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[ Abstract] Foil powders of AF5.0Cr4.0Y-1.5Zr (%) were prepared by using a multrstage atomizatiorr rapid solidifr
cation powder making device. The obtained powders were exposed thermally at various temperatures. Variation of mr
crostructures and properties of the alloy powders was investigated by micro-hardness measurement, X-ray diffraction, dif-
ferential thermakl analysis, and transmission electron microscopy with energy disperse X-ray analyses. The results show
that cubic Al,)Cr,Y (a= 1.437nm) and metastable LI, Al3Zr (FCC, a= 0.4051nm) or equilibrium DO, ALZr (te
tragonal structure, a= 0.409 Inm, b= 1.730nm) are main second phases precipitated from supersaturated solid solution
of the rapidly solidified foil powders during thermal exposure. The cubic dispersion precipitates prior to the two other
AlyZr type intermetallic phases in the course of the decomposition. Precipitation of incoherent Aly(Cr,Y results in softening
of foil powder, and coherent L1, Al3Zr has intensive precipitation strengthening effect. The Aly(Cr,Y phase is structurally
stable, but it is prone to coarsen and polygonize above 450 C. Both ALZr type intermetallic phases have much smaller
coarsening rate than Al Cr,Y at temperature higher than 450 C. These two phases are able to keep their fine spherical
morphologies up to 550 C, but Al;Zr transforms into DOy; structure from Ll, structure during thermal exposure above
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550 C.
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1 INTRODUCTION

For last two decades rapidly solidified AFCrZr(-
Mn) heat-resistant aluminum alloy system has been
paid a public attention because of its excellent low and
high temperature strength and plasticity, and thermal
stability. Main second phases of this alloy are equilib-
rium phase &Al;3Crz( monoclinic, a= 2.52nm, b=
0.76nm, c¢= 1. 10nm, B= 109°) and metastable L1,
AlZr (FCC, a= 0.4051nm)'"?. A lot of past re

search work focused on improving structural stability
of LI, AlsZr by adding some elements such as Ti,
Nb, V, Hf and so on, and repelling transformation

from Ll to DO23AlsZr (tetragonal, a= 0.4091, b=

[3, 41 However, it

was ignored to improve the structural stability of the

1. 730nm) at elevated temperature

phase G-Al;3Cr; and its coarsening resistance.
Strengthening phases in the heat-resistant alu-
minum alloys served at high temperature are required
to have not only excellent thermal stability but also e
nough resistance against Ostwald ripening. Although
it is structural stable, 6-Al;3Cry exhibits large coars

[5]

ening rate'>', and even develops into lumpish mor

phology at elevated temperature, which deteriorates

the mechanical properties of the materials. Hawk and
his co-worker!® pointed out that main strengthening
phase of AFCr-Y ternary system was AlyCr2Y (cu-
bic, a= 1.437nm), which is structurally stable and
has low ripening rate.

Hence, if adding element yttrium into AFCrZr
system, it is possible to develop a new rapidly solidi-
fied aluminum alloy, which possesses improved me-
chanical properties and heat-resistance. Main objec
tive of this work is to carry out basic study for further
development of new heat-resistant aluminum alloy and
the emphasis is on investigating decomposition behav-
ior and precipitation hardening effect of the rapidly
solidified AFCrY-Zr aluminum alloy.

2 EXPERIMENTAL

Foil powders were produced by a multrstage at-
omization rapid solidification pow der-making device
and had a melt composition of AF5.0Cr4.0Y-1. 5Zr
(mass fraction, %) .

The samples, prepared by choosing the foil pow-
der with less than 100 HPm thickness and cutting as
square shape (@ = 10mm), were aged at exposure
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temperatures of 250, 300, 350, 400, 450, 500,
550, and 600 C, and their hardness was measured by
a JIMT-3 micro-hardness meter (load= 29. 4N).

The thermal behavior of foil powders in heating
process was tested by use of differential thermalanal-
ysis (DTA) instrument in Ar atmosphere at the heat-
ing rate of 20 C/min from room temperature to
800 C, Identification of phases and measurement on
lattice constant of aluminum matrix of testing samples
was carried out using a Simens D500 X-ray diffrac
tometer employing CuK, radiation at 40kV and
30mA. The microstructure were examined in detail
with an H800 transmission electronic microscope
(TEM) equipped with an energy disperse X-ray anal-
ysis (EPSX) detector for compositional analysis. The
TEM foil was prepared by twin jet thinning elec
trolytically in a solution of 25% nitric acid and 75%
methanol (volume fraction) at — 40 C and an electri-
cal current of 90 mA.

