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STRUCTURE FORMATION OF CONVENTIONALLY SOLIDIFIED
Al-Co—-Ni AND Al-Fe-Ni QUASICRYSTALLINE ALLOYS

The conventionally solidified alloys with nominal compositions of Al;3Co;4Nij; and Al;,FeqsNigs
are studied by X-ray diffraction, optical and scanning electron microscopies, and energy-dispersive X-
ray analysis. The microstructural and micromechanical characteristics of their constituent phases are
studied in each alloy. Both alloy systems are shown to form stable decagonal quasicrystalline D-phases.
In Al-Co-Ni, the primarily solidified phase is D-phase, but, in Al-Fe—Ni alloy, it is the AlsFeNi phase.
Depending on the composition two types of decagonal quasicrystals are observed in the investigated
alloys that belong respectively to AlCo-based and AlFe-based phases with Ni dissoluted in binary
compounds of Al;;Co,; and AlggFe,, respectively. Both the quasicrystalline phases are regarded as
Hume-Rothery phases differing in e/a ratio. The formation of these phases are found to follow the
evolution of their corresponding e/a constant lines in Al-(Co,Fe)-Ni pseudoternary phase diagram. The
structure of all the coexisting crystalline phases is shown to be closely related to those of the decagonal
quasicrystals.

Key words: quasicrystalline alloys, microstructural characteristics, structural-and-phase composition,
quasicrystal decagonal phases, empirical Hume-Rothery rule.

Y poboti pocaigxkeno cmiaaBu Al;3CogNipp 1 Al FeysNij;, 3akpucranizoBani 3a 3BHYAHHUX
IIBHIKOCTell 0X0JI0/IZKeHHS, i3 3aCTOCYBAHHSIM METO/iB PEHTIeHOCTPYKTYPHOI'0 aHAJII3y, ONTHYHOI Ta
CKAHYIOUOi eJeKTPOHHOI MiKpockomii, peHTreHOCHeKTPaJbLHOro Mikpoananizy. J[ocaixkeHno
MIKpPOCTPYKTYpPHI Ta MiKpoMeXaHi4Hi XapaKTepHCTHKH CTPYKTYpPHHX ckJjanoBux. Ilokasano, mo B
AOCJII’KEHUX CIIABAX YTBOPHETHCS CTA0IbHA JeKaroHaJbHa KBasukpucraiiyaa D-da3a. ¥V cnnasi Al-
Co-Ni us ¢aza kpucranizyerbcs 6e3nocepeanbo 3 piaunu, a y ciniiasi Al-Fe—Ni nepmoio Buaijisierbcst
(daza AlsFeNi. BcraHoB/1eHO, 1110 3271€2KHO BiJ CKJIafly Y BHBYEHHX CILIaBAX CIIOCTEPiraloThes ABa THIIM
KBAa3HKPUCTAIIYHUX JeKaroHaJbHuX D-¢a3, fKi yrBopooI0ThCS NPH PO3YUHEHHI HiKeI10 B NOABiliHUX
cnoaykax Al;;Coy; (AlCo-tun) Ta AlggFeqy (AlFe-tun). i kBasukpucraniuHi ¢pa3u BinHocsaThes 10 ¢a3
FOM-Po3epi, mo BinpizHsaoTbesl BifHOmeHHAM e/a. CKiajg KBa3MKPHUCTAJIYHHX (a3 po3TalIOBaAHUIA
y310B:K JIiHiill i3 mocTiiHMM BiTHOWIEHHSIM e/a, MPOBeJAeHUX Ha Iepepisi ncesaonoTpiiiHoi aiarpamm
crany Al—-(Co,Fe)-Ni. Crpykrypa Bcix Kpuctajgiynux ¢a3 y I0ocaiKeHMX NOTPiiiHMX crmiaBax
NOB’A32aHA 3i CTPYKTYPOI0 KBa3MKPUCTAJIYHHUX (pa3, 3 IKUMH BOHH CIIBICHYIOTb.

KurouoBi ciioBa: KBa3uKpHCTaIiuHi CIUIaBU, MIKPOCTPYKTYPHI XapaKTepUCTHKHU, CTPYKTYpHO-(a3oBuii
CKJIaJI, KBa3MKPHUCTAJIIUHI AeKaroHaibHi ¢asu, emmipuyse npasuwio FOM-Posepi.

