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ABSTRACT Based on the similarity of some of the quastcrystalline alloy s structures and atomic energy

band factors, an empirical composition addition principle for multr component quasrerystal constitutions was

proposed, which has been tested positively in many quasrerystal alloy systems such as AFCr-Mn, AFCuFe

CrMn, AFCuFePdMn, AFCuFeMg. These newly constituted quasrerystals possess various formation

characteristics; they can be prepared through rapid solidfication process( RS), ingot metallurgy process(IM),

annealing or high pressure, high temperature treatment of RS powders. T he function of this principle was dis-

cussed.
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1 INTRODUCTION

Since the discovery of quasrerystalline
phase in rapidly solidified AFMn alloy by
Shechtman et al’', more than 10 years have
passed. During this period, the scientific com-
munity around the world paid special attention to
the research of quasrcerystals. The novel quasr
periodic structure brings novel properties to the
quastcrystalline alloys, makes them potential
structural or functional materials. So far, many
quastcrystals have been found, but there exist
many problems about the constitution character
istics of quastcrystalline alloys. In this paper,
the authors propose a quasrcrystalline alloys
composition addition principle, present the Al
base multrcomponent quasrecrystalline alloys
constitution and formation characteristics, and
analyze those results.

2  COMPOSITION ADDITION PRINCI-
PLE OF MULTFCOMPONENT
OUASF CRYSTALS

For known quasrcrystals, the alloys in

which the I phase (icosahedral phase) can form

can be roughly divided into three categories: (1)
Aktransition metals or metalloids, (2) MT, al
loys (M represents group VIA metals), (3) the

The T phase
( decagonal phase), on the other hand usually

Frank-Kasper topologic phase.

forms in the AFtransition metal alloys. Addr
tionally, the I phase can form in alloys such as
CusCds with complex cubic structures. In gener-
al, the alloy systems which can form quasrecrys
talline phases possess structural characteristics as
follows.

These alloys can form amporphous alloys;
or the equilibrium phases of these alloy systems
contain a large number of icosahedral atom
groups; or the equilibrium phases are similar in
structure to the T phase. The structural similarr
ty plays an important role in the formation of
quasrtcrystalline phase and it is also a criterion
for searching for new quasrcrystals.

The authors thought that the addition of
several quasrecrystalline alloy compositions does
not change their structural similarity. The new
alloys still contain icosahedral atom groups or
their equilibrium phases are still similar to the T
phase in structure. Therefore, according to this

principle of structural similarity, the authors
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suggest the principle of composition addition in
multrcomponent quasrcrystals.

Using rapid solidification or ingot casting,
multrcomponent quasrecrytalline alloys can be
obtained. This principle was tested positively by
several experiments as follows.

(1) The constitution of AFCu-FeMn,
AFCuFeCr and AFCuFeCr-Mn

crystals'*l. Multrcomponent alloys were pre-

quasr

pared in two ways. One was by mixing known
AlssCuxoFess,
Al77 sMny 5 and AlgsCrys according to the ratios

quastcrystalline  master alloys
listed in Table 1. The other was by using ele
mental metals as raw materials according to the
composition listed in Table 2. All these rapidly
solidified alloys are basically composed of icosa
hedral quastcrystalline phase. Fig. 1 shows the
Fig.2

demonstrates the electronic diffraction patterns

XRD patterns of some of these alloys.

of AFCuFe Cr-Mn quasrerystal. It is concluded
that: (a) The structures of quinary AFCuFe
Cr-Mn and quaternary AFCuFeCr, AFCuFe
Mn quasrecrystalline powders at room tempera
ture are icosahedral. When these powders were
heated, their structures transformed to decagonal
structures (T phase) at about 923 K. (b) For
the quinary AFX% (X= Cu, Fe, Cr, Mn),
quaternary AFX% (X= Cu, Fe, Cr), AFX%
(X= Cu, Fe, Mn) alloys, when the value of X

changes in the range of 35~ 50, single I phase
quasrcryistals are easy to obtain.

