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Rapidly solidified (RS) Al-0.8; 1.0 Cr alloy (at %) foils were produced by the centrifugal melt quenching technique. The al-
loys were investigated using atomic force microscopy (AFM), Rutherford backscattering spectroscopy (RBS) and thermal de-
sorption spectroscopy (TDS). It was obtained that the as-cast foils show a wave-like bending of a drum-side surface, the surface
roughness value of the Al-1.0 Cr alloy amounts to 38.5 nm. The RBS measurements indicated that rapid solidification
processing (RSP) decreases the Cr concentration up to 0.5 at % in a drum-side surface layer extending to a depth of 0.06 ym
for the AI-0.8 Cr alloy. Three distinct H-desorption-rate peaks were observed at about 220, 420 and 460°C on TDS spectra.
Amount of H for the Al-1.0 Cr alloy was estimated as 5.1 at ppm. The AFM results revealed that the surface roughness value of

the foils is reduced by a factor of ~3 after TDS tests.

Introduction

At present RS alloys on basis of Al-Cr system are
considered as heat-resistant lightweight structural
materials because of their high-temperature mechan-
ical properties and thermal stability. Although the
microstructure and properties of Al-Cr alloys has
been extensively studied [1,2], there is a lack of in-
formation on elemental analysis of the alloys, such
as data on surface segregation of Cr and H beha-
viour in RS AI-Cr alloy foils. Indeed, effects of dopes
on the H content in RS Al alloys are studied insuffi-
ciently. Meanwhile, it is well known that H can de-
grade the mechanical properties of alloys, and there-
fore cause material failure. Experiments on the cast-
ing of Al have demonstrated that the strength of cast-
ings may be reduced by as much as 90% because of
gas entrapment, shrinkage cavities, and hot tears [3].
At the same time, RSP reduces porosity of the sam-
ples in comparison with conventionally processed
alloys [3], and thus higher mechanical properties can
be expected.

The aim of this work was to carry out elemental
analysis of RS lightly doped AI-Cr alloys to evaluate
microstructural features of the materials into micro-
scale of physical processes, taking place during
RSP. Scans of RBS were performed for level-by-
level study of the elemental composition in the near
surface region of the foils. It should be emphasized
that the RBS coupled with RUMP software analysis
package [4] is a quantitative analytical technique
which provides precise investigation of surface com-
position of specimens. Furthermore, our results [5]
also point out preferable combination of surface ana-
lysing techniques with AFM to correlate dope depth
profiles of samples with morphology and topography
of their surface. For a study of H behaviour in Al-Cr
alloy foils we employed TDS because of H is invisible
to RBS. In fact, due to its superior accuracy of H con-
tent measurements TDS can be used to examine H-
microstructure interactions and quantify H trap states
in metals [6].

Experimental

RS foils of Al-0.8; 1.0 Cr alloys were produced by
the centrifugal melt quenching method using a cop-
per wheel. The RSP technique was described in de-

tail elsewhere [7]. Obtained foils were typically 5-10
mm wide and 50-70 ym thick. The cooling rate was
of the order of 10° K/s [8].

The surface microstructure of the foils was ex-
amined by AFM employing a NT-206 instrument. No
special treatment was applied to the surface of the
samples prior to inspection in a contact mode in air
using a Si probe. Height images (20x20 me area)
were collected simultaneously and analysed using
the SurfaceXplorer and SurfaceView software.
Roughness values in this paper refer to the average
surface roughness values, R,, calculated from the
AFM surface topographic data. The RBS measure-
ments were done in vacuum with a 2.0 MeV He" ion
source (laboratory scattering angle of 160°). The
data were then fit with the RUMP software analysis
package. The relative error of concentration defini-
tion of Cr in the alloys did not exceed 5%. TDS tests
were executed on ESCO UVH-1200 & HA-200 ma-
chine. The samples were heated from 100 to 540°C
at a heating rate of 5K/min. Afterwards, when the foil
temperature reached 100°C the tests were repeated
to measure background spectra. Finally TDS spectra
were discussed after eliminating the background.
The amount of H was determined from the intensity
of the desorption peaks. Selected foils were also
analysed after TDS tests by using AFM.