B pa6ote u3ydenn! cmiaBbl Al;3Co6Nij; u AljFeysNip;, 3akpucraniu3oBannble NPU 00bIYHBIX
CKOPOCTAX OXJIA’K/IEHHUS, C MCNOJIb30BAHHEM METO0B PEHTTeHOCTPYKTYPHOI0 aHAJIN3a, ONTHYECKOH 1
CKaHUPYIOLLeilf 3JIEKTPOHHOI MHKPOCKONHH, PEHTIeHOCHEKTPAILHOro MHKpoaHaau3a. MccienoBaHbl
MHKPOCTPYKTYPHble H MHKPOMEXaHMYeCKHe XapAKTePHUCTHKH CTPYKTYPHBIX COCTABJISIIOLINX.
IMoka3zano, 4YT0 B  W3YYEeHHBIX CIUIaBaX  oOpasyercsi  cTa0miabHasi  JleKaroHaJbHast
KkBasukpucramnyeckas D-¢paza. B cnitaBe Al-Co—Ni 3Ta (paza kpucraiusyercs HemocpeaCcTBEHHO U3
JKHAKOCTH, B ciiaBe Al-Fe—Ni nepsoii Beiieasierca ¢gasza AlsFeNi. YcranoBiieHO, 4TO B 3aBUCHMOCTH
OT cocTaBa B HCCIEAOBAHHBIX CIUIAaBaX HAOMI0JaeTcsi ABAa THNA KBa3HKPHCTAINYECKHX
JAeKkaroHaabHbIX D-¢a3, koropbie 00pa3yloTcsi IPU PACTBOPEHMHM HHKeIs B JBOHHBIX COEIMHEHUSX
Al;3Coy7 (AlCo-Tunm) u AlgsFeyy (AlFe-tum). T KBasuKpHcTALInYecKue ¢a3bl oTHOCATCH K (azam
IOm-Po3epn, paznnuarommmcsi oTHomeHHeM e/a. CocTap KBa3MKPHCTALIHYECKHX (a3 pacroJioskeH
B/10JIb JIHHHUIi ¢ NOCTOSTHHLIM OTHOIICHUEM e€/a, IPOBEICHHBIX HA pa3pe3e NCEBJOTPOIHHON IuarpaMMbl
cocrosinust Al-(Co,Fe)-Ni. CrTpykrypa Bcex KpucTaIMYecKuX (a3 B HCCJIEJOBAHHBIX TPOIHBIX
CIJIABAX CBSA3aHA €O CTPYKTYPOi KBa3MKPUCTALIMYECKHX (a3, ¢ KOTOPBIMH OHHM COCYLIECTBYIOT.

Knro4eBble cj10Ba: KBa3UKPUCTAJUIMUECKUE CILIABBI, MUKPOCTPYKTYPHBIE XapaKTEPUCTHKU, CTPYKTYPHO-
(ha30BBIil COCTAB, KBa3UKPUCTAUTMICCKHE IeKaroHaIbHbIE (a3bl, sMIuprieckoe npasmwio IOm-Posepu.
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1. Introduction

The ternary Al-rich alloys with Co and Ni or Fe and Ni are the most interesting
stable quasicrystalline materials having decagonal rotation symmetry [1-7]. Decagonal
quasicrystals combine two different types of order, periodicity along the rotational axis
and non-periodic order perpendicular to it. This property sets decagonal phases apart from
periodic crystals, as well as from icosahedral quasicrystals. The interest also is prompted
due to the finding of quasicrystalline phases of the above alloys when they are cast under
conventional solidification techniques. However, there are very few investigations in the
literature [2, 7] related to the microstructural characteristics of the decagonal phases. A
comparison of the decagonal phases in the above ternary alloy systems can provide
important information with respect to the factors governing the formation of quasicrystals
in general.

The aim of this paper is to investigate quasicrystalline and crystalline phases
observed in Al-Co—Ni and Al-Fe—Ni alloys for chemical compositions set closely to the
compositions, where the quasicrystal decagonal phases have been firstly obtained [1, 6].

2. Experimental procedure

The alloys with nominal compositions of Al;3Coi6Nij; and Al,FesNij; were
prepared of high purity (99.99 pct.) aluminium, nickel, cobalt or iron. These elements
were put in a graphite crucible and melted using Tamman furnace. The average chemical
composition of the produced ingots was obtained with an atomic absorption spectroscopy
method. The cooling rate of the alloys was 50 K/s. The instruments used in the
microstructural characterization of the investigated alloys were mainly optical
microscopes (OM) Neophot and GX-51, quantative analyzer Epiquant, scanning electron
microscope (SEM) POMA 102-02. The alloys were also studied by powder X-ray
diffraction (XRD) using CuK, radiation. The local phase compositions were detemined in
SEM by energy dispersive X-ray (EDX) analysis on polished unetched cross sections.
The usual scattering of the measurements was about £ 0.25 at. pct.

3. Results and discussion

The microstructure of the Al-Co-Ni alloy is a mixture of quasicrystalline and
crystalline phases (Fig. 1).

WD=27.2mm
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Fig. 1. Microstructure of the as-cast AI-Co-Ni alloy: a — OM image (x400); b — SEM image (x800).

