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Structure and phase composition of Al-Cu-Fe-X (X =Cr, Sc) powders atomized by high-pressure water are
investigated. As-atomized powders had two main phase components: a quasicrystalline phase of icosahedral
symmetry (y) and lattice parameter a,, = 0.63466(7) nm and a cubic phase (B), ag = 0.29236(3) nm. The relation of
phase amounts depended on powder particle size. X-ray in-situ investigation (monochromatic CuKa radiation) in He
environment of powders while heating revealed the occurrence in them of a complete phase transition f—y at
temperatures of 550-600°C after 1 h holding. It was accompanied by lowering the y-phase lattice period to the value
a, = 0.63167(2) nm. X-ray diffractometric analysis has shown the existence of the y-phase in the given powder
sample to a temperature of 870 °C. Alloying Al-Cu-Fe powders by Sc and Cr led to changing the relation of amounts
of y- and B-phases as well as of their lattice parameters in as-atomized condition and appearing new phase
components at temperatures of 600-800°C in process of powder heating. The temperature functional dependence of
the y-phase lattice period in Alg;Cu,sFe, and Alg, s6CupsFe,Sco 44 powders are established.
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I. Introduction

Quasicrystals of Al-Cu-Fe system acquired a great
interest also for practical use for the combination of their
properties (low density about 4.5 g/cm’, high hardness of
6-10 GPa, high elasticity modulus to 200 GPa, high
corrosion and wear resistance, low friction coefficient,
lowered adhesion, low thermal conductivity combined
with thermal expansion coefficient close by its value to
metals (e.g. stainless steel) [1,2]), and for economical
reasons as well. Directed alloying can intensify one or
other property of Al-Cu-Fe quasicrystalline phase [3].

The quasicrystalline phase Al-Cu-Fe has no strict
stoichiometric composition, but the region of its
existence in the equilibrium diagram close to the
composition Als;CuysFes, is rather narrow. The Al-Cu-Fe
quasicrystalline phase is denoted usually as “y”. The
melting temperature of this phase is §70°C, the region of
its existence is the widest at 700°C. It should be noted
that there are remarkable discrepancies in details of
sections of the Al-Cu-Fe equilibrium diagram between
works of various investigators.
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II. Experimental procedures

A precise investigation was performed in
monochromatic CuKa -radiation in DRON-UMI
diffractometer ~ with Bragg-Brentano geometry

(Rg=192 mm). A graphite single crystal installed in
diffracted beam was used as a monochromator. X-ray
patterns were obtained in the conditions of step scanning
in the angular interval 2@ = 18-98°. The scanning step
was of 0.05°, the exposure time in one point was of 3-9 s.
X-ray high-temperature "in situ" investigation in the
temperature interval of 20-900°C was performed with the
help of the high-temperature attachment UVD-2000.
During X-ray heating experiments the samples were kept
flowing helium at a positive pressure of 20 kPa over
atmosphere. The period of cubic lattice of the icosahedral
phase in 6-dimensional space was calculated from the
positions of three most intense diffraction peaks with
Cahn indices (N,M) of (18,29), (20,32) and (52,84) [4].
The wy-phase content in of alloys determined by the
Sordelet graph [5] by the ratio of the intensities of X-ray
peaks of the w-phase and [-phase. Handling of
experimental data was carried out with using the program
for full-profile analysis of X-ray spectra from a mixture
of polycrystalline phase components Powder Cell 2.4 [6].
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I11. Experimental results and discussion

The investigation was carried out with powder
samples of size fraction of (—63+40) um produced by
atomizing with argon (sample 1) as well as with water
(sample 2). In initial condition samples had the (y+p)
phase composition with the content of wy-phase of
35 vol. % in sample 1 and of 60 vol. % in sample 2. The
investigation in the temperature interval of 20-900°C has
shown that at a temperature of 600°C in both of samples
the phase transformation B—y proceeded. Already
during the first 30 min. the intensity of X-ray peaks of
the crystalline component in the sample 1 decreased 3.3
times, and further holding at higher temperatures (Fig. 1)
did not lead to changing the intensity of diffraction
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Figure 1. Fragments of X-ray diffraction patterns at 20°C of
Alg;CuysFey, powder (argon atomization) in initial condition
and after holding for 2 h at 700 °C.
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Figure 2. Fragments of X-ray “in situ” patterns of
AlgsCupsFey, powder (water atomization) in initial condition
at 20°C and at 600°C (after holding for 1 h).

