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Mechanical Properties of Quasicrystals
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Fig. 1. Penrose pattern as a two-dimensional
quasicrystalline lattice.
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Fig. 2. Two kinds of rhombohedral unit cell con-

structing  three-dimensional  Penrose lattice.
Numerals show solid angle of each vertex.
T
4
o) e
7 ~ e
VNS
K Q@ 2R
/
NV %
’ “~ ,/@
4
NGNS
, ’
/’ ¥ I‘\V ¢ *
’ ~ @~
// & ,V- .
L4 /
I/ V, @
/2 (2 ~ *
/ 4!
AN ..
~ g @~
g 4
_L &% e . .
&
v
N
U
& <

Fig. 3. Illustration of projection method to con-
struct one-dimensional lattice from two-dimen-
sional square lattice. / and I signs indicate para-
llel and perpendicular space, respectively, and W
signifies the window in the perpendicular space.
One obtains a quasiperiodic lattice (Fibonacci
lattice) for the slope of 7 (golden mean), and a
periodic lattice for the slope of 3/2.
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Table 1. Examples of quasicrystalline alloys of
various types. Underlined alloys are stable phase.

Phase Alloy

AlsLi3Cu, GajgMgi3Zng;, MgysPd4Aly, AlgLizAu,
AlsoMg3zsAgis, Mgaa( Al Zn)gg, AlsMgsCu

—type M72MngSig, Alg4Crig. Al72VaoSis, AlggFes7Ce,
YPE AlgoMnysCuioGess,  PdgoUzoSizg

—type AlgsCusgTMi5(TM : Fe, Ru, Os),
YP® Al7gPd2oTMio( TM : Mn, Re)

RT-type

I-phase { MI(P)

MI(F)

AlyMn, AI-TM(TM : Fe, Pd, Os), Al-Cr-Si,
Al7gCo15Nis;  AlgsConoCuys, Al;sPdisTMo
(TM : Fe, Ry, Os)

Cr71Nigg, . V3Nip, Vi5NiySi

Decagonal phase

Dodecagonal phase

Octagonal phase CrsNizSiz, Vi5NiygSi
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Fig. 4. (a) an example of dislocation
in quasicrystalline lattice. (b) shows
destruction of the lattice along the
glide plane after gliding-off of the
dislocation.

Photo. 1. Electron micrograph showing disloca-
tions in Al-Ru-Cu I-phase.
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Photo. 2. A crack formed in a foil specimen of
polycrystalline Al-Si-Mn I-phase by stretching the
sample in an electron microscope.

Table 2. Vickers hardness number for various
samples.

Sample Hy Ref. No.
Single- Als7Li32Cuy; I-phase © 520 6
Poly-AlsgLiz2Cuja  R-phase 490 6
Poly-Al7gPd15Mny5 I-phase 950 6
Single- Al;PdoMn I-phase (2fold) 800 5
Single- Al;PdyMn I-phase (3fold) 900 5
Single-Al7PdaMn I-phase (5fold) 850 5
Poly-AlggRuy7Cuys5 I-phase 1070 6
Single-Al79Co15Ni 5 D-phase (Basal) 895 6
Single-Al79Co15Niy5 D-phase ( Prism) 960 6
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Fig. 5. Stress-strain curves of polycrystal-
line Al-Ru-Cu I-phase at various tempera-
tures. Dotted curves show stress-relaxation

)
2150
2 1023 K
g 100} 1073K
50| 1123K
é 1173K

COMPRESSIVE STRAIN / TIME %, 1min

ThbhTsYH, WEIFX 700K <H VT TIRIELYICED
T55, TRULOBETE» 2 EBICBYT5Z &
MHRE SR TWVEY,

4-3 THEIEH

#ZEWM I D Al-Ru-Cu® B XL U Al-Pd-Mn!® © %
RREII OV THROEMERMITOA TS, wih
b 900K LTORETIZIZEALEHEREREZT S
& 7 < 500 MN/m? #2E O FEHE IS CTHIEE T 5 45, 900
K#@B2HoRETIERBKLE: LTHERERTAS. L
»L, BRBEOEHWNAKEL, »RYOFBRTHK
AREMEARELD I LR HIET S, KEp g
RRITIELEL, 3EWMCHORENKENWI L ER
LTwa, 2221, BT OBRTIEENLERK
EAERL, H10% OEMEANELRS.

RRRBIC 702~y FREILE s ToIBRMERE
7o 7:6l% Fig. 5 2R $. KO SRS A3 J 420 ih
MTHH, REZBHMERTIESDLS, Thbb,
FABP LR OB LR EE L THwE I L 2EKL
Twa., BRICHOELXREICHLTTa y b LD
Fig. 6 ThA. F— DL &R KEVDIE, BH
BT 9 7 DOBEXE) L IEREHL LS TH
5.

RO BHUTEAREIT L=y ARORXTRENS S
EFHIONTWS, 7Ly A0FEROPOFEHLT
YEINWE—R, ZOILHMS CERS WA ER{LEED
fEix, ERIEHOREKRTNE L EABEEFEEREYE (S
MEBILLBOND) OEBRERZEICLTRDS S
EDTEL FEROBHEROBEEIZIE, 7Ly 20K
DO i KT (Pre-exponential factor) M f# i3, 10737 471
DEHEEICHT LT 1067057 p#EFHTHSH. LaL,
Fig. 5 & Fig. 6 O£ 2 X IO 2R BRFOfHIE
1057 ) KREREICR D, EBREZKOEEZERD
TRNDBELERICHERT L L2 HBEICLTWBY,
372, SREBRERROBREEIEMO T~ EE)IC
LHHEIDPOERNICHEINTE ST, Fig. 6 0
LICERT—yEHROBELEVDOT, 5HBERRE
eRAT A0, BEEARE W -BEEOR

curves after the yielding.

400 |
\
=~ X}
& \
Z 300 \
< \
2 O AlggRu,;Cu,, :\
E 200F o Al,,PdygMng \Q'
a Y
=) \
o 0 \8
> 100} N
o] ° ‘(}Q
R
o 1 1 1 1 ° 1 z \ L
600 700 800 900 1000 1100 1200
TMPERATURE (K)
Fig. 6. Yield stresses plotted = against

temperature for two polycrystalline I-phase
alloys of AlggRu;5Cu;7 and Al;,PdyoMng.
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Photo. 3. Electron micrograph showing fine parti-
cles of Al-Pd-Mn I-phase produced by grinding
bulk sample in a mortar.
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Fig. 7. Temperature dependence of longitudinal
ultrasonic velocity in single-grained Algli Cu
I-phase.
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