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Table 1. Bravais lattice symbols®.

C (B iih Primitive cubic

B ({8030 hK Body centered cubic

F (HE-LZAHR Face centered cubic

T (ﬁfﬂﬁlﬁﬂ'ﬂlg Primitive tetragonal

U (&LEHR Body centered tetragonal

R (ZWE&R) Rhombohedral (trigonal)

H (AAh) Hexagonal

0 §$§‘E?«I’71@; Primitive orthorhombic

P (L2t Body centered orthorhombic
Q (—m-Lathh) Base centered orthorhombic
S (Elﬁ‘%‘ﬁﬁ@.; Face centered orthorhombic
M (HERH Primitive monoclinic

N (—ELERR) Base centered monoclinic

Z (=Z#ia) Triclinic
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Table 2.

Important properties in the selection of intermetallic compounds.

Property

Relation

Materials science approach

Engineering approach

Melting point

Nature of bond

High melting point indicates :
stiffness, strength, low thermal expansivity
and low creep rate’), The higher the better.

Considering working temperatures as 0.5 or 0.6
of the melting point, A melting point between 1 900
and 3 000 K is desirable®.

Density

Elements and crystal
structure

Low density indicates :
light material, hi’gh specific stiffness and high
specific strength®’.

Considering aereospace applications, a maximum
density of 8 500 kg/ m® as in superalloys currently
in use, should be considered®.

Crystal structure

Electron-atom ratio,
electronegativity, and

. .30)
s-p orbital radii

Indicates degree of plasticity by defining sli
systems and length of Burger’s vector’.
Other factors of importance for ductility
are : stacking fault energy, antiphase domain
energy, and possibility of twinning, kinking
and non-uniform deformation”.

Highly symmetrical crystal structures such as cubic
or simgle hexagonal are desired for higher
ductility ),

Solubility

Gibbs energy

Possibility of alloying is important to adjust
properties’’.

Low solubility indicates compound stability,
because of lower Gibbs energy.

Compounds of negligible solubility (so called line
compounds), are to be avoided because of difficulty
to produce single phase compounds®. (This contra-
dicts the M. science approach and eliminates poten-
tially good candidates).

Oxidation resistance

Activity of oxide form-
ing element

Surface energy of oxides, density of oxide
film and matrix-oxide bonding.

Presence of silicon, aluminium or cromium is desir-
able because passive layers of silica, alumina or
cromium oxide may form®.

Toxicity, environmental
considerations, energy
consumption

Recycle and natural de-
cay possibility

Not only toxicity of materials themselves, but
toxicity of manufacturing process are to be
considered. Also energy and environmental
considerations.

Hazardous elements such as berylium should be
avoided®. Easy to recycle design possibility is cons-
idered.

Cost

Availability of elements

Precious metals such as platinium, iridium, etc.,

should be avoided®.
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Table 3. Approximate melting point and specific
gravity of high melting point materials.

Material Melting point Specific gravity

Carbides'? :

Hafnium carbide 4200 K 12.7

Tantalum carbide 4150 K 14.5 .

Niobium carbide 3800 K 7.85

Titanium carbide 3500 K 4.9
Pure Elements!? :

Carbon (graphlte) 3800K 2.25

Tungsten 3650 K 19.1

Rhenium 3450 K 21.2

Tantalum 3300K 16.6
Nitrides!? :

Hafnium nitride 3600 K 13.6

Tantalum nitride 335K 13.7

Zirconium nitride 3250K 7.10
Borides'? :

Hafnium boride 3500 K 11.2

Zirconium boride 3300 K 6.09

Tantalum boride 3300 K 12.6
Oxides!? :

Thorium oxide 3 9.69

Magnesium oxide 3100K 3.58

Zirconium oxide 2950K 5.56

Beryllium oxide 2800 K 3.03
Intermetallics® :

ReW 3300 K 20.0

OsW, 3200K 20.0

ResZr 2700K 15.0

Ir3Zr 2600 K 18.0

NbsSi3 2500 K 7.1

GesZrs 2500 K 7.2

AlNij 1700 K¥
Superalloys'®

Hastelloy ~1900 K 9.2

Duranickel ~1700K 8.3

Inconel ~1700 K 8.5

Monel metal ~1700 K 8.8
Ordered alloys'® : *

CrFe ~1860 Kél 190 K

CuZn ~1150 K( 740K

AuCu 1150 K( 680 K

AuCuj 1240 K( 660K

* The order-disorder transformation is indicated in parentheses
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Fig. 1. Maximum melting point and minimum spe-

cific gravity for several types of materials.
Authors redraw and increased data in the figure
which was originally reported by FiLeiscuEr®.
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Fig. 2. Maximum melting point and minimum spe-
cific gravity for several intermetallic structures.
Calculated melting points are shown. The calcu-
lated melting point of SizZrs is among the highest
of those compounds with similar specific gravity.
Original figure by FrEiscHEr®,
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Table 4. Main atomic properties of elements,
ordered in groups according to the patterns formed
when they are plotted against the atomic number.
Patterns of groups A;, A,, and A; are slightly
different. Capacity to separate the (NaCl)8F and
(CsCl)2C by using the properties listed, is also in-
dicated. According to ViLLars'?.