3 RESULTS AND DISCUSSION

3.1 Differential thermal analysis curve

Differential thermalanalysis (DTA) curve of the
foil powders is shown in Fig. 1. It seems to indicate
that, there are three noticeable endothermic peaks on
the curve below melt temperature of 644 C, which
appear approximately at the temperatures of 375,
429, 559 C. According to Refs.[7~ 9] and the fol-
lowing results of X-ray diffraction, those noticeable
peaks at three above-mentioned temperature ranges
are respectively corresponding to the following differ
ent transformations: precipitation of Al Cr,Y, pre
cipitation of Lly Al3Zr, and stabilization of Ll AlzZr
into DO»y3 A13ZI‘.
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Fig. 1 Differential thermakanalysis (DT A)

curve of foil powders

3.2 Phase identification and lattice constant mea
surement by using X-ray diffraction
X-ray diffraction patterns from foil pow ders after
different thermal exposure are shown in Fig. 2.
Under the exist condition of multrstage rapid
solidification, aluminum matrix of the primary foil
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Fig. 2 X-ray diffraction patterns from pow ders
after various thermal exposures for 16 h

powders attains supersaturated solid solution, but
perhaps there is a little amount of AlyCr,Y phase ap-
pearing. The as-quenched AF5.0Cr4.0Y-1.5Zr al-
loy has high thermal stability, and little change is ob-
served until annealing for 10 h below 300 C. There is
more AlyCr2Y phase forming with annealing temper-
ature elevated, but a great amount of AlyCr,Y phase
precipitates from the aluminum matrix during thermal
exposure at medium temperature range of 350 ~

450 C. The phase is so thermally stable as to keep its
primary structure up to 600 C. Ll AlsZr forms at el
evated temperature of 400 C, but it will transform
into DOy3 AlzZr at the temperature higher than
550 'C. & Al;3Cr; is not found in the foil powders of
different state, and it indicates that, adding yttrium
to the testing alloy will impede 6 Al;3Cr;, formation,
and make the main precipitated phase rich in chromr
um element changing from monoclinic Alj3Cr; to cu-
bic AlyCr2Y.

Variation of lattice constant of the aluminum
matrix with exposure time is seen in Fig. 3 during de-
composition of the supersaturated solid solution at dif-
ferent temperatures. Generally lattice constant of the
aluminum matrix will increase monotonously with
AlyoCryY precipitating, and decrease with AlsZr do-

[10= 12] Therefore, Alyyr

Cr,Y phase take the lead in precipitating from the su-

ing out of the solid solution

persaturated solid solution in the course of thermal ex-
posure, and with the increase of exposing temperature
elevated, it precipitates more fastly and fully. AlZr
phase form after AlyCr2Y, and only at higher tem-
perature or after longer time, precipitation of Al3Zr is
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dominant. With fuller decomposition of supersaturat-
ed solid solution, its lattice constant will be more and
more close to that of pure aluminum ( ao =

0.4049nm).
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Fig.3 Variation of lattice constants of
aluminum matrix with exposure time

3.3 Annealing hardness curve of foil powders

Fig. 4 indicates variation of hardness of the foil
powders soaked at different temperatures with an-
nealing time. The supersaturated solid solution of Ak
5.0Cr4.0Y-1.5Zr has good thermal stability, and
decomposes slowly during thermal exposure at low
temperature, hence little change of hardness is ob-
served below 250 C. Although small amount of Alyy
Cr2Y phases form, the powder is supersaturated, and
thus its hardness decrease slightly at the temperature
of 300 C. With increasing temperature, Aly Cr2Y
phase precipitates greatly and the foil powder softens
obviously and rapidly, which is especially evident at
temperature higher than 550 C. It shows that, its
dispersion strengthening is not able to offset softening
caused by solution reduction due to incoherent nature

2l The coherent metastable

of AlyCr2Y precipitate[1
Ll AlsZr, will lead to intensive precipitation streng-
thening effect. Therefore, when thermal exposure
above 350 'C, hardness increases obviously after a
stage of reduction and obvious hardening peaks are
observed on the annealing hardness curve for suitable
time. However, when soaking at higher temperature
for longer time hardness of the foil powder decreases
significantly, and even above 550 C it is difficult that
hardening peak appears on hardness curve.