peaks. In the sample 2 the phase transformation p—y
completed at 600 °C during 1 h (Fig.2). Therefore a
detailed investigation was carried out with using powders
of the type 2.
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The investigation has shown that diffraction peaks of
y-phase are registered right up to a temperature of 870°C
(the temperature of y-phase melting). Heating the sample
to 900°C led to their vanishing and appearing weak A-
phase peaks that is in accordance with the Al-Cu-Fe
equilibrium diagram. The following cooling of the
sample to 600°C led to appearing in places of y-phase
peaks more diffuse peaks and to their splitting. A
detailed analysis of this pattern together with literary data
evidences to the formation in this sample of the
approximant rhombohedral R-phase. A presence of about
10 vol. % of PB-phase with increased elementary cell
period is also fixed in this sample.

Obviously, the formation of the R-phase was caused
by low cooling rate of the sample in the X-ray chamber
in the temperature interval of 900-600°C that stipulated
the appearance while crystallization of structures closer
to the equilibrium diagram compared to rapidly cooled
powder. At the same time after annealing at 600°C and
cooling in the chamber in this sample the y-phase with
lowered lattice period was obtained, as in sample 1.

Changing lattice periods for the quasicrystalline
component with temperature and average thermal
expansion coefficient of the y-phase (a,) in the given
temperature intervals are presented in Table. It is seen
that the a, changes very weekly to a temperature of
700°C, and in the premelting region (800-850°C) it
increases more than 2 times.

Alloying with 0.44% Sc led to lowering the lattice
parameters of both y and P phases in comparison to the
non-alloyed powder: a4 0.63298(3) nm and
0.63466(7) nm, ag = 0.29237(3) nm and 0.29270(9) nm,
respectively (Table). From this fact we can make a
conclusion that Sc enters into the composition of both
phases. In addition, in X-ray patterns of these powders
compared to the X-ray pattern of the non-alloyed powder
two weak lines at 23 angles of 20.5°, 29.05°, 41.53° and
46.71° appeared (Fig. 3). These lines disappeared after
high-temperature annealing and can be a sign of the
formation of the ternary Al-Cu-Sc intermetallic. Really,
the analysis of angular position of these additional peaks
has shown that they belong to a tetragonal phase AlCuSc
(a=0.8688 nm, ¢ =0.5029 nm) with structure of type
ThMn,, [7]. It is shown that additional alloying of the
Alg;CupsFep, alloy with a small amount of Sc
significantly increased the w-phase content in the
powder. Thus, the part of the y-phase with lowering
powder particle size from 200 to 25 pum increased from
62 to 78 mass. % that is significantly higher compared to
non-alloyed water-atomized powders (47...59 mass. %).
Dependence lattice period of the wy-phase with
temperature (Table) for Alg;CupsFes and
Algy 56CussFe5Scy 44 powders can be approximated in the
form:

a,(T) = 0.62982 + 4.75933-10™°T + 5.40485-10°T*
and a,(T) = 0.62879 + 8.96279-10°°T + 8.77936-10™'°T*
respectively.



M.V. Karpets, Yu.V. Milman

Table

Value of the period of quasicrystalline lattice (as) of y-phase and crystalline f—phase (a) for samples AlgsCuysFe;, and
Alg, 56CussFeScy 44 powder (water atomization) at various temperatures and average thermal expansion coefficient of the
y-phase (a,,) in the given temperature intervals
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Figure 3. Fragments of X-ray “in situ” patterns of
powder of alloy Alg, s¢CussFeinScoqs at 20 °C and at
600°C. Peaks at 29 angles of 29.05°, 41.53° and
46.71° belong to intermetallic tetragonal phase
AlCuSc (a = 0.8688 nm, ¢ = 0.5029 nm) with structure
of type ThMnj,

In alloys AlgCugFegCrg and Algs ¢Cuy73Fey6Cros the
phase composition and structure differ from ones in
powders Al-Cu-Fe-Sc. Thus, in the powder of alloy with
8 at. % Cr the phase composition y+f3 was revealed.
After its holding in the chamber of the high-temperature
X-ray diffractometer at 600°C the Ol-phase — a
crystalline approximant of the decagonal quasicrystal [8],

