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Table 1. Atom fraction, lattice parameters and theo-

p:

retical density of different components Ir-Rh alloy.

JRT S H
L% a/A p/g-cm ™3
Ir/% Rh/%

Ir 100 0 3.9053 22.733
Ir-5Rh 91 9 3.9112 20.472
Ir-10Rh 80.8 19.2 3.9240 19.244
Ir-20Rh 68.2 31.8 3.9487 17.689
Ir-30Rh 55.5 44.5 3.9784 16.094
Ir-40Rh 44.5 55.5 3.9946 14.922
Ir-50Rh 34.8 65.2 3.9932 14.015
Ir-60Rh 26.3 73.7 3.9859 13.321
Ir-70Rh 18.7 81.3 3.9564 12.900
Ir-80Rh 11.8 88.2 3.9312 12.418
Ir-90Rh 5.6 94.4 3.9083 12.087

Rh 0 100 3.8935 11.616
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Fig. 1. The relationship between elastic anisotropy
and the change of Rh content.

#2  ASCHEBEN Ir-Rh A 6 5L H B0 ) 2l

Table 2. The calculated elastic constants and some mechanical parameters of different components Ir-Rh alloy.

%

C11/GPa Cu4/GPa C12/GPa B/GPa G/GPa E/GPa ¥

Ir 604.2831 217.1879 242.9907 363.4215 202.5712 464.9079 0.2868
Ir-5Rh 653.4257 234.5144 2499711 384.4559 221.3996 515.0910 0.2767
Ir-10Rh 656.3445 250.5739 234.0734 374.8130 234.8038 533.3017 0.2629
Ir-20Rh 590.6874 247.6050 176.5116 314.5700 231.3980 509.4660 0.2301
Ir-30Rh 499.0431 206.5802 111.6668 240.7923 201.4234 458.2072 0.1828
Ir-40Rh 385.8953 161.5177 71.9446 176.5948 159.7068 363.2848 0.1571
Ir-50Rh 394.3811 175.4777 73.3875 180.3794 169.4872 371.3591 0.1569
Ir-60Rh 411.6181 185.4199 96.2571 201.3774 174.3241 375.1311 0.1869
Ir-70Rh 417.4029 192.2264 124.1154 221.8879 173.9933 360.5088 0.2292
Ir-80Rh 454.2347 197.9767 173.7917 267.2726 174.8746 358.0490 0.2767
Ir-90Rh 440.1792 187.7244 195.3222 276.9412 161.6060 320.1141 0.3074
Rh 384.7214 167.8048 183.6912 250.7012 140.8889 265.9962 0.3232
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Fig. 2.
Young’s modulus (E), shear modulus (G) and bulk
modulus (B) with the content of Rh.
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Fig. 3. The variation of the strain energy with the Rh

content in the single dislocation unit length.
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Fig. 4. The relationship between G/B, Cauchy pres-

sure and Poisson ratio (y) with the content of Rh:

(a) G/B; (b) Cauchy pressure; (c) Poisson ratio.
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Fig. 5. Distribution of charge density: (a) Ir; (b) Ir-10
Rh; (¢) Ir-50 Rh; (d) Rh.
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Fig. 6. (color online) (a) The structure of supercell;
(b) charge difference density of Ir and Rh.
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Abstract

Platinum metal Ir-Rh alloy presents a promising candidate as future ultra-high-temperature gas turbine material due
to its excellent high-temperature properties. In this paper, the mechanical properties of Ir-2Rh (x = 0, 10, 20, 30, 40, 50,
60, 70, 80, 90, 100) alloys with different rhodium content are investigated. Self-consistent, periodic, density functional
theory calculations, Perdew-Burke-Ernzerhof functional, virtual crystal approximation are employed to calculate the
elastic constants Ci1, C12, Cua, Cauchy pressure (C12-Cu4), Young modulus E, shear modulus G, bulk modulus B and
the ratio G/B, anisotropic factor A, and strain energy of dislocation per unit length. These parameters are adopted
to characterize and assess the effect of Rh content on the mechanical property of Ir-Rh alloy. The results indicate that
it is reasonable to use the virtual crystal approximation to calculate the mechanical properties of Ir-Rh alloys. The
Young modulus F, shear modulus G and bulk modulus B increase rapidly with the increase of rhodium content, and the
maximum value is reached at rhodium content 10%. Then it fast dereases down to a minimum value at 40% after the
slowly rises and then slowly drops down. It is found to be in remarkable agreement with the strain energy of dislocation
per unit length. This indirectly explains its changing trend. The Cauchy pressure (C12-C44), G/B value and the Poisson’s
ratio reflect the change of the brittleness of the alloy. Therefore, we can come to a conclusion: the addition of Rh can
cause the brittleness of the Ir-Rh alloys. The value of the brittleness first increases and then decreases with the increase
of Rh content, and its maximum value is reached at 50%. The charge densities and the densities of states of pure Ir,
Ir-10Rh, Ir-50Rh and pure Rh are calculated and compared. At the same time, we also establish a 2 x 2 x 1 solid solution
supercell structure of Ir-Rh alloy and calculate its differential charge density. The results show that in the Ir-Rh alloys
exists a “pseudo covalent bond”, which leads to the abnormal mechanical properties. The “pseudo covalent bond” is not
a metal bond nor a covalent bond but a kind of transition bond or a mixed type. Finally, the experimental results show
that the calculation method is reasonable and it can play an important role in understanding the microscopic mechanism

of the abnormal mechanical properties of Ir-Rh alloys.
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