(2) The constitution of AFCuwrFePdMn
multt component  quasterystals'*'.  Thermally
stable AlgsCuzoFers and Al7gPdagM njg quasrerys
talline alloys were used to formulate new alloys
according to the ratios listed in Table 3. Results
show that the alloys obtained by means of ingot
process, contain icosahedral quasterystals, and
the rapidly solidified alloys consist of almost sin-
gle phase icosahedral quasrerystals, which are
Extended
searching indicated that at almost every ratio,
Al7;oPdyoM njg and AlgsCuspFeys can be formulat-
ed to form quasrerystals (AlgsCuoFers) + (Alg
PdxoMnjg) - . (x= 0~ 1). Figs. 3 and 4 show
the XRD patterns and electronic diffration pat-
terns of IM and RS AFCuFePdMn alloys re

spectively.

also thermally stable. composition

Guided by this addition principle, many
other multrcomponent quasrcrystalline alloys
have been obtained too, such as

AFMn+ AFCr~ AFMur Gyl

AFMn+ NiTi~ AFMoNeTi

AFMn+ FeTi  AFMorFeTil!

AFCirFet+ NiTi~ AFCurFeNiTil!

AFCirFe+ FeTi AFCirFeTil

AFCuFe+ Al‘Cu‘Mg_)Al'CU'Fe'Mg[()]

AFCwFet+ AFZrMg AFCurFeMgZn'©

Table 1 Mass ratios of master alloys for new quasi crystalline alloys
AFCuFeCrMn AFCuFeMn AFCuFeCr
Sample AlgsCuzoFes: Sample AlgsCupoFes: Sample AlgsCugoFes:
No. A177_5Mn22.5: Alg5Cr15 No. Al77,5Mn22.5 No. Alg5Cr15
1 10101 5 101 8 101
2 20101 6 2°1 9 2.1
3 12201 7 1.2 10 1.2
4 12
Table 2 Chemical compositions of new quast crystalline alloys with
elemental metals as starting materials
Sample Composition/ % Sample Composition/ %
No. Al Cu Fe Cr Mn No. Al Cu Fe CR Mn
11 50.0 23.4 9.5 8.6 8.5 16 65.2 8.6 9.2 7.1 9.9
12 50.5 8.0 26.4 8.0 7.1 17 50.0 24.0 19.1 - 6.9
13 55.0 11.5 12.0 13.1 8.4 18 54.3 9.3 10.6 - 25.8
14 55.0 16.9 11.9 7.3 8.9 19 51.6 23.1 17.8 7.5 -
15 600 100 11.5 g 3 10.0 20 631 110 98 161
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AFCr+ AFPEMn AFCrPEMnl?!
AFCirFe+ AFLrCu  AFCurFeLil”
AFMn+ AFLFCu  AFMnLiCul”!
AFCirFe+ AFCirCo  AFCirFe Col®l
AFCirFe+ AFMo  AFCuwFeMol®!
AFCirFet+ AFW  AFCurFe W'

Table 3 Formulation of AF Cur Fe Pd Mn
quast crystals

Ratio Composition/ mole fraction

Sample
No.  AlgsCuxplFes:
A]7()P(12()Ml’l]()

21 I 1 67.5 10.0 7.5 10.0 5.0
22 12 68.3 6.7 5.0 13.3 6.7

23 2.1 66.7 13.3 10.0 6.7 3.3

Al Cu Fe Cr Mn

3 FORMATION CHARACTERISTICS
OF MULTEF COMPONENT QUASI-
CRYSTALS

So far, most of the known quasrcrystals are
metastable; they can be prepared through me
chanical alloying, sputtering, ion beam, or e
vaporatiorr condensation  techniques,  besides
rapid solidification technique; only a few of Ak
CuFe, AFPEMn quasrerystals can be made
through ingot process.