Results and discussion

The AFM was utilized to examine the topography
and the roughness of as-cast RS foils. Representa-
tive height mode scans taken from the drum-side
surface of the Al-1.0 Cr alloy foils are illustrated in
Fig. 1. The gross morphological feature of the foils is
wave-like bending of the surface. The roughness
value R; is calculated to be 38.5 nm. The height of
some "waves” and peaks on the drum-side surface
reaches 320 nm, Fig. 1a.

Fig. 2 shows RBS spectrum of He" ions from the
Al-0.8 Cr alloy foils. The arrows in the figure indicate
the positions for surface Cr and Al atoms. The simu-
lation of the Cr concentration-depth profile by RUMP
revealed that the Cr content is lowered in the drum-
side surface layer (0.06 ym) and makes 0.5 at %. In
the next layer Cr is homogeneously distributed over
the examined up to 1.0 ym surface layer. Its average
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concentration is about 0.7 at % and is lower than the
nominal concentration by 13%.

Fig. 1. Atomic force micrographs of the drum-side of
Al-1.0 Cr alloy foils: as-cast (a) and examined by TDS (b).
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Fig. 2. Typical RBS spectrum (@ = 160°, E = 2.0 MeV) from
as-cast Al-0.8 Cr alloy foils.

The desorption process of H from the Al-1.0 Cr
alloy foils was examined by TDS. Three peaks were
detected at about 220, 420 and 460°C, see Fig. 3.
Significant thermal desorption, corresponding to the
first peak, has been observed starting at 120°C. To-
tal content of H was estimated as 5.1 atppm
(0.2 mass ppm).

The surface topography of the Al-1.0 Cr alloy was
measured by AFM after TDS experiments, in order to
observe the topographic changes of the foil surface.
The view in Fig. 1b presents that there is a modifica-
tion of the surface topography occurred after anneal-
ing during TDS experiments. The annealed foils
showed the smoothed drum-side surface, Fig. 1. The
Ra is decreased up to 13.9 nm.

In our previous work [9] it was reported that the
RS AI-0.8; 1.0 Cr alloys are microcrystalline and
composed of metastable a-Al solid solution. Analysis
of the three-dimensional AFM images reveals that
surface microgeometry characteristics include ridge-
rich surface regions and micro-voids. The micro-

voids can be attributed to the gas bubbles expelled
from the molten material during RSP. From the AFM
micrographs, it is evident that the heat treatment
during TDS tests results in the foil surface smoothing
and voids disappearance. It should be noted that
similar surface topography structures were already
observed for as-cast RS Al-Fe alloys. In fact, exami-
nation of RS Al-Fe alloys using AFM [5] showed that
the roughness of the drum-side foil surface depends
on both composition of the sample and topography of
contact area of the melt and the drum.
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Fig. 3. Typical desorption spectrum for as-cast Al-1.0 Cr
alloy foils, tested at 20K/min.

The established distribution character of Cr
through the depth of the RS alloy foils in the layer up
to 1.0 ym is coordinated to the pattern of the dope
composition-depth profiles earlier established by us
in the lightly doped binary Al alloys. In fact, as stated
in our previous papers [7,10,11], content of solute in
the surface layer in binary Al-Ti; V; Mn alloys is de-
creased. One of the probable reasons of the ob-
tained dope depth distribution regularities in the Al-Cr
alloy system may be a value of solute equilibrium
partition coefficients k, in Al. It is known from the

equilibrium phase diagrams of the binary Al alloys
that k'¥©"M">1 [12]. It has also to be commented

that the character of the solute distribution in the foil
is radically different in Al alloys with dopes that has
ke <1 [5,13,14]. In cast bulk samples, a nonuniform
over the depth distribution of dopes in the near-
surface layer is not observed by the RBS method in
the limits of depth resolution [13].