3.4 Transmission electronic microscope ( TEM)
microstructures of foil powders

The microstructures of rapidly solidified pow der
were reported in Refs. [ 1~ 8], it was characterized
by fine grain aluminum matrix of supersaturated solid
solution with little second phases. TEM microstruc
tures of the foil powders after thermal exposure are
shown in Fig. 5. The microstructures of foil powder
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Fig. 4 Relationship curves of hardness of
foil powder vs annealing time

in the asquenched state consist of microdendritic cell
structure with a little amount of fine spherical prima-
ry intermetallic dispersions mostly along the grain
boundary, as shown in Fig.5(a). There is still only
one kind of spherical second phase in the grain interi-
or and boundary of powder exposed at 350 C for
16 h, as shown in Fig. 5(b). Selected area diffraction
(SAD) and energy spectra, which are shown in
Fig. 6, indicate that the majority of particles are iden-
tified as Alo Cr2Y phase, which is cubic structure
with lattice parameter of 1.437nm. The phase will
obviously coarsen and even polygonize with increasing
the annealing temperature and time, as shown in
Fig.5(¢) and 5(d).
shape, still identified as AlyCr,Y phase, were ob-

Large particles of irregular

served in the sample after thermal exposures at the
temperature higher than 450 C for a long time, as
shown in Figs. 5(e), 5(f), and Fig. 6, and there is
microtwin structure, as shown in Figs. 6(a) and
6(b), in the lumpish particles of the Al,oCr,Y phase.
On the other hand, there is some spherical particle
with much finer size than the AlyoCr,Y particle in the
foil powders in all temperature range above 450 C,
which was identified as Al3Zr phase. It implies that
both stable ( DO23 structure) and metastable ( Ll
structure) Al3Zr precipitates have much smaller
coarsening rate than Al,)Cr,Y at high temperature, it
maybe due to extreme low diffusion coefficience of
zirconium atom in the aluminum matrix, therefore
AlsZr is able to keep its fine dimension and spherical
shape even up to 550 C, as shown in Figs. 5(f) and
Fig. 6. However, it should be pointed out that, the
cubic phase has more excellent structural thermo-sta-
bility and lower ripening rate because of smaller lat-
tice mismatch between AlyCr,Y precipitates and alu-
minum matrix compared with Alj3Cr,. Hence, the
adding of yttrium into the AFCrZr alloy is effective
to improve its microstructures and its thermal stabili-
ty. It implies that rapidly solidified AF CrY-Zr alloy,
as compared to that of rapidly solidified AFCrZr
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300 nm.

Fig. 5 TEM microstructures of as solidified foil powder and samples after thermal exposure
() —As solidified; (b) —350 C, 16h; () —450 C, 16h; (d) —450 C, 32h:
(e) =500 C, 16h; (f) —550 C, 16h; (g) —600 C, 16h

4.0 6.0

E/keV

6.0

8.0
E/keV

Fig. 6 Energy spectra and select area diffraction patterns from second phases
(a) —“TEM morphology, exposed at 550 C for 32h; (b) —SAD, AlyCr,Y; (¢) —SAD, DOga; Al3Zr;
(d) —Energy spectrum of AlyCr2Y; (e) —Energy spectrum of DOo3; Al3Zr

alloy, perhaps has more satisfied mechanical proper
ties and heat-resistance.

4 CONCLUSIONS

1) Main second phases, precipitated from rapid-
ly solidified AF5. 0Cr-4. 0Y-1. 5Zr alloy during ther

mal exposure, are identified as cubic Al Cr,Y with

lattice parameter of 1.437nm, instead of Al;z Cra,
and metastable Ll Als3Zr or equilibrium DO23 AlsZr.
The cubic dispersion precipitates prior to the two oth-
er AlzZr type intermetallic phases in the course of the
decomposition of supersaturated solid solution.

2) The precipitation of Al Cr,Y will lead to re-
duction of the hardness of the foil powder due to inco-
herence nature of AlyCr,Y precipitate. Ll Al3Zr has
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intensive precipitation strengthening effect, but AlsZr
will transform into DOo3 from Ll, structure during
thermal exposure above 550 C.

3) The AlCr2Y phase is structurally stable and
maintain its cubic structure up to 600 C, but it is
prone to coarsen and polygonize at the temperature

higher than 450 C. Both stable DOy; AlZr and

metastable L, AlzZr precipitates have much smaller
coarsening rate than Al)Cr2Y above 450 C, and they

are able to keep their fine spherical morphologies up
to 550 C.
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