In the addition constituted multrcomponent
alloys, the way of forming quasrecrystalline
phase can be different: (1) In most cases, quasr
crystals can be obtained through rapid solidifica
tion process, sush as in AFCrMn, AFCuFe Cr
Mn, AFCrPdMn. (2) In some RS alloys,

quasrtcrystals can be formed when annealed, for
example, RS AFCuFe Mg alloy is crystalline,

5- fold

3— fold

through annealing, icosahedral quasrcrystalline
phase can be obtained °'; in systems such as RS
AFCuFeCrMn, decagonal phase ( T phase)
forms after annealing treatment'”. (3) In AF
CuFeli, AFCuFe systems, high pressure and
high temperture (5~ 7 GPa, 500~ 800 C, 5~
10 min) treatment can result in an increase in the

fraction of icosahedral

phase' ™ ' (4) Quasrcrystals form during the
slow cooling of AFCuFe PdMn alloys.

The variety of the ways of forming quasr

quasr crystalline

crystals indicated that for various alloys the for-
mation of the quasrperiodic structures is proba
bly related to different thermodynamic and kr
netic conditions, as in the case that a special
amorphous alloy formation needs a critical melt
cooling rate. For those quasrcrystals whose sta
bility lies between amorphous phase and crys
talline phase, the necessary formation condition

Fig. 1 XRD patterns of three quast
crystalline alloy powders

{a) —AFCu Fe CrMn(sample No. 1) ;

{(b) —AFCuw FeMn(sample No. 5) ;

{¢) —AFCur Fe Cr{sample No. 8)

2— fold

Fig. 2 Electron diffraction patterns of Al Cu Fe Cr- Mn quasi crystal (sample No. 15)
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Fig. 3 XRD patterns of IM and RS

AF Cu Fe Pd-Mn alloys
RS sample:
{a) —No.21; (b) —No.22; (¢) —No. 23;
IM sample:
(a/) —No. 21; (1)/) —No. 22; ((:/) —No. 23

is difficult to obtain and control. Thus many al-
loy systems or certain composition alloys in
which quasrerystals are still not found till now,
will probably be proved to be quasrcrystalline al-
loys with the improvement of experimental tech-
nique in the future.

5- fold

3— fold

4 ANALYSIS OF AFBASE MULTF
COMPONENT QUASFCRYSTAL
CONSTITUTION CHARACTERIS
TICS

In the known quasrerystals, Albase alloys
are the majority, they can be roughly divided in-
to categories as follows:

(1) AFTM;

(2) AFTM -TM;

(3) AFTM-X (TM represents transition
metal, X represent Li, Mg, Si,B...... ) .

AFIM (TM metals are VA ~ VA ele
ments. ) quastcrystals are the basic quasrcrys

tals.  So far, many binary quasrerystals

have been found, which are AFMnl'l,
ARG ARFLM . ARG, AFMY!
AFWIPT D ARPd ™M ARPHPT ARRe
ARRul Bl ARV ARNGO L .

AFTM -TM; quasrerystals can be consid-
ered to be constituted by adding two basic quasr
crystals in certain composition scope; the follow-
ing quasrcrystals constituent elements are in ac
cordance with the principle:

AFCo N7 ARCHCo! ™, ARCrFe ™,
AFCeNT PN ARCERU T, ARFe Mo,
AFFeNi 7, ARMirGrlY.  AFFeMa?,
AFMe NI ARMrRu' ™, ARPEMA?,
AFPdRel 1, AFV-Col '*1, AFV-Fel 1.