(NaCl)8F and

Physical property of element (CaCl)2C

Group (Atomic level) . phase
separation

Ay a ) Zunger's radii sums2! Good

(Classical crossing points of the self consistently
screened non-local atomic pseudopotentials

b ) Radius of maximum radial electron density for
outer orbitals according to Herman-Skillman cal-
culations

c ;Renormalized orbital radius

d )Radius calculated by Hartree-Fock-Slater
method

b )Softness parameter

Ay | a %Ionic radius Poor
¢ )Atomic volume

A3 a
b
C

d

[

f

B a
b

[V

Metallic radius Poor
Covalent radius

Reduced thermodynamic potential at 298K

Electrochmical weight equivalent

Entropy of solid elements at 298K

Density

)
)Atomic number Poor
Atomic weight

Principal quantum number

d )Atomic electron scattering factor

€ )Bond energy of deep lying electrons

f )Specific heat

C a ;Wave]ength of K and L series Poor
b )Maximum number of electrons in the solid
element

¢ }Melting point

d )Boiling point

€ )Heat of fusion

f )Heat of vaporization

& )Bulk modulus

h ) Young modulus

i )Crystal lattice energy

Surface tension

Cohesive energy

Linear coefficient of thermal expansion
Others

i
k
1

m

b )Chemical potential (according to Miedema)
¢ )s electron binding energy

d )s-p parameter

e §Hardness

D a iElectronegativity . Good

f )First ionization potential
£ )Others

E a )Number of valence electrons Good
corresponding to group number

b )Number of holes in the d bands above the

Fermi level
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Fig. 3. A modified periodic table, in which the sequential atomic order used in the crystal struc-

ture maps of PEerTiFoR is shown.

atoms are generally arranged within a group by atomic size.

The basic group division of the periodic table is maintained, and
Some exceptions as atoms of the

second period from boron to fluor are also indicated. Streching the string gives a unidimensional
arrangement of atoms which is used as axis in the crystal structure maps.

ified based upon the peffifor’s map?®.

This figure was mod-
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307 (@) | 16H OR 32U

As it is a symmetrical figure only half of the map is
Diagonal side represents the symmetrical
axis where A equals B. To find a particular com-
called A or

shown.

bination,

elements
indifferently. According to PETTIFOR

may be

18)

Fig. 4. Ordering of elements according to
the phenomenological scale (X)'®, which
allows construction of crystal structure
maps. Possible elements to from the o
phase, the 16H or the 32U phase are shown
in the shadowed area.
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As it is an asymmetrical figure, a elements can only

be those with lower atomic fraction. According to
PerTiFor'?,
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Table 5. Relevant characteristics of AlNi;.

Melting point? 1670K

Crystal structure? (CuzAu)4C
Lattice parameter at 25°C ( ag)30 3.565X10 10
Linear expansion coefficient (a)3% 1.414%X1075K™!
Bulk modulus of elasticity. ( B)> 1.50% 10! Pa
Young modulus ( E)3? 1.79% 10 Pa
Theoretical density 7 469 kgm ™3

HEaHE IR FER, SR 7. #1L T, AlNiz 2581
BYIZ Ni & [ L& 7% o T, Ni @ Lindemann %3
AL, Fig 2 CZOBEKELRT. EBORMN &
B e, B 5.7% 215 Th A, EBE AlNi;
BENFE-—FEZELZThEVIT 2 wL, 2To
BEIC ML B2, RELTREE- FEZEL
TOHRIEPIER BT AEI I EMHELE IS,
WIEEHE <, S OBEE 1213, Debye ®E 7T+
BThHbH.

4-3-2 SiyZrs

B IFTHNL 7 SigZrs DRIS BB L ThL. (F
BOMOAREEOMABEANTIIIARDLAT VAR
V). SizZrs O Debye iR I HHBE LD 482K & $#t
HINTWEE, CogBMtewoMESrE+ 2
OB EDILEMO 7 — ¥ BWETH S, LhL,
COWE, WEBENPRLZADT, Yoy ARIFN
F# O Lindemann ¥+ HHTEX 2. {t-T, HHun
T— 7 OH N5 MosSiz, GesTis & SnyZrs ORL & ¥
YIREVHWD LE (BRI, SizZrs DET vV
Yo ERBEILEWORT » v L HERL 0.26%
EREL, #Ro0ERILEY [SisZrs ¥ &A] 13
THMICELTREATH D LI E) L (MnsSis)
16 H & [6] U#i# @ Lindemann 2% Ko 7. 2 Lin-
demann &% % FH\»C, SisZrs ORIAGZEE T 5 L,
2600K & 5. ZoOfEEOLBEILEW L D
BZULETHLLERSLM. 2OfE % Fig. 2 IR L
TWwWh, 2O, ToOZXVv—T7o8BRItEWDES
DIET, MOFETL COMEFB VRS EFOZ &8
FHINTWVSHSD,

5 # B

AGH TSR EM R & L ORI A S IE ML
EVOM UL FlR7. Eakt (Bs, LE, &%
) RN, FELEERLEY» L) pREILE:. &
mEEMEHOEBEILEWOEL ZEREEL VWAL
¥, (CrFe)30T & (MnsSiz)16 H 754 5. #sutis~ v
TEFERTNE, dHHOMEELTEOHMEE RN,
CREILEMEROTHT I ENTE, 2EDH L WS
BEIALEMDORET P ITEETH 5.