Comparison to the AFM images and above-
mentioned RBS data leads to the conclusion that the
results of the RBS layer-by-layer analysis of the RS
Al-based alloy foils are realistic. The question of the
effect of the surface roughness of the sample on the
shape of the RBS curves is considered in [15,16].
First of all, it is stated that in the case of beam inci-
dence along the normal to the surface (the geometry
considered in this work), the effect of roughness on
the shape of the RBS spectrum is minimal. Secondly,
for samples with a nonuniform surface, due to the
presence of hillocks and valleys, the yield of particles
in the high-energy region decreases. Due to this, the
concentration in the surface layer of the sample is
below the actual value. However, this effect is insig-
nificant if the beam size is comparable with the size
of inhomogeneities [16].

Within the last decade, research activities dedi-
cated to behavior of H in pure Al and its alloys expe-
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rienced considerable amplification [17, 18]. There
exists a large potential for the utilization of advanced
Al alloys without hydrogen embrittlement in the fuel
cell vehicles [19]. Such effects as embrittlement and
phase transformations induced by the presence of H
have been investigated by considering two aspects:
microstructure and microscopic mechanical proper-
ties. However, the complete mechanism of H-
microstructure interactions has not yet been fully
understood. It is known that H in pure Al exists at the
interstitial sites and also is trapped by or contained in
defects such as vacancies, dislocations, voids and
blisters. We can suppose that desorption peaks 1
and 2 are associated with H trapped by Cr atoms in
interstitial lattice sites and at dislocations, respective-
ly. Previously, it was established for traditionally
processed (rolled and annealed) Al foils that there
are two distinct peaks at about 200 and 480°C on
TDS spectra tested at 10K/min [20]. It should be
noted that the magnitude of that second peak at
480°C correspondent to H trapping at dislocations is
less than that of the peak 2 for the RS AI-Cr alloy. It
points out the significance of dislocations as trapping
state for absorbed H during RSP. Shifting of the peak
2 position in Fig. 3 in comparison with that noted
above for rolled Al samples is believed to be caused
by microstructural features of the RS foils. As it is
known, rise of heating rate and presence of dope
atoms increase the temperature of the desorption
peak [38, 39]. In agreement with previous published
results about microstructural changes during anneal-
ing of RS AI-Cr alloys [14] and AFM data (see Fig.
1), the peak 3 possible to attribute to Al;Cr particles
coarsening as well as void disappearance in the Al-
Cr alloys. Indeed, decomposition of the supersatu-
rated Al-based solid solution leads to precipitation of
the Al;Cr phase at annealing temperatures above
280°C.

Analysis of dope depth distribution and H desorp-
tion processes in RS Al alloys is important both for
study of RS microstructures and its thermal stability
and creating of H storage materials. Therefore re-
searches are underway on the effects of non-
equilibrium solidification on the surface dope segre-
gation and H behaviour in RS Al alloys. Because a
few experimental surveys provide such information
and also to identify trap states of H in the material, it
is necessary to continue the study of microstructure
correlation with elemental composition of RS Al al-
loys.

Conclusions

The present study demonstrated that RSP of Al-
0.8; 1.0 Cr alloys results in a formation of the drum-
side foil surface that exhibits ridge-rich regions and
micro-voids. The surface roughness of the Al-1.0 Cr
alloy is estimated as 38.5 nm. Inhomogeneous distri-
bution of Cr in the foil near-surface region was found
out in the Al-0.8 Cr alloy. Surface layer (up to 0.06
um) is depleted of dope elemental, its makes 0.5 Cr.
The average concentration experimentally measured
in the next layer is lower than the nominal value by
13%. There are three H desorption peaks at about
220, 420 and 460°C in TDS spectra from the Al-1.0
Cr alloy. The surface topography of the foils ex-
amined by TDS showed smoothing of the foil surface

and voids disappearance. The comparison of the
results with the previous measurements on tradition-
ally processed Al foils points out the effect of dope
and RS microstructure on the kinetics of H desorp-
tion from the Al-Cr alloy foils.
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