Similar to the case in Al - TM quasi -
crystals, these TM, TM, metals are VA~ VIA
elements.
some AFTM{-TM»,

At present, quasr

2— fold

Fig. 4 Electron diffraction patterns of Al Cu Fe- Pd Mn quast crystal ( sample No. 21)
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Fig. 5 XRD patterns of RS Al CuFe Li

alloys treated at different conditions
{formulation: AlgsCupoFerst AlgLizCu= 2 1)

{a) —RS powders; (b) —sample treated at

6 GPA, 650 C for 10 min

5- fold 3— fold
Fig. 6 Electron diffraction patterns of
AF CurFe Li quast crystal

crystals can not be constituted by two known AF

TM quasrerystals, such as AFCrEr® AFFe

Ta?*, AFMwoTi®!, AFRWN{'!, AFCwr
Rh!'',  ARCwFe®, AFCwCrl ', AFCwr
Mn'?, AFCeNi?®, ARCrOs®', AFCwr

Rul %! , Al Cur VIO,

even though in some AFTM alloys, quasrerys

For these quasrcrystals,

talline phase have not been found so far, but it is
posssible that under certain condition, quasr
crystalline phase can be formed. For instance,
AFM - Ti quasrerystal can be considered to be
constituted with AFMn and AFT1 quasrerystals
(of course, AFTi is a predicted quasrcrystal).
On the other hand, AFM rT1i is probably constr

tuted with AFMn and MurTi?" quastcrystals.
For AFCuFe quasrerystal, we can take it as an
additive quasrerystal of AFFe quasrerystal and
predicted AFCu quasrcrystal; also we can look
on it as the adding quasrcrystal of AFFe and Cur
Fe quasr crystals'*!,

For AFTM-X quastcrystals, AFNrMg !,
AFCEM T ARPEM P AFM -G T AT
MrSi L ARNESTY, ARCESI I, AFV-
S AFCe L, ARZor LI, AFAg
Mg ' AFAwrMg' P! quasrerystals have been
found. They can be considered to be constituted
with AFTM and AFX quasrerystals or AFTM
and X-TM quasrecrystals. For instance, AFM -
St quasrcrystals, also can be the additivity of AF
Mn and Mo-Si *'1 quasr crystals.

This empirical principle also agrees with
some other quasrcrytals, the following are some
examples:

MrTi+ MirSi~ MrTeSi,

V-Ni+ TrNi ~ TeNevI*,

In summary, the function of this addition
principle of quasrecrystal constitution is in two
aspects:

(1) To predict multr component quasrcry-
tals on the base of known basic quasrerystals.

(2) To predict basic quasrerystals on the
base of already discovered multrcomponent
quasrcrystals. At present, the constitution rule
of quasrcrystals is not very clear yet, therefore
this principle is useful. However, it is necessary
to point out that perhaps this principle is only
suitable for some certain quasr crystalline alloys.

S DISCUSSION

A lot of research work reveals that some
quasr crystal constitutions exhibit additivity; the
cause for this characteristics may be in two as-
pects.

(1) Valence electron concentration and en-
ergy band factor. Quasrcrystals can be consid-
ered to be a sort of intermetallic compounds, the
quasrt periodic structure formation is certainly re-
lated to the atomic size difference of the con-
stituent atoms, the valence electron concentra
tion and energy band structure of these alloys,
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despite that we have not worked out in which
way these factors work!* 1.

As a basic AFTM quasrerystal, its valence
electron concentration ( e/ a ) and energy band
structure are determined and approximately keep
constant. The addition constituted new alloys
may possess simliar e/ a level and energy band
structures, therefore, quasrperiodic structure
may form in these new alloys.

(2) Lattice structural similarity. For icosa
hedral quasrerystals, some structure factors pro-
mote the formation of icosahedral phase in newly
constituted alloys: (a) Transition metals added in
basic quasrcrystals have similar atomic radii
(b) The adding of basic quasrcrystals keeps the
Al content at a roughly constant level; multr
component increases quast crystal formation abil-
ity. (¢) Analogous to metallic solid solution,
two or more quasrcrystals which have the same
icosahedral structure can form a new icosahedral
alloy phase, TM; can be partly substituted by

™.
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