—MRICRETEV L BERTOBMYEESBFTH
D, SREEMES, LS 2T A0, FPRAE



34 B r M % 78 4 (1992) F 1%

AL EDPWLETHS. Lo L, BREMHEOEE,
ERoMEONEIFEE ICHETHD, T2, EEMEL
SO EELIEEICH VDT, KEH IR LR
BE xR~

Lindemann &% iV T, ¥ ¥ 7% & Debye infEH» 5
RhSEEE % £ & o7 AlNig & 1580 K, SisZrs i3
2600K T& » 7-.

COREIEELERE LETH, ME0REN
Foh, KHROBHRASEMILEGWEETOER R
FEThHEEDNS.

R. L. Freisciier 3 X OF D. G. Pertiror % L C, Chap-
mann Hall, Pergamon Press, IOP Publishing Ltd. &
The Institute of Metals 5% 5IH ST/ 7/2 &,
I -EE— BRI EELRT PN AW LS, O
OEFEN T, B/ LET.

X L3

1) &EBAEE (BGH=®) (1973), p. 118 [AXEEBF* R

2) WOIEE, Bls: SEMILAY (1984), p. 1 [HRI T3
HrR+L]

3) H{bEsrd S=hRR (1975), p. 340 [HHEE]

4) A. I TauB and R. L. FLEISCHER: Science, 243 (1989),
p. 616

5) Committee E-4 on Metallography: ASTM Bulletin (1957)
Dec., p. 27

6 ) R. L. FLEISCHER: J. Mater. Sci., 22 (1987), p. 2281

7) R. L. FLEISCHER and A. I TauB: JOM (1989) Sep., p. 8

8 ) D. L. ANTON, D. M. SHaH, D. N. DUHL and A. F. GIAMEL
JOM (1989) Sep., p. 12

9) J. C. PHILLIPS, A. ZUNGER and A. N. BLoch: Physical
Review Letters, 55 (1985), p. 260

10) L MiLLs, T. Cvitas, K. HomanN, N. KALLAY and K.
KucHiTsu: International Union of Pure and Applied
Chemistry (IUPAC), Quantities, Units and Symbols in
Physical Chemistry (1988), p. 43 [ Physical Chemistry
Division of Blackwell Scientific Publications]

11) R. L. ELEISCHER: JOM (1985) Dec., p.-16

12) Handbook of Chemistry and Physics, 59th edition, ed. by
R. C. WEAST (1978-1979), Table LXVI [CRC Press
USA]

13) Metals Handbook, Properties and Selection of Metals,
8th edition, American Society for Metals, U. S. A, Vol. 1
(1961), p. 1113

14) D. WEE, O. NoGucHi, Y. Ova and T. Suzukt: Trans. Jpn.
Inst. Met., 21 (1980), p. 237

15) T. KawaBaTa, T. KaNal and O. Izumi: Acta Metall. 33
(1985), p. 1355

16) #l2E, C. T. L1 and J. O. STIEGLER: Science, 226
(1984), p. 636

17) P. VILLARS: Journal of the Less Common Metals, 92
(1983), p. 215

18) D. G. PETTIFOR: Solid State Comunications, 51 (1984),
p. 31

19) D. G. PETTIFOR: J. Physics C, Solid State Physics, 19
(1986), p. 285

20) D. G. PETTIFOR: Mater. Sci. Technol., 4 (1988) Aug.,

p. 675

21) A. ZUNGER: Structure and Bonding in Crystals, ed. by M.
O’ KEEFFE and A. NavroTsky (1981), p. 73 [ Academic
Press, New York]

22) P. VILLARS: Journal of the Less Common Metals, 99
(1984), p. 33

23) P. VILLARS: Journal of the Less Common Metals, 102
(1984), p. 199

24) P. B. CELIS, E. KAGAWA and K. IsHIzAKL: J. Materials
Research, 6 (1991), p. 2077

25) P. B. CELIS and K. Isuizakr: J. Mater. Sci., 26 (1991),
p. 3497

26) F. A. LINDEMANN: Physik Z, 11 (1910), p. 609

27) A. R. UBBELOHDE: Melting and Crystal Structure
(1965), p. 43 [Oxford University Press, U. K.]

28) 12 iX, A. BEISER: Perspectives of Modern Physics
(1969), p. 439 [McGraw Hill Inc.]

29) N. F. MotT and H. JoNES: The Theory of the Properties
of Metals and Alloys (1958), p.1 [Dover Publications
Inc., New York]

30) K. ONo and R. STERN: Trans. Metall. Soc. AIME, 245
(1969), p. 171