From the XRD and the EDX the cast alloy consists of the quasicrystalline decagonal
D-phase with composition Al;;Cog5Nigs and the crystalline Alo(Co,Ni), phase as shown
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in Fig. 2. The D-phase formed during solidification remains down to room temperature.
The average volume fraction of D-quasicrystals is about 59 pct. of the total alloy volume
(Table). Their size ranges from 50 to 80 pm.
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Fig. 2. XRD pattern obtained from the as-cast AI-Co—Ni alloy.

It has been found that the D-phase forms first in the melt as the primary phase
during the solidification. Then the crystalline Aly(Co,Ni), phase nucleates on the D-phase
and grows by consuming both the D-phase and the melt. The peritectic reaction L + D —
Aly(Co,Ni), does not proceed completely. The remanent melt is solidified into the
Aly(Co,Ni), phase. EDX analysis of AlyCo, reveals that the phase dissolves up to
15 at. pct. of Ni.

Substitution of Co by Fe essentially changes solidification behaviour and the
corresponding morphology of the as-cast Al-Fe—Ni alloy (Fig. 3). The AlsFeNi phase
occurs as the primary phase during the solidification. This crystalline phase exhibits a
hexagonal morphology. The primary solidification of AlsFeNi phase is followed by the
formation of quasicrystal decagonal D-phase with composition close to Al;; sFe sNijss.
Therefore, this phase is seen adjacent to the AlsFeNi phase, its volume fraction is about
24 pct. (Table). The conclusions made are proved by further examination by X-ray
diffraction (Fig. 4). The analysis of Al-Fe-Ni and Al-Co—Ni alloys reveals similarity of
the powder X-ray diffraction patterns of the corresponding decagonal phases (Fig. 2, 4).

Measurements show that the decagonal D-quasicrystals possess a microhardness of
about 8.6 GPa (Table), which is much higher than that for AlsFeNi phase. Comparison
with the intermetallic compounds in the AI-Co-Ni system exhibits the following
sequence: H(D-AICoNi)> H(D-AlFeNi)>H(Al;FeNi)>H(Aly(Co,Ni),).

The structural-and-phase compositions of the conventionally solidified Al-Co—Ni
and Al-Fe—Ni alloys can be related to quasicrystalline phases via similar e/a ratios (the
valence electron concentration per atom). This factor is crucial for a large class of so-
called electron (Hume-Rothery) phases to which quasicrystalline phases belong. When
calculating, the electron contributions for elements Al, Ni, Fe, and Co are taken as 3, 1,
-2, and -1.4, respectively [8].
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Microstructural characteristics of the as-cast AI-Co—Ni and Al-Fe-Ni alloys fabie
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Fig. 3. Microstructure (OM) of the as-cast Al-Fe—Ni alloy: a —x400; b — x800.
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Fig. 4. XRD pattern obtained from the as-cast Al-Fe—Ni alloy.

The phase formation follows the Hume-Rothery rule in the AI-Co—Ni alloy system:
their main constituents are D-AICoNi phase with Aly(Co,Ni),. Both the phases possess
the almost similar e/a ratios as shown in Table. When Co is substituted by Fe in the Al-
Fe—Ni alloy, the compositions of the constituent phases change toward D-AlFeNi phase
and AlsFeNi with the same e/a ratios. On the basis of the rule, it can be assumed that D-
phases of the investigated ternary alloys belong to two types differing in e/a ratios. One is
based on D-Al;;Coy7 (AlCo-type) and the other is based on D-AlgsFe 4 (AlFe-type). With
the addition of Ni, the D-AlCo is stabilized at the composition of Al;,Cog5Nigs (the e/a
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ratio is 2.02). Similarly, the D-AlFe phase becomes stable with the dissolution of Ni at
the composition of Al;; sFe sNij3 s, where the e/a ratio is 1.84.

4. Conclusions

The investigations performed on conventionally solidified Al-Co—Ni and Al-Fe—Ni
alloys confirm that both alloy systems form stable decagonal quasicrystalline phases. In
Al-Co—Ni, the primarily solidified phase is D-phase, but, in Al-Fe—Ni alloys, it is the
AlsFeNi phase. Regions of the quasicrystal D-phase can be seen in the spacing between
the hexagonal AlsFeNi areas.

The Hume-Rothery empirical rule can be applicable to explain the structural-and-
phase composition of the investigated alloys. The quasicrystalline and crystalline phases
are e/a constant phases belonging to a group of Hume-Rothery phases with similar e/a
ratios. By applying the rule it can be concluded that quasicrystal decagonal D-AICoNi
and D-AlFeNi phases correspond to two different types respectively with e/a ratios of
2.02 and 1.84. The quasicrystals exhibit compositional ranges in which the electron-to-
atom ration e/a varies within certain limits typical of every structure.
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