Temperature, AlgsCuysFep, Alg s6CupsFenScoas
°C V- a6, NM Oy X 10° VY - ag, Nm B -a, nm Oy X 106, K!
20, as-cast 0.63466(7) 0.63298(3) 0.29237(3)
600, 1h 0.63824(2) 17.9 0.63774(3) - 17.1 (20-600 °C)
20 after 600 0.63167(2) 0.63149(4) -
200 0.63322(1) - 15.2 (20-200 °C)
400 0.63522(2) - 15.8 (200-400 °C)
600 0.63728(3) - 16.2 (400-600 °C)
700 0.63944(3) 18.1 0.63832(4) 0.29674(5) 16.3 (600-700 °C)
800 0.64094(4) 23.5 0.63998(3) 0.29719(7)  26.0 (700-800 °C)
600 after 800 0.63696(5) 0.29633(4)
850 0.64218(6) 38.7 0.64137(6) 0.29754(7) 43.4 (800-850 °C)
600 after 900 0.62890(9) 0.63160(9) 0.29650(8)
20 after 900 0.62740(8) 0.29390(6)

P py— appeared in the powder. The decagonal quasicrystalline

phase together with v and 3 phases was revealed in the
powder of alloy with 9.5 at. % Cr. After annealing both
phases also transformed to the O1-phase.

IV. Conclusions

By means of X-ray investigation the atomized
powders are shown to consist of a mixture of two phases:
icosahedral quasicrystalline phase y and crystalline
phase 3 with cubic lattice. The y-phase content in water-
atomized powders is some percents higher than in argon-
atomized powders. The temperature dependence of the
parameter of the w-phase lattice in Alg;CupsFep, and
Algy 56CuysFeScyq4 powders in the form of a second
order polynomial that permits to calculate the thermal

expansion coefficient of the -phase at differ
temperatures.
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M.B. Kaprnenp, }0.B. Minsman

JAu¢pakuiiine ‘in-situ’ BUB4YeHHs KBasikpucTaadivyHux nopoumkiB Al-Cu-Fe-X

JJI51 TA30TePMiYHUX NOKPHUTTIB

Hocnimkeno crpykrypy Ta ¢asoBuii cxian nopouikie Al-Cu-Fe-X (X = Cr, Sc) ogepkaHuX AWCIEPryBaHHIM
pO3IUIaBy BOJOIO BHCOKOTO THCKY. PO3MMIIEHI MOPOIIKM MICTSTh ABI OCHOBHI (ha30Bi CKIIamOBi: KBa3iKpUCTAIIUHY
a3y ixocaenpuanoi cumeTpii (W) 3 mepiomom rparku a, = 0,63466(7) um i xky6iuny dasy (B), ag = 0,29236(3) Hm.
®Da3oBuil CKIa MOPOIIKIB 3aJICKUTh BiA IX 3€pHHCTOCTI. PeHTreHiBChKe in-situ JOCTiKEeHHS (MOHOXpOMAaTHYHE
CuKo BUNpOMIHIOBAaHHS) MU HarpiBaHHI MOPOIIKIB B aTMocdepi remilo BHUSBUIO MPOTIKAHHS B HUX IMOBHOTO
¢daszoBoro meperBopeHHst Py npu Temmeparypax 550-600°C micisi BUTpuMKH Ha mpotszi 1 roxunu. Take
TIEpETBOPEHHS CYNPOBOKYETECSA 3MEHIIEHHAM Mepiody TpaTku \-(asu 1o 3HadeHns a, = 0,63167(2) Hm.
JudpakTomMeTpuyHe BUBUCHHS NOKa3ajo iCHyBaHHs W-(asu B JOCITIPKCHUX MopomKkax 1o temmneparypu 870°C.
JleryBanus nopomkiB Al-Cu-Fe aromamun Sc ta Cr npuBOuTh O 3MiHH CITIBBIZHOLIGHHS BMICTY Y- Ta [-¢a3 i ix
HepiozliB TPaToOK, a TaKOX IOsBM HOBHX (a3oBuX ckianoBux mpu Temneparypax 600-800°C B mporeci HarpiBy
HOpOUIKiB. BcTaHOBNIEHO (yHKIIOHATBHY 3aJIeXHICTh Mepioy KBa3iKpUCTaNIIYHOT rpaTKu \y-(asu BiJ TeMneparypu B
BozgoposnuieHux nopomkax AlgCuysFey, 1 Algy s¢CuasFenSc s

Kurouosi ciioBa: kBasikpucraiiuna ¢asa, peHTreHiBebKe in-situ gocmimkenns, cucrema Al-Cu-Fe.
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