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High Entropy Alloys (HEAs) - Complex Alloys – eg Al20Mo10Nb20Ta10Ti20Zr20

TI
TA

N
IU

M

ZI
RC

O
N

IU
M

N
IO

BI
U

M

TA
N

TA
LU

M

M
O

LY
BD

EN
U

M

AL
U

M
IN

IU
M

ELEMENT Al Ti Mo Ta Nb Zr

COMPOSITION (atom%) 20 20 10 10 20 20MELTING POINTS (°C)

DENSITIES (g/cm3)

Mo Nb Zr Ti Al
Ta 6.4 8.1 10.1 12.1 14.0

Mo 1.7 3.7 5.7 7.5
Nb 2.1 4.0 5.9

Zr 2.0 3.8
Ti 1.84

Ta
Mo 379 Mo
Nb 528 149 Nb
Zr 1144 765 616 Zr
Ti 1336 957 808 192 Ti
Al 2336 1957 1808 1192 1000

• Metalysis leads globally in the 
development of commercial HEA’s –
specifically for high temperature and 
extreme environments.

• HEAs contain elements with dissimilar 
melting points and densities, which 
would be difficult to combine via 
conventional means. 

cross sectional image of powder 
particle with elemental mapping
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YIELD 
STRENGTH UTS ELONGATION

25°C 2000 MPa 2368 MPa 10%

800°C 1597 MPa 1810 MPa 11%

1000°C 745 MPa 772 MPa > 50%

MECHANICAL PROPERTIES

MATERIAL DENSITY / 
gcm-3

MELTING POINT 
/ °C

SPECIFIC YIELD STRENGTH / kPa.m3/kg

25°C 800°C 1000°C

HEA 7.40 1915 260 225 100

IN-718 8.22 1210-1350 140 50 15

Mar-M247 7.80 1240-1330 95 95 35Microstructure and Properties of Aluminium-Containing Refractory High-
Entropy Alloys, O. N. Senkov et al, JOM, 60, 2014, 2030-2042.
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