. 2. RBS spectra of 4He ions (E0 = 1.3 MeV) scat-
tered from the aluminum A7 (1) and alloy D16 (2)
surfaces with layers prepared by zirconium IBAD.
1: (Nt)Zr = 4.5× 1016 cm−2; (Nt)O = 2.0× 1017 cm−2;
(Nt)C = 7.0× 1017 cm−2, 2: (Nt)Zr = 4.1× 1016 cm−2;
(Nt)O = 1.1× 1017 cm−2; (Nt)C = 5.9× 1017 cm−2.

Fig. 3. RBS spectra of 4He ions (E0 = 1.3 MeV) scat-
tered from the aluminum A7 (1) and, for compari-
son, from the glassy carbon (GC) (2) surfaces with
layers prepared by zirconium IBAD, and 3 from the
glassy carbon substrate. 1: (Nt)Zr = 4.5 × 1016 cm−2;
(Nt)O = 2.0 × 1017 cm−2; (Nt)C = 7.0 × 1017 cm−2,
2: (Nt)Zr = 3.5× 1016 cm−2; (Nt)O = 1.8× 1017 cm−2.

Figures 1�3 present the experimental RBS spectra of
4He ions scattered from the investigated surfaces with
the IBAD prepared layers. The layers contain atoms of
deposited metals, components of the substrate material
(Al, Cu, and Mg in the case of alloy D16), and oxygen
and carbon as impurities. Marked by the arrows in the
spectra analyzer channel the numbers correspond to the
energy of 4He ions backscattered by the atomic nuclei of
elements on the samples surface. Availability of oxygen
is agreed of oxide �lm on the initial aluminum surface
and can be captured along with carbon in the residual
atmosphere of the vacuum chamber, which contains a
volatile hydrocarbon fraction of the working �uid of a
di�usion pump. According to the RBS data when the
content of the deposited metal atoms (Nt)Me is of the
order of 1015 cm−2 � thickness of formed layer is ≈10 nm
(Fig. 1). Layers with the metal content≈1016 cm−2 reach
a thickness of ≈(100�200) nm (Figs. 2, 3). Depending on
the content of deposited metal atoms concentration of
deposited metals in the distribution maximum located
at a depth of ≈(10�20) nm is ≈(1�15) at.%. Contents of
oxygen (Nt)O and carbon (Nt)C atoms in the obtained
layers are much higher (Figs. 1�3).
The electron-microscopic studies demonstrate that

the microstructure and morphology of the layers al-
most repeat the structure of an aluminum substrate
(Figs. 4a,b, 5a). EPMA reveals that the layers contain
the atoms of deposited metal, components of substrate
material, oxygen, and carbon. An analysis of the dis-
tributions of elements over the specimen surface demon-
strates that the atoms of the elements entering into the
layers composition are uniformly distributed over the sur-
face (Figs. 4c,d, 5b�d). Deposited metal inclusions of
several µm in size are detected on the coating surface
(Figs. 4, 5), which is caused by the deposition of metal
droplets from the arc discharge of the ion source.
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Fig. 4. SEM images (a), (b) of the layer prepared
by zirconium IBAD onto the aluminum alloy D16
and distribution on the surface of: (c) aluminum;
(d) zirconium.

Fig. 5. SEM image (a) of the layer prepared by zinc
IBAD onto the aluminum alloy D16 and distribution on
the surface of: (b) aluminum; (c) zinc; (d) oxygen.

Fig. 6. SEM image (a) of the layer prepared by
chromium IBAD onto the aluminum and di�raction pat-
tern (b) corresponding to the di�raction of electrons
scattered from the layer.

Figure 6 illustrates the di�raction of electrons
backscattered from the surface layer prepared by the
IBAD of chromium on aluminum. The di�raction pat-
tern (Fig. 6b) indicates that the layer atomic structure
has no long-range order.

3. Conclusions

It was established that the obtained layers are char-
acterized by amorphous atomic structure and contain
deposited metal atoms, substrates material components,
as well as impurities of oxygen and carbon; their thick-
ness reaches ≈100 nm. Oxygen and carbon appear due
to both the residual atmosphere of the working vacuum
chamber and sorption processes. It follows from the anal-
ysis of the distribution patterns of elements that atoms
of the elements included in the layer composition are al-
most uniformly distributed over their surface. At the
same time, the surfaces contain deposited metal inclu-
sions with the sizes of several µm, which arise from the
precipitation of metal droplets from the arc discharge
of the ion source. According to the RBS data the con-
tent of deposited metal atoms in the prepared layers is
≈ n × 1016 cm−2. Due to amorphous atomic structure
and nm thickness, it is practically impossible to identify
the phase composition of the obtained multicomponent
layers.
The advantages of the proposed IBAD method are as

follows: possibility of forming a cohesive thick layer on
a substrate at low alloyed metal consumption, relative
simplicity, absence of an inert gas (which can result in
blistering and, thus, the fracture of the modi�ed layer)
in the layer composition, against dual (metal-deposition
+ Ar+-mixing) IBAD or magnetron sputtering methods.
The method can be used as an alternative to the most
problematic electroplating technology.
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